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Abstract	
  

	
  

Introduction	
  

Systematic	
  reviews	
  (SRs)	
  synthesize	
  published	
  and	
  sometimes	
  unpublished	
  data	
  and	
  are	
  often	
  

based	
   on	
  randomized	
   controlled	
   trials	
   (RCTs).	
   However,	
   RCTs	
   are	
   known	
   to	
   be	
   poor	
   at	
  

identifying	
   and	
   reporting	
   harms.	
   The	
   PRISMA	
   (Preferred	
   Reporting	
   Items	
   for	
   Systematic	
  

Reviews	
   and	
   Meta-­‐Analysis)	
   Statement	
   was	
   published	
   in	
   2009	
  to	
   offer	
   guidance	
   on	
   the	
  

minimum	
  reporting	
  standards	
  when	
  publishing	
  a	
  SR.	
  Thus	
  far,	
  PRISMA	
  has	
  mainly	
  focused	
  on	
  

efficacy,	
  but	
  there	
  is	
  a	
  need	
  for	
  evidence	
  on	
  both	
  efficacy	
  and	
  harms	
  of	
  interventions.	
  

Propofol	
  is	
  an	
  anesthetic	
  intervention	
  used	
  for	
  pediatric	
  sedation,	
  but	
  there	
  have	
  been	
  several	
  

case	
   reports	
   of	
   ‘propofol	
   infusion	
   syndrome’	
   (PRIS),	
   a	
   poorly	
   understood	
   syndrome	
   often	
  

leading	
   to	
   death.	
   In	
   several	
   countries,	
   regulatory	
   agencies	
   have	
   contraindicated	
   the	
   use	
   of	
  

propofol	
   infusion	
   in	
   pediatric	
   intensive	
   care	
  units.	
  However,	
   propofol	
   is	
   still	
   used	
   despite	
   the	
  

liability	
  concerns.	
  	
  

The	
   overall	
   goals	
   of	
   this	
   thesis	
   were	
   to	
   improve	
   methods	
   of	
   conducting	
   and	
   reporting	
  

systematic	
   reviews	
   of	
   adverse	
   events.	
  More	
   specifically,	
  	
  (i)	
   to	
   develop	
   an	
   extension	
   for	
   the	
  

PRISMA	
  Statement,	
  for	
  SRs	
  addressing	
  adverse	
  events	
  (AEs):	
  the	
  PRISMA	
  Harms;	
  (ii)	
  to	
  identify	
  

if	
   propofol	
  is	
  associated	
   with	
   serious	
   AEs	
   in	
   children	
   and	
   measure	
   if	
   the	
   inclusion	
   of	
   non-­‐

randomized	
  studies	
  in	
  a	
  SR	
  of	
  AEs	
  provides	
  further	
  information	
  than	
  data	
  from	
  RCTs	
  alone.	
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Methods	
  

There	
  were	
  2	
  distinct	
  methods	
  used	
  in	
  this	
  doctoral	
  thesis.	
  The	
  first	
  was	
  to	
  develop	
  the	
  PRISMA	
  

Harms	
   guideline.	
   We	
   followed	
   the	
   recommended	
   steps	
  for	
   guideline	
   development:	
  1)	
  to	
  

document	
  if	
  there	
  is	
  need	
  for	
  the	
  development	
  of	
  a	
  guideline;	
  2)	
  to	
  employ	
  a	
  Delphi	
  process	
  to	
  

identify	
   relevant	
   items	
   to	
   be	
   included	
   in	
   the	
  reporting	
   guideline;	
  3)	
  to	
   have	
   an	
   in-­‐person	
  

consensus	
  building	
  meeting;	
  and	
  4)	
  to	
  write	
  the	
  guideline.	
  

The	
   second	
   was	
  to	
   identify	
   if	
   propofol	
   infusion	
   is	
   associated	
   with	
   serious	
   AEs	
   in	
   pediatric	
  

patients	
   and	
   to	
   measure	
   if	
   the	
   inclusion	
   of	
   non-­‐randomized	
   studies	
   provides	
   more	
  relevant	
  

data	
   than	
   clinical	
   trials	
   alone,	
   we	
   conducted	
   a	
   SR	
   of	
   propofol	
   infusion	
   in	
   pediatric	
   patients	
  

including	
  both	
  clinical	
  trials	
  and	
  observational	
  studies.	
  	
  

Results	
  

For	
  the	
  PRISMA	
  Harms	
  development,	
  the	
   first	
   step	
  identified	
   309	
   reviews	
   of	
   AEs	
   and	
  

documented	
  weaknesses	
  in	
  reporting	
  and	
  the	
  need	
  for	
  a	
  guideline.	
  The	
  second	
  step	
  conducted	
  

three	
  Delphi	
   rounds	
  sent	
   to	
   352	
   participants,	
   166	
   responses	
   were	
   received.	
  The	
   in-­‐person	
  

meeting	
   had	
   25	
  participants	
   and	
   the	
   final	
   PRISMA	
   Harms	
   manuscript	
   was	
   developed	
   after	
  

multiple	
   revisions	
   containing	
   4	
   mandatory	
   items	
   and	
   14	
   recommended	
   items	
   for	
   reviews	
  

addressing	
  harms.	
  	
  

The	
   propofol	
   SR	
   identified	
   91	
   serious	
   AEs	
   (PRIS	
   or	
   cardiac	
   arrest)	
   associated	
   with	
   propofol	
  

infusion,	
  21	
  identified	
  in	
  a	
  single	
  unpublished	
  RCT	
  and	
  all	
  the	
  other	
  serious	
  AEs	
  emerged	
  from	
  

non-­‐randomized	
  studies.	
  In	
  the	
  included	
  studies,	
  a	
  total	
  of	
  5633	
  children	
  received	
  propofol	
  for	
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more	
   than	
   60	
   minutes	
   and	
   did	
   not	
   have	
   any	
   serious	
   events	
   (i.e.,	
   PRIS	
   or	
   cardiac	
   arrest)	
  

associated	
  with	
  it.	
  

Conclusion	
  	
  

Through	
   this	
   work	
   we	
   developed	
   PRISMA	
   Harms,	
   an	
   international	
   reporting	
   guideline	
   to	
  

improve	
  harms	
  reporting	
  in	
  SRs.	
  	
  

Further,	
   we	
   documented	
   serious	
   AEs	
   associated	
   with	
   propofol	
   infusion	
   in	
   children	
   and	
   the	
  

relevance	
  of	
  including	
  non-­‐randomized	
  and	
  unpublished	
  studies	
  in	
  SRs	
  of	
  AEs,	
  providing	
  both	
  

clinical	
  and	
  methodological	
  significant	
  information.	
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Preface	
  

	
  

This	
  thesis	
  is	
  an	
  original	
  work	
  by	
  Liliane	
  Medianeira	
  Zorzela.	
  

Some	
   of	
   the	
   research	
   conducted	
   for	
   this	
   thesis	
  was	
   informed	
   by	
  an	
   international	
   research	
  

group,	
   The	
   PRISMA	
  Harms	
  Group:	
  with	
  David	
   Moher	
  at	
  Ottawa	
   Health	
   Research	
  Institute	
  

(OHRI);	
  Doug	
  Altman	
  at	
  University	
  of	
  Oxford;	
  Jan	
  Vandenbroucke	
  at	
  Leiden	
  University;	
  John	
  P.	
  

Ioannidis	
   at	
   Stanford	
   University;	
  Lina	
   Santaguida	
  at	
   McMaster	
   University;	
  Yoon	
   Loke	
  at	
  

University	
   of	
   East	
   Anglia;	
  Su	
   Golder	
  at	
   University	
   of	
   York;	
  and	
   Sunita	
   Vohra	
   at	
   University	
   of	
  

Alberta	
  as	
  the	
  group	
  lead.	
  As	
  part	
  of	
  this	
  thesis	
  work,	
  L.	
  Zorzela	
  developed	
  an	
  extension	
  for	
  the	
  

PRISMA	
  statement,	
  the	
  PRISMA	
  Harms.	
  L.	
  Zorzela	
  collected	
  the	
  data,	
  analysed	
  the	
  results	
  and	
  

wrote	
  the	
   review	
   basis	
   for	
   the	
   development	
   of	
   PRISMA	
   Harms	
   (chapter	
   2,	
   published	
   at	
  BMJ	
  

2014;348:f7668	
  doi:	
  10.1136/bmj.f7668);	
  developed,	
  employed	
  and	
  analysed	
  the	
  results	
  for	
  the	
  

Delphi	
  process	
  and	
  wrote	
  the	
  manuscript	
  (chapter	
  3);	
  organized	
  and	
  participated	
  in	
  the	
  face	
  to	
  

face	
   meeting	
  and	
  composed	
  the	
   manuscript	
  “PRISMA	
   Harms”	
  (chapter	
   4).	
  All	
  the	
   PRISMA	
  

Harms	
   related	
  chapters	
   were	
   revised	
  by	
   the	
  PRISMA	
   Harms	
   Group	
   and	
   by	
   L.	
  Zorzela’s	
   thesis	
  

committee	
  group.	
  	
  

The	
   development	
  of	
   the	
   PRISMA	
   Harms	
  (chapters	
   2,	
  3	
   and	
   4)	
   which	
   is	
   part	
   of	
   this	
  thesis,	
  

received	
  research	
  ethics	
  approval	
  from	
  the	
  University	
  of	
  Alberta	
  Research	
  Ethics	
  Board,	
  Project	
  

name	
   “PRISMA	
   Harms	
   Extension”,	
  Pro	
   00021294,	
   May	
   27,	
  2011.	
  The	
   PRISMA	
   Harms	
   received	
  

partial	
  funding	
  support	
  from	
  “Alberta	
  Innovates:	
  Health	
  Solutions”.	
  

L.	
   Zorzela	
   developed	
   the	
  protocol	
   for	
   the	
   review	
   in	
  chapter	
   5	
   (appendix	
  1),	
   published	
   at	
   the	
  

Cochrane	
  Database	
  of	
  Systematic	
  Reviews	
  Volume	
  (4),	
  2012,	
  under	
  title	
  “Propofol	
  infusion	
  for	
  

paediatric	
   sedation”.	
  L.	
   Zorzela	
   was	
   the	
   lead	
   person	
   for	
   data	
   screening,	
   data	
  collection,	
   data	
  

analysis	
  and	
  manuscript	
  elaboration	
  for	
  the	
  final	
  Cochrane	
  review	
  (chapter	
  5).	
  The	
  protocol	
  and	
  

final	
  review	
  were	
  revised	
  by	
  L.	
  Zorzela’s	
  thesis	
  supervisor,	
  thesis	
  steering	
  committee	
  group	
  and	
  

all	
  the	
  co-­‐authors.	
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Glossary	
  of	
  terms	
  

ADVERSE	
  DRUG	
  

REACTION*	
  

An	
  adverse	
  effect	
  specific	
  to	
  a	
  drug.	
  	
  

ADVERSE	
  EFFECT*,¥	
   An	
  unfavorable	
  outcome	
  that	
  occurs	
  during	
  or	
  after	
  the	
  use	
  of	
  a	
  

drug	
  or	
  other	
  intervention	
  but	
  is	
  not	
  necessarily	
  caused	
  by	
  it.	
  	
  

ADVERSE	
  EVENT	
  *,¥	
   An	
  unfavorable	
  outcome	
  that	
  occurs	
  during	
  or	
  after	
  the	
  use	
  of	
  a	
  

drug	
  or	
  other	
  intervention	
  and	
  the	
  causal	
  relation	
  between	
  the	
  

intervention	
  and	
  the	
  event	
  is	
  at	
  least	
  a	
  reasonable	
  possibility.	
  

COMPLICATION	
  *	
   An	
  adverse	
  event	
  or	
  effect	
  following	
  surgical	
  and	
  other	
  invasive	
  

interventions.	
  	
  

HARM	
  π	
   The	
  totality	
  of	
  possible	
  adverse	
  consequences	
  of	
  an	
  intervention	
  

or	
  therapy;	
  they	
  are	
  the	
  direct	
  opposite	
  of	
  benefits.	
  	
  

SAFETY	
  π	
   Substantive	
  evidence	
  of	
  an	
  absence	
  of	
  harm.	
  The	
  term	
  is	
  often	
  

misused	
  when	
  there	
  is	
  simply	
  absence	
  of	
  evidence	
  of	
  harm.	
  	
  

SIDE	
  EFFECT	
  *	
   Any	
  unintended	
   effect,	
   adverse	
   or	
   beneficial,	
   of	
   a	
   drug	
   that	
  

occurs	
  at	
  doses	
  normally	
  used	
  for	
  treatment.	
  

TOXICITY	
  π	
   Describes	
   drug-­‐related	
   harms.	
   The	
   term	
   may	
   be	
   most	
  

appropriate	
  for	
  laboratory-­‐determined	
  measurements,	
  although	
  

it	
  is	
  also	
  used	
  in	
  relation	
  to	
  clinical	
  events.	
  	
  The	
  disadvantage	
  of	
  

the	
   term	
   ‘toxicity’	
   is	
   that	
   it	
   implies	
   causality.	
   If	
   authors	
   cannot	
  

prove	
  causality,	
  the	
  terms	
  ‘abnormal	
  laboratory	
  measurements’	
  

or	
  ‘laboratory	
  abnormalities’	
  are	
  more	
  appropriate	
  to	
  use.	
  

Adapted	
  from:	
  (π)	
  Ioannidis	
  et	
  al.	
  Better	
  Reporting	
  of	
  Harms	
  in	
  Randomized	
  Trials:	
  An	
  Extension	
  of	
  the	
  CONSORT	
  

Statement	
  ;	
  (¥)	
  Chou	
  R,	
  Aronson	
  N,	
  Atkins	
  D,	
  et	
  al.	
  AHRQ	
  Series	
  paper4:	
  Assessing	
  harms	
  when	
  comparing	
  medical	
  

interventions:	
  AHRQ	
  and	
  the	
  Effective	
  Health	
  care	
  Program;	
  (*)	
  Higgins	
  JPT,	
  Green	
  S	
  (editors).	
  Cochrane	
  Handbook	
  

for	
  Systematic	
  Reviews	
  of	
  Interventions.
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Thesis	
  Background	
  

Evidence-­‐based	
  medicine	
  seeks	
  high	
  quality,	
  unbiased	
  evidence	
  to	
  make	
  appropriate	
  decisions	
  

to	
  improve	
  patient	
  care.	
  For	
  optimal	
  care,	
  accurate	
  knowledge	
  about	
  both	
  benefits	
  and	
  harms	
  

is	
  needed.	
  

Systematic	
  reviews	
  
 

Systematic	
  reviews	
  of	
  the	
  literature	
  synthesize	
  the	
  published,	
  and	
  sometimes	
  unpublished,	
  data	
  

on	
  a	
  given	
  topic	
  and	
  are	
  considered	
  the	
  top	
  of	
  the	
  evidence	
  ‘pyramid’	
  (1).	
  Systematic	
  reviews	
  

are	
  used	
  by	
  decision-­‐makers	
  at	
  every	
  level	
  –	
  patients,	
  providers,	
  health	
  care	
  organizations	
  and	
  

associations,	
   provincial	
   and	
   federal	
   health	
   agencies,	
   industry,	
   insurance	
   companies	
   and	
   the	
  

legal	
  system.	
  Recent	
  data	
  indicate	
  that	
  11	
  new	
  systematic	
  reviews	
  are	
  published	
  daily	
  (2).	
  Given	
  

their	
  use	
   in	
   decision-­‐making,	
   it	
   is	
   critical	
   that	
   systematic	
   review	
   methods	
   and	
   results	
   are	
  

reported	
  clearly	
  and	
  transparently	
  (3).	
  	
  

Historically,	
  systematic	
   reviews	
  have	
  focused	
   on	
   efficacy	
   (4),	
  most	
   often	
  based	
   on	
   the	
   best	
  

evidence	
   available,	
   e.g.,	
   randomized	
   controlled	
  trials	
   (RCTs).	
  RCTs	
   are	
   usually	
  designed	
   to	
  

evaluate	
  treatment	
  efficacy/effectiveness	
  and	
  are	
  often	
  done	
  over	
  a	
  short	
  period	
  of	
  time,	
  with	
  	
  	
  

a	
  small	
  number	
  of	
  participants	
  and	
  rarely	
  assessing	
  harms	
  as	
  a	
  primary	
  outcome.	
  Overall,	
  RCTs	
  

are	
   known	
   to	
   be	
   poor	
   at	
   identifying	
   and	
   reporting	
   harms,	
   which	
   can	
   lead	
   to	
   a	
   misconception	
  

that	
  a	
  given	
  intervention	
  is	
  safe,	
  when	
  its	
  safety	
  (see	
  Glossary	
  of	
  terms)	
  is	
  actually	
  unknown	
  (5).	
  	
  

Due	
   to	
   poor	
   reporting	
   of	
   harms	
   data	
   in	
   primary	
   studies,	
  systematic	
   reviews	
   compound	
   this	
  

omission	
  by	
  failing	
  to	
  report	
  on	
  harms	
  or	
  do	
  so	
  inadequately.	
  Such	
  reviews	
  can	
  be	
  misleading	
  as	
  

they	
   do	
   not	
   represent	
   a	
  balanced	
   risk-­‐to-­‐benefit	
   perspective	
   of	
   a	
   given	
   treatment.	
   The	
  

Cochrane	
  Adverse	
  Effects	
  Methods	
  Group	
  emphasizes	
  that	
  when	
  doing	
  a	
  systematic	
  review	
  of	
  

harms,	
   the	
   authors	
   should	
   include	
   non-­‐RCT	
   data,	
   as	
   those	
   data	
   are	
   more	
   likely	
  to	
  capture	
  

adverse	
  event	
  reports	
  (6).	
  However,	
  the	
  heterogeneity	
  of	
  non-­‐RCT	
  data	
  poses	
  a	
  challenge	
  for	
  

reviewers	
  and	
  clear	
  guidance	
  on	
  how	
  to	
  synthesize	
  and	
  report	
  these	
  findings	
  is	
  lacking.	
  	
  

The	
  need	
  to	
  improve	
  knowledge	
  synthesis	
  of	
  harms	
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Several	
   studies	
   have	
   identified	
   a	
   number	
   of	
   methodological	
   challenges	
   when	
   conducting	
   a	
  

systematic	
  review	
   of	
  harms	
   (7-­‐11).	
  These	
   challenges	
   include:	
   the	
   poor	
   quality	
   information	
   on	
  

adverse	
   events	
  reported	
   on	
   original	
   studies,	
   difficulties	
   in	
   identifying	
   relevant	
   studies	
   when	
  

using	
   standard	
   systematic	
   searches	
   techniques,	
   and	
   the	
   lack	
   of	
   a	
   specific	
  methodological	
  

guidance	
  to	
  perform	
  a	
  systematic	
  reviews	
  of	
  adverse	
  events.	
  	
  

Improving	
  reporting	
  in	
  systematic	
  reviews	
  

The	
  PRISMA	
  (Preferred	
  Reporting	
  Items	
  for	
  Systematic	
  Reviews	
  and	
  Meta-­‐Analysis)	
  Statement	
  

was	
   published	
   in	
  2009	
   (12)	
  to	
   offer	
   guidance	
   to	
   review	
   authors	
   and	
   journal	
   editors	
   on	
   the	
  

minimum	
   reporting	
   standards	
   when	
   publishing	
   a	
   systematic	
   review	
   or	
   meta-­‐analysis.	
  The	
  

PRISMA	
  Statement	
  was	
   developed	
   following	
   three	
   main	
   steps:	
   (i)	
  a	
   systematic	
   review	
  

examining	
  the	
  quality	
  of	
  reporting	
  of	
  systematic	
  reviews,	
  to	
  assess	
  the	
  need	
  for	
  a	
  guideline;	
  (ii)	
  

an	
   international	
   survey	
   of	
   review	
   authors,	
   consumers	
   and	
   groups	
   commissioning	
   or	
   using	
  

systematic	
  reviews,	
  to	
  add	
  or	
  refine	
  an	
  existing	
  reporting	
  guideline	
  -­‐	
  QUOROM	
  (5);	
  (iii)	
  a	
  face-­‐

to-­‐face	
   meeting,	
  with	
  29	
   participants,	
   including	
   review	
   authors,	
   clinicians,	
   methodologists,	
  

journal	
  editors	
  and	
  a	
  consumer	
  to	
  revise	
  and	
  expand	
  QUOROM.	
  After	
  those	
  steps,	
  the	
  meeting	
  

participants	
  developed	
  and	
  approved	
  the	
  final	
  document	
  including	
  a	
  27-­‐item	
  checklist	
  and	
  flow	
  

diagram	
  -­‐	
  the	
  PRISMA	
  Statement.	
  PRISMA	
  has	
  been	
  widely	
  endorsed	
  by	
  multiple	
  international	
  

organizations,	
  including:	
  the	
  Cochrane	
  Collaboration;	
  the	
  Council	
  of	
  Science	
  Editors;	
  the	
  World	
  

Association	
   of	
   Medical	
   Editors;	
   and	
   176	
   medical	
   journals	
   (http://www.prisma-­‐

statement.org/endorsers.htm).	
  Thus	
  far,	
  PRISMA	
  has	
  focused	
  mainly	
  on	
  efficacy.	
  	
  

Why	
  a	
  PRISMA	
  Harms	
  extension	
  is	
  important	
  

There	
   is	
   a	
   need	
   for	
   high	
   quality	
   evidence	
  when	
   assessing	
   adverse	
   effects	
   of	
   interventions,	
  

whether	
  diagnostic	
  or	
  therapeutic,	
  drugs,	
  natural	
  health	
  products,	
  vaccines,	
  biologics	
  or	
  devices	
  

(13).	
  Systematic	
   reviews	
   evaluating	
   harms	
   can	
   provide	
   valuable	
   information	
   to	
   help	
   describe	
  

adverse	
   events	
   (frequency,	
   nature,	
   seriousness),	
   but	
   they	
   are	
   complicated	
   by	
   lack	
   of	
  

standardized	
  methods	
  to	
  report	
  these	
  events	
  at	
  the	
  primary	
  study	
  level	
  and	
  the	
  fact	
  that	
  harms	
  

are	
  not	
  usually	
  the	
  primary	
  outcome	
  of	
  included	
  studies	
  (14).	
  As	
  adverse	
  events	
  are	
  often	
  rare,	
  

systematic	
  reviews	
  may	
  be	
  the	
  best	
  approach	
  to	
  combine	
  these	
  rare	
  events	
  and	
  present	
  results	
  

in	
  a	
  single	
  document.	
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Clinical	
  context	
  

Propofol	
   is	
   an	
   anesthetic	
   agent	
   frequently	
   used	
   in	
   adult	
   and	
   pediatric	
   sedation.	
   Since	
   1992,	
  

there	
   have	
   been	
   several	
   case	
   reports	
   of	
   ‘propofol	
   infusion	
   syndrome’	
   (PRIS),	
   a	
   poorly	
  

understood	
   syndrome	
   associated	
   with	
   prolonged	
  propofol	
   infusion	
   in	
   high	
   doses	
  (15-­‐18).	
  In	
  

several	
   countries,	
   including	
   Canada	
   and	
   the	
   United	
   States,	
   regulatory	
   agencies	
   have	
  

contraindicated	
   the	
   use	
   of	
   propofol	
   infusion	
   in	
   pediatric	
   intensive	
   care.	
  However,	
   propofol	
   is	
  

still	
   used	
   as	
   a	
   continuous	
   infusion	
   in	
  pediatric	
  intensive	
   care,	
  pediatric	
   operating	
   rooms	
  and	
  

emergency	
   rooms	
  despite	
   the	
   liability	
   concerns	
  and	
   regulatory	
   agency’s	
   contraindication	
  (19-­‐

20).	
  There	
  is	
  a	
  need	
  to	
  identify	
  the	
  serious	
  adverse	
  events	
  associated	
  with	
  propofol	
  infusion	
  in	
  

pediatric	
   patients	
   to	
   support	
   clinicians	
   and	
   regulatory	
   bodies	
   to	
   promote	
   evidence-­‐based	
  

decision-­‐making	
   when	
   evaluating	
   the	
   best	
   drug	
   choices	
   for	
   continuous	
   sedation	
   in	
   pediatric	
  

patients	
  in	
  any	
  setting.	
  

Goal	
  of	
  this	
  doctoral	
  thesis	
  

The	
  overall	
  goals	
  of	
  this	
  thesis	
  were	
  to	
  assess	
  and	
  if	
  needed,	
  improve	
  methods	
  of	
  conducting	
  

and	
  reporting	
  systematic	
  reviews	
  of	
  adverse	
  events.	
  	
  

We	
  set	
  out	
  to	
  achieve	
  these	
  goals	
  through	
  the	
  following	
  specific	
  objectives:	
  	
  

(1)	
  To	
  assess	
  if	
  there	
  is	
  need	
  of	
  a	
  reporting	
  guideline	
  for	
  systematic	
  reviews	
  measuring	
  adverse	
  

events.	
  	
  

(2)	
  To	
  develop	
  a	
  reporting	
  guideline	
  for	
  systematic	
  reviews	
  measuring	
  adverse	
  events.	
  

(3)	
  To	
   identify	
   if	
  propofol	
   infusion	
  is	
  associated	
   with	
   serious	
   adverse	
   events	
   in	
   pediatric	
  

patients.	
  	
  

(4)	
  To	
  assess	
  if	
  the	
  inclusion	
  of	
  nonrandomized	
  data	
  in	
  a	
  systematic	
  review	
  of	
  adverse	
  events	
  

would	
  provide	
  additional	
  information	
  that	
  would	
  be	
  otherwise	
  overlooked.	
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Thesis	
  Outline	
  	
  

Improving	
  the	
  report	
  of	
  adverse	
  events	
  in	
  systematic	
  reviews	
  	
  

The	
  steps	
  followed	
   as	
   part	
   of	
   this	
  doctoral	
   thesis	
   for	
   the	
  development	
   of	
   a	
  guideline	
  for	
  

reporting	
  adverse	
  events	
  in	
  systematic	
  reviews	
  were:	
  	
  first,	
  to	
  document	
  if	
  there	
  was	
  room	
  for	
  

improvement	
  on	
  reporting	
  in	
  those	
  reviews;	
  second,	
  	
  to	
  employ	
  a	
  modified	
  Delphi	
  process	
  to	
  

identify	
  relevant	
  items	
  to	
  be	
  included	
  in	
  the	
  reporting	
  guideline;	
  and	
  third,	
  a	
  consensus	
  building	
  

in-­‐person	
   meeting.	
   The	
   in-­‐person	
   meeting	
   included	
  experts	
   in	
   systematic	
   reviews,	
   journal	
  

editors,	
   methodologists	
   and	
   members	
   of	
   the	
   PRISMA	
   and	
   CONSORT	
   group	
   with	
   previous	
  

experience	
  in	
  reporting	
  guideline	
  development	
  (21-­‐26).	
  Together,	
  those	
  at	
  the	
  meeting	
  would	
  

define	
  the	
  final	
  set	
  of	
  items	
  to	
  be	
  included	
  in	
  the	
  guideline.	
  The	
  final	
  step,	
  also	
  as	
  part	
  of	
  this	
  

doctoral	
   work,	
  was	
  the	
  actual	
  development	
   of	
   PRISMA	
   Harms,	
   an	
   extension	
   of	
   the	
   PRISMA	
  

Statement,	
  which	
  would	
  guide	
  how	
  harms	
  are	
  reported	
  in	
  systematic	
  reviews.	
  	
  

Improving	
  the	
  estimate	
  of	
  adverse	
  events	
  	
  

To	
  identify	
  if	
  propofol	
  infusion	
  is	
  associated	
  with	
  serious	
  adverse	
  events	
  in	
  pediatric	
  patients,	
  as	
  

part	
   of	
   this	
   doctoral	
   thesis,	
   a	
   systematic	
   review	
   of	
   propofol	
   infusion	
   in	
   pediatric	
   patients	
   was	
  

conducted.	
  The	
  review	
  included	
  both	
  clinical	
  trials	
  and	
  observational	
  studies.	
  We	
  also	
  assessed	
  

if	
   systematic	
   reviews	
   using	
   multiple	
   study	
   designs	
   would	
   have	
   a	
   better	
   estimate	
   of	
   adverse	
  

events	
   than	
   systematic	
   reviews	
   	
   including	
   only	
   RCT	
  data,	
   evaluating	
   if	
   randomized	
   and	
   non-­‐

randomized	
   data	
   should	
   be	
   included	
   if	
  the	
  outcome	
   of	
   a	
   systematic	
   review	
  	
  was	
  to	
   identify	
  

adverse	
  events.	
  	
  

Manuscript	
  based	
  thesis	
  chapters	
  

This	
  thesis	
  is	
  presented	
  as	
  four	
  independent	
  manuscripts.	
  Each	
  manuscript	
  includes	
  an	
  abstract,	
  

introduction,	
  methods,	
  results,	
  discussion	
  and	
  conclusion	
  sections,	
  as	
  well	
  as	
  relevant	
  figures,	
  

tables,	
  references	
  and	
  appendices.	
  The	
  chapters	
  are	
  divided	
  as	
  follow:	
  

Chapter	
  2:	
  Quality	
  of	
  reporting	
  in	
  systematic	
  reviews	
  of	
  adverse	
  events:	
  

systematic	
  review	
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This	
  is	
  the	
  review	
  used	
  to	
  identify	
  the	
  need	
  for	
  the	
  development	
  of	
  the	
  PRISMA	
  Harms.	
  It	
  is	
  the	
  

first	
  step	
  in	
  the	
  guideline	
  development	
  (27).	
  This	
  manuscript	
  has	
  been	
  published	
  in	
  the	
  British	
  

Medical	
  Journal	
  in	
  2014	
  (28).	
  

Chapter	
  3:	
   The	
   development	
   of	
   PRISMA	
   Harms	
   using	
   a	
   modified	
   Delphi	
  

technique	
  

This	
  manuscript	
  reports	
  the	
  methods	
  and	
  findings	
  of	
  the	
  modified	
  online	
  Delphi	
  method	
  used	
  

to	
  rate	
  the	
   potential	
   PRISMA	
   Harms	
   items.	
   It	
   is	
   the	
   second	
   step	
   for	
   development	
   of	
   the	
  

reporting	
  guideline.	
  	
  

	
  

Chapter	
  4:	
  PRISMA	
  Harms	
  

This	
  document	
  is	
  the	
  PRISMA	
  Harms,	
  a	
  reporting	
  guideline	
  with	
  a	
  main	
  goal	
  to	
  improve	
  harms	
  

reporting	
  in	
  systematic	
  reviews.	
  It	
  is	
  an	
  extension	
  of	
  the	
  PRISMA	
  Statement.	
  

	
  

Chapter	
  5:	
  Propofol	
  infusion	
  for	
  paediatric	
  sedation	
  

This	
  systematic	
   review	
   includes	
   both	
   randomized	
   and	
  non-­‐randomized	
   data	
   to	
   assess	
   if	
  

propofol	
   infusion	
   is	
   associated	
   with	
   serious	
   adverse	
   events	
   in	
   pediatric	
   patients	
   and	
   also	
   to	
  

assess	
   if	
   the	
   inclusion	
   of	
   non-­‐randomized	
  data	
   provides	
   additional	
   information	
  that	
   would	
   be	
  

otherwise	
   overlooked	
   if	
   only	
   clinical	
   trials	
   data	
   would	
   to	
  be	
   included.	
   The	
   protocol	
   has	
   been	
  

published	
  with	
  the	
  Cochrane	
  Anesthesia	
  Review	
  Group	
  (CARG)	
  (29).	
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Abstract	
  

Objectives:	
  To	
   examine	
   the	
   quality	
   of	
   reporting	
   of	
   harms	
   in	
   systematic	
  reviews,	
   and	
   to	
  

determine	
  the	
  need	
  for	
  a	
  reporting	
  guideline	
  specific	
  for	
  reviews	
  of	
  harms.	
  

Design:	
  Systematic	
  review.	
  

Data	
   sources:	
  Cochrane	
   Database	
   of	
   Systematic	
   Reviews	
   (CDSR)	
   and	
  Database	
   of	
   Abstracts	
   of	
  

Reviews	
  of	
  Effects	
  (DARE).	
  

Review	
  methods:	
  Databases	
  were	
  searched	
  for	
  systematic	
  reviews	
  having	
  an	
  adverse	
  event	
  as	
  

the	
   main	
  outcome,	
   published	
   from	
   January	
  2008	
   to	
   April	
   2011.	
  Adverse	
   events	
   included	
   an	
  

adverse	
  reaction,	
  harms,	
  or	
  complications	
  associated	
  with	
  any	
  healthcare	
  intervention.	
  Articles	
  

with	
   a	
   primary	
   aim	
   to	
   investigate	
   the	
   complete	
   safety	
   profile	
   of	
   an	
  intervention	
  were	
   also	
  

included.	
  We	
  developed	
  a	
  list	
  of	
  37	
  items	
  to	
  measure	
  the	
  quality	
  of	
  reporting	
  on	
  harms	
  in	
  each	
  

review;	
  data	
  were	
  collected	
  as	
  dichotomous	
  outcomes	
  (“yes”	
  or	
  “no”	
  for	
  each	
  item).	
  

Results:	
  Of	
   4644	
   reviews	
   identified,	
  309	
   were	
  systematic	
   reviews	
   or	
  meta-­‐analyses	
   primarily	
  

assessing	
  harms	
  (13	
  from	
  CDSR;	
  296	
  from	
  DARE).	
  Despite	
  a	
  short	
  time	
  interval,	
  the	
  comparison	
  

between	
  the	
  years	
  of	
  2008	
  and	
  2010-­‐11	
  showed	
  no	
  difference	
  on	
  the	
  quality	
  of	
  reporting	
  over	
  

time	
   (P=0.079).	
   Titles	
   in	
  fewer	
  than	
  half	
  the	
   reviews	
   (proportion	
   of	
  reviews	
  0.46	
  (95%	
  

confidence	
  interval	
  0.40	
  to	
  0.52))	
  did	
  not	
  mention	
  any	
  harm	
  related	
  terms.	
  Almost	
  one	
  third	
  of	
  

DARE	
  reviews	
  (0.26	
  (0.22	
  to	
  0.31))	
  did	
  not	
  clearly	
  define	
  the	
  adverse	
  events	
  reviewed,	
  nor	
  did	
  

they	
  specify	
   the	
   study	
   designs	
   selected	
   for	
   inclusion	
   in	
   their	
   methods	
   section.	
  Almost	
   half	
   of	
  

reviews	
  (n=170)	
  did	
   not	
   consider	
   patient	
   risk	
   factors	
   or	
  length	
   of	
   follow-­‐up	
   when	
   reviewing	
  

harms	
  of	
   an	
   intervention.	
  Of	
  67	
  reviews	
   of	
   complications	
   related	
   to	
   surgery	
   or	
   other	
  

procedures,	
  only	
  four	
  (0.05	
  (0.01	
  to	
  0.14))	
  reported	
  professional	
  qualifications	
  of	
  the	
  individuals	
  

involved.	
  The	
  overall,	
  unweighted,	
  proportion	
  of	
  reviews	
  with	
  good	
  reporting	
  was	
  0.56	
  (0.55	
  to	
  

0.57);	
  corresponding	
  proportions	
  were	
  0.55	
  (0.53	
  to	
  0.57)	
  in	
  2008,	
  0.55	
  (0.54	
  to	
  0.57)	
  in	
  2009,	
  

and	
  0.57	
  (0.55	
  to	
  0.58)	
  in	
  2010-­‐11.	
  



 

13 
 

Conclusion:	
  Systematic	
  reviews	
  compound	
  the	
  poor	
  reporting	
  of	
  harms	
  data	
  in	
  primary	
  studies	
  

by	
  failing	
  to	
  report	
  on	
  harms	
  or	
  doing	
  so	
  inadequately.	
  Improving	
  reporting	
  of	
  adverse	
  events	
  in	
  

systematic	
  reviews	
  is	
  an	
  important	
  step	
  towards	
  a	
  balanced	
  assessment	
  of	
  an	
  intervention.	
  

Introduction	
  
A	
   balanced	
   assessment	
   of	
   interventions	
   requires	
   analysis	
   of	
  both	
  benefits	
   and	
   harms.	
  

Systematic	
  reviews	
  or	
  meta-­‐analyses	
  of	
  randomised	
  controlled	
  trials	
  are	
  the	
  preferred	
  method	
  

to	
  synthesise	
  evidence	
  in	
  a	
  comprehensive,	
  transparent,	
  and	
  reproducible	
  manner.	
  Randomised	
  

controlled	
  trials	
  rarely	
  assess	
  harms	
  as	
  their	
  primary	
  outcome;	
  therefore,	
  they	
  typically	
  lack	
  the	
  

power	
   to	
   detect	
   differences	
  in	
   harms	
   between	
   groups	
   (table1).	
  	
  Usually	
   designed	
   to	
  evaluate	
  

treatment	
   efficacy	
  or	
  effectiveness,	
  randomised	
   controlled	
   trials	
  are	
   often	
   done	
   over	
  a	
   short	
  

period	
  of	
  time,	
  with	
  a	
  relatively	
  small	
  number	
  of	
  participants.	
  These	
  trials	
  are	
  known	
  to	
  be	
  poor	
  

at	
  identifying	
  and	
  reporting	
  harms,	
  which	
  can	
  lead	
  to	
  a	
  misconception	
  that	
  a	
  given	
  intervention	
  

is	
  safe,	
  when	
  its	
  safety	
  is	
  actually	
  unknown	
  (1-­‐8).	
  Systematic	
  reviews	
  with	
  a	
  primary	
  objective	
  to	
  

assess	
   harms	
  represent	
  fewer	
  than	
   10%	
   of	
   all	
  systematic	
   reviews	
  published	
  yearly	
  (9,	
  10)	
  

Systematic	
   reviews	
  of	
   harms	
   can	
   provide	
   valuable	
  information	
   to	
   describe	
   adverse	
   events	
  

(frequency,	
  nature,	
  seriousness),	
  but	
  they	
  are	
  hampered	
  by	
  a	
  lack	
  of	
  standardised	
  methods	
  to	
  

report	
  these	
  events	
  and	
  the	
  fact	
  that	
  harms	
  are	
  not	
  usually	
  the	
  primary	
  outcome	
  of	
  included	
  

studies	
  (9-­‐28).	
  Several	
  studies	
  have	
  identified	
  challenges	
  when	
  developing	
  a	
  systematic	
  review	
  

of	
   adverse	
   events	
   (9-­‐28).	
  These	
   include:	
   the	
   poor	
   quality	
   information	
   on	
   harms	
   reported	
  in	
  

original	
   studies,	
   difficulties	
   in	
   identifying	
   relevant	
   studies	
   on	
  adverse	
   events	
  when	
   using	
  

standard	
   systematic	
  search	
  techniques,	
   and	
   the	
   lack	
   of	
   a	
   specific	
   guideline	
   to	
   perform	
   a	
  

systematic	
  review	
  of	
  adverse	
  events.	
  The	
  need	
  for	
  better	
  reporting	
  on	
  harms	
  in	
  general	
  (1-­‐8)	
  

and	
   in	
  systematic	
   reviews	
  (9-­‐28)	
  in	
   particular—has	
   been	
   voiced.	
   In	
   a	
   previous	
  review	
  (28)	
  of	
  

systematic	
  reviews	
  from	
  the	
  Cochrane	
  Database	
  of	
  Systematic	
  Reviews	
  (CDSR)	
  and	
  Database	
  of	
  

Abstracts	
  of	
  Reviews	
  of	
  Effects	
  (DARE),	
  our	
  team	
  identified	
  a	
  significantly	
  increased	
  number	
  of	
  

reviews	
  of	
  adverse	
  events	
  over	
  the	
  past	
  17	
  years	
  (P<0.001);	
  however,	
  the	
  proportion	
  of	
  these	
  

reviews	
  out	
  of	
  the	
  total	
  number	
  of	
  reviews	
  was	
  unchanged	
  at	
  5%	
  (11,	
  14,	
  28).	
  Some	
  positive	
  

points	
  were	
  noted—for	
  example,	
  the	
  increased	
  number	
  of	
  databases	
  searched	
  per	
  review	
  and	
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the	
   reduction	
   in	
   number	
   of	
  systematic	
   reviews	
  limiting	
   their	
  search	
   strategies	
   by	
   date	
   or	
  

language—but	
  appropriate	
  reporting	
  of	
  search	
  strategies	
  was	
  still	
  a	
  problem	
  (28).	
  	
  

The	
  PRISMA	
  (30)	
  (preferred	
  reporting	
  items	
  for	
  systematic	
  review	
  and	
  meta-­‐analysis)	
  statement	
  

was	
  developed	
  to	
  deal	
  with	
  suboptimal	
  reporting	
  in	
  systematic	
  reviews.	
  Thus	
  far,	
  PRISMA	
  has	
  

mainly	
   focused	
   on	
   efficacy	
   and	
   not	
   on	
   harms.	
   A	
   reporting	
  guideline	
   specific	
   for	
   systematic	
  

reviews	
  of	
  harms	
  is	
  crucial	
  to	
  provide	
  a	
  better	
  assessment	
  of	
  adverse	
  events	
  of	
  interventions.	
  

The	
  first	
  step	
  for	
  successful	
  guideline	
  development	
  is	
  to	
  document	
  the	
  quality	
  of	
  reporting	
  in	
  

published	
  research	
  articles	
  to	
  justify	
  the	
  need	
  for	
  the	
  guideline	
  (30).	
  The	
  goal	
  of	
  this	
  review	
  was	
  

to	
  determine	
  whether	
  there	
  is	
  a	
  need	
  for	
  a	
  guideline	
  specific	
  for	
  reviews	
  of	
  harms	
  (30)	
  through	
  

assessment	
   of	
   the	
   quality	
   of	
  reporting	
   in	
  systematic	
   reviews	
  of	
   harms	
   published	
   between	
  

January	
  2008	
  and	
  April	
  2011,	
  from	
  two	
  major	
  databases.	
  

Methods	
  

Development	
  of	
  the	
  checklist	
  items	
  

To	
  assess	
  the	
  quality	
  of	
  reporting	
  in	
  systematic	
  reviews	
  of	
  harms,	
  we	
  developed	
  a	
  set	
  of	
  items	
  

(Table	
  2)	
  to	
  be	
  reported	
  in	
  these	
  reviews.	
  	
  

The	
   items	
   were	
   originally	
   based	
   on	
   a	
   draft	
   generated	
   from	
  analysis	
   of	
   a	
  systematic	
  review	
  of	
  

harms	
  conducted	
  previously	
  (33).	
  During	
  the	
  development	
  of	
  the	
  data	
  extraction	
  form	
  for	
  this	
  

current	
  review,	
  several	
  items	
  were	
  added.	
  The	
  wording	
  and	
  content	
  were	
  further	
  refined	
  over	
  

telephone	
  meetings,	
  by	
  a	
  group	
  of	
  experts	
  in	
  systematic	
  reviews	
  and	
  guideline	
  development	
  (8,	
  

31,	
  32,	
  34-­‐39).	
  

Not	
   every	
   PRISMA	
   item	
   has	
  a	
   corresponding	
   harms	
   item,	
  and	
  a	
   few	
   have	
   more	
   than	
   one	
  

suggestion	
  per	
  item.	
  PRISMA	
  items	
  15,	
  19-­‐25,	
  and	
  27	
  did	
  not	
  have	
  any	
  specific	
  harms	
  related	
  

items.	
  

Search	
  strategy	
  

We	
   searched	
   the	
  CDSR	
  (via	
  the	
   Cochrane	
   Library)	
  and	
   DARE	
  (via	
   the	
   Centre	
   for	
   Reviews	
   and	
  

Dissemination	
   and	
  the	
  Cochrane	
  Library)	
   databases	
  for	
  systematic	
   reviews	
  having	
   an	
  adverse	
  

event	
  as	
  the	
  primary	
  outcome	
  measured.	
  DARE	
  is	
  compiled	
  through	
  rigorous	
  weekly	
  searches	
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of	
  bibliographic	
  databases	
  (including	
  Medline,	
  Embase,	
  PsycINFO,	
  PubMed,	
  and	
  the	
  Cumulative	
  

Index	
   to	
   Nursing	
   and	
   Allied	
   Health	
   Literature).	
   It	
  also	
   involves	
  less	
   frequent	
   searches	
   of	
  the	
  

Allied	
  and	
  Complementary	
  Medicine	
  Database	
  and	
  the	
  Education	
  Resource	
  Information	
  Center,	
  

hand	
  searching	
   of	
   key	
   journals,	
   grey	
  literature,	
  and	
   regular	
   searches	
  of	
   the	
  internet.	
   CDSR	
  

includes	
  all	
  the	
  systematic	
  reviews	
  published	
  by	
  the	
  Cochrane	
  Collaboration.	
  We	
  selected	
  the	
  

combination	
   of	
   these	
   two	
  databases	
  because	
  they	
   are	
   likely	
   to	
   represent	
   the	
   most	
  

comprehensive	
  collection	
  of	
  systematic	
  reviews	
  published	
  in	
  healthcare	
  (28).	
  

The	
  search	
  was	
  limited	
  to	
  a	
  40	
  month	
  period	
  between	
  1	
  January	
  2008	
  and	
  25	
  April	
  2011.	
  The	
  

web	
   appendix	
   shows	
   the	
  search	
  strategy	
  used.	
   The	
   dates	
   were	
   selected	
   to	
   include	
   recent	
  

reviews	
  in	
  order	
  to	
  describe	
  the	
  current	
  state	
  of	
  reporting	
  in	
  systematic	
  reviews	
  of	
  harms.	
  

Eligibility	
  criteria	
  

Reviews	
   were	
   selected	
   if	
   the	
   primary	
   outcome	
   investigated	
   was	
  exclusively	
   an	
   unintended	
  

effect	
   or	
   effects	
   of	
   an	
   intervention.	
  It	
   could	
   be	
   an	
   adverse	
   event,	
   adverse	
  effect,	
   adverse	
  

reaction,	
  harms,	
  or	
  complications	
  (Table	
  1)	
  associated	
  with	
  any	
  healthcare	
  intervention	
  (such	
  as	
  

pharmaceutical	
   interventions,	
   diagnostic	
  procedures,	
   surgical	
  interventions,	
  or	
   medical	
  

devices).	
   Articles	
  with	
   a	
   primary	
   aim	
   to	
   investigate	
  the	
   complete	
   safety	
   profile	
   of	
  an	
  

intervention	
   were	
   included.	
  Reviews	
   were	
   not	
   excluded	
  on	
  the	
   basis	
   of	
  their	
   results	
   or	
  

conclusions.	
  

We	
   excluded	
   reviews	
   assessing	
   both	
   beneficial	
   and	
   harmful	
  effects	
   (reviews	
   of	
   both	
  efficacy	
  

and	
  harms),	
  reviews	
  of	
  desirable	
  side	
  effects	
  of	
  drugs,	
  or	
  reviews	
  of	
  prevention	
  or	
  reduction	
  of	
  

unintended	
   or	
   adverse	
   effects.	
   No	
   limitations	
   on	
  interventions,	
   patient	
   groups,	
   or	
   language	
  

were	
  applied.	
  

Screening	
  and	
  data	
  extraction	
  

Relevant	
   studies	
   were	
   screened	
   by	
   title	
   and	
   abstract	
   (when	
  available)	
   independently	
  by	
   two	
  

authors	
  (LZ	
  and	
  SG).	
  Any	
  disagreements	
  were	
  resolved	
  by	
  consensus;	
  if	
  consensus	
  could	
  not	
  be	
  

reached,	
  disagreements	
  were	
  resolved	
  with	
  a	
  third	
  author	
  (SV).	
  Abstracts	
  that	
  were	
  identified	
  

as	
   potentially	
   meeting	
   the	
  DARE	
   criteria	
   but	
  were	
  not	
   assessed	
  were	
  called	
  “provisional	
  

abstracts.”	
  The	
  full	
  text	
  was	
  retrieved	
  for	
  these	
  abstracts.	
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The	
  data	
  extraction	
  was	
  based	
  on	
  the	
  items	
  developed,	
  piloted,	
  and	
  refined	
  (table	
  2).	
  Each	
  field	
  

received	
   a	
   “yes”	
   if	
   the	
   item	
   was	
  reported	
   as	
   defined,	
  or	
   “no”	
  if	
   not	
   reported.	
   The	
   data	
   were	
  

extracted	
  by	
  one	
  author	
  (LZ)	
  and	
  verified	
  by	
  a	
  second	
  author	
  (YL).	
  Disagreements	
  were	
  resolved	
  

by	
  consensus.	
  

Outcome	
  

The	
  main	
  outcome	
  assessed	
  was	
  the	
  quality	
  of	
  reporting	
  in	
  reviews	
  of	
  harms	
  for	
  each	
  of	
  the	
  37	
  

items.	
   We	
   also	
   measured	
  the	
   proportion	
   of	
   each	
  “yes”	
   response	
  for	
   each	
   year	
   of	
   the	
   search:	
  

2008,	
  2009,	
  and	
  2010-­‐11	
  (12	
  reviews	
  published	
  in	
  the	
  first	
  four	
  months	
  of	
  2011	
  were	
  combined	
  

with	
   the	
   reviews	
   published	
   in	
  2010).	
  The	
   quality	
   of	
   reporting	
   was	
  compared	
   between	
   the	
  

earliest	
  and	
   latest	
   years	
  reviewed	
   (2008	
  v	
  2010-­‐11)	
   to	
   assess	
  any	
   improvement	
   in	
   quality	
   of	
  

reporting	
   during	
  the	
   study	
   period.	
  We	
   deliberately	
   decided	
   not	
   to	
   include	
   an	
   intermediate	
  

category	
  (such	
  as	
  “unclear”).	
  If	
  the	
  item	
  was	
  not	
  clearly	
  reported,	
  it	
  was	
  considered	
  as	
  a	
  “no”	
  

response	
  and	
  the	
  unclear	
  category	
  would	
  simply	
  be	
  duplication.	
  

The	
  present	
  review	
  did	
  not	
  aim	
  to	
  evaluate	
  the	
  reason	
  behind	
  the	
  review	
  author’s	
  decisions	
  to	
  

examine	
  harms.	
  Our	
  goal	
  was	
  to	
  measure	
  the	
  quality	
  of	
  reporting	
  in	
  those	
  reviews—	
  answering	
  

the	
   question	
  “is	
  the	
   item	
  clearly	
   reported?”	
  The	
   goal	
  was	
  not	
   to	
   judge	
  whether	
  a	
  

methodologically	
   appropriate	
  decision	
   was	
   made	
   (for	
   example,	
  statistical	
   tests	
   used,	
   data	
  

extraction,	
   data	
   pooling),	
   but	
   to	
   ensure	
   clarity	
   in	
   reporting	
  regarding	
   the	
   choices	
   made.	
  

Information	
  on	
  the	
  types	
  of	
  interventions,	
  nature	
  of	
  included	
  study	
  designs,	
  as	
  well	
  as	
  search	
  

strategies	
  and	
  databases	
  searched	
  in	
  systematic	
  reviews	
  published	
  between	
  1994	
  and	
  2011	
  was	
  

previously	
  reported	
  by	
  our	
  team	
  (28).	
  

This	
   study	
   does	
   not	
   intend	
   to	
   measure	
   the	
  effect	
  of	
   the	
   PRISMA	
  statement,	
   for	
   two	
   reasons.	
  

Firstly,	
  PRISMA	
  focuses	
  on	
  efficacy;	
  thus	
  measurement	
  of	
  its	
  effect	
  would	
  reasonably	
  focus	
  on	
  

systematic	
  reviews	
  of	
  efficacy	
  and	
  not	
  specifically	
  of	
  harms.	
  Secondly,	
  the	
  37	
  items	
  measured	
  in	
  

the	
  present	
  review	
  were	
  new	
  items	
  and	
  not	
  those	
  found	
  in	
  PRISMA.	
  

Data	
  analysis	
  

Data	
  were	
   collected	
   as	
   dichotomous	
   outcomes	
   (“yes”	
  or	
  “no”)	
   for	
   each	
   item,	
  and	
  

presented	
   as	
   proportions	
  of	
   reviews	
  for	
   each	
   category	
   (reported	
   from	
  0	
  to	
  1)	
  and	
   as	
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proportions	
   divided	
   by	
  the	
  database	
   that	
   the	
   reviews	
   were	
   identified	
   from	
   (CDSR	
   and	
   DARE).	
  

We	
  also	
  provided	
  95%	
  confidence	
  intervals	
  for	
  each	
  proportion	
  based	
  on	
  methods	
  described	
  by	
  

Wilson	
  and	
  Newcombe	
  (40,	
  41)	
  using	
  a	
  correction	
  for	
  continuity.	
  

An	
   overall	
   reporting	
   quality	
  assessment	
  was	
  provided	
   through	
   an	
   unweighted	
   average	
   of	
  

proportions	
  of	
  items	
  with	
  good	
  reporting.	
  P≤0.05	
  was	
  considered	
  statistically	
  significant.	
  We	
  did	
  

statistical	
  calculations	
  using	
  StataIC-­‐13.	
  

Results	
  
The	
  search	
  yielded	
  4644	
  unique	
  references.	
  After	
  screening	
  and	
  retrieving	
  full	
  text	
  articles,	
  an	
  

extra	
  14	
  papers	
  were	
  excluded	
  as	
  they	
  did	
  not	
  fulfil	
  the	
  inclusion	
  criteria.	
  A	
  total	
  of	
  309	
  reviews	
  

were	
  identified	
  as	
  systematic	
  reviews	
  of	
  meta-­‐analyses	
  primarily	
  assessing	
  harms,	
  of	
  which	
  13	
  

were	
   identified	
   at	
   CDSR	
   and	
   296	
  at	
   DARE	
   (Figure	
  1). Disagreements	
   regarding	
  

inclusion/exclusion	
  were	
  discussed	
  by	
  LZ	
  and	
  SG	
  and	
  consensus	
  was	
  reached	
  after	
  discussion.	
  

Three	
  of	
  the	
  included	
  papers	
  were	
  published	
  in	
  Chinese,	
  two	
  in	
  Spanish,	
  and	
  one	
  in	
  Portuguese.	
  

Table	
  3	
  provides	
  detailed	
  information	
  on	
  the	
  reporting	
  of	
  each	
  item.	
  

The	
  309	
  systematic	
   reviews	
   and	
   meta-­‐analyses	
  with	
   harms	
   as	
   a	
   primary	
   outcome	
  focused	
   on	
  

the	
  following	
  interventions:	
  

••	
  Drugs	
  (223	
  studies,	
  proportion	
  of	
  reviews	
  0.72	
  (95%	
  confidence	
  interval	
  0.66	
  to	
  0.77))	
  

••	
  Surgery	
  or	
  other	
  procedures	
  (67	
  studies,	
  0.21	
  (0.17	
  to	
  0.26))	
  

••	
  Devices	
  (13	
  studies,	
  0.04	
  (0.02	
  to	
  0.07))	
  

••	
  Blood	
  transfusion	
  (two	
  studies,	
  0.006	
  (0.001	
  to	
  0.022))	
  

••	
  Enteral	
  nutrition	
  (two	
  studies,	
  0.006	
  (0.001	
  to	
  0.022))	
  

••	
  Isolation	
  rooms	
  (one	
  study,	
  0.003	
  (0.001	
  to	
  0.01))	
  

••	
  Surgical	
  versus	
  medical	
  treatment	
  (one	
  study,	
  0.003	
  (0.001	
  to	
  0.01)).	
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Titles	
  and	
  abstracts	
  

Titles	
   in	
  close	
   to	
  half	
   of	
   included	
  systematic	
   reviews	
   and	
  meta-­‐analyses	
  of	
   harms	
   did	
   not	
  

mention	
  any	
  harm	
  related	
  terms	
  (proportion	
  of	
  reviews	
  0.46	
  (95%	
  confidence	
  interval	
  0.40	
  to	
  

0.52))	
  and	
  had	
  no	
  report	
  of	
  a	
  patient	
  population	
  or	
  condition	
  under	
  review	
  (0.42	
  (0.36	
  to	
  0.48)).	
  

Twenty	
   five	
   reviews	
   (0.08	
   (0.05	
  to	
  0.11)	
   used	
   the	
   word	
  “safety”	
  to	
   identify	
   a	
   review	
   of	
  

harms.	
  In	
  the	
  abstract	
  section,	
  reviews	
  often	
  used	
  harm	
  related	
  terms	
  (0.84	
  (0.79	
  to	
  0.88)).	
  One	
  

in	
  every	
  6.5	
  reviews	
  did	
  not	
  have	
  any	
  harms	
  related	
  word	
  in	
  the	
  abstract,	
  and	
  half	
  of	
  reviews	
  

(0.5	
  (0.44	
  to	
  0.56))	
  did	
  not	
  report	
  the	
  study	
  designs	
  sought	
  or	
  included.	
  

Introduction	
  and	
  rationale	
  

Introductions	
   were	
   well	
   written	
   overall,	
   explaining	
   the	
   rationale	
   for	
   the	
   review	
   and	
   providing	
  

information	
   on	
   harms	
   being	
   reviewed.	
   Fifty	
   one	
   reviews	
   (proportion	
   of	
   reviews	
  0.16	
  (95%	
  

confidence	
  interval	
  0.12	
  to	
  0.21))	
  were	
  performed	
  to	
  investigate	
  any	
  adverse	
  event	
  associated	
  

with	
   an	
   intervention,	
   rather	
   than	
   focusing	
   on	
   a	
   specific	
   event.	
   As	
   per	
   our	
   definition,	
   these	
  

reviews	
  provided	
  “an	
  explicit	
  statement	
  of	
  questions	
  being	
  asked	
  with	
  reference	
  to	
  harms”	
  

as	
  this	
  broad	
  goal	
  was	
  reported.	
  

Methods	
  

Protocol	
  and	
  registration	
  

Consistent	
  with	
  Cochrane	
  requirements	
  for	
  authors,	
  all	
  included	
  systematic	
  reviews	
  conducted	
  

through	
  the	
  Cochrane	
  Collaboration	
  (Cochrane	
  reviews)	
  had	
  a	
  protocol.	
  Cochrane	
  reviews	
  did	
  

not	
  refer	
  to	
  a	
  protocol	
  in	
  their	
  full	
  text	
  reviews,	
  but	
  this	
  item	
  was	
  considered	
  “yes”	
  for	
  the	
  

reviews	
   for	
   which	
   a	
   protocol	
   could	
   be	
   found.	
  By	
  contrast,	
   only	
   22	
  reviews	
  (proportion	
   of	
  

reviews	
  0.07	
  (95%	
   confidence	
   interval	
  0.04	
  to	
  0.11))	
   identified	
   through	
   the	
   DARE	
   database	
  

reported	
   the	
   use	
   of	
   a	
   protocol.	
   Reporting	
   clinical	
   expertise	
   was	
   not	
   deemed	
   necessary	
   to	
  

receive	
  “yes”	
  for	
  this	
  item	
  (Table	
  2).	
  

Eligibility	
  criteria	
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Almost	
  one	
  third	
  of	
  DARE	
  reviews	
  (proportion	
  of	
  reviews	
  0.26	
  (95%	
  confidence	
  interval	
  0.22	
  to	
  

0.31))	
  did	
  not	
  have	
  a	
  clear	
  definition	
  of	
  the	
  adverse	
  events	
  reviewed,	
  nor	
  did	
  they	
  specify	
  the	
  

study	
  designs	
  selected	
  for	
  inclusion	
  in	
  their	
  methods	
  section.	
  

All	
   Cochrane	
   reviews	
   had	
   a	
   clear	
   report	
   of	
   their	
   search	
   strategy,	
   eligible	
   study	
   designs,	
  and	
  

methods	
  of	
  data	
  extraction.	
  

Information	
  sources	
  

Authors	
   did	
   not	
   usually	
   search	
   outside	
   the	
   peer	
  reviewed	
   literature	
   for	
   additional	
   sources	
   of	
  

adverse	
   events;	
   for	
   example,	
   only	
   54	
  reviews	
   (proportion	
   of	
   reviews	
  0.17	
  (95%	
   confidence	
  

interval	
  0.13	
  to	
  0.22))	
  searched	
  databases	
  of	
  regulatory	
  bodies	
  or	
  similar	
  sources.	
  Seven	
  of	
  13	
  

Cochrane	
   reviews	
   (0.53	
  (0.25	
  to	
  0.80))	
   searched	
   for	
   data	
   from	
   regulatory	
   bodies	
   or	
   industry,	
  

compared	
  with	
  47	
  of	
  296	
  (0.15	
  (0.11	
  to	
  0.20))	
  DARE	
  reviews.	
  

Study	
  selection	
  and	
  data	
  items	
  

At	
  the	
  screening	
  phase,	
  most	
  reviews	
  only	
  included	
  studies	
  if	
  the	
  harms	
  being	
  searched	
  were	
  

reported	
  (proportion	
  of	
  reviews	
  0.70	
  (95%	
  confidence	
  interval	
  0.65	
  to	
  0.75)).	
  Of	
  67	
  reviews	
  of	
  

complications	
   related	
   to	
   surgery	
   or	
   procedures,	
   only	
  four	
  (0.05	
  (0.01	
  to	
  0.14))	
   reported	
  

professional	
  qualifications	
  of	
  the	
  individuals	
  involved.	
  

Study	
  characteristics	
  

Reports	
   of	
   any	
   possible	
   patient	
  related	
  risk	
   factors—such	
   as	
   age,	
  sex,	
   or	
  comorbidities—were	
  

sought	
   in	
   less	
   than	
   half	
  of	
  reviews	
   (proportion	
   of	
   reviews	
  0.41	
  (0.36	
  to	
  0.47)).	
   Furthermore,	
  

only	
   10	
   reviews	
   adjudicated	
   whether	
  the	
  adverse	
   event	
  could	
  be	
  biologically,	
  

pharmacologically,	
  or	
  temporally	
  caused	
  by	
  the	
  intervention,	
  as	
  measured	
  by	
  item	
  12a.	
  

Results	
  

Fewer	
  than	
  half	
  the	
  reviews	
  (132	
  of	
  309;	
  proportion	
  of	
  reviews	
  0.42	
  (95%	
  confidence	
  interval	
  

0.37	
  to	
  0.48))	
  only	
  included	
  controlled	
  clinical	
  trials	
  (randomised	
  or	
  not).	
  Only	
  59	
  reviews	
  (0.19	
  

(0.14	
  to	
  0.23))	
  included	
  both	
  clinical	
  trials	
  and	
  observational	
  studies.	
  Only	
  observational	
  studies	
  

(prospective	
  or	
  retrospective)	
  were	
  included	
  in	
  109	
  reviews	
  (0.35	
  (0.29	
  to	
  0.40)),	
  case	
  series	
  or	
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case	
  reports	
  were	
  included	
  in	
  24	
  (0.07	
  (0.05	
  to	
  0.11)).	
  Three	
  of	
  13	
  Cochrane	
  reviews	
  (0.23	
  (0.05	
  

to	
  0.53))	
  included	
  observational	
  studies	
  compared	
  with	
  165	
  of	
  296	
  DARE	
  reviews	
  (0.55	
  (0.49	
  to	
  

0.61)).	
  After	
  reviewing	
  the	
  full	
  text,	
  nine	
  reviews	
  did	
  not	
  report	
  the	
  designs	
  included	
  anywhere	
  

in	
  the	
  text.	
  Length	
  of	
  follow-­‐up	
  or	
  patient	
  demographics	
  were	
  only	
  reported	
  in	
  just	
  over	
  half	
  of	
  

reviews	
  (170	
  of	
  309	
  reviews;	
  0.55	
  (0.49	
  to	
  0.60)).	
  

In	
   a	
  retrospective	
  analysis,	
  we	
   compared	
   the	
   quality	
   of	
   reporting	
  between	
   the	
   years	
   of	
   2008	
  

and	
  2010-­‐11	
  to	
  measure	
  any	
  possible	
  improvement	
  over	
  time	
  on	
  the	
  quality	
  of	
  reporting.	
  There	
  

were	
  no	
   significant	
   differences	
   (p=0.079)	
  in	
  the	
   proportion	
   of	
   good	
  reporting	
   between	
   the	
  

earlier	
  and	
  later	
  years.	
  	
  

The	
  13	
  CDSR	
  reviews	
  had	
  overall	
  better	
  reporting	
  than	
  DARE	
  reviews	
  in	
  the	
  abstracts,	
  methods,	
  

and	
  results	
  sections;	
  the	
  other	
  categories	
  had	
  similar	
  levels	
  of	
  reporting	
  quality.	
  Almost	
  half	
  of	
  

DARE	
   reviews	
   (proportion	
  of	
   reviews	
   0.46	
   (95%	
   confidence	
  interval	
   0.40	
   to	
  0.51))	
   had	
   poor	
  

reporting	
   in	
   the	
   results	
   section.	
  Because	
  the	
   number	
   of	
   reviews	
   was	
   considerably	
   different	
  

between	
   databases,	
  we	
   considered	
  it	
   inappropriate	
  to	
   proceed	
  with	
   any	
   formal	
   tests	
   to	
  

compare	
  CDSR	
  and	
  DARE	
  reviews.	
  

Figure	
   2	
  provides	
  a	
   graphic	
   trend	
   in	
   the	
  proportion	
  of	
  reviews	
  with	
  good	
   reporting	
   over	
   time	
  

(2008,	
  2009,	
  and	
  2010-­‐2011),	
  by	
  each	
  item	
  reviewed.	
  Reviews	
  had	
  poor	
  quality	
  of	
  reporting	
  for	
  

methods	
  and	
  results,	
  with	
  an	
  average	
  of	
  half	
  of	
  items	
  being	
  poorly	
  reported	
  on	
  those	
  sections.	
  

The	
  overall	
  proportion	
  of	
  reviews	
  with	
  good	
  reporting	
  was	
  0.56	
  (95%	
  confidence	
  interval	
  0.55	
  

to	
  0.57).	
  The	
  corresponding	
  proportions	
  were	
  0.55	
  (0.53	
  to	
  0.57)	
  in	
  2008,	
  0.55	
  (0.54	
  to	
  0.57)	
  in	
  

2009,	
  and	
  0.57	
  (0.55	
  to	
  0.58)	
  in	
  2010-­‐11.	
  

Discussion	
  

Principal	
  findings	
  

We	
  conducted	
  this	
  systematic	
  review	
  to	
  assess	
  the	
  quality	
  of	
  reporting	
  in	
  systematic	
  reviews	
  of	
  

harms	
  as	
  a	
  primary	
  outcome	
  using	
  a	
  set	
  of	
  proposed	
  reporting	
  items.	
  This	
  is	
  the	
  first	
  step	
  for	
  

the	
   development	
   of	
  PRISMA	
   Harms,	
   a	
   reporting	
   guideline	
   specifically	
   designed	
   for	
  reviews	
   of	
  

harms	
  (30).	
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There	
   is	
   a	
   substantial	
   difference	
  between	
  the	
   number	
  of	
  systematic	
   reviews	
  measuring	
   an	
  

adverse	
   event	
  as	
   the	
   main	
   outcome	
   identified	
   through	
   DARE	
  and	
   those	
   identified	
   through	
  

CDSR.	
   CDSR	
  reviews	
   comprised	
   only	
   a	
  small	
   fraction	
   of	
   the	
   total	
   reviews	
   included.	
   This	
  

distinction	
   may	
   compromise	
   any	
   direct	
   comparison	
   between	
   the	
   two	
   databases.	
   Reviews	
   of	
  

harms	
   as	
   a	
   secondary	
   outcome	
   or	
   a	
   co-­‐primary	
   outcome	
   were	
   not	
   included	
   in	
   this	
   review,	
  

which	
  could	
  be	
  one	
  reason	
  for	
  the	
  large	
  dissimilarity.	
  Despite	
  the	
  small	
  number	
  of	
  reviews	
  of	
  

harms	
  published	
  in	
  the	
  CDSR,	
  they	
  were	
  better	
  reported	
  overall	
  than	
  DARE	
  reviews,	
  probably	
  

owing	
  to	
  the	
  clear	
  guidelines	
  provided	
  by	
  the	
  Cochrane	
  Collaboration	
  (29)	
  and	
  the	
  more	
  flexible	
  

word	
  limits	
  allowed	
  than	
  those	
  in	
  other	
  peer	
  reviewed	
  journals.	
  

Several	
  items	
  were	
  poorly	
  reported	
  in	
  the	
  included	
  reviews,	
  but	
  a	
  few	
  are	
  especially	
  important	
  

when	
  reviewing	
  harms,	
  because	
  the	
  lack	
  of	
  reporting	
  on	
  these	
  could	
  lead	
  to	
  misinterpretations	
  

of	
  findings.	
  In	
  a	
  systematic	
  review,	
  the	
  screening	
  phase	
  is	
  crucial	
  and	
  the	
  exclusion	
  of	
  studies	
  

due	
  to	
  the	
   absence	
   of	
   harms	
   could	
   overestimate	
   the	
   events	
   and	
   perhaps	
   generate	
   a	
   biased	
  

review.	
  Two	
  thirds	
  of	
  reviews	
  of	
  harms	
  only	
  included	
  studies	
  if	
  at	
  least	
  one	
  adverse	
  event	
  was	
  

reported	
  in	
  the	
  included	
  studies.	
  In	
  a	
  review	
  of	
  harms,	
  “zero”	
  is	
  an	
  important	
  value,	
  and	
  studies	
  

with	
  “no	
  adverse	
  events”	
  are	
  possibly	
  as	
  relevant	
  to	
  the	
  review	
  as	
  those	
  with	
  reported	
  adverse	
  

events.	
  Nevertheless,	
  zero	
  events	
  in	
  studies	
  require	
  careful	
  interpretation,	
  because	
  the	
  lack	
  of	
  

reported	
  harms	
  may	
  have	
  different	
  reasons:	
  they	
  may	
  not	
  have	
  occurred	
  (that	
  is,	
  a	
  zero	
  event),	
  

they	
  may	
  not	
  have	
  been	
  investigated	
  (that	
  is,	
  unknown	
  if	
  zero	
  or	
  no	
  events	
  occurred),	
  or	
  they	
  

may	
  have	
  been	
  detected	
  but	
  not	
  reported	
  (that	
  is,	
  unknown	
  if	
  zero	
  or	
  no	
  events	
  occurred).	
  The	
  

lack	
   of	
   reporting	
  can	
   be	
   thought	
  of	
  as	
   a	
   measurement	
   bias	
   or	
   reporting	
   bias	
   and	
  should	
   be	
  

considered	
  as	
  such	
  (1-­‐12	
  24-­‐26).	
  

All	
   these	
   scenarios	
   have	
   different	
   implications	
   for	
   readers	
   who	
   need	
   to	
   judge	
   whether	
   an	
  

intervention	
   may	
   cause	
   harm.	
   Almost	
   half	
   of	
  the	
  included	
   reviews	
   of	
   harms	
   as	
   a	
   primary	
  

outcome	
   did	
   not	
   consider	
   patient	
   risk	
   factors	
   or	
   length	
   of	
   follow-­‐up	
   when	
   reviewing	
  adverse	
  

events	
  of	
   an	
   intervention.	
  Readers	
  cannot	
   properly	
   judge	
  whether	
  there	
   is	
   an	
   association	
  

between	
   intervention	
   and	
   harms	
   if	
   these	
  critical	
   data	
   are	
   not	
   reported.	
  Most	
  of	
   the	
   poorly	
  

reported	
  items	
  were	
  identified	
  at	
  methods	
  and	
  results.	
  The	
  clarity	
  on	
  methods	
  and	
  results	
  are	
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essential	
   to	
   provide	
   a	
   clear	
   picture	
   of	
   author’s	
   intentions	
   and	
   limitations	
   of	
   findings	
   and	
  

transparency	
  is	
  warranted.	
  

Strengths	
  and	
  limitations	
  

This	
   review	
   was	
   unique	
   by	
   including	
   more	
   than	
   300	
   reviews,	
  from	
   two	
   major	
   databases,	
  that	
  

looked	
  at	
  harms	
  as	
  a	
  main	
  outcome;	
  each	
  review	
  was	
  evaluated	
  in	
  depth	
  using	
  a	
  novel	
  set	
  of	
  37	
  

items	
  to	
  measure	
  the	
  quality	
  of	
  reporting.	
  A	
  limitation	
  of	
  this	
  review	
  was	
  the	
  lack	
  of	
  a	
  reporting	
  

guideline	
  specific	
  for	
  systematic	
  reviews	
  of	
  harms;	
  different	
  formats	
  of	
  reporting	
  were	
  found,	
  

and	
   assessing	
   whether	
   the	
   reporting	
   was	
   adequate	
   was	
   challenging.	
   The	
   reviewers	
   were	
  

generous	
   in	
   their	
   assessment,	
   accepting	
   a	
   range	
   of	
   reports	
   as	
   a	
  “yes”	
   to	
   the	
   presence	
   of	
   an	
  

item,	
  which	
  could	
  have	
  underestimated	
  the	
  degree	
  of	
  the	
  problem.	
  

Our	
  review	
  was	
  limited	
  exclusively	
  to	
  systematic	
  reviews	
  where	
  harms	
  were	
  the	
  primary	
  focus.	
  

We	
   believed	
  that	
   measuring	
   the	
   quality	
   of	
   reporting	
   of	
  adverse	
   events	
  in	
   reviews	
   specifically	
  

designed	
  to	
  evaluate	
  adverse	
  events	
  would	
  generate	
  a	
  pure	
  sample	
  focusing	
  on	
  the	
  reporting	
  of	
  

such	
  events.	
  The	
  documenting	
  of	
  poor	
  reporting	
  in	
  these	
  reviews	
  would	
  imply	
  poor	
  reporting	
  

on	
  adverse	
   events	
  in	
   general.	
  At	
  this	
   stage,	
   we	
  also	
  decided	
   to	
   be	
   inclusive	
   and	
   measure	
   all	
  

potentially	
   relevant	
   items.	
   In	
   the	
   future	
   PRISMA	
   Harms	
   extension,	
   we	
   will	
   limit	
   these	
   to	
   the	
  

minimum	
  set	
  of	
  essential	
  items	
  for	
  reporting	
  harms	
  in	
  a	
  systematic	
  review.	
  	
  

Comparison	
  with	
  other	
  studies	
  	
  

Hopewell	
  and	
   colleagues	
  (14)	
  reviewed	
   a	
   sample	
   of	
   59	
   Cochrane	
   reviews,	
   of	
   which	
   only	
   one	
  

was	
   a	
   harms	
   review.	
   The	
  remaining	
   58	
  reviews	
  focused	
   primarily	
   on	
   benefit,	
   with	
  adverse	
  

events	
  as	
  secondary	
  or	
  tertiary	
  considerations.	
  Hopewell	
  and	
  colleagues	
  reported	
  that	
  32	
  (54%)	
  

reviews	
  had	
  fewer	
  than	
  three	
  paragraphs	
  of	
  information	
  on	
  adverse	
  events,	
  and	
  11	
  (19%)	
  had	
  

fewer	
  than	
  five	
  sentences	
  on	
  adverse	
  events.	
  	
  

Hammad	
  and	
  colleagues	
  (42)	
  reviewed	
  a	
  sample	
  of	
  27	
  meta-­‐analyses	
  primarily	
  assessing	
  drug	
  

safety	
  and	
  identified	
  that	
  more	
  than	
  85%	
  of	
  the	
  PRISMA	
  items	
  were	
  reported	
  in	
  the	
  majority	
  of	
  

the	
  reviews.	
  However,	
  most	
  reviews	
  did	
  not	
  report	
  the	
  20	
  items	
  specifically	
  developed	
  by	
  the	
  

authors	
   to	
   address	
   drug	
   safety	
   assessment.	
   Several	
   of	
   the	
   items	
   considered	
   important	
   by	
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Hammad	
  and	
  colleagues	
  where	
  similar	
  to	
  the	
  ones	
  developed	
  by	
  our	
  team.	
  The	
  present	
  review	
  

adds	
  to	
  the	
  voice	
  of	
  many	
  authors	
  highlighting	
  the	
  poor	
  reporting	
  in	
  reviews	
  of	
  adverse	
  events	
  

(9-­‐28,	
  42).	
  

Policy	
  implications	
  

Systematic	
   reviews	
   may	
   compound	
   the	
   poor	
   reporting	
   of	
   harms	
   data	
   in	
   primary	
   studies	
   by	
  

failing	
  to	
  report	
  on	
  harms	
  or	
  doing	
  so	
  inadequately	
  (9-­‐28).	
  We	
  recognise	
  the	
  need	
  to	
  optimise	
  

quality	
  of	
  reporting	
  on	
  harms	
  in	
  primary	
  studies,	
  and	
  attempts	
  to	
  enhance	
  it	
  have	
  already	
  been	
  

made	
  (6).	
  At	
  this	
  phase,	
  we	
  measured	
  the	
  report	
  quality	
  in	
  systematic	
  reviews.	
  As	
  a	
  future	
  step,	
  

we	
   intend	
   to	
   compare	
   the	
   quality	
   of	
  reporting	
  in	
   included	
   studies	
  with	
  the	
  reporting	
  in	
   the	
  

systematic	
  review.	
  

Despite	
  their	
  status	
  as	
  the	
  preferred	
  method	
  for	
  knowledge	
  synthesis,	
  systematic	
  reviews	
  can	
  

present	
  an	
  incomplete	
  picture	
  to	
  readers	
  by	
  not	
  representing	
  a	
  reliable	
  assessment	
  of	
  a	
  given	
  

treatment.	
  Authors	
  of	
  the	
  systematic	
  review	
  have	
  a	
  unique	
  vantage	
  point	
  and	
  can	
  evaluate	
  the	
  

entire	
   evidence	
   base	
   under	
   review,	
   including	
   deficits	
   in	
   reporting	
   harms	
   at	
   the	
   primary	
   study	
  

level.	
  This	
  vantage	
  point	
  should	
  be	
  used	
  to	
  flag	
  deficits	
  in	
  primary	
  reporting.	
  The	
  goal	
  over	
  time	
  

should	
   be	
   to	
   improve	
   the	
   quality	
   and	
   clarity	
   of	
   reporting	
   in	
   systematic	
   reviews	
   as	
   well	
   as	
   the	
  

primary	
   studies	
   they	
   evaluate.	
  Although	
  we	
   are	
   glad	
   to	
   see	
   increasing	
   numbers	
   of	
   systematic	
  

reviews	
   of	
   harms	
   being	
   published,	
   we	
   are	
   also	
   aware	
   that	
   the	
   validity	
   of	
   the	
   results	
   can	
   be	
  

heavily	
  influenced	
  by	
  reviewers’	
  decisions	
  during	
  conduct	
  of	
  the	
  review—even	
  more	
  so	
  than	
  in	
  

reviews	
  of	
  benefit	
  because	
  we	
  are	
  dealing	
  with	
  sparse	
  data	
  and	
  secondary	
  outcomes	
  (43-­‐45).	
  

Hence,	
   we	
  emphasise	
  here	
   the	
   crucial	
   importance	
   of	
   transparent	
   reporting	
   of	
   the	
   methods	
  

used	
  in	
  systematic	
  reviews	
  of	
  harms.	
  

Conclusions	
  

Systematic	
   reviews	
  of	
   interventions	
   should	
   put	
   equal	
   emphasis	
   on	
   efficacy	
   and	
   harms.	
  

Improved	
   reporting	
   of	
  adverse	
   events	
  in	
  systematic	
   reviews	
  is	
   one	
   step	
   towards	
   providing	
   a	
  

balanced	
   assessment	
   of	
   an	
   intervention.	
   Patients,	
  healthcare	
   professionals,	
  and	
   policymakers	
  

should	
   base	
   their	
   decisions	
   not	
   only	
   on	
   the	
   efficacy	
   of	
   an	
   intervention,	
   but	
   also	
   on	
   its	
   risks.	
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Guidance	
  on	
  a	
  minimal	
  set	
  of	
  items	
  to	
  be	
  reported	
  when	
  reviewing	
  harms	
  is	
  needed	
  to	
  improve	
  

transparency	
   and	
   informed	
   decision	
  making,	
   thereby	
   greatly	
   enhancing	
   the	
   relevance	
   of	
  

systematic	
  reviews	
  to	
  clinical	
  practice.	
  

This	
  review	
  used	
  a	
  set	
  of	
  proposed	
  reporting	
  items	
  to	
  assess	
  reporting,	
  and	
  the	
  findings	
  indicate	
  

that	
   specific	
   aspects	
   of	
   harms	
   reporting	
   could	
   be	
   improved.	
   The	
   items	
   will	
   be	
   further	
   refined	
  

with	
  the	
  aim	
  of	
  developing	
  a	
  final	
  set	
  of	
  criteria	
  that	
  would	
  constitute	
  the	
  PRISMA	
  Harms.	
  The	
  

PRISMA	
  statement	
  (30)	
  is	
  a	
  living	
  document,	
   open	
   to	
   criticism	
   and	
   suggestions;	
   these	
   same	
  

principles	
  will	
  be	
  shared	
  by	
  the	
  PRISMA	
  Harms.	
  The	
  development	
  of	
  a	
  standardised	
  format	
  for	
  

reporting	
  harms	
  in	
  systematic	
  reviews	
  will	
  promote	
  clarity	
  and	
  help	
  ensure	
  that	
  readers	
  have	
  

the	
   basic	
   information	
   necessary	
   to	
   make	
   an	
  informed	
   assessment	
   of	
   the	
   intervention	
   under	
  

review.	
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  the	
  study	
  have	
  been	
  omitted;	
  and	
  that	
  any	
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What	
  this	
  paper	
  adds	
  

There	
  is	
  room	
  for	
  improved	
  reporting	
  in	
  systematic	
  of	
  harms,	
  including	
  clear	
  definition	
  of	
  the	
  

events	
  measured,	
  length	
  of	
  follow-­‐up,	
  and	
  patient’s	
  risk	
  factors.	
  

Comparisons	
  of	
  reviews	
  of	
  harms	
  have	
  shown	
  no	
  improvement	
  in	
  the	
  quality	
  of	
  reporting	
  over	
  

time.	
  

Lack	
   of	
   detail	
   or	
   transparency	
   in	
   the	
   reporting	
   of	
   systematic	
   reviews	
   of	
   harms	
   could	
   hinder	
  

proper	
  assessment	
  of	
  validity	
  of	
  findings.	
  

What	
  is	
  already	
  known	
  on	
  this	
  topic	
  

The	
  number	
  of	
  systematic	
  reviews	
  of	
  adverse	
  effects	
  has	
  increased	
  significantly	
  over	
  the	
  past	
  

17	
  years.	
  

Harms	
  are	
  poorly	
  reported	
  in	
  randomised	
  controlled	
  trials,	
  but	
  it	
  is	
  unclear	
  whether	
  there	
  are	
  

weaknesses	
  in	
  the	
  reporting	
  of	
  systematic	
  reviews	
  of	
  harms.	
  

Although	
   the	
   PRISMA	
   statement	
   aims	
   to	
   provide	
   guidance	
   on	
   transparent	
   reporting	
   in	
  

systematic	
  reviews,	
  its	
  recommendations	
  are	
  mainly	
  focused	
  on	
  studies	
  of	
  beneficial	
  outcomes.	
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Table	
  1.Glossary	
  

 

ADVERSE	
  DRUG	
  

REACTION*	
  

An	
  adverse	
  effect	
  specific	
  to	
  a	
  drug.	
  	
  

ADVERSE	
  EFFECT*,¥	
   An	
  unfavorable	
  outcome	
  that	
  occurs	
  during	
  or	
  after	
  the	
  use	
  of	
  a	
  

drug	
  or	
  other	
  intervention	
  but	
  is	
  not	
  necessarily	
  caused	
  by	
  it.	
  	
  

ADVERSE	
  EVENT	
  *,¥	
   An	
  unfavorable	
  outcome	
  that	
  occurs	
  during	
  or	
  after	
  the	
  use	
  of	
  a	
  

drug	
  or	
  other	
  intervention	
  and	
  the	
  causal	
  relation	
  between	
  the	
  

intervention	
  and	
  the	
  event	
  is	
  at	
  least	
  a	
  reasonable	
  possibility.	
  

COMPLICATION	
  *	
   An	
  adverse	
  event	
  or	
  effect	
  following	
  surgical	
  and	
  other	
  invasive	
  

interventions.	
  	
  

HARM	
  π	
   The	
  totality	
  of	
  possible	
  adverse	
  consequences	
  of	
  an	
  intervention	
  

or	
  therapy;	
  they	
  are	
  the	
  direct	
  opposite	
  of	
  benefits.	
  	
  

SAFETY	
  π	
   Substantive	
  evidence	
  of	
  an	
  absence	
  of	
  harm.	
  The	
  term	
  is	
  often	
  

misused	
  when	
  there	
  is	
  simply	
  absence	
  of	
  evidence	
  of	
  harm.	
  	
  

SIDE	
  EFFECT	
  *	
   Any	
   unintended	
   effect,	
   adverse	
   or	
   beneficial,	
   of	
   a	
   drug	
   that	
  

occurs	
  at	
  doses	
  normally	
  used	
  for	
  treatment.	
  

TOXICITY	
  π	
   Describes	
   drug-­‐related	
   harms.	
   The	
   term	
   may	
   be	
   most	
  

appropriate	
  for	
  laboratory-­‐determined	
  measurements,	
  although	
  

it	
  is	
  also	
  used	
  in	
  relation	
  to	
  clinical	
  events.	
  	
  The	
  disadvantage	
  of	
  

the	
   term	
   ‘toxicity’	
   is	
   that	
   it	
   implies	
   causality.	
   If	
   authors	
   cannot	
  

prove	
  causality,	
  the	
  terms	
  ‘abnormal	
  laboratory	
  measurements’	
  

or	
  ‘laboratory	
  abnormalities’	
  are	
  more	
  appropriate	
  to	
  use.	
  

Adapted	
  from:	
  (π)	
  Ioannidis	
  et	
  al.	
  Better	
  Reporting	
  of	
  Harms	
  in	
  Randomized	
  Trials:	
  An	
  Extension	
  

of	
   the	
   CONSORT	
   Statement	
   ;	
   (¥)	
   Chou	
   R,	
   Aronson	
   N,	
   Atkins	
   D,	
   et	
   al.	
   AHRQ	
   Series	
   paper4:	
  

Assessing	
   harms	
   when	
   comparing	
   medical	
   interventions:	
   AHRQ	
   and	
   the	
   Effective	
   Health	
   care	
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Program;	
   (*)	
   Higgins	
   JPT,	
   Green	
   S	
   (editors).	
   Cochrane	
   Handbook	
   for	
   Systematic	
   Reviews	
   of	
  

Interventions.	
  

	
  

Table	
  2.	
  Definition	
  of	
  Reporting	
  Items.	
  	
  

 

Title	
   	
  

Item	
   Definition	
  of	
  “yes”	
  

1a)	
  Specifically	
  mention	
  ‘harms’	
  or	
  other	
  related	
  
term.	
  

It	
  should	
  contain	
  a	
  word	
  or	
  phrase	
  related	
  to	
  harm:	
  
“adverse	
  effect”,	
  “adverse	
  event”,	
  
“complications”,	
  “risk”,	
  etc.	
  

1b)	
  Clarify	
  if	
  both	
  benefits	
  and	
  harms	
  are	
  
examined	
  or	
  only	
  harms.	
  

Mention	
  if	
  benefits	
  are	
  reviewed	
  or	
  not.	
  	
  

1c)	
  Mention	
  the	
  specific	
  intervention	
  being	
  
reviewed.	
  

Mention	
  the	
  intervention	
  being	
  reviewed.	
  

1d)	
  Refer	
  to	
  specific	
  patient	
  group	
  and/or	
  
conditions	
  in	
  which	
  harms	
  have	
  been	
  assessed.	
  

Clearly	
  state	
  the	
  specific	
  group	
  of	
  patients	
  or	
  
conditions	
  being	
  reviewed.	
  

Abstract	
   	
  
2a)	
  Specifically	
  mention	
  ‘harms’	
  or	
  other	
  related	
  
terms.	
  

It	
  should	
  contain	
  a	
  word	
  or	
  phrase	
  related	
  to	
  harm:	
  
“adverse	
  effect”,	
  “adverse	
  event”,	
  
“complications”,	
  “risk”,	
  etc.	
  	
  

2b)	
  Clarify	
  if	
  both	
  benefits	
  and	
  harms	
  are	
  
examined	
  or	
  only	
  harms.	
  

Mention	
  if	
  benefits	
  are	
  reviewed	
  or	
  not.	
  

2c)	
  Refer	
  to	
  a	
  specific	
  harm	
  assessed.	
   Clearly	
  state	
  the	
  adverse	
  event	
  being	
  reviewed.	
  
General	
  descriptions	
  are	
  accepted,	
  for	
  example	
  
“cardiovascular	
  events”	
  or	
  “maternal	
  
complications”.	
  Also	
  acceptable	
  is	
  if	
  report	
  is	
  
searching	
  for	
  any	
  adverse	
  event	
  and	
  it	
  does	
  not	
  
refer	
  to	
  a	
  specific	
  harm.	
  

2d)	
  Specify	
  what	
  type	
  of	
  data	
  was	
  sought.	
   Clearly	
  name	
  the	
  kind	
  of	
  studies	
  searched	
  (e.g.	
  	
  
randomized	
  controlled	
  trials,	
  cohort	
  studies,	
  	
  case	
  
reports	
  only,	
  all	
  types	
  of	
  data).	
  

2e)	
  Specify	
  what	
  type	
  of	
  data	
  was	
  included.	
   Clearly	
  name	
  the	
  kind	
  of	
  studies	
  included	
  in	
  the	
  
analysis	
  or	
  results	
  (i.e.	
  randomized	
  controlled	
  
trials,	
  cohort	
  studies,	
  case	
  reports,	
  all	
  types	
  of	
  
data).	
  

2f)	
  Specify	
  how	
  each	
  type	
  of	
  data	
  has	
  been	
  
appraised.	
  

Clearly	
  state	
  the	
  method	
  of	
  quality	
  appraisal	
  for	
  
included	
  studies	
  (i.e.	
  Jadad	
  score;	
  the	
  Cochrane	
  
risk	
  of	
  bias	
  tool,	
  Newcastle-­‐Ottawa	
  scale).	
  

Introduction	
   	
  
3a)	
  Explains	
  rationale	
  for	
  addressing	
  specific	
  
harm(s),	
  condition(s)	
  and	
  patient	
  group(s).	
  

Report	
  reasons	
  for	
  proceeding	
  with	
  the	
  systematic	
  
review.	
  

3b)	
  Clearly	
  define	
  what	
  events	
  or	
  effects	
  are	
   Clearly	
  state	
  the	
  adverse	
  event	
  being	
  reviewed.	
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considered	
  harms	
  in	
  the	
  context	
  of	
  the	
  
intervention(s)	
  examined.	
  

General	
  definitions	
  are	
  acceptable,	
  for	
  example	
  
“cardiovascular	
  events”	
  or	
  “maternal	
  
complications”.	
  Also	
  acceptable	
  if	
  report	
  is	
  
searching	
  for	
  any	
  adverse	
  events,	
  as	
  in	
  a	
  scoping	
  
review,	
  and	
  does	
  not	
  refer	
  to	
  a	
  specific	
  harm.	
  

3c)	
  Describes	
  the	
  rationale	
  for	
  type	
  of	
  harms	
  
systematic	
  review	
  done:	
  hypothesis	
  generating	
  vs	
  
hypothesis	
  testing.	
  

Clearly	
  state	
  if	
  a	
  specific	
  adverse	
  event	
  is	
  being	
  
reviewed	
  (hypothesis	
  testing	
  review)	
  (e.g.	
  
cardiovascular	
  deaths)	
  or	
  the	
  authors	
  are	
  searching	
  
for	
  any	
  adverse	
  events	
  related	
  to	
  the	
  intervention	
  
(hypothesis	
  generating).	
  

3d)	
  Explains	
  rationale	
  for	
  selection	
  of	
  study	
  types	
  
or	
  data	
  sources	
  and	
  relevance	
  to	
  focus	
  of	
  the	
  
review.	
  

Clearly	
  state	
  which	
  study	
  designs	
  are	
  included	
  (e.g.	
  
randomized	
  controlled	
  trials,	
  cohorts,	
  case	
  
reports).	
  Rationale	
  is	
  not	
  necessary	
  for	
  “yes”.	
  

	
  

Objectives	
   	
  

4a)	
  Provide	
  an	
  explicit	
  statement	
  of	
  questions	
  
being	
  asked	
  with	
  reference	
  to	
  harms.	
  

Clearly	
  defined,	
  preferable	
  at	
  the	
  end	
  of	
  
introduction	
  section,	
  the	
  intervention	
  and	
  the	
  
adverse	
  events	
  being	
  reviewed.	
  For	
  this	
  review,	
  it	
  
was	
  considered	
  acceptable	
  if	
  intervention	
  and	
  
outcome	
  are	
  clearly	
  stated.	
  

Methods	
   	
  
Methods:	
  Protocol	
  and	
  registration	
   	
  

5a)	
  Describe	
  if	
  protocol	
  was	
  developed	
  in	
  
collaboration	
  with	
  	
  	
  someone	
  with	
  clinical	
  
expertise	
  for	
  field/intervention	
  under	
  study.	
  

Mentioned	
  if	
  a	
  protocol	
  was	
  developed	
  previously.	
  
For	
  this	
  review	
  is	
  not	
  necessary	
  to	
  state	
  the	
  clinical	
  
expertise	
  of	
  who	
  developed	
  it.	
  

Methods:	
  Eligibility	
  criteria	
   	
  

6a)	
  Clearly	
  define	
  what	
  events	
  or	
  effects	
  are	
  
considered	
  harms	
  in	
  the	
  context	
  of	
  the	
  
intervention(s)	
  examined.	
  

Provide	
  a	
  clear	
  definition	
  of	
  the	
  adverse	
  event	
  
being	
  reviewed.	
  If	
  previously	
  a	
  general	
  description	
  
was	
  provided	
  (i.e.	
  “cardiovascular	
  events”)	
  now	
  
the	
  specific	
  events	
  need	
  to	
  be	
  defined.	
  

6b)	
  Specify	
  type	
  of	
  studies	
  on	
  harms	
  to	
  be	
  
included	
  

Define	
  which	
  kind	
  of	
  study	
  designs	
  will	
  be	
  included	
  
(e.g.	
  RCTs,	
  cohort	
  studies,	
  case-­‐control,	
  etc.	
  

Methods:	
  Information	
  sources	
   	
  

7a)	
  	
  State	
  if	
  additional	
  sources	
  for	
  adverse	
  events	
  
were	
  searched	
  (e.g	
  regulatory	
  bodies,	
  industry)	
  if	
  
so,	
  describe	
  the	
  source,	
  terms	
  used	
  and	
  dates	
  
searched.	
  

Report	
  if	
  any	
  other	
  sources	
  of	
  adverse	
  events	
  are	
  
searched,	
  different	
  than	
  regular	
  peer	
  reviewed	
  
journals.	
  For	
  this	
  review,	
  it	
  is	
  not	
  necessary	
  to	
  have	
  
the	
  terms	
  used	
  and	
  dates	
  searched.	
  

Methods:	
  Search	
   	
  

8a)	
  Present	
  the	
  full	
  search	
  strategy	
  if	
  additional	
  
searches	
  were	
  used	
  to	
  identify	
  adverse	
  events	
  

Report	
  search	
  strategy	
  used.	
  	
  Adverse	
  events	
  
terms	
  and	
  databases	
  searched.	
  

Methods:	
  Study	
  selection	
   	
  

9a)	
  State	
  what	
  study	
  designs	
  were	
  eligible	
  and	
  
provide	
  rationale	
  for	
  their	
  selection	
  

Report	
  the	
  study	
  designs	
  included	
  in	
  the	
  review	
  
(e.g.	
  RCTs,	
  cohort	
  studies,	
  case-­‐control).	
  No	
  
rationale	
  is	
  required.	
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9.b)	
  Define	
  if	
  studies	
  were	
  screened	
  based	
  on	
  the	
  
presence	
  or	
  absence	
  of	
  harms	
  related	
  terms	
  in	
  
title	
  or	
  abstract.	
  

Report	
  if	
  the	
  study	
  screening	
  is	
  based	
  on	
  the	
  report	
  
of	
  adverse	
  events	
  or	
  not.	
  (e.g.	
  review	
  of	
  mortality	
  
associated	
  with	
  anti-­‐glycemic	
  drugs;	
  only	
  studies	
  
reporting	
  on	
  mortality	
  were	
  included).	
  	
  

Methods:	
  Data	
  Collection	
  process	
   	
  

10a)	
  Describe	
  method	
  of	
  data	
  extraction	
  for	
  each	
  
type	
  of	
  study	
  or	
  report.	
  

State	
  if	
  a	
  data	
  extraction	
  form	
  is	
  used,	
  how	
  it	
  is	
  
done	
  (in	
  duplicate,	
  checked	
  by	
  a	
  second	
  author).	
  

Methods:	
  Data	
  items	
   	
  

11a)	
  List	
  and	
  define	
  variables	
  for	
  which	
  data	
  were	
  
sought	
  for	
  individual	
  therapies.	
  

Report	
  variable(s)	
  sought	
  for	
  the	
  intervention	
  
reviewed.	
  E.g.	
  if	
  the	
  outcome	
  is	
  kidney	
  failure,	
  
what	
  variable	
  was	
  used	
  to	
  define	
  kidney	
  failure-­‐	
  
creatinine	
  level,	
  creatinine	
  clearance,	
  need	
  of	
  
dialysis,	
  etc.).	
  	
  

11b)	
  List	
  and	
  define	
  variables	
  for	
  which	
  data	
  were	
  
sought	
  for	
  patient	
  underlying	
  risk	
  factors.	
  

State	
  if	
  any	
  potential	
  patient	
  risk	
  factors	
  or	
  
confounders	
  are	
  sought.	
  E.g.	
  age,	
  sex,	
  co-­‐
morbidities,	
  previous	
  events).	
  	
  

	
  

11c)	
  List	
  and	
  define	
  variables	
  for	
  which	
  data	
  were	
  
sought	
  for	
  practitioner	
  training/qualifications.	
  

State	
  any	
  variable(s)	
  sought	
  for	
  health	
  care	
  
personal	
  (practitioner).	
  E.g.	
  relevant	
  degree,	
  years	
  
of	
  experience,	
  other	
  qualifications.	
  	
  	
  	
  

11d)	
  List	
  and	
  define	
  harms	
  for	
  individual	
  therapies.	
  Provide	
  the	
  definition	
  for	
  the	
  harm(s)	
  sought.	
  E.g.	
  
side	
  effects	
  of	
  propranolol	
  and	
  atenolol	
  are	
  
defined	
  as	
  severe	
  bradycardia	
  (heart	
  rate	
  45	
  beats	
  
per	
  minute	
  or	
  less)	
  and	
  severe	
  hypotension	
  
(Systolic	
  blood	
  pressure	
  <80mmHg).	
  	
  	
  

Methods:	
  Risk	
  of	
  Bias	
  in	
  Individual	
  studies	
   	
  

12a)	
  For	
  uncontrolled	
  studies,	
  describe	
  if	
  causality	
  
between	
  intervention	
  and	
  adverse	
  event	
  was	
  
adjudicated	
  and	
  if	
  so,	
  how.	
  

Specify	
  if	
  review	
  authors	
  adjudicate	
  if	
  the	
  
intervention	
  can	
  cause	
  the	
  harm.	
  E.g.	
  Use	
  of	
  	
  
Bradford	
  Hill	
  criteria	
  for	
  causality45	
  

12b)	
  Describe	
  risk	
  of	
  bias	
  in	
  studies	
  with	
  
incomplete	
  or	
  selective	
  report	
  of	
  adverse	
  events.	
  

Describe	
  how	
  studies	
  not	
  reporting	
  AEs	
  are	
  
handled	
  regarding	
  risk	
  of	
  bias.	
  E.g.	
  RCT	
  
investigating	
  glucose	
  control	
  in	
  type	
  2	
  diabetes:	
  
AEs	
  reported	
  included	
  hypoglycemia	
  but	
  not	
  
mortality.	
  Did	
  the	
  authors	
  assess	
  whether	
  the	
  
event	
  did	
  not	
  occur	
  (zero	
  deaths),	
  was	
  not	
  
measured	
  (may	
  have	
  occurred)	
  or	
  was	
  not	
  
reported	
  (it	
  was	
  considered	
  related	
  to	
  the	
  
intervention).	
  	
  

Methods:	
  Summary	
  measures	
   	
  

13a)	
  If	
  rare	
  outcomes	
  are	
  being	
  investigated,	
  
specify	
  which	
  summary	
  measures	
  will	
  be	
  used	
  (e.g.	
  
event	
  rate,	
  events/person-­‐time).	
  

Define	
  the	
  summary	
  measures	
  used	
  for	
  rare	
  
events.	
  

Methods:	
  Synthesis	
  of	
  Results	
   	
  

14a)	
  Describe	
  statistical	
  methods	
  of	
  handling	
  with	
  
the	
  zero	
  events	
  in	
  included	
  studies.	
  

Clearly	
  define	
  how	
  studies	
  with	
  no	
  AEs	
  reported	
  
are	
  reported	
  and	
  analysed.	
  E.g.	
  when	
  zero	
  was	
  an	
  
outcome	
  for	
  a	
  2x2	
  table,	
  reviewers	
  add	
  a	
  0.5	
  value	
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to	
  it.	
  	
  

Methods:	
  Additional	
  analysis	
   	
  

16a)	
  Describe	
  additional	
  analysis	
  with	
  studies	
  with	
  
high	
  risk	
  of	
  bias.	
  

Describe	
  if	
  studies	
  with	
  high	
  risk	
  of	
  bias	
  are	
  
analyzed	
  separately.	
  E.g.	
  subgroup	
  analysis	
  with	
  
high	
  and	
  low	
  risk	
  of	
  bias	
  studies	
  analyzed	
  
separately.	
  	
  	
  

Results	
   	
  

Study	
  selection	
   	
  

17a)	
  Provide	
  process,	
  table	
  or	
  flow	
  for	
  each	
  type	
  
of	
  study	
  design.	
  

Provide	
  a	
  table	
  (or	
  text)	
  containing	
  included	
  
studies	
  and	
  a	
  clear	
  reason	
  for	
  exclusion	
  of	
  studies.	
  

Study	
  characteristics	
   	
  

18a)	
  Report	
  study	
  characteristics	
  such	
  as	
  patient	
  
demographics	
  or	
  length	
  of	
  follow-­‐up	
  that	
  may	
  
have	
  influenced	
  the	
  risk	
  estimates	
  for	
  the	
  adverse	
  
outcome	
  of	
  interest.	
  

Report	
  any	
  potential	
  confounder	
  or	
  patient	
  risk	
  
factors	
  that	
  can	
  affect	
  the	
  outcome	
  (AE).	
  

18b)	
  Describe	
  methods	
  of	
  collecting	
  AEs	
  in	
  
included	
  studies	
  (e.g.:	
  patient	
  report,	
  active	
  
search).	
  

Report	
  how	
  AEs	
  are	
  investigated	
  in	
  included	
  
studies	
  (e.g.	
  voluntary	
  report,	
  active	
  search)	
  

18c)	
  For	
  each	
  primary	
  study,	
  list	
  and	
  define	
  each	
  
AE	
  addressed	
  and	
  how	
  it	
  is	
  identified.	
  

Clear	
  definition	
  of	
  AE	
  under	
  investigation	
  and	
  how	
  
it	
  is	
  identified	
  (method	
  of	
  measurement,	
  
assessment	
  or	
  identification).	
  

Conclusion	
   	
  
26a)	
  Provide	
  balanced	
  discussion	
  of	
  benefits	
  and	
  
harms	
  with	
  emphasis	
  on	
  study	
  limitations,	
  
generalizability,	
  and	
  other	
  sources	
  of	
  information	
  
on	
  harms.	
  

Clearly	
  discuss	
  the	
  benefits	
  of	
  the	
  interventions	
  
and	
  the	
  harms	
  identified	
  in	
  the	
  review.	
  

	
  

Table	
  3	
  Summary	
  of	
  Findings	
  	
  

 

	
   (N=309)	
  YES	
  
%	
  

CDSR	
  YES	
  %	
  
(N=13)	
  

DARE	
  YES	
  %	
  
(N=296)	
  

Title	
   	
   	
   	
  

(#1)	
  1a)	
  Specifically	
  mention	
  ‘harms’	
  or	
  other	
  related	
  
term.	
  

53.3	
   53.8	
   53.3	
  

(#2)	
  1b)	
  Clarify	
  if	
  both	
  benefits	
  and	
  harms	
  are	
  examined	
  
or	
  only	
  harms.	
  

75.7	
   92.3	
   75.0	
  

(#3)	
  1c)	
  Mention	
  the	
  intervention	
  being	
  reviewed.	
   98.0	
   100	
   98.0	
  

(#4)	
  1d)	
  Refer	
  to	
  specific	
  patient	
  group	
  and/or	
  conditions	
  
in	
  which	
  harms	
  have	
  been	
  assessed.	
  

57.6	
   92.3	
   56.1	
  

Abstract	
   	
   	
   	
  

(#5)	
  2a)	
  Specifically	
  mention	
  ‘harms’	
  or	
  other	
  related	
  
terms.	
  

84.4	
   84.6	
   84.5	
  

(#6)	
  2b)	
  Clarify	
  if	
  both	
  benefits	
  and	
  harms	
  are	
  examined	
  
or	
  only	
  harms.	
  

92.2	
   92.3	
   92.2	
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(#7)	
  2c)	
  Refer	
  to	
  a	
  specific	
  harm	
  assessed.	
   96.7	
   100	
   97.4	
  

(#8)	
  2d)	
  Specify	
  what	
  type	
  of	
  data	
  was	
  sought.	
   50.4	
   92.3	
   48.6	
  

(#9)	
  2e)	
  Specify	
  what	
  type	
  of	
  data	
  has	
  been	
  included.	
   48.8	
   92.3	
   47.0	
  

(#10)	
  2f)	
  Specify	
  how	
  each	
  type	
  of	
  data	
  has	
  been	
  
appraised.	
  

6.1	
   23.0	
   5.4	
  

Introduction	
   	
   	
   	
  

(#11)	
  3a)	
  Explain	
  rationale	
  for	
  addressing	
  specific	
  harm(s),	
  
condition(s)	
  and	
  patient	
  group(s).	
  

99.3	
   100	
   99.3	
  

(#12)	
  3b)	
  Clearly	
  define	
  what	
  events	
  or	
  effects	
  are	
  
considered	
  harms	
  in	
  the	
  context	
  of	
  the	
  intervention(s)	
  
examined.	
  

93.5	
   92.3	
   93.6	
  

(#13)	
  3c)	
  Describes	
  the	
  rationale	
  for	
  type	
  of	
  harms	
  
systematic	
  review	
  done	
  (hypothesis	
  generating)	
  vs	
  
(hypothesis	
  proving).	
  

99.0	
   100	
   98.9	
  

(#14)	
  3d)	
  Explains	
  rationale	
  for	
  selection	
  of	
  study	
  types	
  or	
  
data	
  sources	
  and	
  relevance	
  to	
  focus	
  of	
  the	
  review.	
  

38.8	
   53.8	
   38.2	
  

Objective:	
  	
  (#15)	
  4a)	
  Provide	
  an	
  explicit	
  statement	
  of	
  
questions	
  being	
  asked	
  with	
  reference	
  to	
  harms.	
  

85.7	
   100	
   85.1	
  

Methods	
   	
   	
   	
  

Protocol	
  and	
  Registration	
  (#16)	
  5a)	
  Describes	
  if	
  protocol	
  
was	
  developed.	
  

	
  
11.3	
  

	
  
100	
  

	
  
7.4	
  

Eligibility	
  criteria	
  (#17)	
  6a)	
  Clearly	
  define	
  what	
  events	
  or	
  
effects	
  are	
  considered	
  harms	
  in	
  the	
  context	
  of	
  the	
  
intervention(s)	
  examined.	
  

	
  
74.7	
  

	
  
92.3	
  

	
  
74.0	
  

(#18)	
  6b)	
  Specify	
  type	
  of	
  studies	
  on	
  harms	
  to	
  be	
  included.	
   74.4	
   92.3	
   73.6	
  

Information	
  sources	
  (#19)	
  7a)	
  State	
  if	
  additional	
  sources	
  
for	
  adverse	
  events	
  were	
  searched	
  (e.g.	
  regulatory	
  bodies,	
  
industry).	
  

	
  
17.4	
  

	
  
53.8	
  

	
  
15.9	
  

Search	
  (#20)	
  8a)	
  Present	
  full	
  search	
  strategy	
  if	
  additional	
  
searches	
  were	
  used	
  to	
  identify	
  adverse	
  events.	
  

69.2	
   100	
   67.9	
  
	
  

Study	
  selection	
  (#21)	
  9a)	
  State	
  what	
  study	
  designs	
  were	
  
eligible.	
  

74.1	
   100	
   73.0	
  

(#22)	
  9b)	
  State	
  if	
  studies	
  were	
  screened	
  based	
  on	
  
presence/absence	
  of	
  adverse	
  events.	
  

70.5	
   92.3	
   69.6	
  

Data	
  collection	
  process	
  (#23)	
  10a)	
  Describe	
  method	
  of	
  
data	
  extraction	
  for	
  each	
  type	
  of	
  study	
  or	
  report.	
  

64.4	
   100	
   62.8	
  

Data	
  Items	
  
(#24)	
  11a)	
  List	
  and	
  define	
  data	
  variables	
  for	
  which	
  data	
  
were	
  sought	
  for	
  individual	
  therapies.	
  

	
  
49.8	
  

	
  
23.0	
  

	
  
51.0	
  

(#25)	
  11b)	
  List	
  and	
  define	
  variables	
  for	
  which	
  data	
  were	
  
sought	
  for	
  patient	
  underlying	
  risk	
  factors.	
  
(#26)	
  11c)	
  List	
  and	
  define	
  variables	
  for	
  which	
  data	
  were	
  
sought	
  for	
  practitioner	
  training/qualifications.	
  
(#27)	
  11d)	
  List	
  and	
  define	
  harms	
  for	
  individual	
  therapies.	
  

41.7	
  
	
  
1.2	
  
	
  
67.9	
  

23.0	
  
	
  
0	
  
	
  
69.2	
  

42.6	
  
	
  
1.3	
  
	
  
67.9	
  

Risk	
  of	
  Bias	
  in	
  Individual	
  studies	
  
(#28)	
  12a)	
  For	
  uncontrolled	
  studies,	
  describe	
  if	
  causality	
  

	
  
3.2	
  

	
  
23.0	
  

	
  
2.3	
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between	
  intervention	
  and	
  adverse	
  event	
  was	
  adjudicated.	
  

(#29)	
  12b)	
  Describe	
  risk	
  of	
  bias	
  in	
  studies	
  with	
  incomplete	
  
or	
  selective	
  reporting	
  of	
  adverse	
  events.	
  

1.9	
   0	
   2.0	
  

Summary	
  measures	
  
(#30)	
  13a)	
  If	
  rare	
  outcomes	
  are	
  being	
  investigated,	
  specify	
  
which	
  summary	
  measures	
  will	
  be	
  used	
  (e.g.	
  event	
  rate,	
  
events/person	
  time).	
  

	
  
73.4	
  

	
  
100	
  

	
  
72.3	
  

Synthesis	
  of	
  results	
  (#31)	
  14a)	
  Describe	
  statistical	
  
methods	
  of	
  handling	
  data	
  with	
  zero	
  events	
  in	
  included	
  
studies.	
  

13.2	
   46.1	
   11.8	
  

Additional	
  analysis	
  
(#32)	
  16a)	
  Describe	
  additional	
  analysis	
  for	
  studies	
  with	
  
high	
  risk	
  of	
  bias.	
  

	
  
19.7	
  

	
  
76.9	
  

	
  
17.2	
  

Results	
   	
   	
   	
  

Study	
  selection	
  
(#33)	
  17a)	
  Provide	
  process,	
  table	
  or	
  flow	
  for	
  each	
  type	
  of	
  
study	
  design.	
  

	
  
78.9	
  

	
  
92.3	
  

	
  
78.4	
  

Study	
  characteristics	
  
(#34)	
  18a)	
  Present	
  study	
  characteristics	
  such	
  as	
  patient	
  
demographics	
  or	
  length	
  of	
  follow-­‐up	
  that	
  may	
  have	
  
influenced	
  the	
  risk	
  estimates	
  for	
  the	
  adverse	
  outcome	
  of	
  
interest.	
  

	
  
55.3	
  

	
  
84.6	
  

	
  
54.0	
  

(#35)	
  18b)	
  Describe	
  methods	
  of	
  collecting	
  adverse	
  events	
  
in	
  included	
  studies	
  (e.g.:	
  patient	
  report,	
  active	
  search).	
  

61.5	
   84.6	
   60.5	
  

(#36)	
  18c)	
  For	
  each	
  primary	
  study,	
  list	
  and	
  define	
  each	
  
harm	
  addressed	
  and	
  how	
  harm	
  is	
  identified.	
  

22.0	
   23.0	
   22.0	
  

Discussion	
   	
   	
   	
  

(#37)	
  26a)	
  Provide	
  balanced	
  discussion	
  of	
  benefits	
  and	
  
harms	
  with	
  emphasis	
  on	
  study	
  limitations,	
  
generalizability,	
  and	
  other	
  sources	
  of	
  information	
  on	
  
harms.	
  

83.1	
   92.3	
  
	
  

82.8	
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Figure	
  1.PRISMA	
  Flow	
  Diagram	
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Figure	
  2.	
  Good	
  reporting	
  by	
  subheading	
  

	
  

	
  

Annex	
  1:	
  Search	
  strategy	
  

Database	
  of	
  Abstracts	
  of	
  Reviews	
  of	
  Effects	
  (DARE)	
  via	
  the	
  Centre	
  for	
  Reviews	
  and	
  

Dissemination	
  Internal	
  Administration	
  Database	
  

Searched:	
  25/04/11	
  

The	
  following	
  terms	
  were	
  searched	
  for	
  in	
  the	
  title	
  and	
  ‘authors	
  objective’	
  section	
  of	
  the	
  

abstract:	
  

‘safe’	
  or	
  ‘safety’	
  or	
  ‘adverse’	
  or	
  ‘tolerability’	
  or	
  ‘toxicity’	
  or	
  ‘toxic’	
  or	
  ‘adrs’	
  or	
  ‘adr’	
  or	
  ‘tolerance’	
  

or	
  ‘tolerate’	
  or	
  ‘harm’	
  or	
  ‘harms’	
  or	
  ‘harmful’	
  or	
  ‘complication$’	
  or	
  ‘risk’	
  or	
  ‘risks’	
  or	
  ‘side	
  

effect$’	
  or	
  ‘undesirable	
  effect$’	
  or	
  ‘treatment	
  emergent’	
  

The	
  full	
  abstract	
  was	
  not	
  searched	
  as	
  part	
  of	
  the	
  DARE	
  process	
  of	
  evaluation	
  includes	
  assessing	
  

whether	
  adverse	
  effects	
  were	
  included	
  in	
  the	
  review	
  so	
  many	
  DARE	
  abstracts	
  include	
  sentences	
  

such	
  as	
  ‘adverse	
  effects	
  were	
  not	
  considered’	
  and	
  terms	
  such	
  as	
  risk	
  would	
  have	
  identified	
  lots	
  

of	
  reviews	
  included	
  relative	
  risk	
  ratios.	
  Any	
  duplicates	
  were	
  removed	
  from	
  the	
  results	
  from	
  the	
  

two	
  DARE	
  searches.	
  

Database	
  of	
  Abstracts	
  of	
  Reviews	
  of	
  Effects	
  (DARE)	
  via	
  Cochrane	
  Library	
  (Wiley	
  interface)	
  Issue	
  

2	
  of	
  4	
  April	
  2011	
  

Searched:	
  25/04/11	
  

#1	
  Any	
  MeSH	
  descriptor	
  with	
  qualifier:	
  AE	
  in	
  MeSH	
  products	
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#2	
  Any	
  MeSH	
  descriptor	
  with	
  qualifier:	
  DE	
  in	
  MeSH	
  products	
  

#3	
  Any	
  MeSH	
  descriptor	
  with	
  qualifier:	
  CO	
  in	
  MeSH	
  products	
  

#4	
  Any	
  MeSH	
  descriptor	
  with	
  qualifier:	
  PO	
  in	
  MeSH	
  products	
  

#5	
  Any	
  MeSH	
  descriptor	
  with	
  qualifier:	
  TO	
  in	
  MeSH	
  products	
  

#6	
  Any	
  MeSH	
  descriptor	
  with	
  qualifier:	
  CI	
  in	
  MeSH	
  products	
  

#7	
  MeSH	
  descriptor	
  Drug	
  Hypersensitivity	
  explode	
  all	
  trees	
  in	
  MeSH	
  products	
  

#8	
  MeSH	
  descriptor	
  Drug	
  Toxicity	
  explode	
  all	
  trees	
  in	
  MeSH	
  products	
  

#9	
  MeSH	
  descriptor	
  Product	
  Surveillance,	
  Postmarketing	
  explode	
  all	
  trees	
  in	
  MeSH	
  products	
  

#10	
  #1	
  or	
  #2	
  or	
  #3	
  or	
  #4	
  or	
  #5	
  or	
  #6	
  or	
  #7	
  or	
  #8	
  or	
  #9	
  

Cochrane	
  Database	
  of	
  Systematic	
  Reviews	
  (CDSR)	
  via	
  Cochrane	
  Library	
  

(Wiley	
  interface)	
  Issue	
  4	
  of	
  12,	
  April	
  2011	
  

Searched:	
  25/04/11	
  

This	
  database	
  uses	
  automatic	
  pluralisation,	
  so	
  terms	
  “harms	
  and	
  risks”	
  are	
  not	
  required	
  as	
  the	
  

terms	
  “harm	
  and	
  risk”	
  are	
  already	
  in	
  the	
  strategy.	
  

#1	
  Any	
  MeSH	
  descriptor	
  with	
  qualifier:	
  AE	
  in	
  MeSH	
  products	
  

#2	
  Any	
  MeSH	
  descriptor	
  with	
  qualifier:	
  DE	
  in	
  MeSH	
  products	
  

#3	
  Any	
  MeSH	
  descriptor	
  with	
  qualifier:	
  CO	
  in	
  MeSH	
  products	
  

#4	
  Any	
  MeSH	
  descriptor	
  with	
  qualifier:	
  PO	
  in	
  MeSH	
  products	
  

#5	
  Any	
  MeSH	
  descriptor	
  with	
  qualifier:	
  TO	
  in	
  MeSH	
  products	
  

#6	
  Any	
  MeSH	
  descriptor	
  with	
  qualifier:	
  CI	
  in	
  MeSH	
  products	
  

#7	
  MeSH	
  descriptor	
  Drug	
  Hypersensitivity	
  explode	
  all	
  trees	
  in	
  MeSH	
  products	
  

#8	
  MeSH	
  descriptor	
  Drug	
  Toxicity	
  explode	
  all	
  trees	
  in	
  MeSH	
  products	
  

#9	
  MeSH	
  descriptor	
  Product	
  Surveillance,	
  Postmarketing	
  explode	
  all	
  trees	
  in	
  MeSH	
  products	
  



 

39 
 

#10	
  (safe	
  or	
  safety	
  or	
  adverse	
  or	
  tolerability	
  or	
  toxicity	
  or	
  toxic	
  or	
  adrs	
  or	
  adr	
  or	
  tolerance	
  or	
  

tolerate	
  or	
  harm	
  or	
  harms	
  or	
  harmful	
  or	
  complication*	
  or	
  risk	
  or	
  risks)	
  near/20	
  objective*	
  in	
  

Abstract	
  in	
  all	
  products	
  

#11	
  (side	
  next	
  effect*)	
  near/20	
  objective*	
  in	
  Abstract	
  in	
  all	
  products	
  

#12	
  (undesirable	
  next	
  effect*)	
  near/20	
  objective*	
  in	
  Abstract	
  in	
  all	
  products	
  

#13	
  (treatment	
  next	
  emergent)	
  near/20	
  objective*	
  in	
  Abstract	
  in	
  all	
  products	
  

#14	
  (safe	
  or	
  safety	
  or	
  adverse	
  or	
  tolerability	
  or	
  toxicity	
  or	
  toxic	
  or	
  adrs	
  or	
  adr	
  or	
  tolerance	
  or	
  

tolerate	
  or	
  harm	
  or	
  harms	
  or	
  harmful	
  or	
  complication*	
  or	
  risk	
  or	
  risks)	
  in	
  Record	
  Title	
  in	
  all	
  

products	
  

#15	
  (side	
  next	
  effect*)	
  in	
  Record	
  Title	
  in	
  all	
  products	
  

#16	
  (undesirable	
  next	
  effect*)	
  in	
  Record	
  Title	
  in	
  all	
  products	
  

#17	
  (treatment	
  next	
  emergent)	
  in	
  Record	
  Title	
  in	
  all	
  products	
  

#18	
  #1	
  or	
  #2	
  or	
  #3	
  or	
  #4	
  or	
  #5	
  or	
  #6	
  or	
  #7	
  or	
  #8	
  or	
  #9	
  or	
  #10	
  or	
  #11	
  or	
  #12	
  or	
  #13	
  or	
  #14	
  or	
  #15	
  

or	
  #16	
  or	
  #17	
  or	
  #18	
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The	
  development	
  of	
  PRISMA	
  Harms	
  using	
  a	
  modified	
  Delphi	
  technique	
  
Zorzela	
  L	
  (1),	
  Hartling	
  L	
  (1),	
  Loke	
  Y	
  (2),	
  Joffe	
  A	
  (1),	
  Ioannidis	
  JP	
  (3),	
  Golder	
  S	
  (4),	
  Santaguida	
  PL	
  (5),	
  Altman	
  

D	
  (6),	
  Vohra	
  S(1).	
  	
  

(1)	
  University	
  of	
  Alberta;	
  (2)	
  University	
  of	
  East	
  Anglia;	
  (3)	
  Stanford	
  University;	
  (4)	
  University	
  of	
  York;	
  (5)	
  

McMaster	
  University;	
  (6)	
  University	
  of	
  Oxford	
  

Abstract	
  

Introduction:	
  Reporting	
   on	
   systematic	
   reviews	
   of	
   harms	
   carries	
   unique	
   challenges.	
   The	
   PRISMA	
  

Statement	
   offers	
   guidance	
   on	
   systematic	
   review	
   reporting	
   in	
   general,	
   but	
   there	
   are	
   important	
  

peculiarities	
  to	
  consider	
  for	
  systematic	
  reviews	
  measuring	
  adverse	
  outcomes	
  of	
  interventions.	
  	
  

The	
  objective	
  of	
  this	
  paper	
  is	
  to	
  report	
  the	
  methods	
  and	
  results	
  of	
  a	
  modified	
  Delphi	
  study	
  used	
  during	
  

the	
   development	
   of	
   the	
   PRISMA	
   Harms,	
   a	
   guideline	
   for	
   reporting	
   in	
   systematic	
   reviews	
   assessing	
  

adverse	
  events.	
  	
  

Methods:	
  A	
  modified	
  Delphi	
  technique	
  was	
  used	
  with	
  three	
  rounds	
  of	
  questions	
  administered	
  online.	
  

During	
   round	
   one,	
   participants	
   rated	
   the	
   37	
   potential	
   PRISMA	
   Harms	
   items	
   with	
   respect	
   to	
  

relevance/importance	
  using	
  a	
  10-­‐point	
  Likert	
  scale.	
  During	
  round	
  two,	
  participants	
  received	
  their	
  own	
  

previous	
  ratings	
  and	
  an	
  aggregate	
  score	
  for	
  the	
  group;	
  each	
  participant	
  had	
  a	
  chance	
  to	
  re-­‐score	
  each	
  

item.	
  Round	
  three	
  was	
  focused	
  on	
  obtaining	
  feedback	
  from	
  pharmaco-­‐epidemiologists,	
  a	
  group	
  that	
  was	
  

under-­‐represented	
  during	
  the	
  first	
  two	
  rounds,	
  not	
  seeking	
  for	
  rating	
  based	
  on	
  10-­‐point	
  Likert	
  scale.	
  	
  	
  

Results:	
  The	
   online	
   survey	
   was	
   sent	
   to	
   324	
   participants.	
   The	
   total	
   number	
   of	
   responses	
   was	
   153	
   for	
  

round	
  one	
  and	
  two.	
  Delphi	
  round	
  one	
  had	
  81	
  responses	
  (25%)	
  and	
  round	
  two	
  had	
  72	
  (22.8%)	
  responses.	
  

Fifty-­‐six	
  round	
   one	
   participants	
   also	
   completed	
   round	
   two	
   (69.1%).	
  Sixteen	
  participants	
   joined	
   the	
  

Delphi	
  exercise	
  exclusively	
  for	
  round	
  two.	
  In	
  round	
  one,	
  19	
  items	
  were	
  rated	
  8	
  or	
  higher	
  by	
  more	
  than	
  

70%	
  of	
  participants.	
  Eighteen	
  items	
  received	
  scattered	
  votes	
  and	
  no	
  items	
  were	
  voted	
  ‘not	
  important,	
  it	
  

should	
   be	
   discarded’.	
   Post	
   round	
   two,	
   of	
   the	
   18	
   items	
   with	
   scattered	
   votes	
   in	
   round	
   one,	
   nine	
   items	
  

were	
   rated	
   eight	
   or	
   higher	
   by	
   more	
   than	
   70%	
   of	
   participants	
   and	
   were	
   selected	
   to	
   be	
   kept;	
  one	
  item	
  

(11c)	
  received	
  a	
  rating	
  less	
  than	
  5	
  by	
  more	
  than	
  50%	
  of	
  participants	
  and	
  was	
  selected	
  to	
  be	
  excluded;	
  	
  

eight	
   items	
   remained	
   with	
   scattered	
   votes.	
   Thirteen	
   (46.4%)	
   pharmaco-­‐epidemiologists	
   responded	
   to	
  

the	
  third	
  round.	
  Round	
  three	
  generated	
  valuable	
  comments,	
  mainly	
  on	
  methodological	
  issues	
  of	
  reviews	
  

of	
  harms.	
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Conclusion:	
  	
  Through	
   this	
   Delphi	
   process,	
   we	
   were	
   not	
   able	
   to	
   condense	
   the	
   number	
   of	
   items	
   to	
   a	
  

minimum	
  relevant	
  set	
  as	
  only	
  one	
  item	
  could	
  be	
  excluded.	
  The	
  remaining	
  36	
  items	
  would	
  be	
  taken	
  for	
  

discussion	
  to	
  the	
  in-­‐person	
  meeting,	
  which	
  was	
  the	
  next	
  step	
  in	
  the	
  guideline	
  development.	
  	
  

Introduction	
  

In	
  2009,	
  the	
  PRISMA	
  (Preferred	
  Reporting	
  Items	
  for	
  Systematic	
  Reviews	
  and	
  Meta-­‐Analysis)	
  Statement	
  

was	
   published	
   to	
   offer	
   guidance	
   to	
   review	
   authors	
   and	
   journal	
   editors	
   on	
   the	
   minimum	
   reporting	
  

standard	
  when	
  publishing	
  a	
  systematic	
  review	
  or	
  meta-­‐analysis	
  (1).	
  The	
  majority	
  of	
  systematic	
  reviews	
  

have	
  a	
  focus	
  on	
  beneficial	
  outcomes	
  (efficacy)	
  of	
  interventions	
  (2).	
  As	
  a	
  result,	
  PRISMA	
  is	
  largely	
  focused	
  

on	
  reporting	
  items	
  that	
  are	
  relevant	
  to	
  systematic	
  reviews	
  of	
  efficacy.	
  Report	
  of	
  harms	
  is	
  an	
  important	
  

issue	
  in	
  systematic	
  reviews.	
  However,	
  adequate	
  reporting	
  of	
  harms	
  faces	
  unique	
  issues	
  that	
  differ	
  from	
  

SRs	
  of	
  efficacy.	
   Among	
   these,	
   some	
   of	
   the	
   most	
   limiting	
   are	
   the	
   poor	
   quality	
   information	
   on	
   harms	
  

reported	
  in	
  original	
  studies	
  and	
  the	
  lack	
  of	
  a	
  specific	
  guideline	
  to	
  report	
  on	
  systematic	
  reviews	
  of	
  harms	
  

(2-­‐15).	
  

As	
   endorsed	
   by	
   the	
   EQUATOR	
   Network	
   (16),	
   the	
   first	
   step	
   for	
   a	
   successful	
   reporting	
   guideline	
  

development	
   is	
   to	
   determine	
   if	
   one	
   is	
   needed	
   by	
   assessing	
   the	
   quality	
   of	
   reporting	
   on	
   published	
  

manuscripts.	
  As	
  the	
  first	
  step	
  for	
  the	
  PRISMA	
  Harms	
  development,	
  a	
  systematic	
  review	
  of	
  309	
  reviews	
  

with	
  adverse	
  events	
  as	
  a	
  main	
  outcome	
  were	
  evaluated	
  by	
  our	
  team	
  to	
  measure	
  quality	
  of	
  reporting	
  on	
  

harms	
  (17).	
  In	
  order	
  to	
  generate	
  a	
  conservative	
  estimate	
  of	
  the	
  quality	
  of	
  reporting,	
  we	
  chose	
  to	
  focus	
  

on	
  SRs	
  in	
  which	
  the	
  primary	
  objective	
  was	
  to	
  assess	
  harms.	
  In	
  this	
  review	
  we	
  identified	
  that	
  one	
  quarter	
  

of	
  the	
  included	
  manuscripts	
  exclusively	
  designed	
  to	
  measure	
  adverse	
  events	
  did	
  not	
  have	
  a	
  definition	
  of	
  

the	
  event	
  under	
  review.	
  Fifty	
  nine	
  percent	
  (183/309)	
  did	
  not	
  extract	
  any	
  data	
  on	
  patient	
  risk	
  factors	
  and	
  

45%	
   (138/309)	
   did	
   not	
   collect	
   data	
   on	
   length	
   of	
   follow	
   up.	
  From	
   the	
   67	
   reviews	
   that	
   evaluated	
  

complications	
  related	
  to	
  surgeries	
  or	
  procedures,	
  only	
  four	
  reviews	
  reported	
  on	
  professional	
  skills	
  and	
  

qualifications	
  of	
  the	
  surgeons	
  performing	
  the	
  intervention	
  (17).	
  	
  

The	
  second	
  step	
  for	
  a	
  reporting	
  guideline	
  development	
  is	
  to	
  employ	
  a	
  Delphi	
  exercise	
  to	
  survey	
  content	
  

experts,	
  journal	
  editors,	
  review	
  authors	
  and	
  consumers,	
  to	
  receive	
  feedback	
  on	
  the	
  items	
  to	
  be	
  included	
  

in	
  the	
  new	
  guideline	
  (16,	
  18).	
  

The	
  objective	
  of	
  this	
  study	
  is	
  to	
  report	
  the	
  modified	
  Delphi	
  technique	
  used	
  during	
  the	
  development	
  of	
  

the	
  PRISMA	
  Harms,	
  a	
  guideline	
  specific	
  to	
  improve	
  harms	
  reporting	
  in	
  systematic	
  reviews.	
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Methods	
  	
  

A	
  modified	
  Delphi	
  technique	
  was	
  employed.	
  We	
  used	
  a	
  three	
  phase	
  online	
  Delphi	
  process.	
  	
  

This	
  study	
  was	
  approved	
  by	
  the	
  University	
  of	
  Alberta	
  Health	
  Research	
  Ethics	
  Board.	
  

Development	
  of	
  the	
  Delphi	
  items	
  

The	
  initial	
  set	
  of	
  items	
  was	
  obtained	
  from	
  a	
  systematic	
  review	
  done	
  by	
  Pilkington	
  et	
  al	
  (19).	
  During	
  the	
  

design	
   of	
   the	
   review	
   used	
   as	
   step	
   one	
   in	
   this	
   guideline	
   development	
   (17)	
   we	
   identified	
   multiple	
  

additional	
   relevant	
   items,	
   such	
   as:	
   (i)	
   how	
   to	
   deal	
   with	
   zero	
   events,	
   (ii)	
   methods	
   of	
   screening	
   studies	
  

based	
   on	
   the	
   presence	
  of	
   adverse	
   events,	
   (iii)	
   the	
   measurement	
   of	
   patient	
   risk	
   factors,	
  and	
   (iv)	
  

measurement	
   of	
   length	
   of	
   follow	
   up.	
   These	
   items	
   and	
   a	
   few	
   others	
   were	
   added	
   to	
   the	
   checklist	
   of	
  

possible	
   items.	
   Wording	
   and	
   content	
   were	
   further	
   refined	
   by	
   the	
   PRISMA	
   Harms	
   steering	
   committee	
  

(Appendix	
  1)	
  over	
  multiple	
  phone	
  meetings.	
  	
  

The	
  initial	
  PRISMA	
  Harms	
  checklist	
  set	
  included	
  a	
  total	
  of	
  37	
  items	
  and	
  it	
  was	
  submitted	
  to	
  the	
  Delphi	
  

participants.	
  Not	
  every	
  PRISMA	
  Statement	
  item	
  had	
  a	
  suggested	
  harms	
  extension	
  item	
  and	
  a	
  few	
  had	
  

more	
   than	
   one	
   suggestion	
   per	
   item.	
   The	
   PRISMA	
   statement	
   items	
   number	
   15	
   (risk	
   of	
   bias	
   across	
  

studies),	
  19	
  (risk	
  of	
  bias	
  within	
  studies),	
  20	
  (results	
  of	
  individual	
  studies),	
  21	
  (synthesis	
  of	
  results),	
  22	
  (risk	
  

of	
   bias	
  across	
   studies),	
   23	
   (additional	
   analysis),	
   24	
   (summary	
   of	
   evidence),	
   25	
   (limitations)	
   and	
   27	
  

(funding)	
  did	
  not	
  have	
  any	
  dedicated	
  PRISMA	
  Harms	
  item	
  proposed.	
  Input	
  from	
  Delphi	
  participants	
  was	
  

sought	
  for	
  these	
  specific	
  items.	
  	
  

Identification	
  of	
  Delphi	
  Participants	
  

Online	
   Delphi	
   participants	
  were	
   selected	
   based	
   on	
   their	
   expertise	
   in	
   systematic	
   reviews	
   methodology	
  

and	
   in	
   particular	
   for	
   their	
   expertise	
   in	
   reviews	
   focusing	
   on	
   adverse	
   events,	
   also	
   content	
   experts,	
  

including	
   statisticians,	
   epidemiologists,	
   clinicians,	
   journal	
   editors,	
   a	
   consumer	
   representative	
   and	
   a	
  

federal	
  health	
  regulatory	
  agency	
  representative	
  complemented	
  the	
  list.	
  

Potential	
   Delphi	
   participants	
   were	
   identified	
   from	
   a	
   list	
   of	
   authors	
   of	
   relevant	
   manuscripts	
   on	
  

methodological	
  and	
  reporting	
  challenges	
  in	
  systematic	
  reviews	
  in	
  general	
  and	
  review	
  of	
  adverse	
  events	
  

specifically.	
  Editors	
  from	
  journals	
  where	
  the	
  PRISMA	
  Statement	
  (1)	
  was	
  published	
  were	
  also	
  invited.	
  The	
  

health	
   regulatory	
   agency	
   perspective	
   was	
   provided	
   by	
   a	
   representative	
   from	
   the	
   Marketed	
   Health	
  

Products	
   Directorate	
   (MHPD)	
   and	
   Health	
   Canada,	
   who	
   had	
   expertise	
   in	
   systematic	
   reviews	
   of	
   harms;	
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these	
  reviews	
  are	
  frequently	
  used	
  by	
  regulatory	
  agencies	
  to	
  evaluate	
  health	
  interventions.	
  The	
  steering	
  

committee	
  reviewed	
  the	
  potential	
  participant	
  list	
  to	
  ensure	
  completeness.	
  The	
  majority	
  of	
  those	
  invited	
  

to	
   participate	
   in	
   the	
   Delphi	
   were	
   corresponding	
   authors	
   of	
   included	
   studies	
   in	
   the	
   systematic	
   reviews	
  

conducted	
  in	
  step	
  1	
  (17).	
  As	
  these	
  authors	
  have	
  firsthand	
  experience	
  with	
  the	
  challenges	
  of	
  developing	
  a	
  

systematic	
  review	
  of	
  adverse	
  events,	
  their	
  input	
  was	
  considered	
  valuable	
  in	
  defining	
  items	
  to	
  promote	
  

adequate	
  reporting	
  of	
  harms	
  in	
  systematic	
  reviews.	
  

The	
  Online	
  Delphi	
  process	
  

Delphi	
  participants	
  were	
  invited	
  by	
  e-­‐mail	
  to	
  participate	
  in	
  a	
  web-­‐based	
  survey.	
  The	
  electronic	
  address	
  

was	
  retrieved	
  from	
  personal	
  lists	
  or	
  publicly	
  available	
  websites	
  (e.g.	
  affiliated	
  universities).	
  The	
  invitation	
  

email	
  contained	
  the	
  purpose	
  for	
  the	
  Delphi	
  exercise,	
  a	
  brief	
  explanation	
  of	
  what	
  was	
  in	
  the	
  survey,	
  the	
  

estimated	
  time	
  commitment	
  to	
  complete	
  the	
  survey	
  and	
  the	
  relevance	
  of	
  their	
  participation.	
  It	
  was	
  also	
  

highlighted	
   in	
   the	
   invitation	
   email	
   that	
   the	
   survey	
   goal	
   was	
   to	
   select	
   the	
   minimum	
   set	
   of	
   items	
   to	
   be	
  

reported	
  in	
  systematic	
  reviews	
  of	
  harms,	
  rather	
  than	
  the	
  ideal	
  set	
  which	
  would	
  have	
  encompassed	
  more	
  

items.	
  Invitations	
  to	
  participate	
  were	
  sent	
  up	
  to	
  three	
  times	
  to	
  non-­‐responders.	
  

The	
  survey	
  asked	
  the	
  participants	
  for	
  their	
  input	
  on	
  the	
  importance/relevance	
  of	
  the	
  checklist	
  items	
  by	
  

ranking	
   each	
   item	
   on	
   a	
   10-­‐point	
   Likert	
   scale,	
   with	
   higher	
   numbers	
   meaning	
   more	
   relevant	
   items.	
   The	
  

participants	
  had	
  a	
  comment	
  box	
  in	
  each	
  page	
  and	
  opportunity	
  to	
  nominate	
  any	
  new	
  items,	
  if	
  desired.	
  	
  	
  

Delphi	
  Rounds	
  	
  

Three	
  Delphi	
  rounds	
  were	
  planned	
  to	
  be	
  sent	
  to	
  the	
  participants	
  in	
  4	
  weeks	
  intervals.	
  Each	
  participant	
  

would	
   have	
   two	
   weeks	
   to	
   complete	
   the	
   survey;	
   the	
   study	
   coordinator	
   (LZ)	
   would	
   have	
   two	
   weeks	
   to	
  

combine	
  ratings	
  and	
  comments	
  and	
  send	
  back	
  to	
  the	
  participants	
  for	
  the	
  next	
  round:	
  (i)	
  a	
  graph	
  with	
  

group	
  scores	
  response	
  distribution;	
  (ii)	
  their	
  previous	
  individual	
  rating	
  for	
  each	
  item,	
  (iii)	
  a	
  summary	
  of	
  

comments	
  received	
  for	
  each	
  item.	
  Respondents	
  were	
  given	
  the	
  opportunity	
  to	
  re-­‐rate	
  each	
  item	
  in	
  light	
  

of	
  ratings	
  from	
  the	
  previous	
  round.	
  The	
  online	
  survey	
  was	
  deployed	
  using	
  the	
  ‘Checkbox	
  Survey	
  Server’.	
  	
  

Items	
  remaining	
  after	
  the	
  online	
  Delphi	
  process	
  were	
  to	
  be	
  used	
  as	
  an	
  initial	
  list	
  of	
  items	
  for	
  discussion	
  

in	
  the	
  step	
  3	
  of	
  the	
  guideline	
  development	
  process,	
  a	
  face-­‐to-­‐face	
  meeting.	
  	
  	
  	
  

Inclusion/exclusion	
  of	
  items	
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At	
   the	
  end	
   of	
   the	
   round	
   two,	
   items	
   rated	
   eight	
   or	
   higher	
   by	
   70%	
   of	
   participants	
   were	
   considered	
  

‘important,	
   it	
   should	
   be	
   included’;	
   items	
   rated	
   five	
   or	
   less	
   by	
   more	
   than	
   50%	
   of	
   panellists	
   were	
  

considered	
  ‘not	
  important,	
  it	
  should	
  be	
  discarded’	
  and	
  items	
  rated	
  in	
  between	
  (i.e.	
  ‘6’	
  or	
  ‘7’)	
  would	
  be	
  

debated	
   during	
   the	
   next	
   step	
   in	
   the	
   guideline	
   development,	
   the	
   in-­‐person	
   meeting.	
   These	
   thresholds	
  	
  	
  

were	
  arbitrarily	
  chosen	
  a	
  priori	
  in	
  an	
  attempt	
  to	
  reduce	
  the	
  number	
  of	
  items	
  to	
  the	
  ‘minimum	
  set’.	
  It	
  

would	
  be	
  easier	
  to	
  discard	
  an	
  item	
  (a	
  low	
  score	
  by	
  more	
  than	
  50%	
  of	
  participant)	
  than	
  to	
  keep	
  an	
  item	
  (a	
  

high	
  score	
  by	
  more	
  than	
  70%	
  of	
  participants).	
  	
  

Results	
  	
  

The	
  online	
  Delphi	
  round	
  one	
  was	
  sent	
  to	
  338	
  potential	
  respondents	
  on	
  February	
  13th,	
  2012;	
  of	
  those,	
  14	
  

emails	
   did	
  not	
   reach	
   the	
   intended	
   recipient.	
   A	
   total	
   of	
   324	
   potential	
   participants	
   received	
   the	
   survey	
  

link.	
   Of	
   these,	
   286	
   (88.3%)	
   were	
   corresponding	
   authors	
   of	
   systematic	
   reviews	
   on	
   harms	
   previously	
  

identified	
  by	
  our	
  team	
  (17).	
  	
  	
  

The	
  Delphi	
  round	
  one	
  had	
  a	
  total	
  of	
  81	
  respondents	
  (25%	
  response	
  rate).	
  All	
  respondents	
  rated	
  all	
  37	
  

items.	
   Of	
   these,	
   respondents	
   were	
   self-­‐described	
   as:	
   research	
   methodologist	
   (31.6%);	
   health	
   care	
  

provider	
  (26.3%);	
  trialist	
  (7.9%);	
  journal	
  editor	
  (6.7%);	
  researcher	
  (5.3%);	
  statistician	
  (1.2%);	
  regulatory	
  

agency	
  representative	
  (1.2%);	
  health	
  economist	
  (1.2%);	
  and	
  other	
  (18.4%);	
  5	
  participants	
  did	
  not	
  check	
  

the	
   self-­‐described	
   box.	
   Forty-­‐four	
   of	
   81	
   respondents	
   in	
   round	
  one	
  were	
   corresponding	
   authors	
   of	
  

systematic	
  reviews	
  identified	
  by	
  our	
  team	
  in	
  step	
  1	
  (17).	
  	
  

At	
  the	
  end	
  of	
  round	
  one,	
  of	
  the	
  37	
  rated	
  items,	
  19	
  items	
  received	
  ratings	
  of	
  8	
  or	
  higher	
  by	
  more	
  than	
  

70%	
   of	
   participants.	
   Eighteen	
   items	
   received	
   scattered	
   votes.	
   No	
  items	
   were	
   voted	
   ‘not	
   important;	
   it	
  

should	
  be	
  discarded’	
  using	
  our	
  a	
  priori	
  criteria.	
  	
  	
  

The	
   online	
   Delphi	
   round	
   two	
   was	
   sent	
   on	
   March	
   26th,	
   2012	
   to	
   all	
   324	
   potential	
   participants.	
   The	
  

response	
   rate	
   per	
   item	
   declined,	
   such	
   that	
   there	
   were	
   72	
   responses	
   (22.2%)	
   for	
   the	
   first	
   4	
   items,	
   but	
  

only	
  63	
  participants	
  (19.4%)	
  rated	
  all	
  37	
  items.	
  	
  

Of	
  the	
  18	
  items	
  with	
  scattered	
  votes	
  in	
  round	
  one,	
  nine	
  items	
  were	
  rated	
  higher	
  than	
  eight	
  by	
  more	
  than	
  

70%	
  of	
  participants	
  in	
  round	
  two	
  and	
  were	
  therefore	
  retained.	
  One	
  item	
  was	
  rated	
  less	
  than	
  5	
  by	
  more	
  

than	
  50%	
  of	
  participants	
  and	
  was	
  therefore	
  discarded.	
  Eight	
  items	
  remained	
  with	
  scattered	
  votes	
  after	
  

round	
   two.	
   All	
   the	
   other	
   items	
   that	
   received	
   high	
   rating	
   in	
   round	
   one,	
   also	
   received	
   a	
   high	
   rating	
   in	
  

round	
  two.	
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Fifty-­‐six	
  round	
   one	
   participants	
   also	
   completed	
   round	
   two	
   (69.1%).	
   Eighteen	
   participants	
   joined	
   the	
  

Delphi	
  exercise	
  exclusively	
  for	
  round	
  two,	
  16	
  of	
  those	
  were	
  authors	
  of	
  systematic	
  reviews	
  of	
  harms	
  and	
  

two	
   were	
   systematic	
   reviews	
   specialists.	
   The	
   response-­‐rate	
   for	
  corresponding	
   authors	
   of	
   systematic	
  

review	
   of	
   harms	
   included	
   in	
   step	
   1	
   (17)	
   was	
   16%	
   (46/286)	
   and	
   for	
   round	
   two	
   was	
   21.7%	
   (62/286).	
   If	
  

these	
  review	
  authors	
  would	
  be	
  excluded,	
  the	
  response	
  rate	
  for	
  round	
  one	
  would	
  be	
  92%	
  (35/38)	
  and	
  for	
  

round	
  two	
  34/38	
  (89.4%).	
  	
  

The	
   PRISMA	
   Harms	
   steering	
   committee	
   decided	
   that	
   proceeding	
   with	
   a	
   third	
   round	
  with	
   these	
  

respondents	
  would	
  likely	
  yield	
  similar	
  results.	
  To	
  gain	
  additional	
  perspective,	
  the	
  PRISMA	
  Harms	
  steering	
  

committee	
  recommended	
  expanding	
  the	
  Delphi	
  respondent	
  pool.	
  As	
  such,	
  a	
  third	
  round	
  was	
  conducted	
  

with	
  new	
  panelists	
  to	
  see	
  if	
  they	
  agreed,	
  or	
  disagreed,	
  with	
  the	
  items	
  rated	
  thus	
  far.	
  The	
  new	
  pool	
  of	
  

participants	
   was	
   selected	
   by	
   the	
   steering	
   committee	
   based	
   on	
   their	
   experience	
   in	
   pharmaco-­‐

epidemiology,	
  as	
  they	
  were	
  found	
  to	
  be	
  under-­‐represented	
  in	
  the	
  initial	
  list	
  of	
  participants.	
  The	
  steering	
  

committee	
   reasoned	
   that	
   their	
   input	
   would	
   enhance	
   the	
   heterogeneity	
   of	
   the	
   respondent	
   pool	
   and	
  

increase	
  the	
  relevance	
  of	
  the	
  findings	
  to	
  a	
  broader	
  audience.	
  

The	
  Delphi	
  round	
  three	
  was	
  sent	
  to	
  28	
  pharmaco-­‐epidemiologists	
  for	
  comments	
  and	
  feedback.	
  During	
  

this	
   third	
   round,	
   the	
   pharmaco-­‐epidemiologists	
   were	
   asked	
   to	
   provide	
   feedback	
   on	
   the	
   items	
   voted	
  

“important,	
  it	
  should	
  be	
  kept”	
  after	
  round	
  two.	
  Round	
  three	
  had	
  an	
  objective	
  of	
  pursuing	
  feedback	
  and	
  

comments	
   on	
   the	
   items,	
   it	
   did	
   not	
   seek	
   for	
   rating	
   based	
   on	
   10-­‐point	
   Likert	
   scale.	
   Thirteen	
   (46.4%)	
  

pharmaco-­‐epidemiologists	
  responded	
  in	
  this	
  round.	
  

The	
   comments	
   originated	
   in	
   round	
   three	
   provided	
   additional	
   input	
   to	
   the	
   comments	
   received	
   in	
   the	
  

previous	
   two	
   rounds.	
   Some	
   comments	
   received	
   in	
   round	
   three	
   are	
   presented	
   here:	
   (i)	
   on	
   study	
  

selection:	
  “It	
  will	
  be	
  interesting	
  to	
  see	
  what	
  people	
  will	
  list	
  as	
  rationale	
  for	
  excluding	
  studies	
  …there	
  are	
  

good	
  RCTs	
  and	
  bad	
  ones	
  and	
  there	
  are	
  good	
  cohort	
  studies	
  and	
  bad	
  ones.”;	
  (ii)	
  	
  on	
  reporting	
  rare	
  events:	
  

“I’d	
  suggest	
  systematic	
  reporting	
  of	
  all	
  adverse	
  events”	
  and	
  “there	
  is	
  a	
  major	
  difference	
  between	
  zero	
  

events	
  that	
  are	
  unmeasured	
  or	
  unreported	
  outcomes	
  vs	
  adjudicated	
  outcomes	
  with	
  no	
  events.”;	
  (iii)	
  on	
  

causality	
   assessment:	
   “the	
   reviewer	
   should	
   review	
   the	
   arguments	
   for	
   and	
   against	
   a	
   causal	
  

interpretation.”;	
  (iv)	
  on	
  risk	
  of	
  bias:	
  “For	
  studies	
  of	
  harms,	
  the	
  standard	
  checklists	
  for	
  bias	
  are	
  not	
  very	
  

helpful,	
  and	
  many	
  studies	
  exploring	
  harm	
  will	
  be	
  at	
  “high”	
  or	
  “unclear”	
  risk	
  of	
  bias,	
  and	
  this	
  terminology	
  

really	
  means	
  very	
  little	
  when	
  studying	
  rare,	
  unexpected	
  	
  adverse	
  events	
  using	
  many	
  data	
  sources	
  and	
  

with	
  an	
  unknown	
  denominator.”;	
  (v)	
  on	
  a	
  summary	
  comment:	
  “I	
  feel	
  the	
  feedback	
  provided	
  while	
  very	
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thoughtful	
   has	
   originated	
   in	
   minds	
   that	
   are	
   more	
   concerned	
   about	
   conducting	
   a	
   review	
   for	
   harms	
  

outcomes	
  than	
  reporting	
  of	
  it”.	
  	
  

Table	
  4	
  presents	
  the	
  scores	
  for	
  round	
  one	
  and	
  two	
  and	
  summarize	
  comments	
  made	
  by	
  participants	
  in	
  all	
  

three	
  rounds.	
  Table	
  5	
  presents	
  the	
  opinion	
  and	
  suggestions	
  on	
  harms	
  reporting	
  in	
  PRISMA	
  items	
  without	
  

a	
  specific	
  harms	
  modification	
  item	
  suggested.	
  	
  

Many	
  respondents	
  felt	
  that	
  the	
  original	
  PRISMA	
  statement	
  would	
  suffice	
  for	
  11	
  items	
  (i.e.	
  PRISMA	
  items	
  

4	
  to	
  11,	
  item	
  13,	
  item	
  16	
  and	
  item	
  26).	
  Delphi	
  participants	
  also	
  frequently	
  commented	
  under	
  different	
  

items	
  that	
  while	
  a	
  potential	
  new	
  item	
  was	
  interesting/relevant,	
  limited	
  space	
  in	
  journals	
  would	
  preclude	
  

its	
  inclusion.	
  	
  

Discussion	
  

Our	
   study	
   reports	
   the	
   use	
   of	
   a	
   modified	
   Delphi	
   technique	
   to	
   support	
   the	
   development	
   of	
   a	
   reporting	
  

guideline,	
  the	
  PRISMA	
  Harms.	
  After	
  the	
  initial	
  two	
  online	
  rounds,	
  the	
  majority	
  of	
  items	
  were	
  voted	
  as	
  

being	
   ‘important’	
   and	
   it	
   was	
   felt	
   that	
   they	
   should	
   be	
   kept	
   and	
   only	
   one	
   item	
   was	
   considered	
   ‘not	
  

important’	
  and	
  that	
  it	
  should	
  be	
  deleted.	
  A	
  significant	
  volume	
  of	
  comments	
  were	
  received	
  from	
  all	
  three	
  

rounds.	
  A	
  key	
  characteristic	
  of	
  the	
  Delphi	
  method	
  is	
  to	
  reach,	
  anonymously,	
  a	
  group	
  of	
  individuals	
  across	
  

diverse	
   locations	
   and	
   areas	
   of	
   expertise,	
   thus	
   providing	
   opportunity	
   for	
   free	
   contribution	
   and	
   open	
  

feedback	
   among	
   participants.	
   After	
   each	
   round	
   the	
   group	
   participants	
   received	
   the	
   summary	
   of	
   the	
  

results	
  of	
  the	
  previous	
  round	
  and	
  they	
  had	
  a	
  chance	
  to	
  report	
  their	
  opinion	
  or	
  change	
  their	
  response	
  in	
  

the	
  light	
  of	
  the	
  group	
  opinion.	
  The	
  process	
  continues	
  until	
  group	
  consensus	
  is	
  reached	
  (35-­‐41).	
  	
  

During	
   the	
   second	
   online	
   Delphi	
   round,	
   the	
   individual	
   rates	
   and	
   the	
   group	
   score	
   display	
   helped	
   in	
  

defining	
  relevant	
  items.	
  The	
  high	
  scored	
  items	
  in	
  round	
  one	
  received	
  higher	
  scores	
  in	
  round	
  two.	
  Many	
  

items	
   with	
   scattered	
   votes	
   in	
   round	
   one	
   were	
   defined	
   as	
   relevant	
   in	
   round	
   two.	
   Unfortunately,	
   the	
  

Delphi	
   exercise	
   failed	
   in	
   narrowing	
   items	
  to	
  the	
  minimum	
  set	
  of	
   items	
   to	
   be	
  reported	
   in	
   a	
   systematic	
  

review	
   assessing	
   harms,	
   as	
   only	
   one	
   item	
   from	
   37	
   was	
   excluded	
   in	
   this	
   process.	
   This	
   high	
   acceptance	
  

rate	
  may	
  reflect	
  the	
  importance	
  of	
  the	
  topic	
  and	
  the	
  relevance	
  of	
  items	
  suggested,	
  but	
  also	
  the	
  difficulty	
  

for	
   the	
   respondents	
   to	
   focus	
   and	
   select	
   the	
   ‘minimum’	
   set	
   of	
   items.	
  It	
   is	
   possible	
  that	
  instead,	
  they	
  

focused	
  on	
  identifying	
  an	
  ‘ideal’	
  set	
  of	
  items.	
  Some	
  possible	
  reasons	
  for	
  the	
  high	
  consensus	
  rate	
  could	
  

be	
  that:	
  (i)	
  the	
  respondent	
  pool	
  was	
  very	
  homogeneous	
  (hence	
  the	
  similar	
  scores)	
  and	
  (ii)	
  it	
  is	
  not	
  their	
  

expertise	
  to	
  create	
  a	
  “minimum	
  set”,	
  but	
  rather	
  what	
  is	
  relevant	
  and/or	
  important.	
  In	
  contrast,	
  it	
  is	
  the	
  

mandate	
   of	
   the	
   in-­‐person	
   meeting	
   (who	
   have	
   different,	
   complementary	
   expertise,	
   as	
   well	
   as	
   drawing	
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from	
   the	
   Delphi	
   respondent	
   pool),	
   to	
   take	
   the	
   Delphi	
   responses	
   and	
   generate	
   a	
   minimum	
   set	
   that	
   is	
  

usable	
   in	
   a	
   guideline	
   (16).	
   The	
   third	
   round	
   helped	
   in	
   emphasizing	
   the	
   need	
   for	
   reporting	
   and	
  

methodological	
  guidance	
  in	
  reviews	
  of	
  adverse	
  events.	
  	
  

A	
  weakness	
  of	
  our	
  Delphi	
  exercise	
  is	
  the	
  fact	
  that	
  the	
  response	
  rate	
  was	
  lower	
  than	
  experienced	
  by	
  the	
  

other	
   Delphi	
   exercises	
   used	
   in	
   systematic	
   reviews	
   guidelines.	
   The	
   PRISMA	
   for	
   Abstracts	
   (18)	
   had	
   a	
  

response	
   rate	
   of	
   68%	
   for	
   round	
   one;	
   and	
   the	
   Delphi	
   used	
   during	
   the	
   development	
   of	
   the	
  PROSPERO	
  

database	
  for	
  systematic	
  reviews	
  protocols	
  had	
  a	
  45%	
  response	
  rate	
  of	
  invited	
  participants	
  in	
  the	
  initial	
  

round	
  (143/315)	
  (42).	
  We	
  suspect	
  the	
  length	
  of	
  our	
  survey,	
  which	
  required	
  45	
  minutes	
  to	
  1	
  hour	
  to	
  rate	
  

all	
  the	
  37	
  items,	
  likely	
  influenced	
  the	
  response	
  rate.	
  One	
  participant	
  mentioned	
  it	
  took	
  him	
  four	
  hours	
  to	
  

complete	
  the	
  survey	
  and	
  make	
  comments	
  for	
  each	
  item.	
  Also,	
  the	
  majority	
  of	
  invited	
  participants	
  for	
  the	
  

PRISMA	
   Harms	
   Delphi	
   were	
   correspondent	
   authors	
   of	
   systematic	
   reviews	
   of	
   adverse	
   events,	
   selected	
  

based	
   on	
   their	
   experience	
   conducting	
   a	
   review	
   of	
   harms,	
   but	
   perhaps	
   these	
   authors	
   were	
   not	
  

comfortable	
   with	
   the	
   development	
   of	
   a	
   reporting	
   guideline	
   and	
   preferred	
  not	
  to	
   participate	
   in	
   the	
  

Delphi;	
  if	
  this	
  group	
  of	
  review	
  authors	
  had	
  not	
  been	
  invited	
  to	
  participate,	
  our	
  response	
  rate	
  would	
  be	
  

higher	
  than	
  90%.	
  

A	
   strength	
   of	
   our	
   Delphi	
   process	
   was	
   the	
   valuable	
   comments	
   received,	
   demonstrating	
   the	
   interest	
  

among	
   participants	
   in	
   this	
   topic	
   and	
   the	
   recognized	
   need	
   for	
   change	
   in	
   reporting	
   harms	
   in	
   systematic	
  

reviews.	
  Reporting	
  of	
  harms	
  in	
  general	
  is	
  a	
  challenging	
  topic.	
  The	
  comments	
  received	
  were	
  not	
  limited	
  

to	
   reporting,	
   but	
   also	
   the	
   need	
   for	
   methodological	
   improvements	
   for	
   systematic	
   reviews	
   of	
   adverse	
  

events.	
   The	
   comments	
  reflected	
   the	
   view	
   of	
   experts	
  in	
  the	
   field	
   and	
   they	
   bring	
   awareness	
   to	
  

methodological	
   weaknesses	
   that	
   have	
   been	
   neglected	
   in	
   reviews	
   of	
   harms.	
   The	
   comments	
   presented	
  

here	
  could	
  also	
  be	
  used	
  as	
  foundation	
  for	
  the	
  development	
  of	
  a	
  harms	
  extension	
  of	
  a	
  methodological	
  

guideline	
   for	
   systematic	
   reviews	
  (whereas	
   PRISMA	
   Harms	
   focuses	
   on	
   transparent	
   and	
   complete	
  

reporting,	
   as	
   opposed	
   to	
   methodological	
   recommendations).	
  The	
   online	
   Delphi	
   was	
   also	
   a	
   venue	
   to	
  

explore	
   new	
   concepts,	
   for	
   example,	
   the	
   screening	
   of	
   studies	
   based	
   on	
   the	
   presence	
   of	
   the	
   adverse	
  

events	
  and	
  the	
  relevance	
  of	
  zero	
  events	
  which	
  could	
  represent	
  an	
  event	
  that	
  did	
  not	
  occur,	
  but	
  also	
  an	
  

event	
  that	
  was	
  not	
  captured	
  and	
  or	
  not	
  reported	
  in	
  the	
  primary	
  study.	
  Risk	
  of	
  bias	
  had	
  no	
  specific	
  harms	
  

items	
  suggested	
  and	
  multiple	
  comments	
  were	
  received	
  in	
  all	
  three	
  rounds	
  highlighting	
  the	
  need	
  of	
  a	
  risk	
  

of	
   bias	
   tool	
   for	
   harms.	
   Respondents	
   felt	
   that	
   the	
   risk	
   of	
   bias	
   for	
   harms	
   is	
   ‘overlooked’	
   and	
  

‘fundamentally	
  different	
  than	
  risk	
  of	
  bias	
  for	
  effectiveness’.	
  While	
  this	
  is	
  an	
  important	
  issue	
  that	
  needs	
  

further	
  examination,	
  like	
  PRISMA,	
  PRISMA	
  Harms	
  remains	
  focused	
  on	
  improving	
  reporting	
  (rather	
  than	
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trying	
  to	
  influence	
  conduct	
  of	
  reviews).	
  We	
  believe	
  that	
  the	
  summary	
  of	
  participant	
  comments	
  received	
  

will	
  help	
  support	
  further	
  methods	
  research	
  to	
  refine	
  how	
  risk	
  of	
  bias	
  can	
  be	
  assessed	
  for	
  harms.	
  	
  	
  

Conclusion	
  

The	
  Delphi	
  consensus	
  exercise	
  has	
  been	
  considered	
  an	
  important	
  tool	
  for	
  a	
  development	
  of	
  a	
  guideline,	
  

not	
   only	
   to	
   reach	
   experts	
   and	
   achieve	
   consensus,	
   but	
   also	
   to	
   assure	
   guideline	
   applicability	
  and	
  

endorsement,	
   this	
   makes	
   this	
   type	
   of	
   endeavor	
   a	
   highly	
   effective	
   form	
   of	
   integrated	
   knowledge	
  

translation	
   and	
   exchange.	
   PRISMA	
   represents	
   a	
   minimum	
   set	
   of	
   items	
   to	
   be	
   reported	
   in	
   systematic	
  

reviews.	
  Through	
  our	
  Delphi	
  process	
  we	
  were	
  not	
  able	
  to	
  condense	
  the	
  number	
  of	
  items	
  to	
  a	
  minimum	
  

relevant	
  set,	
  as	
  only	
  one	
  item	
  was	
  excluded.	
  The	
  remaining	
  36	
  items	
  were	
  taken	
  forward	
  for	
  discussion	
  

at	
  the	
  in-­‐person	
  meeting,	
  the	
  next	
  step	
  in	
  the	
  guideline	
  development.	
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Pasqualina	
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  (McMaster	
  University);	
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  Golder	
  (University	
  of	
  York);	
  	
   	
  

Jan	
  Vandenbroucke	
  (Leiden	
  University).	
   

	
  	
  

Table	
  4.	
  Delphi	
  Rounds	
  Results	
  

PRISMA	
  Item	
  #1:	
  Title.	
  	
  	
  
“Identify	
  the	
  report	
  as	
  a	
  systematic	
  review,	
  
meta-­‐analysis	
  or	
  both”	
  

Online	
  round	
  	
  1	
  	
  N=81	
  
≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

Online	
  round	
  2	
  
N=72	
  

≤5	
  N	
  (%)	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

1a.	
  Specifically	
  mention	
  ‘harms’	
  or	
  other	
  
related	
  term	
  (adverse	
  effect,	
  adverse	
  event,	
  
risk,	
  etc).	
  

9	
  (11.1)	
  	
  	
  	
  	
  	
  	
  62	
  (76.5)	
   5	
  (6.9)	
  	
  	
  	
  	
  	
  	
  	
  62	
  (86.1)	
  

1b.	
  Clarify	
  if	
  both	
  benefits	
  and	
  harms	
  are	
  
examined	
  or	
  only.	
  	
  

14	
  (17.3)	
  	
  	
  	
  	
  	
  47	
  (58.0)	
   11	
  (15.3)	
  	
  	
  52	
  (72.2)	
  

1c.	
  Mention	
  the	
  specific	
  intervention	
  being	
  
reviewed.	
  

4	
  (4.9)	
  	
  	
  	
  	
  	
  	
  	
  76	
  (93.8)	
   1	
  (1.4)	
  	
  	
  	
  	
  	
  69	
  (95.8)	
  

1d.	
  Refer	
  to	
  specific	
  patient	
  group	
  and/or	
  
conditions	
  in	
  which	
  harms	
  have	
  been	
  
assessed.	
  

10	
  (12.3)	
  	
  	
  	
  	
  56	
  (77.7)	
   9(12.5)	
  	
  	
  	
  	
  53	
  (73.6)	
  

Comments	
  on	
  Title:	
  (i)	
  It	
  is	
  important	
  for	
  the	
  title	
  to	
  have	
  these	
  terms	
  (harms,	
  population,	
  intervention).	
  
(ii)	
  These	
  can	
  be	
  done	
  quite	
  concisely.	
  (iii)	
  Including	
  harms	
  in	
  the	
  title	
  can	
  help	
  to	
  differentiate	
  it	
  from	
  
other	
   systematic	
   reviews.	
   (iv)	
  It	
   needs	
   to	
   be	
   clear	
   what	
   is	
   meant	
   by	
   "harms".	
   (v)	
  It	
   may	
   be	
   helpful	
   to	
  
mention	
  in	
  the	
  title	
  if	
  the	
  review	
  is	
  on	
  ADRs	
  of	
  RCTs	
  or	
  observational	
  studies.	
  	
  

PRISMA	
  item	
  #2:	
  Abstract.	
  	
  
“Provide	
  a	
  structured	
  summary	
  including,	
  as	
  
applicable:	
  background;	
  objectives;	
  data	
  
sources;	
  study	
  eligibility	
  criteria,	
  participants,	
  
and	
  interventions;	
  study	
  appraisal	
  and	
  
synthesis	
  methods;	
  results;	
  limitations;	
  
conclusions	
  and	
  implications	
  of	
  key	
  findings;	
  
systematic	
  review	
  registration	
  number.”	
  

	
  
First	
  round	
  scores	
  

N=81	
  
≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

	
  

	
  
Second	
  round	
  
responses	
  
N=69	
  

≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N(%)	
  

2a.	
  Specifically	
  mention	
  ‘harms’	
  or	
  other	
  
related	
  term	
  (adverse	
  effect,	
  adverse	
  event,	
  
risk,	
  complications).	
  

2	
  (2.5)	
  	
  	
  	
  	
  	
  	
  	
  41	
  (50.6)	
   0	
  	
  (0.0)	
  	
  	
  	
  	
  	
  	
  	
  66	
  (95.6)	
  

2b	
  Clarify	
  if	
  both	
  benefits	
  and	
  harms	
  are	
  
examined	
  or	
  only	
  harms.	
  

7	
  (8.6)	
  	
  	
  	
  	
  	
  	
  	
  55	
  (70.4)	
   4	
  (5.8)	
  	
  	
  	
  	
  	
  	
  	
  61	
  (88.4)	
  

2c.	
  Refer	
  to	
  specific	
  harms	
  assessed.	
   8	
  (9.8)	
  	
  	
  	
  	
  	
  	
  	
  61	
  (75.3)	
   	
  4	
  (5.8)	
  	
  	
  	
  	
  	
  	
  	
  59	
  (85.5)	
  

2d.	
  Specify	
  what	
  type	
  of	
  data	
  was	
  sought	
  (i.e.	
  
clinical	
  trials	
  only,	
  case	
  reports	
  only,	
  all	
  types	
  
of	
  data).	
  

3	
  (3.7)	
  	
  	
  	
  	
  	
  	
  	
  67	
  (82.7)	
   1	
  (1.4)	
  	
  	
  	
  	
  	
  	
  	
  62	
  (89.9)	
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2e.	
  Specify	
  how	
  each	
  type	
  of	
  data	
  has	
  been	
  
included.	
  

6	
  (7.4)	
  	
  	
  	
  	
  	
  	
  	
  59	
  (72.8)	
   1	
  (1.4)	
  	
  	
  	
  	
  	
  	
  	
  61	
  (88.4)	
  

2f.	
  Specify	
  how	
  each	
  type	
  of	
  data	
  has	
  been	
  
appraised.**	
  

20	
  (24.7)	
  	
  	
  	
  	
  30	
  (37.0)	
   	
  21(30.4)	
  	
  	
  	
  23	
  (33.3)	
  

Comments	
  on	
  Abstract:	
  (i)	
  The	
  abstract	
  is	
  all	
  that	
  many	
  people	
  searching	
  PubMed	
  will	
  see.	
  (ii)	
  2c	
  if	
  "all	
  

harms"	
   are	
   being	
   captured	
   this	
   should	
   be	
   specified	
   in	
   the	
   abstract.	
   (iii)	
   2.c	
   It	
   is	
   important	
   that	
   all	
   the	
  

primary	
   endpoint(s).	
   (iv)	
  Point	
   2f	
   is	
   already	
   covered	
   well	
   enough	
   in	
   "study	
   appraisal	
   and	
   synthesis	
  

methods".	
  (v)	
  A	
  harm	
  is	
  an	
  increase	
  in	
  an	
  adverse	
  outcome	
  or	
  a	
  decrease	
  in	
  a	
  favorable	
  outcome.	
  The	
  

distinctions	
   among	
   favorable,	
   adverse	
   and	
   neutral	
   outcomes	
   are	
   usually	
   clear	
   and	
   universally	
   shared,	
  

but	
  not	
  always,	
  as	
  they	
  depend	
  on	
  values	
  and	
  circumstances.	
  (vi)	
  In	
  the	
  case	
  of	
  RCTs	
  it	
  may	
  be	
  helfpul	
  to	
  

present	
  %	
  of	
  ADRs	
  with	
  exposure	
  vs	
  placebo	
  could	
  be	
  presented.	
  

PRISMA	
  Item	
  #3:Introduction.	
  	
  
	
  “Describe	
  the	
  rationale	
  for	
  the	
  review	
  in	
  the	
  

context	
  of	
  what	
  is	
  already	
  known.”	
  

First	
  round	
  scores	
  
N=81	
  

≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

Second	
  round	
  
responses	
  
N=69	
  

≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

3a.	
  Explain	
  rationale	
  for	
  addressing	
  specific	
  
harm(s),	
  condition(s)	
  and	
  patient	
  group(s).	
  

4	
  (	
  4.9)	
  	
  	
  	
  	
  	
  	
  	
  68	
  (	
  83.9)	
   1	
  (1.4)	
  	
  	
  	
  	
  	
  	
  62	
  (89.8)	
  

3b.	
  Clearly	
  define	
  what	
  events	
  or	
  effects	
  are	
  
considered	
  harms	
  in	
  the	
  context	
  of	
  the	
  
intervention(s)	
  examined.	
  

6	
  (8.7)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  59	
  (72.8)	
   2	
  (2.9)	
  	
  	
  	
  	
  	
  	
  62	
  (89.8)	
  

3c.	
  Describe	
  the	
  rationale	
  for	
  type	
  of	
  harms	
  
systematic	
  review	
  done	
  (hypothesis	
  
generating)	
  vs	
  (hypothesis	
  testing	
  ).**	
  

17(20.9)	
  	
  	
  	
  	
  	
  	
  49	
  (60.5)	
   23	
  (33.3)	
  	
  	
  	
  41	
  (59.4)	
  

3d.	
  Explain	
  rationale	
  for	
  selection	
  of	
  study	
  
types	
  or	
  data	
  sources	
  and	
  relevance	
  to	
  focus	
  of	
  
the	
  review.**	
  

10	
  (12.3)	
  	
  	
  	
  	
  	
  56	
  (69.1)	
  	
   13	
  (18.8)	
  	
  	
  	
  46	
  (66.6)	
  

Comments	
  on	
  Introduction:	
  (i)	
  Strong	
  opposition	
  against	
  the	
  term	
  "hypothesis	
  generation":	
  data	
  do	
  not	
  

generate	
  hypotheses,	
  people	
  do.	
  (ii)	
  A	
  better	
  term	
  would	
  be	
  "scoping"	
  (as	
  proposed	
  by	
  Yoon	
  Loke):	
  the	
  

activity	
  of	
  trying	
  to	
  list	
  all	
  possible	
  adverse	
  effects	
  that	
  are	
  known	
  for	
  a	
  particular	
  drug.	
  (iii)	
  Flexibility	
  in	
  

the	
   study	
   of	
   harms	
   is	
   VERY	
   important.	
   (iv)	
   It	
   should	
   address	
  methodologic	
   quality	
   and	
   clinical	
  

importance	
  of	
  the	
  harm	
  under	
  question,	
  should	
  put	
  it	
  in	
  context	
  with	
  benefit.	
  (v)	
  If	
  not	
  based	
  only	
  on	
  

RCTs,	
  should	
  include	
  a	
  clear	
  statement	
  on	
  why	
  reviewing	
  lower	
  quality	
  of	
  evidence	
  was	
  necessary.	
  (vi)	
  If	
  

the	
  review	
  covers	
  randomized	
  controlled	
  human	
  trials,	
  “the	
  context	
  of	
  what	
  is	
  known”	
  should	
  include	
  all	
  

relevant	
   research	
   apart	
   from	
   RCT.	
  Assessing	
   adverse	
   events	
   is	
   regulatory	
  obligation;	
   it	
   is	
   also	
   good	
  

practice.	
  	
  

PRISMA	
  item	
  #4:	
  Objective.	
  	
  
“Provide	
  an	
  explicit	
  statement	
  of	
  questions	
  
being	
  addressed	
  with	
  reference	
  to	
  
Participants,	
  Interventions,	
  Comparisons,	
  
Outcomes,	
  and	
  Study	
  design	
  (PICOS).”	
  

	
  
First	
  round	
  scores	
  

N=81	
  
≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

	
  
Second	
  round	
  
responses	
  
N=69	
  

≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

4a.	
  Provide	
  an	
  explicit	
  statement	
  of	
  questions	
  
being	
  asked	
  with	
  reference	
  to	
  harms.	
  

5	
  (6.1)	
  	
  	
  	
  	
  65	
  (80.2)	
   3	
  (4.3)	
  	
  	
  	
  	
  	
  	
  63	
  (91.3)	
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Comments	
  on	
  Objective:	
  (i)	
  The	
  existing	
  statement	
  would	
  cover	
  it.	
  (ii)	
  A	
  clear	
  research	
  question	
  using	
  

the	
  PICO	
  (T	
  =	
  timeline)	
  format	
  plus	
  study	
  design	
  is	
  essential.	
  (iii)	
  PICOs	
  not	
  a	
  good	
  fit,	
  doesn’t	
  really	
  make	
  

sense	
  for	
  harms,	
  would	
  delete.	
  (iv)	
  PICO	
  is	
  just	
  fine.	
  If	
  a	
  class	
  of	
  drugs	
  is	
  studied	
  than	
  that	
  will	
  be	
  listed	
  as	
  

the	
  intervention.	
  	
  

PRISMA	
  item	
  #5:	
  Protocol	
  Registration.	
  	
  	
  
	
  “Indicate	
  if	
  a	
  review	
  protocol	
  exists,	
  if	
  and	
  
where	
  it	
  can	
  be	
  accessed	
  (e.g.,	
  Web	
  address),	
  
and,	
  if	
  available,	
  provide	
  registration	
  
information	
  including	
  registration	
  number.”	
  

	
  
First	
  round	
  scores	
  

N=81	
  
≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

	
  
Second	
  round	
  
responses	
  
N=69	
  

≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

5a.	
  Describe	
  if	
  protocol	
  was	
  developed	
  in	
  
collaboration	
  with	
  	
  someone	
  with	
  clinical	
  
expertise	
  for	
  field/intervention	
  under	
  study.**	
  

23	
  (28.4)	
  	
  	
  41	
  (50.6)	
   26	
  (37.7)	
  	
  	
  31	
  (44.9)	
  

Comments	
  on	
  Protocol	
  and	
  Registration:	
  (i)	
  Existing	
  PRISMA	
  wording	
  is	
  sufficient.	
  (ii)	
  Perhaps	
  the	
  issue	
  

with	
   specifying	
   the	
   expertise	
   of	
   those	
   developing	
   the	
   study	
   protocol	
   might	
   be	
   important	
   because	
   the	
  

definition	
  of	
  an	
  adverse	
  event	
  is	
  variable	
  (i.e.	
  what	
  patient's	
  perceive	
  as	
  AE	
  versus	
  clinicians	
  vs	
  other).	
  

(iv)	
  Authors	
   are	
   usually	
   aware	
   of	
   some,	
   if	
   not	
   much,	
   of	
   what	
   are	
   the	
   “right”	
   (clinically	
   and/or	
  

scientifically)	
   questions	
   to	
   be	
   addressed	
   by	
   an	
   systematic	
   review.	
   (v)	
  There	
   should	
   be	
   a	
   rationale	
   for	
  

everything	
  that	
  was	
  done,	
  whether	
  it	
  is	
  in	
  a	
  “protocol”	
  or	
  elsewhere.	
  	
  	
  

PRISMA	
  item	
  #6:	
  Eligibility	
  criteria.	
  	
  
“Specify	
  study	
  characteristics	
  (e.g.,	
  PICOS,	
  
length	
  of	
  follow-­‐up)	
  and	
  report	
  characteristics	
  
(e.g.,	
  years	
  considered,	
  language,	
  publication	
  
status)	
  used	
  as	
  criteria	
  for	
  eligibility,	
  giving	
  
rationale.”	
  

	
  
First	
  round	
  scores	
  

N=81	
  
≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

	
  
Second	
  round	
  
responses	
  
N=67	
  

≤5	
  N	
  (%)	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

6a.	
  Clearly	
  define	
  what	
  events	
  or	
  effects	
  are	
  
considered	
  harms	
  in	
  the	
  context	
  of	
  the	
  
intervention(s)	
  examined.	
  

6	
  (7.4)	
  	
  66	
  	
  	
  	
  (58.1)	
   2	
  (3.0)	
  	
  	
  	
  	
  59	
  (88.0)	
  

6b.	
  Specify	
  type	
  of	
  studies	
  on	
  harms	
  to	
  be	
  
included.	
  

7(8.6)	
  	
  	
  	
  67	
  (82.7)	
   2	
  (3.0)	
  	
  	
  63	
  (94.0)	
  

Comments	
   Eligibility	
   criteria:	
  (i)	
  Covered	
   by	
   the	
   standard	
   PRISMA.	
   (ii)	
  It	
   is	
   hard	
   to	
   pre-­‐specify	
   known	
  

harms	
  of	
  interventions	
  (because	
  a	
  lot	
  is	
  unknown)	
  as	
  compared	
  to	
  benefits	
  where	
  easier	
  to	
  pre-­‐specify	
  

events.	
   (iii)	
  One	
   does	
   not	
   have	
   to	
   pre-­‐specify	
   all	
   possible	
   harms,	
   but	
   those	
   that	
   can	
   be	
   anticipated	
  

should	
  be	
  specified.	
  (iv)	
  It's	
  important	
  to	
  include	
  events	
  that	
  patients	
  consider	
  harms.	
  (v)	
  It	
  is	
  important	
  

that	
   systematic	
   review	
   authors	
   consider	
   measurement	
   or	
   ascertainment	
   issues	
   very	
   carefully.	
   Studies	
  

may	
  report	
  harms	
  obtained,	
  categorized	
  and	
  also	
  analyzed	
  by	
  different	
  means	
  (such	
  as	
  blinded	
  versus	
  

unblinded	
  data	
  collectors,	
  or	
  blinded	
  data	
  monitoring	
  committee).	
  For	
  some	
  systematic	
  reviews	
  these	
  

are	
  very	
  critical	
  issues	
  as	
  the	
  numerical	
  data	
  available	
  may	
  not	
  reflect	
  the	
  true	
  prevalence	
  of	
  the	
  harm	
  

under	
   consideration.	
   (vi)	
  Outcomes	
   should	
   usually	
   not	
   be	
   part	
   of	
   eligibility	
   criteria	
  (if	
   one	
   wants	
   to	
  

evaluate	
  the	
  impact	
  of	
  reporting	
  bias).	
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PRISMA	
  item	
  #7:	
  Information	
  sources.	
  	
  
“Describe	
  all	
  information	
  sources	
  (e.g.,	
  databases	
  
with	
  dates	
  of	
  coverage,	
  contact	
  with	
  study	
  authors	
  
to	
  identify	
  additional	
  studies)	
  in	
  the	
  search	
  and	
  
date	
  last	
  searched.”	
  

First	
  round	
  scores	
  
N=81	
  

≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

Second	
  round	
  
responses	
  
N=67	
  

≤5	
  N	
  (%)	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

7a.	
  State	
  if	
  additional	
  sources	
  for	
  adverse	
  events	
  
were	
  searched	
  (e.g	
  regulatory	
  bodies,	
  industry)	
  if	
  
so,	
  describe	
  the	
  source,	
  terms	
  used	
  and	
  dates	
  
searched.	
  

3	
  (3.7)	
  	
  	
  	
  	
  63	
  (77.7)	
   5(	
  7.4)	
  	
  57	
  (85.1)	
  

Comments	
  on	
  Information	
  sources:	
  (i)	
  This	
  is	
  covered	
  anyway	
  under	
  "Describe	
  all	
  information	
  sources".	
  

(ii)	
  This	
  is	
  useful	
  as	
  it	
  may	
  be	
  a	
  prompt	
  for	
  authors	
  to	
  consider	
  additional	
  sources	
  for	
  adverse	
  events.	
  (iii)	
  

Strong	
   disagreement	
   that	
   it	
   would	
   not	
   be	
   important	
   to	
   distinguish	
   between	
   sources	
   for	
   benefits	
   and	
  

sources	
  for	
  harms,	
  especially	
  if	
  harms	
  is	
  observational.	
  (iv)	
  Sources	
  of	
  benefits	
  and	
  sources	
  of	
  harm	
  may	
  

differ	
  in	
  kind	
  and	
  quality.	
  All	
  sources	
  should	
  be	
  clearly	
  specified.	
  If	
  some	
  sources	
  were	
  not	
  used,	
  explain	
  

why.	
  	
  

PRISMA	
  item	
  #8:	
  Search.	
  	
  
“Present	
  full	
  electronic	
  search	
  strategy	
  for	
  at	
  
least	
  one	
  database,	
  including	
  any	
  limits	
  used,	
  
such	
  that	
  it	
  could	
  be	
  repeated.”	
  

First	
  round	
  scores	
  
N=81	
  

≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

Second	
  round	
  
responses	
  
N=67	
  

≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

8a.	
  Present	
  the	
  full	
  search	
  strategy	
  if	
  additional	
  
searches	
  were	
  used	
  to	
  identify	
  adverse	
  events.	
  

9	
  (11.1)	
  	
  	
  	
  54	
  (66.6)	
   5	
  (7.4)	
  	
  	
  	
  49	
  (73.1)	
  

Comments	
   on	
   Search:	
   	
  (i)	
  This	
   is	
   covered	
   by	
   the	
   standard	
   PRISMA.	
  (ii)	
   Many	
   journal	
   articles	
   without	
  

supplementary	
  on-­‐line	
  options	
  would	
  not	
  permit	
  this	
  due	
  to	
  word	
  limits.	
  (iii)	
  There	
  should	
  be	
  no	
  reason	
  

to	
   want	
   to	
   keep	
   the	
   strategy	
   hidden,	
   and	
   it's	
   useful	
   for	
   future	
   readers	
   who	
   may	
   wish	
   to	
   replicate	
   the	
  

search.	
  (iv)	
  Full	
  search	
  strategy	
  should	
  be	
  available	
  for	
  all	
  data	
  sources.	
  (v)	
  Extremely	
  important	
  point.	
  

PRISMA	
  item	
  #9:	
  Study	
  selection.	
  	
  	
  
“State	
  the	
  process	
  for	
  selecting	
  studies	
  (i.e.,	
  
screening,	
  eligibility,	
  included	
  in	
  systematic	
  
review,	
  and,	
  if	
  applicable,	
  included	
  in	
  the	
  meta-­‐
analysis).”	
  

	
  
First	
  round	
  scores	
  

N=81	
  
≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

	
  
Second	
  round	
  
responses	
  
N=66	
  

≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

9a.	
  State	
  what	
  study	
  designs	
  were	
  eligible	
  and	
  
provide	
  rationale	
  for	
  their	
  selection.	
  

8	
  (9.8)	
  	
  	
  	
  	
  64	
  (79.0)	
   4	
  (6.1)	
  	
  	
  	
  	
  61	
  (92.4)	
  

9b.	
  Define	
  If	
  studies	
  were	
  screened	
  based	
  on	
  the	
  
presence	
  or	
  absence	
  of	
  harms	
  related	
  terms	
  in	
  title	
  
or	
  abstract.	
  

14	
  (17.3)	
  	
  	
  51	
  (62.9)	
   12	
  (18.2)	
  	
  	
  	
  47	
  (71.2)	
  

Comment	
  on	
  Study	
  selection:	
  	
  (i)	
  9.a	
  This	
  is	
  covered	
  by	
  the	
  standard	
  PRISMA.	
  (ii)	
  9.b	
  is	
  very	
  important	
  

because	
   is	
   an	
   important	
   source	
   of	
   bias.	
   (iii)	
   Harms	
   are	
   usually	
   not	
   mentioned	
   in	
   the	
   abstract,	
   so	
   this	
  

should	
  not	
  be	
  a	
  criterion.	
  (iv)	
  9b	
  is	
  obviously	
  not	
  good	
  practice,	
  but	
  if	
  it	
  is	
  done	
  like	
  this	
  it	
  should	
  be	
  clear	
  

to	
   readers.	
   (v)	
  It	
  is	
   quite	
   important	
   that	
   full	
   papers	
   for	
   trials	
   that	
   DONT	
   report	
  adverse	
   events	
   in	
   the	
  

abstract	
  are	
  still	
  screened	
  for	
  adverse	
  event	
  reporting.	
  (vi)	
  It	
  will	
  be	
  interesting	
  to	
  see	
  what	
  people	
  will	
  

list	
  as	
  rationale	
  for	
  excluding	
  studies.	
  It	
  should	
  say	
  good	
  studies	
  will	
  be	
  considered	
  and	
  bad	
  studies	
  not.	
  

Well,	
  there	
  are	
  good	
  RCTs	
  and	
  bad	
  ones	
  and	
  there	
  are	
  good	
  cohort	
  studies	
  and	
  bad	
  ones.	
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PRISMA	
  item	
  #10:	
  Data	
  collection	
  process.	
  	
  
“Describe	
  method	
  of	
  data	
  extraction	
  from	
  reports	
  
(e.g.,	
  piloted	
  forms,	
  independently,	
  in	
  duplicate)	
  
and	
  any	
  processes	
  for	
  obtaining	
  and	
  confirming	
  
data	
  from	
  investigators.”	
  

First	
  round	
  scores	
  
N=81	
  

≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

Second	
  round	
  
responses	
  
N=66	
  

≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

10a.	
  Describe	
  method	
  of	
  data	
  extraction	
  for	
  each	
  
type	
  of	
  study	
  or	
  report	
  

14	
  (17.3)	
  	
  	
  53	
  (65.4)	
   10	
  (15.1)	
  	
  47	
  (71.21)	
  

Comments	
   on	
   Data	
   Selection	
   process:	
  (i)	
  Covered	
   by	
   standard	
   PRISMA.	
   (ii)	
   Level	
   of	
   detail	
   suggested	
  

above	
  may	
  be	
  excessive.	
  (iii)	
  It	
  might	
  be	
  a	
  bit	
  tricky	
  the	
  extraction	
  from	
  grey	
  literature	
  sources	
  such	
  as	
  

those	
  from	
  regulatory	
  bodies	
  (i.e.	
  FDA).	
  	
  

PRISMA	
  item	
  #11:	
  Data	
  items.	
  	
  
List	
  and	
  define	
  all	
  variables	
  for	
  which	
  data	
  were	
  
sought	
  (e.g.,	
  PICOS,	
  funding	
  sources)	
  and	
  any	
  
assumptions	
  and	
  simplifications	
  made.”	
  

First	
  round	
  scores	
  
N=81	
  

≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

Second	
  round	
  
responses	
  
N=65	
  

≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

11a.	
  List	
  and	
  define	
  variables	
  for	
  which	
  data	
  was	
  
sought	
  for	
  individual	
  therapies.	
  This	
  item	
  received	
  
scattered	
  votes.**	
  

13	
  (16.0)	
  	
  	
  	
  45	
  (39.1)	
   15	
  (23.1)	
  	
  	
  41	
  (63.1)	
  

11b.	
  List	
  and	
  define	
  variables	
  for	
  which	
  data	
  was	
  
sought	
  for	
  patient	
  underlying	
  risk	
  factors.	
  This	
  item	
  
received	
  scattered	
  votes.**	
  

13	
  (16.0)	
  	
  	
  	
  38	
  (46.9)	
   17	
  (26.1)	
  	
  	
  34	
  (52.3)	
  

11c.	
  List	
  and	
  define	
  variables	
  for	
  which	
  data	
  was	
  
sought	
  	
  for	
  practitioner	
  training/qualifications	
  ◊◊	
  

29	
  (44.6)	
  	
  	
  23	
  (28.4)	
   34	
  (52.3)	
  	
  13	
  (20.0)	
  

11d.	
  List	
  and	
  define	
  harms	
  for	
  individual	
  therapies	
   14	
  (17.3)	
  	
  47	
  (58.0)	
   11	
  (16.9)	
  	
  	
  47	
  (72.3)	
  

Comments	
  on	
  Data	
  Items:	
  (i)	
  The	
  existing	
  item	
  11	
  is	
  enough.	
  (ii)	
  It	
  is	
  limited	
  to	
  expected,	
  known	
  adverse	
  

events.	
   (iii)	
   The	
   critical	
   variables	
   required	
   to	
   analyze	
   harms	
   include	
   nature	
   of	
   intervention;	
   nature	
   of	
  

harm;	
  dose	
  of	
  intervention;	
  time	
  course	
  and	
  susceptibility	
  of	
  those	
  harmed.	
  

PRISMA	
  item	
  #12:	
  Risk	
  of	
  bias	
  in	
  individual	
  studies.	
  	
  
“Describe	
  methods	
  used	
  for	
  assessing	
  risk	
  of	
  bias	
  of	
  
individual	
  studies	
  (including	
  specification	
  of	
  
whether	
  this	
  was	
  done	
  at	
  the	
  study	
  or	
  outcome	
  
level),	
  and	
  how	
  this	
  information	
  is	
  to	
  be	
  used	
  in	
  
any	
  data	
  synthesis.”	
  

First	
  round	
  scores	
  
N=81	
  

≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

Second	
  round	
  
responses	
  
N=64	
  

≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

12a.	
  For	
  uncontrolled	
  studies,	
  describe	
  if	
  causality	
  
between	
  intervention	
  and	
  adverse	
  event	
  was	
  
adjudicated	
  and	
  if	
  so,	
  how.	
  

10	
  (12.3)	
  	
  	
  	
  58	
  (71.6)	
   11	
  (17.2)	
  	
  	
  45	
  (70.3)	
  

12b.	
  Describe	
  risk	
  of	
  bias	
  in	
  studies	
  with	
  incomplete	
  
or	
  selective	
  reporting	
  of	
  adverse	
  events.	
  

10	
  (12.3)	
  	
  	
  	
  	
  	
  55	
  (67.9)	
  	
   10	
  (	
  15.6)	
  48	
  	
  (75.0)	
  

Comments	
   on	
   Risk	
   of	
   Bias	
   in	
   individual	
   studies:	
  (i)	
  Causality	
   assessment	
   is	
  very	
   important,	
   but	
  

impractical	
  (and	
  not	
  validated)	
  for	
  the	
  most	
  settings.	
  (ii)	
  Assessing	
  causality	
  in	
  studies	
  without	
  controls,	
  

assumes	
   subject	
   matter	
   knowledge.	
   However,	
   knowing	
   what	
   the	
   bias	
   is	
   in	
   studies	
   with	
   incomplete	
  

reporting	
  is	
  indeed	
  nigh	
  to	
  impossible.	
  (iii)	
  It's	
  not	
  clear	
  how	
  authors	
  will	
  know	
  if	
  there	
  was	
  incomplete	
  

or	
   selective	
   reporting	
   of	
   adverse	
   events.	
   (iv)	
   Risk	
   of	
   bias	
   in	
   this	
   PRISMA	
   item	
   reflects	
  predominantly	
  

allocation	
   concealment	
   or	
   overall	
   quality	
   of	
   studies.	
   The	
   equivalent	
   of	
   'concealed	
   randomization'	
   in	
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observational	
   research	
   on	
   harms	
   is	
   the	
   question	
   to	
   what	
   extent	
   there	
   was	
   allocation	
   bias	
   for	
   this	
  

particular	
   harmful	
   outcome	
   due	
   to	
   confounding	
   by	
   indication	
   or	
   contra-­‐indication.	
   (v)	
  Main	
   bias	
   is	
  

under-­‐reporting	
  (information	
  bias).	
  (vi)	
  Systematic	
  reporting	
  of	
  all	
  adverse	
  events!	
  (vii)	
  The	
  risk	
  of	
  bias	
  

concept	
  should	
  be	
  replaced	
  with	
  a	
  concept	
  focusing	
  on	
  magnitude	
  and	
  direction	
  of	
  biases.	
  	
  	
  

	
  PRISMA	
  item	
  #13:	
  Summary	
  Measures.	
  	
  
	
  “State	
  the	
  principal	
  summary	
  measures	
  (e.g.,	
  risk	
  
ratio,	
  difference	
  in	
  means).”	
  

First	
  round	
  scores	
  
N=81	
  

≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

Second	
  round	
  
responses	
  
N=63	
  

≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

13a.	
  If	
  rare	
  outcomes	
  are	
  being	
  investigated,	
  
specify	
  which	
  summary	
  measures	
  will	
  be	
  used	
  (e.g.	
  
event	
  rate,	
  events/person-­‐time).	
  

	
  	
  	
  	
  4	
  (6.5)	
  	
  	
  	
  	
  67	
  (82.7)	
   3	
  (4.7)	
  	
  	
  	
  	
  58	
  (95.1)	
  

Comments	
  on	
  Summary	
  Measures:	
  (i)	
  This	
  is	
  important,	
  but	
  is	
  covered	
  in	
  the	
  original	
  #13.	
  (ii)	
  Since	
  this	
  

is	
   observational	
   research,	
   better	
   to	
   stress	
   that	
   the	
   RR	
   or	
   OR	
   presented	
   are	
   adjusted	
   for	
  

covariates/confounders.	
   (iii)	
   You	
   may	
   also	
   need	
   to	
   make	
   some	
   specificatons	
   of	
   "composite	
   harm	
  

outcomes".	
   In	
   many	
   studies	
   because	
   the	
   events	
   are	
   very	
   rare,	
   the	
   event	
   rates	
   reported	
   represent	
  

several	
   harms	
  a	
   combined	
   event	
   rate	
   that	
   is	
   reported.	
   (iv)	
  The	
   addition	
   actually	
   has	
   a	
   deeper	
   level	
   of	
  

questioning	
  what	
  is	
  now	
  in	
  item	
  13:	
  it	
  does	
  specifically	
  demand	
  absolute	
  risks.	
  See	
  also	
  STROBE	
  item	
  16.	
  

This	
   does	
   not	
   only	
   refer	
   to	
   rare	
   outcomes.	
   (v)	
  Potential	
   item	
   and	
   selected	
   comments	
   pertain	
   to	
  

conduct/quality	
  of	
  a	
  harms	
  review	
  not	
  reporting.	
  Consider	
  these	
  for	
  AMSTAR	
  harms	
  extension.	
  	
  	
  

PRISMA	
  item	
  #14:	
  Synthesis	
  of	
  results.	
  	
  
“Describe	
  the	
  methods	
  of	
  handling	
  data	
  and	
  
combining	
  results	
  of	
  studies,	
  if	
  done,	
  including	
  
measures	
  of	
  consistency	
  (e.g.,	
  I2)	
  for	
  each	
  meta-­‐
analysis.”	
  

First	
  round	
  scores	
  
N=81	
  

≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

Second	
  round	
  
responses	
  
N=63	
  

≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

14a.	
  Describe	
  statistical	
  methods	
  of	
  handling	
  data	
  
with	
  zero	
  events	
  	
  in	
  included	
  studies.	
  

8	
  (9.8)	
  	
  	
  62	
  (76.5)	
   8	
  (12.7)	
  	
  	
  52	
  (82.5)	
  

Comments	
  Synthesis	
  of	
  Results:	
  (i)	
  The	
  handling	
  of	
  'zero'	
  events,	
  whatever	
  the	
  'zero'	
  means	
  (real	
  zero,	
  

or	
  not	
  reported)	
  is	
  very	
  important	
  for	
  adverse	
  effects.	
  (ii)	
  Zero	
  event	
  studies	
  usually	
  have	
  zero	
  power.	
  

Statisticians	
  are	
  purists	
  and	
  ask	
  for	
  this	
  though,	
  clinically	
  irrelevant.	
  (iii)	
  Not	
  always	
  zero	
  event	
  studies	
  

have	
   zero	
   power!	
   It	
   depends	
   from	
   what	
   we	
   are	
   looking	
   for.	
   Zero	
   event	
   tell	
   you	
   about	
   the	
   absence	
   of	
  

harm	
   (assuming	
   complete	
   reporting).	
  (iv)	
   In	
   harms	
   studies,	
   this	
   is	
   extremely	
   important,	
   since	
   a	
   'zero'	
  

may	
  mean	
  any	
  of	
  three	
  things:	
  not	
  reported,	
  not	
  deemed	
  important	
  (=	
  'non-­‐significant'),	
  or	
  really	
  zero.	
  

(v)	
  Zero	
  events	
  have	
  a	
  confidence	
  interval	
  of	
  zero	
  to	
  three,	
  so	
  it	
  is	
  important	
  to	
  know	
  how	
  they	
  were	
  

handled.	
  	
  

PRISMA	
  item	
  #16:	
  Additional	
  analyses.	
  	
  
“Describe	
  methods	
  of	
  additional	
  analysis	
  (e.g.;	
  
sensitivity	
  or	
  group	
  analysis,	
  meta-­‐regression),	
  if	
  
done,	
  indicate	
  which	
  were	
  pre-­‐specified	
  

First	
  round	
  scores	
  
N=81	
  

≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

Second	
  round	
  
responses	
  
N=63	
  

≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

16a.	
  Describe	
  additional	
  analysis	
  for	
  studies	
  with	
  
high	
  risk	
  of	
  bias.**	
  

24	
  (29.6)	
  	
  	
  	
  45	
  (55.5)	
   17	
  (26.9)	
  	
  39	
  (61.9)	
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Comments	
  on	
  Additional	
  analysis:	
  (i)	
  Covered	
  in	
  original	
  #16.	
  (ii)	
  Subgroup	
  and	
  meta-­‐regression	
  analysis	
  

should	
  always	
  be	
  done,	
  if	
  possible.	
  These	
  are	
  not	
  “additional	
  analyses.”	
  They	
  are	
  indispensable	
  to	
  a	
  well-­‐

done	
  meta-­‐analysis.	
  	
  

PRISMA	
  item	
  #17:	
  Study	
  Selection.	
  	
  
“Give	
  numbers	
  of	
  studies	
  screened,	
  assessed	
  for	
  
eligibility,	
  and	
  included	
  in	
  the	
  review,	
  with	
  reasons	
  
for	
  exclusions	
  at	
  each	
  stage,	
  ideally	
  with	
  a	
  flow	
  
diagram”	
  

First	
  round	
  scores	
  
N=81	
  

≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

Second	
  round	
  
responses	
  
N=63	
  

≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

17a.	
  Provide	
  process	
  or	
  flow	
  for	
  each	
  type	
  of	
  study	
  
design.**	
  

18	
  (22.2)	
  	
  	
  	
  47	
  (58)	
   23	
  (36.5)	
  	
  	
  	
  33	
  (52.4)	
  

Comments	
  on	
  Study	
  Selection:	
  	
  (i)	
  I	
  believe	
  that	
  one	
  flow-­‐chart	
  is	
  enough,	
  if	
  a	
  meta-­‐analysis	
  investigates	
  

different	
  study	
  designs,	
  but	
  it	
  is	
  important	
  to	
  separate	
  different	
  study	
  designs	
  in	
  the	
  bottom	
  of	
  the	
  flow	
  

diagram.	
  (ii)	
  Not	
  necessary	
  to	
  be	
  subdivided	
  by	
  study	
  type.	
  (iii)	
  Disagree	
  strongly.	
  

PRISMA	
  item	
  #18:	
  Study	
  characteristics.	
  	
  	
  	
  
“For	
  each	
  study,	
  present	
  characteristics	
  for	
  which	
  
data	
  were	
  extracted	
  (e.g.,	
  study	
  size,	
  PICOS,	
  follow-­‐
up	
  period)	
  and	
  provide	
  the	
  citations.”	
  

First	
  round	
  scores	
  
N=81	
  

≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

Second	
  round	
  
responses	
  
N=63	
  

≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

18a.	
  Present	
  study	
  characteristics	
  such	
  as	
  patient	
  
demographics	
  or	
  length	
  of	
  follow-­‐up	
  that	
  may	
  have	
  
influenced	
  the	
  risk	
  estimates	
  for	
  the	
  adverse	
  
outcome	
  of	
  interest.	
  

5	
  (6.2)	
  	
  	
  	
  	
  65	
  (80.2)	
   2	
  (3.2)	
  	
  	
  	
  	
  	
  	
  56	
  (88.8)	
  

18b.	
  Describe	
  method	
  of	
  collecting	
  adverse	
  events	
  
in	
  included	
  studies	
  (e.g.:	
  patient	
  report,	
  active	
  
search).	
  

3	
  (3.7)	
  	
  	
  	
  	
  68	
  (83.9)	
   2	
  (3.2)	
  	
  	
  	
  	
  57	
  (90.5)	
  

18c.	
  For	
  each	
  primary	
  study,	
  list	
  and	
  define	
  each	
  
harm	
  addressed	
  and	
  how	
  harm	
  is	
  identified.	
  

12	
  (14.8)	
  	
  	
  	
  48	
  (59.	
  2)	
   11	
  (17.4)	
  	
  46	
  (73.0)	
  

Comments	
  on	
  Study	
  Characteristics:	
  	
  (i)	
  18a	
  covered	
  by	
  standard	
  PRISMA.	
  (ii)	
  18c	
  is	
  quite	
  burdensome	
  

and	
  requires	
  space.	
  (iii)	
  Given	
  that	
  sources	
  of	
  heterogeneity	
  might	
  be	
  the	
  most	
  important	
  characteristics	
  

to	
  study	
  in	
  a	
  meta-­‐analysis	
  of	
  harms,	
  extensive	
  reporting	
  is	
  necessary.	
  (iv)	
  18b	
  is	
  particularly	
  important.	
  

Many	
   studies	
   don't	
   make	
   this	
   clear,	
   however.	
   (v)	
   These	
   are	
   more	
   to	
   do	
   with	
   conduct	
   and	
   quality	
  

assessment	
  of	
  the	
  review.	
  

PRISMA	
  item	
  #26:	
  Conclusions.	
  	
  
“Provide	
  a	
  general	
  interpretation	
  of	
  the	
  results	
  in	
  
the	
  context	
  of	
  other	
  evidence,	
  and	
  implications	
  for	
  
future	
  research.”	
  	
  

First	
  round	
  scores	
  
N=81	
  

≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

Second	
  round	
  
responses	
  
N=63	
  

≤5	
  N	
  (%)	
  	
  	
  	
  	
  	
  	
  	
  ≥8	
  N	
  (%)	
  

26a.	
  Provide	
  balanced	
  discussion	
  of	
  harms	
  with	
  
emphasis	
  on	
  study	
  limitations,	
  generalizability,	
  and	
  
other	
  sources	
  of	
  information	
  on	
  harms	
  

9	
  (11.1)	
  	
  	
  	
  	
  64	
  (79.0)	
   2	
  (3.2)	
  	
  	
  	
  58	
  (92.0)	
  

Comments	
  on	
  Conclusion:	
  (i)	
  The	
  current	
  PRISMA	
  item	
  is	
  already	
  quite	
  clear.	
  (ii)	
  I	
  think	
  this	
  is	
  important	
  

as	
  it	
  prompts	
  consideration	
  of	
  other	
  sources	
  of	
  information	
  on	
  harms.	
  

**	
  scattered	
  votes;	
  ◊◊	
  excluded	
  item.	
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Table	
  5.	
  Comments	
  for	
  PRISMA	
  Items	
  

	
   	
  

PRISMA	
  item	
  #15:	
  Risk	
  of	
  
bias	
  across	
  studies	
  	
  
”Specify	
  any	
  assessment	
  of	
  
risk	
  of	
  bias	
  that	
  may	
  affect	
  
the	
  cumulative	
  evidence	
  
(e.g.,	
  publication	
  bias,	
  
selective	
  reporting	
  within	
  
studies)”	
  
	
  

(i)Maybe	
  nothing	
  "new"	
  for	
  harms,	
  but	
  we've	
  got	
  to	
  be	
  better	
  at	
  
thinking	
  about	
  pub	
  bias	
  and	
  other	
  issues	
  as	
  they	
  relate	
  to	
  harms	
  and	
  
not	
  just	
  to	
  benefits.	
  	
  
(ii)Risk	
  of	
  bias	
  is	
  very	
  important	
  and	
  cannot	
  be	
  overlooked.	
  Further	
  
thought	
  is	
  needed,	
  to	
  build	
  an	
  extension	
  from	
  the	
  existing	
  RoB	
  tool.	
  
(iii)Poorly	
  designed	
  but	
  well-­‐reported	
  studies	
  can	
  score	
  well	
  on	
  these	
  
instruments	
  and	
  be	
  over-­‐valued	
  in	
  an	
  systematic	
  reviews,	
  when	
  
perhaps	
  they	
  should	
  be	
  discounted	
  or	
  ignored.	
  	
  	
  	
  
(iv)Component-­‐by-­‐component	
  assessment	
  of	
  magnitude	
  and	
  direction	
  
of	
  bias	
  is	
  where	
  we	
  should	
  be	
  heading.	
  
(v)Is	
  specific	
  to	
  and	
  important	
  for	
  harms:	
  the	
  type	
  of	
  bias	
  across	
  studies	
  
(confounding)	
  is	
  a	
  different	
  type	
  than	
  with	
  RCTs	
  (where	
  it	
  usually	
  is	
  
selective	
  publication	
  and	
  covered	
  partially	
  by	
  funnel	
  plot).	
  	
  

PRISMA	
  item	
  #19:	
  Risk	
  of	
  
bias	
  within	
  studies	
  
	
  “Present	
  data	
  on	
  risk	
  of	
  
bias	
  of	
  each	
  study	
  and,	
  if	
  
available,	
  any	
  outcome	
  
level	
  assessment	
  (see	
  item	
  
12).”	
  
	
  

(i)New	
  items	
  are	
  required	
  here.	
  
(ii)Risk	
  of	
  bias	
  for	
  harms	
  is	
  fundamentally	
  different	
  than	
  risk	
  of	
  bias	
  re:	
  
effectiveness	
  and	
  this	
  must	
  be	
  elaborated	
  in	
  this	
  PRISMA	
  Extension.	
  
(iii)The	
  risk	
  of	
  bias	
  will	
  differ	
  for	
  previously	
  recognized	
  and	
  
communicated	
  harms	
  and	
  newly	
  reported	
  suspected	
  or	
  proven	
  harms,	
  
so	
  'new'	
  ones	
  need	
  to	
  be	
  labeled	
  as	
  such.	
  
(iv)Conflict	
  of	
  interest	
  is	
  important,	
  but	
  different	
  from	
  bias;	
  they	
  should	
  
not	
  be	
  mixed.	
  	
  One	
  invalidates	
  the	
  study;	
  the	
  other	
  raises	
  questions	
  
about	
  motives.	
  	
  	
  
	
  

PRISMA	
  item	
  #20:	
  Results	
  
of	
  individual	
  studies	
  	
  
“For	
  all	
  outcomes	
  
considered	
  (benefits	
  or	
  
harms),	
  present,	
  for	
  each	
  
study:	
  (a)	
  simple	
  summary	
  
data	
  for	
  each	
  intervention	
  
group	
  (b)	
  effect	
  estimates	
  
and	
  confidence	
  intervals,	
  
ideally	
  with	
  a	
  forest	
  plot.”	
  
	
  

(i)Potential	
  confounders	
  also	
  need	
  to	
  be	
  addressed.	
  
(ii)Not	
  for	
  ‘all	
  harms”.	
  
(iii)New	
  items	
  are	
  required	
  here.	
  
(iv)	
  What	
  about	
  mechanistic	
  evidence,	
  or	
  the	
  lack	
  thereof.	
  	
  
	
  
	
  
	
  

PRISMA	
  item	
  #21:	
  
Synthesis	
  of	
  results	
  	
  
	
  “Present	
  results	
  of	
  each	
  
meta-­‐analysis	
  done,	
  
including	
  confidence	
  
intervals	
  and	
  measures	
  of	
  
consistency.”	
  
	
  

(i)When	
  a	
  random-­‐effects	
  summary	
  is	
  produced,	
  report	
  the	
  estimated	
  
spread	
  of	
  the	
  distribution	
  of	
  true	
  values	
  in	
  an	
  informative	
  manner.	
  	
  	
  
(ii)Merely	
  reporting	
  an	
  estimated	
  value	
  of	
  tau-­‐squared,	
  with	
  or	
  without	
  
a	
  confidence	
  interval,	
  is	
  no	
  more	
  informative	
  than	
  it	
  would	
  be	
  to	
  report	
  
the	
  estimated	
  value	
  of	
  sigma-­‐squared	
  in	
  a	
  single	
  study.	
  
	
  
	
  

PRISMA	
  item	
  #22	
  Risk	
  of	
  
bias	
  across	
  studies	
  	
  

(i)Might	
  be	
  most	
  important	
  item,	
  and	
  might	
  lead	
  to	
  stopping	
  the	
  study	
  
at	
  the	
  systematic	
  review	
  stage.	
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“Present	
  results	
  of	
  any	
  
assessment	
  of	
  risk	
  of	
  bias	
  
across	
  studies	
  (see	
  item	
  
15).”	
  	
  
	
  

(ii)New	
  items	
  are	
  required	
  here.	
  
(iii)Risk	
  of	
  bias	
  wrt	
  harms	
  is	
  substantially	
  different	
  than	
  wrt	
  
effectiveness,	
  and	
  this	
  must	
  be	
  elaborated	
  on,	
  in	
  this	
  Extension.	
  
(iv)Delete	
  the	
  words	
  “of	
  risk.”	
  	
  Write	
  the	
  guideline	
  to	
  portray	
  some	
  kind	
  
of	
  bias	
  analysis	
  as	
  essential,	
  not	
  optional.	
  

PRISMA	
  item	
  #23:	
  
Additional	
  analysis	
  	
  
“Give	
  results	
  of	
  additional	
  
analyses,	
  if	
  done	
  (e.g.,	
  
sensitivity	
  or	
  subgroup	
  
analyses,	
  meta-­‐
regression”	
  
	
  

(i)I	
  would	
  add	
  a	
  comparison	
  that	
  examines	
  industry	
  funding	
  vs.	
  
government	
  (grants,	
  etc)	
  funding.	
  
(ii)Here's	
  where	
  we've	
  not	
  been	
  as	
  thorough	
  for	
  harms	
  as	
  we	
  have	
  been	
  
for	
  benefits.	
  why?	
  
(iii)Subgroup	
  analyses	
  by	
  stratifying	
  for	
  quality	
  assessment	
  may	
  be	
  
useful	
  to	
  incorporate	
  in	
  the	
  prisma	
  statement	
  
(iv)	
  Subgroup	
  analyses,	
  contrasting	
  studies	
  in	
  which	
  particular	
  biases	
  
were	
  addressed	
  vs.	
  those	
  in	
  which	
  they	
  were	
  not	
  addressed,	
  might	
  be	
  
the	
  most	
  important	
  aspect	
  of	
  a	
  meta-­‐analysis	
  of	
  observational	
  studies	
  
on	
  harm.	
  	
  

PRISMA	
  item	
  #24:	
  
Summary	
  of	
  evidence	
  	
  
“Summarize	
  the	
  main	
  
findings	
  including	
  the	
  
strength	
  of	
  evidence	
  for	
  
each	
  main	
  outcome;	
  
consider	
  their	
  relevance	
  to	
  
key	
  groups	
  (e.g.,	
  
healthcare	
  providers,	
  
users,	
  and	
  policy	
  makers).”	
  

(i)Some	
  have	
  advocated	
  for	
  downgrading	
  harm	
  outcomes	
  because	
  they	
  
are	
  not	
  prespecified	
  
(ii)Limitations	
  of	
  evidence	
  presented	
  in	
  primary	
  studies	
  must	
  be	
  
explicitly	
  discussed.	
  Summarize	
  the	
  main	
  findings	
  according	
  to	
  the	
  time	
  
as	
  acute,	
  accumulative	
  or	
  delayed	
  harm.	
  
(iii)The	
  key	
  findings	
  of	
  a	
  meta-­‐analysis	
  of	
  harms	
  may	
  have	
  to	
  do	
  with	
  
the	
  assessment	
  of	
  causality	
  in	
  observational	
  studies.	
  
(iv)Most	
  of	
  the	
  time,	
  more	
  research	
  is	
  needed.	
  	
  Most	
  of	
  the	
  time,	
  
therefore,	
  researchers	
  are	
  a	
  very	
  important	
  key	
  group.	
  
(v)The	
  main	
  findings	
  should	
  be	
  summarized	
  by	
  outcome	
  types	
  that	
  are	
  
clinically/epidemiologically	
  relevant.	
  	
  In	
  this	
  context,	
  if	
  harm	
  is	
  delayed	
  
in	
  onset	
  or	
  due	
  to	
  a	
  cumulative	
  exposure,	
  this	
  can	
  be	
  specified.	
  
(vi)Inconsistencies	
  across	
  studies	
  should	
  be	
  described	
  with	
  explanations	
  
for	
  the	
  inconsistencies	
  if	
  possible.	
  	
  Limitations	
  of	
  the	
  contributing	
  
studies,	
  especially	
  those	
  of	
  sufficient	
  impact	
  to	
  undermine	
  or	
  negate	
  
the	
  value	
  of	
  a	
  given	
  study,	
  should	
  be	
  described.	
  
	
  

PRISMA	
  item	
  #25:	
  
Limitations	
  	
  
“Discuss	
  limitations	
  at	
  
study	
  and	
  outcome	
  level	
  
(e.g.,	
  risk	
  of	
  bias),	
  and	
  at	
  
review-­‐level	
  (e.g.,	
  
incomplete	
  retrieval	
  of	
  
identified	
  research,	
  
reporting	
  bias).”	
  	
  
	
  

(i)Discuss	
  potential	
  conflicts	
  of	
  interest	
  for	
  drug	
  and	
  device	
  studies.	
  
(ii)Harms	
  consideration	
  is	
  very	
  important	
  here,	
  since	
  type	
  II	
  error	
  is	
  very	
  
different	
  than	
  type	
  I	
  error.	
  
(iii)The	
  most	
  important	
  discussion	
  of	
  the	
  limitations	
  of	
  the	
  systematic	
  
review	
  and	
  meta-­‐analysis	
  might	
  be	
  to	
  address	
  the	
  question	
  whether	
  
important	
  counterarguments	
  against	
  accepting	
  causality	
  have	
  been	
  
addressed	
  in	
  individual	
  studies,	
  and	
  whether	
  they	
  have	
  been	
  addressed	
  
in	
  a	
  sufficiently	
  credible	
  way	
  -­‐	
  so	
  that	
  their	
  results	
  bear	
  on	
  all	
  other	
  
studies.	
  
(iv)Make	
  sure	
  this	
  gets	
  in	
  the	
  abstracts	
  and	
  when	
  industry	
  funds	
  all	
  or	
  
most	
  of	
  the	
  RCTs	
  in	
  a	
  review	
  don't	
  put	
  that	
  fact	
  under	
  the	
  title	
  
"Limitations".	
  Instead	
  put	
  under	
  this	
  title:	
  Caveats.	
  
(v)I	
  am	
  wondering	
  if	
  the	
  PRISMA	
  statement	
  can	
  be	
  modified	
  to	
  suggest	
  
some	
  typical	
  limitations	
  encountered	
  when	
  assessing	
  harms.	
  Only	
  those	
  
that	
  are	
  unique	
  to	
  harms	
  might	
  be	
  identified.	
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Should	
  be	
  a	
  different	
  convention	
  for	
  significance	
  for	
  harms	
  -­‐	
  do	
  we	
  
really	
  need	
  to	
  prove	
  at	
  the	
  alpha	
  =	
  0.05	
  level	
  that	
  a	
  treatment	
  is	
  
associated	
  with	
  a	
  serious	
  harm?	
  From	
  my	
  experience	
  dealing	
  with	
  
meta-­‐analyses	
  of	
  harms,	
  all	
  have	
  presented	
  babble	
  on	
  the	
  limitations	
  of	
  
the	
  study,	
  but	
  none	
  have	
  adequately	
  addressed	
  the	
  more	
  serious	
  issues	
  
of	
  multiple	
  indications,	
  dose	
  response,	
  and	
  potential	
  confounders.	
  
When	
  these	
  issues	
  have	
  been	
  noted,	
  they	
  have	
  typically	
  been	
  dismissed	
  
as	
  not	
  being	
  statistically	
  significant,	
  even	
  though	
  the	
  statistical	
  analyses	
  
were	
  not	
  adequately	
  powered.	
  
(vi)	
  The	
  concept	
  of	
  a	
  low	
  type	
  I	
  error	
  to	
  guard	
  against	
  false	
  positives	
  is	
  
important	
  in	
  the	
  controlled	
  trials	
  world	
  where	
  the	
  purpose	
  of	
  most	
  
studies	
  is	
  to	
  demonstrate	
  a	
  differential	
  effect.	
  	
  I	
  agree	
  with	
  the	
  
comment	
  that	
  p<0.05	
  is	
  too	
  rigid	
  a	
  bar	
  for	
  safety,	
  especially	
  as	
  a	
  policy	
  
decision-­‐threshold.	
  
In	
  the	
  world	
  of	
  safety,	
  I	
  have	
  argued	
  (unsuccessfully)	
  that	
  type	
  II	
  error,	
  
to	
  guard	
  against	
  a	
  false	
  negative,	
  should	
  be	
  <0.05,	
  thereby	
  affording	
  
symmetric	
  handling	
  of	
  benefits	
  and	
  harms.	
  
(vii)Nothing	
  is	
  proven,	
  either	
  way,	
  at	
  any	
  alpha	
  level.	
  
(viii)The	
  systematic	
  review	
  authors	
  should	
  be	
  obliged	
  to	
  make	
  a	
  general	
  
comment	
  on	
  the	
  nature	
  of	
  AA	
  reporting	
  -­‐	
  vague	
  statements	
  about	
  no	
  
harms??	
  Explicit	
  reporting	
  of	
  numbers??	
  The	
  more	
  this	
  is	
  discussed,	
  the	
  
more	
  cinical	
  trialists	
  will	
  start	
  to	
  record	
  and	
  report	
  them	
  better.	
  
(ix)The	
  most	
  important	
  limitations	
  should	
  be	
  discussed	
  and	
  their	
  
potential	
  impact	
  on	
  results	
  explored.	
  

PRISMA	
  item	
  #27:	
  
FUNDING	
  	
  
“Describe	
  sources	
  of	
  
funding	
  for	
  the	
  systematic	
  
review	
  and	
  other	
  support	
  
(e.g.,	
  supply	
  of	
  data);	
  role	
  
of	
  funders	
  for	
  the	
  
systematic	
  review.”	
  

(i)Be	
  sure	
  to	
  put	
  this	
  in	
  the	
  abstract	
  because	
  that's	
  all	
  most	
  clinicians	
  
will	
  read.	
  
(ii)This	
  is	
  a	
  bit	
  of	
  challenge	
  for	
  systems	
  that	
  undertake	
  
pharmacovigilance.	
  Although	
  studies	
  will	
  indicate	
  the	
  source	
  of	
  
funding...information	
  from	
  some	
  of	
  these	
  databases	
  is	
  a	
  bit	
  convoluted	
  
(as	
  some	
  are	
  indeed	
  industry	
  funded).	
  Some	
  explanation	
  about	
  this	
  
exception	
  may	
  be	
  helpful.	
  
(iii)If	
  possible,	
  even	
  more	
  important	
  than	
  for	
  RCTs,	
  given	
  that	
  the	
  
potential	
  for	
  'fudging'	
  about	
  harms,	
  either	
  in	
  RCTs	
  or	
  in	
  observational	
  
research	
  is	
  even	
  larger	
  than	
  for	
  RCTs.	
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PRISMA	
  Harms:	
  improving	
  harms	
  reporting	
  in	
  systematic	
  reviews	
  

Zorzela	
  L	
  (1),	
  Loke	
  YK	
  (2),	
  Ioannidis	
  JP	
  (3),	
  Golder	
  S	
  (4),	
  Santaguida	
  LP(5),	
  Altman	
  DG	
  (6),	
  Moher	
  D(7)	
  ,	
  

Vohra	
  S(1).	
  	
  

	
  (1)University	
  of	
  Alberta;	
  (2)University	
  of	
  East	
  Anglia;	
  (3)	
  Stanford	
  University;	
  (4)	
  University	
  of	
  York;	
  (5)	
  

McMaster	
  University;	
  (6)	
  University	
  of	
  Oxford;	
  (7)	
  Ottawa	
  Health	
  Research	
  Institute.	
  

Abstract	
  

Introduction:	
  For	
   any	
   health	
   intervention	
   accurate	
   knowledge	
   of	
   both	
   benefits	
   and	
   harms	
  is	
  needed.	
  

Systematic	
  reviews	
  may	
  compound	
  poor	
  reporting	
  of	
  harms	
  in	
  primary	
  studies	
  by	
  failing	
  to	
  report	
  harms	
  

or	
   doing	
   so	
   inadequately.	
   While	
   the	
   PRISMA	
   Statement	
   helps	
   systematic	
  review	
   authors	
   ensure	
  

complete	
   and	
   transparent	
   reporting,	
   it	
   is	
   focused	
   mainly	
   on	
   effectiveness.	
   Thus,	
   PRISMA	
   Harms	
   has	
  

been	
  developed	
  to	
  improve	
  harms	
  reporting	
  in	
  SRs,	
  promoting	
  a	
  balanced	
  assessment	
  of	
  benefits	
  and	
  

harms.	
  	
  

Methods:	
  We	
   followed	
   the	
  development	
  strategy	
   endorsed	
   by	
   the	
   EQUATOR	
   Network	
   and	
   existing	
  

reporting	
  guidelines	
  including	
  the	
  PRISMA	
  Statement	
  and	
  PRISMA	
  for	
  Abstracts.	
  After	
  the	
  development	
  

of	
   a	
   draft	
   checklist	
  of	
   items,	
   a	
   modified	
   Delphi	
   process	
   was	
   initiated.	
   The	
   Delphi	
   consisted	
   of	
   three	
  

rounds	
  of	
  electronic	
  feedback	
  followed	
  by	
  an	
  in-­‐person	
  meeting.	
  	
  

Results:	
  The	
  PRISMA	
  Harms	
  checklist	
  contains	
  4	
  essential	
  reporting	
  elements	
  to	
  be	
  added	
  to	
  the	
  original	
  

PRISMA	
   Statement	
   to	
   improve	
   harms	
   reporting	
   in	
   systematic	
   reviews.	
   The	
   PRISMA	
   Harms	
   items	
   are:	
  

Title:	
   “Specifically	
   mention	
   ‘harms’	
   or	
   other	
   related	
   terms,	
   or	
   the	
   harm	
   of	
   interest	
   in	
   the	
   review.”;	
  

Synthesis	
   of	
   results:	
   “Specify	
   how	
   zero	
   events	
   were	
   handled,	
   if	
   relevant.”;	
   Study	
   Characteristics:	
  “For	
  

each	
  study,	
  present	
  the	
  harm	
  addressed,	
  how	
  and	
  when	
  it	
  was	
  ascertained	
  (e.g.	
  passive	
  report,	
  active	
  

search,	
   use	
   of	
   validated	
   tools)”;	
   and	
  Synthesis	
   of	
   results	
  	
  “Describe	
   any	
   assessment	
   of	
   possible	
  

causality”.	
  

PRISMA	
   Harms	
   identifies	
   a	
   minimal	
   set	
   of	
   items	
   to	
   be	
   reported	
   when	
   reviewing	
   harms.	
  This	
  guideline	
  

extension	
  is	
  intended	
  to	
  improve	
  harms	
  reporting	
  in	
  systematic	
  reviews,	
  whether	
  harms	
  are	
  a	
  primary	
  or	
  

secondary	
  outcome.	
  

Conclusion:	
  A	
  balanced	
   assessment	
   of	
   benefits	
   and	
   harms	
  is	
   needed.	
  The	
   PRISMA	
   Harms	
   is	
   a	
   step	
  

towards	
  better	
  reporting	
  of	
  harms	
  in	
  reviews.	
  The	
  endorsement	
  of	
  the	
  PRISMA	
  Harms	
  by	
  peer	
  review	
  

journals,	
  the	
  Cochrane	
  Collaboration	
  and	
  review	
  authors	
  is	
  paramount	
  for	
  effective	
  implementation.	
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Introduction	
  

Evidence-­‐based	
  medicine	
  seeks	
  the	
  best,	
  unbiased	
  evidence	
  to	
  make	
  appropriate	
  decisions	
  to	
  improve	
  

patient	
  care.	
  For	
  optimal	
  care,	
  accurate	
  knowledge	
  of	
  both	
  benefits	
  and	
  harms	
  is	
  needed.	
  	
  

Well	
   designed,	
   conducted,	
   and	
   reported	
  randomized	
   controlled	
   trials	
   (RCTs)	
  can	
   paint	
   an	
   incomplete	
  

and	
  potentially	
  biased	
  picture	
  due	
  to	
  their	
  emphasis	
  on	
  efficacy	
  results	
  combined	
  with	
  their	
  inadequate	
  

reporting	
   of	
   harms	
   (1-­‐10).	
   A	
   single	
   trial	
   is	
   usually	
   not	
   powered	
   for	
   the	
   assessment	
   of	
   adverse	
   events;	
  

unless	
  this	
  is	
  explicitly	
  acknowledged,	
  a	
  misconception	
  may	
  be	
  perpetuated	
  that	
  a	
  given	
  intervention	
  is	
  

safe,	
  when	
  its	
  safety	
  is	
  actually	
  unknown	
  (4-­‐10).	
  	
  

Systematic	
  reviews	
  compound	
  poor	
  reporting	
  of	
  harms	
  in	
  primary	
  studies	
  by	
  failing	
  to	
  report	
  harms	
  or	
  

doing	
  so	
  inadequately	
  (11-­‐19).	
  Such	
  reviews	
  can	
  be	
  misleading	
  as	
  they	
  do	
  not	
  represent	
  the	
  true	
  risk-­‐to-­‐

benefit	
  assessment	
  of	
   a	
   given	
   treatment	
   (4,	
  8,	
   14-­‐17).	
   As	
   many	
   harms	
   are	
   rare	
   and	
   not	
   typically	
   the	
  

primary	
   outcome	
   of	
   included	
   studies,	
   the	
   search	
   strategy,	
   eligibility	
   of	
   study	
   designs	
   and	
   statistical	
  

methods	
  may	
  differ	
  from	
  reviews	
  of	
  efficacy.	
  	
  	
  

Harms	
  are	
  the	
  primary	
  outcome	
  assessed	
  in	
  less	
  than	
  10%	
  of	
  reviews	
  (11-­‐14).	
  In	
  1994,	
  only	
  five	
  reviews	
  

retrieved	
   from	
   Database	
   for	
   Abstracts	
   of	
   Reviews	
   of	
   Effects	
   (DARE)	
   and	
   the	
   Cochrane	
   Database	
   of	
  

Systematic	
   Reviews	
   (CDSR)	
   were	
   specifically	
   designed	
   to	
   address	
   an	
   unintended	
   effect	
   of	
   an	
  

intervention.	
  This	
  number	
  has	
  increased	
  over	
  time.	
  In	
  2010,	
  104	
  reviews	
  retrieved	
  from	
  CDSR	
  and	
  DARE	
  

evaluated	
  adverse	
  events	
  exclusively;	
  this	
  increase	
  may	
  reflect	
  the	
  higher	
  number	
  of	
  systematic	
  reviews	
  

in	
  general	
  as	
  the	
  proportion	
  of	
  reviews	
  of	
  harms	
  in	
  comparison	
  to	
  efficacy	
  reviews	
  remained	
  stable	
  at	
  

5%	
  during	
  this	
  period	
  (13).	
  

A	
  recent	
  review	
  (12)	
  of	
  systematic	
  reviews	
  from	
  CDSR	
  and	
  DARE	
  identified	
  296	
  DARE	
  reviews	
  and	
  only	
  

13	
   Cochrane	
   reviews	
   with	
  a	
   singular	
   primary	
   intent	
   to	
   measure	
  adverse	
   events	
  of	
   interventions.	
   Even	
  

though	
  systematic	
  reviews	
  increasingly	
  try	
  to	
  consider	
  all	
  outcomes	
  (both	
  beneficial	
  and	
  harmful),	
  data	
  

on	
  adverse	
  events	
  may	
  be	
  more	
  fragmented	
  and	
  incomplete,	
  and	
  given	
  more	
  cursory	
  treatment	
  than	
  

efficacy	
  data.	
  Some	
  reporting	
  deficiencies	
  identified	
  in	
  reviews	
  exclusively	
  designed	
  to	
  measure	
  harms	
  

included:	
  lack	
  of	
  a	
  clear	
  definition	
  of	
  the	
  adverse	
  event	
  reviewed;	
  lack	
  of	
  specification	
  regarding	
  study	
  

designs	
  selected	
  for	
  inclusion;	
  and	
  no	
  report	
  on	
  length	
  of	
  follow	
  up	
  or	
  measurement	
  of	
  any	
  associated	
  

participant	
  risk	
  factors	
  (12).	
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The	
  PRISMA	
  (Preferred	
  Reporting	
  Items	
  for	
  Systematic	
  Reviews	
  and	
  Meta-­‐Analysis)	
  Statement	
  (1)	
  was	
  

published	
   in	
   2009	
   to	
   offer	
   guidance	
   to	
   review	
   authors,	
   peer	
   reviewers,	
   and	
   journal	
   editors	
   when	
  

reporting	
  a	
  systematic	
  review	
  or	
  meta-­‐analysis	
  of	
  RCTs.	
  PRISMA	
  helps	
  authors	
  ensure	
  they	
  report	
  in	
  a	
  

complete	
   and	
   transparent	
   fashion.	
   PRISMA	
  for	
   Abstracts	
  have	
   been	
   completed	
  (21)	
   and	
   PRISMA	
  for	
  

protocols	
   of	
   systematic	
   reviews	
   and	
   meta-­‐analyses	
   and	
   network	
   meta-­‐analyses	
   are	
   under	
   publication	
  

consideration.	
  Other	
  extensions	
  are	
  underway,	
  including	
  individual	
  participant	
  data	
  meta-­‐analyses.	
  	
  

Development	
  of	
  PRISMA	
  Harms	
  

We	
   followed	
   the	
   strategy	
   developed	
   by	
   the	
   EQUATOR	
   Network	
   (20)	
   and	
   used	
   for	
   previous	
   reporting	
  

guidelines	
   including	
   PRISMA	
   Statement	
   (1)	
   and	
   PRISMA	
   for	
   Abstracts	
   (21).	
   The	
   primary	
   step	
   in	
  

developing	
   a	
   reporting	
   guideline	
   is	
   documenting	
   the	
   current	
   reporting	
   and	
   possible	
   room	
   for	
  

improvement,	
  supporting	
  the	
  need	
  for	
  a	
  guideline,	
  usually	
  through	
  surveys	
  of	
  the	
  published	
  literature.	
  

To	
   document	
   the	
   need	
   for	
   a	
   reporting	
   guideline	
   specific	
   for	
   reviews	
   measuring	
   harms,	
   our	
   team	
  

completed	
   a	
   review	
   to	
   evaluate	
   the	
  reporting	
   characteristics	
   in	
   reviews	
  of	
  adverse	
   events	
  a	
   primary	
  

outcome	
   and	
   found	
   several	
   areas	
   (tile,	
   abstract,	
   methods,	
   results,	
   and	
   conclusion)	
   that	
   could	
   benefit	
  

from	
  more	
  transparent	
  reporting	
  (12).	
  	
  

A	
   list	
   of	
   potential	
   new	
   items	
   was	
   developed	
   based	
  on	
   preliminary	
   findings	
   of	
   previous	
   systematic	
  

reviews	
  (12,	
  25).	
  These	
  new	
  items	
  were	
  then	
  compared	
  against	
  the	
  original	
  PRISMA	
  Statement	
  to	
  assess	
  

overlap	
  and	
  refinement.	
  The	
  wording	
  and	
  content	
  were	
  further	
  refined	
  by	
  the	
  PRISMA	
  Harms	
  steering	
  

committee.	
  	
  

After	
  the	
  development	
  of	
  a	
  draft	
  list	
  of	
  potential	
  items,	
  a	
  modified	
  Delphi	
  process	
  was	
  initiated	
  to	
  obtain	
  

feedback	
  from	
  a	
  broad	
  spectrum	
  of	
  stakeholders.	
  The	
  Delphi	
  method	
  is	
  an	
  iterative	
  process	
  of	
  obtaining	
  

information	
   from	
   a	
   group	
   of	
   experts	
   (26-­‐28).	
  We	
   surveyed	
   352	
   people	
   through	
   an	
   online	
   survey	
  

consisting	
  of	
  three	
  rounds	
  of	
  participant	
  feedback.	
  A	
  total	
  of	
  166	
  participants	
  responses	
  were	
  received	
  

among	
  the	
  three	
  rounds	
  (24).	
  The	
  in-­‐person	
  two-­‐day	
  consensus	
  meeting	
  was	
  held	
  in	
  Banff,	
  Canada,	
  May	
  

2012.	
  It	
  included	
  25	
  experts	
  from	
  seven	
  countries	
  and	
  with	
  extensive	
  experience	
  in	
  systematic	
  reviews,	
  

harms,	
   and	
   guideline	
   development.	
  Meeting	
  participants	
   received	
   the	
   results	
   of	
   the	
   review-­‐base	
  

identifying	
  the	
  current	
  state	
  of	
  reporting	
  in	
  reviews	
  of	
  harms	
  (12),	
  the	
  results	
  of	
  the	
  Delphi	
  technique	
  

(26)	
  and	
  it	
  was	
  followed	
  by	
  the	
  discussion	
  of	
  relevant	
  items	
  to	
  be	
  included	
  in	
  this	
  guideline.	
  	
  	
  	
  

Scope	
  of	
  PRISMA	
  Harms	
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A	
  goal	
  of	
  the	
  in-­‐person	
  consensus	
  meeting	
  was	
  to	
  define	
  the	
  guideline	
  applicability.	
  After	
  discussion,	
  it	
  

was	
  agreed	
  upon	
  that	
  the	
  aim	
  of	
  this	
  guideline	
  is	
  to	
  improve	
  harms	
  (see	
  Glossary	
  of	
  terms)	
  reporting	
  in	
  

systematic	
  reviews.	
  This	
  report	
  is	
  an	
  extension	
  of	
  the	
  existing	
  PRISMA	
  Statement	
  (1)	
  and,	
  as	
  such,	
  should	
  

be	
  used	
  in	
  addition	
  to	
  the	
  original	
  PRISMA	
  statement;	
  its	
  main	
  goal	
  is	
  to	
  bring	
  attention	
  to	
  a	
  minimal	
  set	
  

of	
  items	
  to	
  be	
  reported	
  when	
  reviewing	
  harms.	
  This	
  guideline	
  extension	
  is	
  intended	
  to	
  improve	
  harms	
  

reporting	
  in	
  systematic	
  reviews,	
  whether	
  harms	
  are	
  a	
  primary	
  or	
  secondary	
  outcome.	
  In	
  this	
  extension,	
  

the	
   PRISMA	
   Harms,	
   the	
   terms	
   “harm”	
  and	
  “adverse	
  event”	
  are	
  used	
  interchangeable	
   throughout	
   the	
  

manuscript. 

In	
   order	
   to	
   provide	
   rationale	
   and	
   promote	
   understanding,	
   we	
   have	
   identified	
   examples	
   of	
   good	
  

reporting	
  for	
  each	
  item	
  from	
  published	
  systematic	
  reviews.	
  	
  

How	
  to	
  use	
  PRISMA	
  Harms	
  Checklist	
  

The	
   PRISMA	
   Harms	
   checklist	
   contains	
   four	
   items	
   to	
   be	
   described	
   when	
   reporting	
   harms	
   in	
   systematic	
  

reviews.	
   The	
   additional	
   items	
   are	
   added	
   to	
   the	
   original	
   PRISMA	
   Statement,	
   such	
   that	
   a	
   systematic	
  

review	
  addressing	
  adverse	
  events	
  should	
  report	
  the	
  PRISMA	
  Statement	
  items	
  and	
  the	
  PRISMA	
  Harms.	
  

Additional	
  explanation	
  and	
  elaboration	
  is	
  provided	
  for	
  the	
  4	
  new	
  harm	
  items,	
  as	
  well	
  as	
  the	
  remaining	
  

original	
  PRISMA	
  checklist	
  items.	
  	
  

Item	
  1-­‐Title	
  	
  

PRISMA	
  Statement:	
  “Identify	
  the	
  report	
  as	
  a	
  systematic	
  review,	
  meta-­‐analysis,	
  or	
  both.”	
  

PRISMA	
   Harms:	
   “Specifically	
   mention	
   ‘harms’	
   or	
   other	
   related	
   terms,	
   or	
   the	
   harm	
   of	
   interest	
   in	
   the	
  

review.”	
  

Examples:	
  

“Perinatal	
   mortality	
   and	
   other	
   severe	
   adverse	
   pregnancy	
  outcomes	
   associated	
   with	
   treatment	
   of	
  

cervical	
  intraepithelial	
  neoplasia:	
  meta-­‐analysis”.	
  (a.1)	
  

“Benefits	
   and	
   harms	
   of	
   statin	
   therapy	
   for	
   persons	
   with	
   chronic	
   kidney	
   disease:	
   a	
   systematic	
   review	
  

and	
  meta-­‐analysis.”(a.2)	
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The	
  title	
  should	
  clearly	
  reflect	
  the	
  objectives	
  of	
  the	
  review;	
  it	
  is	
  accessible	
  to	
  all	
  readers	
  and	
  it	
  should	
  

provide	
  a	
  “one	
  line	
  summary”	
  of	
  author’s	
  intention.	
  If	
  adverse	
  events	
  are	
  part	
  of	
  the	
  review’s	
  objective,	
  

the	
   title	
   should	
   state	
   this	
   clearly.	
   It	
   can	
   specify	
   the	
   adverse	
   event	
   under	
   review	
   or	
   any	
   other	
   harms-­‐

related	
  terms,	
  for	
  example:	
  risk,	
  complication,	
  adverse	
  effects,	
  adverse	
  reaction,	
  etc.	
  	
  

It	
  must	
  be	
  clear	
  to	
  the	
  reader	
  that	
  the	
  review	
  includes	
  evaluation	
  of	
  harms.	
  If	
  the	
  harm	
  is	
  a	
  co-­‐	
  primary	
  

outcome,	
  for	
  example	
  the	
  measurement	
  of	
  efficacy	
  and	
  harms,	
  the	
  title	
  should	
  state	
  so.	
  	
  

It	
  is	
  important	
  to	
  recognize	
  that	
  some	
  terms,	
  for	
  example	
  ‘mortality’	
  or	
  ‘morbidity’	
  can	
  be	
  used	
  as	
  an	
  

adverse	
   event	
  or	
   a	
   measurement	
   of	
   an	
   intended	
   effect	
   (e.g.	
   mortality	
   reduction).	
   In	
   this	
   situation,	
  

review	
   authors’	
   intention	
   should	
   be	
   made	
   clear	
   to	
   the	
   reader.	
   Intention	
   is	
   important,	
   not	
   only	
   to	
  

promote	
  clarity,	
  but	
  also	
  because	
  reviews	
  of	
  adverse	
  events	
  have	
  different	
  search	
  methods	
  and	
  study	
  

selection	
  criteria	
  than	
  reviews	
  of	
  efficacy.	
  Reviews	
  of	
  efficacy	
  have	
  their	
  search	
  strategy	
  and	
  screening	
  

based	
   on	
   the	
   efficacy	
   question	
   [Does	
   the	
   intervention	
   provide	
   the	
   intended	
   effect?	
   (e.g.,	
  cure	
   the	
  

disease)]	
  and	
  usually	
  cannot	
  address	
  harms	
  adequately	
  (e.g.,	
  what	
  are	
  the	
  unintended	
  effects	
  (harms)	
  

associated	
   with	
   the	
   intervention?).	
   Reviews	
   of	
   harms	
   may	
   require	
   a	
   distinct	
   database	
   filter	
   and	
   data	
  

sources	
  searches	
  (16,	
  28-­‐32).	
  

Item	
  2-­‐Abstract	
  

PRISMA	
  Statement:	
  “Provide	
  a	
  structured	
  summary	
  including,	
  as	
  applicable:	
  background;	
  objectives;	
  

data	
   sources;	
   study	
   eligibility	
   criteria,	
   participants,	
   and	
   interventions;	
   study	
   appraisal	
   and	
   synthesis	
  

methods;	
   results;	
   limitations;	
   conclusions	
   and	
   implications	
   of	
   key	
   findings;	
   systematic	
   review	
  

registration	
  number.”	
  

Example:	
  	
  

Background:	
  Bisphosphonates	
  are	
  used	
  for	
  the	
  prevention	
  and	
  treatment	
  of	
  osteoporosis,	
  but	
  there	
  have	
  

been	
  concerns	
  about	
  a	
  potential	
  link	
  between	
  bisphosphonate	
  therapy	
  and	
  atrial	
  fibrillation.	
  Data	
  on	
  the	
  

effects	
   of	
   bisphosphonate	
   on	
   the	
   risk	
   of	
   atrial	
   fibrillation	
   are	
   conflicting	
   and	
   the	
   association	
   of	
   serious	
  

atrial	
   fibrillation	
   (defined	
   as	
   events	
   resulting	
   in	
   hospitalization	
   or	
   disability	
   or	
   judged	
   to	
   be	
   life-­‐

threatening)	
   with	
   the	
   use	
   of	
   bisphosphonates	
   is	
   uncertain.	
   Hypothesis:	
   We	
   aimed	
   to	
   systematically	
  

evaluate	
   the	
   association	
   of	
   bisphosphonate	
   use	
   with	
   the	
   risk	
   of	
   atrial	
   fibrillation.	
   Methods:	
   We	
  

performed	
  a	
  systematic	
  literature	
  search	
  for	
  clinical	
  trials	
  using	
  bisphosphonates	
  and	
  providing	
  data	
  on	
  

the	
  outcome	
  of	
  atrial	
  fibrillation.	
  Four	
  randomized	
  controlled	
  trials	
  and	
  3	
  population	
  based	
  case	
  control	
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studies	
   were	
   included	
   in	
   the	
   final	
   analysis.	
   A	
   meta-­‐analysis	
   was	
   performed	
   with	
   the	
   	
   randomized	
  

controlled	
   trials	
   to	
   determine	
   the	
   risk	
   of	
   serious	
   atrial	
   fibrillation.	
   Results:	
   For	
   the	
   purpose	
   of	
   meta-­‐

analysis,	
  the	
  studies	
  were	
  homogenous;	
  therefore	
  the	
  Mantel-­‐Haenszel	
  fixed-­‐effect	
  model	
  was	
  used	
  to	
  

calculate	
   combined	
   relative	
   risk	
   (RR).	
   A	
   two-­‐sided	
   alpha	
   error	
   of	
   less	
   than	
   0.05	
   was	
   considered	
   to	
   be	
  

statistically	
  significant	
  (p<0.05).	
  Four	
  studies	
  with	
  26126	
  postmenopausal	
  women	
  were	
  included	
  in	
  the	
  

meta-­‐analysis.	
   Meta-­‐analysis	
   revealed	
   that	
   serious	
   atrial	
   fibrillation	
   occurred	
   more	
   frequently	
   in	
   the	
  

bisphosphonate	
  group	
  compared	
  to	
  the	
  placebo	
  group	
  (RR	
  1.525;	
  95%	
  CI,	
  1.166	
  to	
  1.997;	
  p=0.002).	
  Two	
  

out	
  of	
  3	
  observational	
  studies	
  indicated	
  a	
  statistically	
  significant	
  increase	
  in	
  the	
  risk	
  of	
  atrial	
  fibrillation	
  

with	
  bisphosphonate	
  therapy.	
  Conclusions:	
  Bisphosphonate	
  use	
  is	
  associated	
  with	
  a	
  significant	
  increase	
  

in	
  the	
  risk	
  of	
  serious	
  atrial	
  fibrillation	
  in	
  postmenopausal	
  women.	
  (b)	
  	
  

Recommendations	
   for	
   reporting	
  harms	
  in	
   reviews:	
  Abstracts	
   are	
   often	
   the	
   only	
   text	
   of	
   a	
   review	
  

accessible	
   to	
   all	
   readers.	
   The	
   abstract	
   of	
   a	
   systematic	
   review	
   should	
   be	
   easy	
   to	
   read	
   as	
   they	
   reach	
   a	
  

broad	
   audience	
   (33).	
   The	
   PRISMA	
  for	
   Abstracts	
   (21)	
   recommends	
   reporting	
   results	
   of	
   the	
   primary	
  

outcome	
  measured	
  (benefits	
  or	
  harms).	
  To	
  this,	
  we	
  recommend	
  reporting	
  if	
  adverse	
  events	
  are	
  primary,	
  

co-­‐primary,	
   or	
   secondary	
   outcome	
   measure,	
   as	
   well	
   as	
   the	
   present	
   the	
   findings	
   for	
   the	
   adverse	
  

outcome.	
   If	
   a	
   broad	
   review	
   has	
   been	
   undertaken	
   of	
   harms	
   associated	
   with	
   the	
   intervention,	
   it	
   also	
  

should	
  be	
  clearly	
  presented.	
  	
  

Item	
  3-­‐Introduction	
  

PRISMA	
  Statement:	
  “Describe	
  the	
  rationale	
  for	
  the	
  review	
  in	
  the	
  context	
  of	
  what	
  is	
  already	
  known.”	
  

Example:	
  	
  

Epilepsy	
   has	
   a	
   prevalence	
   of	
   5–10	
   persons/1000.	
   During	
   pregnancy,	
   women	
   with	
   epilepsy	
   cannot	
  

generally	
  safely	
  discontinue	
  their	
  antiepileptic	
  therapy,	
  and	
  the	
  risks	
  to	
  the	
  unborn	
  child	
  from	
  maternal	
  

antiepileptic	
  medication	
  need	
  to	
  be	
  balanced	
  against	
  the	
  risk	
  of	
  uncontrolled	
  epilepsy	
  both	
  to	
  the	
  mother	
  

and	
  the	
  baby.	
  In	
  the	
  last	
  decade,	
  an	
  increasing	
  number	
  of	
  studies	
  have	
  addressed	
  the	
  long-­‐term	
  safety	
  of	
  

these	
   drugs	
   on	
   child	
   development,	
   with	
   conflicting	
   results.	
   Synthesizing	
   these	
   data	
   into	
   an	
  overall	
   risk	
  

assessment	
  is	
  critical	
  for	
  clinical	
  counselling	
  of	
  women	
  with	
  epilepsy	
  and	
  their	
  families.	
  The	
  objective	
  of	
  

this	
   study	
   was	
   to	
   perform	
   a	
   systematic	
   review	
   of	
   the	
   literature	
   pertaining	
   to	
   long-­‐term	
  

neurodevelopment	
  after	
  in	
  utero	
  exposure	
  to	
  antiepileptic	
  drugs	
  (AEDs)	
  and	
  to	
  conduct	
  a	
  meta-­‐analysis	
  

to	
  allow	
  overall	
  risk	
  estimation.	
  (c)	
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Recommendations	
   for	
   reporting	
  harms	
  in	
   reviews:	
  The	
   introduction	
   should	
   be	
   written	
   to	
   inform	
   the	
  

reader	
   of	
   the	
   reviews’	
   overall	
   goal	
   and	
   to	
   provide	
   justification	
  for	
   the	
   approach	
   taken	
   (1).	
  Systematic	
  

reviews	
  of	
   harms	
   can	
   be	
   designed	
   with	
   a	
   narrow	
   focus	
   evaluating	
   a	
   specific	
   type	
   of	
  adverse	
   event	
  or	
  

with	
  a	
  broad	
  focus	
  to	
  evaluate	
  all	
  adverse	
  events	
  associated	
  with	
  a	
  given	
  intervention.	
  In	
  either	
  case,	
  the	
  

introduction	
  should	
  inform	
  and	
  explain	
  the	
  reason	
  for	
  the	
  approach	
  chosen	
  (27).	
  	
  

The	
  review	
  should	
  clearly	
  describe	
  what	
  events	
  are	
  considered	
  harms	
  and	
  provide	
  a	
  clear	
  rationale	
  for	
  

the	
  specific	
  harm(s),	
  condition(s)	
  and	
  patient	
  group(s)	
  included	
  in	
  the	
  review.	
  

Item	
  4-­‐Objective	
  

PRISMA	
   Statement:	
   “Provide	
   an	
   explicit	
   statement	
   of	
   questions	
   being	
   addressed	
   with	
   reference	
   to	
  

participants,	
  interventions,	
  comparisons,	
  outcomes,	
  and	
  study	
  design	
  (PICOS).”	
  

Example:	
  	
  

Our	
  objective	
  was	
  to	
  systematically	
  determine	
  the	
  comparative	
  effects	
  of	
  rosiglitazone	
  and	
  pioglitazone	
  

on	
   cardiovascular	
   outcomes	
   (myocardial	
   infarction	
   and	
   congestive	
   heart	
   failure)	
   and	
   mortality	
   from	
  

observational	
  studies	
  in	
  patients	
  with	
  type	
  2	
  diabetes.	
  (d)	
  

Recommendations	
   for	
   reporting	
   harm	
  in	
  reviews:	
  The	
   objective	
   of	
   a	
   review	
   should	
   be	
   clearly	
   stated,	
  

preferably	
   at	
   the	
   end	
   of	
   the	
   introduction	
   (1).	
   The	
   PRISMA	
   statement	
   (1)	
   suggests	
   the	
   PICOS	
   format	
  

(patient,	
   intervention,	
   comparison,	
   outcomes	
   and	
   study	
   design).	
   Overall,	
   the	
   PICOS	
   format	
   should	
   be	
  

filled	
  in,	
  although	
  in	
  systematic	
  reviews	
  of	
  harms	
  the	
  selection	
  criteria	
  for	
  P,	
  C,	
  and	
  O	
  may	
  be	
  very	
  broad.	
  

For	
   example,	
   the	
   same	
   intervention	
   may	
   have	
   been	
   used	
   for	
   heterogeneous	
   indications	
   in	
   a	
   diverse	
  

range	
   of	
   patients	
   so	
   that	
   different	
   comparisons	
   may	
  be	
   used.	
   Similarly,	
   if	
   a	
   review	
   is	
   attempting	
   to	
  

evaluate	
   any	
   or	
   all	
   possible	
   harms	
   (including	
   new	
   or	
   unexpected	
   events)	
   associated	
   with	
   a	
   given	
  

intervention,	
  the	
  potential	
  outcomes	
  (=	
  the	
  harm)	
  cannot	
  be	
  completely	
  defined	
  a	
  priori.	
  

Item	
  5-­‐Protocol	
  and	
  Registration	
  

PRISMA	
   Statement:	
   “Indicate	
   if	
   a	
   review	
   protocol	
   exists,	
   if	
   and	
   where	
   it	
   can	
   be	
   accessed	
   (e.g.,	
   Web	
  

address),	
  and,	
  if	
  available,	
  provide	
  registration	
  information	
  including	
  registration	
  number.”	
  

Example:	
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With	
   more	
   vaccines	
   becoming	
   available	
   worldwide,	
   vaccine	
   research	
   is	
   on	
   the	
   rise	
   in	
   developing	
  

countries.	
  To	
  gain	
  a	
  better	
  understanding	
  of	
  safety	
  reporting	
  from	
  vaccine	
  clinical	
  research	
  in	
  developing	
  

countries,	
   we	
   conducted	
   a	
   systematic	
   review	
   in	
   Medline	
   and	
   Embase	
   (1989–2011)	
   of	
   published	
  

randomized	
  clinical	
  trials	
  (RCTs)	
  reporting	
  safety	
  outcomes	
  with	
  ≥50%	
  developing	
  country	
  participation	
  

(PROSPERO	
  systematic	
  review	
  registration	
  number:	
  CRD42012002025).	
  (e)	
  	
  

No	
  specific	
  additional	
  information	
  is	
  required	
  for	
  reviews	
  of	
  adverse	
  events.	
  

Item	
  6-­‐Eligibility	
  criteria	
  

PRISMA	
   Statement:	
   “Specify	
   study	
   characteristics	
   (e.g.,	
   PICOS,	
   length	
   of	
   follow-­‐up)	
   and	
   report	
  

characteristics	
   (e.g.,	
   years	
   considered,	
   language,	
   publication	
   status)	
   used	
   as	
   criteria	
   for	
   eligibility,	
  

giving	
  rationale.”	
  

Example:	
  	
  

Our	
  inclusion	
  criteria	
  for	
  RCTs	
  were:	
  (1)	
  parallel-­‐group	
  RCT	
  of	
  at	
  least	
  24	
  weeks	
  duration;	
  (2)	
  participants	
  

with	
  COPD	
  of	
  any	
  severity;	
  (3)	
  fluticasone	
  or	
  budesnonside	
  (which	
  are	
  licensed	
  for	
  use	
  in	
  COPD)	
  as	
  the	
  

intervention	
  vs	
  a	
  control	
  treatment,	
  in	
  which	
  the	
  comparison	
  groups	
  consisted	
  of	
  ICS	
  vs	
  placebo,	
  or	
  ICS	
  in	
  

combination	
   with	
   LABA	
   vs	
   a	
   LABA	
   alone;	
   and	
   (4)	
   outcome	
   data	
   (including	
   zero	
   events)	
   on	
   fracture	
  

adverse	
  events.	
  We	
  also	
  evaluated	
  controlled	
  observational	
  studies	
  (case	
  control,	
  prospective	
  cohort	
  or	
  

retrospective	
  cohort)	
  reporting	
  on	
  the	
  risk	
  of	
  fractures	
  with	
  any	
  ICS	
  exposure	
  compared	
  to	
  those	
  without	
  

ICS	
   exposure	
   in	
   COPD.	
   Eligible	
   studies	
   had	
   to	
   present	
   odds	
   ratios,	
   or	
   relative	
   risk/hazard	
   ratios,	
   or	
  

sufficient	
  data	
  to	
  enable	
  us	
  to	
  calculate	
  the	
  odds	
  ratio.	
  (f)	
  	
  

Recommendations	
   for	
   reporting	
  harms	
  in	
   reviews:	
  Population	
   characteristics	
   are	
   important	
   when	
  

considering	
  harms	
  and	
  should	
  be	
  clearly	
  reported.	
  Special	
  attention	
  should	
  be	
  given	
  to	
  the	
  report	
  of	
  the	
  

eligibility	
   criteria	
   based	
   on	
   the	
  adverse	
   event.	
  The	
   review	
   author	
   should	
   report	
   how	
   they	
   handled	
  

relevant	
   studies	
   when	
   the	
   outcomes	
   of	
   interest	
   were	
   not	
   reported	
   (i.e.	
   the	
   primary	
   study	
   did	
   not	
  

mention	
   adverse	
   events,	
   but	
   it	
   was	
   a	
   relevant	
   study	
   based	
   on	
   the	
   population,	
   intervention	
   and	
  

comparator.	
  Explicit	
  review	
  methods	
  will	
  provide	
  readers	
  important	
  information	
  regarding	
  if	
  the	
  review	
  

might	
  be	
  affected	
  by	
  missing	
  outcome	
  data	
  or	
  missing	
  studies.	
  In	
  general,	
  it	
  is	
  important	
  to	
  know	
  how	
  

many	
  studies	
  were	
  excluded	
  because	
  of	
  missing	
  information.	
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Also	
  relevant	
  is	
  transparent	
  reporting	
  regarding	
  the	
  review	
  author’s	
  rationale	
  for	
  choosing	
  specific	
  study	
  

designs	
   (e.g.,	
  limiting	
   the	
   review	
   to	
   RCTs	
   only	
   vs.	
   including	
   other	
   study	
   designs).	
   Depending	
   on	
   the	
  

adverse	
  event	
  under	
  investigation,	
  different	
  study	
  designs	
  have	
  different	
  strengths	
  and	
  weaknesses,	
  and	
  

appropriate	
  study	
  designs	
  should	
  be	
  reported	
  for	
  the	
  particular	
  outcome	
  of	
  interest	
  (16).	
  

Whatever	
   methods	
   are	
   chosen	
   by	
   review	
   authors	
   to	
   determine	
   which	
   studies	
   are	
   included	
   should	
   be	
  

explicit,	
  allowing	
  readers	
  to	
  better	
  understand	
  how	
  adverse	
  events	
  were	
  identified	
  and	
  measured.	
  	
  

Review	
   authors	
   should	
   also	
   define	
   if	
   studies	
   were	
   selected	
   based	
   on	
   the	
   length	
   of	
   follow-­‐up.	
   The	
  

outcome	
  under	
  consideration	
  may	
  take	
  longer	
  to	
  occur	
  than	
  the	
  usual	
  time	
  required	
  to	
  measure	
  efficacy	
  

of	
   an	
   intervention	
   (e.g.,	
  hospital	
   readmission	
   for	
   total	
   hip	
   replacement).	
   An	
   appropriate	
   interval	
   for	
  

follow-­‐up	
  should	
  be	
  specified	
  a	
  priori	
  for	
  each	
  type	
  of	
  adverse	
  event	
  evaluated	
  by	
  the	
  review	
  author.	
  If	
  

the	
  timing	
  of	
  the	
  collection	
  of	
  outcomes	
  in	
  the	
  primary	
  study	
  is	
  insufficient	
  (relative	
  to	
  the	
  time	
  interval	
  

necessary	
  for	
  the	
  outcome	
  to	
  occur),	
  then	
  there	
  is	
  a	
  risk	
  of	
  underestimating	
  the	
  number	
  of	
  events	
  (1,	
  

12).	
  

Item	
  7-­‐Information	
  sources	
  

PRISMA	
  Statement:	
  “Describe	
  all	
  information	
  sources	
  (e.g.,	
  databases	
  with	
  dates	
  of	
  coverage,	
  contact	
  

with	
  study	
  authors	
  to	
  identify	
  additional	
  studies)	
  in	
  the	
  search	
  and	
  date	
  last	
  searched.”	
  

Example:	
  

Additional	
  data	
  were	
  requested	
  from	
  the	
  following	
  reporting	
  schemes:	
  Adverse	
  Drug	
  Reactions	
  Advisory	
  

Committee	
  (ADRAC),	
  Australia;	
  Bundesinstitut	
  fur	
  Arzneimittel	
  und	
  Medizinprodukte	
  (BfArM),	
  Germany;	
  

US	
  Food	
  and	
  Drug	
  Administration	
  (FDA);	
  and	
  the	
  Medicine	
  and	
  Healthcare	
  products	
  Regulatory	
  Agency	
  

(MHRA),	
  UK.	
  The	
  WHO	
  Collaborating	
  Centre	
  for	
  International	
  Drug	
  Monitoring,	
  Uppsala,	
  Sweden	
  (WHO-­‐

UMC)	
   was	
   also	
   requested	
   to	
   provide	
   the	
   total	
   numbers	
   of	
   adverse	
   events	
   reports	
   received	
   up	
   until	
  

September	
   2007	
   involving	
   the	
   use	
   of	
   S.	
   repens.	
   Twenty-­‐four	
   manufacturers/distributors	
   of	
   S.	
   repens	
  

preparations	
   were	
   identified	
   from	
   a	
   review,	
   standard	
   text	
   and	
   from	
   Internet	
   searches.	
   They	
   were	
  

contacted	
   and	
   asked	
   for	
   adverse	
   event	
   reports	
   and	
   any	
   other	
   safety	
   information	
   held	
   on	
   file.	
   Four	
  

herbalist	
   organizations	
   (British	
  Herbal	
   Medicine	
   Association,	
   UK;	
   European	
   Herbal	
   &	
   Traditional	
  

Medicine	
  Practitioners	
  Association,	
  UK;	
  European	
  Scientific	
  Cooperative	
  on	
  Phytotherapy,	
  UK;	
  National	
  

Institute	
  of	
  Medical	
  Herbalists,	
  UK)	
  were	
  also	
  contacted	
  for	
  relevant	
  information.	
  (g)	
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Recommendations	
   for	
   reporting	
  harms	
  in	
   reviews:	
  Review	
   authors	
   should	
   be	
   explicit	
   if	
   they	
   only	
  

searched	
  for	
  published	
  data,	
  or	
  also	
  sought	
  data	
  from	
  unpublished	
  sources,	
  from	
  authors,	
  companies	
  or	
  

regulatory	
   agencies.	
   Published	
   data	
   can	
   differ	
   significantly	
  from	
   unpublished	
   data	
   for	
   various	
   reasons,	
  

especially	
  in	
  relation	
  to	
  harms	
  (34-­‐37).	
  If	
  a	
  review	
  includes	
  unpublished	
  data,	
  a	
  clear	
  description	
  should	
  

be	
   provided	
   of	
   the	
   source	
   of	
   the	
   data	
   and	
   the	
   process	
   of	
   obtaining	
   them;	
   if	
   any	
   databases	
   were	
  

searched,	
  this	
  should	
  be	
  stated	
  along	
  with	
  the	
  dates,	
  and	
  the	
  search	
  terms	
  used,	
  in	
  sufficient	
  detail	
  that	
  

the	
  search	
  could	
  be	
  replicated.	
  

Item	
  8-­‐Search	
  

PRISMA	
   Statement:	
  “Present	
   full	
   electronic	
   search	
   strategy	
   for	
   at	
   least	
   one	
   database,	
   including	
   any	
  

limits	
  used,	
  such	
  that	
  it	
  could	
  be	
  repeated.”	
  	
  

Example:	
  	
  

We	
   reviewed	
   all	
   adverse	
   drug	
   events	
   reported	
   through	
   MedWatch	
   or	
   those	
   submitted	
   by	
   the	
  

manufacturer	
   from	
   November	
   1997	
   to	
   April	
   2008	
   through	
   the	
   Freedom	
   of	
   Information	
   Act	
   (FOIA)	
  

request.	
  The	
  FDA	
  provided	
  a	
  full-­‐text	
  summary	
  of	
  5944	
  reports	
  involving	
  oral,	
  intramuscular	
  and	
  IV	
  use	
  of	
  

haloperidol.	
   The	
   FDA	
   data	
   were	
   transferred	
   to	
   a	
   Microsoft	
   Access	
   database	
   and	
   screened	
   for	
   the	
   key	
  

terms	
   torsade,	
   QT,	
   prolongation,	
   wave.	
   Incident	
   report	
   number,	
   date	
   of	
   report,	
   age,	
  gender,	
   origin	
   of	
  

report,	
   medication	
   name,	
   role	
   of	
   drug	
   as	
   categorized	
   by	
   the	
   FDA	
   (e.g.,	
  suspect,	
   concomitant,	
   primary	
  

suspect,	
   secondary	
   suspect),	
   route,	
   dose,	
   units,	
   duration,	
   symptoms	
   and	
   FDA	
   outcome	
   category	
   (e.g.,	
  

death,	
   life	
   threatening,	
  hospitalization	
   initial	
   or	
   prolonged,	
   disability,	
   congenital	
   anomaly,	
   required	
  

intervention	
   to	
   prevent	
   permanent	
   damage,	
   other)	
   were	
   recorded.	
   Only	
   those	
   reports	
   in	
   which	
   IV	
  

haloperidol	
  was	
  considered	
  by	
  the	
  reporter	
  to	
  be	
  the	
  primary	
  causative	
  agent	
  for	
  the	
  adverse	
  event	
  were	
  

reviewed.	
   Available	
   information	
   included	
   diagnosis,	
   laboratory	
   parameters,	
   QTc	
   measurement,	
   cardiac	
  

symptoms,	
   outcomes	
   and	
   a	
   description	
   of	
   recovery.	
   No	
   peer	
   review	
   was	
   applied	
   to	
   the	
   MedWatch	
  

reports	
   and	
   the	
   data	
   reported	
   in	
   this	
   publication	
   reflect	
   the	
   original	
   information	
   from	
   the	
   FDA	
  

MedWatch	
  database.	
  (h)	
  	
  

Recommendations	
  for	
  reporting	
  in	
  harm	
  reviews:	
  If	
  additional	
  searches	
  were	
  used	
  specifically	
  to	
  identify	
  

adverse	
  events	
  (e.g.,	
  regulatory	
  bodies,	
  industry)	
  present	
  the	
  full	
  search	
  process,	
  so	
  it	
  can	
  be	
  replicated.	
  

Item	
  9-­‐Study	
  selection	
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PRISMA	
   Statement:	
  “State	
   the	
   process	
   for	
   selecting	
   studies	
   (i.e.,	
   screening,	
   eligibility,	
   included	
   in	
  

systematic	
  review,	
  and,	
  if	
  applicable,	
  included	
  in	
  the	
  meta-­‐analysis).”	
  

Example:	
  	
  

The	
  titles	
  and	
  abstracts	
  of	
  all	
  retrieved	
  articles	
  were	
  read	
  (D.A.),	
  and	
  those	
  of	
  no	
  clear	
  relevance	
  were	
  

eliminated.	
   Full	
   copies	
   of	
   all	
   the	
   remaining	
   studies	
   were	
   obtained	
   and	
   read	
   independently	
   (D.A.	
   and	
  

W.R.).	
  In	
  case	
  of	
  interrater	
  variability,	
  D.A.	
  and	
  W.R.	
  discussed	
  the	
  differences	
  and	
  made	
  a	
  joint	
  decision.	
  

Those	
  reporting	
  quantitative	
  data	
  for	
  serious	
  adverse	
  events	
  such	
  as	
  infection	
  using	
  the	
  infection	
  criteria	
  

used	
  by	
  the	
  original	
  authors	
  (deep	
  and	
  superficial),	
  bleeding,	
  neurologic	
  injury	
  (persistent,	
  transient,	
  and	
  

of	
   unknown	
   duration),	
   granuloma,	
   or	
   death	
   associated	
   with	
   the	
   intrathecal	
   catheter	
   system	
   were	
  

included	
  in	
  an	
  initial	
  list	
  of	
  studies.	
  We	
  then	
  selected	
  those	
  reporting	
  at	
  least	
  20	
  patients,	
  with	
  a	
  median	
  

catheter	
   duration	
   of	
   at	
   least	
   7	
  days,	
   quantitative	
   data	
   for	
   the	
   previously	
   mentioned	
   serious	
   adverse	
  

events,	
  and	
  an	
  external	
  catheter	
  system.	
  Port-­‐a-­‐cath	
  based	
  systems	
  were	
  excluded.	
  (i)	
  

Recommendations	
   for	
   reporting	
  harms	
  in	
   reviews:	
  Review	
   authors	
   should	
   specify	
   if	
   only	
   studies	
  

reporting	
   on	
  adverse	
   events	
  were	
   included	
   in	
   the	
   review.	
   There	
   may	
   be	
   many	
   studies	
   that	
   fulfill	
   the	
  

criteria	
  for	
  population,	
  intervention	
  and	
  comparisons,	
  but	
  harms	
  (i.e.,	
  the	
  outcome	
  of	
  interest)	
  are	
  not	
  

reported,	
  as	
  noted	
  previously	
  in	
  item	
  6.	
  Lack	
  of	
  reporting,	
  as	
  opposed	
  to	
  lack	
  of	
  occurrence,	
  is	
  important	
  

information	
  and	
  should	
  be	
  clearly	
  reported	
  by	
  the	
  reviewer.	
  	
  

If	
  the	
  review	
  only	
  includes	
  studies	
  reporting	
  on	
  adverse	
  events	
  of	
  interest,	
  it	
  should	
  be	
  clearly	
  defined	
  if	
  

screening	
  was	
  based	
  on	
  adverse	
  event	
  reporting	
  in	
  title/abstract	
  or	
  full	
  text.	
  It	
  is	
  important	
  to	
  note	
  that	
  

harms	
   reporting	
   are	
   especially	
   poor	
   in	
   titles	
   and	
   abstracts,	
   leading	
   to	
   the	
   potential	
   exclusion	
   of	
   many	
  

relevant	
  studies.	
  Moreover,	
  studies	
  may	
  not	
  report	
  harms	
  in	
  the	
  full	
  text,	
  even	
  though	
  such	
  data	
  have	
  

been	
  collected,	
  and	
  may	
  be	
  obtained	
  upon	
  request.	
  

Item	
  10-­‐Data	
  collection	
  process	
  

PRISMA	
   Statement:	
  “Describe	
   method	
   of	
   data	
   extraction	
   from	
   reports	
   (e.g.,	
   piloted	
   forms,	
  

independently,	
  in	
  duplicate)	
  and	
  any	
  processes	
  for	
  obtaining	
  and	
  confirming	
  data	
  from	
  investigators.”	
  

Example:	
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Data	
  were	
  extracted	
  using	
  a	
  standardised	
  form	
  by	
  one	
  author	
  (ARW).	
  Beside	
  general	
  information	
  about	
  

the	
  article,	
  the	
  study	
  design	
  was	
  noted,	
  including	
  randomised	
  controlled	
  trials,	
  prospective	
  observational	
  

studies,	
   retrospective	
   studies	
   or	
   studies	
   using	
   national	
   databanks.	
   The	
   assessed	
   outcomes,	
   the	
  

characteristics	
  of	
  the	
  populations	
  studied	
  including	
  disease	
  activity	
  and	
  severity,	
  rheumatoid	
  factor	
  and	
  

anti-­‐CCP	
   antibodies,	
   comorbidities	
   such	
   as	
   diabetes	
   mellitus,	
   chronic	
   lung	
   diseases	
   or	
   history	
   of	
   severe	
  

infections	
  were	
  collected.	
  The	
  proportion	
  of	
  patients	
  receiving	
  LD-­‐CT	
  in	
  studies	
  were	
  assessed	
  with	
  the	
  

current	
  daily	
  dose	
  used	
  in	
  milligrams	
  of	
  prednisone,	
  and	
  if	
  mentioned,	
  the	
  cumulative	
  dose	
  in	
  grams	
  of	
  

prednisone	
   and	
   the	
   duration	
   of	
   LD-­‐CT	
   therapy.	
   Concomitant	
   therapy	
   including,	
   DMARDs	
   or	
   biologic	
  

agents	
  were	
  noted.	
  (j)	
  

No	
  specific	
  additional	
  information	
  is	
  required	
  for	
  reviews	
  of	
  adverse	
  events.	
  

Item	
  11-­‐Data	
  items	
  	
  	
  

PRISMA	
   Statement:	
   “List	
   and	
   define	
   all	
   variables	
   for	
   which	
   data	
   were	
   sought	
   (e.g.,	
   PICOS,	
   funding	
  

sources)	
  and	
  any	
  assumptions	
  and	
  simplifications	
  made.”	
  

Example:	
  	
  

Anti-­‐TNF	
   groups	
   were	
   divided	
   into	
   drug	
   and	
   dose	
   categories.	
   Dose	
  was	
   defined	
   according	
   to	
   the	
  

recommended	
   maintenance	
   dose	
   from	
   the	
   product	
   labelling.	
   Only	
   recommended	
   and	
   high	
   doses	
   were	
  

considered	
   in	
   the	
   analysis.	
   The	
   number	
   of	
   subjects	
   experiencing	
   death	
   or	
   at	
   least	
   one	
   serious	
   adverse	
  

event	
   or	
   serious	
   infection	
   was	
  extracted	
   for	
   each	
   treatment	
   group.	
   Extracting	
   malignancy	
   data	
   from	
  

published	
   clinical	
   trial	
   manuscripts	
   requires	
   caution	
   as	
   there	
   is	
   considerable	
   variation	
   in	
   reporting,	
  

especially	
   in	
   the	
   reporting	
   of	
   carcinoma	
   in	
   situ	
   and	
   non	
   melanoma	
   skin	
   cancers.	
   As	
   manuscripts	
   may	
  

aggregate	
   malignancies	
   differently,	
   malignancies	
   were	
   allocated	
   to	
   three	
   classes	
   allowing	
   for	
  

comparisons	
  of	
  similar	
  outcomes:	
  lymphomas;	
  non-­‐melanoma	
  skin	
  cancers	
  and	
  the	
  composite	
  endpoint	
  

of	
  non-­‐cutaneous	
  cancers	
  and	
  melanomas.	
  If	
  a	
  subject	
  presented	
  with	
  two	
  types	
  of	
  cancer,	
  the	
  cancers	
  

were	
   allocated	
   as	
   a	
   single	
   event	
   in	
   the	
   following	
   order	
   of	
   priority:	
   lymphoma,	
  non-­‐cutaneous	
  

cancer/melanoma,	
  nonmelanoma	
   skin	
   cancer.	
   When	
   the	
   number	
   of	
   events	
   instead	
   of	
   the	
   number	
   of	
  

subjects	
  experiencing	
  an	
  event	
  was	
  reported,	
  an	
  assumption	
  of	
  one	
  event	
  per	
  subject	
  was	
  made.	
  All	
  data	
  

were	
   abstracted	
   as	
   reported	
   in	
   the	
   publications.	
   If	
   an	
   event	
   described	
   in	
   a	
   publication	
   could	
   not	
   be	
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allocated	
  to	
  a	
  particular	
  time	
  or	
  treatment	
  group	
  other	
  sources	
  of	
  information	
  were	
  used.	
  All	
  data	
  were	
  

compiled	
  by	
  two	
  authors	
  (TRE	
  and	
  JPL)	
  and	
  disagreements	
  were	
  resolved	
  by	
  consensus.	
  (k)	
  

Recommendations	
  for	
  reporting	
  harms	
  in	
  reviews:	
  

Categorization:	
  Harms	
   maybe	
   categorized	
   in	
   a	
   heterogeneous	
   fashion	
   by	
   primary	
   study	
  authors.	
   For	
  

example,	
   when	
   investigating	
   hemorrhagic	
   stroke,	
   some	
   primary	
   studies	
   may	
   report	
   a	
   combination	
   of	
  

events	
  under	
  ‘neurologic	
  events’,	
  others	
  may	
  report	
  under	
  ‘cardiovascular’	
  events,	
  a	
  few	
  may	
  report	
  as	
  

‘stroke’	
   but	
   not	
   subdivide	
   further	
   (i.e.,	
  hemorrhagic	
   or	
   ischemic).	
   These	
   issues	
   should	
   preferably	
   be	
  

considered	
  a	
  priori.	
  All	
  operational	
  definitions	
  used	
  to	
  classify	
  adverse	
  events	
  under	
  review	
  should	
  be	
  

explicitly	
   identified	
   by	
   review	
   authors.	
   For	
   example,	
   while	
   harms	
   can	
   have	
   different	
   intensities,	
   the	
  

definitions	
   of	
   seriousness	
   used	
   can	
   vary	
   significantly	
   between	
   studies.	
   Review	
   authors	
   should	
   explain	
  

how	
  they	
  extracted	
  data	
  and,	
  if	
  relevant,	
  combined	
  events.	
  

Events/Participants:	
  Studies	
  usually	
  report	
  on	
  the	
  number	
  of	
  events	
  but	
  these	
  may	
  not	
  accurately	
  reflect	
  

the	
   number	
   of	
   participants	
   experiencing	
   the	
   event.	
   For	
   example,	
   the	
   same	
   patient	
   may	
   have	
  

experienced	
   angina,	
   then	
   myocardial	
   infarction	
   and	
   finally	
   cardiovascular	
   related	
   death.	
   Studies	
   may	
  

report	
   these	
   three	
   events	
   as	
   isolated	
   findings	
  (angina,	
   MI,	
   death),	
  but	
   they	
   all	
   occurred	
   in	
   one	
   single	
  

participant	
   during	
   the	
   course	
   of	
   the	
   study.	
  Participants	
   may	
  also	
   experience	
   the	
   same	
   event	
   multiple	
  

times.	
  	
  

Factors	
  associated	
  with	
  the	
  event:	
  When	
  reporting	
  on	
  adverse	
  events,	
  it	
  is	
  important	
  to	
  consider	
  if	
  any	
  

risk	
   factors	
   associated	
   with	
   participants	
   (e.g.,	
  participants	
   age,	
   gender,	
   use	
   medications)	
  or	
   provider	
  

(e.g.,	
  years	
  of	
  practice,	
  level	
  of	
  training)	
  were	
  taken	
  into	
  consideration.	
  Review	
  authors	
  should	
  identify	
  

the	
   specific	
   information	
   sought,	
   the	
   definition	
   used	
   for	
   risk	
   factors/professional	
   skills,	
   and	
   what	
   was	
  

done	
  if	
  this	
  information	
  was	
  not	
  reported	
  within	
  the	
  original	
  study.	
  	
  

The	
   method	
   of	
   harms	
   measurement	
   may	
   lead	
   to	
   different	
   results.	
   Active	
   methods	
   (actively	
   seeking	
  

confirmation	
   for	
   harms)	
   are	
   associated	
   with	
   more	
   reported	
   events	
   than	
   passive	
   methods	
   (waiting	
   for	
  

patients	
   to	
   report	
   them)	
   (23).	
   The	
   timing	
   and	
   frequency	
   of	
   adverse	
   events	
   measurement	
   is	
   also	
  

important	
  (e.g.,	
  if	
   done	
   at	
   only	
   at	
   the	
   end	
   of	
   the	
   study	
   intervention	
   (when	
   participants	
   may	
   not	
  

accurately	
  recall	
  how	
  they	
  felt	
  during	
  the	
  entire	
  course	
  of	
  the	
  study)	
  vs.	
  at	
  regular	
  intervals	
  throughout	
  

the	
  treatment	
  period)	
  (4,	
  9).	
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Poor/unclear	
   reporting	
   in	
   primary	
   studies	
   should	
   be	
   anticipated	
   and	
   the	
   approach	
   used	
   to	
   overcome	
  

them	
  reported	
  in	
  the	
  systematic	
  review	
  protocol.	
  	
  

Item	
  12-­‐Risk	
  of	
  bias	
  in	
  individual	
  studies	
  

PRISMA	
  Statement:	
  “Describe	
  methods	
  used	
  for	
  assessing	
  risk	
  of	
  bias	
  of	
  individual	
  studies	
  (including	
  

specification	
  of	
  whether	
  this	
  was	
  done	
  at	
  the	
  study	
  or	
  outcome	
  level),	
  and	
  how	
  this	
  information	
  is	
  to	
  

be	
  used	
  in	
  any	
  data	
  synthesis.”	
  

Example:	
  	
  

Two	
   reviewers	
   independently	
   assessed	
   the	
   reporting	
   of	
   blinding,	
   allocation	
   concealment,	
   withdrawals	
  

and	
  the	
  loss	
  to	
  follow-­‐up	
  in	
  RCTs.	
  In	
  accordance	
  with	
  recommendations	
  on	
  assessing	
  adverse	
  effects,	
  we	
  

extracted	
  information	
  on	
  participant	
  selection,	
  ascertainment	
  of	
  exposure	
  and	
  outcomes,	
  and	
  methods	
  

of	
  addressing	
  confounding	
  in	
  observational	
  studies.	
  (l)	
  

Recommendations	
  for	
  reporting	
  harms	
  in	
  reviews:	
  Studies	
  that	
  are	
  well	
  designed	
  to	
  assess	
  efficacy	
  of	
  an	
  

intervention	
   may	
   not	
   preserve	
   the	
   same	
   qualities	
   when	
   assessing	
   harms	
   (23,	
  27).	
  The	
   risk	
   of	
   bias	
  

assessment	
  should	
  be	
  considered	
  separately	
  for	
  outcomes	
  of	
  benefit	
  and	
  harms.	
  	
  

Item	
  13-­‐Summary	
  measures	
  

PRISMA	
  Statement:	
  “State	
  the	
  principal	
  summary	
  measures	
  (e.g.,	
  risk	
  ratio,	
  difference	
  in	
  means).”	
  

Example:	
  	
  

We	
  initially	
  calculated	
  the	
  required	
  information	
  size	
  to	
  detect	
  or	
  reject	
  an	
  intervention	
  effect	
  of	
  a	
  10%	
  

relative	
   risk	
   (RR)	
   increase,	
   with	
   a	
   risk	
   of	
   type	
   II	
   error	
   of	
   20%	
   and	
   power	
   of	
   80%.	
   We	
   chose	
   a	
   10%	
   RR	
  

increase	
   because	
   even	
   this	
   small	
   increase	
   in	
   cancer	
  risk	
   is	
   likely	
   to	
   be	
   clinically	
   meaningful.	
   If	
   the	
  

accumulated	
  information	
  size	
  exceeded	
  the	
  required	
  information	
  size,	
  we	
  then	
  tested	
  for	
  a	
  90%	
  power	
  

and	
  then	
  for	
  a	
  7·∙5%	
  or	
  5·∙0%	
  RR	
  increase.	
  Our	
  intention	
  was	
  to	
  have	
  sufficient	
  power	
  to	
  test	
  for	
  even	
  a	
  

very	
  small	
  increase	
  in	
  risk.(m)	
  

No	
  specific	
  additional	
  information	
  is	
  required	
  for	
  reviews	
  of	
  adverse	
  events.	
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Item	
  14-­‐Synthesis	
  of	
  results	
  

PRISMA	
  Statement:	
  “Describe	
  the	
  methods	
  of	
  handling	
  data	
  and	
  combining	
  results	
  of	
  studies,	
  if	
  done,	
  

including	
  measures	
  of	
  consistency	
  (e.g.,	
  I2)	
  for	
  each	
  meta-­‐analysis.”	
  

PRISMA	
  Harms:	
  Specify	
  how	
  zero	
  events	
  were	
  handled,	
  if	
  relevant.	
  

Example:	
  	
  

In	
   cases	
   when	
   only	
   one	
   study	
   reported	
   an	
   adverse	
   event,	
   relative	
   risks	
   (RR)	
   were	
   calculated	
   with	
   the	
  

corresponding	
  95%	
  confidence	
  intervals	
  (95%	
  CI)	
  using	
  the	
  data	
  extracted.	
  When	
  in	
  one	
  cell	
  there	
  were	
  

zero	
   cases,	
   0.5	
   was	
   added	
   to	
   all	
   four	
   cells	
   of	
   a	
   2x2	
   table.	
   When	
   more	
   than	
   one	
   study	
   described	
   an	
  

adverse	
   event,	
   the	
   association	
   estimators	
   obtained	
   in	
   each	
   of	
   the	
   studies	
   was	
   summarized	
   via	
   meta-­‐

analysis.	
  (n)	
  

Recommendations	
   for	
   reporting	
   harms	
   in	
   reviews:	
  As	
   major	
   harms	
   are	
   often	
   rare	
   events	
   (especially	
  

serious	
  events,	
  such	
  as	
  suicide	
  in	
  trials	
  of	
  depressed	
  patients),	
  it	
  is	
  common	
  to	
  find	
  studies	
  having	
  “zero”	
  

as	
   the	
   reported	
   frequency	
   of	
   the	
   specific	
   harm.	
   This	
   situation	
   would	
   require	
   systematic	
   reviewers	
   to	
  

consider	
  relevant	
  statistical	
  issues,	
  ideally	
  a	
  priori	
  and	
  documented	
  in	
  the	
  systematic	
   review	
  protocol.	
  

The	
   review	
   authors	
   should	
   clearly	
   report	
   the	
   steps	
   taken	
   to	
   overcome	
   problems	
   associated	
   with	
  

reporting	
  “zero”	
  events.	
  	
  

Harms	
  are	
  not	
  typically	
  the	
  primary	
  outcome	
  of	
  primary	
  studies	
  of	
  efficacy.	
  Review	
  authors	
  should	
  plan	
  

and	
   specify,	
   preferably	
   documenting	
   in	
   a	
   registered	
   protocol,	
   how	
   they	
   will	
   deal	
  with:	
  (i)	
   studies	
   not	
  

reporting	
  on	
  harms	
  of	
  interest,	
  (ii)	
  studies	
  reporting	
  a	
  general	
  statement	
  indicating	
  the	
  absence	
  of	
  the	
  

event	
   (e.g.,	
  ‘no	
   serious	
   harms	
   were	
   identified	
   in	
   any	
   group’,	
   but	
   with	
   definitions	
   of	
   seriousness	
   not	
  

provided),	
   or	
   (iii)	
   no	
   report	
   on	
   adverse	
   events	
   was	
   provided.	
   The	
   review	
   author	
   should	
   specify	
   if	
   the	
  

situation	
  of	
  “no	
  events	
  reported”	
  was	
  treated	
  as	
  “zero	
  events”	
  or	
  handled	
  in	
  some	
  other	
  manner	
  and	
  

whether	
  any	
  effort	
  was	
  made	
  to	
  clarify	
  this	
  ambiguity	
  with	
  the	
  authors	
  of	
  the	
  primary	
  studies	
  or	
  others	
  

having	
  access	
  to	
  the	
  original	
  data.	
  Consideration	
  should	
  also	
  be	
  given	
  to	
  whether	
  reports	
  of	
  “no	
  events”	
  

can	
  be	
  combined	
  with	
  studies	
  that	
  clearly	
  reported	
  on	
  the	
  harms	
  or	
  their	
  absence.	
  The	
  chosen	
  approach	
  

and	
  rationale	
  should	
  be	
  clearly	
  reported	
  in	
  the	
  methods	
  of	
  the	
  systematic	
  review.	
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Zero	
   events-­‐	
  review	
   authors	
   should	
   report	
   how	
   the	
   absence	
   of	
   adverse	
   event	
   is	
   dealt	
   with	
   in	
   the	
  

included	
  studies.	
  Lack	
  of	
  reporting	
  should	
  not	
  be	
  interpreted	
  or	
  presented	
  as	
  equivalent	
  to	
  the	
  absence	
  

of	
   adverse	
   events.	
   Clarification	
   should	
   be	
   sought	
   and	
   reported	
   to	
   define	
   whether	
   a	
   specific	
   adverse	
  

event	
   did	
   not	
   occur,	
   was	
   not	
   adequately	
   investigated,	
   or	
   was	
   identified	
   but	
   not	
   reported	
   (1-­‐7).	
   The	
  

review	
   author	
   should	
   clearly	
   state	
   how	
   studies	
   not	
   reporting	
   on	
   the	
   events	
   of	
   interest	
   were	
   handled,	
  

any	
  assumptions	
  made	
  when	
  the	
  event	
  was	
  not	
  reported	
  and	
  if	
  further	
  attempts	
  were	
  made	
  to	
  collect	
  

data	
  from	
  authors	
  of	
  included	
  studies.	
  	
  

The	
  statistical	
  approach	
  on	
  how	
  to	
  deal	
  with	
  “zero”	
  events	
  should	
  be	
  clearly	
  reported	
  and	
  anticipated,	
  

preferably	
  in	
  a	
  registered	
  protocol.	
  

Item	
  15-­‐Risk	
  of	
  bias	
  across	
  studies	
  

PRISMA	
  Statement:	
  “Specify	
  any	
  assessment	
  of	
  risk	
  of	
  bias	
  that	
  may	
  affect	
  the	
  cumulative	
  evidence	
  

(e.g.,	
  publication	
  bias,	
  selective	
  reporting	
  within	
  studies).”	
  

Example:	
  

The	
  studies	
  were	
  generally	
  well	
  protected	
  against	
  bias.	
  Allocation	
  concealment	
  and	
  sequence	
  generation	
  

did	
   not	
   present	
   undue	
   risk	
   of	
   bias	
   in	
   the	
   included	
   studies,	
   and	
   results	
   on	
   serious	
   adverse	
   events	
   have	
  

been	
  obtained	
  from	
  all	
  the	
  studies.	
  Aalbers	
  2004	
  and	
  Busse	
  2008	
  were	
  open	
  studies,	
  and	
  Aalbers	
  2004	
  

had	
  a	
  withdrawal	
  rate	
  of	
  over	
  20%.	
  Sensitivity	
  analysis	
  using	
  only	
  the	
  blinded	
  studies	
  was	
  carried	
  out	
  and	
  

there	
  was	
  still	
  no	
  significant	
  difference	
  between	
  the	
  treatments.	
  Consideration	
  of	
  asthma	
  related	
  adverse	
  

events	
  might	
  have	
  been	
  subject	
  to	
  bias	
  as	
  none	
  of	
  the	
  trials	
  used	
  independent	
  outcome	
  assessment	
  for	
  

causation	
  of	
  adverse	
  events.	
  (o)	
  	
  

Recommendations	
  for	
  reporting	
  harms	
  in	
  reviews:	
  Instead	
  of	
  reporting	
  a	
  significant	
  harm,	
  it	
  is	
  possible	
  

that	
   some	
   investigators	
   may	
   choose	
   to	
   downplay	
   estimates	
   of	
  harm	
   and	
   emphasize	
   the	
   safety	
   of	
   the	
  

intervention	
  instead.	
  Selective	
  outcome	
  reporting	
  and	
  publication	
  bias	
  could	
  therefore	
  work	
  in	
  different	
  

directions	
   to	
   that	
   seen	
   with	
   efficacy	
   trials	
   where	
   significant	
   benefit	
   is	
   emphasized	
   (39).	
  Whenever	
  

statistical	
   approaches	
   are	
   used	
   to	
   probe	
   for	
   the	
   possibility	
   of	
   bias,	
   they	
   should	
   be	
   explicitly	
   described	
  

and	
   used	
   with	
   caution.	
   It	
   is	
   a	
   very	
   common	
   misconception	
   that	
   tests	
  (e.g.,	
  inverted	
   funnel	
   plots)	
  can	
  

confirm	
   that	
   publication	
   bias	
   does	
   not	
   exist	
   (42,	
  43).	
   Application	
   of	
   these	
   tests	
   for	
   harms	
   outcomes	
  

creates	
   a	
   false	
   impression,	
   as	
   bias	
   may	
   be	
   in	
   the	
   opposite	
   direction	
   (in	
   favor	
   of	
   “negative”	
   results).	
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Assessments	
  of	
  risk	
  of	
  bias	
  across	
  studies	
  may	
  need	
  to	
  focus	
  more	
  on	
  presenting	
  the	
  extent	
  of	
  missing	
  

information	
  (studies	
  without	
  harms	
  outcomes)	
  and	
  any	
  clues	
  as	
  to	
  the	
  reasons	
  for	
  that	
  missingness	
  and	
  

whether	
  these	
  reasons	
  may	
  be	
  related	
  to	
  the	
  results	
  of	
  these	
  outcomes. 

Item	
  16-­‐Additional	
  analyses	
  

PRISMA	
  Statement:	
  “Describe	
  methods	
  of	
  additional	
  analyses	
  (e.g.,	
  sensitivity	
  or	
  subgroup	
  analyses,	
  

meta-­‐regression),	
  if	
  done,	
  indicating	
  which	
  were	
  pre-­‐specified.”	
  

Example:	
  	
  

The	
   risk	
   of	
   bias	
   in	
   studies	
   included	
   in	
   the	
   analyses	
   was	
   taken	
   into	
   account	
   in	
   the	
   interpretation	
   of	
   the	
  

review’s	
  results.	
  For	
  all	
  outcomes	
  for	
  which	
  pooling	
  was	
  possible	
  we	
  performed	
  sensitivity	
  analyses	
  for	
  all	
  

risk	
   of	
   bias	
   criteria	
   separately.	
   We	
   excluded	
   studies	
   with	
   a	
   high	
   risk	
   of	
   bias	
   and	
   studies	
   for	
   which	
   the	
  

presence	
  of	
  bias	
  was	
  unclear	
  and	
  compared	
  the	
  results	
  of	
  studies	
  with	
  a	
  low	
  risk	
  of	
  bias	
  with	
  the	
  results	
  

of	
  all	
  available	
  studies.	
  It	
  was	
  our	
  intention	
  to	
  perform	
  subgroup	
  analyses	
  for	
  children	
  and	
  adults	
  and	
  for	
  

leukaemias	
  and	
  solid	
  tumours,	
  but	
  unfortunately	
  this	
  was	
  not	
  possible.	
  	
  (p)	
  

No	
  specific	
  additional	
  information	
  is	
  required	
  for	
  reviews	
  of	
  adverse	
  events.	
  

Item	
  17-­‐Study	
  selection	
  

PRISMA	
   Statement:	
  “Give	
   numbers	
   of	
   studies	
   screened,	
   assessed	
   for	
   eligibility,	
   and	
   included	
   in	
   the	
  

review,	
  with	
  reasons	
  for	
  exclusions	
  at	
  each	
  stage,	
  ideally	
  with	
  a	
  flow	
  diagram.”	
  

Example:	
  	
  

Our	
   search	
   yielded	
   a	
   total	
   of	
   275	
   potentially	
   relevant	
   studies	
   with	
   sorafenib	
  or	
   sunitinib.	
  Initially,	
   175	
  

trials	
   were	
   excluded	
   for	
   at	
   least	
   one	
   of	
   the	
   following	
   reasons:	
   duplicate	
   trials,	
   phase	
   I	
   trials,	
   review	
  

articles,	
   observational	
   studies,	
   case	
   reports,	
   editorials,	
   letters	
   or	
   commentaries.	
   Figure	
   1	
   shows	
   the	
  

selection	
  process	
  of	
  the	
  randomized	
  controlled	
  trials.	
  After	
  reviewing	
  the	
  remaining	
  100	
  publications,	
  10	
  

trials	
   were	
   considered	
   to	
   be	
   highly	
   relevant	
   for	
   the	
   meta-­‐analysis	
   (phase	
   II	
   and	
   III	
   trials	
  and	
   expanded	
  

access	
  programs).(q1)	
  	
  

Example	
  2:	
  (q2)	
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No	
  specific	
  additional	
  information	
  is	
  required	
  for	
  reviews	
  of	
  adverse	
  events.	
  

Item	
  18-­‐Study	
  characteristics	
  	
  

PRISMA	
  Statement:	
  “For	
  each	
  study,	
  present	
  characteristics	
  for	
  which	
  data	
  were	
  extracted	
  (e.g.,	
  study	
  

size,	
  PICOS,	
  follow-­‐up	
  period)	
  and	
  provide	
  the	
  citations.”	
  

PRISMA	
   Harms	
   Extension:	
  “Present	
  the	
   harms	
   addressed,	
   how	
   and	
   when	
   it	
   was	
   ascertained	
   (e.g.	
  

passive	
  report,	
  active	
  search,	
  use	
  of	
  validated	
  tools).”	
  

Example:	
  (r)	
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(a)Year	
  of	
  publication;	
  (b)	
  Tick	
  denotes	
  data	
  recorded	
  in	
  study	
  and	
  available	
  for	
  analysis;	
  (c)	
  Not	
  randomly	
  selected	
  or	
  not	
  population-­‐based;	
  (d)	
  

Maternal	
  type	
  1	
  diabetes	
  used	
  in	
  analyses	
  

BF,	
  Breast-­‐feeding;	
  BO,	
  birth	
  order;	
  BW,	
  birthweight;	
  C–C,	
  case–control;	
  GA,	
  gestational	
  age;	
  MA,	
  maternal	
  age;	
  MD,	
  maternal	
  diabetes.	
  

	
  

	
  

Reporting	
  the	
  characteristics	
  of	
  included	
  studies	
  is	
  important	
  to	
  allow	
  the	
  reader	
  to	
  gauge	
  the	
  validity	
  

and	
  generalizability	
  of	
  the	
  results.	
  As	
  harms	
  are	
  not	
  reported	
  or	
  measured	
  in	
  a	
  standardized	
  format,	
  we	
  

suggest	
  reporting	
  the	
  following	
  for	
  every	
  included	
  study:	
  a)	
  definitions	
  for	
  specific	
  adverse	
  event,	
  b)	
  the	
  

method	
  of	
  adverse	
  events	
  	
  ascertainment	
  if	
  passive	
  methods	
  (patients	
  reported	
  a	
  harms	
  as	
  emerged),	
  or	
  

active	
  methods	
  (harms	
  actively	
  searched),	
  c)	
  the	
  method	
  of	
  measurement	
  (i.e.,	
  if	
  any	
  validated	
  tool	
  was	
  

used	
   to	
   measure	
   them,	
   along	
   with	
   appropriate	
   reference	
   to	
   its	
   validation)	
   and	
   d)	
   how	
  

intensity/seriousness	
  was	
  measured.	
  This	
  information	
  could	
  be	
  combined	
  with	
  the	
  study	
  characteristics	
  

or	
  presented	
  separately.	
  	
  

	
   	
  

Recommendations	
  for	
  reporting	
  harms	
  in	
  reviews:	
  The	
  PRISMA	
  Statement	
  suggests	
  following	
  the	
  PICOS	
  

format	
  for	
  this	
  item.	
  For	
  reviews	
  of	
  AEs,	
  we	
  would	
  add	
  additional	
  characteristics	
  as	
  follows:	
  

“P”-­‐	
  Population	
  -­‐	
  add	
  the	
  identification	
  of	
  assessed	
  patient	
  risk	
  factors	
  that	
  could	
  lead	
  to	
  the	
  outcome	
  

(harm).	
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“I”–	
  Intervention	
  -­‐	
  add	
   professional	
  expertise/skills	
   if	
   appropriate	
   (for	
   example	
   if	
   the	
   intervention	
   is	
   a	
  

procedure)	
  

“T”	
  -­‐	
  Time	
  -­‐	
  add	
  timing	
  of	
  all	
  assessments	
  and	
  the	
  length	
  of	
  follow-­‐up.	
  The	
  timing	
  of	
  outcome	
  (harm)	
  

assessment	
  will	
  vary	
  across	
  studies	
  and	
  these	
  differences	
  are	
  important	
  to	
  note.	
  	
  

	
  

Item	
  19-­‐Risk	
  of	
  bias	
  within	
  studies	
  

PRISMA	
   Statement:	
  “Present	
   data	
   on	
   risk	
   of	
   bias	
   of	
   each	
   study	
   and,	
   if	
   available,	
   any	
   outcome	
   level	
  

assessment	
  (see	
  item	
  12).”	
  

Example:	
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Recommendations	
  for	
  reporting	
  harms	
  in	
  reviews:	
  Review	
  authors	
  should	
  consider	
  the	
  possible	
  sources	
  

of	
  systematic	
  biases	
  that	
  could	
  affect	
  the	
  specific	
  harm	
  under	
  consideration	
  within	
  the	
  review.	
  The	
  study	
  

designs	
  may	
  be	
  ‘ideal’	
  for	
  efficacy	
  measurement	
  (e.g.,	
  in	
  terms	
  of	
  some	
  standard	
  risk	
  of	
  bias	
  indicators	
  

such	
  as	
  concealment	
  of	
  allocation,	
  sequence	
  generation	
  and	
  double-­‐blinding),	
  but	
  consideration	
  of	
  the	
  

sample	
  selection,	
  drop-­‐outs	
  and	
  measurement	
  of	
  adverse	
  events	
  should	
  be	
  evaluated	
  separately	
  from	
  

the	
   outcomes	
   of	
   benefit	
   as	
   described	
   in	
   item	
   12.	
   Depending	
   on	
   the	
   nature	
   of	
   the	
   harms,	
   their	
  

measurements,	
  data	
  collection	
  and	
  study	
  designs,	
  risk	
  of	
  bias	
  may	
  need	
  to	
  consider	
  different	
  indicators	
  

and	
  their	
  choice	
  should	
  be	
  justified	
  beforehand.	
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Item	
  20-­‐Results	
  of	
  individual	
  studies	
  

PRISMA	
   Statement:	
   “For	
   all	
  outcomes	
   considered	
   (benefits	
   or	
   harms),	
   present,	
   for	
   each	
   study:	
   (a)	
  

simple	
  summary	
  data	
  for	
  each	
  intervention	
  group	
  (b)	
  effect	
  estimates	
  and	
  confidence	
  intervals,	
  ideally	
  

with	
  a	
  forest	
  plot.”	
  

Example	
  1:	
  (Results	
  of	
  Individual	
  Studies)	
  (t1)	
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Example	
   2:	
   (t2)

	
  

Example	
  3:	
  (t3)	
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Recommendations	
   for	
   reporting	
  harms	
  in	
   reviews:	
  Because	
  adverse	
   events	
  are	
   often	
   rare,	
  it	
   is	
  

especially	
   important	
   that	
   review	
   authors	
   should	
   report	
   the	
   actual	
   numbers	
   of	
  adverse	
   events	
  in	
  

each	
   study,	
   separately	
   by	
   intervention	
   group	
   if	
   relevant.	
   This	
   information	
   can	
   be	
   combined	
   with	
  

information	
   for	
   each	
   study	
   on	
   how	
  adverse	
   events	
  were	
   assessed	
   (item	
   18).	
   Effect	
   estimates	
   on	
  

their	
  own,	
  such	
  as	
  relative	
  risk	
  (RR),	
  may	
  be	
  very	
  misleading	
  summaries	
  of	
  data	
  on	
  harms.	
  Graphical	
  

display	
  in	
  a	
  forest	
  plot	
  is	
  often	
  useful,	
  although	
  meta-­‐analysis	
  is	
  not	
  always	
  appropriate.	
  	
  

Item	
  21-­‐Synthesis	
  of	
  results	
  	
  

PRISMA	
   Statement:	
   “Present	
   results	
   of	
   each	
   meta-­‐analysis	
   done,	
   including	
   confidence	
   intervals	
   and	
  

measures	
  of	
  consistency.”	
  	
  

PRISMA	
  Harms:	
  “Describe	
  any	
  assessment	
  of	
  possible	
  causality”.	
  

Example	
  1:	
  	
  

When	
   Bradford-­‐Hill	
   criteria	
   for	
   causality	
   was	
  applied	
   to	
   the	
   reports	
   summarized	
   here,	
   we	
   found	
  that	
  

many	
   criteria	
   were	
   fulfilled,	
   such	
   as:	
   consistency	
   (the	
   reports	
   were	
   very	
   consistent	
   in	
   their	
   clinical	
   and	
  

laboratory	
  findings);	
  biological	
  gradient	
  (there	
  was	
  predominantly	
  an	
  association	
  between	
  higher	
  doses	
  

and	
   longer	
   durations	
   of	
   propofol	
   with	
   PRIS);	
   plausibility	
   and	
   coherence	
   (mitochondrial	
   toxicity	
   and	
  

oxidative	
  phosphorylation	
  effect	
  in	
  energy	
  production	
  has	
  been	
  reported	
  previously)	
  and	
  temporality	
  (all	
  

patients	
  developed	
  the	
  syndrome	
  after	
  been	
  exposed	
  to	
  propofol).(u)	
  

The	
  assessment	
  of	
  causality	
  is	
  important	
  when	
  reviewing	
  harms.	
  The	
  author	
  should	
  report	
  the	
  causality	
  

assessment	
   in	
   the	
   light	
   of	
   the	
   dataset	
   obtained,	
   and	
   if	
   it	
   was	
   limited	
   to	
   cases	
   where	
   relationship	
  

between	
  intervention	
  and	
  adverse	
  reaction	
  was	
  judged	
  as	
  “related”,	
  “probable”	
  or	
  “possible”.	
  Review	
  

authors	
   should	
   report	
   if	
   causality	
   was	
   assessed,	
   how	
   it	
   was	
   determined,	
   and	
   the	
   definitions	
   used	
   to	
  

establish	
  causality	
  (e.g.	
  Bradford	
  Hill’s	
  principles	
  of	
  causality).	
  	
  

Example	
  2:	
  	
  

‘There	
  was	
  no	
  increased	
  risk	
  for	
  all	
  atrial	
  fibrillation	
  (AF)	
  adverse	
  events	
  in	
  each	
  of	
  the	
  four	
  randomized	
  

trials.	
   Meta-­‐analysis	
   of	
   the	
   four	
   randomized	
   control	
   trials	
   (RCT)	
   revealed	
   that	
   serious	
   atrial	
   fibrillation	
  

occurred	
   more	
   frequently	
   in	
   the	
   bisphosphonate	
   group	
   compared	
   to	
   the	
   placebo	
   group	
   (relative	
   risk,	
  

1.525;	
  95%	
  CI,	
  1.166	
  to	
  1.997;	
  p=0.002).	
  The	
  results	
  are	
  shown	
  in	
  the	
  Fig.	
  2.	
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Among	
  the	
  observational	
  studies,	
  Heckbert	
  et	
  al.	
  	
  in	
  their	
  case-­‐control	
  study,	
  found	
  that	
  more	
  AF	
  case	
  

patients	
  than	
  controls	
  had	
  ever	
  used	
  alendronate	
  [6.5%	
  (n=47)	
  versus	
  4.1%	
  (n=40);	
  p=0.03].	
  Ever	
  use	
  of	
  

alendronate	
   was	
   associated	
   with	
   a	
   higher	
   risk	
   of	
   incident	
   atrial	
   fibrillation	
   after	
   adjustment	
   for	
   the	
  

matching	
   variables,	
   a	
   diagnosis	
   of	
   osteoporosis	
   and	
   any	
   cardiovascular	
   disease	
   [odds	
   ratio	
   (OR):	
   1.86;	
  

confidence	
  interval:	
  1.09–3.15].	
  The	
  OR	
  was	
  slightly	
  higher	
  for	
  past	
  users	
  than	
  for	
  current	
  users,	
  but	
  this	
  

difference	
  did	
  not	
  reach	
  significance	
  (p=0.08).	
  The	
  risk	
  of	
  sustained	
  AF	
  associated	
  with	
  alendronate	
  ever	
  

use	
  was	
  higher	
  than	
  the	
  risk	
  of	
  transitory	
  or	
  intermittent	
  AF	
  (sustained	
  AF:	
  OR,	
  5.75	
  [95%	
  CI,	
  2.50–13.25];	
  

transitory	
   AF:	
   OR,	
   1.93	
   [95%	
   CI,	
   0.95–3.92];	
   and	
   intermittent	
   AF:	
   OR,	
   1.25	
   [95%	
   CI,	
   0.64–2.44];	
   test	
   of	
  

difference	
  in	
  OR	
  across	
  strata,	
  p=0.005).	
  

Sorenson	
  et	
  al.	
  in	
  their	
  case-­‐control	
  study,	
  with	
  almost	
  equal	
  use	
  of	
  etidronate	
  and	
  alendronate	
  among	
  

cases	
   and	
   controls,	
   found	
   a	
   similar	
   adjusted	
   relative	
   risk	
   of	
   AF	
   among	
   ever	
   and	
   never	
   users	
   of	
  

bisphosphonate.	
   Although	
   both	
   Heckbert	
   et	
   al.	
   and	
   Sorenson	
   et	
   al.	
  gave	
   conflicting	
   results,	
   in	
   both	
  

instances,	
  the	
  association	
  was	
  not	
  statistically	
  significant	
  when	
  restricted	
  to	
  current	
  users.	
  	
  

Abrahamsen	
  et	
  al.	
  found	
  increased	
  risk	
  of	
  AF	
  in	
  fracture	
  patients	
  prescribed	
  with	
  oral	
  bisphosphonates	
  

compared	
  with	
  matched	
  fracture	
  patients	
  who	
  did	
  not	
  receive	
  bisphosphonates.	
  An	
  unadjusted	
  hazard	
  

ratio	
   (HR)	
   of	
   1.29	
   (1.17–1.41)	
   and	
   1.22	
   (1.09–	
  1.36)	
   was	
   found	
   for	
   probable	
   and	
   hospital-­‐treated	
   AF,	
  

respectively.	
  The	
  effect	
  size	
  was	
  reduced	
  to	
  fully	
  adjusted	
  (adjustment	
  for	
  age,	
  sex,	
  use	
  of	
  cardiovascular	
  

medications,	
  number	
  of	
  co-­‐medications	
  and	
  co-­‐morbidity)	
  HR	
  of	
  1.18	
  (1.08–1.29)	
  and	
  1.13	
  (1.01–1.26)	
  

for	
  probable	
  and	
  hospital-­‐treated	
  AF	
  respectively.	
  A	
  multivariable	
  Cox	
  regression	
  analysis	
  identified	
  the	
  

following	
   factors	
   as	
  associated	
   with	
   increased	
   risk	
   of	
   incident	
   AF	
   after	
   exposure	
   to	
   bisphosphonates:	
  

male	
  sex,	
  increasing	
  age,	
  number	
  of	
  co-­‐medications	
  and	
  use	
  of	
  anti-­‐hypertensive	
  drugs.	
  In	
  a	
  subgroup	
  

analyses,	
   according	
   to	
   bisphosphonate	
   type,	
   alendronate	
   use	
   was	
   indicative	
  of	
   significantly	
   increased	
  

risk	
   of	
   AF	
   after	
   adjustment	
   for	
   co-­‐morbidity	
   and	
   co-­‐medications,	
   whereas	
   this	
   was	
   not	
   the	
   case	
   for	
  

etidronate.	
  (u2)	
  

Recommendations	
  for	
  reporting	
  harms	
  in	
  reviews:	
  The	
  synthesis	
  of	
  results	
  should	
  report	
  the	
  findings	
  of	
  

all	
  included	
  studies.	
  A	
  summary	
  of	
  findings	
  sub-­‐grouped	
  by	
  study	
  designs	
  (if	
  more	
  than	
  one	
  design	
  was	
  

included)	
   with	
   consideration	
   of	
   the	
   limitations	
   of	
   each	
   type	
   should	
   be	
   considered.	
   Meta-­‐analysis	
   may	
  

not	
  be	
  advised	
  and	
  a	
  qualitative	
  report	
  of	
  findings	
  may	
  be	
  the	
  best	
  approach	
  for	
  rare	
  events.	
  If	
  meta-­‐

analysis	
   is	
   undertaken,	
   the	
   estimates	
   should	
   also	
   be	
   sub-­‐grouped	
   by	
   the	
   different	
   study	
   designs	
   (see	
  

example	
  2,	
  item	
  20).	
  When	
  a	
  rare	
  outcome	
  is	
  being	
  reviewed,	
  the	
  synthesis	
  of	
  results	
  may	
  only	
  include	
  a	
  



 

89 
 

few	
   cases	
   and	
   the	
   choice	
   of	
   statistical	
   methods	
   may	
   make	
   a	
   major	
   difference	
   to	
   the	
   results	
   and	
  

inferences	
  drawn	
  (23,	
  44,	
  45).	
  	
  

Item	
  22-­‐Risk	
  of	
  bias	
  across	
  studies	
  

PRISMA	
  Statement:	
  “Present	
  results	
  of	
  any	
  assessment	
  of	
  risk	
  of	
  bias	
  across	
  studies	
  (see	
  Item	
  15).”	
  

Example:	
  	
  

The	
   included	
   studies	
   were	
   broadly	
   similar	
   in	
   terms	
   of	
   ascertainment	
   of	
   drug	
   use	
   and	
   cardiovascular	
  

outcomes;	
   they	
   relied	
   mainly	
   on	
   computerised	
   diagnostic	
   codes,	
   pharmacy	
   claims	
   databases,	
   and	
  

retrospective	
   chart	
   reviews.	
   Few	
   researchers	
   made	
   attempts	
   to	
   verify	
   drug	
   history	
   directly	
   with	
   the	
  

patients	
   or	
   to	
   check	
   the	
   validity	
   of	
   the	
   prescriptions	
   data	
   source;	
   only	
   one	
   study	
   was	
   deemed	
   to	
   have	
  

specific	
   validation	
   of	
   drug	
   use.	
   Most	
   studies	
   reported	
   the	
   accuracy	
   of	
   outcome	
   ascertainment	
   on	
   the	
  

basis	
  of	
  historical	
  validation	
  studies;	
  only	
  two	
  studies	
  specifically	
  cross	
  checked	
  or	
  validated	
  outcomes	
  for	
  

this	
   analysis.	
   Both	
   of	
   these	
   studies	
   showed	
   a	
   limited	
   degree	
   of	
   misclassification.	
   None	
   of	
   the	
   studies	
  

provided	
   details	
   about	
   the	
   severity	
   and	
   consequences	
   of	
   the	
   cardiac	
   adverse	
   events.	
   Almost	
   all	
   the	
  

studies	
  used	
  a	
  wide	
  variety	
  of	
  variables	
  to	
  adjust	
  for	
  potential	
  confounders.	
  Two	
  cohort	
  studies	
  checked	
  

specifically	
  for	
  similarities	
  between	
  the	
  rosiglitazone	
  and	
  pioglitazone	
  populations	
  and	
  did	
  not	
  find	
  any	
  

major	
  differences	
  in	
  the	
  characteristics	
  evaluated.	
  We	
  were	
  able	
  to	
  use	
  adjusted	
  risk	
  estimates	
  for	
  most	
  

studies,	
  except	
  for	
  two	
  studies	
  for	
  which	
  we	
  calculated	
  odds	
  ratios	
  from	
  the	
  raw	
  data.	
  (w)	
  

No	
  specific	
  additional	
  information	
  is	
  required	
  for	
  reviews	
  of	
  adverse	
  events.	
  

	
  

Item	
  23-­‐Additional	
  analysis	
  

PRISMA	
  Statement:	
  “Give	
  results	
  of	
  additional	
  analyses,	
  if	
  done	
  (e.g.,	
  sensitivity	
  or	
  subgroup	
  analyses,	
  

meta-­‐regression	
  [see	
  Item	
  16]).”	
  

Examples:	
  

Comparison	
   of	
   study	
   designs:	
   “We	
   performed	
   subgroup	
   analysis	
   on	
   the	
   39	
   studies	
   reporting	
   risk	
   of	
  

incident	
  Clostridium	
  difficile	
  infection	
  (CDI)	
  by	
  restricting	
  the	
  studies	
  according	
  to	
  design	
  (case-­‐control	
  or	
  

cohort),	
  presence	
  of	
  laboratory	
  verification	
  of	
  CDI,	
  or	
  to	
  hospital	
  setting	
  only.	
  The	
  significant	
  association	
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between	
  PPI	
  use	
  and	
  CDI	
  was	
  present	
  in	
  all	
  the	
  subgroup	
  analyses,	
  even	
  when	
  we	
  restricted	
  it	
  to	
  studies	
  

that	
  provided	
  adjusted	
  data	
  and	
  had	
  laboratory	
  diagnostic	
  confirmation”	
  (v1)	
  	
  

High-­‐quality	
   vs.	
   low-­‐quality	
   cohorts:	
  There	
   were	
   two	
   cohorts	
   with	
   a	
   quality	
   score	
   >	
   5	
   (presumed	
   high	
  

quality)	
  and	
  three	
  with	
  a	
  respective	
  score	
  of	
  ≤	
  5	
  (presumed	
  low	
  quality).	
  The	
  OR	
  (random	
  effect	
  model)	
  

for	
   the	
   frequency	
   of	
   gastro-­‐esophageal	
   reflux	
   disease	
   (GERD)	
  the	
   Hp	
   eradicated	
   group	
   vs.	
   the	
   Hp	
  

persistent	
  group	
  was	
  1.85	
  (95	
  %	
  CI:	
  0.25	
  –	
  13.99;	
  P	
  =	
  0.55)	
  in	
  high-­‐quality	
  studies.	
  Test	
  of	
  heterogeneity	
  

was	
   significant	
   for	
   the	
   meta-­‐analysis	
   (P	
   =	
   0.05,	
   χ	
   2	
   =	
   3.73,	
   d.f.:	
   1,	
   I	
   2	
   =	
   73.2	
   %	
   ).	
   The	
   OR	
   (fixed	
   effect	
  

model)	
  for	
  the	
  frequency	
  of	
  GERD	
  in	
  the	
  Hp	
  eradicated	
  group	
  vs.	
  the	
  Hp	
  persistent	
  group	
  was	
  1.59	
  (95	
  %	
  

CI:	
  0.80–	
  3.15;	
  P	
  =	
  0.14)	
  in	
  high-­‐quality	
  studies.	
  Test	
  of	
  heterogeneity	
  was	
  not	
  significant	
  for	
  the	
  meta-­‐

analysis	
  (P	
  =	
  0.48,	
  χ	
  2	
  =	
  1.47,	
  d.f.:2,	
  I2	
  =	
  0.0%).	
  (v2)	
  

No	
  specific	
  additional	
  information	
  is	
  required	
  for	
  reviews	
  of	
  adverse	
  events.	
  

Item	
  24-­‐Summary	
  of	
  evidence	
  

PRISMA	
  Statement:	
  “Summarize	
  the	
  main	
  findings	
  including	
  the	
  strength	
  of	
  evidence	
  for	
  each	
  main	
  

outcome;	
   consider	
   their	
   relevance	
   to	
   key	
   groups	
   (e.g.,	
   healthcare	
   providers,	
   users,	
   and	
   policy	
  

makers).”	
  

Example:	
  	
  

This	
   meta-­‐analysis,	
   based	
   on	
   1,530	
   PPI-­‐exposed	
   and	
   133,410	
   non-­‐exposed	
   controls,	
   showed	
   that	
   the	
  

first-­‐trimester	
   use	
   of	
   PPIs	
   does	
   not	
   seem	
   to	
   be	
   associated	
   with	
   an	
   increased	
   risk	
   for	
   major	
   congenital	
  

malformations.	
  The	
  CIs	
  are	
  tight,	
  suggesting	
  that	
  it	
  is	
  unlikely	
  that	
  a	
  β	
  -­‐error	
  may	
  contribute	
  to	
  the	
  lack	
  

of	
   significant	
   effect.	
   Furthermore,	
   secondary	
   analysis	
   revealed	
   no	
   apparent	
   increased	
   risk	
   for	
  

spontaneous	
  abortions	
  or	
  preterm	
  delivery.	
  On	
  the	
  basis	
  of	
  1,341	
  omeprazole-­‐exposed	
  and	
  120,137	
  non-­‐

exposed	
   controls,	
   the	
   use	
   of	
   omeprazole	
   does	
   not	
   seem	
   to	
   be	
   associated	
   with	
   an	
   increased	
   risk	
   for	
  

congenital	
  malformations.	
  	
  

The	
   funnel	
   plot	
   did	
   not	
   reveal	
   a	
   potential	
   publication	
   bias,	
   and	
   the	
   included	
   studies	
   were	
   not	
  

heterogeneous.	
   On	
   the	
   basis	
   of	
   the	
   overall	
   acceptable	
   quality	
   of	
   the	
   studies	
   included	
   in	
   this	
   meta-­‐

analysis,	
  the	
  results	
  obtained	
  offer	
  reassurance	
  with	
  respect	
  to	
  the	
  safety	
  of	
  the	
  use	
  of	
  PPIs	
  in	
  pregnancy;	
  

similarly,	
   the	
   same	
   can	
   be	
   said	
   about	
   the	
   use	
   of	
   omeprazole	
   in	
   pregnancy.	
   Our	
   results	
   should	
  be	
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interpreted	
   with	
   some	
   caution,	
   as	
   they	
   may	
   not	
   be	
   generalizable	
   to	
   all	
   populations;	
   however,	
   it	
   is	
  

encouraging	
  that	
  our	
  results	
  are	
  consistent	
  with	
  earlier	
  studies.	
  (x)	
  

No	
  specific	
  additional	
  information	
  is	
  required	
  for	
  reviews	
  of	
  adverse	
  events.	
  

Item	
  25-­‐Limitations	
  

PRISMA	
  Statement:	
  “Discuss	
  limitations	
  at	
  study	
  and	
  outcome	
  level	
  (e.g.,	
  risk	
  of	
  bias),	
  and	
  at	
  review-­‐

level	
  (e.g.,	
  incomplete	
  retrieval	
  of	
  identified	
  research,	
  reporting	
  bias).”	
  

Example:	
  	
  

This	
   systematic	
   review	
   and	
   meta-­‐analyses	
   demonstrated	
  that	
   testosterone	
   therapy	
   in	
   men	
   was	
  

associated	
   with	
   significant	
   increases	
   in	
   hemoglobin	
   and	
   hematocrit.	
   There	
   also	
   was	
   a	
   statistically	
  

significant,	
  but	
   small	
   reduction	
   in	
   HDL	
   cholesterol.	
   However,	
   testosterone	
   therapy	
   had	
   no	
   significant	
  

effects	
  on	
  all-­‐cause	
  mortality,	
  prostatic	
  or	
  urological	
  outcomes,	
  cardiovascular	
  events,	
  or	
  cardiovascular	
  

risk	
   factors.	
   Several	
   subgroup	
   interactions	
   were	
   found	
   and	
  can	
   partially	
   explain	
   the	
   heterogeneity	
  

associated	
   with	
   the	
   analysis.	
   However,	
   caution	
   should	
   be	
   exercised	
   in	
   interpreting	
   these	
   analyses	
  

because	
   they	
   are	
   considered	
   observational	
   in	
   nature	
   (despite	
   the	
   fact	
   that	
   the	
   original	
   studies	
   were	
  

randomized)	
  and	
  the	
  associations	
  found	
  can	
  be	
  attributable	
  to	
  chance	
  due	
  to	
  the	
  multiple	
  simultaneous	
  

comparisons.	
  Subgroup	
  interactions	
  generated	
  by	
  study-­‐level	
  meta-­‐analyses	
  are	
  considered	
  hypothesis-­‐	
  

generating	
  and	
  should	
  be	
  confirmed	
  at	
  a	
  patient-­‐level	
  (in	
  a	
  large	
  trial	
  or	
  individual	
  patient	
  meta-­‐analysis)	
  

before	
  clinical	
  implications	
  are	
  inferred.	
  

The	
  strengths	
  of	
  this	
  study	
  include	
  the	
  comprehensive	
  literature	
  search,	
  the	
  application	
  of	
  bias	
  protection	
  

measures	
   in	
   the	
   selection	
   of	
   the	
   studies,	
   and	
   the	
   evaluation	
   of	
   their	
   methodological	
   quality.	
  

Nevertheless,	
  the	
  quality	
  of	
  the	
  evidence	
  varied	
  from	
  low	
  to	
  medium	
  considering	
  the	
  imprecision	
  (small	
  

number	
   of	
   events),	
   heterogeneity	
   (for	
   the	
   outcomes	
   of	
   cardio	
   metabolic	
   risk	
   factors,	
   hemoglobin	
   and	
  

hematocrit),	
   and	
   methodological	
   limitations	
   of	
   the	
   included	
   trials.	
   In	
   particular,	
   the	
   brief	
   duration	
   of	
  

most	
   testosterone	
   trials	
   limited	
   inferences	
   about	
   the	
   long	
   term	
   safety	
   of	
   this	
   treatment.	
   In	
   addition,	
  

publication	
   and	
   reporting	
   biases	
   likely	
   affected	
   the	
   inferences	
   in	
   this	
   review	
   because	
   not	
   all	
   studies	
  

reported	
  the	
  outcomes	
  of	
  interest.(y)	
  

Recommendations	
  for	
  reporting	
  harms	
  in	
  reviews:	
  The	
  review	
  author	
  should	
  recognize	
  the	
  findings	
  of	
  a	
  

possible	
   association	
   may	
   not	
   necessarily	
   indicate	
   a	
   definitive	
   link	
   between	
   intervention	
   and	
   adverse	
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event.	
   It	
   is	
   important	
   to	
   recognize	
   limitations	
   of	
   meta-­‐analysis	
   for	
   rare	
  adverse	
  events	
   (issues	
   noted	
  

previously	
  related	
  to	
  collection	
  and	
  reporting).	
  	
  

Item	
  26-­‐Conclusions	
  

PRISMA	
  Statement:	
  “Provide	
  a	
  general	
  interpretation	
  of	
  the	
  results	
  in	
  the	
  context	
  of	
  other	
  evidence,	
  

and	
  implications	
  for	
  future	
  research.”	
  

Example:	
  	
  

Further	
   complicating	
   the	
   interpretation	
   of	
   our	
   findings	
   is	
   that	
   few	
   high-­‐quality	
   studies	
   have	
   compared	
  

the	
  safety	
  profiles	
  of	
  other	
  induction	
  agents.	
  None	
  of	
  the	
  induction	
  agents	
  used	
  in	
  the	
  ED	
  are	
  devoid	
  of	
  

potential	
   adverse	
   effects.	
   Our	
   study	
   did	
   not	
   examine	
   immediate	
   adverse	
   events	
   such	
   as	
   hemodynamic	
  

and	
  cardio	
  depressant	
  adverse	
  effects	
  and	
  factors	
  such	
  as	
  ease	
  of	
  tracheal	
  intubation	
  and	
  simplicity	
  of	
  

use	
  that	
  also	
  need	
  to	
  be	
  taken	
  into	
  consideration	
  when	
  choosing	
  the	
  most	
  appropriate	
  induction	
  agent	
  

for	
  a	
  given	
  patient.	
  

The	
   available	
   evidence	
   suggests	
   that	
   etomidate	
   suppresses	
   adrenal	
   function	
   transiently,	
   without	
  

demonstrating	
  a	
  significant	
  effect	
  on	
  mortality.	
  However,	
  to	
  our	
  knowledge	
  no	
  studies	
  to	
  date	
  have	
  been	
  

powered	
   to	
   detect	
   a	
   difference	
   in	
   mortality	
   or	
   time	
   in	
   the	
   hospital,	
   the	
   ICU,	
   or	
   receiving	
   ventilator	
  

support.	
  According	
  to	
  robust	
  evidence	
  that	
  etomidate	
  transiently	
  decreases	
  adrenal	
  function	
  and	
  that	
  a	
  

significant	
  effect	
  on	
  mortality	
  cannot	
  be	
  excluded,	
  alternate	
  induction	
  agents	
  may	
  be	
  considered	
  for	
  use	
  

in	
   rapid	
   sequence	
   intubation,	
   particularly	
   for	
   septic	
   patients.	
   More	
   data	
   are	
   needed	
   to	
   determine	
  

etomidate’s	
  effect	
  on	
  mortality.	
  (z)	
  	
  

Recommendations	
  for	
  reporting	
  harms	
  in	
  reviews:	
  It	
  is	
  important	
  to	
  state	
  conclusions	
  in	
  coherence	
  with	
  

the	
   review	
   findings.	
   Not	
   infrequently,	
   the	
   review	
   author	
   states	
   the	
   limitations	
   and	
   weaknesses	
   of	
   the	
  

included	
  studies	
  in	
  the	
  discussion	
  (e.g.,	
  high	
  risk	
  of	
  bias,	
  poor	
  reporting	
  of	
  adverse	
  events).	
  Despite	
  this,	
  

the	
  systematic	
   review	
  conclusion	
  may	
  state	
  that	
   the	
   adverse	
   events	
   were	
   not	
   identified	
   and	
   the	
  

intervention	
  is	
  therefore	
  considered	
  ‘safe’,	
  when,	
  in	
  reality,	
  its	
  safety	
  is	
  actually	
  unknown.	
  	
  

Review	
  authors	
  should	
  be	
  careful	
  not	
  to	
  conclude	
  safety	
  from	
  an	
  absence	
  of	
  evidence	
  of	
  harm.	
  

Item	
  27-­‐Funding	
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PRISMA	
   Statement:	
  “Describe	
   sources	
   of	
   funding	
   for	
   the	
   systematic	
   review	
   and	
   other	
   support	
   (e.g.,	
  

supply	
  of	
  data);	
  role	
  of	
  funders	
  for	
  the	
  systematic	
  review.”	
  

Example:	
  	
  

Mr.	
  Edwards	
  is	
  an	
  employee	
  of	
  Astra	
  Zeneca	
  UK	
  Ltd.	
  (manufacturer	
  of	
  Seroquel	
  [quetiapinej).	
  Dr.	
  Smith	
  

has	
  attended	
  educational	
  meetings	
  sponsored	
  by	
  AstraZeneca	
  UK	
  Ltd.	
  and	
  Sanofi-­‐Synthelabo	
  Ltd.,	
  and	
  

was	
  previously	
  an	
  employee	
  of	
  janssen-­‐Cilag	
  (manufacturer	
  of	
  Risperdal	
  [risperidone])	
  and	
  Astra	
  Zeneca	
  

UK	
   Ltd.	
   Alex	
   Mitchell,	
   PhD,	
   of	
   Complete	
   Medical	
   Communications,	
   Macclesfield,	
   United	
   Kingdom,	
  

provided	
  medical	
  writing	
  support	
  funded	
  by	
  AstraZeneca.	
  (ab)	
  

No	
  specific	
  additional	
  information	
  is	
  required	
  for	
  reviews	
  of	
  adverse	
  events.	
  

Discussion	
  

Poor	
  reporting	
  in	
  medical	
  research	
  has	
  serious	
  implications	
  for	
  health	
  care.	
  It	
  wastes	
  funds	
  invested	
  as	
  it	
  

requires	
   duplication	
   of	
   experiments	
   and	
   exposes	
   patients	
   to	
   treatments	
   with	
   unknown	
   effects	
   (48).	
  

Reporting	
   guidelines	
   offer	
   guidance	
   to	
   authors	
   and	
   journal	
   editors	
   on	
   a	
   minimal	
   set	
   of	
   items	
   to	
   be	
  

reported	
   to	
   assure	
   transparency.	
   Transparent	
   reporting	
   improves	
   patient	
   care	
   and	
   supports	
   proper	
  

allocation	
  of	
  heath	
  care	
  investment.	
  Health	
  care	
  professionals,	
  police	
  makers	
  and	
  the	
  general	
  public	
  rely	
  

on	
  systematic	
  reviews	
  to	
  provide	
  a	
  summary	
  of	
  outcomes	
  of	
  a	
  given	
  intervention.	
  	
  

Systematic	
   reviews	
   are	
   the	
   ideal	
   method	
   to	
   combine	
   information	
   on	
   rare	
   outcomes.	
   Harms	
   are	
   often	
  

infrequent	
  and	
  individual	
  studies	
  may	
  not	
  have	
  the	
  power	
  to	
  detect	
  differences	
  between	
  interventions	
  

(22).	
  The	
  review	
  author	
  has	
  a	
  unique	
  opportunity	
  to	
  access	
  and	
  evaluate	
  the	
  entire	
  evidence	
  including	
  

strengths	
   and	
   deficits	
   in	
   harms	
   reporting	
   in	
   included	
   studies	
   (12).	
  Clear	
   reporting	
   of	
   harms	
   is	
   critical.	
  

Systematic	
   reviews	
  can	
   present	
   a	
   misleading	
   picture	
   to	
   readers	
   if	
   the	
   lack	
   of	
   evidence	
   of	
   harms	
   is	
  

presented	
   as	
   evidence	
   of	
   safety.	
   Every	
   intervention	
   carries	
  the	
   potential	
   for	
   both	
  benefits	
   and	
   harms	
  

and	
  both	
  should	
  be	
  clearly	
  reported.	
  	
  

The	
   PRISMA	
   Harms	
   is	
   an	
   extension	
   of	
   the	
   PRISMA	
   Statement	
   and	
   it	
   should	
   be	
   used	
   in	
   every	
   review	
  

assessing	
   adverse	
   events.	
   The	
   checklist	
   is	
   a	
  minimum	
  set	
   of	
   items	
   to	
   be	
   reported	
   to	
   provide	
  

transparency.	
   The	
   sections	
   “recommendations	
   for	
   reporting	
  harms	
  in	
   reviews”	
  highlights	
  important	
  

concepts	
  to	
  consider	
  when	
  reviewing	
  adverse	
  events	
  as	
  they	
  can	
  be	
  particularly	
  different	
  than	
  reviews	
  

of	
   efficacy.	
   PRISMA	
   is	
   a	
   reporting	
   guideline	
   and	
   does	
   not	
   provide	
   methodological	
   advice,	
   but	
   strongly	
  

seeks	
  the	
  transparency	
  in	
  reporting	
  the	
  reasons	
  for	
  any	
  methodological	
  choices	
  made.	
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Conclusion	
  
A	
  balanced	
   assessment	
   of	
   benefits	
   and	
   harms	
  is	
   needed.	
  The	
   PRISMA	
   Harms	
   is	
   a	
   step	
   towards	
  better	
  

reporting	
   of	
   harms	
   in	
   reviews.	
  The	
   endorsement	
   of	
   the	
   PRISMA	
   Harms	
   by	
   peer	
   review	
   journals,	
   the	
  

Cochrane	
  Collaboration	
  and	
  review	
  authors	
  is	
  paramount	
  for	
  effective	
  implementation.	
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Risk of bias across 
studies  

15 Specify any assessment of risk of bias that may affect the 
cumulative evidence (e.g., publication bias, selective 
reporting within studies).  

  

Additional analyses  16 Describe methods of additional analyses (e.g., sensitivity 
or subgroup analyses, meta-regression), if done, 
indicating which were pre-­‐specified.  

  

Section/topic  # Checklist item  Harms Extension  
 
Check if 
done 

TITLE    

Title  1 Identify the report as a systematic review, meta-analysis, 
or both.  

Specifically mention 
“harms” or other related 
terms, or the harm of 
interest in the review.  

 

ABSTRACT    

Structured summary  2 Provide a structured summary including, as applicable: 
background; objectives; data sources; study eligibility 
criteria, participants, and interventions; study appraisal 
and synthesis methods; results; limitations; conclusions 
and implications of key findings; systematic review 
registration number.  

  

INTRODUCTION    

Rationale  3 Describe the rationale for the review in the context of 
what is already known.  

  

Objectives  4 Provide an explicit statement of questions being 
addressed with reference to participants, interventions, 
comparisons, outcomes, and study design (PICOS).  

  

METHODS    

Protocol and 
registration  

5 Indicate if a review protocol exists, if and where it can be 
accessed (e.g., Web address), and, if available, provide 
registration information including registration number.  

  

Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of 
follow-­‐up) and report characteristics (e.g., years 
considered, language, publication status) used as criteria 
for eligibility, giving rationale.  

  

Information sources  7 Describe all information sources (e.g., databases with 
dates of coverage, contact with study authors to identify 
additional studies) in the search and date last searched.  

  

Search  8 Present full electronic search strategy for at least one 
database, including any limits used, such that it could be 
repeated.  

  

Study selection  9 State the process for selecting studies (i.e., screening, 
eligibility, included in systematic review, and, if 
applicable, included in the meta-­‐analysis).  

  

Data collection 
process  

10 Describe method of data extraction from reports (e.g., 
piloted forms, independently, in duplicate) and any 
processes for obtaining and confirming data from 
investigators.  

  

Data items  11 List and define all variables for which data were sought 
(e.g., PICOS, funding sources) and any assumptions and 
simplifications made.  

  

Risk of bias in 
individual studies  

12  Describe methods used for assessing risk of bias of 
individual studies (including specification of whether this 
was done at the study or outcome level), and how this 
information is to be used in any data synthesis.  

  

Summary measures  13 State the principal summary measures (e.g., risk ratio, 
difference in means).  

  

Synthesis of results  14 Describe the methods of handling data and combining 
results of studies, if done, including measures of 
consistency (e.g., I

2
) for each meta-­‐analysis.  

Specify how zero events 
were handled, if 
relevant. 
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RESULTS    

Study selection  17 Give numbers of studies screened, assessed for 
eligibility, and included in the review, with reasons for 
exclusions at each stage, ideally with a flow diagram.  

  

Study 
characteristics  

18 For each study, present characteristics for which data 
were extracted (e.g., study size, PICOS, follow-up period) 
and provide the citations.  

Define each harm 
addressed, how it was 
ascertained (e.g. patient 
report, active search), 
and over what time 
period. 

 

Risk of bias within 
studies  

19 Present data on risk of bias of each study and, if 
available, any outcome level assessment (see item 12).  

  

Results of 
individual studies  

20 For all outcomes considered (benefits or harms), present, 
for each study: (a) simple summary data for each 
intervention group (b) effect estimates and confidence 
intervals, ideally with a forest plot.  

  

Synthesis of results  21 Present results of each meta-analysis done, including 
confidence intervals and measures of consistency.  

Describe any 
assessment of possible 
causality. 

 

Risk of bias across 
studies  

22 Present results of any assessment of risk of bias across 
studies (see Item 15).  

  

Additional analysis  23 Give results of additional analyses, if done (e.g., 
sensitivity or subgroup analyses, meta-regression [see 
Item 16]).  

  

DISCUSSION    

Summary of 
evidence  

24 Summarize the main findings including the strength of 
evidence for each main outcome; consider their relevance 
to key groups (e.g., healthcare providers, users, and 
policy makers).  

  

Limitations  25 Discuss limitations at study and outcome level (e.g., risk 
of bias), and at review-level (e.g., incomplete retrieval of 
identified research, reporting bias).  

  

Conclusions  26 Provide a general interpretation of the results in the 
context of other evidence, and implications for future 
research.  

  

FUNDING    

Funding  27 Describe sources of funding for the systematic review and 
other support (e.g., supply of data); role of funders for the 
systematic review.  
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Propofol	
  infusion	
  for	
  paediatric	
  sedation.	
  A	
  systematic	
  review	
  of	
  serious	
  

adverse	
  events.	
  

Cochrane	
  Library.	
  Protocol.	
  April	
  2012	
  DOI:	
  10.1002/14651858.CD009813.	
  	
  

Authors:	
  Liliane	
  M	
  Zorzela1,	
  Katherine	
  A	
  Pohlman1,	
  Salima	
  Punja2,	
  Ari	
  Joffe3,	
  Lisa	
  Hartling1,	
  Ben	
  

Vandermeer1,	
  Yoon	
  Loke4,	
  Sunita	
  Vohra1	
  

1Department	
  of	
  Pediatrics,	
  University	
  of	
  Alberta,	
  Edmonton,	
  Canada	
  

2Department	
  of	
  Medicine,	
  University	
  of	
  Alberta,	
  Edmonton,	
  Canada	
  

3Department	
  of	
  Pediatrics,	
  Division	
  of	
  Pediatric	
  Intensive	
  Care,	
  University	
  of	
  Alberta	
  and	
  

Stollery	
  Children's	
  Hospital,	
  Edmonton,	
  Canada	
  

4School	
  of	
  Medicine,	
  University	
  of	
  East	
  Anglia,	
  Norwich,	
  UK	
  

Abstract	
  	
  	
  

Background	
  	
  	
  

Propofol	
  is	
  an	
  anaesthetic	
  agent	
  frequently	
  used	
  in	
  paediatric	
  sedation.	
  Since	
  1992,	
  there	
  have	
  

been	
   several	
   case	
   reports	
   of	
   metabolic	
   acidosis,	
  rhabdomyolysis,	
   liver	
   dysfunction,	
   cardiac	
  

arrhythmias	
  and	
  cardiac	
  arrest	
  associated	
  with	
  a	
  prolonged	
  propofol	
  infusion	
  in	
  high	
  doses,	
  this	
  

phenomenon	
   became	
   referred	
   to	
   as	
   'propofol	
   infusion	
   syndrome'	
   (PRIS).	
   There	
   is	
   need	
   to	
  

review	
   the	
   current	
   knowledge	
   of	
  serious	
  adverse	
  events	
  of	
   propofol	
   infusion	
   in	
   paediatric	
  

patients.	
  

Objectives	
  	
  	
  

To	
  identify	
  if	
  propofol	
  infusion	
  is	
  associated	
  with	
  serious	
  adverse	
  events	
  (PRIS	
  or	
  cardiac	
  arrest)	
  

in	
   paediatric	
   patients;	
   to	
   identify	
   if	
   there	
   is	
   a	
   propofol	
   dose,	
   duration	
   of	
   infusion,	
  patient	
  

characteristics	
  and	
  patient	
   care	
   setting	
  associated	
   with	
   PRIS	
   or	
  cardiac	
   arrest.	
   We	
  aimed	
  to	
  

identify,	
   if	
   available,	
  the	
   mode	
   of	
   surveillance	
  of	
  adverse	
   events	
   in	
   different	
   study	
   designs	
  

(active	
   surveillance,	
   passive	
   or	
   specific	
   monitoring	
   procedures	
   for	
   collecting	
  serious	
   adverse	
  

events).	
  Also,	
   we	
   intended	
   to	
  identify	
   if	
   the	
   inclusion	
   of	
   non-­‐randomized	
   studies	
   and	
   grey	
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literature	
   in	
   a	
   review	
   of	
   adverse	
   events	
   provide	
   relevant	
   data	
   that	
   would	
   be	
   otherwise	
  

overlooked	
  if	
  only	
  clinical	
  trials	
  would	
  be	
  included.	
  	
  

Search	
  methods	
  	
  	
  

We	
  used	
  the	
  PRISMA	
  Harms	
  as	
  a	
  reporting	
  guideline	
  for	
  this	
  review	
  of	
  adverse	
  events.	
  	
  

We	
   searched	
   the	
   Cochrane	
   Central	
   Register	
   of	
   Controlled	
   Trials	
   (CENTRAL)	
   (The	
   Cochrane	
  

Library,	
  latest	
   version);	
   Ovid	
   MEDLINE;	
   and	
   Ovid	
   EMBASE	
   (1988	
   to	
   date).	
   There	
   were	
  no	
  

language	
  restrictions.	
  We	
  searched	
  the	
  web	
  sites	
  of	
  regulatory	
  pharmaceutical	
  authorities.	
  Date	
  

of	
  last	
  search	
  was	
  January	
  22nd,	
  2014.	
  	
  

Selection	
  criteria	
  	
  	
  

We	
  did	
  not	
  limit	
  our	
  inclusion	
  criteria	
  by	
  study	
  design.	
  

The	
  target	
  population	
  consisted	
  of	
  paediatric	
  patients	
  (age	
  ranging	
  from	
  28	
  days	
  to	
  19	
  years)	
  

receiving	
   sedation	
   using	
  propofol	
   for	
  60	
  or	
  more	
  minutes	
   in	
   a	
   hospital	
   (intensive	
   care	
   unit,	
  

operating	
   room,	
   emergency	
   room	
   or	
   any	
   other	
   location	
   within	
   the	
   hospital)	
   or	
   other	
   medical	
  

setting	
  (for	
  example	
  dental	
  offices).	
  	
  

The	
   intervention	
   studied	
   was	
   the	
   use	
   of	
   propofol	
   as	
   an	
   anaesthetic	
   drug	
   given	
   by	
   continuous	
  

infusion.	
  

Data	
  collection	
  and	
  analysis	
  	
  	
  

Two	
  authors	
  (LZ	
  and	
  KP)	
  independently	
  extracted	
  data	
  using	
  standardized	
  data	
  extraction	
  forms	
  

developed	
  a	
   priori.	
  Data	
   was	
   entered	
   into	
   RevMan	
   Version	
   5.3.	
   We	
   used	
   two	
   different	
   data	
  

extraction	
   forms,	
   one	
   for	
  randomised	
  or	
   quasi-­‐	
  randomised	
  trials	
   and	
   a	
   second	
   for	
   the	
   non-­‐

randomised	
  studies.	
  

Main	
  results	
  	
  	
  

The	
   search	
  identified	
   8801	
   papers	
   from	
   electronic	
   database	
   and	
   13	
   publications	
   from	
   other	
  

sources.	
  The	
  screening	
  of	
  title	
  and	
  abstract	
  for	
  the	
  population	
  of	
  interest	
  (age	
  between	
  28	
  days	
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and	
  19	
  years)	
  and	
  intervention	
  of	
  interest	
  (propofol	
  infusion	
  for	
  60	
  minutes	
  or	
  more)	
  generated	
  

883	
  papers.	
  A	
  total	
  of	
  104	
  studies	
  were	
  included:	
  34	
  clinical	
  trials	
  (total	
  2194	
  participants	
  and	
  

1089	
  receiving	
  propofol);	
  7	
  cohorts	
  (1466	
  patients	
  and	
  1027	
  receiving	
  propofol);	
  36	
  case	
  series	
  

(total	
  of	
  3540	
  patients)	
  and	
  27	
  case	
  reports	
  reporting	
  33	
  paediatric	
  cases.	
  We	
  did	
  not	
  identify	
  

any	
  case-­‐control	
  studies.	
  

A	
   total	
   of	
   91	
  serious	
   adverse	
   events	
  (PRIS	
  and	
   /or	
   cardiac	
   arrest)	
   associated	
   with	
   propofol	
  

infusion	
   were	
   identified	
   in	
   this	
   review;	
   21	
   were	
   identified	
   in	
   an	
   unpublished	
   RCT	
  comparing	
  

propofol	
   1%,	
   propofol	
   2%	
   and	
   standard	
   sedative	
   agents	
   (SSA)	
  in	
  patients	
  in	
   the	
   paediatric	
  

intensive	
   care	
   unit	
  (PICU).	
   Participants	
  received	
   propofol	
   infusion	
   for	
   81	
   hours	
   (propofol	
   1%	
  

group);	
  74	
  hours	
  (propofol	
  2%	
  group)	
  and	
  the	
  comparison	
  group	
  received	
  SSA	
  for	
  65	
  hours.	
  The	
  

dose	
  of	
  propofol	
  used	
  in	
  this	
  trial	
  was	
  4	
  to	
  6	
  mg/kg/hr.	
  The	
  mortality	
  of	
  participants	
  receiving	
  

propofol	
  1%	
  was	
  8.2%	
  (9/109)	
  (p=0.17);	
  propofol	
  2%	
  was	
  10.7%	
  (12/112)	
  (p=0.05)	
  compared	
  to	
  

SSA	
  which	
  was	
  3.8%	
  (4/105).	
  One	
  cohort	
  study	
  reported	
  an	
  increased	
  number	
  of	
  cardiac	
  arrest,	
  

9.9%	
   (7/71)	
  (p=0.02)	
   and	
   increased	
   mortality,	
  5.6%	
   (4/71)	
   (p=0.08),	
   in	
   patients	
   receiving	
  

propofol.	
   The	
   comparison	
   group	
   had	
   2%	
   (3/151)	
   of	
   patients	
   experiencing	
   cardiac	
  arrest,	
  of	
  

which	
  2	
  died	
  (1.3%).	
  Two	
  other	
  cohorts	
  reported	
  on	
  mortality,	
  a	
  total	
  of	
  15	
  patients	
  died	
  using	
  

propofol,	
  the	
   controls	
   had	
   22	
   deaths.	
  A	
   meta-­‐analysis	
  for	
   the	
  cohorts	
  was	
  considered	
  but,	
  

excluded	
  due	
  high	
  heterogeneity	
  (I2=	
  83%).	
  The	
  case	
  series	
  reported	
  a	
  total	
  of	
  11	
  deaths	
  out	
  of	
  

3540	
   (0.3%)	
  in	
   patients	
   receiving	
   propofol.	
  All	
  patients	
   experiencing	
   cardiac	
   arrest	
  were	
  

admitted	
  to	
  intensive	
  care	
  and	
  an	
  individual	
  dose	
  or	
  duration	
  of	
  infusion	
  of	
  propofol	
  could	
  not	
  

be	
  obtained	
  despite	
  attempts	
  to	
  contact	
  authors.	
  

The	
  case	
  reports	
  had	
  a	
  total	
  of	
  53	
  reports	
  as	
  possible	
  cases	
  of	
  PRIS.	
  Of	
  these,	
  20	
  cases	
  did	
  not	
  

fulfill	
  our	
  criteria.	
   Of	
   33	
   case	
   reports	
   of	
   patients	
   fulfilling	
   PRIS	
   criteria,	
   20	
  died;	
   6	
  of	
   the	
  13	
  

survivors	
   used	
  renal	
  replacement	
   therapy	
   (two	
   used	
   ECMO	
   with	
   hemofilter)	
  as	
   part	
   of	
   the	
  

treatment.	
  All	
   the	
   patients/participants	
   experiencing	
   PRIS	
   were	
   admitted	
   to	
  intensive	
   care	
  

units.	
   The	
  reasons	
   for	
  admission	
  were:	
  neurologic	
   in	
   18	
   patients	
   (54.5%),	
   respiratory	
   11	
  

patients	
  (33.3%),	
   post	
   operatory	
   4	
   patients	
   (12.1%).	
   Patients	
   received	
   propofol	
   for	
   a	
  median	
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duration	
   of	
  50.5	
   hours	
   (IQR	
   36-­‐91),	
   range	
   (5-­‐144)	
  median	
   dose	
   of	
   7.95	
   mg/kg/h	
   (IQR	
   6.45-­‐

11.77),	
  range	
  (1.8-­‐27).	
  	
  

The	
  patients	
  with	
  PRIS	
  who	
  developed	
  a	
  fatal	
  outcome	
  received	
  propofol	
  for	
  a	
  median	
  of	
  67.5	
  

hours	
   (IQR	
   37.5-­‐	
  96.5)	
   range	
   (19-­‐144)	
   in	
   a	
   median	
   dose	
   of	
   8	
   mg/kg/h,	
   (IQR	
   7.05-­‐10.5)	
   range	
  

(4.5-­‐27).	
   Thirty	
   of	
   33	
   reports	
   of	
   PRIS	
   used	
   propofol	
   for	
   12	
  or	
   more	
   hours.	
  One	
   patient	
  

developed	
  PRIS	
  with	
  as	
  propofol	
  dose	
  of	
  1.8mg/kg/h	
  and	
  two	
  others	
  with	
  an	
  infusion	
  as	
  short	
  

as	
  5	
  hours,	
  these	
  three	
  patients	
  were	
  post	
  operatory	
  and	
  all	
  survived.	
  

Propofol	
  infusion	
  used	
  for	
  12	
  or	
  more	
  hours	
  had	
  sensitivity=	
  90.91	
  %	
  (95%CI:	
  75.64%-­‐	
  97.98%),	
  

specificity=	
   73.68	
   %	
   (95%CI:48.80%-­‐90.75%)	
  of	
   being	
  indicative	
   of	
  PRIS.	
   Propofol	
  dose	
  >4	
  

mg/kg/h	
  had	
  sensitivity= 93.75	
   %	
  (95%CI:79.16%-­‐99.05	
   %	
  and	
   specificity=	
  18.75	
   %( 4.27	
   %	
   to	
  

45.66	
  %	
  of	
  being	
  indicative	
  of	
  PRIS.	
  

Of	
  the	
  studies	
  identified	
  in	
  this	
  review,	
  a	
  total	
  of	
  5633	
  children	
  received	
  propofol	
  for	
  60	
  or	
  more	
  

minutes	
  and	
  did	
  not	
  have	
  any	
  serious	
  events	
  (PRIS	
  and	
  cardiac	
  arrest)	
  associated	
  with	
  it.	
  

The	
  mode	
  of	
  surveillance	
  of	
  adverse	
  events	
  was	
  not	
  clearly	
  reported	
  for	
  any	
  study	
  design.	
  

Authors'	
  conclusions	
  	
  	
  

In	
   this	
   review	
   of	
   serious	
  adverse	
   events	
   associated	
   with	
   propofol	
   infusion	
   in	
   children,	
   we	
  

identified	
  91	
  cases	
  of	
  serious	
  adverse	
  events	
  (PRIS	
  or	
  cardiac	
  arrest).	
  We	
  also	
  could	
  identify	
  the	
  

median	
  dose	
  of	
  propofol	
  and	
  duration	
  of	
  infusion	
  associated	
  with	
  PRIS	
  as	
  7.95mg/kg/h	
  and	
  50.5	
  

hours.	
  We	
  identified	
  a	
  propofol	
  dose	
  of	
  4mg/kg/h	
  and	
  duration	
  of	
  propofol	
  infusion	
  longer	
  than	
  

12	
   hours	
   as	
   associated	
   with	
   the	
   majority	
   of	
   the	
   cases	
   of	
   PRIS	
   and	
   cardiac	
   arrest.	
   We	
   could	
  

extrapolate	
  these	
  findings	
  and	
  suggest	
  that	
  a	
  propofol	
  use	
  of	
  less	
  than	
  4mg/kg/h	
  for	
  a	
  length	
  of	
  

no	
  more	
  than	
  12	
  hours	
  could	
  be	
  used	
  by	
  clinicians	
  with	
  caution,	
  being	
  mindful	
  of	
  a	
  few	
  non-­‐

fatal	
  cases	
  of	
  PRIS	
  associated	
  with	
  lower	
  doses	
  and	
  shorter	
  duration.	
  	
  All	
  patients	
  with	
  serious	
  

adverse	
  events	
  were	
  admitted	
  to	
  intensive	
  care	
  units,	
  the	
  majority	
  of	
  these	
  due	
  to	
  neurological	
  

or	
  respiratory	
  disorder.	
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The	
  data	
  on	
  the	
  primary	
  outcomes	
  for	
  this	
  review	
  originated	
  exclusively	
  from	
  non-­‐randomised	
  

studies	
  in	
  combination	
   with	
   unpublished	
  data.	
   The	
  inclusion	
   of	
   non-­‐randomised	
  studies	
  and	
  

grey	
  literature	
  may	
  be	
  the	
  cornerstone	
  for	
  data	
  collection	
  in	
  reviews	
  of	
  rare	
  events,	
  or	
  perhaps	
  

for	
   any	
   review	
   of	
   adverse	
   events,	
   given	
   the	
   poor	
   reporting	
   of	
  adverse	
   events	
   in	
   general,	
  

especially	
  in	
  clinical	
  trials.	
  

This	
   review	
   is	
   important	
   to	
   combine	
   the	
   information	
   on	
   PRIS,	
   highlighting	
   patient	
  

characteristics,	
   propofol	
   dose	
   and	
   length	
   of	
   propofol	
   infusion	
   published	
   to	
   date.	
   Since	
   the	
  

majority	
   of	
   data	
   on	
   PRIS	
   was	
   found	
   in	
  non-­‐randomized	
  studies,	
   we	
   cannot	
   set	
   a	
   definitive	
  

causative	
   link	
   between	
   propofol	
   and	
   the	
   development	
   of	
   PRIS.	
  	
  It	
   is	
   also	
   difficult	
   to	
   interpret	
  

data	
  from	
  case	
  series	
  and	
  case	
  reports	
  due	
  to	
  a	
  lack	
  of	
  a	
  comparison	
  group.	
  However,	
  the	
  case	
  

reports	
  are	
  very	
  consistent	
  in	
  presenting	
  similar	
  clinical	
  findings,	
  as	
  patients	
  used	
  propofol	
  for	
  a	
  

prolonged	
   period	
   of	
   time	
  and/or	
   in	
   high	
   doses,	
   which	
  could	
  be	
   seen	
   as	
  a	
  strong	
  association	
  

between	
  propofol	
  and	
  PRIS.	
  

The	
  overall	
  GRADE	
  score	
  was	
  “moderate”	
  for	
  propofol	
  and	
  cardiac	
  arrest,	
  with	
  one	
  RCT	
  and	
  3	
  

cohort	
   studies	
   reporting	
   on	
   it.	
   The	
  overall	
   GRADE	
   score	
   for	
   PRIS	
   was	
   “low”	
   with	
   only	
   case	
  

reports	
  identifying	
  it.	
  	
  

We	
   would	
   like	
   to	
   encourage	
   the	
   publication	
   of	
   institutional	
   experiences	
   in	
   use	
   of	
   propofol	
  

infusion	
   in	
   pediatric	
   intensive	
   care	
   units,	
   if	
   any,	
   to	
   better	
   understand	
   this	
   poorly	
   understood	
  

syndrome.	
  

Plain	
  language	
  summary	
  	
  	
  

Serious	
  adverse	
  events	
  of	
  propofol	
  infusion	
  in	
  children	
  

Propofol	
   is	
   a	
   drug	
   used	
   for	
   paediatric	
   sedation.	
   There	
   were	
   reports	
   of	
   paediatric	
   patients	
  

receiving	
   propofol	
   in	
   high	
   doses	
   and	
   for	
   a	
   more	
   than	
   2	
   days	
   that	
   developed	
   signs	
   of	
   organ	
  

damage	
  and	
  sometimes	
  death,	
  this	
  was	
  called	
  PRIS	
  (Propofol	
  Infusion	
  syndrome).	
  This	
  review	
  is	
  

to	
  investigate	
  if	
  there	
  are	
  serious	
  adverse	
  events	
  associated	
  of	
  propofol	
  infusion	
  in	
  children.	
  

We	
  included	
  different	
  study	
  designs	
  to	
  obtain	
  information	
  from	
  various	
  sources.	
  We	
  identified	
  

91	
  serious	
   adverse	
   events	
  (PRIS	
   	
   or	
   cardiac	
   arrest)	
  associated	
   with	
   propofol	
   infusion	
   in	
  the	
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included	
   studies.	
   One	
   trial,	
   done	
   by	
   the	
   industry,	
   found	
   an	
   increased	
   number	
   of	
   deaths,	
   9	
   of	
  

109	
  (8.2%)	
  patients	
  receiving	
  propofol	
  in	
  a	
  concentration	
  of	
  1%	
  and	
  12	
  of	
  112	
  (10.7%)	
  patients	
  

receiving	
  propofol	
  2%,	
  died.	
  The	
  comparison	
  group	
  used	
  standard	
  sedative	
  agents	
  and	
  4	
  of	
  105	
  

(3.8%)	
  died.	
  A	
  different	
  study,	
  a	
  cohort,	
  found	
  an	
  increased	
  number	
  of	
  cardiac	
  arrest,	
  7	
  of	
  71	
  

(9.9%)	
   and	
   death,	
   4	
   of	
   71	
   (5.6%)	
   in	
   patients	
   receiving	
   propofol	
  in	
   comparison	
   with	
   standard	
  

sedative	
  drugs	
  where	
  3	
  of	
  151	
  (2%)	
  of	
  patients	
  had	
  a	
  cardiac	
  arrest,	
  and	
  2	
  died	
  (1.3%).	
  In	
  series	
  

of	
   patients	
   receiving	
   propofol,	
   out	
   of	
   3540	
   children,	
   11	
   died.	
   There	
   was	
   also,	
   total	
   of	
   33	
  

reported	
   cases	
   of	
   children	
   that	
   used	
   propofol	
   in	
   a	
   high	
   dose	
   and	
   for	
   multiple	
   hours	
   and	
  

developed	
   PRIS,	
   20	
   of	
   them	
   died.	
  A	
   total	
   of	
   5633	
   children	
   received	
   propofol	
   infusion	
   and	
   did	
  

not	
  have	
  any	
  serious	
  events	
  (PRIS	
  and	
  cardiac	
  arrest)	
  associated	
  with	
  it.	
  

In	
   this	
   review	
   we	
   could	
   identify	
   a	
  few	
   cases	
   of	
   serious	
   events	
   associated	
   with	
   propofol,	
   we	
  

could	
   also	
   see	
   that	
  more	
   than	
   five	
   thousand	
   children	
   received	
   propofol	
   infusion	
   and	
   did	
   not	
  

have	
  any	
  serious	
  events	
  related	
  to	
  it.	
  It	
  seems	
  that	
  a	
  high	
  dose	
  of	
  propofol	
  (4mg/kg/h	
  or	
  higher)	
  

and	
   a	
   long	
  duration	
   (12	
  hours	
   or	
   more)	
   are	
   associated	
   with	
   PRIS.	
  Also,	
  it	
   was	
  difficult	
   to	
  

interpret	
  data	
  from	
  case	
  series	
  and	
  case	
  reports,	
  as	
  they	
  do	
  not	
  have	
  a	
  comparison	
  group.	
  	
  

We	
   encourage	
   the	
   publication	
   of	
   institutional	
   experiences	
   in	
   use	
   of	
   propofol	
   infusion	
   in	
  

paediatric	
   patients,	
   as	
   the	
   majority	
   of	
   information	
   obtained	
   in	
   this	
   review	
   originated	
   from	
  

spontaneous	
  case	
  reports	
  and	
  a	
  single	
  unpublished	
  trial;	
  more	
  information	
  is	
  needed	
  to	
  better	
  

understand	
  this	
  syndrome.	
  

Background	
  	
  	
  

Propofol	
  is	
  an	
  anaesthetic	
  agent	
  frequently	
  used	
  in	
  paediatric	
  sedation.	
  Some	
  of	
  the	
  valuable	
  

features	
  of	
  this	
  drug	
  include	
  its	
  quick	
  onset	
  of	
  action	
  and	
  its	
  short	
  half-­‐life,	
  such	
  that	
  the	
  patient	
  

is	
  fully	
  awake	
  a	
  few	
  minutes	
  after	
  the	
  infusion	
  is	
  stopped.	
  Propofol	
  can	
  play	
  an	
  important	
  role	
  in	
  

allowing	
  neurologic	
  assessment	
  of	
  a	
  sedated	
  patient	
  and	
  also	
  during	
  the	
  weaning	
  of	
  mechanical	
  

ventilation.	
  

Since	
   1992,	
   there	
  has	
  been	
   several	
   case	
   reports	
   of	
   metabolic	
   acidosis,	
   rhabdomyolysis,	
   liver	
  

dysfunction,	
   cardiac	
   arrhythmias	
   and	
   cardiac	
   arrest	
   associated	
   with	
   a	
   prolonged	
   propofol	
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infusion	
   in	
   high	
   doses.	
   This	
   phenomenon	
   became	
   referred	
   to	
   as	
   'propofol	
   infusion	
   syndrome'	
  

(PRIS).	
   It	
   is	
   a	
   poorly	
   understood	
   syndrome,	
   usually	
   causing	
   death.	
   PRIS	
   was	
   originally	
   only	
  

reported	
  in	
  paediatric	
  patients	
  (1-­‐3),	
  but	
  several	
  more	
  recent	
  case	
  reports	
  of	
  adult	
  patients	
  (4-­‐

6)	
  with	
  the	
  same	
  signs	
  and	
  symptoms	
  suggest	
  it	
  is	
  not	
  exclusive	
  to	
  the	
  paediatric	
  population.	
  

As	
   PRIS	
   is	
   a	
   rare	
   disorder,	
   it	
   is	
   unlikely	
   to	
   be	
   identified	
   in	
  randomised	
  clinical	
   trials.	
   These	
  

studies	
  are	
  usually	
  powered	
  to	
  detect	
  the	
  efficacy	
  of	
  interventions,	
  and	
  therefore	
  do	
  not	
  have	
  

sufficient	
   data	
   to	
   confirm	
   their	
   safety	
  (7).	
  The	
   Cochrane	
   Adverse	
   Effects	
   Methods	
   Group	
  

suggests	
  the	
  inclusion	
  of	
  non-­‐randomised	
  studies	
  when	
  reviewing	
  adverse	
  events	
  (8).	
  Although,	
  

a	
  multicentre	
  adult	
  cohort	
  study	
  found	
  a	
  1.1%	
  incidence	
  of	
  PRIS	
  in	
  critically	
  ill	
  adults	
  receiving	
  

propofol	
  (9),	
  the	
   only	
   comparable	
   paediatric	
   study	
   was	
   stopped	
   early	
   and	
   has	
   never	
   been	
  

published.	
   Partial	
   data	
   reported	
   a	
   comparison	
   of	
   the	
   brand	
   name	
   of	
   propofol	
   Diprivan	
   2%,	
  

Diprivan	
   1%	
   versus	
   standard	
   sedative	
   agents	
   (lorazepam,	
   chloral	
   hydrate,	
   fentanyl,	
   ketamine,	
  

morphine	
   or	
   phenobarbital)	
   in	
   paediatric	
   critical	
   care	
   patients	
   and	
   identified	
  an	
  increase	
   in	
  

mortality	
  in	
   patients	
   receiving	
   propofol,	
  the	
   first	
   group	
   had	
   11%	
   mortality;	
   second	
   group	
   had	
  

9%	
  mortality;	
  and	
  the	
  standard	
  sedation	
  group	
  had	
  only	
  4%	
  mortality	
  (10).	
  Unfortunately,	
  this	
  

study	
   was	
   never	
   published	
   in	
   a	
   peer	
   reviewed	
   journal	
   and	
   many	
   uncertainties	
   regarding	
   the	
  

incidence	
  of	
  PRIS	
  in	
  paediatric	
  patients	
  remain.	
  While	
  available	
  reports	
  discuss	
  an	
  association	
  

between	
   PRIS	
   and	
   propofol	
   infusion,	
   causation	
   has	
   not	
   been	
   clearly	
   determined;	
   nor	
   has	
   the	
  

effect	
  of	
  dose,	
  duration	
  or	
  setting,	
  should	
  these	
  relationships	
  exist.	
  

In	
  several	
  countries,	
  including	
  Canada	
  and	
  the	
  United	
  States,	
  regulatory	
  agencies	
  (11-­‐12)	
  have	
  

“re-­‐emphasized	
  that	
  propofol	
  is	
  currently	
  not	
  approved	
  for	
  sedation	
  in	
  paediatric	
  ICU	
  patients”;	
  

however,	
   propofol	
   is	
   used	
   freely	
   as	
   a	
   continuous	
   infusion	
   in	
   paediatric	
   operating	
   rooms	
   and	
  

emergency	
  rooms.	
  There	
  is	
  an	
  urgent	
  need	
  to	
  review	
  the	
  current	
  knowledge	
  of	
  serious	
  adverse	
  

events	
  of	
  propofol	
  infusion	
  in	
  paediatric	
  patients	
  to	
  support	
  clinicians	
  and	
  regulatory	
  bodies	
  to	
  

promote	
   evidence-­‐based	
   decision-­‐making	
   when	
   evaluating	
   the	
   best	
   drug	
   choices	
   for	
  

continuous	
  anaesthesia	
  in	
  paediatric	
  patients.	
  

Description	
  of	
  the	
  condition	
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Propofol	
  infusion	
  syndrome	
  (PRIS)	
  has	
  been	
  described	
  mostly	
  by	
  case	
  reports	
  or	
  case	
  series	
  (1-­‐

6)	
  of	
  patients	
  receiving	
  prolonged	
  infusions	
  of	
  propofol	
  (more	
  than	
  48	
  hours)	
  and	
  in	
  high	
  doses	
  

(more	
   than	
   4	
   mg/kg/hr).	
   Patients	
   with	
   PRIS	
   develop	
   metabolic	
   acidosis,	
  rhabdomyolisis,	
   liver	
  

dysfunction	
  and	
  arrhythmias,	
  often	
  followed	
  by	
  cardiac	
  arrest	
  and	
  death.	
  

Description	
  of	
  the	
  intervention	
  	
  	
  

The	
  intervention	
  evaluated	
  in	
  this	
  systematic	
  review	
  was	
  the	
  use	
  of	
  propofol	
  as	
  a	
  continuous	
  

infusion	
  for	
  60	
  minutes	
  or	
  longer	
  in	
  paediatric	
  patients	
  (aged	
  more	
  than	
  28	
  days	
  and	
  less	
  than	
  

19	
  years	
  old).	
  

The	
  length	
  of	
  propofol	
  infusion	
  necessary	
  to	
  cause	
  PRIS	
  is	
  unclear.	
  We	
  assumed	
  in	
  this	
  review	
  

that	
  induction	
  doses	
  of	
  propofol	
  do	
  not	
  cause	
  PRIS.	
  There	
  is	
  an	
  association	
  of	
  PRIS	
  with	
  longer	
  

duration	
  and	
  higher	
  doses	
  of	
  propofol	
  in	
  paediatric	
  studies	
  (1-­‐3).	
  

Why	
  it	
  is	
  important	
  to	
  do	
  this	
  review	
  	
  	
  

Propofol	
   is	
   an	
   anaesthetic	
   agent	
   with	
   short	
   onset	
   of	
   action	
   and	
   short	
   half-­‐life.	
  These	
   two	
  

characteristics	
   make	
   the	
   drug	
   clinically	
   useful.	
   However,	
   there	
   have	
   been	
   case	
   reports	
   of	
   an	
  

association	
  between	
  propofol	
  used	
  in	
  prolonged	
  infusions	
  and	
  in	
  high	
  dosages	
  with	
  metabolic	
  

acidosis,	
  liver	
  dysfunction,	
  arrhythmias	
  and	
  death.	
  Regulatory	
  bodies,	
  such	
  as	
  FDA	
  and	
  Health	
  

Canada	
  (11,12)	
  contraindicate	
   the	
   use	
   of	
   propofol	
   as	
   a	
   continuous	
   infusion	
   in	
   critically	
   ill	
  

paediatric	
  patients,	
  mostly	
  based	
  on	
  case	
  reports	
  (1-­‐3),	
  but	
  propofol	
  is	
  freely	
  used	
  in	
  paediatric	
  

emergency	
   rooms	
   and	
   operating	
   rooms.	
   We	
   understand	
   that	
   PRIS	
   in	
   not	
   exclusive	
   to	
   the	
  

paediatric	
  population	
  (4-­‐6),	
  but	
  due	
  to	
  limitations	
  of	
  propofol	
  use	
  in	
  critically	
  ill	
  children	
  and	
  no	
  

restriction	
  of	
  its	
  use	
  in	
  other	
  paediatric	
  populations,	
  we	
  believe	
  it	
  is	
  important	
  to	
  systematically	
  

review	
  the	
  use	
  of	
  propofol	
  infusion	
  in	
  children	
  in	
  an	
  attempt	
  to	
  identify	
  risk	
  factors	
  and	
  address	
  

its	
  safety	
  concerns.	
  

The	
  goal	
  of	
  this	
  review	
  was	
  to	
  identity	
  if	
  there	
  is	
  an	
  association	
  of	
  PRIS	
  or	
  cardiac	
  arrest	
  with	
  

propofol	
  use	
  as	
  a	
  continuous	
  infusion	
  in	
  paediatric	
  patients,	
  and	
  therefore	
  identify,	
  if	
  possible,	
  

any	
   risk	
   factors	
   associated	
   with	
   these	
   events,	
   such	
   as	
  patient	
  characteristics,	
   dosage	
   and	
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duration	
  of	
  infusion.	
  By	
  doing	
  a	
  systematic	
  review	
  of	
  all	
  study	
  designs	
  we	
  intended	
  to	
  obtain	
  all	
  

the	
  evidence	
  available	
  in	
  an	
  attempt	
  answer	
  those	
  questions.	
  

Objectives	
  	
  	
  

1. To	
   identify	
   if	
   propofol	
   infusion	
   is	
   associated	
   with	
   serious	
   adverse	
   events	
   (PRIS	
   or	
  

cardiac	
  arrest)	
  in	
  paediatric	
  population.	
  

2. To	
   identify	
   the	
   propofol	
   dose	
   and	
   duration	
   of	
   infusion	
   associated	
   with	
  PRIS	
  or	
  

cardiac	
  arrest.	
  

3. To	
  describe	
  the	
  patient	
  characteristics	
  associated	
  with	
  PRIS	
  or	
  with	
  cardiac	
  arrest.	
  

4. To	
   identify	
   a	
   possible	
   association	
   between	
   PRIS	
  or	
  cardiac	
   arrest	
  and	
  patient	
   care	
  

setting	
  (paediatric	
  intensive	
  care,	
  operating	
  room,	
  paediatric	
  emergency	
  or	
  other).	
  

5. To	
   identify	
   the	
   mode	
   of	
   surveillance	
   for	
   adverse	
   events	
   in	
   different	
   study	
   designs	
  

(active	
   surveillance,	
   passive	
   or	
  any	
  specific	
   monitoring	
   procedures	
   for	
   collecting	
  

serious	
  adverse	
  events).	
  

6. To	
  identify	
  if	
  the	
  inclusion	
  of	
  non-­‐randomized	
  studies	
  and	
  grey	
  literature	
  in	
  a	
  review	
  

of	
  adverse	
  events	
  provide	
  relevant	
  data	
  that	
  would	
  be	
  otherwise	
  overlooked	
  if	
  only	
  

clinical	
  trials	
  would	
  be	
  included.	
  	
  

Methods	
  	
  	
  

We	
  used	
  the	
  PRISMA	
  Harms	
  as	
  a	
  reporting	
  guideline	
  for	
  this	
  review	
  of	
  adverse	
  events	
  (13).	
  

Criteria	
  for	
  considering	
  studies	
  for	
  this	
  review	
  	
  	
  

Types	
  of	
  studies	
  	
  	
  

We	
  did	
  not	
  limit	
  our	
  inclusion	
  criteria	
  by	
  study	
  design.	
  The	
  Cochrane	
  Adverse	
  Effects	
  Methods	
  

Group	
  recommends	
  the	
  use	
  of	
  non-­‐randomised	
  studies	
  for	
  reviews	
  of	
  adverse	
  events	
  (8).	
  

We	
   deliberately	
   excluded	
   surveys	
   from	
   our	
   review	
   as	
   they	
   would	
   represent	
   professional	
  

opinion,	
  rather	
  than	
  providing	
  actual	
  patient	
  outcome	
  data.	
  

Types	
  of	
  participants	
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The	
  target	
  population	
  consisted	
  of	
  paediatric	
  patients	
  (age	
  ranging	
  from	
  28	
  days	
  to	
  19	
  years)	
  

receiving	
   sedation	
   using	
   propofol	
   for	
  60	
  or	
  more	
  minutes	
   in	
   a	
   hospital	
   (intensive	
   care	
   unit,	
  

operating	
   room,	
   emergency	
   room	
  or	
   any	
   other	
   location	
   within	
   the	
   hospital)	
   or	
   other	
   medical	
  

setting	
  (for	
  example	
  dental	
  offices).	
  The	
  indication	
  for	
  sedation	
  was	
  not	
  a	
  restriction;	
  instead,	
  it	
  

is	
  the	
  subject	
  of	
  a	
  subgroup	
  analysis.	
  As	
  a	
  review	
  of	
  serious	
  adverse	
  events	
  of	
  propofol	
  infusion	
  

in	
  paediatric	
  patients,	
  it	
  has	
  broad	
  inclusion	
  criteria,	
  i.e.	
  any	
  children	
  receiving	
  propofol	
  infusion	
  

for	
  sedation.	
  

Types	
  of	
  interventions	
  	
  	
  

The	
   intervention	
   being	
   studied	
   was	
   the	
   use	
   of	
   propofol	
   as	
   an	
   anaesthetic	
   drug	
   given	
   by	
  

continuous	
  infusion.	
  It	
  is	
  not	
  clear	
  whether	
  the	
  risk	
  of	
  PRIS	
  is	
  related	
  to	
  the	
  duration	
  of	
  infusion.	
  

The	
  case	
  reports	
  are	
  usually	
  associated	
  with	
  prolonged	
  use	
  (more	
  than	
  48	
  hours)	
  and	
  in	
  high	
  

doses	
  (more	
  than	
  4	
  mg/kg/hr).	
  Based	
  on	
  information	
  from	
  these	
  anecdotal	
  reports,	
  we	
  chose	
  to	
  

focus	
   our	
   review	
   on	
   patients	
   receiving	
   infusions	
   lasting	
   60	
   minutes	
   or	
   longer.	
   Further,	
   we	
  

excluded	
   studies	
   which	
   had	
   a	
   comparison	
   group	
  using	
  propofol	
   bolus	
   or	
   infusion,	
   in	
   order	
   to	
  

have	
  a	
  propofol-­‐free	
  comparison	
  group	
  and	
  to	
  limit	
  the	
  exposure	
  of	
  interest	
  to	
  one	
  single	
  arm.	
  

As	
   propofol	
   does	
   not	
   provide	
   analgesia,	
   the	
   group	
   receiving	
   propofol	
   can	
   also	
   receive	
   other	
  

analgesic	
  or	
  sedative	
  drugs	
  concomitantly.	
  

The	
   comparison	
   group,	
   when	
   applicable,	
   was	
   any	
   sedative	
   or	
   analgesic	
   agent	
   different	
   from	
  

propofol,	
  alone	
  or	
  in	
  combination.	
  

Types	
  of	
  outcome	
  measures	
  	
  	
  

Primary	
  outcomes	
  	
  	
  

The	
  primary	
  outcome	
  was	
  the	
  report	
  of	
  PRIS	
  or	
  any	
  other	
  serious	
  adverse	
  events	
  resulting	
  in	
  

cardiac	
  arrest	
  (with	
  return	
  to	
  spontaneous	
  circulation	
  or	
  use	
  of	
  extra-­‐corporeal	
  life	
  support)	
  or	
  

death	
  associated	
  with	
  propofol	
  use	
  as	
  a	
  continuous	
  infusion	
  in	
  paediatric	
  patients.	
  The	
  follow-­‐

up	
  time	
  to	
  measure	
  the	
  primary	
  outcome	
  for	
  this	
  study	
  was	
  the	
  development	
  of	
  the	
  outcome	
  

of	
   interest	
   (PRIS	
   or	
   cardiac	
   arrest)	
   or	
   time	
   of	
   hospital	
   discharge	
   for	
   patients	
   who	
   did	
   not	
  

develop	
  the	
  primary	
  outcome.	
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The	
  primary	
  outcomes	
  were	
  defined	
  as	
  the	
  following:	
  

1.	
   Cardiac	
   arrest,	
   a	
   reduction	
   of	
   cardiac	
   output	
   requiring	
   any	
   of	
   the	
   following:	
   chest	
  

compressions;	
   defibrillation;	
   epinephrine	
   boluses;	
  or	
   cardiac	
   mechanical	
   support	
   (extra-­‐

corporeal	
   life	
   support	
   (ECLS),	
   or	
   ventricular	
   assist	
   device	
   (VAD)).	
   The	
   patient	
   may	
   experience	
  

return	
  to	
  spontaneous	
  circulation	
  or	
  not	
  (death).	
  

2.	
  Propofol	
  infusion	
  syndrome	
  (PRIS)	
  was	
  defined	
  as	
  metabolic	
  acidosis,	
  arterial	
  pH	
  ≤	
  7.3	
  along	
  

with	
   a	
   serum	
   bicarbonate	
   ≤	
   18	
   mg/dL;	
   plus	
   the	
   presence	
   of	
   any	
   sign	
   in	
   any	
   of	
   the	
   below	
  

categories	
  (adapted	
  from	
  Roberts	
  (9)):	
  

a)	
  rhabdomyolisis	
  (the	
   breakdown	
   of	
   muscle	
   fibres	
   resulting	
   in	
   the	
   release	
   of	
   muscle	
   fibre	
  

contents	
  (myoglobin)	
  into	
  the	
  bloodstream),	
  defined	
  as	
  creatine	
  phosphokinase	
  (CPK)	
  ≥	
  10,000	
  

IU/L	
  or	
  positive	
  serum	
  or	
  urine	
  myoglobin	
  test	
  or	
  positive	
  urinary	
  casts	
  for	
  haemoglobin;	
  

b)	
  hypotension	
  (initiation	
  of	
  a	
  vasopressor	
  agent	
  or	
  increase	
  of	
  ≥	
  20%	
  from	
  baseline);	
  

c)	
  hepatic	
  transaminitis	
  (increase	
  in	
  aspartate	
  aminotransferase	
  or	
  alanine	
  aminotransferase,	
  or	
  

both,	
  ≥	
  3	
  times	
  above	
  baseline);	
  

d)	
  hypertriglyceridaemia	
  (serum	
  triglyceride	
  concentration	
  ≥	
  400	
  mg/dL);	
  

e)	
  hypoxia	
  (partial	
  pressure	
  of	
  arterial	
  oxygen	
  ≤	
  60	
  mm	
  Hg);	
  

f)	
  hyperthermia	
  (temperature	
  ≥	
  38.3	
  °C);	
  

g)	
  cardiac	
  dysfunction	
  that	
  includes	
  asystole,	
  pulseless	
  electrical	
  activity,	
  ventricular	
  fibrillation,	
  

sustained	
  ventricular	
  tachycardia	
  of	
  30	
  seconds	
  or	
  longer,	
  myocardial	
  failure	
  (ejection	
  fraction	
  ≤	
  

40%)	
  or	
  bradycardia	
  (heart	
  rate	
  ≤	
  60	
  bpm);	
  

h)	
  renal	
  failure	
  that	
  includes	
  oliguria	
  (urine	
  output	
  ≤	
  0.5	
  mL/kg/hr	
  for	
  ≥	
  6	
  hours),	
  anuria	
  (urine	
  

output	
   ≤	
   10	
   mL/hr	
   for	
   ≥	
   6	
   hours),	
   elevation	
   in	
   serum	
   creatinine	
   (increase	
   of	
   ≥	
   1	
   mg/dL	
   from	
  

baseline)	
   or	
  hyperkalemia	
  (serum	
   K+	
  ≥	
   6	
   mg/dL	
   (excluding	
   other	
   known	
   causes	
   or	
  hemolyzed	
  

specimens)).	
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We	
  also	
  captured	
  related	
  adverse	
  events	
  that	
  do	
  not	
  clearly	
  fulfil	
  the	
  above	
  inclusion	
  criteria.	
  

These	
  events	
  were	
  reported	
  as	
  “not	
  fulfilling	
  PRIS	
  criteria”	
  and	
  were	
  the	
  subject	
  of	
  a	
  sensitivity	
  

analysis.	
  

Search	
  methods	
  for	
  identification	
  of	
  studies	
  	
  	
  

Electronic	
  searches	
  	
  	
  

We	
   searched	
   the	
   Cochrane	
   Central	
   Register	
   of	
   Controlled	
   Trials	
   (CENTRAL)	
   (The	
   Cochrane	
  

Library,	
  latest	
  version);	
  Ovid	
  MEDLINE;	
  and	
  Ovid	
  EMBASE	
  (1988	
  to	
  date).	
  

The	
   search	
   strategy	
   is	
   given	
   in	
  Appendix	
   1	
  (MEDLINE),	
  Appendix	
   2	
  (EMBASE)	
   and	
  Appendix	
   3	
  

(CENTRAL).	
   The	
   date	
   of	
   last	
   search	
   was	
   January	
   22,	
   2014	
   for	
   all	
   databases.	
  We	
   screened	
  

references	
  of	
  included	
  articles	
  to	
  identify	
  additional	
  publications.	
  The	
  search	
  was	
  not	
  limited	
  by	
  

study	
  type.	
  There	
  were	
  no	
  language	
  restrictions.	
  

Searching	
  other	
  resources	
  	
  	
  

We	
  searched	
  the	
  web	
  sites	
  of	
  regulatory	
  pharmaceutical	
  authorities	
  such	
  as	
  Current	
  Problems	
  

in	
   Pharmacology	
   (www.mhra.gov.uk);	
   the	
   Australian	
   Adverse	
   Drug	
   Reaction	
   Bulletin	
  

(www.tga.gov.au/adr/aadrb.htm);	
  the	
  European	
  Public	
  Assessment	
  Reports	
  from	
  the	
  European	
  

Medicine	
   Evaluation	
   Agency	
   (www.emca.eu)	
   and	
   the	
   Food	
   and	
   Drug	
   Administration	
   FDA	
  

Medwatch	
  (www.fda.gov/medwatch).	
  

	
  

Selection	
  of	
  studies	
  	
  	
  

All	
  studies	
  meeting	
  the	
  following	
  criteria	
  were	
  included.	
  

1. Paediatric	
  population:	
  age	
  ranging	
  from	
  28	
  days	
  to	
  19	
  years,	
  exclusively.	
  

2. Use	
  of	
  propofol	
  as	
  a	
  continuous	
  infusion	
  for	
  60	
  or	
  more	
  minutes.	
  

3. The	
   comparison	
   group	
   (when	
   applicable)	
   was	
   any	
   other	
   sedative	
   or	
   analgesic	
   agents	
  

(alone	
  or	
  in	
  combination)	
  different	
  from	
  propofol.	
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There	
   were	
   no	
   study	
   design	
   restrictions.	
   Case	
   reports	
   and	
   conference	
   or	
   meeting	
  abstracts	
  

were	
  included	
  if	
  they	
  met	
  the	
  above	
  criteria	
  and	
  also	
  reported	
  on	
  the	
  primary	
  outcome	
  (PRIS	
  or	
  

cardiac	
  arrest).	
  

One	
   author	
   (LZ)	
   carried	
   out	
   the	
   searches.	
   Two	
   review	
   authors	
   (LZ	
   and	
   KP)	
   independently	
  

screened	
  all	
  titles	
  and	
  abstracts	
  and	
  classified	
  them	
  as	
  either:	
  

• relevant	
  (meeting	
  all	
  the	
  inclusion	
  criteria);	
  

• possible	
   (meeting	
   some	
   of	
   the	
   inclusion	
   criteria	
   or	
   unclear	
   whether	
   meets	
   inclusion	
  

criteria);	
  

• rejected	
  (failing	
  to	
  meet	
  the	
  inclusion	
  criteria).	
  

The	
  studies	
  classified	
  as	
  relevant	
  or	
  possible	
  had	
  their	
  full	
  text	
  reviewed	
  by	
  both	
  review	
  authors	
  

and	
   any	
   disagreement	
   were	
   resolved	
   by	
   a	
   third	
   person	
   (SV).	
   For	
   studies	
   not	
   published	
   in	
  

English,	
   a	
   translator	
   provided	
   the	
   translation	
   of	
   titles	
   and	
   abstracts	
   for	
   screening	
   and	
   the	
   full	
  

text	
  if	
  the	
  study	
  met	
  the	
  inclusion	
  criteria.	
  

Data	
  extraction	
  and	
  management	
  	
  	
  

Two	
  authors	
  (LZ	
  and	
  KP)	
  independently	
  extracted	
  data	
  using	
  standardized	
  data	
  extraction	
  forms	
  

(Appendix	
  4)	
  developed	
  a	
  priori	
  by	
  the	
  authors.	
  Data	
  was	
  entered	
  into	
  RevMan	
  Version	
  5.3.	
  We	
  

used	
   two	
   different	
   data	
   extraction	
   forms,	
   one	
   for	
  randomised	
  or	
   quasi-­‐	
  randomised	
  clinical	
  

trials	
   and	
   a	
   second	
   for	
   the	
   non-­‐randomised	
  studies.	
   The	
   data	
   extraction	
   forms	
   were	
   piloted	
  

using	
  two	
  different	
  studies	
  of	
  different	
  designs.	
  

We	
  extracted	
  the	
  following	
  data:	
  

•	
  study	
  information,	
  including	
  type	
  of	
  study,	
  inclusion	
  and	
  exclusion	
  criteria;	
  

•	
   study	
   population	
   characteristics,	
   baseline	
   data	
   such	
   as	
   age	
   and	
   gender,	
   reason	
   for	
   hospital	
  

admission,	
  setting,	
  history	
  of	
  organ	
  dysfunction	
  prior	
  to	
  propofol	
  initiation;	
  

•	
  medication	
  details,	
  including	
  name	
  of	
  drug,	
  dose,	
  route,	
  frequency	
  and	
  duration	
  of	
  treatment;	
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•	
   definitions	
   given	
   for	
   the	
   reported	
   adverse	
   events	
  (AE)	
  and	
   methods	
   used	
   to	
   monitor	
   and	
  

report	
  these.	
  

Assessment	
  of	
  risk	
  of	
  bias	
  in	
  included	
  studies	
  	
  	
  

Clinical	
  trials	
  

Two	
   review	
   authors	
   (LZ	
   and	
   KP)	
   independently	
   assessed	
   the	
   methodological	
   quality	
   of	
   each	
  

clinical	
  trial	
  using	
  the	
  Cochrane	
  'Risk	
  of	
  bias'	
  tool	
  (8).	
  We	
  assessed	
  the	
  following	
  sources	
  of	
  bias:	
  

1. Selection	
   bias,	
   including	
  randomisation:	
   described	
   the	
   method	
   used	
   to	
   generate	
   the	
  

allocation	
   sequence	
   in	
   sufficient	
   detail	
   to	
   allow	
   an	
   assessment	
   of	
   whether	
   it	
   should	
  

produce	
   comparable	
   groups.	
   Described	
   the	
   method	
   used	
   to	
   conceal	
   the	
   allocation	
  

sequence	
  in	
  sufficient	
  detail	
  to	
  determine	
  whether	
  intervention	
  allocations	
  could	
  have	
  

been	
  foreseen	
  in	
  advance	
  of,	
  or	
  during,	
  enrolment.	
  

2. Performance	
   bias:	
   described	
   all	
   measures	
   used,	
   if	
   any,	
   to	
   blind	
   study	
   participants	
   and	
  

personnel	
   from	
   knowledge	
   of	
   which	
  intervention	
   a	
   participant	
   received.	
   Provided	
   any	
  

information	
  relating	
  to	
  whether	
  the	
  intended	
  blinding	
  was	
  effective.	
  

3. Detection	
   bias:	
   described	
   all	
   measures	
   used,	
   if	
   any,	
   to	
   blind	
   outcome	
   assessors	
   from	
  

knowledge	
   of	
   which	
   intervention	
   a	
   participant	
   received.	
   Provided	
   any	
   information	
  

related	
  to	
  whether	
  the	
  intended	
  blinding	
  was	
  effective.	
  

4. Attrition	
   bias:	
   described	
   the	
   completeness	
   of	
   outcome	
   data	
   for	
   each	
   main	
   outcome,	
  

including	
   attrition	
   and	
   exclusions	
   from	
   the	
   analysis.	
   Stated	
   whether	
   attrition	
   and	
  

exclusions	
  were	
  reported,	
  the	
  numbers	
  in	
  each	
  intervention	
  group	
  (compared	
  with	
  total	
  

randomised	
  participants),	
   reasons	
   for	
   attrition	
   or	
   exclusions	
   where	
   reported,	
   and	
   any	
  

re-­‐inclusions	
  in	
  analyses	
  performed	
  by	
  the	
  review	
  authors.	
  

5. Selective	
  reporting	
  bias:	
  stated	
  how	
  the	
  possibility	
  of	
  selective	
  outcome	
  reporting	
  was	
  

examined	
   by	
   the	
   review	
   authors,	
   and	
   what	
   was	
   found.	
  We	
   developed	
   definitions	
   of	
  

reporting	
  bias	
  specific	
  to	
  this	
  review	
  (see	
  below).	
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6. Other	
   source	
   of	
   bias:	
   stated	
   any	
   important	
   concerns	
   about	
   bias	
   not	
  addressed	
   in	
   the	
  

other	
  domains	
  in	
  the	
  tool.	
  

Non-­‐randomized	
  studies	
  

We	
  assessed	
  the	
  risk	
  of	
  bias	
  of	
  cohort	
  studies	
  using	
  the	
  Newcastle-­‐Ottawa	
  Quality	
  Assessment	
  

scale	
  (14).	
  We	
  rated	
  studies	
  based	
  on	
  selection	
  of	
  participants,	
  comparability	
  between	
  groups	
  

and	
   exposure	
   to	
   the	
   intervention	
   and	
   outcome.	
  The	
   authors	
   assessed	
   risk	
   of	
   bias	
   in	
   studies,	
  

using	
  a	
  'star'	
  if	
  the	
  option	
  (a)	
  or	
  for	
  some	
  factors	
  also	
  (b)	
  are	
  selected	
  (Appendix	
  4).	
  The	
  more	
  

stars	
   a	
   study	
  received,	
   the	
   lower	
   the	
   risk	
   of	
   bias.	
   Studies	
   with	
   seven	
   or	
   more	
   stars	
   were	
  

considered	
  to	
  have	
  a	
  low	
  risk	
  of	
  bias.	
  

Each	
  domain	
  could	
  only	
  receive	
  one	
  star,	
  with	
  the	
  exception	
  of	
  the	
  field	
  comparability,	
  which	
  

could	
  receive	
  two	
  stars.	
  

Case	
   series	
   and	
   case	
   reports	
   were	
   clinically	
   assessed	
   by	
   the	
   report,	
   if	
   in	
   accordance	
   with	
   the	
  

PRIS	
  definition	
  adopted	
  for	
  this	
  review.	
  

We	
  reported	
  the	
  'Risk	
  of	
  bias'	
  table	
  as	
  part	
  of	
  the	
  table	
  'Characteristics	
  of	
  included	
  studies'	
  and	
  

present	
   a	
   'Risk	
   of	
   bias	
   summary'	
   figure,	
   which	
   detailed	
   all	
   of	
   the	
   judgements	
   made	
   for	
   all	
  

included	
  studies	
  in	
  the	
  review.	
  

Measures	
  of	
  treatment	
  effect	
  	
  	
  

As	
  the	
  primary	
  outcomes	
  are	
  PRIS	
  or	
  cardiac	
  arrest,	
  these	
  events	
  were	
  reported	
  as	
  number	
  of	
  

events	
   for	
   all	
   study	
   designs.	
   In	
   case	
   series	
   or	
   case	
  reports,	
   the	
   events	
   were	
   reported	
   as	
   a	
  

“narrative	
  report”.	
  

Unit	
  of	
  analysis	
  issues	
  	
  	
  

Patients	
   may	
   experience	
   a	
   serious	
   adverse	
   event	
  more	
   than	
   once	
   (e.g.	
  cardiac	
   arrest	
   that	
  

responds	
   to	
   resuscitation	
  and	
   has	
   a	
   second	
   event.	
   For	
   studies	
   reporting	
   in	
  more	
   than	
   one	
  

serious	
  event	
  per	
  participant/patient,	
  we	
  used	
  one	
  event	
  per	
  patient	
  (the	
  first	
  event).	
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Dealing	
  with	
  missing	
  data	
  	
  	
  

We	
   attempted	
   to	
   obtain	
   any	
   relevant	
   missing	
   data	
   from	
   the	
   study	
   authors.	
   We	
   contacted	
  

authors,	
  through	
  the	
  corresponding	
  author's	
  e-­‐mail	
  provided	
  and	
  sought	
  individual	
  patient	
  data	
  

or	
  any	
  clarification	
  needed.	
  We	
  received	
  several	
  responses,	
  described	
  in	
  the	
  results	
  section.	
  	
  

Assessment	
  of	
  heterogeneity	
  	
  	
  

Heterogeneity	
  in	
  this	
  review	
  could	
  originate	
  from	
  differences	
  in	
  comparison	
  groups	
  across	
  trials	
  

or	
   cohorts	
   (standard	
   of	
   care	
   may	
   involve	
   different	
   drugs).	
   In	
  the	
   analysis	
   phase	
   they	
   were	
  

treated	
  as	
  a	
  single	
  'control'	
  group.	
  A	
  subgroup	
  analysis	
  was	
  done	
  if	
  more	
  than	
  two	
  studies	
  were	
  

found	
   using	
   the	
   same	
   comparison	
   drug	
   (e.g.	
   ketamine)	
   and	
   reporting	
   on	
   the	
   main	
   outcome	
  

(PRIS	
  or	
  cardiac	
  arrest).	
  

As	
   we	
   included	
   non-­‐randomised	
   studies	
  in	
   this	
   review,	
   heterogeneity	
   was	
  expected	
   to	
   be	
  

greater	
  than	
  if	
  RCTs	
  alone	
  were	
  included.	
  We	
  analysed	
  studies	
  grouped	
  by	
  design	
  (RCTs,	
  cohort,	
  

case	
   control,	
  case	
   series	
  and	
   case	
   reports).	
  Statistical	
   heterogeneity	
   would	
   be	
  assessed	
   using	
  

the	
   I2	
  statistic	
   and	
   the	
   following	
   as	
   a	
   guide	
   for	
   interpretation:	
   0%	
   to	
   30%	
  might	
   not	
   be	
  

important,	
   30%	
   to	
   70%	
   may	
   represent	
   moderate	
   heterogeneity,	
   70%	
   to	
   100%	
   may	
   represent	
  

substantial	
  heterogeneity.	
  Any	
  analysis	
  resulting	
  in	
  substantial	
  heterogeneity	
  (I2	
  =70%	
  to	
  100%)	
  

was	
  considered	
  too	
  heterogeneous	
  and	
  it	
  was	
  not	
  	
  presented	
  as	
  it	
  could	
  be	
  misleading	
  (8).	
  

Assessment	
  of	
  reporting	
  biases	
  	
  	
  

We	
   developed	
   an	
   assessment	
   criterion	
   on	
   reporting	
   bias	
   specific	
   for	
   this	
   review.	
  For	
   the	
  

randomised	
  studies	
  fulfilling	
  our	
  inclusion	
  criteria,	
  but	
  not	
  reporting	
  on	
  the	
  main	
  outcomes,	
  we	
  

developed	
   a	
   table	
   to	
   identify	
  the	
   possibility	
   of	
   selective	
   outcome	
   reporting.	
   The	
   studies	
   were	
  

classified	
  as	
  “likely",	
  “possible”,	
  “unlikely”	
  or	
  “uncertain”	
  to	
  have	
  a	
  selective	
  report	
  of	
  adverse	
  

events.	
  

A	
  study	
  was	
  classified	
  as	
  “likely”	
  to	
  have	
  a	
  selective	
  report	
  of	
  adverse	
  events	
  if	
  referred	
  in	
  the	
  

methods	
  section	
  an	
  intention	
  to	
  measure	
  it,	
  but	
  the	
  presence	
  or	
  absence	
  of	
  these	
  events	
  was	
  

not	
  reported	
  in	
  the	
  results.	
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A	
  study	
  was	
  classified	
  as	
  “possibly”	
  to	
  have	
  a	
  selective	
  report	
  of	
  adverse	
  events	
  if	
  serious	
  events	
  

were	
  reported	
  but	
  no	
  detailed	
  information	
  on	
  resolution	
  or	
  treatment	
  needed	
  for	
  those	
  events	
  

were	
  provided	
   (e.g.:	
   patients	
   experienced	
   bradycardia,	
   but	
   no	
   clarification	
   on	
   treatment	
  

needed	
  or	
  resolution	
  of	
  the	
  event).	
  Studies	
  were	
  also	
  classified	
  as	
  “possibly”	
  to	
  have	
  a	
  selective	
  

report	
  of	
  adverse	
  events	
  if	
  reported	
  adverse	
  events	
  as	
  a	
  general	
  statement,	
  for	
  example	
  “the	
  

incidence	
   of	
   adverse	
   events	
   was	
   similar	
   in	
   both	
   groups”,	
   but	
   no	
   number	
   of	
   events	
   or	
  

seriousness	
  is	
  provided.	
  

A	
   study	
   was	
   classified	
   as	
   “unlikely”	
   to	
   have	
   selective	
   report	
   of	
   adverse	
   events	
   if	
   the	
   authors	
  

reported	
  their	
  intention	
  to	
  measure	
  serious	
  adverse	
  events,	
  which	
  were	
  reported	
  as	
  a	
  number	
  

of	
   events	
   or	
   number	
   of	
   patients	
   per	
   group,	
   as	
   well	
   as	
   the	
   need	
   for	
   intervention	
   and	
   the	
  

resolution	
  of	
  the	
  event	
  (if	
  treatment	
  was	
  needed).	
  

A	
  study	
  was	
  classified	
  as	
  “uncertain”	
  if	
  the	
  authors	
  had	
  no	
  intention	
  to	
  measure	
  adverse	
  events	
  

(as	
   determined	
   by	
   their	
   reported	
   methods)	
  and	
  no	
   adverse	
   events	
  were	
   reported	
   in	
   the	
  

manuscript.	
  

Data	
  synthesis	
  	
  	
  

Propofol	
   dose	
   was	
   recorded	
   as	
   mg/kg/hr.	
   For	
   studies	
   presenting	
  the	
   dose	
   in	
   mcg/kg/min	
   a	
  

conversion	
  of	
  1mcg/kg/min	
  =	
  0.06mg/kg/hr	
  was	
  used.	
  For	
  studies	
  only	
  reporting	
  a	
  dose	
  range	
  

(i.e.,	
  dose	
   ranged	
   between	
   x	
   and	
   y),	
   we	
   attempted	
   to	
   contact	
   author	
   for	
   clarification	
   of	
   the	
  

dose,	
   if	
   this	
   was	
   not	
   successful,	
   we	
   used	
   the	
   mean	
   between	
   the	
   two	
   values	
   provided.	
   We	
  

addressed	
  any	
  issues	
  related	
  to	
  the	
  unit	
  of	
  analysis	
  as	
  recommended	
  in	
  the	
  Cochrane	
  Handbook	
  

(8).	
  

The	
   main	
   comparison	
   was	
   propofol	
   infusion	
   and	
   control.	
   In	
   this	
   review,	
   the	
   control	
   group	
   is	
  

called	
   standard	
   of	
   care	
   and	
   it	
   includes	
   the	
   most	
   common	
   sedative	
   agents	
   used	
   for	
   paediatric	
  

sedation.	
  All	
  analyses	
  were	
  performed	
  using	
  the	
  Review	
  Manager	
  software	
  RevMan	
  5.3.	
  Data	
  

from	
  case	
  series	
  and	
  case	
  reports	
  were	
  descriptively	
  reported	
  (8).	
  

We	
  intended	
   to	
   pool	
  data	
   from	
   studies	
   that	
  were	
  sufficiently	
   homogenous.	
  Data	
   across	
  

different	
  study	
  designs	
  were	
  therefore	
  not	
  pooled.	
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We	
   calculated	
   sensitivity,	
  specificity,	
   positive	
   predictive	
   value	
   (PPV)	
   and	
   negative	
  predictive	
  

value	
  (NPV)	
  using	
  cases	
  of	
  PRIS	
  and	
  cases	
  not	
  fulfilling	
  PRIS	
  criteria	
  to	
  find	
  if	
  a	
  dose	
  of	
  4mg/kg/h	
  

and	
  length	
  of	
  infusion	
  of	
  12hours	
  could	
  be	
  indicative	
  of	
  PRIS.	
  	
  

Subgroup	
  analysis	
  and	
  investigation	
  of	
  heterogeneity	
  	
  	
  

We	
  intended	
  to	
  perform	
  subgroups	
  for	
  the	
  primary	
  outcome	
  (PRIS	
  and	
  cardiac	
  arrest)	
  based	
  on	
  

the	
  following:	
  

1. Comparison	
  group:	
  if	
  two	
  or	
  more	
  trials	
  were	
  found	
  using	
  the	
  same	
  comparison	
  group	
  

(e.g.,	
  ketamine),	
   these	
   studies	
   were	
  subgrouped	
  in	
   an	
   attempt	
   to	
   identify	
   any	
   risk	
  

increase	
  or	
  reduction	
  for	
  developing	
  the	
  primary	
  outcome.	
  

2. Dosage	
  of	
  propofol:	
  we	
  intended	
  to	
  subgroup	
  studies	
  using	
  propofol	
  infusion	
  at	
  equal	
  to	
  

or	
  less	
  than	
  4	
  mg/kg/hr	
  or	
  more	
  than	
  4	
  mg/kg/hr	
  as	
  this	
  seemed	
  to	
  be	
  the	
  dosage	
  cut-­‐

off	
  for	
  reporting	
  PRIS	
  in	
  children,	
  but	
  it	
  is	
  not	
  clear	
  what	
  dose	
  of	
  propofol	
  is	
  necessary	
  to	
  

cause	
   PRIS.	
   This	
   subgroup	
   analysis	
  would	
   be	
  done	
   as	
   an	
   attempt	
   to	
   measure	
   a	
   dose-­‐

effect	
  relationship	
  between	
  propofol	
  and	
  the	
  development	
  of	
  PRIS.	
  

3. Duration	
  of	
  propofol	
  infusion:	
  we	
  intended	
  to	
  subgroup	
  studies	
  with	
  propofol	
  infusion	
  

lasting	
   less	
   than	
   or	
   equal	
   to	
   12	
   hours,	
   between	
   12	
   and	
   24	
   hours	
   and	
   more	
   than	
   24	
  

hours.	
   This	
   subgroup	
   analysis	
   was	
   chosen	
   as	
   the	
   duration	
   of	
   exposure	
   of	
   propofol	
  

required	
   to	
   cause	
   PRIS	
   is	
   unclear	
  and	
   as	
  an	
   attempt	
   to	
   determine	
   if	
   there	
   is	
   any	
  

relationship	
  between	
  duration	
  of	
  infusion	
  of	
  propofol	
  and	
  the	
  development	
  of	
  PRIS.	
  

4. Indication	
   for	
   sedation:	
   studies	
   done	
   under	
   similar	
   settings,	
   for	
   example	
   sedation	
   for	
  

mechanical	
   ventilation	
   in	
   intensive	
   care	
   unit	
   or	
   sedation	
   procedures	
   in	
   the	
   operating	
  

room,	
  these	
  studies	
  were	
  subgrouped	
  in	
  an	
  attempt	
  to	
  identify	
  patient	
  setting	
  (location	
  

within	
   the	
   healthcare	
   facility)	
   and	
   indication	
   in	
   an	
   association	
   with	
   the	
  primary	
  

outcome.	
  

Sensitivity	
  analysis	
  	
  	
  

We	
  proceeded	
  with	
  a	
  sensitivity	
  analysis	
  comparing	
  the	
  cases	
  that	
  fulfilled	
  the	
  PRIS	
  definition	
  

and	
  progressed	
  to	
  a	
  fatal	
  outcome	
  with	
  cases	
  that	
  did	
  not	
  progress	
  to	
  a	
  fatal	
  outcome	
  in	
  order	
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to	
  identify	
  possible	
  differences	
  in	
  propofol	
  dose	
  and	
  length	
  of	
  infusion	
  and	
  treatment	
  used	
  after	
  

PRIS	
  was	
  identified.	
  

We	
  also	
  conducted	
  a	
  sensitivity	
  analysis	
  comparing	
  the	
  cases	
  of	
  PRIS	
  and	
  the	
  cases	
  not	
  fulfilling	
  

the	
  PRIS	
  criteria.	
  

Summary	
  of	
  findings	
  table	
  

We	
   summarized	
   the	
  evidence	
   in	
   a	
   'Summary	
   of	
   findings'	
   table,	
   as	
   recommended	
   by	
   the	
  

Cochrane	
   Anaesthesia	
   Review	
   Group	
   (CARG)	
   and	
   described	
   by	
   Guyatt	
   using	
   the	
   GRADE	
  

approach	
  (15).	
  

GRADE	
   appraises	
   the	
   quality	
   of	
   a	
   body	
   of	
   evidence	
   based	
   on	
   the	
   extent	
   to	
   which	
   one	
   can	
   be	
  

confident	
  that	
  an	
  estimate	
  of	
  effect	
  or	
  association	
  reflects	
  the	
  item	
  being	
  assessed.	
  The	
  quality	
  

of	
   a	
   body	
   of	
   evidence	
   considered	
   within	
   study	
   risk	
   of	
   bias	
   (methodological	
   quality),	
   the	
  

directness	
  of	
  the	
  evidence,	
  heterogeneity	
  of	
  the	
  data,	
  precision	
  of	
  effect	
  estimates	
  and	
  risk	
  of	
  

publication	
  bias.	
  

We	
  used	
  GRADEpro	
  system	
  to	
  assess	
  the	
  quality	
  of	
  the	
  body	
  of	
  evidence	
  associated	
  with	
  the	
  

specific	
  outcomes	
  below:	
  

1. Cardiac	
  arrest.	
  

2. Propofol	
  infusion	
  syndrome.	
  

We	
   examined	
   five	
  main	
   domains:	
  “study	
   limitations”	
  (or	
  risk	
   of	
   bias),	
  “directness”	
  

“consistency”,	
  “precision”	
  and	
  “reporting	
  bias”.	
  

“Study	
   limitation”	
  is	
  the	
   likelihood	
   of	
   adequate	
   protection	
   against	
   bias.	
   It	
   was	
   assessed	
  

according	
  to	
  study	
  designs	
  (RCTs	
  or	
  observational	
  studies)	
  and	
  study	
  conduct	
  (based	
  on	
  ratings	
  

of	
  risk	
  of	
  bias	
  of	
  the	
  individual	
  studies).	
  It	
  was	
  scored	
  as	
  “no”,	
  “serious”	
  or	
  “very	
  serious”.	
  

“Directness”	
  relates	
  to	
  (i)	
  whether	
  evidence	
  links	
  interventions	
  directly	
  to	
  a	
  health	
  outcome	
  of	
  

specific	
  importance	
   for	
   the	
   review	
   and	
   (ii)	
   for	
   comparative	
   studies,	
   whether	
   the	
   comparisons	
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are	
  based	
  on	
  head-­‐to-­‐head	
  studies.	
  It	
  was	
  scored	
  as	
  “no”	
  (no	
  indirectness),	
  “serious”	
  or	
  “very	
  

serious”.	
  

“Consistency”	
  is	
  the	
  degree	
  to	
  which	
  included	
  studies	
  find	
  either	
  the	
  same	
  direction	
  or	
  similar	
  

magnitude	
  of	
  effect.	
  For	
  this	
  review	
  we	
  used	
  “direction	
  of	
  effect”	
  (when	
  the	
  effects	
  have	
  the	
  

same	
  sign,	
  or	
  direction).	
  It	
  was	
  scored	
  as	
  “no”	
  (no	
  inconsistency),	
  “serious”	
  or	
  “very	
  serious”.	
  

“Precision”	
  is	
  the	
  degree	
  of	
  certainty	
  of	
  an	
  effect	
  estimate,	
  based	
  on	
  the	
  sufficiency	
  of	
  sample	
  

size	
   and	
   events.	
  A	
   body	
   of	
   evidence	
   was	
   considered	
  “precise”	
  if	
   the	
  minimum	
   number	
   of	
  

patients	
  or	
  events	
  needed	
  for	
  an	
  evidence	
  base	
  be	
  considered	
  powered	
  is	
  met,	
  or,	
  if	
  a	
  meta-­‐

analysis	
   was	
   judged	
  inappropriate,	
   we	
   considered	
  the	
   significance	
   level	
   of	
   p-­‐values	
   in	
   the	
  

individual	
  studies.	
  It	
  was	
  scored	
  as	
  “no”	
  (no	
  imprecision),	
  “serious”	
  or	
  “very	
  serious”.	
  

“Reporting	
  bias”	
  is	
  the	
  result	
  from	
  selectively	
  publishing	
  or	
  reporting	
  research	
  findings	
  based	
  on	
  

the	
  favorability	
  of	
  direction	
  or	
  magnitude	
  of	
  effect.	
  We	
  considered	
  “study	
  publication	
  bias”	
  if	
  

the	
  full	
  study	
  was	
  not	
  reported;	
  “selective	
  outcome	
  reporting	
  bias”,	
  if	
  a	
  study	
  did	
  not	
  report	
  (or	
  

incomplete	
  report)	
  planned	
  outcomes	
  or	
  reported	
  unplanned	
  outcomes,	
  and	
  “selective	
  analysis	
  

reporting	
  bias”,	
  if	
  a	
  study	
  reported	
  favorable	
  analyses	
  for	
  a	
  given	
  outcome	
  while	
  not	
  reporting	
  

others.	
  It	
  was	
  scored	
  as	
  “undetected”	
  or	
  “strongly	
  suspected”.	
  	
  

We	
  also	
  examined	
  the	
  additional	
  domains	
  “dose-­‐response	
  association”,“plausible	
  confounding”	
  	
  

and	
  “strength	
  of	
  association	
  and	
  magnitudes	
  of	
  effect”	
  (16).	
  

“Dose-­‐response	
   association”	
   was	
   used	
  either	
   across	
   studies	
  associated	
   with	
   a	
   pattern	
   of	
   a	
  

larger	
   effect	
   with	
   greater	
   exposure	
   (dose,	
   duration,	
  and	
   adherence).	
   It	
   was	
   scored	
   as	
  

“detected”	
  or	
  “undetected”.	
  

“Plausible	
   confounding	
   that	
   would	
   decrease	
   observed	
   effect”	
   was	
   used	
   when	
   a	
   possible	
  

confounder	
  worked	
  in	
  opposite	
  direction	
  to	
  direction	
  to	
  the	
  effect,	
  if	
  the	
  confounders	
  were	
  not	
  

present,	
  the	
  observed	
  effect	
  would	
  have	
  been	
  even	
  larger	
  than	
  the	
  one	
  observed.	
  It	
  was	
  scored	
  

as	
  “present”	
  or	
  “absent”.	
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“Strength	
   of	
   association	
   or	
   magnitude	
   of	
   effect”	
   refers	
   to	
   the	
   likelihood	
   that	
   the	
   observed	
  

effect	
   is	
   large	
   enough	
   that	
   it	
   cannot	
   have	
   occurred	
   solely	
   as	
   a	
   result	
   of	
   bias	
   from	
   potential	
  

confounding	
  factors.	
  It	
  was	
  scored	
  as	
  “no”,	
  “large”	
  or	
  “very	
  large”.	
  

We	
  developed	
  domain	
  scores	
  and	
  strength	
  of	
  evidence	
  grades	
  separately	
  for	
  RCT	
  evidence	
  and	
  

observational	
   study	
   evidence.	
  If	
   studies	
  reporting	
   on	
   the	
   same	
   outcome	
   have	
   significant	
  

differences	
   in	
   risk	
   of	
  bias,	
   so	
  that	
  it	
  could	
   compromise	
   the	
   strength	
   of	
   evidence	
   for	
   the	
  

outcome,	
  this	
  particular	
  study,	
  or	
  studies,	
  were	
  not	
  included	
  in	
  the	
  GRADE	
  table.	
  	
  

The	
   overall	
   strength	
   of	
   evidence	
   was	
   graded	
   as	
   “high”	
   if	
   further	
   research	
   is	
   very	
   unlikely	
   to	
  

change	
  our	
  confidence	
  in	
  the	
  estimate	
  of	
  effect;	
  “moderate”	
  if	
  further	
  research	
  may	
  change	
  our	
  

confidence	
  in	
  the	
  estimate	
  of	
  effect	
  and	
  may	
  change	
  the	
  estimate,	
  “low”	
  if	
  further	
  research	
  is	
  

likely	
  to	
  change	
  our	
  confidence	
  in	
  the	
  estimate	
  of	
  effect	
  and	
  is	
  likely	
  to	
  change	
  the	
  estimate,	
  or	
  

“insufficient”	
  if	
  evidence	
  either	
  is	
  unavailable	
  or	
  does	
  not	
  permit	
  estimation	
  of	
  an	
  effect.	
  

Two	
   review	
   authors	
   (LZ,KP)	
  graded	
   the	
   body	
   of	
   evidence	
   using	
   GRADE	
   guidance	
   (GRADEpro	
  

2008)	
  and	
  discrepancies	
  were	
  resolved	
  through	
  consensus.	
  

	
  

Results	
  	
  	
  

Description	
  of	
  studies	
  	
  	
  

Results of the search   

The	
   database	
   search	
   result	
   had	
   8801	
   papers	
   from	
   electronic	
   database	
   and	
   13	
   reports	
   from	
  

other	
  sources	
  (i.e.	
  regulatory	
  pharmaceutical	
  web	
  pages);	
  once	
  duplicates	
  were	
  removed,	
  there	
  

were	
  5011	
  unique	
  reports.	
  The	
  screening	
  of	
  title	
  and	
  abstract	
  for	
  the	
  population	
  of	
  interest	
  (age	
  

between	
  28	
  days	
  and	
  19	
  years)	
  and	
  intervention	
  of	
  interest	
  (propofol	
  infusion	
  for	
  more	
  than	
  60	
  

minutes)	
   yielded	
   to	
   883	
   papers.	
  Case	
   reports	
   and	
   conference	
   abstracts	
   were	
   included	
   if	
  

reporting	
  on	
  the	
  primary	
  outcome	
  (PRIS	
  or	
  cardiac	
  arrest).	
  Reports	
  of	
  adverse	
  events	
  were	
  not	
  

used	
   as	
   selection	
   criterion	
  for	
  other	
   manuscripts	
  (figure	
   3).	
  If	
   study	
   population	
   or	
   propofol	
  

length	
  of	
  infusion	
  were	
  not	
  clearly	
  reported	
  in	
  the	
  abstract,	
  the	
  full	
  text	
  was	
  reviewed	
  to	
  assess	
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inclusion	
  criteria.	
  Search	
  of	
  regulatory	
  agencies	
  databases	
  yield	
  13	
  publications.	
  They	
  included	
  

the	
  drug	
  warnings	
  letters	
  and	
  medication	
  labels.	
  No	
  new	
  patient	
  data	
  were	
  identified	
  from	
  this	
  

data	
  source.	
  

A	
   total	
   of	
  34	
  clinical	
   trials;	
   7	
  cohort	
   studies;	
   36	
   case	
   series	
   and	
  27	
  case	
   reports	
  (reporting	
   33	
  

paediatric	
  cases)	
  were	
  included	
  in	
  the	
  analysis	
  (table	
  7).	
  

A	
  total	
   of	
   780	
   studies	
   were	
   excluded	
   from	
   this	
  analysis.	
  The	
   reasons	
   for	
   exclusions	
   were:	
  

infusion	
   was	
   used	
   for	
   less	
   than	
   60	
   minutes	
   in	
   238	
   studies	
   or	
   propofol	
   was	
   not	
   used	
   as	
   an	
  

infusion	
  (used	
  as	
  a	
  bolus)	
  in	
  35	
  studies;	
  and	
  28	
  studies	
  had	
  included	
  participants	
  aged	
  19	
  years	
  

old	
   or	
   higher.	
   Other	
   publications	
   like	
   conference	
   abstracts,	
   letter	
   or	
   comments	
   not	
   adding	
  

clinical	
   data	
  (e.g.,	
   reviews,	
   comments	
   or	
  letter	
   to	
   editors)	
  were	
   the	
   reason	
   to	
   exclude	
   295	
  

retrieved	
  papers.	
  Twenty	
  studies	
  did	
  not	
  fulfil	
  PRIS	
  criteria	
  (table	
  12)	
  and	
  88	
  were	
  case	
  reports	
  

of	
  non-­‐serious	
  events.	
  General	
  characteristics	
  of	
  excluded	
  studies	
  can	
  be	
  found	
  in	
  table	
  8.	
  

Serious adverse events 

A	
  total	
  of	
  91	
  serious	
  adverse	
  events	
  (PRIS	
  and	
  cardiac	
  arrest)	
  associated	
  with	
  propofol	
  infusion	
  

were	
   identified	
   in	
   this	
   review;	
   21	
   were	
   identified	
   in	
   an	
   unpublished	
   RCT	
   (10)	
  comparing	
  

propofol	
   1%,	
   propofol	
   2%	
   and	
   standard	
   sedative	
   agents	
   (SSA).	
   The	
   mortality	
   of	
   participants	
  

receiving	
   propofol	
   1%	
   was	
   8.2%	
   (9/109)	
  (p=0.17);	
   propofol	
   2%	
   was	
   10.7%	
   (12/112)	
  (p=0.05)	
  

compared	
  to	
  SSA	
  which	
  was	
  3.8%	
  (4/105).	
  One	
  cohort	
  study	
  (17)	
  reported	
  an	
  increased	
  number	
  

of	
  cardiac	
  arrest	
  9.9%	
  (7/71)	
  (p=0.02)	
  and	
  increased	
  mortality	
  5.6%	
  (4/71)	
  (p=0.08)	
  in	
  patients	
  

receiving	
   propofol,	
   the	
   comparison	
   group	
   had	
   2%	
   (3/151)	
   of	
   patients	
   experiencing	
   cardiac	
  

arrest,	
   of	
   which	
   2	
   died	
   (1.3%).	
  Two	
   other	
   cohorts	
   (18,19)	
  reported	
   on	
   a	
   13	
   and	
   2	
   deaths	
   in	
  

patients	
   using	
   propofol,	
   the	
   comparison	
   groups	
   had	
   14	
   and	
   8	
   deaths,	
   respectively.	
  A	
   meta-­‐

analysis	
  was	
  considered	
  but	
  excluded	
  due	
  high	
  heterogeneity	
  (I2>80%).The	
  case	
  series	
  reported	
  

a	
  total	
  of	
  11	
  deaths	
  out	
  of	
  3540	
  (0.3%)	
  in	
  patients	
  receiving	
  propofol.	
  The	
  case	
  reports	
  had	
  a	
  

total	
  of	
  53	
  cases	
  selected	
  as	
  possible	
  cases	
  of	
  PRIS.	
  Of	
  these,	
  33	
  cases	
  fulfilled	
  our	
  definition	
  of	
  

PRIS	
  and	
  20	
  cases	
  did	
  not.	
  Of	
  33	
  case	
  reports	
  of	
  patients	
  fulfilling	
  PRIS	
  criteria,	
  20	
  died;	
  6	
  of	
  the	
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13	
  survivors	
  used	
  renal	
  replacement	
  therapy	
  (two	
  used	
  ECMO	
  with	
  hemo	
  filter)	
  as	
  part	
  of	
  the	
  

treatment.	
  We	
  did	
  not	
  identify	
  any	
  case-­‐control	
  studies	
  fulfilling	
  our	
  inclusion	
  criteria.	
  

Details	
  of	
  the	
  included	
  studies	
  can	
  be	
  found	
  below,	
  divided	
  by	
  study	
  designs.	
  

Included	
  studies	
  	
  	
  

Studies characteristics: 

The	
  majority	
  of	
  the	
  included	
  clinical	
  trials	
  were	
  written	
  in	
  English	
  (28	
  trials);	
  in	
  addition,	
  there	
  

were	
  one	
  each	
  in	
  Chinese,	
  French,	
  German,	
  Spanish,	
  Russian	
  and	
  Turkish.	
  

For	
   non-­‐randomised	
   studies,	
   the	
   publication	
   language	
   was	
   English	
   (n=61),	
   German	
   (n=2),	
  

Spanish	
  (n=2),	
  and	
  one	
  each	
  of	
  Dutch,	
  French,	
  Italian,	
  Polish	
  and	
  Russian.	
  The	
  characteristics	
  of	
  

included	
  studies	
  can	
  be	
  found	
  in	
  table	
  7.	
  

One	
   author	
   was	
   contacted	
   by	
   e-­‐mail	
   to	
   clarify	
   if	
   two	
   studies	
  (20,21)	
  conducted	
   in	
   the	
   same	
  

centre	
  and	
   in	
   similar	
   population	
   (use	
   of	
   propofol	
  compared	
   to	
   sevoflurane	
   in	
   the	
   similar	
   age	
  

group,	
  but	
  reporting	
  different	
  outcomes)	
  had	
  any	
  duplication	
  of	
  data	
  (i.e.	
  if	
  any	
  patients	
  were	
  

enrolled	
  in	
  both	
  studies).	
  No	
  reply	
  was	
  received.	
  As	
  the	
  studies	
  report	
  on	
  different	
  outcomes,	
  

they	
  were	
  treated	
  as	
  two	
  independent	
  populations.	
  

Clinical trials: 

The	
  34	
  trials	
  presented	
  in	
  this	
  review	
  had	
  a	
  total	
  of	
  2194	
  participants,	
  of	
  which	
  1089	
  received	
  

propofol.	
   One	
   trial	
  (22)	
  did	
   not	
   report	
   on	
  the	
  number	
   of	
   patients	
   per	
   group;	
   only	
   the	
   total	
  

number	
   of	
   enrolled	
   patients	
   and	
   percentages	
   of	
   events	
   were	
   reported,	
   for	
   purposes	
   of	
   this	
  

review	
  the	
  total	
  number	
  of	
  patients	
  were	
  divided	
  equally	
  between	
  groups.	
  Sample	
  size	
  ranged	
  

from	
   18	
   (in	
   a	
   cross-­‐over	
   study	
   with	
   18	
   enrolled	
   participants)	
   to	
  326	
  participants	
  (an	
  

unpublished	
  RCT).	
  The	
  median	
  age	
  of	
  the	
  participants	
  was	
  60.8	
  months	
  (IQR	
  39.2-­‐86.0).	
  

The	
   reasons	
   for	
   sedation	
   were:	
  elective	
   general	
   surgery	
   (9	
   studies,	
   748	
   patients);	
  

ophthalmologic	
   procedure	
   (strabismus	
   repair	
   or	
   eye	
   exam)	
   (5	
   studies,	
   200	
   patients);	
   ENT	
  

procedure	
  (prominent	
  ears,	
  cleft	
  lip,	
  cochlear	
  implantation)	
  (3	
  studies,	
  109	
  patients);	
  correction	
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for	
   congenital	
   cardiac	
   disease	
   under	
   bypass	
   (6	
   studies,	
   186	
   patients);	
   magnetic	
   resonance	
  

imaging	
  (3	
   studies,	
   239	
   patients);	
   urologic	
   surgery	
   (2	
   studies,	
   167	
   patients);	
  mechanically	
  

ventilated	
  PICU	
  patients	
  (1	
  study,	
  326	
  patients);	
  cardiac	
  catheterization	
  (1	
  study,	
  20	
  patients);	
  

endoscopy	
  (1	
  study,	
  50	
  patients);	
  cardiac	
  ablation	
  (1	
  study,	
  60	
  patients);	
  cranial-­‐facial	
  surgery	
  (1	
  

study,	
  44	
  patients)	
  and	
  orthopedic	
  procedure	
  (1	
  study,	
  45	
  patients).	
  

Settings:	
  

Sedations	
  were	
  done	
  in:	
  operating	
  room	
  26	
  studies	
  (1443	
  participants);	
  diagnostic	
  imaging	
  in	
  3	
  

studies	
  (239	
  participants);	
  2	
   in	
   the	
  cardiac	
   catheterization	
   suite	
   (62	
   participants)	
  and	
   1	
   in	
  

electrophysiology	
  lab	
  (60	
  participants).	
  Two	
  studies	
  were	
  conducted	
  in	
  paediatric	
  intensive	
  care	
  

units	
  (370	
  participants).	
  

Intervention:	
  

The	
   median	
   dose	
   of	
   propofol	
   used	
   was	
   9.0mg/kg/hr	
   (IQR	
   7.0-­‐12.7).	
   Ten	
  of	
   the	
  34	
  included	
  

studies	
  did	
  not	
  present	
  a	
  precise	
  propofol	
  dose	
  use	
  (10,	
  20,	
  23-­‐30),	
  but	
  a	
  range.	
  These	
  authors	
  

were	
  contacted	
  for	
  clarification	
  on	
  the	
  propofol	
  dose	
  used.	
  Four	
  studies	
  did	
  not	
  have	
  a	
  contact	
  

e-­‐mail	
  (23,	
  26-­‐28)	
  therefore	
   we	
   could	
   not	
   reach	
   the	
   authors.	
   One	
  had	
   a	
  “fail	
   to	
   deliver	
  

message”	
  (29).	
  One	
  answer	
  was	
  received	
  clarifying	
  that	
  the	
  dose	
  reported	
  of	
  4-­‐6	
  mg/kg/min	
  in	
  

the	
  manuscript	
  (25)	
  was	
  a	
  typo	
  and	
  it	
  should	
  be	
  read	
  as	
  “mg/kg/h”	
  and	
  also	
  confirmed	
  that	
  no	
  

individual	
   doses	
   used	
   were	
   recorded	
  during	
   the	
   study,	
   also	
   a	
   reply	
   from	
   the	
   author	
  (24)	
  was	
  

received	
  clarifying	
  the	
  mean	
  propofol	
  dose	
  used.	
  No	
  answers	
  were	
  received	
  for	
  the	
  remaining	
  

studies	
  (10,	
  20,	
  30).	
  The	
  mean	
  between	
  the	
  two	
  values	
  in	
  the	
  range	
  was	
  used	
  for	
  data	
  analysis.	
  

Five	
  studies	
  (23,	
  29,	
  31-­‐33)	
  used	
  propofol	
  bolus	
  in	
  a	
  dose	
  1-­‐5	
  mg/kg	
  prior	
  to	
  propofol	
  initiation.	
  

Ten	
   studies	
   (30,32,34-­‐41)	
  used	
   an	
   opioid	
   with	
   propofol	
   infusion	
   (remifentanil,	
   alfentanil	
   or	
  

fentanyl).	
  Nine	
  studies	
  (20-­‐22;24,27,28,36,43,44)	
  used	
  propofol	
  in	
  association	
  with	
  an	
  inhaled	
  

agent.	
  

The	
   median	
   duration	
   of	
   propofol	
   use	
   in	
   included	
   trials	
   was	
  78.5	
  minutes	
   (IQR	
  68-­‐107.2).	
   Two	
  

trials	
  (10,	
  45),	
  involving	
  a	
  total	
  370	
  patients	
  used	
  propofol	
  for	
  more	
  than	
  12	
  hours.	
  There	
  were	
  

no	
  reports	
  of	
  any	
  adverse	
  events	
  by	
  Peeters	
  (45).	
  Blumer	
  (10)	
  reported	
  and	
  increased	
  mortality	
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in	
  patients	
   receiving	
   propofol	
   compared	
   to	
   standard	
   of	
   care	
   (control	
   group	
   mainly	
   used	
  

midazolam).	
  

Blumer	
   (10)	
  is	
   an	
   unpublished	
   industry	
   sponsored	
   trial	
   designed	
   to	
   measure	
   the	
   “safety	
   and	
  

efficacy	
  of	
  propofol	
  compared	
  with	
  standard	
  sedative	
  regimens	
  in	
  mechanically	
  ventilated	
  PICU	
  

patients”.	
  The	
  pharmaceutical	
  company	
  was	
  contacted	
  to	
  obtain	
  further	
  data	
  on	
  this	
  particular	
  

study	
  and	
  an	
  abstract	
  was	
  obtained.	
  Several	
  unsuccessful	
  attempts,	
  by	
  phone	
  and	
  e-­‐mail,	
  were	
  

done	
  to	
  obtain	
  more	
  data	
  on	
  this	
  study.	
  Based	
  on	
  the	
  abstract	
  provided	
  and	
  the	
  e-­‐mail	
  received	
  

from	
   the	
   Global	
   Safety	
   Physician	
   for	
   Diprivan,	
   we	
   obtained	
   the	
   following	
   data:	
   “a	
   draft	
   CSR*	
  

was	
   produced	
   but	
   an	
   approved	
   report	
   was	
   never	
  produced”.	
  Through	
   the	
   abstract	
   we	
   could	
  

retrieve	
  the	
  following	
  information:	
  the	
  study	
  enrolled	
  348	
  patients,	
  22	
  were	
  excluded	
  prior	
  to	
  

the	
  trial	
  initiation,	
  326	
  were	
  randomised	
  to	
  receive	
  propofol	
  1%	
  (109	
  participants);	
  propofol	
  2%	
  

(112	
  participants)	
  and	
  standard	
  sedative	
  agents	
  (SSA)	
  (105	
  participants).	
  The	
  median	
  duration	
  

of	
   sedation	
   was	
   81,	
   74	
   and	
   65	
   hours,	
   respectively.	
  This	
   study	
   identified	
   a	
   higher	
   number	
   of	
  

deaths	
   in	
   children	
   receiving	
   propofol:	
   9	
   (8.2%)	
   deaths	
   in	
   propofol	
   1%	
  (p=0.17);	
   12	
   (10.7%)	
  

deaths	
  in	
  propofol	
  2%	
  (p=0.05)	
  compared	
  to	
  4	
  (3.8%)	
  deaths	
  in	
  the	
  SSA	
  group.	
  They	
  report	
  that	
  

“no	
   patient	
   experienced	
   events	
   consistent	
   with	
   PRIS”.	
  *CSR	
   definition	
   was	
   not	
   provided;	
   it	
   is	
  

likely	
   an	
   abbreviation	
   for	
   “corporate	
   social	
   responsibility”.	
  The	
   p	
   values	
   were	
   not	
   provided	
   in	
  

the	
  abstract,	
  but	
  calculated	
  for	
  this	
  review.	
  This	
  trial	
  would	
  not	
  fulfil	
  our	
  inclusion	
  criteria,	
  but	
  

due	
  to	
  relevant	
  data	
  reporting	
  on	
  our	
  primary	
  outcomes	
  we	
  added	
  the	
  data	
  as	
  a	
  post	
  hoc.	
  

Six	
  studies	
  (30,34,41,45-­‐47)	
  did	
  not	
  report	
  clearly	
  the	
  length	
  of	
  propofol	
  infusion,	
  but	
  reported	
  

duration	
  of	
  surgery	
  or	
  procedure	
  and	
  this	
  value	
  was	
  used	
  as	
  a	
  surrogate	
  measure	
  of	
  duration	
  of	
  

anaesthesia.	
  

Comparison:	
  

The	
   comparison	
   is	
   called	
  “standard	
  of	
  care”	
  in	
   this	
   review	
   and	
   it	
  is	
   any	
   sedative	
   agent	
   (or	
  

combination	
  of	
  agents)	
  used	
  in	
  comparison	
  with	
  propofol.	
  If	
  a	
  trial	
  did	
  not	
  report	
  a	
  drug	
  dosage	
  

used	
  in	
  the	
  results	
  section,	
  but	
  did	
  report	
  in	
  the	
  methods	
  section,	
  this	
  value	
  was	
  used.	
  

The	
   included	
   studies	
   were	
   divided	
   in	
  subgroups	
   according	
   to	
   the	
   drug	
   being	
   studied	
   in	
  

comparison	
  to	
  propofol.	
  Four	
  studies	
  used	
  midazolam	
  infusion	
  for	
  sedation:	
  Deng	
  (35)	
  and	
  Xia	
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(30)	
  used	
  1	
  mcg/kg/min,	
  Salvitano	
  (39)	
  reports	
  as	
  dose	
  consumed	
  for	
  midazolam	
  and	
  reports	
  as	
  

9.47	
   mcg/kg/hour.	
  Peeters	
   (45)	
  compared	
   propofol	
   to	
   midazolam	
   and	
   it	
   was	
   adjusted	
   to	
  

maintain	
   COMFORT	
   score	
   higher	
   than	
   17,	
   no	
   midazolam	
   dose	
   was	
   provided.	
   One	
  study	
   used	
  

ketamine	
  (46)	
  as	
  a	
  continuous	
  infusion	
  for	
  children	
  undergoing	
  cardiac	
  catheterization	
  at	
  dose	
  

7.7	
   mg/kg/hr.	
  Pentobarbital	
   bolus	
   (4.1	
   mg/kg)	
   associated	
   with	
   midazolam	
   (0.9	
   mg/kg)	
   bolus	
  

and	
   fentanyl	
   bolus	
   was	
   used	
   by	
  Pershad	
   (48)	
  for	
   MRI	
   procedures.	
  LeBlanc	
   (36)	
  used	
   similar	
  

protocol	
   for	
   both	
   groups:	
   isoflurane	
   and	
   fentanyl	
   for	
   the	
   surgical	
   procedure	
   and	
   one	
  group	
  

received	
   propofol	
   until	
   cerebral	
   electrical	
   silence;	
   no	
   propofol	
   was	
   added	
   to	
   the	
   comparison	
  

group.	
   Anesthetic	
   gas	
   was	
   used	
   in	
   all	
   other	
   26	
   studies.	
   The	
   most	
   common	
   gas	
   used	
   was	
  

sevoflurane	
  in	
  14	
  studies	
  with	
  a	
  concentration	
  ranging	
  between	
  1.5%	
  to	
  8%.	
  The	
  second	
  most	
  

frequent	
   gas	
   used	
   was	
   halothane	
   in	
  6	
  studies,	
   followed	
   by	
   isoflurane	
   in	
   four	
   studies	
   and	
  

enflurane	
   in	
   one	
   study,	
   one	
   study	
   used	
   nitrous	
   oxide	
   and	
   another	
   a	
   combination	
   of	
   three	
  

different	
  gases.	
  

Outcome:	
  

Only	
   one	
   trial	
   reported	
   on	
   the	
  primary	
   outcome.	
   The	
   trial	
   reported	
   on	
   increased	
   mortality	
  in	
  

children	
   receiving	
   propofol	
  compared	
   to	
   standard	
   sedatives	
   agents	
   (10).	
   Children	
   receiving	
  

propofol	
  1%	
  had	
  8.2%	
  mortality	
  (9/109)	
  (p=0.17),	
  propofol	
  2%	
  had	
  10.7%	
  (12/112)	
  (p=0.05)	
  and	
  

were	
  compared	
   to	
   standard	
   sedatives	
   (3.8%	
   mortality	
   (4/105)).	
   This	
   study	
   was	
   done	
   in	
  

mechanically	
  ventilated	
  PICU	
  patients.	
  

Risk	
  of	
  bias	
  in	
  included	
  RCTs	
  

The	
  risk	
  of	
  bias	
  in	
  the	
  included	
  trials	
  was	
  high	
  overall.	
  Figure	
  4	
  and	
  figure	
  5 represent	
  the	
  risk	
  of	
  

bias	
  table	
  and	
  graph	
  for	
  the	
  RCTs	
  included	
  in	
  this	
  review.	
  

Allocation	
  (selection	
  bias)	
  	
  	
  

An	
  adequate	
  sequence	
  generation	
  was	
  reported	
  in	
  40%	
  of	
  trials.	
  

Blinding	
  (performance	
  bias	
  and	
  detection	
  bias)	
  	
  	
  

Blinding	
  of	
  outcome	
  assessors	
  was	
  reported	
  in	
  45%	
  of	
  trials.	
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Incomplete	
  outcome	
  data	
  (attrition	
  bias)	
  	
  	
  

Attrition	
  bias	
  was	
  difficult	
  to	
  assess	
  as	
  it	
  was	
  often	
  not	
  reported	
  in	
  the	
  included	
  trials.	
  

Selective	
  reporting	
  (reporting	
  bias)	
  	
  	
  

The	
   analysis	
   of	
   reporting	
   characteristics	
   of	
   the	
   34	
   included	
   trials	
   showed	
   that	
   three	
  trials	
  

included	
  in	
  this	
  review	
  were	
  “likely”	
  to	
  have	
  reporting	
  bias,	
  as	
  they	
  intended	
  to	
  measure	
  serious	
  

events,	
  but	
  did	
  not	
  report	
  in	
  their	
  results.	
  

Fourteen	
   trials	
   were	
   “possibly”	
   to	
   have	
   reporting	
   bias	
   for	
   serious	
   adverse	
   events,	
   as	
   other	
  

events	
   were	
   measured	
   and	
   reported,	
   but	
   the	
   presence/absence	
   of	
   serious	
   events	
   were	
   not	
  

mentioned	
  or	
  mentioned	
  through	
  general	
  statements.	
  

Ten	
   trials	
   reported	
   enough	
   information	
   on	
   the	
   adverse	
   events	
   and	
   were	
   unlikely	
   to	
   have	
   a	
  

reporting	
  bias.	
  

Other	
  potential	
  sources	
  of	
  bias	
  	
  	
  

The	
   only	
   trial	
   reporting	
   in	
   increased	
   mortality	
   in	
   patients	
   receiving	
   propofol	
   was	
   a	
  

pharmaceutical	
  sponsored	
  trial	
  and	
  never	
  fully	
  published	
  in	
  a	
  peer	
  review	
  journal.	
  The	
  reason	
  

to	
   stop	
   the	
   trial	
   prematurely	
   is	
   not	
   clear	
   and	
   it	
  was	
   not	
   provided	
  by	
  the	
   pharmaceutical	
  

company	
  contact	
  person,	
  for	
  all	
  these	
  reasons	
  we	
  consider	
  this	
  trial	
  as	
  “high	
  risk	
  of	
  bias”.	
  

	
  

Strength	
  of	
  Evidence	
  for	
  RCTs	
  (GRADE)	
  

 

The	
  GRADE	
  score	
  for	
   RCTs	
   was	
  based	
   on	
   a	
   single	
   trial	
   (10)	
   that	
   reported	
   on	
   the	
   primary	
  

outcome.	
  It	
  scored	
  “serious”	
  for	
  “study	
  limitation”	
  on	
  risk	
  of	
  bias,	
  as	
  this	
  trial	
  was	
  stopped	
  early	
  

and	
  not	
   published	
   in	
   a	
   peer	
   reviewed	
  journal,	
   also	
   no	
   detailed	
   information	
   on	
   selection	
   of	
  

participants,	
  randomization,	
  concealment,	
  blindness,	
  measurement	
  methods	
  and	
  attrition	
  were	
  

provided	
  in	
  the	
  abstract.	
  The	
  trial	
  had	
  a	
  strong	
  outcome	
  reported	
  (mortality)	
  and	
  head	
  to	
  head	
  

comparisons,	
  it	
  was	
  considered	
  “no”	
  on	
  “directness”.	
  Consistency	
  score	
  was	
  “no”.	
  It	
  was	
  rated	
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“no”	
   on	
   “precision”	
   (no	
   imprecision”)	
  with	
   a	
  statistical	
   significant	
   difference	
   in	
   mortality	
  

between	
  one	
  interventional	
  arm	
  and	
  control.	
  As	
  for	
  reporting	
  bias,	
  it	
  was	
  considered	
  “strongly	
  

suspected”	
  as	
  the	
  trial	
  was	
  stopped	
  early	
  and	
  the	
  findings	
  are	
  only	
  partially	
  reported	
  through	
  

an	
  abstract.	
  The	
  RCT	
  was	
  also	
  upgraded	
  for	
  dose-­‐response	
  gradient	
  and	
  very	
  large	
  effect.	
  The	
  

overall	
  RCT	
  GRADE	
  score	
  was	
  “high”.	
  	
  

As	
   only	
   one	
   trial	
   reported	
   on	
   primary	
  outcomes,	
   the	
   measurement	
   of	
   the:	
   (i)	
   association	
   of	
  

propofol	
  dosage	
  and	
  duration	
  of	
  infusion	
  with	
  PRIS	
  or	
  cardiac	
  arrest;	
  (ii)	
  patient	
  characteristics	
  

associated	
   with	
   serious	
   adverse	
   events	
   related	
   to	
   propofol	
   use;	
   and	
   (iii)	
   association	
   between	
  

incidence	
   of	
   serious	
   adverse	
   events	
   related	
   to	
   propofol	
   use	
   with	
   patient	
   location	
  were	
  not	
  

ascertained.	
  

The	
  mode	
  of	
  surveillance	
  for	
  adverse	
  events	
  in	
  clinical	
  trials	
  was	
  not	
  clearly	
  reported.	
  No	
  trial	
  

reported	
  on	
  passive	
  report	
  of	
  adverse	
  events	
  (spontaneous	
  reports).	
  

Non-Randomized studies 

Cohorts: 

Seven	
  cohorts	
  included	
  a	
  total	
  of	
  2073	
  patients,	
  1027	
  of	
  them	
  received	
  propofol	
  infusion.	
  The	
  

reason	
   for	
   sedation	
   were	
   diverse,	
  	
  3	
  studies	
   had	
   general	
  paediatric	
   intensive	
   care	
  patients,	
  1	
  

was	
  exclusively	
  post-­‐operative	
  cardiac	
  surgery	
  in	
  PICU,	
  1	
  study	
  included	
  only	
  patients	
  on	
  status	
  

epilepticus	
  in	
  PICU;	
  2	
  studies	
  were	
  done	
  in	
  diagnostic	
  imaging.	
  The	
  most	
  frequent	
  comparison	
  

was	
  with	
  other	
  sedative	
  drugs	
  with	
  midazolam	
  as	
  the	
  drug	
  of	
  choice	
  in	
  four	
  of	
  these	
  cohorts.	
  

One	
   study	
   did	
   not	
   report	
   clearly	
  what	
  the	
   comparison	
   group	
  had	
  used,	
   only	
   stated	
   it	
   was	
  

compared	
  to	
  “randomised	
  controls”,	
  but	
  we	
  identified	
  this	
  study	
  as	
  being	
  a	
  cohort	
  study	
  and	
  

not	
  an	
  RCT	
  despite	
  the	
  term	
  "randomised	
  controls".	
  

The	
  seven	
  included	
  cohorts	
  are	
  reported	
  in	
  more	
  detail	
  below:	
  

Agudelo	
   (17)	
  is	
   a	
   retrospective	
   descriptive	
   observational	
   study	
   of	
   all	
   patients	
   admitted	
   to	
   the	
  

intensive	
  care	
  unit	
  during	
  the	
  course	
  of	
  one	
  year	
  who	
  required	
  sedation.	
  The	
  authors	
  compared	
  

participants	
   that	
   used	
   propofol	
   infusion	
   (n=71)	
   to	
   participants	
   that	
   did	
   not	
   use	
   propofol	
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(n=151).	
  Participants	
  that	
  used	
  propofol	
  had	
  a	
  median	
  age	
  of	
  24	
  months	
  (IQR	
  6-­‐65);	
  they	
  were	
  

mostly	
   post-­‐operative	
   (62%),	
   mainly	
   post	
   heart	
   surgery	
   (44%);	
   the	
   mean	
   propofol	
   dose	
   used	
  

was	
  2.1	
  mg/kg/hr	
  (varying	
  from	
  1	
  to	
  4	
  mg/kg/hr)	
  and	
  for	
  a	
  mean	
  length	
  of	
  6.7	
  days	
  (range	
  0.5	
  

to	
   40	
   days).	
   The	
   number	
   of	
   participants	
   in	
   the	
   propofol	
   group	
   needing	
   vasoactive	
   drugs	
   and	
  

mechanical	
  ventilation	
  was	
  statistically	
  significant	
  higher	
  than	
  in	
  the	
  control	
  group	
  (p	
  <	
  0.05).	
  A	
  

total	
   of	
   7	
  patients	
  of	
   71	
  (9.8%)	
  receiving	
   propofol	
  had	
   a	
   cardiac	
   arrest	
   (p=0.02)	
   and	
  4	
  (5.6%)	
  

died	
   (p=0.08).	
  The	
   comparison	
  group	
   had	
  3	
  patients	
  that	
   experienced	
  cardiac	
   arrest	
   of	
   151	
  

included	
  (2.0%)	
  patients	
  and	
  2	
  experienced	
  fatal	
  outcomes	
  (1.3%).	
  The	
  comparison	
  group	
  had	
  

more	
  metabolic	
  acidosis	
  (20	
  patients),	
  in	
  comparison	
  to	
  propofol	
  (6	
  patients).	
  Patients	
  receiving	
  

propofol	
  had	
  higher	
  triglycerides	
  and	
  similar	
  creatine	
  kinase in relation to the comparison group. 

Authors report the program of pharmacovigilance did not identify any of these events as being 

related  to  propofol  and  it  was  not  characterized  as  PRIS. We  contacted  the  authors  seeking 

individual  patient  data  for  the  seven  patients  experiencing  cardiac  arrest.  The  author  replied 

stating  that  he  did  not  have  current  access  to  the  data,  but  he recalls	
   that	
   “none	
   of	
   the	
   seven	
  

patients	
  who	
  experienced	
  cardiac	
  arrest	
  were	
  associated	
  to	
  administration	
  of	
  propofol”.	
  

Amundsen	
  (49)	
  is	
  a	
  prospective	
  cohort	
  study	
  of	
  108	
  children	
  with	
  autism	
  spectrum	
  disorder	
  or	
  

with	
  idiopathic	
  developmental	
  delay	
  submitted	
  to	
  neuroimaging;	
  the	
  comparison	
  group	
  was	
  26	
  

children	
   with	
   typical	
   development.	
   Mean	
   age	
   of	
   the	
   children	
   was	
   47.6	
   +/-­‐	
  4.5	
   months.	
   The	
  

propofol	
   initial	
   dose	
   was	
   12	
   mg/kg/hr	
  (dose	
   used	
   ranged	
   from	
   10.8	
   to	
   13.2	
   mg/kg/hr)	
   and	
  

titrated	
   based	
   on	
   usual	
   clinical	
   indicators	
   such	
   as	
   blood	
   pressure,	
   pulse	
   rate,	
   respiratory	
   rate	
  

and	
  movement.	
  The	
  duration	
  of	
  exam	
  ranged	
  from	
  90	
  to	
  120	
  minutes.	
  There	
  were	
  a	
  total	
  of	
  4	
  

adverse	
  events:	
  airway	
  obstruction	
  in	
  two	
  participants,	
  treated	
  by	
  insertion	
  of	
  an	
  oral	
  airway;	
  

bradycardia	
  in	
  one	
  participant	
  not	
  requiring	
  treatment;	
  and	
  premature	
  termination	
  of	
  the	
  study	
  

in	
   one	
   participant	
   due	
   to	
   excessive	
   salivation.	
   There	
   was	
   no	
   occurrence	
   of	
   any	
   other	
  adverse	
  

events	
  such	
   as	
   hypoxia,	
   hypotension,	
   apnea,	
   cyanosis	
   or	
   nausea.	
   No	
  adverse	
   events	
  were	
  

reported	
  in	
  the	
  comparison	
  group.	
  

Cray	
  (50)	
  is	
  a	
  prospective	
  cohort	
  study	
  of	
  91	
  paediatric	
  patients	
  with	
  complex	
  congenital	
  heart	
  

defects,	
   undergoing	
  cardiopulmonary	
   bypass	
   that	
   were	
   suitable	
   for	
   a	
   fast	
   track	
   extubation	
  

protocol.	
  The	
  comparison	
  group	
  was	
  a	
  historical	
  cohort	
  of	
  135	
  similar	
  patients,	
  matched	
  for	
  age	
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and	
   cardiac	
   lesion,	
   which	
   underwent	
   surgery	
   in	
   the	
   previous	
   year.	
   The	
   median	
   duration	
   of	
  

propofol	
   infusion	
   was	
   3	
   hours	
   35	
   minutes	
   (range	
   50	
   minutes	
   to	
   15	
   hours).	
   The	
   mean	
   dose	
   of	
  

propofol	
  infusion	
  was	
  4.2	
  mg/kg/hr	
  (range	
  1.5-­‐13.8	
  mg/kg/hr).	
  Children	
  also	
  received	
  morphine	
  

infusion	
   10-­‐40	
   mcg/kg/hr.	
   The	
   patients	
   receiving	
   propofol	
   had	
   a	
   length	
   of	
   stay	
   in	
   PICU	
   of	
   1.7	
  

days	
  compared	
  to	
  2.6	
  days	
  in	
  the	
  control	
  group	
  (p<0.05).	
  One	
  patient	
  had	
  to	
  be	
  re-­‐intubated	
  

after	
  extubation	
  due	
  to	
  excessive	
  sedation	
  in	
  the	
  propofol	
  group.	
  No	
  reports	
  of	
  other	
  adverse	
  

events	
  in	
  either	
  group.	
  

Kiringoda	
  (51)	
  is	
  a	
  retrospective	
  cohort	
  study	
  of	
  children	
  requiring	
  sedation	
  for	
  research	
  related	
  

imaging.	
   There	
   were	
   a	
   total	
   of	
   607	
   patients	
   who	
   received	
   1480	
   propofol	
  anaesthesia	
  

procedures.	
   The	
   median	
   age	
   of	
   the	
   children	
   was	
   5.1	
   years	
   (range	
   0.2-­‐17.5	
   years).	
   The	
   only	
  

information	
   about	
   the	
   controls	
   was	
   that	
   they	
   were	
   “randomly	
   assigned”,	
   but	
   after	
   careful	
  

consideration	
   we	
   identified	
   this	
   study	
   as	
   a	
   retrospective	
   cohort.	
  The	
   duration	
   of	
   first	
  

anaesthesia	
  procedure	
  was	
  122	
  minutes	
  (SD	
  59).	
  The	
  dose	
  of	
  propofol	
  used	
  was	
  not	
  provided.	
  	
  

Author	
  was	
  contacted	
  for	
  clarification	
  on	
  propofol	
  dose.	
  Clarification	
  was	
  received	
  stating	
  that	
  

'propofol	
  was	
  titrated	
  to	
  maintain	
  the	
  patient	
  motionless	
  and	
  a	
  patient	
  would	
  usually	
  receive	
  a	
  

loading	
   dose	
   of	
   1-­‐3	
   mg/kg	
   followed	
   by	
   a	
   continuous	
   infusion	
   that	
   would	
   be	
   titrated	
   to	
   the	
  

patient’s	
   response.	
   As	
   that	
   was	
   a	
   retrospective	
   study,	
   one	
   of	
   its	
   limitations	
   is	
   that	
   I	
   do	
   not	
  

believe	
   we	
   had	
   the	
   total	
   propofol	
   dose	
   administered	
   in	
   all	
   patients'.	
  Adverse	
   events	
  were	
  

defined	
   as	
   'all	
   occurrences	
   that	
   warranted	
   intervention	
   and	
   were	
   noted	
   on	
   the	
  anaesthesia	
  

records'.	
  The	
  report	
  states:	
  “There	
  were	
  no	
  cardiorespiratory	
  arrests	
  or	
  episodes	
  of	
  aspiration	
  

pneumonia.	
  No	
  adverse	
   event	
  prolonged	
   the	
  hospitalisation	
  of	
   any	
   subject,	
   and	
   only	
   one	
  

adverse	
   event	
  changed	
   the	
   hospital	
   course	
   (overnight	
   intensive	
   care	
   unit	
   observation)."	
   They	
  

report	
   67	
   respiratory	
  events	
  and	
   17	
   cardiovascular	
  events	
  in	
   patients	
   using	
   propofol.	
  No	
  

mention	
  of	
  adverse	
  events	
  in	
  the	
  comparison	
  group.	
  

Pepperman	
   (18)	
   is	
   a	
   retrospective	
  cohort	
   study	
   of	
   children	
   requiring	
   mechanical	
   ventilation;	
  

106	
   received	
   propofol	
   and	
   92	
   received	
   other	
   sedative	
   agents	
   (61	
   receiving	
   midazolam).	
  

Participants	
  were	
  also	
  divided	
  according	
  to	
  their	
  reason	
  for	
  ICU	
  admission:	
  respiratory,	
  cardiac	
  

or	
  neurologic	
  illness.	
  The	
  infusion	
  of	
  propofol	
  had	
  a	
  length	
  of	
  30	
  minutes	
  to	
  156	
  days.	
  The	
  mean	
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infusion	
   rate	
   of	
   propofol	
   was	
   3.4	
   mg/kg/hr	
  (range	
   from	
   0.4	
   to	
   30	
   mg/kg/hr).	
   A	
   pathological	
  

metabolic	
  acidosis	
  was	
  defined	
  as	
  pH<7.2	
  with	
  normal	
  PaCO2	
  or	
  base	
  excess>10.	
  Two	
  patients	
  

in	
   the	
   propofol	
   group	
   had	
   pathological	
   metabolic	
   acidosis	
   and	
  3	
  in	
   the	
   non-­‐propofol	
   group.	
  

Overall	
  mortality	
  was	
  27	
  deaths,	
  13	
  in	
  the	
  propofol	
  group	
  (7	
  in	
  the	
  cardiac	
  group	
  and	
  6	
  in	
  the	
  

respiratory	
  group).	
  None	
  of	
  participants	
  who	
  died	
  had	
  lipaemic	
  plasma.	
  	
  

	
  Prins	
  (52)	
  followed	
  children	
  aged	
  from	
  1	
  month	
  to	
  2	
  years	
  admitted	
  to	
  the	
  paediatric	
  surgical	
  

intensive	
   care	
   unit	
   (PSICU)	
   during	
   the	
   first	
   24	
   hours	
   after	
   elective	
   craniofacial	
   surgery.	
   The	
  

median	
  age	
  was	
  10	
  months	
  (IQR	
  3	
  -­‐17	
  months).	
  Parents	
  of	
  eligible	
  participants	
  were	
  asked	
  to	
  

give	
   written	
   informed	
   consent	
   for	
   either	
   propofol	
   or	
   midazolam.	
   Propofol	
   was	
   used	
   in	
   22	
  

patients	
   for	
   12	
   (6-­‐17)	
   hours	
   for	
   a	
   dose	
   of	
  2.4	
   (1-­‐4)	
  mg/kg/hr.	
   The	
   control	
   group	
   had	
   23	
  

participants	
  receiving	
  midazolam	
  only.	
  Triglyceride	
  level	
  was	
  2.00	
  mmol/L	
  in	
  one	
  patient	
  during	
  

propofol	
   infusion,	
   but	
   without	
   metabolic	
   acidosis,	
   physiological	
   parameters	
   disturbances	
   or	
  

creatine	
  phosphokinase	
  (CPK)	
  increase.	
  Four	
  patients,	
  three	
  in	
  the	
  propofol	
  group,	
  had	
  raised	
  

CPK	
  levels	
  ranging	
  from	
  261-­‐313	
  UI/L	
  without	
  metabolic	
  acidosis.	
  

Van	
   Gestel	
   (19)	
   reported	
   a	
  total	
   of	
   34	
   paediatric	
  patients	
   admitted	
   to	
   PICU	
   due	
   to	
   status	
  

epilepticus;	
   22	
  patients	
   used	
   propofol	
   and	
   12	
   thiopental,	
   but	
   eight	
   propofol	
   patients	
   did	
   not	
  

respond	
  and	
  also	
  received	
  thiopental.	
  The	
  length	
  of	
  propofol	
  infusion	
  was	
  57	
  hours	
  (range	
  10	
  to	
  

264	
   hours)	
   and	
   propofol	
   dose	
   1-­‐5	
   mg/kg/hr.	
   Propofol	
   was	
   stopped	
   in	
   one	
   participant	
   due	
   to	
  

rhabdomyolysis	
  and	
   in	
   three	
   due	
   to	
  hypertriglyceridemia.	
  No	
   report	
   of	
   acidosis	
   in	
   these	
  

patients.	
  	
  All	
   recovered	
   after	
   propofol	
   was	
   stopped.	
   Thiopental	
   group	
   had	
   eight	
   deaths,	
  

manuscript	
  described	
  as	
  two	
  of	
  them	
  were	
  likely	
  due	
  to	
  thiopental,	
  one	
  due	
  to	
  hepatic	
  failure	
  

and	
  one	
  due	
  to	
  pulmonary	
  damage.	
  There	
  were	
  two	
  deaths	
  in	
  patients	
  treated	
  for	
  seizures	
  with	
  

propofol.	
  

Based	
   on	
   the	
   cohorts	
   identified	
   in	
   this	
   review,	
   we	
   can	
   say	
   that	
   propofol	
   was	
   used	
   in	
   1027	
  

patients	
  and	
  a	
  total	
  of	
  19	
  deaths	
  were	
  identified	
  (2.53%).	
  The	
  control	
  groups	
  had	
  a	
  total	
  of	
  24	
  

deaths	
   out	
   of	
   a	
   1046	
   controls	
   (2.67%).	
  All	
   the	
   patients	
   experiencing	
   serious	
   adverse	
   events	
  

were	
  admitted	
  to	
  the	
  paediatric	
  intensive	
  care	
  unit.	
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A	
  meta-­‐analysis	
  including	
  the	
  three	
  cohorts	
  reporting	
  the	
  primary	
  outcome	
  was	
  attempted	
  but	
  

excluded	
  due	
  high	
  heterogeneity	
  (I2=	
  83%).	
  

Risk	
  of	
  bias	
  assessment	
  for	
  cohort	
  studies	
  	
  

The	
  Newcastle-­‐Ottawa	
  scale	
  for	
  risk	
  of	
  bias	
  assessment	
  in	
  cohort	
  studies	
  can	
  be	
  found	
  in	
  table	
  

9.	
  Cohorts	
  had	
  overall	
  good	
  quality	
  with	
  only	
  one	
  study	
  receiving	
  four	
  stars,	
  all	
  remaining	
  

studies	
  received	
  seven	
  or	
  more	
  stars.	
  

Strength	
  of	
  Evidence	
  for	
  Cohorts	
  (GRADE)	
  

	
  

The	
   GRADE	
  score	
  for	
  cohort	
  studies	
  (n=3)	
  reporting	
   on	
  cardiac	
   arrest	
  received	
  “no”	
  for	
  study	
  

limitations	
  as	
   the	
   overall	
  risk	
   of	
  based	
   on	
   the	
   Newcastle-­‐Ottawa	
  scale	
   being	
  low.	
   It	
   was	
  

considered	
  “no”	
   for	
  “directness”	
   due	
   the	
  strong	
   outcome	
   reported	
  and	
   head	
   to	
   head	
  

comparisons.	
  	
  The	
  consistency	
  was	
  scored	
  “serious”	
  as	
  one	
  cohort	
  found	
  a	
  statically	
  significant	
  

difference	
  between	
  groups	
  on	
  cardiac	
  arrest,	
  in	
  favor	
  of	
  the	
  control;	
  the	
  other	
  two	
  cohorts	
  had	
  

more	
  adverse	
  events	
  in	
  the	
  control	
  groups.	
  The	
  cohorts	
  were	
  considered	
  “no”	
  on	
  	
  “precision”,	
  

as	
  one	
  study	
  (17)	
  had	
  a	
  statistically	
  significant	
  difference	
  between	
  groups.	
  As	
  for	
  reporting	
  bias,	
  

it	
   was	
   considered	
   “unsuspected”	
  for	
   study	
   publication	
   bias,	
   selective	
   outcome	
   reporting	
   bias	
  

and	
  selective	
  analysis	
  reporting	
  bias.	
  	
  

For	
   the	
   additional	
   domains,	
   the	
   dose-­‐response	
   association	
   was	
   considered	
  “detected”	
  as	
  

propofol	
   was	
   associated	
   with	
  cardiac	
   arrest	
   when	
   used	
   for	
   prolonged	
   periods	
   of	
   time.	
  We	
  

considered	
  the	
  possibly	
  of	
  a	
  confounding	
  “absent”	
  that	
  would	
  decrease	
  observed	
  effect	
  and	
  we	
  

considered	
  the	
  strength	
  of	
  association	
  “large”	
  especially	
  due	
  the	
  statiscally	
  significant	
  findings	
  

in	
  one	
  study	
  (17).	
  The	
  overall	
  GRADE	
  score	
  for	
  cohort	
  studies	
  is	
  “moderate”.	
  	
  

Case series (more than 5 patients) 

There	
  were	
  a	
  total	
  of	
  36	
  case-­‐series	
  (53-­‐88)	
  (table	
  10)	
  of	
  3540	
  patients	
  aged	
  1	
  to	
  15	
  years	
  who	
  

received	
   propofol	
   infusion	
   for	
   more	
   than	
   60	
   minutes.	
   The	
   reason	
   for	
   sedation	
   was	
   divided	
  

among:	
  elective	
  surgery	
  in	
  19	
  studies;	
  diagnostic	
  imaging	
  in	
  4	
  studies;	
  general	
  PICU	
  admission	
  in	
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6	
  studies;	
  cardiac	
  procedures	
  in	
  5	
  studies;	
  1	
  study	
  with	
  patients	
  having	
  an	
  anticipated	
  difficult	
  

weaning	
   off	
   mechanical	
   ventilation	
   in	
   PICU	
   (patients	
   with	
   chromosomal	
   anomalies,	
  

laryngo/tracheamalacia	
  or	
  pulmonary	
  hypertension)	
  and	
  1	
  study	
  with	
  burn	
  patients.	
  Duration	
  

of	
  propofol	
  infusion	
  varied	
  from	
  60	
  minutes	
  to	
  2880	
  minutes	
  (median	
  85.5;	
  IQR	
  68.5	
  -­‐	
  424.7).	
  

Details	
  of	
  each	
  case	
  series	
  can	
  be	
  found	
  in	
  table	
  10.	
  

Five	
  case	
  series	
  (58,	
  74,	
  79,	
  83,	
  84)	
  used	
  propofol	
  for	
  more	
  than	
  12	
  hours,	
  including	
  a	
  total	
  of	
  

1127	
  patients.	
  Eleven	
  patients	
  died.	
  One	
  study	
  (58)	
  reported	
  that	
  “ten	
  patients	
  died	
  within	
  one	
  

week	
   of	
   receiving	
   propofol	
   infusions,	
   the	
   cause	
   of	
   death	
   was	
   attributed	
   to	
   the	
   underlying	
  

disease	
   state	
   in	
   each	
   of	
   the	
   ten	
   patients”	
   and	
   one	
   study	
  (83)	
  had	
   one	
   patient	
   who	
   used	
  

propofol	
  for	
  10	
  hours	
  and	
  died	
  due	
  to	
  multi-­‐organ	
  failure	
  14	
  hours	
  after	
  propofol	
  was	
  stopped.	
  

We	
  attempted	
  to	
  contact	
  one	
  author	
  (58)	
  to	
  obtain	
  more	
  information	
  on	
  these	
  10	
  deaths,	
  but	
  

the	
   email	
   provided	
   had	
   a	
   “failure	
   to	
   deliver”	
  message.	
  None	
   of	
  these	
  case	
   series	
  report	
  on	
  

patients	
  developing	
  PRIS	
  or	
  the	
  death	
  as	
  related	
  to	
  propofol	
  infusion.	
  

Based	
   on	
   the	
   case	
   series,	
   out	
   of	
   3540	
   patients	
   receiving	
   propofol	
   infusion	
   for	
   more	
   than	
   60	
  

minutes,	
  11	
  had	
  a	
  fatal	
  outcome,	
  10	
  reported	
  in	
  one	
  study	
  (58).	
  All	
  the	
  11	
  patients	
  identified	
  in	
  

the	
  case	
  series	
  as	
  developing	
  the	
  primary	
  outcome	
  (cardiac	
  arrest/death)	
  were	
  admitted	
  to	
  the	
  

paediatric	
  intensive	
  care	
  unit.	
  No	
  individual	
  patient	
  data	
  were	
  available	
  to	
  report	
  on	
  the	
  length	
  

on	
  propofol	
  infusion	
  and	
  dose	
  in	
  these	
  11	
  patients.	
  

Strength	
  of	
  Evidence	
  for	
  Case	
  series	
  (GRADE)	
  

 

We	
  decided	
  to	
  exclude	
  case-­‐series	
  from	
  the	
  GRADE	
  profile	
  for	
  the	
  outcome	
  “cardiac	
  arrest”	
  as	
  

these	
  studies	
  would	
  all	
  have	
  reduced	
  strength	
  of	
  evidence.	
  Also,	
  only	
  2	
  of	
  36	
  studies	
  had	
  fatal	
  

outcomes.	
  One	
  of	
  these	
  two	
  studies	
  had	
  a	
  single	
  patient	
  experiencing	
  a	
  fatal	
  outcome	
  and	
  the	
  

other	
  study	
  had	
  10	
  patients,	
  but	
  all	
  were	
  described	
  as	
  likely	
  due	
  to	
  the	
  baseline	
  disease.	
  	
  

Case reports (5 or less individual reports per manuscript):  
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Based	
  on	
  case	
  reports,	
  a	
  total	
  of	
  33	
  cases	
  fulfilled	
  our	
  criteria	
  for	
  PRIS	
  (1-­‐3,	
  89-­‐113)	
  reported	
  in	
  

detail	
  in	
  table	
  11.	
  Twenty	
  cases	
  did	
  not	
  fulfil	
  the	
  case	
  definition	
  for	
  PRIS,	
  mainly	
  due	
  to	
  the	
  lack	
  

of	
  metabolic	
  acidosis,	
  and	
  they	
  are	
  presented	
  separately	
  (table	
  12).	
  

One	
  manuscript	
  described	
  five	
  cases	
  (3)	
  of	
  death	
  in	
  patients	
  with	
  respiratory	
  illness,	
  four	
  with	
  

upper	
  airway	
  illness	
  (details	
  of	
  each	
  case	
  can	
  be	
  found	
  in	
  table	
  11)	
  and	
  one	
  with	
  bronchiolitis.	
  In	
  

this	
  particular	
  report	
  of	
  five	
  patients,	
  the	
  propofol	
  was	
  used	
  from	
  2	
  to	
  6	
  days	
  in	
  a	
  dose	
  4.8	
  to	
  10	
  

mg/kg/hr.	
  

Of	
  the	
  33	
  patients	
  who	
  developed	
  PRIS,	
  18	
  had	
  a	
  neurological	
  disorder:	
  traumatic	
  brain	
  injury	
  

(n=7);	
   seizures	
   (n=4);	
  meningitis/encephalitis	
   (n=3);	
  astrocytoma	
  resection	
   (n=2);	
   cerebral	
  

vascular	
  procedures	
  (n=2).	
  Twelve	
  of	
  these	
  18	
  patients	
  had	
  a	
  fatal	
  outcome.	
  Respiratory	
  illness	
  

was	
  associated	
  with	
  11	
  cases	
  of	
  PRIS:	
  	
  laryngitis	
  (n=5);	
  epiglottitis	
  (n=2);	
  foreign	
  body	
  aspiration	
  

(n=2	
  cases);	
  subglottic	
  stenosis	
  (n=1),	
  bronchiolitis	
  (n=1),	
  9	
  patients	
  had	
  a	
  fatal	
  outcome.	
  Post-­‐

surgical	
   cases	
   of	
   PRIS	
   were:	
  post	
   cardiac	
   surgery	
   (n=	
   2);	
   cleft	
   palate	
   repair	
  (n=1);	
   post	
  

orthopedic	
  surgery	
  (n=1).	
  All	
  four	
  post-­‐surgical,	
  non-­‐neurological	
  patients	
  who	
  developed	
  PRIS	
  

survived.	
  

For	
  all	
  cases	
  of	
  PRIS	
  the	
  median	
  duration	
  of	
  propofol	
  infusion	
  was	
  50.5	
  hours	
  (IQR	
  36-­‐91)	
  range	
  

(5-­‐144	
  hours)	
  and	
  median	
  dose	
  of	
  propofol	
  was	
  7.95mg/kg/h	
  (IQR	
  7.0-­‐10.5),	
  range	
  (1.8-­‐27.0).	
  

The	
  shortest	
  duration	
  of	
  propofol	
  infusion	
  associated	
  with	
  PRIS	
  was	
  5	
  hours	
  in	
  two	
  patients	
  that	
  

received	
   propofol	
   at	
  a	
  dose	
   of	
   6	
   and	
   12	
   mg/kg/h.	
   These	
   two	
  patients	
   survived.	
   Thirty	
   of	
   33	
  

reports	
  of	
  PRIS	
  used	
  propofol	
  for	
  more	
  than	
  12	
  hours.	
  

One	
  study	
  (99)	
  reported	
  on	
  two	
  patients	
  admitted	
  for	
  cardiac	
  surgery	
  and	
  received	
  propofol	
  for	
  

8	
   and	
   15	
   hours	
   in	
   a	
   dose	
   of	
   2.5	
   and	
   1.8	
   mg/kg/h	
  respectively.	
   These	
   two	
   patients	
   developed	
  

metabolic	
  acidosis	
  and	
  high	
  lactate	
  which	
  improved	
  after	
  propofol	
  was	
  stopped.	
  The	
  patients	
  

also	
  required	
  epinephrine	
  at	
  a	
  dose	
  of	
  0.2mcg/kg/min.	
  These	
  patients	
  were	
  classified	
  as	
  cases	
  

of	
   PRIS	
   due	
   the	
   use	
   of	
   inotropic	
   support	
   associated	
   with	
   metabolic	
   acidosis.	
  This	
   is	
   the	
   only	
  

report	
  of	
   a	
  low	
  dose	
   of	
   propofol	
   (less	
   than	
   4	
  mg/kg/h)	
   associated	
   with	
   PRIS.	
  Both	
   patients	
  

survived.	
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Of	
  the	
  thirteen	
  patients	
  with	
  PRIS	
  whom	
  survived,	
  6	
  had	
  renal	
  replacement	
  therapy,	
  2	
  also	
  used	
  

extra	
   corporeal	
   membrane	
   oxygenation	
   (ECMO),	
  and	
   1	
  had	
   exchange	
   transfusion.	
   One	
   other	
  

study	
  (98)	
  reports	
  use	
  of	
  dialysis	
  and	
  ECMO,	
  but	
  ECMO	
  was	
  initiated	
  after	
  patient	
  was	
  receiving	
  

chest	
   compressions	
   for	
   a	
   long	
   period	
   of	
   time,	
   this	
   patient	
   did	
   not	
   survive.	
   Four	
   fatal	
   cases	
   of	
  

PRIS	
  also	
  used	
  dialysis.	
  

In	
  all	
  case	
  reports	
  of	
  PRIS,	
  the	
  patients	
  were	
  admitted	
  to	
  an	
  intensive	
  care	
  unit.	
  

Strength	
  of	
  Evidence	
  for	
  Case	
  reports	
  (GRADE)	
  

 

The	
   case	
   reports	
   of	
   PRIS	
   had	
   an	
   overall	
   “low”	
   GRADE	
   score.	
   	
   The	
   reports	
   were	
  “strongly	
  

suspected”	
  for	
   reporting	
  bias,	
   as	
  only	
  selected	
   cases	
  were	
   reported	
  and	
   “serious”	
   for	
   study	
  

limitations.	
  Graded	
  	
  “present”	
  for	
  plausible	
  confounding	
  	
  and	
  “no”	
  for	
  “strength	
  of	
  association”	
  

also,	
  studies	
  were	
  graded	
  	
  “detected”	
  for	
  “dose-­‐response	
  gradient”	
  as	
  reports	
  of	
  propofol	
  use	
  

in	
  higher	
  doses	
   and	
   prolonged	
   time	
   were	
   associated	
   with	
   the	
   outcome.	
  All	
   the	
   other	
   fields	
  

(directness,	
  consistency,	
  precision)	
  had	
  “no”	
  as	
  score.	
  	
  

Additional	
  analysis	
  

 

As	
   part	
   of	
   our	
   sensitivity	
   analysis,	
   we	
   isolated	
  patients	
   with	
   PRIS	
   who	
   developed	
   a	
   fatal	
  

outcome	
  and	
  found	
  a	
  median	
  duration	
  of	
  propofol	
  use	
  of	
  67.5	
  hours	
  (IQR	
  37.5-­‐	
  96.5)	
  range	
  (19-­‐

144)	
  and	
  a	
  median	
  dose	
  8	
  mg/kg/h,	
  (IQR	
  7.05-­‐10.5)	
  range	
  (4.5-­‐27).	
  	
  Two	
  patients	
  died	
  using	
  a	
  

dose	
  of	
  less	
  than	
  5	
  mg/kg/hr	
  (4.5	
  and	
  4.6mg/kg/h)	
  and	
  they	
  used	
  propofol	
  infusion	
  for	
  72	
  and	
  

96	
  hours	
  respectively	
  (1,	
  3),	
  also	
  2	
  fatal	
  cases	
  had	
  a	
  total	
  duration	
  of	
  propofol	
  of	
  less	
  than	
  24	
  

hours	
   (96,	
  97);	
   these	
   two	
   patients	
   had	
   propofol	
   used	
   in	
   a	
   high	
   dose:	
   Propofol	
   dose	
   of	
   21	
  

mg/kg/h	
  for	
  11	
  hours	
  and	
  then	
  4	
  mg/kg/h	
  for	
  8	
  hours	
  (total	
  of	
  19	
  hours)	
  (96);	
  Propofol	
  dose	
  of	
  

20	
  mg/kg/h	
  for	
  15	
  hours	
  and	
  then	
  4.2	
  mg/kg/h	
  for	
  8	
  hours	
  (total	
  of	
  23	
  hours)	
  (97).	
  The	
  non-­‐

fatal	
  cases	
  of	
  PRIS	
  had	
  a	
  median	
  duration	
  of	
  propofol	
  use	
  of	
  48	
  hours	
  (IQR	
  15-­‐56)	
  range	
  (5-­‐91)	
  

and	
  a	
  median	
  dose	
  7.8	
  mg/kg/h,	
  (IQR	
  6-­‐12)	
  range	
  (1.8-­‐15.6).	
  

Also,	
   as	
   part	
   of	
   our	
   sensitivity	
   analysis,	
  we	
   analysed	
  the	
   20	
   cases	
   that	
   did	
   not	
   fulfil	
   the	
   PRIS	
  

criteria	
  and	
  found	
  only	
  one	
  with	
  a	
  fatal	
  outcome,	
  this	
  report	
  states	
  	
  that	
  “patient	
  likely	
  died	
  due	
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to	
   the	
   baseline	
   disorder,	
   a	
   severe	
   viral	
   pneumonia	
   that	
   progressed	
   to	
   septic	
   shock,	
   not	
   the	
  

propofol	
  use”	
  (130).	
  Details	
  of	
  patients	
  not	
  fulfilling	
  PRIS	
  criteria	
  can	
  be	
  found	
  in	
  table	
  12	
  the	
  

main	
  reason	
  for	
  exclusion	
  was	
  the	
  lack	
  of	
  metabolic	
  acidosis	
  (114-­‐131).	
  

The	
  mode	
  of	
  surveillance	
  of	
  adverse	
  events	
  in	
  non-­‐randomized	
  studies	
  was	
  not	
  clearly	
  stated.	
  

We	
  found	
  that	
  propofol	
  infusion	
  used	
  for	
  12	
  hours	
  or	
  longer	
  had	
  sensitivity=	
  90.91	
  %	
  (95%CI:	
  

75.64%-­‐	
  97.98%),	
  specificity=	
  73.68	
  %	
  (95%CI:	
  48.80%	
  -­‐90.75%),	
  PPV=	
  85.71%	
  (95%	
  CI:	
  69.73	
  %	
  -­‐

95.14%)	
  and	
  NPV=	
  82.35	
  %	
  (95%	
  CI:	
  56.55	
  %-­‐95.99%)	
  of	
  being	
  indicative	
  of	
  PRIS.	
  

For	
  dose	
  >4mg/kg/h	
  we	
  found	
  a	
  sensitivity= 93.75%	
  (95%CI:	
  79.16%-­‐99.05%,	
  specificity=	
  18.75	
  

%( 95% CI 4.27%-­‐	
  45.66	
  %),	
  PPV= 69.77%	
  (95%	
  CI:	
  53.87	
  %-­‐82.80%)	
  and	
  NPV=	
  	
  60.00	
  %	
  (95%	
  CI:	
  

15.40	
  %-­‐93.51%)	
  of	
  being	
  indicative	
  of	
  PRIS.	
  

When	
  we	
  applied	
  the	
  Bradford-­‐Hill	
  (132)	
  criteria	
  for	
  causality	
  to	
  the	
  reports	
  summarized	
  here,	
  

many	
   criteria	
   were	
   fulfilled,	
  such	
   as:	
   consistency	
   (the	
   reports	
   were	
  very	
   consistent	
   in	
   their	
  

clinical	
   and	
   laboratory	
   findings);	
   biological	
   gradient	
   (there	
   was	
   predominantly	
   an	
   association	
  

between	
  higher	
  doses	
  and	
  longer	
  durations	
  of	
  propofol	
  with	
  PRIS);	
  plausibility	
  and	
  coherence	
  

(mitochondrial	
   toxicity	
   and	
   oxidative	
   phosphorylation	
   effect	
   in	
   energy	
   production	
   has	
   been	
  

reported	
   previously)	
   (133-­‐135)	
   and	
   temporality	
   (all	
   patients	
   developed	
   the	
   syndrome	
   after	
  

been	
  exposed	
  to	
  propofol).	
  

Important	
  to	
  note,	
  the	
  inclusion	
  of	
  non-­‐randomized	
  studies	
  and	
  grey	
  literature	
  were	
  the	
  main	
  

source	
   of	
   data	
   for	
   this	
   review	
   of	
   adverse	
   events.	
   The	
   only	
   RCT	
   reporting	
   on	
   the	
   primary	
  

outcome	
  was	
  never	
  published	
  in	
  a	
  peer	
  review	
  journal	
  and	
  all	
  the	
  other	
  included	
  reports	
  were	
  

non-­‐randomized	
  studies.	
  	
  

Excluded	
  studies	
  	
  	
  

The	
  use	
  of	
  propofol	
  in	
  more	
  than	
  one	
  study	
  arm	
  was	
  the	
  reason	
  for	
  76	
  exclusions.	
  As	
  the	
  only	
  

included	
  trial	
  (10)	
  reporting	
   on	
   the	
   increased	
   mortality	
   on	
   patients	
   using	
   propofol	
   would	
   be	
  

excluded	
  due	
  to	
  propofol	
  use	
   in	
   more	
   than	
   one	
   study	
   arm,	
   we	
   decided	
   to	
   look	
   into	
   the	
  76	
  

excluded	
  studies	
  due	
  to	
  propofol	
  use	
  in	
  more	
  than	
  one	
  study	
  arm	
  and	
  found	
  no	
  other	
  report	
  of	
  

PRIS	
  or	
  cardiac	
  arrest	
  in	
  these	
  76	
  studies.	
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In	
   a	
   case	
   report	
   (117)	
  of	
   a	
   patient	
   with	
   known	
   glycogen	
   storage	
   disorder	
   submitted	
   to	
   an	
  

adeno-­‐tonsillectomy	
  received	
   propofol	
   for	
   83	
   minutes	
   during	
   surgery	
   in	
   a	
   dose	
   of	
   6-­‐12	
  

mg/kg/hr.	
   The	
   procedure	
   was	
   uneventful	
   and	
   on	
   the	
   following	
   day	
   (post-­‐operative	
   day	
   1)	
  

patient	
   had	
   abdominal	
   pain,	
   increasing	
   lipase	
   and	
   liver	
   enzymes	
   and	
   metabolic	
   acidosis.	
   This	
  

particular	
   case	
   was	
   classified	
   as	
   “not	
   fulfilling	
   PRIS	
   criteria”	
   as	
   the	
   patient	
   developed	
   the	
  

symptoms	
  many	
  hours	
  after	
  propofol	
  was	
  stopped	
  and	
  the	
  laboratory	
  findings	
  could	
  be	
  likely	
  

due	
  to	
  the	
  baseline	
  disease	
  (glycogen	
  storage	
  disorder	
  and	
  pancreatitis).	
  

One	
   case	
   report	
  (121)	
  of	
   possible	
   PRIS	
   in	
   a	
   patient	
  receiving	
   propofol	
   at	
   3mg/kg/h	
  during	
   65	
  

minutes	
   of	
   surgery	
   for	
   spasticity	
  had	
  a	
   diagnosis	
   of	
   adrenoleukodystrophy,	
   the	
   reporting	
  

authors	
   did	
   not	
   think	
   the	
   metabolic	
   acidosis	
   and	
   liver	
   dysfunction,	
   electrolytes	
   abnormalities	
  

and	
   high	
   triglycerides	
   were	
   caused	
   by	
   PRIS	
   and	
   this	
   case	
   was	
   classified	
   as	
   “not	
   fulfilling	
   PRIS	
  

criteria”.	
  

Features	
  of	
  the	
  excluded	
  surveys	
  can	
  be	
  found	
  in	
  the	
  discussion	
  section.	
  

Quality	
  of	
  the	
  evidence	
  	
  	
  

The	
  summary	
  of	
  findings	
  table	
  can	
  be	
  found	
  as	
  table	
  13	
  and	
  summary	
  of	
  key	
  outcome	
  as	
  table	
  

14.	
   The	
   quality	
   of	
   evidence	
   varies	
   from	
   “low”	
   to	
   	
   “high”,	
   with	
   the	
  RCTs	
   receiving	
   a	
   “high”,	
  

cohorts	
   	
   “moderate”	
   	
  and	
  case	
   reports	
   “low”	
   grading.	
   The	
   RCT	
   and	
   cohort	
  studies	
  were	
  

upgraded	
  due	
  large	
  effect	
  size	
  (statiscally	
  significant	
  findings)	
  and	
  case	
  reports	
  were	
  upgraded	
  

due	
  dose-­‐response	
  gradient.	
  The	
  RCT	
  was	
  also	
  downgraded	
  due	
  the	
  suspected	
  publication	
  bias.	
  	
  	
  

The	
  overall	
  strength	
  of	
  evidence	
  was	
  considered	
  “moderate”	
  (further	
  research	
  may	
  change	
  our	
  

confidence	
   in	
   the	
   estimate	
   of	
   effect	
   and	
   may	
   change	
   the	
   estimate)	
  for	
   the	
  outcome	
   “cardiac	
  

arrest”	
   as	
   there	
   are	
   not	
  high	
   evidence	
   studies	
  published,	
   but	
   two	
   studies	
   showed	
   statiscally	
  

significant	
  findings	
  for	
  cardiac	
  arrest	
  when	
  propofol	
  was	
  used	
  for	
  for	
  multiple	
  days.	
  

The	
  overall	
  strength	
  of	
  evidence	
  was	
  considered	
  “low”	
  (further	
  research	
  will	
  likely	
  change	
  our	
  

confidence	
  in	
  the	
  estimate	
  of	
  effect	
  and	
  will	
  likely	
  change	
  the	
  estimate)	
  for	
  the	
  outcome	
  PRIS	
  as	
  

the	
  evidence	
  originated	
  exclusively	
  from	
  case	
  reports.	
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For	
  this	
  review,	
  all	
  the	
  data	
  on	
  the	
  main	
  outcome	
  originated	
  from	
  non-­‐randomized	
  studies	
  and	
  

grey	
  literature.	
  Currently,	
  the	
  evidence	
  supporting	
  the	
  withdrawal	
  of	
  licensed	
  therapeutic	
  drugs	
  

has	
   mainly	
   come	
   from	
   passive	
   reports	
   (136).	
   Usually	
   designed	
   to	
   evaluate	
   treatment	
  

efficacy/effectiveness,	
  RCTs	
  are	
  often	
  done	
  over	
  a	
  short	
  period	
  of	
  time,	
  with	
  a	
  relatively	
  small	
  

number	
   of	
   participants	
   (7).	
   RCTs	
   are	
   known	
   to	
   be	
   poor	
   at	
   identifying	
   and	
   reporting	
   harms,	
  

which	
  can	
  lead	
  to	
  a	
  misconception	
  that	
  a	
  given	
  intervention	
  is	
  safe,	
  when	
  its	
  safety	
  is	
  actually	
  

unknown	
  (7).	
  It	
  has	
  been	
  suggested	
  that	
  the	
  “evidence	
  pyramid”	
  be	
  inverted	
  when	
  considering	
  

harms,	
  as	
  randomised	
  clinical	
  trials	
  are	
  insufficiently	
  powered	
  to	
  detect	
  rare	
  events,	
  while	
  non-­‐

randomized	
  studies	
  may	
  be	
  extremely	
  informative	
  in	
  identifying	
  emerging	
  harms	
  (141).	
  

Potential	
  biases	
  in	
  the	
  review	
  process	
  	
  	
  

As	
  for	
  possible	
  biases	
  in	
  the	
  review	
  process,	
  the	
  trial	
  done	
  by	
  Blumer	
  (10)	
  was	
  initially	
  excluded	
  

from	
  this	
  review	
  as	
  it	
  had	
  propofol	
  in	
  two	
  study	
  arms	
  and	
  it	
  would	
  not	
  fulfill	
  inclusion	
  criteria.	
  

As	
   a	
  post	
  -­‐hoc	
  approach,	
   it	
   was	
  decided	
   to	
   include	
   it	
  due	
  to	
  the	
   relevance	
   of	
   its	
   findings.	
   To	
  

assure	
  no	
  further	
  relevant	
  outcomes	
  were	
  missed	
  due	
  to	
  this	
  exclusion	
  criteria	
  we	
  looked	
  at	
  the	
  

other	
  excluded	
  trials	
  for	
  the	
  same	
  reason	
  (propofol	
  use	
  in	
  more	
  than	
  one	
  arm)	
  we	
  found	
  zero	
  

reports	
  of	
  PRIS	
  or	
  cardiac	
  arrest/death	
  in	
  those.	
  

Effects	
  of	
  interventions	
  	
  	
  

The	
  beneficial	
  effects	
  of	
  the	
  intervention	
  were	
  not	
  assessed	
  in	
  this	
  review.	
  

Discussion	
  	
  	
  

We	
  conducted	
  a	
  systematic	
  review	
  of	
  serious	
  adverse	
  events	
  associated	
  with	
  propofol	
  infusion	
  

in	
  paediatric	
  patients.	
   The	
   main	
  objectives	
   were	
  to	
   identify	
   cases	
   of	
   PRIS,	
   a	
   rare	
   and	
   poorly	
  

understood	
  syndrome	
  and	
  cardiac	
  arrest	
  that	
  progressed	
  to	
  a	
  fatal	
  outcome	
  or	
  not.	
  	
  

We	
   approached	
   the	
   review	
   of	
   rare	
  events	
  through	
   broad	
   inclusion	
   criteria,	
   including	
   any	
  

pediatric	
  patient	
  receiving	
  propofol	
  infusion	
  for	
  60	
  or	
  more	
  minutes,	
  for	
  any	
  reason,	
  reported	
  

as	
  an	
  interventional	
  or	
  observational	
  study,	
  to	
  capture	
  all	
  relevant	
  events.	
  

PRIS,	
   as	
   defined	
   in	
   this	
   review,	
   was	
   only	
   identified	
   in	
   case	
   reports.	
   There	
   was	
   considerable	
  

consistency	
  of	
  findings	
  on	
  these	
  reports,	
  such	
  as	
  patient’s	
  characteristics	
  and	
  clinical	
  findings,	
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but	
  also	
  PRIS	
  occurred	
  predominantly	
  in	
  patients	
  receiving	
  more	
  than	
  4	
  mg/kg/h	
  of	
  propofol	
  for	
  

longer	
   than	
  12	
  hours.	
   It	
   is	
   also	
   important	
   to	
   note	
   that	
   patients	
   with	
   concomitant	
   respiratory	
  

illness,	
  most	
  frequently	
  upper	
  respiratory	
  infections,	
  and	
  neurologic	
  injuries	
  are	
  the	
  group	
  most	
  

reported	
  to	
  develop	
  PRIS.	
  	
  

Among	
  the	
  clinical	
  trials,	
  we	
  identified	
  one	
  unpublished	
  industry-­‐sponsored	
  trial	
  (10)	
  that	
  was	
  

stopped	
  early	
  and	
  reported	
  an	
  increased	
  mortality	
  in	
  critically	
  ill	
  paediatric	
  patients	
  in	
  intensive	
  

care	
  units	
  receiving	
  propofol	
  infusion.	
  Patients	
  with	
  upper	
  airway	
  disorders	
  were	
  excluded,	
  as	
  

they	
   were	
   recognized	
   as	
   being	
   a	
   high	
   risk	
   population.	
  The	
   non-­‐randomized	
   studies	
   provided	
  

important	
  additional	
  information	
  on	
  our	
  main	
  outcomes.	
  Three	
  cohorts	
  reported	
  on	
  mortality	
  

of	
  patients	
  receiving	
  propofol	
  and	
  one	
  found	
  a	
  significant	
  increase	
  in	
  cardiac	
  arrest	
  in	
  patients	
  

using	
   propofol	
  (17).	
  Cohorts,	
  case	
   series	
  and	
   case	
   reports	
  also	
   found	
   muscle	
   breakdown	
   and	
  

metabolic	
   changes	
   associated	
   with	
   propofol,	
   which	
   could	
   be	
   early	
   signs	
   of	
   PRIS.	
  The	
   case	
  

reports	
   of	
   PRIS	
   were	
   very	
   consistent	
   in	
   their	
   findings,	
  with	
  metabolic	
   and	
   muscular	
  

disarrangements	
   leading	
   to	
   death	
   in	
   the	
   majority	
   of	
   patients.	
   The	
   cases	
   that	
   did	
   not	
   have	
  

metabolic	
  acidosis	
  and	
  therefore	
  did	
  not	
  fulfil	
  our	
  definition	
  of	
  PRIS	
  had	
  a	
  better	
  outcome	
  with	
  

only	
  one	
  fatal	
  case.	
  

The	
   main	
   contribution	
  to	
   the	
  outcome	
   of	
   interest	
   came	
  from	
   uncontrolled	
   observational	
  

studies,	
  which	
  means	
  that	
  a	
  causal	
  link	
  between	
  propofol	
  infusion	
  and	
  PRIS	
  and	
  death	
  could	
  not	
  

be	
  clearly	
  defined.	
  The	
  patients	
  who	
  developed	
  the	
  fatal	
  outcome	
  were	
  critically	
  ill	
  children	
  and	
  

received	
  other	
  drugs	
  concomitantly	
  with	
  propofol,	
  factors	
  can	
  be	
  seen	
  as	
  possible	
  confounders.	
  

The	
  case	
  reports	
  highlight	
  the	
  similarity	
  among	
  patients	
  who	
  developed	
  PRIS,	
  the	
  constellations	
  

of	
   findings	
   (rhabdomyolysis,	
   metabolic	
   acidosis,	
   lipaemic	
   plasma	
   and	
   arrhythmias)	
   were	
   very	
  

similar	
   among	
   cases	
   and	
   not	
   anticipated	
   to	
   be	
   found	
   on	
   some	
   of	
   these	
   particular	
   patient	
  

populations.	
  	
  

Case	
  reports	
  are	
  the	
  cornerstone	
  of	
  pharmacovigilance.	
  Regulatory	
  agencies	
  rely	
  mainly	
  on	
  the	
  

health	
   care	
   providers	
   to	
   report	
   unusual	
  events,	
   as	
   the	
   majority	
   of	
   drug	
   warnings	
   and	
   drugs	
  

removed	
   from	
   the	
   market	
   are	
   based	
   on	
   individual	
   case	
   reports	
   of	
   adverse	
   events	
  (136).	
  

Propofol	
  is	
  a	
  good	
  example	
  of	
  a	
  “drug	
  warning”	
  issued	
  by	
  multiple	
  health	
  care	
  agencies	
  around	
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the	
  world	
  (11-­‐12)	
  based	
  on	
  case	
  reports	
  and	
  on	
  the	
  unpublished	
  randomised	
  clinical	
  trial	
  (10).	
  

PRIS	
  is	
  still	
  a	
  poorly	
  understood	
  syndrome;	
  it	
  seems	
  to	
  be	
  linked	
  to	
  unpredictable	
  individual	
  risk	
  

factors,	
  but	
  also	
  associated	
  with	
  high	
  doses	
  and	
  prolonged	
  infusions	
  of	
  propofol.	
  The	
  warning	
  

issued	
   by	
   health	
   regulatory	
   agencies	
   is	
   exclusively	
   focused	
   on	
   patients	
   admitted	
   to	
  paediatric	
  

intensive	
  care	
  units,	
  due	
  to	
  the	
  case	
  reports	
  mainly	
  describing	
  critically	
  ill	
  patients	
  admitted	
  to	
  

PICU.	
  Although,	
  it	
  is	
  important	
  to	
  note	
  that	
  the	
  same	
  patient	
  population	
  may	
  receive	
  high	
  doses	
  

of	
  propofol	
  for	
  hours	
  in	
  a	
  different	
  setting,	
  for	
  example	
  the	
  operating	
  room.	
  This	
  was	
  one	
  of	
  the	
  

objectives	
   of	
  this	
   review,	
   but	
   despite	
  multiple	
   included	
   studies	
   of	
   patients	
   in	
   the	
   operating	
  

room,	
  none	
  reported	
  on	
  cases	
  of	
  PRIS,	
  but	
  also	
  none	
  of	
  these	
  reports	
  had	
  a	
  prolonged	
  use	
  of	
  

propofol	
  infusion	
  as	
  seen	
  in	
  patients	
  in	
  the	
  intensive	
  care	
  units.	
  

Although,	
  we	
  had	
  no	
  intention	
  to	
  include	
  surveys	
  in	
  this	
  review,	
  we	
  would	
  like	
  to	
  highlight	
  three	
  

surveys	
  done	
  with	
  paediatric	
  intensivists	
  in	
  five	
  different	
  countries	
  specifically	
  asking	
  about	
  the	
  

use	
  of	
  propofol	
  infusion	
  in	
  paediatric	
  intensive	
  care	
  units	
  (PICU)	
  after	
  the	
  drug	
  warnings	
  issued	
  

by	
  regulatory	
  agencies.	
  In	
  one	
  survey	
  done	
  in	
  Australia	
  and	
  New	
  Zealand	
  PICUs	
  (137),	
  33	
  of	
  the	
  

44	
  intensive	
  care	
  physicians	
  replied	
  representing	
  12	
  of	
  13	
  PICUs	
  surveyed.	
  In	
  this	
  report,	
  80%	
  

the	
   physicians	
   report	
   a	
   restriction	
  on	
  the	
   propofol	
   dose	
   used	
   to	
   less	
   than	
   5	
   mg/kg/hr	
  and	
  

duration	
  of	
  less	
  than	
  72	
  hours.	
  One	
  other	
  survey	
  done	
  United	
  States	
  (n=33	
  PICUs) and United 

Kingdom 	
  PICUs	
  (n=15	
  PICUs)	
  found	
  that	
  propofol	
  was	
  used	
  for	
  continuous	
  sedation	
  in	
  61%	
  of	
  

US	
  PICUs	
  and	
  47%	
  of	
  UK	
  PICUs	
  in	
  specific	
  patient	
  population	
  (as	
  a	
  bridge	
  to	
  extubation;	
  as	
  a	
  fast	
  

track	
  post-­‐operatory	
  recovery	
  and	
  for	
  neurological	
  assessment	
  after	
  head	
  injury),	
  also	
  it	
  would	
  

be	
   limited	
   to	
   no	
   more	
   than	
   48	
   hours	
   (US)	
   and	
   with	
   a	
   dose	
   limit	
   of	
   4	
   mg/kg/hr	
   (138).	
  A	
   more	
  

recent	
   survey	
   done	
   with	
   intensive	
   care	
   units	
   across	
   Germany,	
  identified	
   that	
   of	
   184	
   surveys	
  

(134	
  mixed	
  PICU/neonatal	
  ICUs;	
  28	
  PICUs	
  and	
  22	
  neonatal	
  ICUs),	
  all	
  used	
  propofol	
  infusion	
  for	
  ≥	
  

3	
  hours	
  with	
  a	
  time	
  limit	
  of	
  less	
  than	
  24	
  hours.	
  A	
  dose	
  limit	
  was	
  used	
  by	
  51%	
  of	
  respondents,	
  

median	
   dose	
   limit	
   of	
   4	
   mg/kg/hr,	
   varying	
   from	
   1	
   to	
   10	
   mg/kg/hr.	
   The	
   main	
   indications	
   for	
  

propofol	
  application	
  were:	
   difficult	
   sedation	
   (44%),	
   postoperative	
   ventilation	
   (43%),	
   and	
  

difficult	
  extubation	
  (30%).	
  Seven	
  cases	
  of	
  PRIS	
  were	
  reported	
  by	
  seven	
  centres	
  in	
  this	
  German	
  

study	
  (139).	
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Some	
   of	
   the	
   strengths	
   of	
   this	
   review,	
   other	
   than	
   the	
   inclusion	
   of	
   more	
   than	
   100	
   studies	
   of	
  

propofol	
  use	
  in	
  children,	
  are	
  the	
  fact	
  that	
  we	
  could	
  identify	
  a	
  length	
  of	
  propofol	
  infusion	
  longer	
  

than	
  12	
  hours	
  and	
  a	
  dose	
  higher	
  than	
  4mg/kg/h	
  were	
  linked	
  to	
  the	
  majority	
  of	
  cases	
  of	
  PRIS.	
  

Further,	
  we	
  could	
  document	
  that	
  the	
  inclusion	
  on	
  non-­‐randomized	
  and	
  unpublished	
  studies	
  are	
  

key	
  to	
  obtain	
  data	
  in	
  a	
  review	
  of	
  rare	
  events.	
  	
  

One	
  of	
  weaknesses	
  of	
  this	
  review	
  is	
  the	
  fact	
  that	
  despite	
  34	
  trials	
  fulfilling	
  the	
  inclusion	
  criteria,	
  

only	
  one	
  trial	
  reported	
  on	
  mortality	
  associated	
  with	
  propofol	
  infusion	
  in	
  paediatric	
  patients,	
  but	
  

it	
  was	
  never	
  published	
  in	
  a	
  peer	
  review	
  journal	
  and	
  the	
  data	
  could	
  only	
  be	
  retrieved	
  from	
  an	
  

abstract.	
  Also,	
   as	
  the	
   majority	
   of	
   data	
  originated	
   from	
   case-­‐reports	
   and	
   case	
   series,	
   study	
  

designs	
  without	
  a	
  denominator,	
  making	
  it	
  difficult	
  to	
  assess	
  frequency	
  of	
  events.	
  	
  

We	
  hope	
  that	
  this	
  review	
  provides	
  guidance	
  to	
  clinicians	
  and	
  policy	
  makers	
  around	
  the	
  world	
  

when	
  considering	
  use	
  propofol	
  infusion	
  in	
  children.	
  	
  

Summary	
  of	
  main	
  results	
  	
  	
  

A	
  total	
  of	
  91	
  serious	
  adverse	
  events	
  (PRIS	
  and	
  cardiac	
  arrest)	
  associated	
  with	
  propofol	
  infusion	
  

were	
   identified	
   in	
   this	
   review;	
   21	
   were	
   identified	
   in	
  an	
   unpublished	
   RCT	
   (10)	
   comparing	
  

propofol	
   1%,	
   propofol	
   2%	
   and	
   standard	
   sedative	
   agents	
   (SSA)	
   (patients	
   mainly	
   received	
  

lorazepam	
  in	
  this	
  group)	
  in	
  patients	
  sedated	
  in	
  the	
  paediatric	
  intensive	
  care	
  unit,	
  participants	
  

received	
  propofol	
  infusion	
  for	
  81	
  hours	
  (propofol	
  1%	
  group);	
  74	
  hours	
  (propofol	
  2%	
  group)	
  and	
  

the	
  comparison	
  group	
  received	
  SSA	
  for	
  65	
  hours.	
  The	
  dose	
  of	
  propofol	
  used	
  in	
  this	
  trial	
  was	
  4	
  to	
  

6	
   mg/kg/hr.	
   The	
   mortality	
   of	
   participants	
   receiving	
   propofol	
   1%	
   was	
   8.2%	
   (9/109)	
  (p=0.17);	
  

propofol	
   2%	
   was	
   10.7%	
   (12/112)	
  (p=0.05)	
  compared	
   to	
  SSA	
  which	
  was	
   3.8%	
   (4/105).	
   One	
  

cohort	
   study	
   (Agudelo	
   2011)	
   reported	
   an	
   increased	
   number	
   of	
   cardiac	
   arrest	
   9.9%	
   (7/71)	
  

(p=0.02)	
   and	
   increased	
   mortality	
  5.6%	
   (4/71)	
   (p=0.08)	
   in	
   patients	
   receiving	
   propofol,	
   the	
  

comparison	
   group	
   had	
   2%	
   (3/151)	
   of	
   patients	
   experiencing	
   cardiac	
   arrest,	
   of	
   which	
   2	
   died	
  

(1.3%).	
  Two	
  other	
  cohorts	
  reported	
  on	
  a	
  total	
  of	
  15	
  deaths	
  in	
  patients	
  receiving	
  propofol,	
  the	
  

controls	
   had	
   22	
   deaths.	
  	
  The	
   case	
   series	
   reported	
   a	
   total	
   of	
   11	
   deaths	
   out	
   of	
   3540	
   (3.1%)	
   in	
  

patients	
  receiving	
  propofol.	
  The	
  case	
  reports	
  had	
  a	
  total	
  of	
  53	
  cases	
  selected	
  as	
  possible	
  cases	
  

of	
  PRIS.	
  Of	
  these,	
  33	
  cases	
  fulfilled	
  our	
  definition	
  of	
  PRIS.	
  Of	
  33	
  case	
  reports	
  of	
  patients	
  fulfilling	
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PRIS	
   criteria,	
   20	
   died;	
   6	
  of	
   the	
   13	
   survivors	
   used	
  renal	
   replacement	
   therapy	
   (two	
   used	
   ECMO	
  

with	
  hemo	
  filter).	
  We	
  did	
  not	
  identify	
  any	
  case-­‐control	
  studies	
  fulfilling	
  our	
  inclusion	
  criteria.	
  

All	
   the	
   patients/participants	
   experiencing	
   PRIS	
   were	
   admitted	
   to	
   Intensive	
   Care	
   Units	
  and	
  

received	
  propofol	
  for	
  a	
  median	
  of	
  50.5	
  hours	
  (IQR	
  36-­‐91),	
  range	
  (5-­‐144))	
  and	
  median	
  dose	
  of	
  

7.95	
   mg/kg/h	
   (IQR	
   6.45-­‐11.77),	
   range	
   (1.8-­‐27).	
   The	
   patients	
   with	
   PRIS	
   who	
   developed	
   a	
   fatal	
  

outcome	
   received	
   propofol	
   for	
   a	
   median	
   of	
   67.5	
   hours	
   (IQR	
   37.5-­‐	
  96.5)	
   range	
   (19-­‐144)	
   in	
   a	
  

median	
   dose	
   of	
   8	
   mg/kg/h,	
   (IQR	
   7.05-­‐10.5)	
   range	
   (4.5-­‐27).	
  Thirty	
   of	
   33	
   reports	
   of	
   PRIS	
  used	
  

propofol	
   for	
   more	
   than	
   12	
  hours	
   and	
   31	
   reports	
   used	
   a	
   dose	
   higher	
   than	
   4	
   mg/kg/h.	
  The	
  

reasons	
  for	
  intensive	
  care	
  admission	
   were	
  neurologic	
   in	
   18	
   patients	
   (54.5%),	
   respiratory	
   11	
  

patients	
   (33.3%),	
  and	
   post	
  operatory	
   4	
   patients	
   (12.1%).	
  All	
   the	
   patients	
   experiencing	
   cardiac	
  

arrest	
   were	
   admitted	
   to	
   intensive	
   care	
   unit,	
   and	
   an	
  individual	
   dose	
   or	
   duration	
   of	
   infusion	
   of	
  

propofol	
  could	
  be	
  obtained	
  despite	
  attempt	
  to	
  contact	
  authors.	
  

Of	
  the	
  studies	
  identified	
  in	
  this	
  review,	
  a	
  total	
  of	
  5633	
  children	
  received	
  propofol	
  for	
  more	
  than	
  

60	
  minutes	
  and	
  did	
  not	
  have	
  any	
  serious	
  events	
  (PRIS	
  and	
  cardiac	
  arrest)	
  associated	
  with	
  it.	
  

We	
   found	
   that	
  propofol	
   infusion	
  used	
   for	
   12	
   hours	
   or	
   more	
   hours	
  had	
  a	
  sensitivity=	
   90.91	
   %	
  

(95%CI:	
  75.64%-­‐	
  97.98%),	
  specificity=	
  73.68	
  %	
  (95%CI:	
  48.80%	
  -­‐90.75%),	
  PPV=	
  85.71	
  %95%	
  CI:	
  

69.73	
  %-­‐	
  95.14	
  %	
  and	
  NPV=	
  82.35	
  %	
  (95%	
  CI:	
  56.55	
  %-­‐95.99%)	
  of	
  being	
  associated	
  with	
  PRIS.	
  

For	
  dose	
  >4mg/kg/h	
  we	
  found	
  a	
  sensitivity=	
  93.75%	
  (95%CI:	
  79.16%-­‐99.05	
  %,	
  specificity=	
  18.75	
  

%(	
  95%CI	
  4.27%-­‐	
  45.66	
  %),	
  PPV=	
  69.77%	
  (95%	
  CI:	
  53.87	
  %-­‐82.80%)	
  and	
  NPV=	
  60.00	
  %	
  (95%	
  CI:	
  

15.40	
  %-­‐93.51%)	
  of	
  being	
  indicative	
  of	
  PRIS.	
  

In	
   this	
   review	
   of	
   adverse	
   events,	
   the	
   inclusion	
   of	
   non-­‐randomized	
   studies	
   and	
   grey	
   literature	
  

provided	
  the	
  totality	
  of	
  data	
  on	
  the	
  main	
  outcomes.	
  If	
  only	
  published	
  RCTs	
  had	
  been	
  included,	
  

as	
  is	
  common	
  in	
  systematic	
  reviews,	
  zero	
  reports	
  of	
  PRIS	
  and/or	
  cardiac	
  arrest	
  associated	
  with	
  

propofol	
  infusion	
  in	
  children	
  would	
  have	
  been	
  identified.	
  	
  

The	
  mode	
  of	
  surveillance	
  of	
  adverse	
  events	
  was	
  not	
  reported	
  for	
  any	
  study	
  design.	
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Overall	
  completeness	
  and	
  applicability	
  of	
  evidence	
  	
  	
  

To	
   our	
   knowledge	
   this	
   is	
   the	
   most	
   comprehensive	
   review	
   of	
   propofol	
   infusion	
   in	
   paediatric	
  

patients	
   to	
   date,	
   including	
   multiple	
   study	
   designs	
   and	
   with	
  broad	
   inclusion	
   criteria,	
   we	
  

combined	
  data	
  of	
  more	
  than	
  100	
  manuscripts	
  in	
  one	
  single	
  document.	
  	
  

Agreements	
  and	
  disagreements	
  with	
  other	
  studies	
  or	
  reviews	
  	
  	
  

Previous	
  reviews	
  of	
  propofol	
  infusion	
  have	
  been	
  published,	
  but	
  none	
  of	
  them	
  had	
  followed	
  a	
  

broad	
  approach	
  as	
  we	
  have,	
  searching	
  multiple	
  databases,	
  using	
  strict	
  inclusion	
  and	
  exclusion	
  

criteria	
   and	
   as	
   consequence	
   they	
   had	
   reported	
   on	
   a	
   fraction	
   of	
   studies	
   presented	
   here	
   (133-­‐

135,140).	
  These	
  reviews	
  seemed	
  to	
  have	
  a	
  different	
  focus	
  than	
  this	
  present	
  review,	
  they	
  were	
  

mainly	
  clinical	
  reviews,	
  with	
  an	
  intention	
  to	
  explain	
  the	
  syndrome	
  (clinical	
  features,	
  biochemical	
  

interactions),	
  but	
  not	
  to	
  summarize	
  the	
  evidence	
  in	
  a	
  systematic	
  fashion	
  as	
  we	
  have.	
  

Authors'	
  conclusions	
  	
  	
  

Implications	
  for	
  practice	
  	
  	
  

In	
   this	
   review	
   of	
   serious	
   adverse	
   events	
   associated	
   with	
   propofol	
   infusion	
   in	
   children,	
   we	
  

identified	
  91	
  cases	
  of	
  serious	
  events	
  (PRIS	
  or	
  cardiac	
  arrest).	
  We	
  also	
  could	
  identify	
  the	
  median	
  

dose	
  of	
  propofol	
  and	
  duration	
  of	
  infusion	
  associated	
  with	
  PRIS	
  as	
  7.95mg/kg/h	
  and	
  50.5	
  hours,	
  

also	
  that	
  the	
  dose	
  of	
  4mg/kg/h	
  and	
  a	
  duration	
  of	
  propofol	
  infusion	
  longer	
  than	
  12	
  hours	
  were	
  

indicative	
  of	
  PRIS,	
  so	
  we	
  could	
  extrapolate	
  the	
  findings	
  and	
  say	
  that	
  anything	
  lower	
  than	
  these	
  

values	
   could	
   be	
   used	
   with	
   caution.	
   Although,	
   it	
   is	
   important	
   to	
   note	
   that	
   there	
   were	
   also	
   a	
  

patient	
   who	
   developed	
   PRIS	
   with	
   as	
   propofol	
   dose	
   of	
   1.8mg/kg/h	
   and	
   two	
   others	
   with	
   an	
  

infusion	
   as	
   short	
   as	
   5	
   hours,	
   these	
   three	
   patients	
   were	
   post	
   operatory	
   and	
   all	
   survived.	
   All	
  

patients	
   with	
  PRIS	
   were	
   admitted	
   to	
  intensive	
   care	
  units	
   due	
   to	
  neurological	
   or	
   respiratory	
  

disorder	
  or	
  for	
  post-­‐operatory	
  care.	
  

The	
  data	
  obtained	
  in	
  this	
  review	
  originated	
  mainly	
  from	
  non-­‐randomised	
  studies,	
  case	
  reports	
  

and	
  data	
  not	
  published	
  in	
  a	
  peer	
  review	
  journal.	
  The	
  inclusion	
  of	
  non-­‐randomised	
  studies	
  and	
  

grey	
  literature	
  may	
  be	
  the	
  cornerstone	
  for	
  data	
  collection	
  in	
  other	
  reviews	
  of	
  rare	
  events,	
  or	
  

perhaps	
  for	
  any	
  review	
  of	
  adverse	
  events,	
  given	
  the	
  poor	
  reporting	
  of	
  adverse	
  events	
  in	
  general	
  



 

149 
 

and	
  especially	
  in	
  clinical	
  trials	
  (7).	
  The	
  only	
  clinical	
  trial	
  reporting	
  on	
  the	
  main	
  outcome	
  for	
  this	
  

review	
  was	
  an	
  unpublished	
  pharmaceutical	
  sponsored	
  trial.	
  It	
  is	
  likely	
  	
  

Implications	
  for	
  research	
  	
  	
  

There	
  are	
  suggestions,	
  based	
  on	
  identified	
  surveys,	
  recent	
  case	
  series	
  and	
  cohorts	
  that	
  propofol	
  

has	
  been	
   used	
   for	
   continuous	
   infusion	
   in	
  paediatric	
  intensive	
   care	
   units	
   despite	
   the	
   health	
  

regulatory	
   agencies'	
   warnings	
  and	
   contra-­‐indications.	
  There	
   is	
  a	
  need	
   to	
  achieve	
  more	
  

information	
   on	
   number	
   of	
   patients	
   using	
   propofol	
   infusion,	
   patient’s	
   characteristics	
   and	
  

complication	
  seen	
  to	
  better	
  understand	
  PRIS,	
  	
  improving	
  evidence	
  based	
  practice	
  and	
  patient	
  

care.	
  We	
   encourage	
   authors	
   to	
   report	
   their	
   experience,	
   if	
   any,	
  in	
   use	
   of	
   propofol	
   infusion	
   in	
  

paediatric	
  intensive	
  care.	
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The	
  main	
  deviation	
  from	
  protocol	
  was	
  the	
  addition	
  of	
  an	
  objective:	
  “To	
  identify	
  if	
  the	
  inclusion	
  

of	
  non-­‐randomized	
   studies	
   and	
   grey	
   literature	
   in	
   a	
   review	
   of	
   adverse	
   events	
   provide	
   relevant	
  

data	
   that	
   would	
   be	
   otherwise	
   overlooked	
   if	
   only	
   clinical	
   trials	
   would	
   be	
   included”.	
   We	
   added	
  

this	
   objective	
   due	
   the	
  importance	
   of	
   using	
   non	
   randomized	
   studies	
   and	
   grey	
   literature	
   in	
  

reviews	
  of	
  rare	
  events	
  and	
  the	
  clear	
  documentation	
  of	
  it	
  through	
  this	
  review.	
  Other	
  deviations	
  

from	
   protocol	
   seen	
   in	
   this	
   review	
   are	
   related	
   to	
   the	
   lack	
   of	
  clinical	
   trials	
   presenting	
   the	
   main	
  

outcome	
   of	
   interest.	
   The	
  analysis	
   plan	
   reported	
   in	
   the	
   protocol	
  for	
   this	
   review	
  could	
   not	
   be	
  

undertaken,	
  namely	
  meta-­‐analysis	
  and	
  subgroup	
  analysis.	
  

Also,	
   we	
   looked	
   into	
   trials	
   that	
   were	
   excluded	
   due	
  to	
   the	
  use	
   of	
   propofol	
   in	
   more	
   than	
   one	
  

study	
  arm	
  to	
  check	
  if	
  there	
  were	
  reports	
  on	
  PRIS	
  or	
  cardiac	
  arrest,	
  none	
  was	
  found	
  other	
  than	
  

Blumer	
  (10),	
  which	
  was	
  included	
  in	
  this	
  review.	
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Table	
  7.	
  Characteristics	
  of	
  Included	
  RCTs	
  

Abbasi,	
  2013	
  	
  	
  

Methods	
   RCT	
  

Participants	
   Inclusion	
  criteria:	
  Surgical	
  hypospadiasis	
  repair;	
  exclusion	
  

criteria:	
  airway	
  abnormalities	
  and	
  known	
  adverse	
  

reactions	
  to	
  the	
  study	
  drugs.	
  Total	
  117	
  participants;	
  

propofol	
  group	
  58	
  participants;	
  comparison	
  59	
  

participants;	
  age	
  average	
  37	
  months.	
  

Interventions	
   Propofol	
  100	
  mcg/kg/min,	
  duration	
  174.15	
  minutes;	
  

Comparison-­‐	
  Halothane	
  (concentration	
  not	
  provided)	
  

Outcomes	
   Main	
  outcome	
  measured:	
  unwanted	
  intraoperative	
  

penile	
  erection	
  

Notes	
   Also	
  reported	
  investigations	
  of	
  other	
  AEs:	
  hematoma	
  

wound	
  infection	
  (zero	
  identified).	
  No	
  report	
  of	
  

measurement	
  of	
  serious	
  AEs.	
  

Risk	
  of	
  bias	
  table	
   	
  	
  

Bias	
  
Authors'	
  

judgement	
  
Support	
  for	
  judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  
	
  

Low	
  (randomized	
  using	
  a	
  sealed	
  

envelope)	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  

	
  Used	
  a	
  sealed	
  envelope	
  

Low  risk

Low  risk
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Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  

	
  Investigator	
  blinded.	
  

Blinding	
  of	
  outcome	
  assessment	
  

(detection	
  bias)	
  
	
  Investigator	
  blinded.	
  

Incomplete	
  outcome	
  data	
  (attrition	
  

bias)	
  
	
  

Not	
  reported	
  if	
  any	
  patients	
  lost	
  

follow-­‐up.	
  

Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

No	
  report	
  of	
  serious	
  AEs	
  (if	
  measured,	
  

if	
  identified	
  or	
  not).	
  

Other	
  bias	
  
	
  

not	
  stated	
  

Blumer	
  2002	
  	
  	
  

Methods	
   RCT	
  

Participants	
   326	
  randomised	
  to	
  receive	
  propofol	
  1%	
  (109	
  

participants);	
  propofol	
  2%	
  (112	
  participants)	
  and	
  

standard	
  sedative	
  agents	
  (SSA)	
  (105	
  participants).	
  .	
  

Interventions	
   The	
  median	
  duration	
  of	
  sedation	
  was	
  81,	
  74	
  and	
  65	
  

hours,	
  respectively.	
  The	
  dose	
  of	
  propofol	
  used	
  was	
  4-­‐

6mg/kg/h	
  

Outcomes	
   This	
  study	
  identified	
  a	
  higher	
  number	
  of	
  deaths	
  in	
  

children	
  receiving	
  propofol:	
  9	
  (8.2%)	
  deaths	
  in	
  propofol	
  

1%;	
  12	
  (10.7%)	
  deaths	
  in	
  propofol	
  2%	
  and	
  4	
  (3.8%)	
  

deaths	
  in	
  the	
  SSA	
  group	
  

Notes	
   Pharmaceuticl	
  sponsored	
  trial,	
  stopped	
  early,	
  never	
  

Low  risk

Low  risk

Unc lear  r is k

High r is k

Unc lear  r is k
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published	
  in	
  a	
  peer	
  review	
  journal.	
  

Risk	
  of	
  bias	
  table	
   	
  	
  

Bias	
  
Authors'	
  

judgement	
  
Support	
  for	
  judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  

	
  

Patients	
  were	
  randomized,	
  not	
  clearly	
  

how.	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  
	
  Not	
  reported	
  in	
  the	
  abstract	
  

Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  
	
  Not	
  reported	
  in	
  the	
  abstract	
  

Blinding	
  of	
  outcome	
  assessment	
  

(detection	
  bias)	
  

	
  Not	
  reported	
  in	
  the	
  abstract	
  

Incomplete	
  outcome	
  data	
  (attrition	
  

bias)	
  

	
  Data	
  never	
  fully	
  reported.	
  

Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

Study	
  never	
  published.	
  

Other	
  bias	
  
	
  

Industry	
  sponsored	
  reporting	
  in	
  

higher	
  number	
  of	
  deaths	
  in	
  patients	
  

using	
  propofol,	
  trial	
  stopped	
  early	
  and	
  

reasons	
  not	
  provided.	
  

Budic,	
  2011	
  	
  	
  

Methods	
   RCT	
  

Unc lear  r is k

Unc lear  r is k

Unc lear  r is k

Unc lear  r is k

High r is k

High r is k

High r is k
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Participants	
   45	
  patients	
  submitted	
  to	
  orthopedic	
  surgery	
  needing	
  

bloodless	
  limb	
  operations.	
  

Interventions	
   15	
  patients	
  in	
  each	
  group	
  (propofol,	
  causal	
  block	
  or	
  

sevoflurane).	
  Propofol	
  average	
  duration	
  was	
  65	
  minutes.	
  

Outcomes	
   Effect	
  of	
  different	
  anesthesia	
  techniques	
  on	
  oxidative	
  

stress	
  and	
  endothelial	
  dysfunction	
  connected	
  with	
  

ischemia-­‐reperfusion.	
  

Notes	
  

	
  

Risk	
  of	
  bias	
  table	
   	
  	
  

Bias	
  
Authors'	
  

judgement	
  
Support	
  for	
  judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  
	
  Not	
  reported.	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  

	
  Not	
  reported.	
  

Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  

	
  Not	
  reported.	
  

Blinding	
  of	
  outcome	
  assessment	
  

(detection	
  bias)	
  
	
  Not	
  reported.	
  

Incomplete	
  outcome	
  data	
  (attrition	
  

bias)	
  
	
  Not	
  reported.	
  

Unc lear  r is k

Unc lear  r is k

Unc lear  r is k

Unc lear  r is k

Unc lear  r is k
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Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

Not	
  reported.	
  

Other	
  bias	
  
	
  

Not	
  reported.	
  

	
  

Cohen,	
  2003	
  	
  	
  

Methods	
   RCT	
  

Participants	
   Inclusion	
  criteria:	
  ASA	
  I	
  and	
  II	
  undergoing	
  elective	
  

ambulatory	
  surgery.	
  Exclusion	
  criteria:	
  1)	
  less	
  than	
  40	
  

weeks	
  postconceptional	
  age;	
  2)	
  demonstrated	
  signs	
  of	
  

developmental	
  delay;	
  3)	
  surgery	
  expected	
  to	
  last	
  less	
  

than	
  30	
  min.	
  

Total:	
  53	
  participants,	
  age	
  average	
  15-­‐16	
  months.	
  

Propofol	
  group	
  27	
  participants,	
  control	
  26	
  participants.	
  

Interventions	
   Propofol	
  12	
  mg/kg/hr,	
  duration	
  84	
  minutes;	
  Control-­‐	
  

Sevoflurane	
  1.5	
  to	
  2.5%,	
  duration	
  76.5	
  minutes.	
  

Outcomes	
   Primary	
  outcomes:	
  degree	
  of	
  agitation,	
  time	
  to	
  

emergence,	
  time	
  to	
  recovery,	
  time	
  to	
  discharge.	
  

Notes	
   AEs:	
  Severe	
  agitation-­‐	
  Propofol	
  1	
  /	
  Control	
  6;	
  

Pain-­‐	
  Propofol	
  2	
  /	
  Control	
  6;	
  

Vomiting-­‐	
  Propofol	
  3	
  /	
  Control	
  2	
  

Risk	
  of	
  bias	
  table	
   	
  	
  

Bias	
   Authors'	
   Support	
  for	
  judgement	
  

Unc lear  r is k

Unc lear  r is k
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judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  

	
  

Not	
  reported.	
  Stated	
  'randomized',	
  

not	
  how	
  it	
  was	
  done.	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  

	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  
	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Blinding	
  of	
  outcome	
  assessment	
  

(detection	
  bias)	
  
	
  Blinded	
  observer.	
  

Incomplete	
  outcome	
  data	
  (attrition	
  

bias)	
  

	
  Not	
  reported.	
  

Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

Some	
  adverse	
  events	
  reported.	
  

Other	
  bias	
  
	
  

Not	
  stated.	
  

Cohen,	
  2004	
  	
  	
  

Methods	
   RCT	
  

Participants	
   Inlcusion	
  criteria:	
  1)	
  younger	
  than	
  3	
  years	
  of	
  age;	
  2)	
  ASA	
  

physical	
  status	
  I	
  or	
  II;	
  3)	
  scheduled	
  for	
  ambulatory	
  

surgical	
  procedures;	
  4)	
  parental	
  consent.	
  Exclusion	
  

criteria:	
  None	
  Specified.	
  Total	
  56	
  participants.	
  28	
  in	
  

propofol	
  group;	
  Average	
  age	
  13-­‐14	
  months.	
  

Interventions	
   Propofol	
  225	
  mcg/kg/min	
  for	
  61.8	
  minutes;	
  Comparison	
  

Unc lear  r is k

High r is k

High r is k

Low  risk

Unc lear  r is k

Unc lear  r is k

Unc lear  r is k
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-­‐	
  Sevoflurane	
  1.5	
  to	
  2.0%	
  

Outcomes	
   1.	
  Haemodynamic	
  assessments	
  

2.	
  Ionized	
  calcium	
  and	
  magnesium	
  concentrations	
  

3.	
  Recovery	
  assessments	
  

4.	
  Side-­‐effects	
  /	
  adverse	
  events	
  

Notes	
   4	
  patients	
  in	
  propofol	
  group	
  experienced	
  AEs	
  &	
  3	
  

patients	
  in	
  the	
  comparison	
  group	
  experiences	
  AEs.	
  Total	
  

adverse	
  events:	
  

Postoperative	
  Vomiting	
  -­‐	
  Propofol	
  3	
  /	
  Comparison	
  2;	
  

Upper	
  airway	
  obstruction	
  and	
  /	
  or	
  congestion	
  -­‐	
  Propofol	
  

2	
  /	
  Comparison	
  1;	
  

Hypotension,	
  bradycardia,	
  cough,	
  breath	
  holding	
  -­‐	
  

Propofol	
  0	
  /	
  Comparison	
  1;	
  

Cough-­‐	
  Propofol	
  1	
  /	
  Comparison	
  1	
  

Risk	
  of	
  bias	
  table	
   	
  	
  

Bias	
  
Authors'	
  

judgement	
  
Support	
  for	
  judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  
	
  Not	
  reported.	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  
	
  Open	
  label.	
  

Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  

	
  Open	
  label.	
  

Unc lear  r is k

High r is k

High r is k
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Blinding	
  of	
  outcome	
  assessment	
  

(detection	
  bias)	
  

	
  

Assessment	
  was	
  performed	
  by	
  

investigator	
  blinded	
  to	
  the	
  

anaesthetic	
  technique.	
  

Incomplete	
  outcome	
  data	
  (attrition	
  

bias)	
  

	
  Not	
  clearly	
  reported.	
  

Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

Number	
  of	
  adverse	
  events	
  and	
  

reports	
  do	
  not	
  match.	
  

Other	
  bias	
  
	
  

Funded	
  by	
  Astra-­‐Zeneca	
  

	
  

Deng,	
  2009	
  	
  	
  

Methods	
   RCT	
  

Participants	
   40	
  pediatric	
  patients	
  submitted	
  to	
  cleft	
  palate	
  repair,	
  20	
  

per	
  group.	
  

Interventions	
   Propofol	
  and	
  remifentanil	
  for	
  an	
  average	
  of	
  102.33	
  

minutes;	
  Comparison	
  -­‐	
  Sevoflurane	
  and	
  remifentanil	
  for	
  

an	
  average	
  of	
  101.21	
  minutes.	
  

Outcomes	
   Clinical	
  effect	
  and	
  safety	
  of	
  these	
  two	
  drugs.	
  

Bradycardia	
  -­‐	
  Propofol	
  2	
  /	
  Comparison	
  0	
  

Agitation	
  -­‐	
  Propofol	
  2	
  /	
  Comparison	
  8	
  

Notes	
   Written	
  in	
  Chinese.	
  

Risk	
  of	
  bias	
  table	
   	
  	
  

Low  risk

Unc lear  r is k

High r is k

Unc lear  r is k
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Bias	
  
Authors'	
  

judgement	
  
Support	
  for	
  judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  
	
  Random	
  numbers	
  table.	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  
	
  Not	
  reported.	
  

Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  

	
  Patients	
  were	
  blinded.	
  

Blinding	
  of	
  outcome	
  assessment	
  

(detection	
  bias)	
  

	
  Anesthesiologist	
  was	
  not	
  blinded.	
  

Incomplete	
  outcome	
  data	
  (attrition	
  

bias)	
  
	
  Not	
  reported.	
  

Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

Not	
  reported.	
  

Other	
  bias	
  
	
  

Not	
  stated.	
  

Deramount,	
  1990	
  	
  	
  

Methods	
   RCT	
  

Participants	
   Inlcusion	
  criteria:	
  ASA	
  I	
  or	
  II	
  submitted	
  to	
  strabism	
  

repair;	
  Total	
  20	
  participants	
  (10	
  in	
  each	
  group),	
  mean	
  

age	
  of	
  97	
  months	
  (propofol)	
  and	
  74	
  months	
  

(comparison).	
  

Interventions	
   Propofol	
  10-­‐15	
  mg/kg/hr	
  for	
  an	
  average	
  of	
  75	
  minutes;	
  

Comparison	
  -­‐	
  Halothane	
  1.5%	
  and	
  Thiopental	
  (induction	
  

Low  risk

Unc lear  r is k

Low  risk

High r is k

Unc lear  r is k

Unc lear  r is k

Unc lear  r is k
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10	
  mg/kg)	
  for	
  an	
  average	
  of	
  83	
  minutes.	
  

Outcomes	
   Side	
  effects	
  of	
  anaesthesia,	
  hemodynamic	
  changes.	
  

Notes	
   Written	
  in	
  French.	
  

Bradycardia	
  responding	
  to	
  atropine	
  -­‐	
  Propofol	
  2	
  /	
  

Comparison	
  2;	
  

Apnea	
  -­‐	
  Propofol	
  7	
  /	
  Comparison	
  6;	
  

Cough-­‐	
  Propofol	
  1	
  /	
  Comparison	
  1;	
  

Flush-­‐	
  Propofol	
  2	
  /	
  Comparison	
  0;	
  

Myoclonus	
  -­‐	
  Propofol	
  1	
  /	
  Comparison	
  0;	
  

Injection	
  pain	
  -­‐	
  Propofol	
  5	
  /	
  Comparison	
  0;	
  

Nausea/vomit	
  -­‐	
  Propofol	
  1	
  /	
  Comparison	
  5;	
  

Agitation-­‐	
  Propofol	
  1	
  /	
  Comparison	
  0.	
  

Risk	
  of	
  bias	
  table	
   	
  	
  

Bias	
  
Authors'	
  

judgement	
  
Support	
  for	
  judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  

	
  Not	
  reported.	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  
	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  

	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Unc lear  r is k

High r is k

High r is k
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Blinding	
  of	
  outcome	
  assessment	
  

(detection	
  bias)	
  

	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Incomplete	
  outcome	
  data	
  (attrition	
  

bias)	
  
	
  Not	
  reported.	
  

Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

Reported	
  AEs.	
  

Other	
  bias	
  
	
  

Not	
  stated.	
  

	
  

	
  Erb,	
  2002	
  	
  	
  

Methods	
   RCT	
  

Participants	
   Patients	
  scheduled	
  for	
  a	
  radiofrequency	
  catheter	
  

ablation	
  (RFCA)	
  for	
  supraventricular	
  tachycardia	
  (SVT);	
  

between	
  4	
  -­‐	
  8	
  years	
  old.	
  Exclusion	
  criteria:	
  Participant	
  

with	
  contraindications	
  to	
  the	
  use	
  of	
  propofol	
  or	
  

isoflurane-­‐based	
  anaesthetic.	
  Total	
  of	
  56	
  patients,	
  not	
  

specified	
  how	
  many	
  in	
  each	
  group.	
  

Interventions	
   Propofol	
  106	
  mcg/kg/min	
  for	
  319	
  minutes;	
  Comparison	
  -­‐	
  

Isoflurane	
  (no	
  dose	
  /	
  concentration	
  provided).	
  

Outcomes	
   1)	
  Incidence	
  of	
  postoperative	
  nausea	
  and	
  retching	
  or	
  

vomiting	
  

2)	
  Postprocedural	
  vital	
  signs	
  

3)	
  Postprocedural	
  assessment	
  of	
  sedation	
  scores	
  

4)	
  Costs	
  

Notes	
   Given	
  in	
  percentage	
  only:	
  

High r is k

Unc lear  r is k

Low  risk

Unc lear  r is k
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Nausea	
  -­‐	
  Propofol	
  7-­‐21%	
  /	
  Comparison	
  41-­‐63%	
  

Vomiting	
  -­‐	
  Propofol	
  0-­‐6%	
  /	
  Comparison	
  26-­‐55%	
  

Risk	
  of	
  bias	
  table	
   	
  	
  

Bias	
  
Authors'	
  

judgement	
  
Support	
  for	
  judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  
	
  

Blocked	
  randomization	
  was	
  generated	
  

by	
  using	
  computer	
  random	
  numbers.	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  
	
  Not	
  reported.	
  

Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  

	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Blinding	
  of	
  outcome	
  assessment	
  

(detection	
  bias)	
  

	
  

Nurse	
  or	
  research	
  assistant	
  trained	
  in	
  

the	
  assessment	
  of	
  PONV	
  symptoms	
  

and	
  who	
  were	
  unaware	
  of	
  the	
  

patient’s	
  treatment	
  group.	
  

Incomplete	
  outcome	
  data	
  (attrition	
  

bias)	
  
	
  

Not	
  defined	
  how	
  many	
  patients	
  were	
  

enrolled	
  in	
  each	
  group,	
  so	
  can't	
  

measure	
  incomplete	
  outcome	
  data.	
  

Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

Not	
  reported	
  number	
  of	
  patients	
  per	
  

group	
  or	
  number	
  of	
  events.	
  

Other	
  bias	
  
	
  

Not	
  stated.	
  

Fudickar,	
  2013	
  	
  	
  

Low  risk

High r is k

Low  risk

Low  risk

High r is k

High r is k

Unc lear  r is k
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Methods	
   RCT	
  

Participants	
   Children	
  with	
  congenital	
  heart	
  disease	
  scheduled	
  for	
  

elective	
  pediatric	
  heart	
  catheterization.	
  Exclusion	
  

criteria:	
  contraindications	
  to	
  propofol,	
  total	
  42	
  

participants	
  (22	
  in	
  propofol	
  group,	
  20	
  in	
  control	
  group).	
  

Interventions	
   Propofol	
  4000	
  mcg/kg/min	
  for	
  75	
  minutes;	
  Comparison	
  -­‐	
  

Sevoflurane	
  1.5%	
  

Outcomes	
   Serum	
  base	
  excess,	
  pH,	
  and	
  lactate.	
  

Notes	
   Extremely	
  high	
  dose	
  of	
  propofol	
  used,	
  reported	
  in	
  the	
  

manuscript	
  as	
  4	
  mg/kg/min	
  -­‐	
  converted	
  here	
  to	
  be	
  

comparable	
  to	
  other	
  studies.	
  Author	
  contacted	
  and	
  

clarified	
  use	
  of	
  4mg/kg/hr.	
  

Risk	
  of	
  bias	
  table	
   	
  	
  

Bias	
  
Authors'	
  

judgement	
  
Support	
  for	
  judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  

	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  

	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  
	
  Not	
  reported.Not	
  likely	
  done.	
  

Blinding	
  of	
  outcome	
  assessment	
  
	
  

Not	
  reported,	
  likely	
  low	
  as	
  it	
  was	
  a	
  

High r is k

High r is k

High r is k

High r is k
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(detection	
  bias)	
   blood	
  gas.	
  

Incomplete	
  outcome	
  data	
  (attrition	
  

bias)	
  

	
  Not	
  reported.	
  

Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

No	
  other	
  clinical	
  relevant	
  outcomes	
  

(adverse	
  events)	
  reported.	
  

Other	
  bias	
  
	
  

Not	
  stated.	
  

Guard,	
  1998	
  	
  	
  

Methods	
   RCT	
  

Participants	
   Children	
  age	
  2-­‐8	
  years,	
  scheduled	
  for	
  elective	
  urological	
  

surgery	
  as	
  outpatient.	
  Total	
  of	
  50	
  participants,	
  25	
  in	
  each	
  

group.	
  

Interventions	
   Propofol	
  infusion	
  5-­‐10	
  mg/kg/hr	
  for	
  88.6	
  minutes;	
  

Comparison	
  -­‐	
  Sevoflurane	
  (2	
  to	
  8%)	
  for	
  83.6	
  minutes.	
  

Outcomes	
   Heart	
  rate;	
  systolic	
  blood	
  pressure;	
  emergence	
  from	
  

anaesthesia;	
  recovery	
  from	
  anaesthesia.	
  

Notes	
   Propofol	
  was	
  stated	
  to	
  have	
  significantly	
  (p<	
  0.01)	
  more	
  

episodes	
  of	
  bradycardia	
  (reduction	
  of	
  20%	
  from	
  

baseline).	
  

Maintenance:	
  

Signs	
  of	
  light	
  of	
  anaesthesia	
  -­‐	
  Propofol	
  4	
  /	
  Control	
  0	
  

Emergence:	
  

Breath	
  holding	
  -­‐	
  Propofol	
  2	
  /	
  Control	
  3	
  

Unc lear  r is k

High r is k

Unc lear  r is k
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Coughing	
  -­‐	
  Propofol	
  12	
  /	
  Control	
  11	
  

Laryngospasm	
  -­‐	
  Propofol	
  0	
  /	
  Control	
  2	
  

Bronchospasm	
  -­‐	
  Propofol	
  0	
  /	
  Control	
  0	
  

Secretions	
  -­‐	
  Propofol	
  9	
  /	
  Control	
  8	
  

Excitation	
  -­‐	
  Propofol	
  1	
  /	
  Control	
  2	
  

Rigidity	
  /	
  shivering	
  -­‐	
  Propofol	
  1	
  /	
  Control	
  1	
  

SpO2	
  <	
  90%	
  -­‐	
  Propofol	
  0	
  /	
  Control	
  0	
  

Vomiting	
  -­‐	
  Propofol	
  0	
  /	
  Control	
  2	
  

Recovery:	
  

Pain	
  requiring	
  morphine	
  -­‐	
  Propofol	
  3	
  /	
  Control	
  7	
  

Vomiting	
  before	
  discharge	
  -­‐	
  Propofol	
  1	
  /	
  Control	
  3	
  

Vomiting	
  in	
  first	
  24	
  hours	
  -­‐	
  Propofol	
  6	
  /	
  Control	
  7	
  

	
  	
  

Bias	
  
Authors'	
  

judgement	
  
Support	
  for	
  judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  

	
  

Randomization	
  was	
  achieved	
  using	
  

random	
  number	
  tables	
  prepared	
  in	
  

advance	
  of	
  commencing	
  the	
  study.	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  

	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  
	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Blinding	
  of	
  outcome	
  assessment	
  

(detection	
  bias)	
  
	
  

The	
  recovery	
  assessment	
  was	
  done	
  by	
  

a	
  blind	
  nurse,	
  but	
  the	
  OR	
  personal	
  

Low  risk

Unc lear  r is k

High r is k

Unc lear  r is k
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was	
  not	
  blind.	
  

Incomplete	
  outcome	
  data	
  (attrition	
  

bias)	
  

	
  Not	
  reported.	
  

Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

Outcomes	
  were	
  well	
  reported	
  and	
  

measured.	
  

Other	
  bias	
  
	
  

not	
  stated	
  

	
  

Gurkan,	
  1999	
  	
  	
  

Methods	
   RCT	
  

Participants	
   Children	
  3-­‐15	
  years,	
  ASA	
  physical	
  status	
  I	
  admitted	
  for	
  

strabismus	
  surgery.	
  Exclusion	
  criteria:	
  allergy	
  to	
  any	
  of	
  

the	
  drugs	
  to	
  be	
  used	
  or	
  pt	
  who	
  had	
  a	
  symptomatic	
  

medical	
  illness.	
  Total	
  of	
  40	
  participants.	
  

Interventions	
   Propofol	
  132-­‐214	
  mcg/kg/min	
  for	
  71	
  minutes;	
  

Comparison	
  -­‐	
  Incremental	
  sevoflurane	
  (1.5%	
  -­‐	
  2%	
  

increment	
  every	
  3-­‐4	
  breaths)	
  

Outcomes	
   Incidence	
  of	
  vomiting	
  /	
  nausea	
  and	
  oculocardiac	
  reflex.	
  

Notes	
   Nausea	
  and	
  Vomiting	
  -­‐	
  Propofol	
  7	
  /	
  Control	
  14	
  

Vomiting	
  alone	
  -­‐	
  Propofol	
  6	
  /	
  Control	
  20	
  

Episodes	
  of	
  oculocardiac	
  reflex	
  requiring	
  atropine	
  -­‐	
  

Propofol	
  9	
  /	
  Control	
  4	
  

Risk	
  of	
  bias	
  table	
   	
  	
  

Unc lear  r is k

Low  risk

Unc lear  r is k
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Bias	
  
Authors'	
  

judgement	
  
Support	
  for	
  judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  
	
  

Patients	
  were	
  randomly	
  assigned	
  

using	
  a	
  table	
  of	
  random	
  numbers.	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  
	
  Not	
  reported.Not	
  likely	
  done.	
  

Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  

	
  No	
  OR	
  personal	
  was	
  blinded.	
  

Blinding	
  of	
  outcome	
  assessment	
  

(detection	
  bias)	
  

	
  Blind	
  nurse	
  did	
  the	
  follow-­‐up	
  call.	
  

Incomplete	
  outcome	
  data	
  (attrition	
  

bias)	
  
	
  Not	
  reported.	
  

Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

Overall	
  outcomes	
  were	
  well	
  reported	
  

on	
  tables.	
  

Other	
  bias	
  
	
  

Not	
  stated.	
  

	
  

Hasani,	
  2009	
  	
  	
  

Methods	
   RCT	
  

Participants	
   83	
  children	
  submitted	
  to	
  surgical	
  interventions,	
  such	
  as	
  

adeno-­‐tonsillectomy,	
  hernia	
  repair,	
  orchiopexy,	
  

circumcision.	
  Exclusion	
  criteria:	
  known	
  allergies	
  to	
  the	
  

drugs	
  used,	
  any	
  evidence	
  of	
  post	
  operatory	
  pain	
  or	
  

Unc lear  r is k

Unc lear  r is k

High r is k

Low  risk

Unc lear  r is k

Low  risk
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ASA>II.	
  

Interventions	
   Propofol	
  (n=41)	
  6-­‐12	
  mg/kg/hr	
  for	
  68	
  min;	
  Comparison	
  -­‐	
  

Halothane	
  (n=42)	
  1.5-­‐2%	
  for	
  an	
  average	
  of	
  79	
  minutes.	
  

Outcomes	
   emergence	
  agitation;	
  parental	
  satisfaction;	
  operation	
  

times	
  

Notes	
   Hypotension	
  -­‐	
  Propofol	
  4	
  /	
  Comparison	
  3	
  (p=0.04);	
  

Bradycardia	
  -­‐	
  Propofol	
  5	
  /	
  Comparsion	
  5;	
  

Cough	
  -­‐	
  Propofol	
  2	
  /	
  Comparsion	
  2;	
  

Laryngospasm	
  -­‐	
  Propofol	
  2	
  /	
  Comparsion	
  1;	
  

Hypersalivation	
  -­‐	
  Propofol	
  3	
  /	
  Comparsion	
  4;	
  

Nausea	
  /	
  Vomit	
  -­‐	
  Propofol	
  2	
  /	
  Comparsion	
  4.	
  

Risk	
  of	
  bias	
  table	
   	
  	
  

Bias	
  
Authors'	
  

judgement	
  
Support	
  for	
  judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  

	
  

Computer-­‐generated	
  random	
  number	
  

table.	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  
	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  
	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Blinding	
  of	
  outcome	
  assessment	
  

(detection	
  bias)	
  

	
  

Two	
  separate	
  anesthesiologists	
  were	
  

involved	
  in	
  each	
  case.	
  The	
  first	
  

blinded	
  anesthesiologist	
  collected	
  the	
  

Low  risk

Unc lear  r is k

Unc lear  r is k

Low  risk
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following	
  

data:	
  age,	
  weight,	
  premedication,	
  

type	
  of	
  anesthesia,	
  and	
  duration	
  of	
  

surgery	
  and	
  anesthesia.	
  In	
  the	
  

postanesthesia	
  

care	
  unit,	
  the	
  second	
  blinded	
  

anesthesiologist	
  observed	
  and	
  

collected	
  the	
  following	
  data:	
  recovery	
  

time,	
  pain,	
  and	
  adverse	
  events.	
  

Incomplete	
  outcome	
  data	
  (attrition	
  

bias)	
  

	
  Not	
  reported.	
  

Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

Overall	
  outcomes	
  were	
  well	
  reported	
  

on	
  tables.	
  

Other	
  bias	
  
	
  

Not	
  stated.	
  

Hasani,	
  2013	
  	
  	
  

Methods	
   RCT	
  

Participants	
   Children	
  admitted	
  for	
  Inguinal	
  hernia	
  repair.	
  Exclusion	
  

criteria:	
  Known	
  allergy	
  to	
  any	
  of	
  the	
  drugs	
  involved	
  in	
  

the	
  study,	
  showed	
  any	
  evidence	
  of	
  perioperative	
  anxiety	
  

or	
  postoperative	
  agitation,	
  or	
  ASA>II.	
  Randomized	
  92	
  

patients;	
  Analyzed	
  88	
  patients.	
  

Interventions	
   Propofol	
  infusion	
  9-­‐15	
  mg/kg/hr	
  (mean	
  of	
  9.1	
  mg/kg/hr	
  -­‐	
  

obtained	
  from	
  author's	
  correspondence)	
  for	
  an	
  average	
  

of	
  68	
  minutes;	
  Comparison	
  -­‐	
  Sevoflurane	
  (induction	
  4-­‐

Unc lear  r is k

Low  risk
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6%)	
  followed	
  by	
  maintenance	
  of	
  1.5%-­‐2%	
  for	
  an	
  average	
  

duration	
  of	
  59	
  minutes.	
  

Outcomes	
   Pain	
  score	
  2	
  hours	
  post-­‐operative;	
  recovery	
  time;	
  AE	
  

Notes	
   Hypotension	
  -­‐	
  Propofol	
  6	
  /	
  Comparison	
  5	
  (p=0.9)	
  

Bradycardia	
  -­‐	
  Propofol	
  7	
  /	
  Comparison	
  5	
  (p=0.9)	
  

Cough	
  -­‐	
  Propofol	
  6	
  /	
  Comparison	
  5	
  (p=0.9)	
  

Laryngospasm	
  -­‐	
  Propofol	
  0	
  /	
  Comparison	
  0	
  

Hypersalivation	
  -­‐	
  Propofol	
  3	
  /	
  Comparison	
  4	
  (p=0.9)	
  

Postoperative	
  nausea	
  -­‐	
  Propofol	
  2	
  /	
  Comparison	
  9	
  

(p<0.01)	
  

Postoperative	
  vomiting	
  -­‐	
  Propofol	
  2	
  /	
  Comparsion13	
  

(p<0.01)	
  

	
  	
  

Bias	
  
Authors'	
  

judgement	
  
Support	
  for	
  judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  

	
  

The	
  children	
  were	
  randomly	
  assigned	
  

using	
  a	
  computer-­‐generated	
  random	
  

number	
  table.	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  

	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  

	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Blinding	
  of	
  outcome	
  assessment	
  

(detection	
  bias)	
  

	
  

Two	
  separate	
  anesthesiologists	
  were	
  

involved	
  in	
  each	
  case.	
  The	
  first	
  

Low  risk

Unc lear  r is k

Unc lear  r is k

Low  risk
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blinded	
  anesthesiologist	
  collected	
  the	
  

following	
  

data:	
  age,	
  weight,	
  premedication,	
  

type	
  of	
  anesthesia,	
  and	
  duration	
  of	
  

surgery	
  and	
  anesthesia.	
  In	
  the	
  

postanesthesia	
  

care	
  unit,	
  the	
  second	
  blinded	
  

anesthesiologist	
  observed	
  and	
  

collected	
  the	
  following	
  data:	
  recovery	
  

time,	
  pain,	
  and	
  adverse	
  events.	
  

Incomplete	
  outcome	
  data	
  (attrition	
  

bias)	
  
	
  

Reported	
  4	
  patients	
  excluded	
  from	
  

sevoflurane	
  group	
  due	
  emergence	
  

agitation.	
  

Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

Not	
  clear	
  why	
  the	
  4	
  patients	
  were	
  

excluded	
  due	
  emergence	
  agitation.	
  

Other	
  bias	
  
	
  

Not	
  stated.	
  

	
  

Kaddu,	
  2002	
  	
  	
  

Methods	
   RCT	
  

Participants	
   50	
  children	
  between	
  2	
  and	
  21	
  months	
  admitted	
  for	
  

elective	
  GI	
  endoscopic	
  procedure.	
  Exclusion:	
  History	
  of	
  

adverse	
  reaction	
  to	
  propofol	
  or	
  a	
  known	
  anatomic	
  

airway	
  abnormality.	
  

Low  risk

Unc lear  r is k
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Interventions	
   Propofol	
  (n=	
  25)	
  300-­‐500	
  mcg/kg/min	
  for	
  an	
  average	
  of	
  

107	
  minutes.	
  Comparison	
  -­‐	
  Isoflurane	
  (n=25)	
  1.5%	
  -­‐	
  2%	
  

for	
  an	
  average	
  of	
  139	
  minutes.	
  

Outcomes	
   Wake-­‐up	
  time,	
  total	
  anaesthesia	
  time	
  and	
  recovery	
  time.	
  

Notes	
   Patients	
  in	
  the	
  propofol	
  group	
  were	
  breathing	
  

spontaneously	
  and	
  in	
  the	
  isoflurane	
  group	
  were	
  

intubated.	
  

Risk	
  of	
  bias	
  table	
   	
  	
  

Bias	
  
Authors'	
  

judgement	
  
Support	
  for	
  judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  

	
  

The	
  patients	
  were	
  randomly	
  assigned	
  

by	
  a	
  computer	
  generated	
  sequence.	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  

	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  
	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Blinding	
  of	
  outcome	
  assessment	
  

(detection	
  bias)	
  
	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Incomplete	
  outcome	
  data	
  (attrition	
  

bias)	
  

	
  Not	
  reported.	
  

Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

Adverse	
  events	
  reported.	
  

Low  risk
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Unc lear  r is k

Unc lear  r is k

Low  risk



 

187 
 

Other	
  bias	
  
	
  

Not	
  stated.	
  

	
  

Kobacas,	
  2002	
  	
  	
  

Methods	
   RCT	
  

Participants	
   40	
  ASA	
  I	
  or	
  II	
  children	
  admitted	
  for	
  elective	
  surgery.	
  

Exclusion	
  criteria:	
  cardiac,	
  renal,	
  hepatic,	
  metabolic	
  or	
  

muscular	
  disorders.	
  

Interventions	
   Propofol	
  6-­‐12	
  mg/kg/hr	
  for	
  66	
  minutes;	
  Comparison	
  -­‐	
  

Nitrous	
  oxide	
  67%	
  

Outcomes	
   Intubation	
  score.	
  

Notes	
   Written	
  in	
  Turkish.	
  No	
  adverse	
  events	
  reported.	
  

Risk	
  of	
  bias	
  table	
   	
  	
  

Bias	
  
Authors'	
  

judgement	
  
Support	
  for	
  judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  

	
  Not	
  reported.	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  
	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  
	
  Not	
  reported.	
  Not	
  likely	
  done.	
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Blinding	
  of	
  outcome	
  assessment	
  

(detection	
  bias)	
  

	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Incomplete	
  outcome	
  data	
  (attrition	
  

bias)	
  
	
  Not	
  reported.	
  

Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

No	
  adverse	
  events	
  reported,	
  not	
  sure	
  

if	
  they	
  were	
  measured.	
  

Other	
  bias	
  
	
  

Not	
  stated.	
  

	
  

Larson,	
  1992	
  	
  	
  

Methods	
   RCT	
  

Participants	
   44	
  children	
  aged	
  1.5	
  -­‐	
  14	
  years,	
  ASA	
  I	
  &	
  II	
  and	
  admitted	
  

for	
  strabismus	
  surgery.	
  

Interventions	
   Propofol	
  5-­‐12	
  mg/kg/hr	
  for	
  an	
  average	
  of	
  82	
  minutes;	
  

Comparison	
  -­‐	
  Thiopental	
  for	
  induction	
  (4-­‐6	
  mg/kg)	
  and	
  

Halothane	
  for	
  maintainence	
  (0.5%-­‐1.5%)	
  for	
  an	
  average	
  

of	
  96	
  minutes.	
  

Outcomes	
   Vomiting	
  

Degree	
  of	
  sedation	
  

Apprehension	
  

Postoperative	
  pain	
  

Notes	
   Bradycardia	
  requiring	
  intervention	
  (intervention	
  not	
  

defined):	
  Propofol	
  4	
  /	
  Comparison	
  1	
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Risk	
  of	
  bias	
  table	
   	
  	
  

Bias	
  
Authors'	
  

judgement	
  
Support	
  for	
  judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  
	
  Not	
  reported.	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  
	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  

	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Blinding	
  of	
  outcome	
  assessment	
  

(detection	
  bias)	
  

	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Incomplete	
  outcome	
  data	
  (attrition	
  

bias)	
  
	
  Not	
  reported.	
  

Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

Intervention	
  required	
  for	
  treatment	
  

of	
  bradycardia	
  was	
  not	
  reported.	
  

Other	
  bias	
  
	
  

Not	
  stated.	
  

LeBlanc,	
  2000	
  	
  	
  

Methods	
   RCT	
  

Participants	
   24	
  paediatric	
  patients	
  (<	
  16	
  yoa)	
  admitted	
  for	
  cardiac	
  

bypass	
  surgery	
  for	
  congenital	
  heart	
  defect.	
  Excluded:	
  

History	
  of	
  seizures	
  and	
  down	
  syndrom	
  chilren.	
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Interventions	
   Propofol	
  (n=11)	
  for	
  50-­‐350	
  mcg/kg/min,	
  duration	
  

average	
  78	
  minutes	
  prior	
  to	
  cooling	
  to	
  eliminate	
  

electrical	
  activity	
  versus	
  control	
  (n=13)	
  without	
  any	
  

additional	
  intervention.	
  

Outcomes	
   Near	
  infrared	
  spectroscopy	
  data	
  and	
  changes	
  in	
  

cytochrome	
  aa3.	
  

Notes	
   Minimal	
  clinical	
  data	
  presented.	
  

Risk	
  of	
  bias	
  table	
   	
  	
  

Bias	
  
Authors'	
  

judgement	
  
Support	
  for	
  judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  

	
  Not	
  reported.	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  

	
  Not	
  reported.	
  

Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  
	
  

Single	
  blinded.	
  Anesthesiologist	
  not	
  

blinded.	
  

Blinding	
  of	
  outcome	
  assessment	
  

(detection	
  bias)	
  
	
  Not	
  reported.	
  

Incomplete	
  outcome	
  data	
  (attrition	
  

bias)	
  

	
  Not	
  reported.	
  

Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

Not	
  reported	
  

Unc lear  r is k

Unc lear  r is k

Low  risk
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Other	
  bias	
  
	
  

Not	
  stated	
  

Lebovic,	
  1992	
  	
  	
  

Methods	
   RCT	
  

Participants	
   20	
  children	
  aged	
  7	
  mo	
  -­‐	
  6	
  yrs,	
  ASA	
  II	
  &	
  III,	
  scheduled	
  for	
  

elective	
  cardiac	
  catheterization	
  for	
  evaluation	
  of	
  

congenital	
  heart	
  disease.	
  Exclusion	
  criteria:	
  Patients	
  

requiring	
  mechanical	
  ventilation	
  or	
  intravenous	
  inotropic	
  

support.	
  

Interventions	
   Propofol	
  (n=10)	
  10	
  mg/kg/hr	
  for	
  108	
  minutes;	
  

Comparison	
  -­‐	
  Ketamine	
  (n=10)	
  2	
  mg/kg/hr.	
  

Outcomes	
   Hemodynamic	
  effects	
  

Recovery	
  times	
  

Arterial	
  blood	
  gases	
  

Notes	
   Arterial	
  desaturation	
  at	
  induction:	
  Propofol	
  4/0	
  control	
  

HR	
  decrease	
  >20%	
  compared	
  to	
  baseline:	
  Propofol	
  4	
  /	
  

Comparison	
  0	
  

MAP	
  decrease	
  >20%	
  compared	
  w/	
  baseline:	
  Propofol	
  7	
  /	
  

Comparison	
  1	
  

SPO2	
  decrease	
  >	
  5	
  compared	
  w/	
  baseline:	
  Propofol	
  4	
  /	
  

Comparison	
  0	
  

Risk	
  of	
  bias	
  table	
   	
  	
  

Bias	
  
Authors'	
  

judgement	
  
Support	
  for	
  judgement	
  

Unc lear  r is k
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Random	
  sequence	
  generation	
  

(selection	
  bias)	
  

	
  Not	
  reported.	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  
	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  
	
  

The	
  investigators	
  were	
  not	
  blinded	
  

during	
  the	
  procedure.	
  

Blinding	
  of	
  outcome	
  assessment	
  

(detection	
  bias)	
  

	
  

Independent	
  blinded	
  observer	
  

determined	
  postanaesthesia	
  recovery	
  

scores.	
  

Incomplete	
  outcome	
  data	
  (attrition	
  

bias)	
  
	
  Not	
  reported.	
  

Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

Overall	
  AEs	
  were	
  reported.	
  

Other	
  bias	
  
	
  

Not	
  stated.	
  

	
  

Martin,	
  1993	
  	
  	
  

Methods	
   RCT	
  

Participants	
   156	
  children	
  admitted	
  for	
  short	
  surgical	
  procedures	
  

(strabismus	
  surgery,	
  tonsillectomy,	
  herniorrhaphy,	
  

orchiopexy)	
  age	
  1	
  -­‐	
  7.	
  Exclusion	
  criteria:	
  Known	
  allergy	
  to	
  

study	
  drugs.	
  

Interventions	
   Propofol	
  (n=75)	
  50-­‐400	
  mcg/kg/min	
  for	
  an	
  average	
  of	
  67	
  

minutes;	
  Comparison	
  NO	
  70%,	
  halothane	
  0.5%	
  and	
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isoflurane	
  (n=68)	
  for	
  an	
  average	
  of	
  67	
  minutes.	
  

Outcomes	
   Vomiting	
  and	
  airway	
  obstruction	
  

Time	
  intervals	
  throughout	
  surgical	
  procedures	
  

Vital	
  signs	
  

Notes	
   Both	
  the	
  systolic	
  and	
  diastolic	
  components	
  of	
  the	
  blood	
  

pressure	
  were	
  lower	
  in	
  the	
  inhalation	
  group	
  than	
  in	
  the	
  

propofol	
  group	
  (p<0.01).	
  

Airway	
  obstruction	
  with	
  jaw	
  trust	
  or	
  CPAP	
  needed:	
  

Propofol	
  5	
  /	
  Comparison	
  14;	
  

Airway	
  obstruction	
  with	
  oropharyngeal	
  airway	
  needed:	
  

Propofol	
  2	
  /	
  Comparison	
  7;	
  

Laryngospasm:	
  Propofol	
  0	
  /	
  Comparison	
  2;	
  

Vomiting	
  episodes:	
  Propofol	
  23	
  /	
  Comparison	
  45	
  

Risk	
  of	
  bias	
  table	
   	
  	
  

Bias	
  
Authors'	
  

judgement	
  
Support	
  for	
  judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  

	
  Random	
  numbers	
  table	
  was	
  used.	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  

	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  
	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Low  risk

Unc lear  r is k
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Blinding	
  of	
  outcome	
  assessment	
  

(detection	
  bias)	
  

	
  

A	
  trained	
  research	
  assistant	
  blinded	
  

to	
  the	
  anesthetic	
  used	
  counted	
  these	
  

events	
  in	
  the	
  PACU	
  and	
  in	
  the	
  Day	
  

Surgery	
  Unit	
  (DSU).	
  

Incomplete	
  outcome	
  data	
  (attrition	
  

bias)	
  
	
  

Thirteen	
  patients	
  were	
  excluded	
  from	
  

analysis	
  because	
  the	
  protocol	
  was	
  not	
  

followed.	
  Data	
  of	
  10	
  patients	
  were	
  

not	
  collected	
  by	
  the	
  research	
  

assistant	
  due	
  to	
  the	
  late	
  hour	
  of	
  the	
  

completion	
  of	
  the	
  operative	
  

procedures.	
  

Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

Serious	
  AEs	
  were	
  assessed.	
  

Other	
  bias	
  
	
  

Not	
  stated.	
  

	
  

Mironov,	
  2012	
  	
  	
  

Methods	
   RCT	
  

Participants	
   72	
  children	
  undergoing	
  cochlear	
  implantation	
  

Interventions	
   Propofol	
  4.9	
  mg/kg/hr	
  over	
  239	
  minutes;	
  Comparison-­‐	
  

Sevoflurane	
  

Outcomes	
   Hemodynamic	
  changes	
  

Notes	
   Written	
  in	
  Russian.	
  

HR	
  was	
  lower	
  in	
  propofol	
  group	
  (p<0.05);	
  

Emergence	
  agiattion	
  (treated	
  with	
  midazolan):	
  Propofol	
  

Low  risk

High r is k

Low  risk
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8	
  

Risk	
  of	
  bias	
  table	
   	
  	
  

Bias	
  
Authors'	
  

judgement	
  
Support	
  for	
  judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  

	
  Used	
  sealed	
  envelopes.	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  
	
  Used	
  sealed	
  envelopes.	
  

Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  
	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Blinding	
  of	
  outcome	
  assessment	
  

(detection	
  bias)	
  

	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Incomplete	
  outcome	
  data	
  (attrition	
  

bias)	
  

	
  Not	
  reported.	
  

Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

Some	
  AEs	
  reported.	
  

Other	
  bias	
  
	
  

Not	
  stated.	
  

	
  

	
  Pedersen,	
  2013	
  	
  	
  

Methods	
   RCT	
  

Participants	
   120	
  children	
  aged	
  1-­‐10	
  yoa,	
  scheduled	
  for	
  an	
  MRI	
  scan	
  

with	
  an	
  ASA	
  I	
  or	
  II.	
  Exclusion	
  criteria:	
  allergy	
  to	
  any	
  of	
  the	
  

Low  risk

Low  risk

High r is k

High r is k

Unc lear  r is k

Unc lear  r is k

Unc lear  r is k
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study	
  drugs,	
  if	
  any	
  procedure	
  other	
  than	
  MRI	
  were	
  

performed,	
  unexplained	
  fever,	
  potential	
  for	
  airway	
  

problems.	
  

Interventions	
   Propofol	
  (n=60)	
  56	
  mcg/kg/min	
  with	
  nasal	
  cannulas	
  for	
  

an	
  average	
  of	
  60	
  minutes;	
  Comparison-­‐	
  Sevoflurane	
  

(n=60)	
  and	
  laryngeal	
  mask	
  airway	
  

Outcomes	
   Emergence	
  agitation,	
  parental	
  satisfaction,	
  and	
  

operation	
  times	
  

Notes	
   Respiratory	
  rate	
  <	
  10	
  beats/min:	
  Propofol	
  5	
  /	
  

Comparison	
  0;	
  

Desaturation	
  to	
  84%:	
  Propofol	
  1	
  /	
  Comparison	
  0;	
  

Higher	
  agitation	
  score	
  in	
  comparision	
  group	
  (p=0.026).	
  

Risk	
  of	
  bias	
  table	
   	
  	
  

Bias	
  
Authors'	
  

judgement	
  
Support	
  for	
  judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  
	
  

The	
  randomisation	
  assignments	
  were	
  

generated	
  by	
  a	
  computer.	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  
	
  

The	
  specially	
  marked	
  opaque	
  

envelopes	
  were	
  closed	
  and	
  

consecutively	
  numbered	
  

by	
  staff	
  not	
  involved	
  in	
  the	
  study.	
  

Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  

	
  

The	
  envelopes	
  were	
  not	
  opened	
  until	
  

the	
  anaesthesia	
  was	
  induced.	
  

Low  risk

Low  risk

Low  risk
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Blinding	
  of	
  outcome	
  assessment	
  

(detection	
  bias)	
  

	
  

The	
  envelopes	
  were	
  not	
  opened	
  until	
  

the	
  anaesthesia	
  was	
  induced.	
  After	
  

the	
  anaesthesia,	
  the	
  anaesthetic	
  

record	
  was	
  placed	
  in	
  the	
  envelope,	
  

which	
  again	
  was	
  sealed.	
  Thus,	
  the	
  

staff	
  in	
  the	
  recovery	
  room	
  and	
  in	
  the	
  

children’s	
  ward,	
  as	
  well	
  as	
  the	
  parents	
  

were	
  blinded	
  to	
  the	
  choice	
  of	
  

anaesthesia.	
  

Incomplete	
  outcome	
  data	
  (attrition	
  

bias)	
  

	
  

'No	
  children	
  were	
  excluded.'	
  Flow	
  

chart	
  documents	
  no	
  lost	
  to	
  F/U.	
  

Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

Serious	
  adverse	
  events	
  were	
  

reported.	
  

Other	
  bias	
  
	
  

Not	
  stated.	
  

Peeters,	
  2006	
  	
  	
  

Methods	
   RCT	
  

Participants	
   44	
  pediatric	
  patients	
  admitted	
  for	
  cranial	
  facial	
  surgery.	
  

Interventions	
   Propofol	
  sedation	
  2-­‐4	
  mg/kg/hr	
  or	
  midazolam	
  titrated	
  to	
  

a	
  COMFORT	
  score	
  >17	
  

Outcomes	
   Developement	
  of	
  a	
  pharmacokinetic	
  and	
  

pharmacodynamic	
  model.	
  

Notes	
   Minimal	
  clinical	
  information	
  provided	
  as	
  it	
  is	
  a	
  

pharmacodynamic	
  study.	
  

Low  risk

Low  risk

Low  risk

Unc lear  r is k
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Risk	
  of	
  bias	
  table	
   	
  	
  

Bias	
  
Authors'	
  

judgement	
  
Support	
  for	
  judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  
	
  Not	
  reported.	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  
	
  Not	
  reported.	
  

Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  

	
  Not	
  reported.	
  

Blinding	
  of	
  outcome	
  assessment	
  

(detection	
  bias)	
  

	
  Not	
  reported.	
  

Incomplete	
  outcome	
  data	
  (attrition	
  

bias)	
  
	
  Not	
  reported.	
  

Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

Not	
  reported.	
  

Other	
  bias	
  
	
  

Not	
  stated.	
  

	
  

Pershad,	
  2007	
  	
  	
  

Methods	
   RCT	
  

Participants	
   60	
  children	
  with	
  indication	
  for	
  a	
  brain	
  MRI.	
  Exclusion	
  

criterion:	
  ASA>3,	
  trauma	
  or	
  contra-­‐indication	
  to	
  study	
  

drugs.	
  

Unc lear  r is k

Unc lear  r is k

Unc lear  r is k

Unc lear  r is k

Unc lear  r is k

Unc lear  r is k

Unc lear  r is k
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Interventions	
   Propofol	
  7.6	
  mg/kg/hr	
  for	
  68	
  min;	
  Comparison	
  -­‐	
  

Pentobarbital	
  and	
  Midazolam	
  +	
  Fentanyl.	
  

Outcomes	
   Sedation	
  efficacy,	
  recovery	
  time,	
  adverse	
  events,	
  and	
  

patient	
  satisfaction.	
  

Notes	
   Reduced	
  BP	
  not	
  required	
  intervention:	
  Propofol	
  4	
  /	
  

Comparison	
  1;	
  

Respiratory	
  depression:	
  Propofol	
  4	
  (1	
  pt	
  need	
  bag/mask	
  

and	
  1	
  suctioning	
  and	
  repositioning)	
  /	
  Comparison	
  0;	
  

Emergence	
  agitation:	
  Propofol	
  0	
  /	
  Comparison	
  2	
  

Risk	
  of	
  bias	
  table	
   	
  	
  

Bias	
  
Authors'	
  

judgement	
  
Support	
  for	
  judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  

	
  Permuted	
  blocks	
  of	
  size	
  10.	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  
	
  Sealed	
  numbered	
  envelopes.	
  

Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  

	
  

The	
  sequence	
  was	
  concealed	
  from	
  the	
  

sedating	
  physician,	
  until	
  intervention	
  

was	
  assigned.	
  

Blinding	
  of	
  outcome	
  assessment	
  

(detection	
  bias)	
  
	
  

A	
  blinded	
  registered	
  nurse	
  evaluated	
  

discharge	
  readiness.	
  

Incomplete	
  outcome	
  data	
  (attrition	
  
	
  

8	
  patients	
  were	
  enrolled	
  and	
  refused	
  

Low  risk

Low  risk

Low  risk

Low  risk

Low  risk
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bias)	
   participation	
  prior	
  to	
  randomization.	
  

Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

Measured	
  adverse	
  events.	
  

Other	
  bias	
  
	
  

Not	
  stated.	
  

	
  	
  

	
  

Salvitano,	
  1997	
  	
  	
  

Methods	
   RCT	
  

Participants	
   60	
  children	
  admitted	
  for	
  an	
  elective	
  surgery	
  (not	
  

specified	
  what	
  kind	
  of	
  surgery);	
  Exclusion	
  criterion:	
  

patients	
  with	
  cardiac,	
  respiratory,	
  hepatic	
  or	
  renal	
  

problems;	
  patients	
  that	
  used	
  CNS	
  depressors	
  drugs;	
  

patients	
  with	
  allergy	
  to	
  the	
  study	
  drugs;	
  patient	
  whom	
  

received	
  alternative	
  anesthesic	
  regimen;	
  patients	
  with	
  

bleeding	
  superior	
  to	
  30%	
  of	
  the	
  total	
  circulant	
  volume;	
  

or	
  patient	
  with	
  prior	
  anesthestic	
  complications.	
  

Interventions	
   Propofol	
  90	
  mcg/kg/min	
  for	
  67	
  min;	
  Comparison-­‐	
  

Midazolam	
  infusion	
  408	
  mcg/kg/min.	
  

Outcomes	
   Compare	
  the	
  wake-­‐up	
  time	
  between	
  midazolam	
  and	
  

propofol	
  and	
  compare	
  hemodynamic	
  AEs	
  of	
  the	
  study	
  

drugs.	
  

Notes	
   Manuscript	
  written	
  in	
  Spanish.	
  

Not	
  clear	
  how	
  many	
  patients	
  in	
  each	
  group.	
  

Low  risk

Unc lear  r is k
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No	
  statistically	
  difference	
  between	
  in	
  HR	
  or	
  BP;	
  

Propofol	
  group	
  had:	
  apnea	
  for	
  >20	
  sec-­‐	
  44.8%	
  (numbers	
  

of	
  patients	
  not	
  provided);	
  

1	
  patient	
  had	
  rash;	
  

6.6%	
  of	
  patients	
  had	
  facial	
  itchiness.	
  

Risk	
  of	
  bias	
  table	
   	
  	
  

Bias	
  
Authors'	
  

judgement	
  
Support	
  for	
  judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  
	
  

Not	
  described	
  as	
  randomized.	
  Not	
  

likely	
  done.	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  
	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  

	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Blinding	
  of	
  outcome	
  assessment	
  

(detection	
  bias)	
  

	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Incomplete	
  outcome	
  data	
  (attrition	
  

bias)	
  
	
  

Number	
  of	
  participants	
  per	
  group,	
  not	
  

reported.	
  

Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

Not	
  reported	
  the	
  number	
  of	
  

participants	
  per	
  group.	
  

Other	
  bias	
  
	
  

Not	
  stated.	
  

High r is k

High r is k

High r is k

High r is k

High r is k

High r is k

Unc lear  r is k
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Schimidt,	
  2001	
  	
  	
  

Methods	
   RCT	
  

Participants	
   120	
  children	
  submitted	
  to	
  minor	
  lower	
  abdominal	
  

surgery;	
  Exclusion	
  criteria:	
  heart	
  disease,	
  allergies	
  to	
  

study	
  drugs,	
  preterm	
  delivery,	
  utilizing	
  opioids.	
  

Interventions	
   Propofol	
  7.5	
  mg/kg/hr	
  for	
  an	
  average	
  of	
  91	
  minutes;	
  

Comparison-­‐	
  Sevoflurane	
  (2.4%-­‐3.3%)	
  and	
  Remifentanil	
  

0.5	
  mcg/kg/min.	
  

Outcomes	
   Peri-­‐op	
  hemodynamics,	
  recovery	
  and	
  discharge	
  times,	
  

and	
  PONV.	
  

Notes	
   Manuscript	
  written	
  in	
  German.	
  

Described	
  as	
  number	
  of	
  events	
  not	
  patients:	
  

Hypotension	
  (change	
  of	
  20%	
  in	
  BP	
  form	
  baseline,	
  treated	
  

with	
  fluids	
  and	
  reduction	
  of	
  propofol	
  infusion):	
  Propofol	
  

48	
  /	
  Comparison	
  106;	
  

Bradycardia	
  (<100	
  bpm	
  if	
  <4	
  yo;	
  <80	
  bpm	
  if	
  4-­‐8	
  yo;	
  <60	
  

bpm	
  if	
  >	
  8	
  yo,	
  treated	
  with	
  atropine):	
  Propofol	
  110	
  /	
  

Comparison	
  32;	
  

Statiscaly	
  significant	
  more	
  hypotension	
  with	
  sevoflurane	
  

during	
  surgery	
  and	
  prior	
  to	
  extubation.	
  

Risk	
  of	
  bias	
  table	
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Bias	
  
Authors'	
  

judgement	
  
Support	
  for	
  judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  
	
  Not	
  reported.	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  
	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  

	
  Not	
  reported.Not	
  likely	
  done.	
  

Blinding	
  of	
  outcome	
  assessment	
  

(detection	
  bias)	
  

	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Incomplete	
  outcome	
  data	
  (attrition	
  

bias)	
  
	
  All	
  participants	
  completed	
  the	
  study.	
  

Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

Reported	
  number	
  of	
  events,	
  but	
  not	
  

number	
  of	
  patients.	
  Good	
  definition	
  

of	
  adverse	
  event.	
  

Other	
  bias	
  
	
  

Not	
  stated.	
  

	
  

Steinmetz,	
  2007	
  	
  	
  

Methods	
   RCT	
  

Participants	
   39	
  children	
  aged	
  1-­‐5	
  years	
  old,	
  undergoing	
  cleft	
  

lip/palate	
  surgery;	
  Exclusion	
  criteria:	
  predisposition	
  for	
  

malignant	
  hypertermia,	
  cerebral	
  disease,	
  previous	
  

Unc lear  r is k

Unc lear  r is k

Unc lear  r is k

Unc lear  r is k

Low  risk

Unc lear  r is k

Unc lear  r is k
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anesthesia	
  and	
  any	
  syndrome.	
  

Interventions	
   Propofol	
  (n=17)	
  7	
  mg/kg/hr	
  for	
  184	
  min	
  (also	
  received	
  

remifentanil);	
  Comparison	
  (n=22)-­‐	
  sevoflurane	
  and	
  

Fentanyl.	
  

Outcomes	
   hemodynamic	
  changes	
  

Notes	
   Groups	
  were	
  not	
  equal	
  in	
  size-­‐	
  reason	
  were	
  provided.	
  

Risk	
  of	
  bias	
  table	
   	
  	
  

Bias	
  
Authors'	
  

judgement	
  
Support	
  for	
  judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  
	
  

The	
  randomization	
  was	
  computer-­‐

generated	
  (program	
  developed	
  by	
  

Eindhoven	
  University	
  of	
  Technology).	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  

	
  

The	
  allocation	
  sequence	
  was	
  not	
  

known	
  in	
  advance	
  

Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  
	
  

No	
  report	
  of	
  anesthesia	
  personal	
  as	
  

blinded.	
  Not	
  likely	
  done.	
  

Blinding	
  of	
  outcome	
  assessment	
  

(detection	
  bias)	
  

	
  

Postoperative	
  caretakers	
  were	
  

blinded	
  to	
  the	
  type	
  of	
  anesthesia	
  and	
  

the	
  anesthesia	
  record	
  was	
  kept	
  in	
  a	
  

closed	
  envelope,	
  deposited	
  in	
  the	
  

patient’s	
  record	
  and	
  this	
  remained	
  

closed	
  until	
  the	
  infant	
  was	
  discharged	
  

from	
  hospital.	
  

Low  risk

Low  risk

High r is k

Low  risk



 

205 
 

Incomplete	
  outcome	
  data	
  (attrition	
  

bias)	
  

	
  

It	
  states	
  no	
  patients	
  were	
  lost	
  to	
  

followup	
  and	
  only	
  one	
  did	
  not	
  receive	
  

the	
  IV	
  intervention	
  due	
  to	
  lack	
  of	
  IV	
  

access.	
  

Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

AEs	
  were	
  reported.	
  

Other	
  bias	
  
	
  

Not	
  stated.	
  

Uezono,	
  2000	
  	
  	
  

Methods	
   RCT	
  -­‐	
  crossover	
  study	
  

Participants	
   18	
  children	
  seen	
  for	
  eye	
  examination	
  due	
  to	
  

retinoblastoma.	
  Exclusion	
  criterion:	
  neurological	
  

disorder	
  and	
  radiation	
  therapy	
  requiring	
  sedation.	
  

Interventions	
   Propofol	
  100-­‐400	
  mcg/kg/min	
  for	
  over	
  60	
  minutes;	
  

Comparison:	
  Sevoflurane	
  2-­‐4%	
  

Outcomes	
   Emergence	
  agitation;	
  parental	
  satisfaction;	
  operation	
  

times	
  

Notes	
   2	
  drop	
  outs	
  had	
  second	
  examination	
  longer	
  than	
  6	
  

months	
  after	
  the	
  first.	
  

Emergence	
  agitation:	
  Propofol	
  0	
  /	
  Comparison	
  6;	
  

Vomit:	
  Propofol	
  0	
  /	
  Comparison	
  2.	
  

Risk	
  of	
  bias	
  table	
   	
  	
  

Bias	
   Authors'	
   Support	
  for	
  judgement	
  

Low  risk

Unc lear  r is k

Unc lear  r is k



 

206 
 

judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  

	
  Not	
  reported	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  

	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  
	
  

Anesthesiologist	
  giving	
  intervention	
  

was	
  not	
  blinded.	
  

Blinding	
  of	
  outcome	
  assessment	
  

(detection	
  bias)	
  
	
  

Blinded,	
  independent	
  anesthesiologist	
  

evaluated	
  the	
  recovery	
  from	
  

anesthetics.	
  

Incomplete	
  outcome	
  data	
  (attrition	
  

bias)	
  
	
  

2	
  drop	
  outs,	
  reasons	
  provided.	
  Not	
  

analysed.	
  

Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

No	
  serious	
  events	
  reported	
  (as	
  

present	
  or	
  not).	
  

Other	
  bias	
  
	
  

Not	
  stated.	
  

	
  

Weir,	
  1993	
  	
  	
  

Methods	
   RCT	
  

Participants	
   78	
  children	
  admitted	
  for	
  strabismus	
  surgery.	
  

Interventions	
   Propofol	
  150-­‐200	
  mcg/kg/min	
  for	
  an	
  average	
  of	
  90	
  

minutes;	
  Comparison-­‐	
  Halothane	
  0.5%-­‐1%.	
  

Unc lear  r is k

Unc lear  r is k

High r is k

Low  risk

Unc lear  r is k

High r is k

Unc lear  r is k
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Outcomes	
   post	
  operatory	
  emesis	
  

Notes	
   Vomiting:	
  Propofol	
  16	
  /	
  Comparisonl	
  25;	
  

Nausea	
  +	
  vomiting:	
  Propofol	
  17	
  /	
  Comparison	
  27;	
  

Opioid	
  use:	
  Propofol	
  18	
  /	
  Comparison	
  12	
  

Risk	
  of	
  bias	
  table	
   	
  	
  

Bias	
  
Authors'	
  

judgement	
  
Support	
  for	
  judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  
	
  Not	
  reported.	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  

	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  

	
  Not	
  reported.Not	
  likely	
  done.	
  

Blinding	
  of	
  outcome	
  assessment	
  

(detection	
  bias)	
  
	
  

Incidence	
  of	
  nausea,	
  retching,	
  or	
  

vomiting	
  were	
  recorded	
  by	
  a	
  blinded	
  

observer.	
  

Incomplete	
  outcome	
  data	
  (attrition	
  

bias)	
  

	
  Not	
  reported.	
  

Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

Minimal	
  report	
  of	
  adverse	
  events,	
  

only	
  limited	
  to	
  nausea	
  /	
  vomiting.	
  

Other	
  bias	
  
	
  

Not	
  stated.	
  

	
  

Unc lear  r is k

Unc lear  r is k

Unc lear  r is k

Low  risk

Unc lear  r is k

High r is k

Unc lear  r is k
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Woodward,	
  1997	
  	
  	
  

Methods	
   RCT.	
  

Participants	
   30	
  children	
  aged	
  4	
  to	
  14	
  years,	
  admitted	
  for	
  correction	
  

of	
  prominent	
  ears.	
  Exclusion	
  criteria:	
  seizure	
  disorder,	
  

allergy	
  to	
  propofol	
  or	
  eggs,	
  the	
  need	
  for	
  inhalation	
  

induction.	
  

Interventions	
   Propofol	
  6-­‐10	
  mg/kg/hr	
  for	
  an	
  average	
  of	
  73	
  minutes.	
  

Comparison:	
  Thiopentone	
  induction	
  at	
  5-­‐7	
  mg/kg	
  and	
  

Isoflurane	
  maitenance	
  at	
  1%-­‐2%.	
  

Outcomes	
   PONV	
  and	
  post	
  op	
  pain	
  

Notes	
   Funded	
  by	
  Astra-­‐Zeneca.	
  

Nausea:	
  Propofol	
  1	
  /	
  Comparison	
  8;	
  

Vomit:	
  Propofol	
  3	
  /	
  Comparison	
  10;	
  

High	
  pain	
  score:	
  Propofol	
  2	
  /	
  Comparison	
  3.	
  

Risk	
  of	
  bias	
  table	
   	
  	
  

Bias	
  
Authors'	
  

judgement	
  
Support	
  for	
  judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  

	
  Not	
  reported.	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  

	
  Not	
  reported.	
  

Unc lear  r is k

Unc lear  r is k
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Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  

	
  

Anesthesiologist	
  was	
  not	
  blinded.	
  

Patients	
  were	
  blinded.	
  

Blinding	
  of	
  outcome	
  assessment	
  

(detection	
  bias)	
  
	
  

Observers	
  were	
  blinded	
  to	
  the	
  

anaesthetic	
  technique.	
  

Incomplete	
  outcome	
  data	
  (attrition	
  

bias)	
  
	
  Not	
  reported.	
  

Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

No	
  other	
  AEs	
  were	
  measured	
  /	
  

reported	
  other	
  than	
  PONV	
  and	
  pain.	
  

Other	
  bias	
  
	
  

Not	
  stated.	
  

Xia,	
  2011	
  	
  	
  

Methods	
   RCT	
  

Participants	
   20	
  children,	
  aged	
  1	
  to	
  9	
  years	
  old	
  with	
  congenital	
  heart	
  

defects	
  admitted	
  for	
  bypass	
  surgery.	
  Exclusion	
  criteria:	
  

liver,	
  kidney	
  dysfunction,	
  inflammatory	
  or	
  hemostatic	
  

disease,	
  use	
  of	
  anti-­‐inflammatory/anti-­‐oxidant	
  drugs.	
  

Interventions	
   Propofol	
  15-­‐20	
  mg/kg/hr	
  for	
  an	
  average	
  of	
  71	
  minutes;	
  

Comparison	
  -­‐	
  Enflurane	
  0.25%-­‐2%	
  

Outcomes	
   IL6,	
  lactate,	
  CK	
  and	
  myocardial	
  immuno-­‐hystoligical	
  

changes.	
  

Notes	
  

	
  

Risk	
  of	
  bias	
  table	
   	
  	
  

Low  risk

Low  risk

Unc lear  r is k

High r is k

Unc lear  r is k
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Bias	
  
Authors'	
  

judgement	
  
Support	
  for	
  judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  
	
  Not	
  reported.	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  
	
  Not	
  reported.	
  Likely	
  not	
  done.	
  

Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  

	
  Not	
  reported.Likely	
  not	
  done.	
  

Blinding	
  of	
  outcome	
  assessment	
  

(detection	
  bias)	
  

	
  Not	
  reported.	
  Likely	
  not	
  done.	
  

Incomplete	
  outcome	
  data	
  (attrition	
  

bias)	
  
	
  Not	
  reported.	
  Likely	
  not	
  done.	
  

Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

No	
  serious	
  or	
  other	
  adverse	
  events	
  

reported.	
  

Other	
  bias	
  
	
  

Not	
  stated.	
  

Xia,	
  2011b	
  	
  	
  

Methods	
   RCT	
  

Participants	
   32	
  children	
  h	
  witcongenital	
  heart	
  defects	
  admitted	
  for	
  

bypass	
  surgery	
  for	
  TET,	
  TGA,SV,PS,	
  TA,	
  TAPVD,	
  PA;	
  

Exclusion	
  criteria:	
  liver,	
  kidney	
  dysfunction,	
  hemostatic	
  

disorders	
  inflammatory	
  disease,	
  use	
  of	
  anti-­‐

inflammatory-­‐oxidant	
  drugs.	
  

Unc lear  r is k

Unc lear  r is k

Unc lear  r is k

Unc lear  r is k

Unc lear  r is k

High r is k

Unc lear  r is k
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Interventions	
   Propofol	
  150	
  mch/kg/min	
  for	
  an	
  average	
  of	
  64	
  minutes;	
  

Comparison-­‐	
  Midrazolam	
  1	
  mcg/kg/min	
  and	
  fentanyl	
  

0.05	
  mcg/kg/min.	
  

Outcomes	
   IL6,	
  IL	
  8,SOD,	
  myocardial	
  immuno-­‐hystological	
  changes.	
  

Notes	
   No	
  other	
  AEs	
  reported.	
  

Risk	
  of	
  bias	
  table	
   	
  	
  

Bias	
  
Authors'	
  

judgement	
  
Support	
  for	
  judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  
	
  Not	
  reported.	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  

	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  

	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Blinding	
  of	
  outcome	
  assessment	
  

(detection	
  bias)	
  
	
  Not	
  reported.	
  Not	
  likely	
  done.	
  

Incomplete	
  outcome	
  data	
  (attrition	
  

bias)	
  

	
  Not	
  reported.	
  

Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

No	
  other	
  AEs	
  reported.	
  

Other	
  bias	
  
	
  

Not	
  stated.	
  

Yang,	
  2011	
  	
  	
  

Unc lear  r is k

Unc lear  r is k

Unc lear  r is k

Unc lear  r is k

Unc lear  r is k

High r is k

Unc lear  r is k
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Methods	
   Case	
  series	
  

Participants	
   30	
  patients	
  admitted	
  for	
  elective	
  surgery.	
  

Interventions	
   Propofol	
  with	
  target	
  blood	
  level	
  of	
  1-­‐4	
  mcg/ml,	
  dose	
  not	
  

provided;	
  duration	
  was	
  an	
  average	
  of	
  197	
  minutes.	
  

Outcomes	
   Not	
  stated	
  if	
  AEs	
  were	
  seen.	
  

Notes	
  

	
  

Risk	
  of	
  bias	
  table	
   	
  	
  

Bias	
  
Authors'	
  

judgement	
  
Support	
  for	
  judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  
	
  case	
  series	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  

	
  case	
  series	
  

Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  

	
  case	
  series	
  

Blinding	
  of	
  outcome	
  assessment	
  

(detection	
  bias)	
  
	
  case	
  series	
  

Incomplete	
  outcome	
  data	
  (attrition	
  

bias)	
  

	
  case	
  series	
  

Selective	
  reporting	
  (reporting	
  bias)	
  
	
  

case	
  series	
  

Unc lear  r is k

Unc lear  r is k

Unc lear  r is k

Unc lear  r is k

Unc lear  r is k

Unc lear  r is k
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Other	
  bias	
  
	
  

case	
  series	
  

Zou,	
  2007	
  	
  	
  

Methods	
   RCT	
  

Participants	
   32	
  patients	
  admitted	
  for	
  congenital	
  heart	
  defect	
  repair,	
  

3-­‐14	
  years	
  old.	
  

Interventions	
   Propofol	
  150	
  mcg/kg/min	
  and	
  comparison	
  propofol	
  

1mcg/kg/min	
  

Outcomes	
   to	
  measure	
  the	
  cardio	
  protective	
  effects	
  of	
  both	
  drugs.	
  

Notes	
   Written	
  in	
  Chinese.	
  

Risk	
  of	
  bias	
  table	
   	
  	
  

Bias	
  
Authors'	
  

judgement	
  
Support	
  for	
  judgement	
  

Random	
  sequence	
  generation	
  

(selection	
  bias)	
  

	
  Not	
  reported.	
  Likely	
  not	
  done.	
  

Allocation	
  concealment	
  (selection	
  

bias)	
  

	
  Not	
  reported.	
  Likely	
  not	
  done.	
  

Blinding	
  of	
  participants	
  and	
  personnel	
  

(performance	
  bias)	
  
	
  Not	
  reported.Likely	
  not	
  done.	
  

	
  

Unc lear  r is k

High r is k

High r is k

High r is k
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Table	
  8.	
  Excluded	
  Studies	
  

Anand	
  2001	
  	
  	
  

Reason	
  for	
  exclusion	
   It	
  does	
  not	
  fulfil	
  PRIS	
  criteria	
  used	
  in	
  this	
  review.	
  Possible	
  

reporting	
  early	
  signs	
  of	
  PRIS.	
  	
  

Anghelescu	
  2012	
  	
  	
  

Reason	
  for	
  exclusion	
   Use	
  of	
  propofol	
  infusion	
  in	
  palliative	
  cancer	
  patients,	
  

excluded	
  due	
  all	
  patients	
  experiencing	
  an	
  anticipated	
  

fatal	
  outcome.	
  

Bagshaw	
  1999	
  	
  	
  

Reason	
  for	
  exclusion	
   It	
  does	
  not	
  fulfil	
  PRIS	
  criteria	
  used	
  in	
  this	
  review.	
  Possible	
  

reporting	
  early	
  signs	
  of	
  PRIS.	
  

Bendiksen	
  1998	
  	
  	
  

Reason	
  for	
  exclusion	
   It	
  does	
  not	
  fulfil	
  PRIS	
  criteria	
  used	
  in	
  this	
  review.	
  Possible	
  

reporting	
  early	
  signs	
  of	
  PRIS	
  

Bustamante	
  2006	
  	
  	
  

Reason	
  for	
  exclusion	
   It	
  does	
  not	
  fulfil	
  PRIS	
  criteria	
  used	
  in	
  this	
  review.	
  Possible	
  

reporting	
  early	
  signs	
  of	
  PRIS.	
  

Casserly	
  2004	
  	
  	
  

Reason	
  for	
  exclusion	
   It	
  does	
  not	
  fulfil	
  PRIS	
  criteria	
  used	
  in	
  this	
  review.	
  Possible	
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reporting	
  early	
  signs	
  of	
  PRIS.	
  

Chevret	
  2008	
  	
  	
  

Reason	
  for	
  exclusion	
   It	
  does	
  not	
  fulfil	
  PRIS	
  criteria	
  used	
  in	
  this	
  review.	
  Possible	
  

reporting	
  early	
  signs	
  of	
  PRIS.	
  

Hooke	
  2007	
  	
  	
  

Reason	
  for	
  exclusion	
   Use	
  of	
  propofol	
  infusion	
  in	
  palliative	
  cancer	
  patients,	
  

excluded	
  due	
  all	
  patients	
  experiencing	
  an	
  anticipated	
  

fatal	
  outcome.	
  

Hussein	
  1999	
  	
  	
  

Reason	
  for	
  exclusion	
   It	
  does	
  not	
  fulfil	
  PRIS	
  criteria	
  used	
  in	
  this	
  review.	
  Possible	
  

reporting	
  early	
  signs	
  of	
  PRIS.	
  

Karaman	
  2012	
  	
  	
  

Reason	
  for	
  exclusion	
   It	
  does	
  not	
  fulfil	
  PRIS	
  criteria	
  used	
  in	
  this	
  review.	
  Possible	
  

reporting	
  early	
  signs	
  of	
  PRIS.	
  

Kassebaum	
  2008	
  	
  	
  

Reason	
  for	
  exclusion	
   It	
  does	
  not	
  fulfil	
  PRIS	
  criteria	
  used	
  in	
  this	
  review.	
  Possible	
  

reporting	
  early	
  signs	
  of	
  PRIS.	
  

Kill	
  2003	
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Reason	
  for	
  exclusion	
   It	
  does	
  not	
  fulfil	
  PRIS	
  criteria	
  used	
  in	
  this	
  review.	
  Possible	
  

reporting	
  early	
  signs	
  of	
  PRIS.	
  

KIRKPATRICK	
  1992	
  	
  	
  

Reason	
  for	
  exclusion	
   It	
  does	
  not	
  fulfil	
  PRIS	
  criteria	
  used	
  in	
  this	
  review.	
  Possible	
  

reporting	
  early	
  signs	
  of	
  PRIS.	
  

Koch	
  2004	
  	
  	
  

Reason	
  for	
  exclusion	
   It	
  does	
  not	
  fulfil	
  PRIS	
  criteria	
  used	
  in	
  this	
  review.	
  Possible	
  

reporting	
  early	
  signs	
  of	
  PRIS.	
  

LANIGAN	
  1992	
  	
  	
  

Reason	
  for	
  exclusion	
   It	
  does	
  not	
  fulfil	
  PRIS	
  criteria	
  used	
  in	
  this	
  review.	
  Possible	
  

reporting	
  early	
  signs	
  of	
  PRIS.	
  

Meyer	
  2010	
  	
  	
  

Reason	
  for	
  exclusion	
   It	
  does	
  not	
  fulfil	
  PRIS	
  criteria	
  used	
  in	
  this	
  review.	
  Possible	
  

reporting	
  early	
  signs	
  of	
  PRIS.	
  

Patermann	
  2004	
  	
  	
  

Reason	
  for	
  exclusion	
   It	
  does	
  not	
  fulfil	
  PRIS	
  criteria	
  used	
  in	
  this	
  review.	
  Possible	
  

reporting	
  early	
  signs	
  of	
  PRIS.	
  

Ting	
  2012	
  	
  	
  



 

217 
 

Reason	
  for	
  exclusion	
   It	
  does	
  not	
  fulfil	
  PRIS	
  criteria	
  used	
  in	
  this	
  review.	
  Possible	
  

reporting	
  early	
  signs	
  of	
  PRIS.	
  

Van	
  Meurs	
  2000	
  	
  	
  

Reason	
  for	
  exclusion	
   It	
  does	
  not	
  fulfil	
  PRIS	
  criteria	
  used	
  in	
  this	
  review.	
  Possible	
  

reporting	
  early	
  signs	
  of	
  PRIS.	
  

Van	
  Straaten	
  	
  	
  

Reason	
  for	
  exclusion	
   It	
  does	
  not	
  fulfil	
  PRIS	
  criteria	
  used	
  in	
  this	
  review.	
  Possible	
  

reporting	
  early	
  signs	
  of	
  PRIS.	
  

	
  

	
  

	
  

Table	
  9.Newcastle-­‐Ottawa	
  

	
  	
  

ROB	
  

Newcastle-­‐

Ottawa:	
  	
  

Selectio

n	
  1	
  

Selectio

n	
  2	
  

Selectio

n	
  3	
  	
  

Selectio

n	
  4	
  

Comparabilit

y	
  

Outcom

e	
  1	
  

Outcom

e	
  2	
  

Outcom

e	
  3	
  

Agudelo	
  

2011	
  

b	
  -­‐	
  *	
   a	
  -­‐	
  *	
   a	
  -­‐	
  *	
   a	
  -­‐	
  *	
   same	
  

population,	
  

just	
  different	
  

anesthesia-­‐	
  *	
  

a*	
   a	
  -­‐	
  *	
   a	
  -­‐*	
  

Amundsen,	
  b	
  -­‐	
  *	
   b	
   a	
  -­‐	
  *	
   a	
  -­‐	
  *	
   matched	
  by	
   b	
  -­‐	
  *	
   a	
  -­‐	
  *	
   b	
  -­‐	
  *	
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2005	
   age	
  -­‐	
  *	
  

Cray,	
  2001	
  a	
  -­‐	
  *	
   a	
  -­‐	
  *	
   a	
  -­‐	
  *	
   a	
  -­‐	
  *	
   matched	
  for	
  

age	
  and	
  

cardiac	
  lesion	
  

-­‐	
  **	
  

b	
  -­‐	
  *	
   a	
  -­‐	
  *	
   a	
  -­‐*	
  

Van	
  Gestel	
  

2005	
  

b	
  -­‐	
  *	
   a	
  -­‐	
  *	
   a	
  -­‐	
  *	
   a	
  -­‐	
  *	
   same	
  

population,	
  

just	
  different	
  

anesthesia-­‐	
  *	
  

a*	
   a	
  -­‐	
  *	
   a	
  -­‐*	
  

Kiringoda,	
  

2010	
  

a	
  -­‐	
  *	
   d	
   c	
   b	
   None	
   b	
  -­‐	
  *	
   a	
  -­‐	
  *	
   a	
  -­‐*	
  

Pepperman

,	
  1997	
  

a	
  -­‐	
  *	
   a	
  -­‐	
  *	
   a	
  -­‐	
  *	
   a	
  -­‐	
  *	
   attempted	
  to	
  

match	
  on	
  age,	
  

sex,	
  and	
  

weight	
  -­‐	
  **	
  

b	
  -­‐	
  *	
   a	
  -­‐	
  *	
   a	
  -­‐*	
  

Prins,	
  2005	
  b	
  -­‐	
  *	
   a	
  -­‐	
  *	
   a	
  -­‐	
  *	
   a	
  -­‐	
  *	
   same	
  

population,	
  

just	
  different	
  

anesthesia-­‐	
  *	
  

b	
  -­‐	
  *	
   a	
  -­‐	
  *	
   a	
  -­‐*	
  

	
  

Table	
  10.	
  Characteristics	
  of	
  included	
  Case	
  Series	
  

	
  	
  

Study	
  ID	
   #	
  patients	
  
Duration	
  of	
  

propofol	
  (min)	
  

propofol	
  dose	
  

(mg/kg/h)	
  

AE	
  reported	
  (please	
  report	
  the	
  

event)	
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Absalom,	
  2003	
  32	
  

60	
  to	
  360	
  min	
  

during	
  

procedure,	
  in	
  

PICU	
  patients	
  

received	
  2-­‐18	
  

hours	
  of	
  

propofol	
  

infusion-­‐	
  no	
  

exact	
  value	
  	
  

used	
  target	
  

control	
  infusion	
  

of	
  5mcg/ml,	
  

7	
  children	
  had	
  cardiac	
  

catheterization:	
  5	
  children	
  with	
  

pulmonary	
  hypertension	
  had	
  

LMA	
  inserted	
  and	
  two	
  required	
  

intubation,	
  all	
  patients	
  

undergoing	
  cardiac	
  surgery	
  

were	
  intubated.	
  No	
  AEs	
  

reported.	
  

Agzamkhodzha

ev,	
  2002	
  
40	
   118	
   15	
  

No	
  serious	
  AE.	
  Reported	
  

decreased	
  in	
  BP	
  but	
  responsive	
  

to	
  reduction	
  to	
  propofol	
  

infusion.	
  

Arosio,	
  1993	
   76	
   67	
   8.2	
  
1	
  patient	
  had	
  hypoventilation,	
  

no	
  interventions	
  reported.	
  

Ayala-­‐

Sandoval,	
  1991	
  
120	
   67	
   3.7-­‐	
  7	
   No	
  serious	
  events	
  reported.	
  

Blusse	
  Van,	
  

2008	
  
20	
   389	
  

not	
  provided	
  

(continous	
  

infusion	
  at	
  

discretion	
  of	
  

anesthesiologist)	
  

Not	
  stated.	
  

Chimdambarn,	
  

2013	
  
20	
   135	
   11.5	
  

Vital	
  signs	
  varied	
  20%	
  from	
  

baseline,	
  patients	
  had	
  increased	
  

sonolence	
  and	
  delayed	
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emergence.	
  

Cornfield,	
  2002	
  142	
  

median	
  16.5	
  

hours,	
  longest	
  

19	
  days	
  and	
  11.5	
  

hours.	
  

3	
  

10	
  had	
  evidence	
  of	
  metabolic	
  

acidosis;	
  only	
  3	
  had	
  acidosis	
  that	
  

persisted	
  longer	
  than	
  1	
  hour.	
  

The	
  acidosis	
  resolved	
  without	
  

discontinuation	
  of	
  propofol	
  or	
  

other	
  pharmacological	
  

intervention.	
  

Cox,	
  2011	
  

105	
  

infusions	
  

(13	
  used	
  

propofol)	
  

with	
  98	
  

patients	
  

median	
  439	
  

(185-­‐710)	
  
not	
  provided	
  

AEs	
  were	
  noted,	
  but	
  not	
  what	
  

anesthetic	
  technique	
  was	
  used	
  

for	
  the	
  patient	
  with	
  the	
  AE.	
  

Dipestraten,	
  

2012	
  
20	
   60	
   15-­‐21	
  

Pharmacokinetic	
  study,	
  Minimal	
  

clincal	
  information.	
  No	
  AEs	
  

reported.	
  

Englehart,	
  

2007	
  
18	
   70	
   18	
  

Pharmacokinetic	
  study.	
  

Reported	
  as	
  no	
  complications	
  

during	
  the	
  study	
  period.	
  

Englehart,	
  

2008	
  
17	
   70	
   18	
  

Pharmacokinetic	
  study,	
  Minimal	
  

clinical	
  information.	
  No	
  adverse	
  

events	
  reported.	
  It	
  reports	
  

blood	
  pressure	
  and	
  heart	
  rate	
  

but	
  no	
  AEs.	
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Ivani,	
  1991	
   16	
   172	
   9	
   None.	
  

Jelaskov,	
  2007	
  56	
   65	
   6	
  to	
  10	
  

None	
  reported.	
  Measured	
  heart	
  

rate	
  and	
  blood	
  pressure,	
  but	
  no	
  

statscaly	
  changed	
  and	
  no	
  report	
  

of	
  any	
  treatment	
  needed.	
  

Jelaskov,	
  2008	
  49	
   80	
   6	
  to	
  10	
  

	
  

Klockars,	
  2012	
  60	
  

108	
  (17-­‐288)	
  in	
  

children3	
  to	
  6	
  

yearsold;	
  74	
  (24-­‐

142)	
  in	
  7	
  to	
  11	
  

years	
  old;	
  72	
  

(21-­‐198)	
  in	
  12	
  to	
  

16	
  years	
  old.	
  

15.9	
  (aged	
  3-­‐6	
  

yearld	
  old	
  group	
  

and	
  for	
  the	
  6	
  to	
  

11	
  years	
  old	
  

group)	
  and	
  15.1	
  

in	
  the	
  older	
  

group	
  

Reports	
  use	
  of:	
  

(1)phenylephrine:	
  1	
  patient	
  (3	
  

times);	
  1	
  patient	
  (twice)	
  and	
  2	
  

patients	
  once;	
  Atropine:	
  1	
  

patient	
  twice;	
  vasoactive	
  drugs	
  

were	
  used	
  more	
  'commonly'	
  

during	
  burst	
  supressions.	
  

Knibbe,	
  2002	
  6	
   360	
   3	
   Not	
  stated.	
  

Kogan,	
  2003	
   45	
   85.5	
  (38-­‐161)	
   4	
  

4	
  patients	
  had	
  Heart	
  rate	
  and	
  5	
  

patients	
  had	
  mean	
  arterial	
  

pressure	
  change>20%	
  from	
  

baseline	
  in	
  4	
  and	
  transient	
  

reduction	
  in	
  oxygen	
  saturations	
  

in	
  3	
  patients	
  responsive	
  to	
  

oxygen	
  and	
  manual	
  assisted	
  

ventilation.	
  

Kogan,	
  2003	
   45	
   85.5	
   4	
  

1-­‐	
  Heartrate	
  decrease	
  >20%	
  

3-­‐	
  mean	
  arterial	
  pressure	
  

decrease	
  >20%	
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3-­‐	
  Oxygen	
  saturation	
  in	
  arterial	
  

blood	
  decrease	
  >5%	
  

Koriyama,	
  2014	
  

223	
  

infusions	
  

(w/	
  210	
  

patients)	
  

618	
   2.7	
  

4-­‐	
  Lipemic	
  plasma	
  

4-­‐	
  Mild	
  metabolic	
  acidosis	
  

12-­‐	
  low	
  blood	
  pressure	
  

4-­‐	
  Lactic	
  acidosis	
  

Krause,	
  2003	
   40	
   70	
   12	
   No	
  serious	
  AEs	
  reported.	
  

Levati,	
  1996	
   82	
   68	
   8.3	
  

8-­‐	
  Hypotension	
  (none	
  greater	
  

than	
  20%	
  from	
  baseline)	
  

3-­‐	
  EtCOs	
  increased	
  (2-­‐	
  

hypoventilation;	
  1-­‐	
  mild	
  airway	
  

obstruction)	
  

Maldine,	
  2006	
  147	
   98	
   10	
  
No	
  respiratory	
  or	
  cardiovascular	
  

complications	
  reported.	
  

Martin,	
  1997	
   9	
   2118	
   2.1	
   None.	
  

Murray,	
  2004	
  10	
   120	
   1-­‐4	
   Not	
  stated.	
  

Park,	
  2007	
   30	
   70	
  

Target	
  control	
  

infusion	
  3-­‐5	
  

mcg/ml	
  

Not	
  stated.	
  

Patel,	
  2009	
   210	
   75	
   8.5(1.5-­‐23.3)	
   No	
  serious	
  events	
  reported.	
  

Reed,	
  1996	
   30	
   240	
   2.5	
  

1	
  patient	
  had	
  an	
  acute	
  decrease	
  

in	
  blood	
  pressure	
  with	
  propofol	
  

and	
  was	
  removed	
  out	
  of	
  the	
  

study	
  and	
  two	
  other	
  Two	
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patients	
  experienced	
  an	
  acute	
  

decrease	
  in	
  blood	
  pressure	
  

which	
  resolved	
  without	
  

treatment.	
  

Rigby-­‐Jones,	
  

2002	
  
21	
   720	
  (270-­‐1680)	
  4	
  

1	
  patient	
  undergoing	
  a	
  Fontan	
  

operation	
  developed	
  

hypotension	
  and	
  metabolic	
  

acidosis	
  after	
  5	
  hours	
  of	
  

propofol	
  use	
  at	
  4	
  mg/kg/hr;	
  the	
  

metabolic	
  acidosis	
  was	
  present	
  

prior	
  to	
  propofol	
  initiation	
  and	
  it	
  

was	
  considered	
  due	
  poor	
  

cardiac	
  output.	
  Triglycerdies	
  

were	
  normal	
  and	
  the	
  

hypotension	
  and	
  acidosis	
  

improved	
  with	
  fluids	
  and	
  

inotropic	
  support;	
  

2	
  patients	
  required	
  reduction	
  in	
  

propofol	
  dose	
  due	
  to	
  low	
  blood	
  

pressure;	
  

Urea,	
  electrolytes,	
  liver	
  function	
  

and	
  triglycerides	
  were	
  

unchanged	
  from	
  baseline	
  in	
  all	
  

patients.	
  

Sepulveda,	
  

2011	
  
41	
   99	
   8	
   Not	
  stated.	
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Sheridan,	
  2003	
  11	
   480	
   3.6	
  (0.4-­‐8.1)	
   No	
  serious	
  AEs	
  reported.	
  

Srinivasan,	
  

2011	
  
1649	
   65	
   12	
  

49	
  airway	
  obstructions;	
  26	
  

desaturations	
  (<90%);	
  5	
  apneas,	
  

2	
  aspirations,	
  1	
  intubation;	
  4	
  

hypotension	
  (	
  change	
  more	
  than	
  

30mmHg)	
  needing	
  fluid.	
  

Svensson,	
  2012	
  955	
   780	
   2.9	
  

1	
  death	
  (patient	
  had	
  propofol	
  

infusion	
  for	
  10	
  hrs,	
  death	
  

occured	
  14	
  hours	
  after	
  propofol	
  

was	
  stopped	
  and	
  due	
  to	
  MOF).	
  

Teng,	
  2011	
   11	
   732	
  (180-­‐2160)	
  0.4-­‐5.6	
  

2	
  patients	
  with	
  pulmonary	
  

hypertension	
  with	
  desaturations	
  

needing	
  intervention	
  

1	
  patient	
  required	
  albumin	
  (not	
  

clear	
  if	
  it	
  was	
  due	
  to	
  

hypotension).	
  

No	
  evidence	
  of	
  PRIS.	
  

Ture,	
  2009	
   30	
   294	
  (280-­‐950)	
   7.5	
  (7.5	
  to	
  15)	
  

Statiscally	
  significant	
  increase	
  in	
  

liver	
  and	
  pancreatic	
  enzymes.	
  

Not	
  associated	
  with	
  metabolic	
  

acidosis	
  and	
  clinical	
  changes.	
  

Welzing,	
  2010	
  23	
   420	
  (4-­‐12	
  hours)	
  2.8	
  (2-­‐4)	
   No	
  serious	
  AEs	
  reported.	
  

Williams,	
  1999	
  31	
   60	
  (55-­‐65)	
   6	
  (3-­‐12)	
   Apnea	
  after	
  propofol	
  use,	
  

needed	
  intubation	
  due	
  to	
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worsening	
  on	
  pulmoanry	
  

hypertension.	
  

Yang,	
  2011	
   30	
   197	
  

not	
  provided.	
  

Target	
  blood	
  

level	
  of	
  1-­‐4	
  

mcg/ml.	
  

Not	
  stated.	
  

	
   	
   	
   	
   	
  	
   	
   	
   	
   	
  	
  

Table	
  11.	
  Characteristics	
  of	
  included	
  Case	
  Reports	
  of	
  PRIS	
  	
  

Study	
  ID	
  
Age	
  

(years)	
  
AE	
  reported	
  (please	
  report	
  the	
  event)	
   Outcome	
  

Barclay,	
  1992	
  1.7	
  

Patient	
  was	
  sedated	
  w/	
  chloral	
  hydrate	
  (400	
  mg	
  4	
  hourly)	
  

and	
  propofol	
  (5-­‐10	
  mg/kg/hr),	
  along	
  with	
  ampicillin	
  and	
  

chloramphenicol.	
  On	
  day	
  3,	
  patient's	
  serum	
  was	
  lipaemic	
  as	
  

she	
  had	
  developed	
  metabolic	
  acidosis,	
  associated	
  with	
  

bradycardic,	
  hypotensive,	
  and	
  oliguric.	
  The	
  chloral	
  hydrate	
  

was	
  stopped	
  on	
  day	
  3	
  and	
  the	
  propofol	
  infusion	
  was	
  

stopped	
  after	
  56	
  hours	
  (4980	
  mg).	
  She	
  was	
  given	
  adrenaline	
  

and	
  dobutamine;	
  however,	
  the	
  bradycardia	
  persisted.	
  

Veno-­‐venous	
  haemodiafiltration	
  was	
  started	
  which	
  reduced	
  

her	
  temperature	
  to	
  normal	
  within	
  2	
  hours,	
  but	
  the	
  

bradycardia	
  persisted.	
  Adrenaline	
  infusion	
  was	
  stopped	
  on	
  

day	
  5	
  and	
  she	
  continued	
  to	
  improve	
  through	
  day	
  6.	
  

Haemodiafiltration	
  was	
  stopped,	
  but	
  it	
  resulted	
  in	
  a	
  fever,	
  

acidosis,	
  and	
  oliguria,	
  which	
  caused	
  the	
  haemodiafiltration	
  

to	
  be	
  restarted.	
  Her	
  condition	
  steadily	
  improved	
  from	
  day	
  

17.	
  On	
  day	
  28,	
  propofol	
  was	
  used	
  as	
  an	
  induction	
  agent	
  for	
  

survived	
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the	
  insertion	
  of	
  a	
  tracheostomy	
  tube,	
  which	
  was	
  

uneventful.	
  She	
  went	
  home	
  on	
  day	
  54,	
  with	
  a	
  six	
  month	
  

evaluation	
  revealing	
  no	
  neurological	
  deficit.	
  

Bray,	
  1995	
   9	
  

Patient	
  was	
  first	
  sedated	
  with	
  midazolam	
  infusion	
  plus	
  

morphine,	
  which	
  was	
  replaced	
  with	
  propofol	
  and	
  fentanyl	
  

infusions.	
  These	
  were	
  stopped	
  on	
  the	
  4th	
  day.	
  That	
  evening	
  

he	
  was	
  tachypneic,	
  which	
  was	
  treated	
  with	
  2	
  boluses	
  of	
  

fentanyl	
  (total	
  250	
  mcg)	
  and	
  artificial	
  ventilation.	
  The	
  

medical	
  providers	
  then	
  noticed	
  T-­‐wave	
  inversion,	
  followed	
  

by	
  ventricular	
  complexes	
  widened,	
  50	
  mg	
  of	
  propofol	
  was	
  

given	
  and	
  the	
  infusion	
  restarted.	
  The	
  patient	
  heart	
  rate	
  

rapidly	
  decreased	
  from	
  100	
  to	
  55	
  beat/min	
  with	
  complete	
  

heart	
  block.	
  No	
  change	
  occurred	
  in	
  his	
  ventricular	
  rate	
  with	
  

atropine,	
  but	
  isoprenaline	
  increased	
  it	
  for	
  a	
  time.	
  He	
  

continued	
  deteriorating,	
  until	
  death.	
  The	
  post-­‐mortem	
  

report	
  stated	
  mild	
  micro	
  vesicular	
  steatosis	
  in	
  the	
  liver	
  and	
  

some	
  lymphocyte	
  infiltration	
  of	
  the	
  heart.	
  Propofol	
  average	
  

dose	
  was	
  4.5	
  mg/kg/hr	
  used	
  for	
  72	
  hours.	
  

death	
  

Cannon,	
  2001	
  13	
  

Patient	
  was	
  found	
  at	
  the	
  bottom	
  of	
  a	
  hill	
  unconscious	
  with	
  

gastric	
  content	
  around	
  her	
  face	
  with	
  a	
  palpable	
  pulse	
  and	
  

spontaneous	
  breathing.	
  Admitted	
  to	
  ICU	
  for	
  mechanical	
  

ventilation,	
  mannitol	
  therapy,	
  and	
  sedation	
  with	
  propofol	
  

100	
  mcg/kg/min.	
  Propofol	
  infusion	
  was	
  used	
  for	
  4	
  days.	
  The	
  

patient	
  failed	
  to	
  awaken	
  after	
  propofol	
  infusion	
  was	
  

discontinued.	
  A	
  transfer	
  to	
  a	
  PICU	
  occurred	
  and	
  profound	
  

non	
  lactate	
  metabolic	
  acidosis	
  was	
  found,	
  along	
  with	
  a	
  right	
  

frontal	
  and	
  temporal	
  contusion,	
  a	
  small	
  right	
  subdural	
  

hematoma,	
  and	
  a	
  right-­‐to-­‐left	
  midline	
  shift	
  of	
  3mm.	
  Patient	
  

death	
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was	
  treated	
  with	
  escalating	
  dosage	
  of	
  dopamine	
  and	
  

epinephrine,	
  intravascular	
  volume	
  support,	
  and	
  broad-­‐

spectrum	
  antibiotic	
  agents.	
  Despite	
  aggressive	
  efforts	
  

metabolic	
  acidosis	
  continued,	
  along	
  with	
  hypotension,	
  

leading	
  to	
  the	
  patient's	
  death.	
  

Cray,1998	
   0.8	
  

Infant	
  with	
  upper	
  respiratory	
  obstruction	
  secondary	
  to	
  an	
  

esophageal	
  foreign	
  body	
  who	
  required	
  tracheal	
  intubation	
  

and	
  mechanical	
  ventilation.	
  The	
  patient	
  received	
  a	
  propofol	
  

infusion	
  at	
  a	
  mean	
  rate	
  of	
  10	
  mg/kg/hr	
  for	
  50.5	
  hrs.	
  He	
  

developed	
  lipemia	
  and	
  green	
  urine	
  and	
  subsequently,	
  a	
  

progressive	
  severe	
  lactic	
  acidemia	
  and	
  brady	
  arrhythmias	
  

unresponsive	
  to	
  conventional	
  treatment.	
  These	
  

abnormalities	
  resolved	
  with	
  CVVH.	
  He	
  was	
  encephalopathic	
  

and	
  developed	
  liver	
  and	
  muscle	
  necrosis	
  histologically	
  

compatible	
  with	
  a	
  toxic	
  insult.	
  Examination	
  of	
  homogenized	
  

muscle	
  tissue	
  demonstrated	
  a	
  reduction	
  in	
  cytochrome	
  C	
  

oxidase	
  activity.	
  There	
  was	
  no	
  evidence	
  of	
  systemic	
  

infection	
  or	
  underlying	
  metabolic	
  disease.	
  He	
  eventually	
  

recovered	
  completely.	
  

survived	
  

Culp,	
  2004	
   13	
  

Patient	
  had	
  an	
  acute	
  intra	
  ventricular	
  hemorrhage,	
  which	
  

was	
  managed	
  with	
  a	
  ventriculo	
  peritoneal	
  shunt	
  with	
  a	
  full	
  

neurologic	
  recovery,	
  6	
  weeks	
  prior	
  to	
  patient	
  presentation.	
  

During	
  surgery,	
  considerable	
  bleeding	
  and	
  significant	
  brain	
  

edema	
  ensued,	
  thus	
  nitrous	
  oxide	
  was	
  discontinued,	
  the	
  

head	
  of	
  the	
  bed	
  was	
  elevated,	
  PCO2	
  of	
  30	
  mmHg	
  

maintained,	
  and	
  50	
  mcg/kg/min	
  propofol	
  was	
  infused.	
  Due	
  

to	
  severe	
  bleeding	
  the	
  resection	
  was	
  abandoned	
  with	
  a	
  

total	
  operative	
  time	
  of	
  17	
  hours.	
  Patient	
  was	
  admitted	
  to	
  

survived	
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neurosurgical	
  ICU	
  with	
  elevation	
  of	
  the	
  head	
  of	
  the	
  

patient's	
  bed;	
  sedation	
  with	
  a	
  propofol	
  infusion	
  titrated	
  

between	
  100-­‐190	
  mcg/kg/min;	
  mechanical	
  ventilation;	
  

maintenance	
  of	
  a	
  normal	
  mean	
  arterial	
  blood	
  pressure	
  of	
  

55-­‐65	
  mm	
  Hg.	
  Hemodynamically	
  unstable	
  polymorphic	
  

ventricular	
  tachycardia	
  develop	
  74	
  hours	
  after	
  surgery,	
  

which	
  caused	
  the	
  stop	
  of	
  the	
  propofol	
  infusion.	
  Despite	
  

cardioversion,	
  lidocaine	
  and	
  amiodarone,	
  the	
  patient	
  

continued	
  to	
  deteriorate	
  and	
  cardiogenic	
  shock	
  ensued.	
  

Infusions	
  of	
  epinephrine	
  and	
  norepinephrine	
  were	
  started.	
  

Blood	
  chemistry	
  results	
  showed	
  severe	
  metabolic	
  acidosis.	
  

Mechanical	
  circulatory	
  support	
  was	
  started,	
  despite	
  the	
  

increased	
  risk	
  of	
  intracranial	
  bleeding	
  from	
  heparinization.	
  

Extracorporeal	
  circulation	
  with	
  membrane	
  oxygenation	
  was	
  

instituted	
  with	
  a	
  dialysis	
  filter.	
  Forty-­‐eight	
  hours	
  later	
  there	
  

was	
  improvement	
  with	
  native	
  cardiac	
  ejection	
  and	
  normal	
  

cardiac	
  rhythm.	
  He	
  was	
  discharged	
  to	
  a	
  rehabilitation	
  

facility	
  28	
  days	
  post-­‐operation.	
  

Da-­‐Silva,	
  2010	
  4.75	
  

Patient	
  was	
  seen	
  in	
  the	
  emergency	
  department	
  with	
  

persistent	
  vomiting	
  and	
  undocumented	
  fever.	
  While	
  in	
  the	
  

emergency	
  department,	
  she	
  had	
  an	
  initial	
  tonic-­‐clonic	
  

seizure	
  that	
  did	
  not	
  require	
  treatment.	
  

Meningoencephalitis	
  was	
  found	
  with	
  CT	
  and	
  lumbar	
  

puncture	
  and	
  treatment	
  with	
  cefotaxime,	
  vancomycin,	
  and	
  

acyclovir	
  was	
  started	
  with	
  a	
  transfer	
  to	
  the	
  PICU.	
  Because	
  

of	
  recurrent	
  seizure	
  activity,	
  phenytoin	
  and	
  levetiracetam	
  

was	
  started,	
  but	
  the	
  seizure	
  activity	
  continued	
  and	
  

phenobarbital	
  was	
  added.	
  A	
  0.05	
  mg/kg/hr	
  midazolam	
  drip	
  

survived	
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was	
  started	
  and	
  increased	
  to	
  0.7	
  mg/kg/hr,	
  but	
  burst	
  

suppression	
  was	
  not	
  achieved.	
  Midazolam	
  was	
  switched	
  to	
  

0.6	
  mg/kg/h	
  propofol	
  and	
  advanced	
  until	
  burst	
  suppression	
  

was	
  achieved.	
  This	
  was	
  achieved	
  and	
  maintained	
  with	
  

phenobarbital,	
  levetiracetam,	
  phenytoin,	
  and	
  15.6	
  mg/kg/h	
  

propofol	
  infusion.	
  After	
  24	
  hours,	
  propofol	
  weaning	
  was	
  

started.	
  The	
  following	
  day,	
  intermittent	
  episodes	
  of	
  non-­‐

sinus	
  bradycardia	
  started.	
  After	
  an	
  echocardiography,	
  

which	
  demonstrated	
  idioventricular	
  versus	
  junctional	
  

rhythm,	
  increased	
  QTc,	
  and	
  ventricular	
  escape,	
  PRIS	
  to	
  be	
  

suspected.	
  Propofol	
  was	
  stopped	
  and	
  20	
  ug/kg/min	
  of	
  

dopamine	
  and	
  0.75	
  mcg/kg/min	
  of	
  milrinone	
  were	
  started.	
  

Throughout	
  the	
  next	
  24	
  hours,	
  multiple	
  intermittent	
  

bradycardia	
  episodes	
  occurred,	
  which	
  responded	
  to	
  calcium	
  

gluconate	
  boluses.	
  Burst	
  suppression	
  was	
  maintained	
  after	
  

the	
  propofol	
  was	
  stopped.	
  Because	
  of	
  the	
  metabolic	
  

acidosis	
  and	
  elevated	
  CK	
  levels,	
  sodium	
  bicarbonate	
  drip	
  

was	
  started.	
  A	
  double-­‐lumen	
  dialysis	
  catheter	
  was	
  inserted	
  

along	
  with	
  a	
  manual	
  exchange	
  transfusion	
  with	
  600	
  mL	
  of	
  

packed	
  red	
  blood	
  cells.	
  Rhabdomyolisis	
  persisted	
  and	
  

creatine	
  kinase	
  (CK)	
  levels	
  increased.	
  Another	
  round	
  of	
  

exchange	
  transfusion	
  performed	
  with	
  300	
  mL	
  of	
  packed	
  red	
  

blood	
  cells	
  lead	
  the	
  CK	
  levels	
  to	
  increase	
  and	
  more	
  

haemodynamically	
  stable	
  over	
  the	
  following	
  24	
  hours.	
  He	
  

was	
  weaned	
  off	
  milrinone	
  and	
  dopamine	
  and	
  discharged	
  

from	
  the	
  hospital	
  after	
  significant	
  improvement	
  in	
  all	
  

affected	
  organ	
  systems.	
  

Guitton,	
  2010	
  17	
   Patient	
  suffered	
  3	
  generalized	
  tonic-­‐clonic	
  epileptic	
  seizures	
  survived	
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after	
  being	
  febrile	
  and	
  confused,	
  This	
  was	
  treated	
  with	
  10	
  

mg	
  diazepam	
  and	
  500	
  mg	
  phenobarbital.	
  This	
  stopped	
  the	
  

seizure	
  activity,	
  but	
  the	
  patient	
  remained	
  unconscious.	
  

Upon	
  admission	
  into	
  the	
  emergency	
  room,	
  patient	
  was	
  

treated	
  with	
  ceftriaxone	
  because	
  bacterial	
  meningitis	
  was	
  

suspected.	
  The	
  patient	
  was	
  intubated	
  with	
  etomidate	
  and	
  

suxamethonium,	
  ventilated	
  and	
  admitted	
  to	
  the	
  ICU,	
  where	
  

she	
  was	
  sedated	
  w/	
  10	
  mg/hr	
  of	
  midazolam	
  and	
  fentanyl.	
  

Propofol,	
  as	
  an	
  anticonvulsant	
  and	
  sedation	
  agent,	
  was	
  

added	
  to	
  prevent	
  seizure	
  activity	
  EEG	
  evidence.	
  During	
  the	
  

first	
  4	
  hours,	
  4	
  boluses	
  of	
  100	
  mg	
  of	
  propofol	
  was	
  

administered,	
  followed	
  by	
  7.8	
  mg/kg/hr	
  (400	
  mg/hr)	
  

propofol	
  to	
  suppress	
  burst	
  activity	
  on	
  the	
  EEG.	
  This	
  increase	
  

led	
  to	
  arterial	
  hypotension,	
  requiring	
  fluid	
  challenge	
  and	
  an	
  

infusion	
  of	
  0.3	
  mcg/kg/min	
  of	
  norepinephrine.	
  After	
  12	
  

hours	
  of	
  continuous	
  propofol	
  administration,	
  paroxysm	
  

activity	
  in	
  the	
  left	
  posterior	
  regions	
  were	
  revealed	
  on	
  EEG.	
  

This	
  required	
  an	
  increase	
  in	
  propofol	
  dose	
  to	
  450	
  mg/hr,	
  

along	
  with	
  the	
  start	
  of	
  200	
  mg/day	
  carbamazepine.	
  

Propofol	
  was	
  reduced	
  progressively	
  as	
  the	
  EEG	
  improved.	
  

At	
  hour	
  58,	
  patient	
  developed	
  severe	
  metabolic	
  acidosis.	
  

PRIS	
  was	
  suspected	
  and	
  propofol	
  was	
  stopped	
  immediately,	
  

replaced	
  with	
  thiopental	
  and	
  the	
  carbamazepine	
  was	
  

replaced	
  with	
  levatiracetam.	
  At	
  hour	
  78	
  the	
  left	
  ventricular	
  

function	
  was	
  gradually	
  decreasing	
  and	
  it	
  was	
  decided	
  to	
  

urgently	
  implement	
  rescue	
  circulatory	
  bypass	
  with	
  

arteriovenous	
  extracorporeal	
  membrane	
  oxygenation	
  

(ECMO).	
  This	
  was	
  complicated	
  by	
  cardio	
  circulatory	
  arrest	
  

with	
  refractory	
  ventricular	
  fibrillation	
  which	
  need	
  external	
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cardiac	
  massage	
  for	
  30	
  minutes.	
  Once	
  ECMO	
  was	
  started	
  

the	
  patient	
  improved	
  immediately	
  and	
  impressively.	
  

Epinephrine	
  was	
  infused	
  at	
  a	
  rate	
  of	
  2.7	
  mcg/kg/min	
  and	
  

stopped	
  24	
  hours	
  later.	
  ECMO	
  was	
  maintained	
  for	
  5	
  days.	
  

Eighteen	
  days	
  after	
  cardiac	
  arrest,	
  the	
  patient	
  awakened	
  

and	
  renal	
  dialysis	
  was	
  stopped	
  on	
  day	
  26.	
  Patient	
  was	
  

released	
  from	
  the	
  ICU	
  on	
  day	
  36	
  and	
  returned	
  home	
  at	
  2	
  

months.	
  She	
  returned	
  to	
  normal	
  life	
  with	
  a	
  left	
  foot	
  drop	
  at	
  

3	
  months.	
  Neurological	
  examination	
  was	
  found	
  to	
  be	
  

completely	
  normal	
  2	
  years	
  later.	
  

Hanna,	
  1998	
  

Case	
  1:	
  

17	
  

years;	
  

Patient	
  had	
  severe	
  neurological	
  delay	
  and	
  refractory	
  

epilepsy.	
  Admitted	
  due	
  to	
  persistent	
  status	
  epilepticus	
  

despite	
  use	
  of	
  phenytoin,	
  phenobarbital	
  and	
  

benzodiazepines.	
  Patient	
  was	
  intubated	
  with	
  80	
  mg	
  of	
  

propofol	
  and	
  initiated	
  an	
  infusion	
  of	
  propofol	
  at	
  10	
  

mg/kg/hr	
  and	
  titrated	
  from	
  7	
  to	
  14	
  mg/kg/hr	
  to	
  maintain	
  

burst	
  suppression.	
  Propofol	
  was	
  weaned	
  off	
  after	
  18	
  hours,	
  

but	
  seizures	
  re-­‐started	
  and	
  propofol	
  was	
  re-­‐initiated	
  

between	
  9	
  and	
  18	
  mg/kg/hr.	
  After	
  20	
  hours,	
  patient	
  

developed	
  hypotension,	
  needing	
  neosynephrine,	
  dopamine	
  

and	
  colloid.	
  Propofol	
  was	
  discontinued	
  after	
  44	
  hours	
  due	
  

to	
  worsening	
  hypoxia	
  despite	
  normal	
  chest	
  x-­‐ray	
  and	
  100%	
  

oxygen.	
  Urine	
  became	
  brown	
  and	
  metabolic	
  acidosis,	
  

hyperkalaemia	
  and	
  high	
  lactate	
  (19mmol/l).	
  Hypotension	
  

and	
  hypoxaemia,	
  refractory	
  to	
  treatment,	
  continued	
  and	
  

wide	
  complex	
  bradycardia	
  with	
  runs	
  of	
  asystole	
  resistant	
  to	
  

atropine,	
  calcium	
  and	
  bicarbonate	
  lead	
  to	
  a	
  full	
  cardiac	
  

arrest	
  not	
  responsive	
  to	
  reanimation.	
  Autopsy	
  revealed	
  

death	
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rhabdomyolysis	
  of	
  the	
  diaphragm	
  and	
  all	
  appendicular	
  

muscles.	
  Mild	
  acute	
  bronchopneumonia,	
  myoglobin	
  casts	
  in	
  

renal	
  tubules.	
  

Hanna,	
  1998	
  

Case	
  2:	
  

7	
  year	
  

old	
  

Patient	
  had	
  previous	
  diagnosis	
  of	
  rolandic	
  epilepsy	
  of	
  

childhood,	
  treated	
  with	
  carbamazepine,	
  phenobarbital,	
  

hydrocortisone	
  and	
  clonazepam,	
  along	
  with	
  a	
  ketogenic	
  

diet.	
  Transferred	
  to	
  PICU	
  for	
  treatment	
  of	
  focal	
  motor	
  

epilepsy.	
  He	
  was	
  intubated	
  and	
  initiated	
  on	
  propofol	
  

infusion	
  at	
  2	
  mg/kg/hr	
  and	
  increased	
  to	
  11	
  mg/kg/hr	
  until	
  

clinical	
  seizures	
  ceased.	
  The	
  propofol	
  was	
  increased	
  over	
  48	
  

hours	
  to	
  27	
  mg/kg/hr,	
  but	
  seizures	
  continued.	
  His	
  urine	
  

became	
  tea-­‐coloured	
  and	
  tachycardia	
  and	
  oliguria	
  were	
  

present	
  after	
  50	
  hours	
  of	
  propofol	
  use.	
  Hypotension	
  started	
  

62	
  hours	
  after	
  propofol	
  initiation	
  and	
  propofol	
  was	
  stopped	
  

at	
  63	
  hours	
  of	
  infusion.	
  Patient	
  became	
  progressively	
  

acidotic	
  and	
  hypoxic.	
  Normal	
  chest	
  x-­‐ray.	
  Hypotension	
  

progressed	
  needing	
  dobutamine,	
  epinephrine	
  and	
  

phenylephrine.	
  Normal	
  cardiac	
  ECHO.	
  Initiated	
  dialysis	
  due	
  

to	
  anuria.	
  Patient	
  had	
  temp	
  39.5	
  degrees	
  Celsius,	
  lactate	
  

24.9	
  mmol/l,	
  and	
  creatine	
  kinase	
  (CK)	
  49,992	
  U/L.	
  Despite	
  

medical	
  therapy	
  he	
  developed	
  a	
  wide	
  complex	
  tachycardia,	
  

followed	
  by	
  bradycardia	
  and	
  asystole.	
  Patient	
  died	
  15	
  hours	
  

after	
  propofol	
  was	
  stopped.	
  Autopsy	
  revealed	
  

rhabdomyolysis	
  of	
  limb	
  muscles	
  and	
  myoglobin	
  casts	
  in	
  

renal	
  tubules.	
  

death	
  

Hein,	
  2004	
   2	
  

Patient	
  was	
  sedated	
  with	
  propofol	
  and	
  alfentanil	
  for	
  8	
  

hours	
  during	
  surgery.	
  Transferred	
  to	
  PICU	
  post	
  op	
  and	
  was	
  

stable	
  haemodynamically	
  and	
  neurologically.	
  Placed	
  on	
  

death	
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propofol	
  2%	
  dose	
  of	
  16mg/kg/h	
  for	
  22	
  hours.	
  Sedation	
  was	
  

stopped	
  and	
  patient	
  did	
  not	
  wake-­‐up,	
  had	
  pinpoint	
  pupils	
  

and	
  absent	
  reflexes.	
  Eleven	
  hours	
  after	
  sedation	
  was	
  

stopped	
  developed	
  SVT,	
  had	
  a	
  dark	
  urine,	
  acidosis	
  and	
  

lactate	
  increased	
  to	
  7.4mg/dl.	
  46	
  hours	
  post	
  surgery	
  had	
  a	
  

bradycardic	
  arrest	
  and	
  did	
  not	
  respond	
  to	
  reanimation.	
  

Holzki,	
  2002	
  3	
  

While	
  at	
  day	
  care	
  patient	
  became	
  unconscious,	
  required	
  

intubation,	
  possible	
  aspiration	
  identified	
  on	
  chest	
  x-­‐ray.	
  

Initiated	
  propofol	
  for	
  sedation	
  while	
  in	
  PICU,	
  dose	
  of	
  21.6	
  

mg/kg/hr.	
  After	
  11	
  hours	
  of	
  propofol,	
  patient	
  had	
  brady	
  

arrhythmia,	
  hypotension	
  and	
  lactate	
  increased	
  to	
  5.1	
  

mg/dl.	
  Propofol	
  was	
  stopped	
  for	
  11	
  hours	
  and	
  re-­‐started	
  at	
  

a	
  dose	
  of	
  4	
  mg/kg/hr.	
  In	
  8	
  hours	
  bradycardia	
  re-­‐occurred	
  

patient	
  initiated	
  on	
  catecholamine,	
  used	
  external	
  

pacemaker.	
  Cardiac	
  ECHO	
  showed	
  normal	
  myocardial	
  

function.	
  Lipemic	
  plasma,	
  liver	
  enlargement	
  and	
  metabolic	
  

acidosis	
  were	
  also	
  present.	
  Cardiac	
  arrest	
  occurred,	
  which	
  

lead	
  to	
  patient's	
  death.	
  Not	
  clear	
  when	
  propofol	
  was	
  

stopped	
  after	
  re-­‐initiation.	
  

death	
  

Holzki,	
  2004	
  3	
  

Patient	
  sedation	
  and	
  analgesia	
  was	
  provided	
  through	
  

propofol,	
  midazolam,	
  and	
  fentanyl.	
  An	
  infusion	
  of	
  20	
  mg/hr	
  

was	
  ordered,	
  an	
  infusion	
  of	
  20	
  mg/kg/hr	
  was	
  accidentally	
  

given.	
  After	
  15	
  hours	
  of	
  sedation,	
  the	
  patient	
  developed	
  a	
  

combined	
  respiratory	
  and	
  metabolic	
  acidosis	
  and	
  

bronchospasm.	
  This	
  resolved	
  with	
  mechanical	
  ventilation.	
  

The	
  accidental	
  propofol	
  infusion	
  dosage	
  was	
  realized	
  to	
  be	
  

too	
  high	
  and	
  the	
  infusion	
  was	
  stopped,	
  but	
  the	
  fentanyl	
  and	
  

midazolam	
  continued.	
  Thirteen	
  hours	
  after	
  the	
  propofol	
  

death	
  



 

234 
 

was	
  stopped,	
  the	
  child	
  was	
  awaken	
  and	
  fighting	
  the	
  

ventilator.	
  The	
  severe	
  aspiration	
  pneumonia	
  required	
  

mechanical	
  ventilation,	
  thus	
  1.25	
  mg/kg/hr	
  propofol	
  

infusion	
  was	
  started	
  for	
  sedation.	
  The	
  average	
  dose	
  was	
  4.2	
  

mg/kg/hr	
  over	
  the	
  next	
  8	
  hours.	
  At	
  the	
  eighth	
  hours,	
  

bradycardic	
  dysrhythmia,	
  ventricular	
  ectopic,	
  and	
  an	
  

incomplete	
  right	
  bundle-­‐branch	
  block	
  were	
  revealed	
  on	
  

ECG,	
  which	
  caused	
  the	
  propofol	
  infusion	
  to	
  be	
  stopped.	
  

Catecholamines	
  were	
  administrated.	
  Despite	
  attempts	
  to	
  

stabilize,	
  the	
  child	
  was	
  transferred	
  to	
  a	
  paediatric	
  

cardiology	
  department,	
  which	
  they	
  suspected	
  propofol	
  

intoxication.	
  An	
  external	
  cardiac	
  pacemaker	
  was	
  inserted	
  

and	
  the	
  catecholamine	
  infusion	
  was	
  increased.	
  The	
  

metabolic	
  acidosis	
  was	
  resistant	
  to	
  therapy	
  and	
  remained	
  

unchanged.	
  Fifteen	
  hours	
  after	
  the	
  second	
  propofol	
  

infusion	
  was	
  stopped	
  the	
  patient	
  had	
  a	
  cardiac	
  arrest.	
  

Resuscitation	
  was	
  carried	
  out	
  for	
  60	
  minutes	
  without	
  

success.	
  

Jorens,	
  2009	
  12	
  

Patient	
  received	
  a	
  continuous	
  infusion	
  of	
  propofol,	
  and	
  

continuous	
  administration	
  of	
  catecholamines	
  was	
  also	
  

necessary	
  to	
  obtain	
  acceptable	
  cerebral	
  perfusion	
  pressure.	
  

On	
  day	
  5,	
  a	
  sudden	
  nodal	
  bradyarrhythmia	
  with	
  coved-­‐type	
  

ST-­‐segment	
  elevation	
  in	
  the	
  right	
  precordial	
  leads	
  was	
  

observed,	
  along	
  with:	
  Rhabdomyolisis	
  (creatine	
  kinase	
  

863,000	
  IU/L),	
  elevated	
  cardiac	
  troponin	
  levels,	
  lactic	
  

acidosis,	
  and	
  lipemic	
  serum	
  with	
  a	
  triglyceride	
  level	
  of	
  591	
  

ng/ml.	
  The	
  administration	
  of	
  bicarbonate	
  and	
  dialysis	
  did	
  

not	
  improved	
  the	
  cardiovascular	
  instability	
  nor	
  the	
  rapidly	
  

death	
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evolving	
  ventricular	
  arrhythmias.	
  The	
  patient	
  was	
  receiving	
  

continuous	
  heart	
  massage	
  while	
  transferred	
  to	
  the	
  tertiary	
  

centre.	
  Despite	
  cardiac	
  extracorporeal	
  support,	
  the	
  patient	
  

died	
  in	
  the	
  operating	
  room.	
  The	
  post-­‐mortem	
  report	
  

showed	
  an	
  accumulation	
  of	
  fat	
  droplets	
  and	
  acute	
  vacuolar	
  

degeneration,	
  along	
  with	
  myocytolysis	
  of	
  skeletal	
  cardiac	
  

muscle.	
  

Laquay,	
  2008	
  

Case	
  2:	
  

16	
  

years	
  

Anesthesia	
  was	
  induced	
  and	
  maintained	
  with	
  propofol,	
  

alfentanil	
  or	
  sufentanil,	
  and	
  vecuronium	
  and	
  which	
  was	
  

successful.	
  Patient	
  was	
  transferred	
  to	
  PICU	
  receiving	
  low	
  

doses	
  of	
  milrinone	
  (0.3	
  mcg/kg/min)	
  and	
  epinephrine	
  (0.2	
  

mcg/kg/min).	
  Propofol	
  infusion	
  was	
  kept	
  at	
  a	
  dose	
  <	
  

3mg/kg/hr	
  (no	
  exact	
  value	
  provided,	
  based	
  on	
  graph	
  it	
  was	
  

~	
  2.5	
  mg/kg/hr	
  for	
  8	
  hrs).	
  Patient	
  developed	
  metabolic	
  

acidosis	
  (no	
  values	
  provided)	
  and	
  propofol	
  was	
  stopped.	
  

There	
  were	
  no	
  signs	
  of	
  myocardial	
  or	
  renal	
  failure.	
  After	
  

stopping	
  infusion	
  the	
  metabolic	
  acidosis	
  improved	
  and	
  

patient	
  fully	
  recovered.	
  

survived	
  

Laquay,	
  2008	
  

Case	
  1:	
  

12	
  

years	
  

Anesthesia	
  was	
  induced	
  and	
  maintained	
  with	
  propofol,	
  

alfentanil	
  or	
  sufentanil,	
  and	
  vecuronium	
  and	
  which	
  was	
  

successful.	
  Patient	
  was	
  transferred	
  to	
  PICU	
  receiving	
  low	
  

doses	
  of	
  milrinone	
  (0.3	
  mcg/kg/min)	
  and	
  epinephrine	
  (0.2	
  

mcg/kg/min).	
  Propofol	
  infusion	
  was	
  kept	
  at	
  a	
  dose	
  <	
  

3mg/kg/hr	
  (no	
  exact	
  value	
  provided,	
  based	
  on	
  graph	
  it	
  was	
  

~	
  2.5	
  mg/kg/hr	
  for	
  15	
  hrs).	
  Patient	
  developed	
  metabolic	
  

acidosis	
  (no	
  values	
  provided)	
  and	
  propofol	
  was	
  stopped.	
  

There	
  were	
  no	
  signs	
  of	
  myocardial	
  or	
  renal	
  failure.	
  After	
  

stopping	
  infusion	
  the	
  metabolic	
  acidosis	
  improved	
  and	
  

survived	
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patient	
  fully	
  recovered.	
  

Metha,1999	
  1.5	
  

Patient	
  received	
  propofol	
  with	
  an	
  oral	
  airway	
  during	
  

surgery	
  for	
  5	
  hours,	
  at	
  a	
  rate	
  of	
  6	
  mg/kg/hr;	
  after	
  surgery	
  

oxygen	
  saturations	
  dropped	
  and	
  emergent	
  intubation	
  and	
  

mechanical	
  ventilations	
  needed.	
  Chest	
  x-­‐ray	
  showed	
  signs	
  

of	
  aspiration	
  and	
  acute	
  lung	
  injury.	
  Blood	
  gas	
  had	
  metabolic	
  

acidosis	
  (no	
  values).	
  BE-­‐	
  17	
  mmol/L;	
  lactate-­‐	
  3.4	
  mmol/L.	
  

Required	
  bicarbonate	
  infusion	
  for	
  36	
  hrs.	
  Progressed	
  with	
  

bradyarrhythmias,	
  requiring	
  volume	
  and	
  inotropic	
  support.	
  

Triglycerides=	
  3.4	
  mmol/L.	
  Required	
  dialysis	
  due	
  oliguria.	
  

Muscle	
  biopsy	
  done	
  suggestive	
  of	
  possible	
  mitochondria	
  

respiratory-­‐chain	
  enzyme	
  deficiency.	
  

Not	
  clear,	
  

likely	
  

survived.	
  

Mierzewska-­‐

Schmidt,	
  2006	
  
4	
  

Patient	
  required	
  intubation	
  due	
  epiglottitis.	
  Metabolic	
  

acidosis	
  was	
  noted	
  after	
  27	
  hours	
  of	
  propofol	
  infusion	
  in	
  a	
  

dose	
  form	
  10-­‐12	
  mg/kg/hr,	
  but	
  it	
  was	
  misdiagnosed	
  as	
  early	
  

signs	
  of	
  sepsis.	
  After	
  48	
  hrs	
  patients	
  developed	
  tachycardia,	
  

hypotension	
  and	
  hepatomegaly.	
  Serum	
  was	
  lipemic.	
  

Propofol	
  was	
  stopped	
  but	
  severe	
  acidosis	
  progressed.	
  Liver	
  

enzymes	
  were	
  GOT	
  2694	
  U/L	
  and	
  GPT	
  746	
  U/L.	
  Potassium	
  

was	
  7.15	
  mmol/L.	
  Patient	
  developed	
  ventricular	
  fibrillation,	
  

which	
  was	
  not	
  responsive	
  to	
  defibrillation.	
  

death	
  

Parke,	
  1992	
   1.5	
  

Patient	
  was	
  intubated	
  and	
  sedated	
  with	
  midazolam	
  for	
  2	
  

days,	
  she	
  was	
  transitioned	
  to	
  propofol	
  for	
  extubation	
  in	
  the	
  

following	
  day.	
  She	
  developed	
  fever,	
  worsening	
  ventilation	
  

and	
  oxygenation	
  the	
  night	
  prior	
  to	
  the	
  planned	
  extubation.	
  

She	
  received	
  propofol	
  infusion	
  at	
  10	
  mg/kg/hr.	
  On	
  day	
  2	
  of	
  

propofol	
  infusion,	
  she	
  developed	
  metabolic	
  acidosis	
  with	
  

death	
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BE-­‐	
  9.2.	
  On	
  day	
  6,	
  she	
  developed	
  bradycardia	
  and	
  

progressed	
  to	
  cardiac	
  arrest.	
  She	
  had	
  returned	
  to	
  

spontaneous	
  circulation,	
  but	
  required	
  high	
  inotropic	
  

support.	
  Her	
  blood	
  was	
  lipemic,	
  but	
  chemistry	
  results	
  were	
  

normal.	
  Head	
  CT	
  and	
  cardiac	
  ECHO	
  were	
  unremarkable.	
  She	
  

progressed	
  to	
  bradycardic	
  arrest,	
  had	
  pacing	
  wires	
  placed	
  

directly	
  on	
  her	
  myocardium,	
  she	
  lost	
  pacemaker	
  capture	
  

and	
  died	
  7	
  hours	
  later.	
  Postmortem	
  reported	
  stated	
  fatty	
  

infiltration	
  of	
  the	
  liver,	
  bilateral	
  pneumonia	
  and	
  heart	
  was	
  

unremarkable.	
  

Parke,	
  1992	
   2.75	
  

Patient	
  was	
  intubated	
  and	
  received	
  propofol	
  sedation	
  at	
  

4.8	
  mg/kg/hr,	
  she	
  improved	
  and	
  was	
  extubated	
  in	
  48	
  hours.	
  

She	
  had	
  recurrent	
  stridor	
  and	
  had	
  to	
  be	
  re-­‐intubated,	
  

propofol	
  was	
  re-­‐started.	
  On	
  day	
  4,	
  she	
  had	
  nodal	
  

bradycardia	
  and	
  right	
  bundle	
  brunch	
  block.	
  On	
  day	
  5,,	
  she	
  

developed	
  a	
  fever	
  and	
  hepatomegaly.	
  Her	
  blood	
  was	
  

lipemic	
  and	
  propofol	
  was	
  stopped.	
  Investigation	
  for	
  sepsis	
  

were	
  all	
  negative.	
  She	
  required	
  inotropic	
  support,	
  100%	
  

oxygen	
  and	
  had	
  progressive	
  metabolic	
  acidosis	
  (pH-­‐	
  7.14	
  

and	
  BE-­‐	
  11.8).	
  On	
  day	
  6,	
  peritoneal	
  dialysis	
  was	
  initiated	
  to	
  

treat	
  hyperkalaemia	
  and	
  acidosis	
  and	
  haemofiltration	
  was	
  

started.	
  She	
  died	
  on	
  day	
  6	
  due	
  to	
  asystole,	
  which	
  was	
  not	
  

responsive	
  to	
  resuscitations.	
  

death	
  

Parke,	
  1992	
   1.5	
  

Patient	
  required	
  intubation	
  and	
  mechanical	
  ventilation.	
  

Propofol	
  infusion	
  initiated	
  at	
  7.9	
  mg/kg/hr.	
  Antibiotics	
  were	
  

also	
  started.	
  Extubated	
  at	
  day	
  3,	
  but	
  re-­‐intubated	
  30	
  

minutes	
  later	
  due	
  to	
  stridor.	
  On	
  day	
  5,	
  she	
  became	
  oliguric,	
  

bradycardic	
  with	
  a	
  right	
  bundle	
  brunch	
  block	
  and	
  

death	
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hepatomegaly.	
  Her	
  blood	
  was	
  lipaemic	
  and	
  propofol	
  was	
  

stopped.	
  On	
  day	
  6,	
  she	
  required	
  dialysis	
  (peritoneal	
  and	
  

continuous	
  venous	
  venous)	
  and	
  multiple	
  inotropic	
  support	
  

infusions	
  (epinephrine,	
  dobutamine	
  and	
  isoprenaline).	
  She	
  

progressed	
  to	
  a	
  bradycardic	
  arrest,	
  which	
  was	
  responsive	
  to	
  

resuscitation.	
  

Parke,	
  1992	
   0.1	
  

Patient	
  was	
  intubated,	
  initiated	
  on	
  propofol	
  7.1-­‐10.7	
  

mg/kg/hr;	
  by	
  the	
  second	
  day	
  she	
  developed	
  a	
  metabolic	
  

acidosis	
  (pH-­‐	
  7.05,	
  BE-­‐	
  17.3)	
  and	
  her	
  serum	
  had	
  become	
  

lipemic.	
  She	
  had	
  a	
  bradycardic	
  event	
  and	
  cardiac	
  ECHO	
  

were	
  unremarkable.	
  Her	
  acidosis	
  worsened	
  (pH-­‐	
  6.94,	
  BE-­‐	
  

22.8);	
  propofol	
  was	
  then	
  stopped.	
  Epinephrine	
  infusion	
  

increased	
  heart	
  rate	
  increased	
  from	
  60	
  to	
  90,	
  but	
  she	
  

became	
  oliguric	
  needing	
  peritoneal	
  dialysis	
  and	
  her	
  liver	
  

was	
  enlarged.	
  Next	
  morning	
  she	
  had	
  fixed	
  and	
  dilated	
  

pupils	
  and	
  had	
  life	
  sustained	
  therapy	
  withdrawn.	
  

death	
  

Parke,	
  1992	
   6	
  

Patient	
  was	
  intubated	
  due	
  to	
  stridor,	
  however	
  only	
  a	
  3.5	
  

mm	
  ETT	
  was	
  able	
  to	
  fit	
  in	
  his	
  airway.	
  He	
  was	
  transferred	
  to	
  

another	
  hospital,	
  re-­‐intubated	
  with	
  4.5	
  mm	
  ETT	
  and	
  

initiated	
  on	
  propofol	
  4-­‐	
  9.2	
  mg/kg/hr;	
  parainfluenza	
  virus	
  

was	
  isolated.	
  Next	
  day	
  his	
  pH	
  7.24	
  and	
  BE-­‐	
  9.5,	
  on	
  day	
  3	
  he	
  

was	
  extubated,	
  but	
  had	
  to	
  be	
  re-­‐intubated	
  30	
  minutes	
  later	
  

due	
  to	
  stridor.	
  The	
  blood	
  specimens	
  were	
  reported	
  

lipaemic.	
  He	
  had	
  progressive	
  metabolic	
  acidosis	
  with	
  BR-­‐	
  16	
  

mmol/L.	
  Antibiotics	
  were	
  changed	
  as	
  he	
  was	
  thought	
  to	
  be	
  

septic.	
  Patient	
  progressed	
  to	
  bradycardia	
  and	
  hypotension,	
  

which	
  were	
  not	
  responsive	
  to	
  pacing	
  or	
  inotrope.	
  Propofol	
  

was	
  stopped	
  and	
  patient	
  died	
  of	
  a	
  bradycardic	
  arrest	
  3	
  

death	
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hours	
  after	
  propofol	
  was	
  stopped	
  on	
  day	
  4.	
  

Perrier,	
  2000	
  18	
  

Involved	
  in	
  MVC,	
  ejected	
  50	
  feet	
  from	
  car.	
  Injuries:	
  severe	
  

closed	
  head	
  injury,	
  fracture	
  of	
  C4	
  vertebra	
  and	
  basal	
  skull	
  

fracture,	
  right	
  ocular	
  injury,	
  mandibular	
  fracture,	
  clavicular	
  

fracture,	
  bilateral	
  pneumothorax,	
  lung	
  contusion,	
  right	
  tibia	
  

fracture,	
  multiple	
  right	
  hand	
  fractures	
  and	
  first	
  degree	
  

facial	
  burns.	
  Sedated	
  with	
  propofol	
  55	
  mg/hr.	
  Stable	
  until	
  

day	
  3	
  when	
  decerebrate	
  posturing	
  developed,	
  but	
  with	
  

normal	
  intra-­‐cranial	
  pressures.	
  Creatine	
  kinase	
  (CK)	
  was	
  

20.520	
  U/L	
  due	
  to	
  muscle	
  injuries.	
  Patient	
  has	
  had	
  a	
  fever.	
  

Positive	
  endotracheal	
  secretions	
  for	
  gran-­‐negative	
  bacilli	
  

was	
  treated.	
  On	
  day	
  5,	
  the	
  patient	
  developed	
  atrium	
  

fibrillation	
  with	
  rapid	
  ventricular	
  escape.	
  In	
  4	
  hours	
  rhythm	
  

changed	
  to	
  right	
  bundle	
  bunch	
  block	
  with	
  bradycardia.	
  

Patient	
  developed	
  progressive	
  metabolic	
  acidosis,	
  serum	
  

was	
  lipaemic	
  and	
  potassium	
  was	
  6.4	
  Eq/dl.	
  Cardiac	
  EHCO	
  

revealed	
  global	
  hypokinesis	
  and	
  no	
  pericardial	
  effusion.	
  

Patient	
  became	
  hypotensive	
  and	
  bradycardic,	
  which	
  was	
  

not	
  responsive	
  to	
  treatment.	
  Patient	
  developed	
  a	
  PEA	
  

arrest	
  and	
  death	
  followed.	
  He	
  received	
  a	
  total	
  of	
  98	
  hours	
  

of	
  propofol	
  at	
  530-­‐700vmg/hr.	
  

death	
  

Robinson,	
  

2008	
  
0.8	
  

Previously	
  healthy	
  child,	
  admitted	
  for	
  focal	
  seizures	
  of	
  left	
  

arm	
  and	
  leg	
  with	
  eye	
  deviation,	
  received	
  phenobarbital,	
  

lorazepam	
  and	
  phenytoin.	
  Electrolytes	
  and	
  CSF	
  fluid	
  were	
  

normal.	
  CT	
  head	
  showed	
  changes	
  in	
  right	
  thalamus	
  

consistent	
  with	
  prolonged	
  seizures	
  and	
  Chiari	
  I	
  

malformation.	
  Propofol	
  used	
  at	
  day	
  2	
  to	
  treat	
  seizures	
  -­‐	
  

bolus	
  and	
  infusion	
  of	
  14	
  mg/kg/hr.	
  Clinical	
  seizures	
  ceased	
  

survived	
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with	
  propofol.	
  At	
  day	
  4,	
  EKG	
  showed	
  slow	
  sinus	
  rhythm,	
  

low	
  amplitude	
  p	
  waves	
  and	
  first	
  degree	
  AV	
  block	
  and	
  wide	
  

QRS	
  with	
  ST	
  changes	
  and	
  right	
  bundle	
  brunch	
  block.	
  

Propofol	
  stopped,	
  but	
  EKG	
  changes	
  remained	
  and	
  seizures	
  

resumed.	
  He	
  was	
  transferred	
  to	
  a	
  different	
  hospital.	
  

CK=1.794	
  U/L	
  and	
  HCO3	
  15	
  mmol/L,	
  lactate	
  3.5	
  mmol/L.	
  

After	
  6	
  hours	
  in	
  the	
  new	
  hospital,	
  he	
  developed	
  wide	
  

complex	
  tachycardia,	
  received	
  lidocaine	
  and	
  adenosine,	
  and	
  

synchronized	
  cardioversion.	
  Runs	
  of	
  ventricular	
  tachycardia	
  

were	
  noted	
  and	
  lidocaine	
  infusion	
  initiated.	
  Over	
  the	
  next	
  

48	
  hours,	
  EKG	
  gradually	
  normalized.	
  

Rosen,	
  2007	
  18	
  

Patient	
  was	
  involved	
  in	
  motor	
  vehicle	
  collision.	
  GCS=3	
  and	
  

was	
  intubated	
  at	
  the	
  scene,	
  with	
  a	
  severe	
  traumatic	
  brain	
  

injury,	
  pelvic	
  and	
  long-­‐bone	
  fractures	
  and	
  bladder	
  rupture.	
  

After	
  the	
  operating	
  room,	
  he	
  was	
  taken	
  to	
  the	
  PICU	
  and	
  

placed	
  on	
  propofol	
  and	
  morphine	
  infusions.	
  Propofol	
  was	
  

titrated	
  to	
  keep	
  ICP	
  <20	
  mmHg	
  and	
  CPP	
  >60	
  mg/dl.	
  

Propofol	
  dose	
  was	
  increased	
  to	
  7.5	
  mg/kg/hr,	
  maintained	
  

for	
  72	
  hrs.	
  He	
  then	
  developed	
  oliguria	
  and	
  increased	
  CK	
  to	
  

95,440	
  U/L	
  from	
  1552	
  U/L	
  3	
  days	
  prior.	
  He	
  became	
  anuric	
  

and	
  had	
  a	
  progressive	
  metabolic	
  acidosis	
  and	
  cardiac	
  

arrhythmias.	
  He	
  developed	
  an	
  asystolic	
  cardiac	
  arrest	
  and	
  

resuscitation	
  was	
  unsuccessful.	
  

death	
  

Sabsovich,	
  

2007	
  
16	
  

Previously	
  healthy,	
  admitted	
  due	
  closed	
  TBI,	
  used	
  propofol	
  

to	
  control	
  ICP.	
  Three	
  days	
  after	
  propofol	
  was	
  started	
  

developed	
  metabolic	
  acidosis	
  and	
  rhabdomyolysis,	
  renal	
  

failure,	
  hyperkalaemia	
  and	
  wide	
  complex	
  tachycardia.	
  

Patient	
  died	
  of	
  refractory	
  arrhythmia	
  36	
  hours	
  after	
  first	
  

death	
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signs	
  of	
  PRIS.	
  The	
  infusion	
  was	
  between	
  6.7	
  and	
  8.3	
  

mg/kg/hr	
  and	
  it	
  was	
  continued	
  for	
  35	
  hours	
  to	
  treat	
  ICP.	
  

Shankar,	
  2009	
  4	
  

Patient	
  was	
  placed	
  on	
  propofol	
  for	
  control	
  of	
  status	
  

epilepticus,	
  not	
  responsive	
  to	
  lorazepam,	
  phenytoin,	
  

pentobarbital	
  and	
  levetiracetan.	
  Propofol	
  was	
  titrated	
  from	
  

6	
  to	
  18	
  mg/kg/hr	
  until	
  seizure	
  control	
  was	
  achieved.	
  After	
  

44	
  hours,	
  patient	
  developed	
  right	
  bundle	
  brunch	
  block	
  and	
  

ST	
  changes	
  and	
  sinus	
  bradycardia.	
  Also	
  metabolic	
  acidosis,	
  

hyperlipidaemia,	
  elevated	
  CK	
  and	
  dark	
  urine.	
  Propofol	
  was	
  

stopped	
  and	
  a	
  double	
  volume	
  blood	
  exchange	
  done.	
  

Acidosis,	
  heart	
  block	
  and	
  renal	
  failure	
  progressed	
  and	
  he	
  

was	
  placed	
  on	
  CRRT.	
  After	
  24	
  hours	
  of	
  dialysis	
  his	
  acidosis	
  

and	
  bradycardia	
  improved	
  and	
  in	
  10	
  days	
  he	
  was	
  

extubated.	
  

survived	
  

Strikland,	
  

1995	
  
11	
  

Admitted	
  due	
  to	
  neurological	
  decompensation	
  due	
  to	
  

astrocytoma,	
  received	
  propofol	
  sedation	
  in	
  OR	
  dose	
  of	
  7	
  

mg/kg/hr.	
  Due	
  to	
  increase	
  ICP,	
  which	
  was	
  not	
  responsive	
  to	
  

clinical	
  management.	
  She	
  was	
  taken	
  to	
  the	
  OR	
  6	
  hours	
  after	
  

first	
  procedure	
  and	
  received	
  propofol	
  8-­‐12	
  mg/kg/hr	
  for	
  

approximately	
  6	
  hours	
  during	
  OR,	
  followed	
  for	
  another	
  

approximately	
  8	
  hours	
  of	
  propofol	
  infusion	
  in	
  PICU	
  at	
  dose	
  

9.9	
  mg/kg/hr.	
  Patient	
  became	
  anuric,	
  with	
  profound	
  

metabolic	
  acidosis	
  and	
  hypotensive.	
  In	
  a	
  few	
  hours,	
  she	
  had	
  

progressive	
  changes	
  on	
  EKG:	
  junctional	
  rhythm,	
  elevated	
  T	
  

waves	
  and	
  ventricular	
  tachycardia	
  and	
  ventricular	
  

fibrillation,	
  which	
  lead	
  to	
  a	
  cardiac	
  arrest.	
  Resuscitation	
  was	
  

not	
  successful.	
  At	
  time	
  of	
  death,	
  she	
  was	
  in	
  hospital	
  for	
  38	
  

death	
  



 

242 
 

hours	
  and	
  received	
  9.4	
  mg/kg/hr	
  of	
  propofol.	
  

Veldhoen,	
  

2009	
  
17	
  

Admitted	
  due	
  to	
  a	
  motor	
  vehicle	
  collision	
  (MVC).	
  Intubated	
  

due	
  to	
  low	
  GCS.	
  In	
  PICU,	
  patient	
  received	
  propofol	
  at	
  8	
  

mg/kg/hr	
  for	
  14	
  hrs	
  with	
  intention	
  to	
  stop	
  in	
  the	
  next	
  day,	
  

but	
  patient	
  deteriorated	
  with	
  increased	
  ICP	
  and	
  severe	
  

brain	
  edema,	
  propofol	
  continued	
  at	
  5	
  mg/kg/hr,	
  

electrolytes,	
  CK,	
  pH,	
  lactate,	
  triglycerides	
  were	
  monitored.	
  

On	
  the	
  fourth	
  day,	
  propofol	
  was	
  reduced	
  to	
  3	
  mg/kg/hr	
  due	
  

to	
  progressive	
  lactic	
  acidosis	
  (pH	
  7.27,	
  lactate	
  5.3	
  mmo/l)	
  

and	
  oliguria	
  and	
  CK	
  7476	
  U/L.	
  Propofol	
  was	
  stopped,	
  but	
  

progressive	
  haemodynamic	
  instability	
  not	
  responsive	
  to	
  

resuscitation	
  lead	
  to	
  death	
  15	
  hours	
  after	
  propofol	
  was	
  

stopped.	
  

death	
  

Waalkens,	
  

1997	
  
6	
  

Admitted	
  to	
  PICU	
  for	
  mechanical	
  ventilation	
  due	
  to	
  severe	
  

subglottic	
  laryngitis,	
  received	
  propofol	
  infusion	
  for	
  60	
  

hours,	
  dose	
  of	
  5-­‐10	
  mg/kg/hr	
  from	
  a	
  different	
  institution.	
  

Transferred	
  to	
  PICU,	
  at	
  admission:	
  ABG	
  pH-­‐	
  7.3;	
  HCO3-­‐	
  15;	
  

triglycerides-­‐	
  24.7	
  mmol/l	
  (normal	
  <2,2).	
  Urine	
  myoglobin	
  

noted.	
  Two	
  hours	
  after	
  admission,	
  patient	
  developed	
  

bradycardia	
  and	
  hypotension.	
  Propofol	
  was	
  stopped.	
  

Received	
  bolus	
  of	
  fluids	
  and	
  initiated	
  dopamine,	
  

dobutamine,	
  isoproterenol	
  and	
  epinephrine.	
  Rhythm	
  was	
  

identified	
  as	
  nodal	
  bradycardia,	
  AV	
  block	
  and	
  ventricular	
  

tachycardia.	
  Trans-­‐esophageal	
  pacemaker	
  placed	
  and	
  a	
  

calcium	
  infusion	
  started.	
  Patient	
  had	
  a	
  temp.	
  of	
  41	
  degrees	
  

Celsius	
  and	
  CK=30.000	
  U/L.	
  The	
  patient	
  then	
  received	
  

dantrolene	
  and	
  cooling	
  with	
  normal	
  temp.	
  in	
  2	
  hours.	
  

Patient	
  clinically	
  improved,	
  but	
  due	
  to	
  serious	
  cerebral	
  

death	
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damage	
  had	
  withdrawn	
  any	
  life	
  sustaining	
  therapy.	
  

Westhout,	
  

2007	
  
3	
  

Patient	
  admitted	
  for	
  an	
  angiographic	
  embolization	
  of	
  a	
  

cerebral	
  aneurism	
  and	
  sedated	
  with	
  propofol	
  12	
  mg/kg/hr.	
  

At	
  5	
  hours,	
  she	
  developed	
  metabolic	
  acidosis	
  (pH	
  7.28	
  

HCO3=18).	
  She	
  was	
  transferred	
  to	
  PICU	
  and	
  developed	
  

hypotension	
  needing	
  fluids	
  and	
  inotropic	
  support.	
  Lactate	
  

values	
  were	
  263	
  U/L	
  (normal	
  range	
  22–269	
  U/L),	
  CK	
  179	
  

U/L	
  (normal	
  range	
  91–180	
  U/L).	
  She	
  improved	
  in	
  the	
  next	
  

few	
  days	
  and	
  was	
  extubated	
  and	
  discharged	
  home	
  in	
  one	
  

week.	
  

survived	
  

Withington,	
  

2004	
  
0.5	
  

Admitted	
  for	
  cleft	
  lip/palate	
  repair,	
  required	
  progressive	
  

sedation	
  over	
  48	
  hours.	
  Propofol	
  used	
  11-­‐15	
  mg/kg/hr,	
  

mean	
  infusion	
  11.7	
  mg/kg/hr.	
  On	
  the	
  second	
  day,	
  patient	
  

developed	
  metabolic	
  acidosis	
  (pH-­‐	
  7.21	
  /	
  HCO3-­‐	
  18),	
  

hepatic	
  and	
  renal	
  failure	
  and	
  multiple	
  cardiac	
  arrhythmias	
  

(wide	
  complex	
  tachycardia,	
  right	
  bundle	
  brunch	
  block,	
  

ventricular	
  tachycardia	
  and	
  SVT).	
  Patient	
  also	
  had	
  sinus	
  

bradycardia,	
  which	
  was	
  not	
  responsive	
  to	
  inotropic	
  support	
  

or	
  pacing.	
  Propofol	
  was	
  stopped.	
  Patient	
  improved	
  after	
  

initiation	
  of	
  charcoal	
  hemoperfusion.	
  Further	
  investigation	
  

identified	
  abnormality	
  on	
  acylcarnitine	
  metabolism.	
  

survived	
  

Wolf,	
  2001	
   2	
  

Patient	
  was	
  admitted	
  to	
  PICU	
  due	
  to	
  a	
  gun	
  shot	
  in	
  the	
  head,	
  

intubated	
  and	
  sedated	
  with	
  propofol	
  for	
  72	
  hours	
  at	
  a	
  dose	
  

of	
  5.2	
  (range	
  4	
  to	
  5.4)	
  mg/kg/hr.	
  On	
  day	
  4,	
  he	
  became	
  

oliguric	
  and	
  bradycardic	
  (HR-­‐	
  28	
  beats/min)	
  with	
  no	
  obvious	
  

cause.	
  Propofol	
  was	
  stopped	
  and	
  isoprenaline	
  started.	
  

Transvenous	
  pacing	
  restored	
  the	
  heart	
  rate,	
  but	
  metabolic	
  

survived	
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acidosis	
  progressed,	
  with	
  increased	
  lactate.	
  Hemofiltration	
  

started	
  based	
  on	
  a	
  previous	
  case	
  report	
  (Cray,	
  1998),	
  

maximum	
  lactate	
  was	
  4.9	
  mmol/L	
  and	
  BD-­‐	
  10mmol/l;	
  CK-­‐	
  

879	
  U/L.	
  Acidosis	
  cleared	
  and	
  cardiac	
  function	
  normalized	
  

with	
  haemofiltration.	
  

	
  

Table	
  12.	
  Characteristics	
  of	
  excluded	
  case	
  reports.	
  Non	
  PRIS	
  

Study	
  ID	
  
Age	
  

(years)	
  
AE	
  reported	
  (please	
  report	
  the	
  event)	
   Outcome	
  

Anand,	
  2001	
  17	
  

Patient	
  had	
  a	
  history	
  of	
  bronchial	
  

asthma	
  treated	
  with	
  several	
  medication,	
  

resolved	
  history	
  of	
  hepatitis	
  A,	
  family	
  

history	
  of	
  multiple	
  drug	
  allergies.	
  Hernia	
  

repair	
  anaesthesia	
  was	
  a	
  propofol	
  

infused	
  at	
  a	
  mean	
  dose	
  of	
  150	
  

mcg/kg/min	
  for	
  a	
  total	
  of	
  682	
  mg.	
  No	
  

anaesthetic	
  complications	
  occurred	
  

during	
  surgery	
  and	
  patient	
  had	
  a	
  

satisfactory	
  condition	
  and	
  was	
  

discharged.	
  After	
  discharge,	
  patient	
  

developed	
  severe	
  nausea	
  and	
  vomiting	
  

and	
  was	
  readmitted	
  to	
  the	
  hospital.	
  She	
  

was	
  diagnosed	
  with	
  acute	
  hepatitis	
  

(serum	
  aspartate	
  aminotransferase	
  

concentration	
  of	
  241	
  U/l,	
  serum	
  alanine	
  

aminotransferase	
  concentration	
  of	
  174	
  

U/l).	
  Intravenous	
  rehydration	
  was	
  

survived	
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provided	
  and	
  levels	
  were	
  normal	
  10	
  

days	
  post-­‐surgery.	
  

Bagshaw,	
  

1999	
  
4	
  

Patient	
  received	
  Propofol	
  during	
  surgery	
  

at	
  10	
  mg/kg/h	
  and	
  remifentanil	
  at	
  1	
  

mcg/kg/min.	
  Patient's	
  heart	
  rate	
  

decreased	
  over	
  the	
  first	
  30	
  minutes	
  of	
  

surgery,	
  reaching	
  40	
  beats/min,	
  the	
  

propofol	
  infusion	
  were	
  reduced	
  to	
  6	
  

mg/kg/h	
  ECG	
  revealed	
  patient	
  had	
  

developed	
  a	
  nodal	
  bradycardia.	
  Blood	
  

pressure	
  was	
  no	
  affected.	
  Three	
  doses	
  

of	
  atropine	
  0.1	
  mg	
  was	
  administered,	
  

until	
  the	
  heart	
  rate	
  increased	
  to	
  130	
  

beats/min.	
  The	
  heartbeat	
  continued	
  to	
  

decrease,	
  but	
  stayed	
  above	
  100	
  

beats/min	
  for	
  the	
  remaining	
  45	
  minutes	
  

of	
  surgery.	
  Patient	
  recovered	
  rapidly	
  

and	
  without	
  incident.	
  

survived	
  

Bendiksen,	
  

1998	
  
6	
  

Patient	
  was	
  on	
  penicillin	
  prior	
  to	
  

surgery,	
  which	
  was	
  induced	
  with	
  

alfentanil	
  0.5	
  mg,	
  propofol	
  100	
  mg.	
  

Propofol	
  200	
  mg/hr	
  and	
  50%	
  nitrous	
  

oxide	
  was	
  used	
  to	
  maintain	
  anaesthesia	
  

with	
  a	
  total	
  of	
  180	
  mg	
  propofol.	
  Surgery	
  

was	
  uncomplicated.	
  44	
  hours	
  after	
  

surgery,	
  the	
  patient	
  experienced	
  a	
  grand	
  

mal	
  convulsion	
  lasting	
  6-­‐7	
  minutes,	
  

which	
  responded	
  to	
  5mg	
  diazepam.	
  She	
  

survived	
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remained	
  unconscious	
  with	
  respiratory	
  

insufficiency,	
  she	
  was	
  intubated	
  with	
  

0.05mg	
  fentanyl,	
  100	
  mg	
  thiopentone	
  

and	
  30	
  mg	
  suxamethonium.	
  30	
  minutes	
  

later	
  she	
  awoke	
  and	
  was	
  breathing	
  

spontaneously.	
  An	
  infusion	
  of	
  200-­‐240	
  

mg/hr	
  of	
  propofol	
  (total	
  1600	
  mg	
  over	
  

6.5	
  hr)	
  was	
  started	
  to	
  allow	
  for	
  a	
  CT	
  scan	
  

and	
  lumbar	
  puncture,	
  along	
  with	
  8	
  mg	
  

of	
  midazolam	
  and	
  0.75mg	
  of	
  alfentanil	
  

divided	
  into	
  4	
  doses.	
  after	
  the	
  sedation	
  

was	
  stopped,	
  but	
  prior	
  to	
  patient	
  

awaking	
  the	
  nurse	
  observed	
  a	
  

generalized	
  seizure	
  lasting	
  60	
  seconds.	
  

When	
  patient	
  was	
  fully	
  awaken,	
  she	
  had	
  

ataxia	
  for	
  the	
  following	
  5	
  days.	
  

Bustamante,	
  

2006	
  
4	
  

Patient	
  maintenance	
  of	
  surgery	
  was	
  

done	
  with	
  propofol	
  200	
  mcg/kg/min	
  for	
  

30	
  min	
  and	
  then	
  decreased	
  to	
  100	
  

mcg/kg/min	
  for	
  the	
  next	
  30	
  minutes.	
  

Other	
  medications	
  N2O,	
  

dexamethasone,	
  dolasetron,	
  and	
  

reversal	
  of	
  neuromuscular	
  blockade	
  with	
  

neostigmine	
  and	
  glycopyrrolate.	
  Total	
  

anaesthesia	
  lasted	
  83	
  minutes.	
  Patient	
  

developed	
  nausea,	
  vomiting,	
  

intermittent	
  episodes	
  of	
  diffuse	
  

abdominal	
  pain	
  and	
  inability	
  to	
  tolerate	
  

survived	
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enteral	
  feeding	
  1	
  day	
  post	
  operation,	
  in	
  

which	
  blood	
  analysis	
  confirmed	
  

metabolic	
  acidosis.	
  Treatments	
  include	
  

fluid	
  resuscitation.	
  On	
  day	
  2,	
  patient	
  was	
  

transferred	
  to	
  PICU	
  for	
  management	
  of	
  

acute	
  pancreatitis.	
  Pain	
  was	
  managed	
  

with	
  intermittent	
  doses	
  of	
  morphine.	
  On	
  

day	
  7,	
  patient	
  was	
  discharged	
  after	
  

enteral	
  feeding	
  returned	
  to	
  normal.	
  

Casserly,	
  

2004	
  
17	
  

Patient	
  had	
  intra-­‐abdominal	
  

haemorrhage	
  and	
  closed	
  head	
  

contusion,	
  managed	
  with	
  intermittent	
  

mannitol	
  infusions	
  and	
  loop	
  diuretics.	
  

On	
  day	
  2,	
  the	
  patient	
  underwent	
  a	
  right	
  

ventriculostomy	
  with	
  increasing	
  dose	
  of	
  

propofol	
  as	
  the	
  sedation	
  agent.	
  On	
  day	
  

4,	
  the	
  propofol	
  dosage	
  was	
  at	
  118	
  

mcg/kg/min	
  and	
  was	
  maintained	
  for	
  a	
  

total	
  of	
  5	
  days,	
  as	
  well	
  as	
  phenylephrine	
  

and	
  atracurium.	
  On	
  day	
  8,	
  the	
  propofol	
  

infusion	
  was	
  replaced	
  with	
  midazolam	
  

because	
  rhabdomyolysis	
  was	
  suspected.	
  

Hemodialysis	
  was	
  started,	
  but	
  stopped	
  

due	
  to	
  worsening	
  of	
  the	
  patient's	
  intra-­‐

cranial	
  pressure.	
  For	
  3	
  days,	
  continuous	
  

renal	
  replacement	
  therapy	
  was	
  

substituted	
  and	
  tolerated.	
  Then	
  

haemodialysis	
  was	
  re	
  instituted	
  and	
  

survived	
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discontinued	
  4	
  weeks	
  later.	
  

Chevret,	
  

2008	
  
9	
  

Patient	
  had	
  a	
  fever	
  with	
  cephalalgia	
  for	
  

5	
  days	
  when	
  generalized	
  tonic-­‐clonic	
  

seizures	
  started	
  and	
  patient	
  was	
  

admitted	
  into	
  the	
  hospital.	
  Patient	
  

received	
  intra-­‐venous	
  acyclovir,	
  

followed	
  by	
  phenobarbital	
  and	
  

phenytoin.	
  Propofol	
  was	
  started	
  on	
  day	
  

2,	
  with	
  carbamazepine	
  added	
  during	
  the	
  

first	
  week.	
  Upon	
  waking,	
  seizures	
  were	
  

not	
  controlled,	
  so	
  topiramate	
  and	
  

levetiracetam	
  was	
  also	
  added.	
  On	
  

average	
  immunomodulation	
  therapy	
  

with	
  plasmaphereses	
  was	
  performed	
  

between	
  day	
  11	
  and	
  day	
  57.	
  Mechanical	
  

ventilation	
  lasted	
  for	
  20-­‐57	
  days	
  and	
  

patient	
  was	
  discharged	
  between	
  day	
  26	
  

and	
  day	
  115.	
  Residual	
  severe	
  epilepsy	
  

and	
  moderate	
  disability	
  in	
  functional	
  

outcome.	
  Dose	
  of	
  propofol	
  and	
  duration	
  

not	
  provided.	
  	
  

survived	
  

Hussein,	
  

1999	
  
16	
  

Antiepileptic	
  medications	
  were	
  withheld	
  

for	
  EEG	
  monitoring	
  after	
  the	
  electrode	
  

implantation.	
  Three	
  spontaneous	
  

seizures	
  were	
  noted	
  the	
  following	
  three	
  

days	
  post-­‐surgery.	
  Phenytoin	
  therapy	
  

was	
  restarted	
  for	
  the	
  following	
  three	
  

days.	
  The	
  subdural	
  electrode	
  gird	
  was	
  

survived	
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then	
  removed	
  with	
  local	
  anaesthesia	
  

supplemented	
  with	
  1800	
  mg	
  of	
  propofol	
  

boluses	
  and	
  860	
  mg	
  of	
  propofol	
  as	
  a	
  

continuous	
  drip	
  over	
  6	
  hours.	
  In	
  

addition,	
  he	
  received	
  2.5	
  ug	
  of	
  fentanyl.	
  

Over	
  the	
  next	
  3	
  hours,	
  the	
  movement	
  

and	
  confusion	
  abated.	
  

Karaman,	
  

2013	
  
5	
  

Patient	
  was	
  induced	
  with	
  2.5	
  mg/kg	
  

propofol	
  bolus,	
  0.5	
  mg/kg	
  atracurium,	
  

10mcg	
  fentanyl.	
  Anesthesia	
  was	
  

maintained	
  with	
  50	
  mcg/kg/min	
  

propofol	
  and	
  1	
  mcg/kg/h	
  fentanyl	
  for	
  

the	
  65	
  minute	
  surgery,	
  which	
  was	
  

uncomplicated.	
  Five	
  hours	
  after	
  surgery,	
  

the	
  patient	
  experienced	
  a	
  convulsion.	
  

Labs	
  revealed	
  hypertriglyceridaemia,	
  

metabolic	
  acidosis,	
  hyperpotassaemia,	
  

and	
  high	
  levels	
  of	
  creatinine	
  kinase,	
  

urea,	
  SGOT,	
  and	
  SGPT.	
  The	
  patient	
  was	
  

stable	
  by	
  day	
  16	
  and	
  discharged.	
  

survived	
  

Kassebaum,	
  

2008	
  
13	
  

Patient	
  was	
  preoperative	
  medications	
  

including	
  bromocriptine	
  and	
  thyroxine.	
  

Anesthesia	
  induction	
  was	
  with	
  propofol	
  

and	
  vecuronium,	
  followed	
  by	
  infusions	
  

of	
  100-­‐200	
  mcg/kg/min	
  propofol	
  and	
  

0.05-­‐0.15	
  mcg/kg/min	
  remifentanil.	
  One	
  

hour	
  after	
  induction,	
  urinary	
  output	
  was	
  

noted	
  to	
  be	
  about	
  1,000	
  mL	
  in	
  spite	
  of	
  

survived	
  



 

250 
 

having	
  only	
  400	
  mL	
  of	
  normal	
  saline.	
  The	
  

next	
  hour	
  an	
  additional	
  1,500	
  mL	
  urinary	
  

output	
  was	
  noted.	
  Because	
  of	
  the	
  

polyuria	
  a	
  diagnosis	
  of	
  diabetes	
  

insipidus.	
  Euvolemia	
  with	
  hypotonic	
  

crystalloids	
  was	
  maintained	
  versus	
  other	
  

treatment.	
  The	
  urinary	
  output	
  

continued	
  to	
  be	
  large,	
  reaching	
  7,000	
  

mL	
  during	
  the	
  5th	
  hours;	
  however,	
  no	
  

other	
  haemodynamically	
  changes	
  

occurred.	
  Propofol	
  was	
  discontinued	
  at	
  

this	
  time.	
  Postoperatively,	
  brisk	
  diuresis	
  

continued,	
  but	
  maintained	
  normal	
  urine	
  

output	
  soon.	
  Patient	
  was	
  discharged	
  at	
  

day	
  2.	
  

Kill,	
  2003	
   7	
  

Surgical	
  anaesthesia	
  was	
  induced	
  with	
  

0.1	
  mg	
  fentanyl,	
  120	
  mg	
  propofol,	
  and	
  

30	
  mg	
  suxamethonium	
  and	
  maintained	
  

with	
  13.5	
  mg/kg/h	
  propofol	
  and	
  

repeated	
  fentanyl.	
  Anaesthesia	
  duration	
  

was	
  150	
  minutes.	
  Sixty	
  minutes	
  after	
  the	
  

end	
  of	
  propofol	
  infusion,	
  the	
  patient	
  

developed	
  respiratory	
  distress	
  with	
  

tachypnoea	
  and	
  expiratory	
  wheezing.	
  

Aminophylline	
  (150	
  mg),	
  

methylprednisolone	
  (250	
  mg),	
  and	
  

reproterol	
  (30	
  mcg)	
  was	
  initiated	
  for	
  

treatment.	
  Patient	
  was	
  observed	
  for	
  the	
  

survived	
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next	
  24	
  hours	
  in	
  the	
  PICU,	
  which	
  was	
  

uneventful.	
  

Kirkpatrick,	
  

1992	
  
0.1	
  

Patient	
  was	
  deteriorating	
  upon	
  

admission	
  to	
  the	
  hospital	
  with	
  

increasing	
  frequent	
  paroxysms	
  of	
  

coughing	
  and	
  become	
  increasingly	
  tired.	
  

She	
  was	
  sedated	
  with	
  intravenous	
  

propofol	
  at	
  a	
  rate	
  of	
  10	
  mg/h.	
  After	
  4	
  

days,	
  she	
  had	
  short	
  convulsions	
  treated	
  

with	
  phenobarbitone	
  and	
  her	
  serum	
  was	
  

severely	
  lipaemic.	
  No	
  evidence	
  of	
  

acidosis	
  or	
  haemodynamic	
  compromise.	
  

Propofol	
  was	
  immediately	
  stopped.	
  She	
  

continued	
  ventilation	
  for	
  16	
  days.	
  

survived	
  

Koch,	
  2004	
  5	
  

Admitted	
  to	
  PICU	
  for	
  recovery	
  from	
  

endovascular	
  coil	
  embolization	
  of	
  a	
  

complex	
  high	
  output	
  arterio-­‐venous	
  

malformation	
  of	
  the	
  right	
  middle	
  

cerebral	
  artery.	
  Surgery	
  and	
  anaesthetic	
  

management	
  were	
  uneventful	
  and	
  

complete	
  embolization	
  was	
  achieved.	
  

Patient	
  was	
  to	
  remain	
  highly	
  sedated	
  for	
  

24	
  hour	
  to	
  assure	
  haemodynamic	
  

stability	
  and	
  coil	
  thrombosis.	
  Patient	
  

remained	
  mechanically	
  ventilated	
  and	
  

propofol-­‐based	
  sedation	
  was	
  initiated	
  at	
  

15	
  mg/kg/hr.	
  To	
  maintain	
  systolic	
  blood	
  

pressure	
  within	
  a	
  normal	
  range,	
  

survived	
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repeated	
  boluses	
  of	
  labetalol	
  was	
  given.	
  

After	
  6	
  hours,	
  the	
  patient	
  developed	
  

lactic	
  acidosis,	
  serum	
  HCO3	
  <19mmol/L	
  

and	
  pH	
  <7.31.	
  Propofol	
  sedation	
  was	
  

tapered	
  down	
  to	
  6	
  mg/kg/hr	
  and	
  finally	
  

stopped.	
  

Lanigan,	
  

1992	
  
2	
  

Patient	
  was	
  intubated	
  with	
  halothane,	
  

then	
  sedated	
  with	
  morphine	
  and	
  

midazolam	
  infusions.	
  Extubation	
  was	
  

trialed	
  on	
  day	
  6,	
  which	
  was	
  unsuccessful	
  

due	
  to	
  restlessness	
  and	
  stridor.	
  Propofol	
  

was	
  commenced	
  and	
  infusion	
  was	
  

increased	
  stepwise	
  to	
  10.9	
  mg/kg/h	
  over	
  

the	
  next	
  5	
  days.	
  Day	
  12-­‐16	
  

demonstrated	
  fluid	
  overload,	
  

hepatomegaly,	
  a	
  rise	
  in	
  liver	
  enzymes,	
  

and	
  lipemic	
  blood,	
  which	
  changed	
  

sedation	
  to	
  morphine,	
  midazolam,	
  and	
  

vecuronium.No	
  report	
  of	
  metabolic	
  

acidosis.	
  All	
  sedation	
  was	
  stopped	
  on	
  

day	
  17,	
  with	
  trachea	
  successfully	
  

extubated	
  at	
  day	
  21.	
  From	
  day	
  17	
  to	
  day	
  

33,	
  the	
  patient	
  experienced	
  functional	
  

blindness	
  and	
  jerky,	
  twitch	
  movements	
  

of	
  the	
  limbs,	
  along	
  with	
  the	
  restlessness	
  

that	
  was	
  present	
  throughout	
  the	
  illness.	
  

On	
  day	
  33,	
  motor	
  function	
  improved	
  to	
  

normal.	
  

survived	
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Meyer,	
  2010	
  

case	
  

1-­‐	
  34	
  

days	
  

Received	
  propofol	
  infusion	
  for	
  150	
  min.	
  

29	
  hours	
  after	
  anaesthesia	
  had	
  partial	
  

seizures.	
  Used	
  clonazepam	
  and	
  

phosphenytoine.	
  Did	
  not	
  require	
  

intubation	
  and	
  had	
  no	
  haemodynamic	
  

compromise.	
  Follow-­‐up	
  showed	
  normal	
  

physico	
  motor	
  achievements	
  

.Microcephaly	
  (percentile	
  3.4)	
  

survived	
  

Meyer,	
  2010	
  

case	
  

2-­‐	
  54	
  

days	
  

Received	
  propofol	
  for	
  180	
  min.	
  Had	
  

partial	
  secondary	
  generalized	
  clinical	
  

seizures.	
  Received	
  diazepam,	
  

phenobarbital,	
  phenytoin.	
  No	
  required	
  

intubation.	
  Hemodynamic	
  stable.	
  

Mental	
  deficiency	
  with	
  hyperkinesia.	
  

Microcephaly	
  (percentile	
  <0.1)	
  

survived	
  

Meyer,	
  2010	
  

case	
  

3-­‐	
  55	
  

days	
  

Received	
  propofol	
  for	
  60	
  min.	
  Had	
  

partial	
  secondary	
  generalized	
  clinical	
  

seizures.	
  Received	
  diazepam,	
  

phenobarbital,	
  phenytoin.	
  No	
  required	
  

intubation.	
  Hemodynamic	
  stable.	
  Global	
  

developmental	
  delay	
  with	
  hyperkinesia.	
  

Microcephaly	
  (percentile	
  <0.1)	
  

survived	
  

Patermann,	
  

2004	
  
0.5	
  

Sedated	
  for	
  craniosynostosis	
  repair,	
  had	
  

a	
  HR70-­‐80	
  not	
  responsive	
  to	
  atropine.	
  

Hypotension	
  (SBP	
  40mmHg)	
  and	
  HR	
  100.	
  

Surgery	
  stopped,	
  received	
  a	
  dose	
  of	
  

epinephrine	
  haemodynamics	
  improved	
  

survived	
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and	
  dopamine	
  and	
  dobutamine	
  

initiated.	
  Patient	
  was	
  receiving	
  

44.7mg/kg/h	
  of	
  propofol.	
  The	
  overdose	
  

was	
  recognized	
  and	
  after	
  4	
  hours	
  and	
  

propofol	
  was	
  stopped.	
  Patient	
  tolerated	
  

the	
  procedure	
  well	
  and	
  was	
  discharged	
  

home	
  in	
  a	
  few	
  days.	
  

Straaten,	
  

1995	
  
4	
  

Patient	
  was	
  intubated	
  and	
  sedated	
  with	
  

propofol	
  infusion	
  8.3mg/kg/h	
  for	
  3	
  days,	
  

progressive	
  increased	
  oxygen	
  demand	
  

and	
  high	
  ventilator	
  pressure	
  (PIP	
  

50/PEEP	
  12cm	
  H20/FiO2	
  1.0	
  and	
  no	
  

metabolic	
  acidosis.	
  Serum	
  was	
  lipaemic.	
  

Propofol	
  infusion	
  stopped.	
  Cardiac	
  ECHO	
  

showed	
  signs	
  of	
  pulmonary	
  

hypertension.	
  CK	
  increased	
  to	
  

127.000U/L	
  and	
  LFTs	
  were	
  mildly	
  

elevated.	
  Muscle	
  biopsy	
  showed	
  5%	
  

muscle	
  fibber	
  necrosis,	
  no	
  signs	
  of	
  

mitochondrial	
  or	
  storage	
  disorders.	
  

Hyper	
  hydration	
  and	
  dialysis	
  initiated	
  

and	
  patient	
  was	
  successfully	
  extubated	
  

in	
  11	
  days	
  and	
  had	
  full	
  recovery.	
  

survived	
  

Ting,	
  2012	
  14	
  

Patient	
  received	
  propofol	
  as	
  it	
  was	
  

difficult	
  to	
  sedate	
  with	
  other	
  drugs,	
  

received	
  5.4mg/kg/h	
  over	
  two	
  days.	
  48	
  

hours	
  after	
  propofol	
  was	
  stopped,	
  she	
  

developed	
  pancreatitis(serum	
  amylase	
  

death	
  (possible	
  

due	
  baseline	
  

disease,	
  not	
  

propofol)	
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1055	
  U/L)	
  with	
  cholestasis	
  (Bili	
  

366mcmmol/L	
  (normal	
  3-­‐24),	
  

pancreatitis	
  confirmed	
  by	
  CT	
  abdomen.	
  

Pancreatitis	
  improved,	
  but	
  patient	
  

progressively	
  deteriorated	
  due	
  her	
  

pneumonia	
  and	
  died	
  12	
  days	
  later.	
  

Van	
  Meurs,	
  

2000	
  
14	
  

Propofol	
  used	
  during	
  surgery	
  fro	
  2	
  

hours,	
  extubated	
  prior	
  to	
  transfer	
  to	
  

PICU	
  and	
  had	
  to	
  be	
  re-­‐intubated	
  due	
  

increased	
  work	
  of	
  breathing,	
  received	
  

propofol	
  3.6	
  mg/kg/h	
  for	
  the	
  first	
  hour	
  

then	
  5.4	
  mg/kg/h	
  for	
  24	
  hours.	
  She	
  had	
  

fever	
  38	
  degrees,	
  edema	
  in	
  her	
  face	
  and	
  

urine	
  was	
  green.	
  She	
  had	
  some	
  

abnormal	
  movements,	
  possible	
  seizures	
  

and	
  propofol	
  was	
  stopped.	
  In	
  Blood	
  gas	
  

kept	
  Ph	
  7.37;	
  HCO3	
  21,	
  lactate	
  

6.5mmol/L	
  and	
  CPK=	
  896	
  U/l.	
  Patient	
  

was	
  extubated	
  after	
  4	
  days	
  and	
  

discharged	
  home.	
  

survived	
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Table	
  13.Summary	
  of	
  Findings	
  

 

propofol	
  for	
  children	
  

Patient	
  or	
  population:	
  children	
  

Settings:	
  	
  

Intervention:	
  propofol	
  

Outcomes	
  Illustrative	
  comparative	
  

risks*	
  (95%	
  CI)	
  

Relative	
  

effect	
  

(95%	
  CI)	
  

No	
  of	
  

Participants	
  

(studies)	
  

Quality	
  of	
  the	
  

evidence	
  

(GRADE)	
  

Comments	
  

Assumed	
  

risk	
  

Corresponding	
  

risk	
  

	
  
Control	
   Propofol	
  

	
   	
   	
   	
  
cardiac	
  

arrest	
  (RCT)	
  

Study	
  population	
   Not	
  

estimable	
  

326	
  

(1	
  study)	
  

⊕⊕⊕⊕	
  

high1,2,3,4	
  

	
  

4	
  per	
  100	
  9.5	
  	
  per	
  100	
  

	
  

Moderate	
  

	
   	
  cardiac	
  

arrest	
  

See	
  

comment	
  

See	
  comment	
   Not	
  

estimable	
  

454	
  

(3	
  studies)	
  

⊕⊕⊕⊝	
  

moderate5,6,7,8	
  

	
  

PRIS	
   Moderate	
   Not	
  

estimable	
  

33	
  

(27	
  studies)	
  

⊕⊕⊝⊝	
  

low9,10	
  

	
  

	
   	
  

*The	
  basis	
  for	
  the	
  assumed	
  risk	
  (e.g.	
  the	
  median	
  control	
  group	
  risk	
  across	
  studies)	
  is	
  provided	
  in	
  

footnotes.	
  The	
  corresponding	
  risk	
  (and	
  its	
  95%	
  confidence	
  interval)	
  is	
  based	
  on	
  the	
  assumed	
  risk	
  

in	
  the	
  comparison	
  group	
  and	
  the	
  relative	
  effect	
  of	
  the	
  intervention	
  (and	
  its	
  95%	
  CI).	
  

	
  

CI:	
  Confidence	
  interval;	
  RR:	
  Risk	
  ratio;	
  HR:	
  Hazard	
  ratio;	
  	
  

GRADE	
  Working	
  Group	
  grades	
  of	
  evidence	
  

High	
  quality:	
  Further	
  research	
  is	
  very	
  unlikely	
  to	
  change	
  our	
  confidence	
  in	
  the	
  estimate	
  of	
  

effect.	
  	
  

Moderate	
  quality:	
  Further	
  research	
  is	
  likely	
  to	
  have	
  an	
  important	
  impact	
  on	
  our	
  confidence	
  in	
  

the	
  estimate	
  of	
  effect	
  and	
  may	
  change	
  the	
  estimate.	
  

Low	
  quality:	
  Further	
  research	
  is	
  very	
  likely	
  to	
  have	
  an	
  important	
  impact	
  on	
  our	
  confidence	
  in	
  

the	
  estimate	
  of	
  effect	
  and	
  is	
  likely	
  to	
  change	
  the	
  estimate.	
  

Very	
  low	
  quality:	
  We	
  are	
  very	
  uncertain	
  about	
  the	
  estimate.	
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1	
  Unpublished	
  RCT,	
  high	
  risk	
  of	
  publication	
  bias.	
  
2	
  single	
  study	
  
3	
  Statiscally	
  significant	
  finings	
  between	
  propofol	
  2%	
  and	
  control.	
  	
  
4	
  Longe	
  duration	
  of	
  infusion	
  associated	
  with	
  outcome.	
  	
  
5	
  Newcastle-­‐Ottawa	
  scale	
  used	
  with	
  low	
  risk	
  of	
  bias.	
  
6	
  the	
  3	
  cohorts	
  had	
  inconsisten	
  finding	
  and	
  high	
  heterogenity	
  (I2=83%)	
  
7	
  Statiscally	
  significant	
  difference	
  in	
  one	
  cohort.	
  
8	
  Prolonged	
  propofol	
  infusion	
  seemed	
  to	
  be	
  assocaited	
  with	
  the	
  outcome.	
  
9	
  case	
  reports.	
  Only	
  positive	
  findings	
  are	
  reported.	
  
10	
  Propofol	
  dose	
  and	
  duration	
  of	
  infusion	
  were	
  strongly	
  reported	
  in	
  these	
  cases.	
  

 

Table	
  14.	
  Summary	
  of	
  key	
  outcomes,	
  findings	
  and	
  strength	
  of	
  evidence	
  

Outcome	
   Study	
  design	
  
{Number	
  of	
  
studies	
  (n)}	
  

Findings	
  and	
  direction	
  of	
  
effect	
  

Strength	
  of	
  Evidence	
  

Cardiac	
  
arrest	
  	
  

RCT	
  {1	
  (326)}	
  
Cohorts	
  {3	
  
(454)	
  
	
  

The	
  RCT	
  and	
  one	
  cohort	
  
had	
  statiscally	
  significant	
  
increase	
  in	
  number	
  of	
  
death	
  (RCT)	
  and	
  cardiac	
  
arrest	
  (cohort)	
  in	
  patients	
  
receiving	
  propofol	
  in	
  
comparison	
  to	
  non-­‐
propofol	
  group.	
  Large	
  
magnitude	
  of	
  effect.	
  	
  

Moderate	
  to	
  high.	
  

PRIS	
   Case	
  reports	
  
(27)	
  

Single	
  and	
  multiple	
  case	
  
reports	
  (total	
  of	
  33	
  cases),	
  
with	
  similar	
  clinical	
  
findings	
  and	
  important	
  
dose-­‐effect	
  gradient.	
  

Low.	
  

 

 

 

 

 

 

Table 15. PRISMA Harms Checklist 
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Risk of bias 
across studies  

15 Specify any assessment of risk of bias that may 
affect the cumulative evidence (e.g., publication 

 x 

Section/topic  # Checklist item  Harms Extension  
 
Check if done 

TITLE    

Title  1  Identify the report as a systematic review, 
meta-analysis, or both.  

Specifically mention “harms” or other 
related terms, or the harm of interest 
in the review.  

X x 

ABSTRACT    

Structured 
summary  

2 Provide a structured summary including, as 
applicable: background; objectives; data 
sources; study eligibility criteria, participants, 
and interventions; study appraisal and synthesis 
methods; results; limitations; conclusions and 
implications of key findings; systematic review 
registration number.  

 x 

INTRODUCTION    

Rationale  3 Describe the rationale for the review in the 
context of what is already known.  

 x 
Objectives  4 Provide an explicit statement of questions being 

addressed with reference to participants, 
interventions, comparisons, outcomes, and 
study design (PICOS).  

 x 

METHODS    

Protocol and 
registration  

5 Indicate if a review protocol exists, if and where 
it can be accessed (e.g., Web address), and, if 
available, provide registration information 
including registration number.  

 x 

Eligibility 
criteria  

6 Specify study characteristics (e.g., PICOS, 
length of follow-­‐up) and report characteristics 
(e.g., years considered, language, publication 
status) used as criteria for eligibility, giving 
rationale.  

 x 

Information 
sources  

7 Describe all information sources (e.g., 
databases with dates of coverage, contact with 
study authors to identify additional studies) in 
the search and date last searched.  

 x 

Search  8 Present full electronic search strategy for at 
least one database, including any limits used, 
such that it could be repeated.  

 x 

Study selection  9 State the process for selecting studies (i.e., 
screening, eligibility, included in systematic 
review, and, if applicable, included in the meta-­‐
analysis).  

 x 

Data collection 
process  

10 Describe method of data extraction from reports 
(e.g., piloted forms, independently, in duplicate) 
and any processes for obtaining and confirming 
data from investigators.  

 x 

Data items  11 List and define all variables for which data were 
sought (e.g., PICOS, funding sources) and any 
assumptions and simplifications made.  

 x 

Risk of bias in 
individual 
studies  

12 Describe methods used for assessing risk of 
bias of individual studies (including specification 
of whether this was done at the study or 
outcome level), and how this information is to 
be used in any data synthesis.  

 x 

Summary 
measures  

13 State the principal summary measures (e.g., 
risk ratio, difference in means).  

 x 
Synthesis of 
results  

14 Describe the methods of handling data and 
combining results of studies, if done, including 
measures of consistency (e.g., I

2
) for each 

meta-­‐analysis.  

 Specify how zero events were 
handled, if relevant. X  x 
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bias, selective reporting within studies).  

Additional 
analyses  

16 Describe methods of additional analyses (e.g., 
sensitivity or subgroup analyses, meta-
regression), if done, indicating which were pre-­‐
specified.  

 x 

RESULTS    

Study selection  17 Give numbers of studies screened, assessed 
for eligibility, and included in the review, with 
reasons for exclusions at each stage, ideally 
with a flow diagram.  

 x 

Study 
characteristics  

18 18a) For each study, present characteristics for 
which data were extracted (e.g., study size, 
PICOS, follow-up period) and provide the 
citations.  

Define each harm addressed, how it 
was ascertained (e.g. patient report, 
active search), and over what time 
period. 

X x 

Risk of bias 
within studies  

19 Present data on risk of bias of each study and, 
if available, any outcome level assessment (see 
item 12).  

 x 

Results of 
individual 
studies  

20 For all outcomes considered (benefits or 
harms), present, for each study: (a) simple 
summary data for each intervention group (b) 
effect estimates and confidence intervals, 
ideally with a forest plot.  

 x 

Synthesis of 
results  

21 Present results of each meta-analysis done, 
including confidence intervals and measures of 
consistency.  

 Describe any assessment of 
possible causality. x x 

Risk of bias 
across studies  

22 Present results of any assessment of risk of 
bias across studies (see Item 15).  

 x 
Additional 
analysis  

23 Give results of additional analyses, if done 
(e.g., sensitivity or subgroup analyses, meta-
regression [see Item 16]).  

 x 

DISCUSSION    

Summary of 
evidence  

24 Summarize the main findings including the 
strength of evidence for each main outcome; 
consider their relevance to key groups (e.g., 
healthcare providers, users, and policy 
makers).  

 x 

Limitations  25 Discuss limitations at study and outcome level 
(e.g., risk of bias), and at review-level (e.g., 
incomplete retrieval of identified research, 
reporting bias).  

 x 

Conclusions  26 Provide a general interpretation of the results in 
the context of other evidence, and implications 
for future research.  

 x 

FUNDING    

Funding  27 Describe sources of funding for the systematic 
review and other support (e.g., supply of data); 
role of funders for the systematic review.  

 x 

 

 

Figures	
  

Figure	
  3.	
  Study	
  Flow	
  Diagram	
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Figure	
  4.Risk	
  of	
  Bias	
  Summary	
  for	
  included	
  RCTs	
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Figure	
  5.	
  Risk	
  of	
  Bias	
  Graph	
  for	
  included	
  RCTs	
  

	
  

Appendices	
  	
  	
  

1.	
  	
  MEDLINE	
  search	
  strategy	
   	
  	
  

1.	
  (propofol*	
  or	
  2,6-­‐diisopropylphenol*	
  or	
  disoprofol	
  or	
  disoprivan	
  or	
  Diprivan	
  or	
  fresofol	
  or	
  

recofol	
  or	
  ivofol	
  or	
  aquafol	
  or	
  rapinovet).mp.	
  or	
  exp	
  Propofol/	
  

2.	
  (child*	
  or	
  p?ediatric*	
  or	
  infant*	
  or	
  teen*	
  or	
  youth*).mp.	
  or	
  exp	
  child/	
  or	
  infant/	
  or	
  exp	
  

Pediatrics/	
  or	
  exp	
  Minors/	
  or	
  Adolescent/	
  

3.	
  1	
  and	
  2	
  

2.	
  Ovid	
  EMBASE	
  search	
  strategy	
   	
  	
  

1.	
  (propofol*	
  or	
  2,6-­‐diisopropylphenol*	
  or	
  disoprofol	
  or	
  disoprivan	
  or	
  diprivan	
  or	
  fresofol	
  or	
  

recofol	
  or	
  ivofol	
  or	
  aquafol	
  or	
  rapinovet).mp.	
  or	
  exp	
  PROPOFOL/	
  

2.	
  (child*	
  or	
  p?ediatric*	
  or	
  infant*	
  or	
  teen*	
  or	
  youth*).mp.	
  or	
  exp	
  child/	
  or	
  infant/	
  or	
  exp	
  

PEDIATRICS/	
  or	
  exp	
  juvenile/	
  or	
  adolescent/	
  

3.	
  1	
  and	
  2	
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3	
  CENTRAL	
  search	
  strategy	
   	
  	
  

#1	
  MeSH	
  descriptor	
  Propofol	
  explode	
  all	
  trees	
  

#2	
  propofol*	
  or	
  diisopropylphenol*	
  or	
  disoprofol	
  or	
  disoprivan	
  or	
  diprivan	
  or	
  fresofol	
  or	
  recofol	
  

or	
  ivofol	
  or	
  aquafol	
  or	
  rapinovet	
  

#3	
  (#1	
  OR	
  #2)	
  

#4	
  MeSH	
  descriptor	
  Child	
  explode	
  all	
  trees	
  

#5	
  MeSH	
  descriptor	
  Infant	
  explode	
  all	
  trees	
  

#6	
  MeSH	
  descriptor	
  Minors	
  explode	
  all	
  trees	
  

#7	
  MeSH	
  descriptor	
  Pediatrics	
  explode	
  all	
  trees	
  

#8	
  MeSH	
  descriptor	
  Adolescent	
  explode	
  all	
  trees	
  

#9	
  child*	
  or	
  p?ediatric*	
  or	
  infant*	
  or	
  teen*	
  or	
  youth*	
  

#10	
  (#4	
  OR	
  #5	
  OR	
  #6	
  OR	
  #7	
  OR	
  #8	
  OR	
  #9)	
  

#11	
  (#3	
  AND	
  #10)	
  

4	
  Data	
  extraction	
  form	
   	
  	
  

Propofol	
  Infusion	
  for	
  paediatric	
  sedation	
  

CARG	
  239	
  

Clinical	
  trials	
  

Reviewer	
  Name:	
  

Review	
  Date:	
  

Study	
  ID	
  (last	
  name/year):	
  

Title:	
  

Language:	
  

Country:	
  

Inclusion	
  criteria	
  (must	
  fulfil	
  all	
  brackets)	
  

(	
  )	
  only	
  paediatric	
  patients	
  (28	
  days	
  to	
  19	
  years	
  old)	
  

(	
  )	
  used	
  propofol	
  as	
  a	
  continuous	
  infusions	
  (mg/kg/hr	
  or	
  mcg/kg/min)	
  for	
  more	
  than	
  60	
  min	
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(	
  )	
  propofol	
  used	
  in	
  only	
  one	
  study	
  arm	
  

(	
  )	
  it	
  is	
  a	
  controlled	
  clinical	
  trial	
  (there	
  is	
  a	
  comparison	
  group)	
  

	
  

Definitions:	
  

Cardiac	
  arrest	
  will	
  be	
  defined	
  as	
  significant	
  reduction	
  on	
  cardiac	
  output	
  requiring	
  any	
  of	
  the	
  

following:	
  chest	
  compressions;	
  defibrillation,	
  epinephrine	
  boluses	
  or	
  cardiac	
  mechanical	
  

support	
  (Extra	
  corporeal	
  life	
  support	
  –ECLS;	
  or	
  ventricular	
  assist	
  device-­‐VAD).	
  

Propofol	
  infusion	
  syndrome	
  (PRIS)	
  will	
  be	
  defined	
  as	
  metabolic	
  acidosis,	
  defined	
  as	
  arterial	
  pH	
  ≤	
  

7.30	
  along	
  with	
  a	
  serum	
  bicarbonate	
  ≤	
  18	
  mg/dL;	
  plus	
  the	
  presence	
  of	
  any	
  signs	
  in	
  any	
  the	
  

below	
  categories.	
  A	
  patient	
  was	
  deemed	
  to	
  have	
  experienced	
  a	
  particular	
  manifestation	
  

category	
  if	
  they	
  experienced	
  any	
  manifestation	
  within	
  the	
  category	
  (adapted	
  from	
  Roberts	
  

2009)	
  

1)	
  rhabdomyolysis	
  (CPK	
  ≥	
  10,000	
  IU/L)	
  or	
  positive	
  serum	
  or	
  urine	
  myoglobin	
  test	
  or	
  positives	
  

urinary	
  casts	
  for	
  haemoglobin;	
  

2)	
  hypotension	
  (initiation	
  of	
  a	
  vasopressor	
  agent	
  or	
  increase	
  of	
  ≥20%	
  from	
  baseline	
  vasopressor	
  

infusion	
  prior	
  to	
  propofol	
  initiation);	
  

3)	
  hepatic	
  transaminitis	
  (increase	
  in	
  the	
  aspartate	
  aminotransferase	
  and/or	
  alanine	
  

aminotransferase	
  ≥	
  3	
  times	
  above	
  baseline);	
  

4)	
  hypertriglyceridaemia	
  (serum	
  triglyceride	
  concentration	
  ≥	
  400	
  mg/dL);	
  

5)	
  hypoxia	
  (partial	
  pressure	
  of	
  arterial	
  oxygen	
  ≤	
  60	
  mmHg);	
  

6)	
  hyperthermia	
  (temperature	
  ≥	
  38.3°C);	
  

7)	
  cardiac	
  dysfunction	
  that	
  included	
  asystole,	
  pulseless	
  electrical	
  activity,	
  ventricular	
  fibrillation,	
  

sustained	
  ventricular	
  tachycardia	
  of	
  30	
  seconds	
  or	
  longer,	
  myocardial	
  failure	
  (ejection	
  fraction	
  

≤40%),	
  or	
  bradycardia	
  (heart	
  rate	
  ≤	
  60	
  bpm)	
  

8)	
  renal	
  failure	
  that	
  included	
  oliguria	
  (urine	
  output	
  ≤	
  0.5	
  mL/kg/hr	
  for	
  ≥	
  6	
  hours),	
  anuria	
  (urine	
  

output	
  ≤	
  10	
  mL/hr	
  for	
  ≥	
  6	
  hours),	
  elevation	
  in	
  serum	
  creatinine	
  (increase	
  of	
  ≥	
  1	
  mg/dL	
  from	
  

baseline),	
  or	
  hyperkalaemia	
  (serum	
  K+	
  ≥	
  6	
  mg/dL	
  (excluding	
  other	
  known	
  causes	
  or	
  haemolyzed	
  

specimens)	
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Study	
  participants	
  inclusion	
  criteria:	
  

Study	
  participant	
  exclusion	
  criteria:	
  

1)	
  Patient	
  demographics:	
  

Number	
  of	
  patients	
  enrolled	
  (	
  ___	
  Females)	
  

Age	
  (average):_____	
  Range:_____	
  (months/years)	
  

Patient	
  location:	
  

(	
  )	
  intensive	
  care	
  

(	
  )	
  diagnostic	
  imaging	
  (MRI/	
  CT/other:__________)	
  

(	
  )	
  operating	
  room	
  due	
  to:_______	
  

(	
  )	
  other:__________	
  

Reason	
  for	
  hospital	
  admission:	
  

Primary	
  outcome	
  being	
  measured:	
  

2)	
  Study	
  drug:	
  PROPOFOL	
  

Number	
  of	
  patients	
  enrolled	
  (	
  ___	
  Females)	
  

Age	
  (average):_____	
  Range:_____	
  (months/years)	
  

Are	
  any	
  signs	
  of	
  organ	
  dysfunction	
  prior	
  to	
  propofol	
  infusion?	
  (	
  )	
  Yes	
  (	
  )	
  No	
  

(	
  )	
  cardiac	
  :	
  on	
  inotropic	
  support;	
  previous	
  arrhythmia;	
  previous	
  reduced	
  ejection	
  fraction	
  by	
  

ECHO;	
  

(	
  )	
  hepatic:	
  elevated	
  liver	
  enzymes	
  

(	
  )	
  hypoxia	
  (pao2	
  <60)	
  

(	
  )	
  renal:	
  oliguria,	
  anuria	
  or	
  elevation	
  of	
  serum	
  creatinine	
  

2.1)	
  Propofol	
  used	
  as	
  an	
  infusion	
  at	
  average	
  dose	
  of	
  _____	
  mg/kg/h	
  (or)	
  mcg/kg/min	
  

minimum	
  of	
  ____	
  and	
  maximum	
  of	
  ____	
  mg/kg/h	
  (or)	
  mcg/kg/min	
  

2.2)	
  Duration	
  of	
  propofol	
  infusion	
  ___	
  hours	
  (	
  min:_____/	
  max:_____)	
  

2.3)	
  Other	
  drugs	
  used	
  in	
  association	
  with	
  propofol	
  (name	
  and	
  dose)	
  

a)	
  prior	
  to	
  propofol	
  infusion:	
  

b)	
  during	
  propofol	
  infusion:	
  

c)	
  after	
  propofol	
  infusion	
  was	
  stopped:	
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2.4)	
  Any	
  report	
  of	
  PRIS	
  or	
  cardiac	
  arrest	
  (events	
  of	
  interest)	
  in	
  this	
  group?	
  (	
  )	
  yes	
  (	
  )	
  no	
  

How	
  were	
  these	
  reports	
  collected?	
  (	
  )	
  spontaneous	
  report	
  (	
  )	
  active	
  surveillance	
  (	
  )	
  not	
  clear	
  

2.5)	
  How	
  many	
  events	
  of	
  interest	
  in	
  total?	
  

In	
  how	
  many	
  unique	
  patients?	
  

2.6)	
  Report	
  the	
  AE	
  found	
  (kind	
  of	
  event,	
  methods	
  of	
  monitoring	
  and	
  diagnosing	
  the	
  AE,	
  

treatment	
  and	
  outcome):	
  

2.7)	
  Possible	
  confounding	
  factors	
  or	
  biases	
  as	
  per:	
  

Authors:	
  

SR	
  extractor:	
  

2.8)	
  If	
  PRIS	
  or	
  cardiac	
  arrest	
  were	
  identified,	
  what	
  is	
  it	
  relationship	
  with	
  propofol	
  infusion?	
  (time	
  

from	
  initiation/ending	
  of	
  infusion	
  to	
  the	
  event)	
  

2.9)	
  How	
  long	
  was	
  the	
  follow-­‐up	
  for?	
  

2.10)	
  Number	
  of	
  patients	
  that	
  lost	
  follow-­‐up	
  and	
  reasons:	
  

2.11)	
  Any	
  other	
  events	
  of	
  interest	
  reported,	
  not	
  fulfilling	
  the	
  PRIS	
  inclusion	
  criteria?	
  

2.12)	
  Were	
  any	
  patients	
  excluded	
  from	
  the	
  adverse	
  effect	
  analysis?	
  Why?	
  

3)	
  Comparison	
  group:	
  

Number	
  of	
  patients	
  enrolled	
  (	
  ___	
  Females)	
  

Age	
  (average):_____	
  Range:_____	
  (months/years)	
  

Are	
  any	
  signs	
  of	
  organ	
  dysfunction	
  prior	
  to	
  initiation	
  of	
  sedation	
  infusion?	
  (	
  )	
  Yes	
  (	
  )	
  No	
  

(	
  )	
  cardiac	
  :	
  on	
  inotropic	
  support;	
  previous	
  arrhythmia;	
  previous	
  reduced	
  ejection	
  fraction	
  by	
  

ECHO;	
  

(	
  )	
  hepatic:	
  elevated	
  liver	
  enzymes	
  

(	
  )	
  hypoxia	
  (pao2	
  <60)	
  

(	
  )	
  renal:	
  oliguria,	
  anuria	
  or	
  elevation	
  of	
  serum	
  creatinine	
  

3.1)	
  drug	
  (s)	
  dosage	
  

drug	
  (1):	
  ____	
  dose:	
  ____	
  duration:	
  ____	
  

drug	
  (2):	
  ____	
  dose:	
  ____	
  duration:	
  ____	
  

drug	
  (3):	
  ____	
  dose:	
  ____	
  duration:	
  ____	
  

drug	
  (4):	
  ____	
  dose:	
  ____	
  duration:	
  ____	
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3.2)	
  Any	
  serious	
  adverse	
  event	
  (PRIS	
  or	
  cardiac	
  arrest)	
  reported	
  on	
  this	
  group?	
  (	
  )	
  yes	
  (	
  )	
  no	
  

How	
  were	
  these	
  reports	
  collected?	
  (	
  )	
  spontaneous	
  report	
  (	
  )	
  active	
  surveillance	
  (	
  )	
  not	
  clear	
  

3.4)	
  How	
  many	
  AEs	
  in	
  total?	
  

In	
  how	
  many	
  unique	
  patients	
  …………	
  

3.5)	
  Report	
  the	
  AE	
  found	
  (kind	
  of	
  event,	
  methods	
  of	
  monitoring	
  and	
  diagnosing	
  the	
  AE,	
  

treatment	
  and	
  outcome):	
  

3.6)	
  Possible	
  confounding	
  factors	
  or	
  biases	
  as	
  per:	
  

Authors:	
  

SR	
  extractor:	
  

3.7)	
  If	
  PRIS	
  or	
  cardiac	
  arrest	
  was	
  identified,	
  what	
  is	
  it	
  relationship	
  the	
  drugs	
  been	
  used?	
  (time	
  

from	
  initiation/ending	
  of	
  drugs	
  been	
  used	
  to	
  the	
  event):	
  

3.8)	
  How	
  long	
  was	
  the	
  follow-­‐up	
  for?	
  

3.9)	
  Number	
  of	
  patients	
  that	
  lost	
  follow	
  up	
  and	
  reasons	
  

3.10)	
  Any	
  other	
  events	
  of	
  interest	
  reported,	
  not	
  fulfilling	
  the	
  PRIS	
  inclusion	
  criteria?	
  

3.11)	
  Were	
  any	
  patients	
  excluded	
  from	
  the	
  adverse	
  effect	
  analysis?	
  Why?	
  

4)	
  Study	
  bias:	
  

4.1)	
  Selection	
  bias	
  (biased	
  allocation	
  to	
  interventions)	
  due	
  to	
  inadequate	
  generation	
  of	
  a	
  

randomised	
  sequence.	
  Low	
  (	
  )	
  High	
  (	
  )	
  Unclear	
  (	
  )	
  

4.2)	
  Selection	
  bias	
  (biased	
  allocation	
  to	
  interventions)	
  due	
  to	
  inadequate	
  concealment	
  of	
  

allocations	
  prior	
  to	
  assignment.	
  Low	
  (	
  )	
  High	
  (	
  )	
  Unclear	
  (	
  )	
  

4.3)	
  Performance	
  bias	
  due	
  to	
  knowledge	
  of	
  the	
  allocated	
  interventions	
  by	
  participants	
  and	
  

personnel	
  during	
  the	
  study.	
  Low	
  (	
  )	
  High	
  (	
  )	
  Unclear	
  (	
  )	
  

4.4)	
  Detection	
  bias	
  due	
  to	
  knowledge	
  of	
  the	
  allocated	
  interventions	
  by	
  outcome	
  assessors.	
  Low	
  

(	
  )	
  High	
  (	
  )	
  Unclear	
  (	
  )	
  

4.5)	
  Attrition	
  bias	
  due	
  to	
  amount,	
  nature	
  or	
  handling	
  of	
  incomplete	
  outcome	
  data.	
  Low	
  (	
  )	
  High	
  (	
  

)	
  Unclear	
  (	
  )	
  

4.6)	
  Reporting	
  bias	
  due	
  to	
  selective	
  outcome	
  reporting.	
  Low	
  (	
  )	
  High	
  (	
  )	
  Unclear	
  (	
  )	
  

4.7)	
  Other	
  biases:	
  Bias	
  due	
  to	
  problems	
  not	
  covered	
  elsewhere	
  in	
  the	
  table.	
  Low	
  (	
  )	
  High	
  (	
  )	
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Unclear	
  (	
  )	
  Why?	
  

Overall	
  risk	
  of	
  bias:	
  Low	
  (	
  )	
  High	
  (	
  )	
  Unclear	
  (	
  )	
  

Propofol	
  Infusion	
  for	
  paediatric	
  sedation	
  

CARG	
  239	
  

Non-­‐	
  randomized	
  studies	
  

Reviewer	
  Name:	
  

Review	
  Date:	
  

Study	
  ID	
  (last	
  name/year):	
  

Title:	
  

Language:	
  

Country:	
  

Kind	
  of	
  study:	
  

(	
  )	
  case	
  report	
  (number	
  of	
  patients:____)	
  

(	
  )	
  case-­‐control	
  

(	
  )	
  cohort	
  study	
  

(	
  )	
  other:	
  

Propofol:	
  

Patient’s	
  characteristics:	
  

Number	
  of	
  patients	
  enrolled	
  (	
  ___	
  Females)	
  

Age	
  (average):_____	
  Range:_____	
  (months/years)	
  

Reason	
  for	
  hospital	
  admission:	
  

Patient	
  location:	
  

(	
  )	
  intensive	
  care	
  

(	
  )	
  diagnostic	
  imaging	
  (MRI/	
  CT/other:	
  _____)	
  

(	
  )	
  operating	
  room	
  due	
  

(	
  )	
  other:	
  

Are	
  any	
  signs	
  of	
  organ	
  dysfunction	
  prior	
  to	
  propofol	
  infusion?	
  (	
  )	
  Yes	
  (	
  )	
  No	
  

(	
  )	
  cardiac	
  :	
  on	
  inotropic	
  support;	
  previous	
  arrhythmia;	
  previous	
  reduced	
  ejection	
  fraction	
  by	
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ECHO	
  

(	
  )	
  hepatic:	
  elevated	
  liver	
  enzymes	
  

(	
  )	
  hypoxia	
  (pao2	
  <60)	
  

(	
  )	
  renal:	
  oliguria,	
  anuria	
  or	
  elevation	
  of	
  serum	
  creatinine	
  

Propofol	
  dose	
  and	
  duration	
  of	
  infusion:	
  

Other	
  drugs	
  used	
  (name	
  and	
  dosage):	
  

-­‐	
  Prior	
  to	
  propofol	
  infusion:	
  

-­‐	
  During	
  propofol	
  infusion:	
  

-­‐	
  After	
  propofol	
  infusion	
  was	
  stopped:	
  

Adverse	
  events	
  reported	
  (kind	
  of	
  event,	
  duration,	
  treatment	
  used	
  and	
  outcome):	
  

If	
  PRIS	
  or	
  cardiac	
  arrest	
  was	
  identified,	
  what	
  is	
  it	
  relationship	
  the	
  drugs	
  been	
  used?	
  (time	
  from	
  

initiation/ending	
  of	
  drugs	
  been	
  used	
  to	
  the	
  event):	
  

Comparison	
  group	
  (if	
  applicable):	
  

Drug(s)	
  used	
  for	
  comparison	
  (name	
  and	
  dosage):	
  

Number	
  of	
  patients	
  enrolled	
  (	
  ___	
  Females)	
  

Age	
  (average):_____	
  Range:_____	
  (months/years)	
  

Reason	
  for	
  hospital	
  admission:	
  

Patient	
  location:	
  

(	
  )	
  intensive	
  care	
  

(	
  )	
  diagnostic	
  imaging	
  (MRI/	
  CT/other:	
  _____)	
  

(	
  )	
  operating	
  room	
  due	
  

(	
  )	
  other:	
  

Personal	
  delivering	
  the	
  intervention:	
  Pediatric	
  trained:	
  Yes	
  (	
  )	
  No	
  (	
  )	
  (	
  )	
  Not	
  clear	
  

(	
  )	
  anaesthesiologist	
  

(	
  )	
  intensivists	
  

(	
  )	
  emergency	
  physician	
  

(	
  )	
  other:	
  

How	
  was	
  the	
  control	
  selected?	
  

Were	
  the	
  patients	
  similar	
  between	
  intervention	
  and	
  control?	
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Adverse	
  events	
  reported	
  (kind	
  of	
  event,	
  duration,	
  treatment	
  used	
  and	
  outcome):	
  

If	
  PRIS	
  or	
  cardiac	
  arrest	
  was	
  identified,	
  what	
  is	
  it	
  relationship	
  the	
  drugs	
  been	
  used?	
  (time	
  from	
  

initiation/ending	
  of	
  drugs	
  been	
  used	
  to	
  the	
  event)	
  

Possible	
  confounding	
  factors:	
  

By	
  the	
  study	
  authors:	
  

By	
  the	
  reviewer:	
  

NEWCASTLE	
  -­‐	
  OTTAWA	
  QUALITY	
  ASSESSMENT	
  SCALE	
  

CASE	
  CONTROL	
  STUDIES	
  

Note:	
  A	
  study	
  can	
  be	
  awarded	
  a	
  maximum	
  of	
  one	
  star	
  for	
  each	
  numbered	
  item	
  within	
  the	
  

Selection	
  and	
  

Exposure	
  categories.	
  A	
  maximum	
  of	
  two	
  stars	
  can	
  be	
  given	
  for	
  Comparability.	
  

Selection	
  

1)	
  Is	
  the	
  case	
  definition	
  adequate?	
  

a)	
  yes,	
  with	
  independent	
  validation	
  

b)	
  yes,	
  e.g.	
  record	
  linkage	
  or	
  based	
  on	
  self	
  reports	
  

c)	
  no	
  description	
  

2)	
  Representativeness	
  of	
  the	
  cases	
  

a)	
  consecutive	
  or	
  obviously	
  representative	
  series	
  of	
  cases	
  

b)	
  potential	
  for	
  selection	
  biases	
  or	
  not	
  stated	
  

3)	
  Selection	
  of	
  Controls	
  

a)	
  community	
  controls	
  

b)	
  hospital	
  controls	
  

c)	
  no	
  description	
  

4)	
  Definition	
  of	
  Controls	
  

a)	
  no	
  history	
  of	
  disease	
  (endpoint)	
  

b)	
  no	
  description	
  of	
  source	
  

Comparability	
  (This	
  criteria	
  could	
  be	
  modified	
  to	
  indicate	
  specific	
  control	
  for	
  a	
  second	
  

important	
  factor.)	
  

1)	
  Comparability	
  of	
  cases	
  and	
  controls	
  on	
  the	
  basis	
  of	
  the	
  design	
  or	
  analysis	
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a)	
  study	
  controls	
  for	
  _______________	
  (Select	
  the	
  most	
  important	
  factor.)	
  

b)	
  study	
  controls	
  for	
  any	
  additional	
  factor	
  

Exposure	
  

1)	
  Ascertainment	
  of	
  exposure	
  

a)	
  secure	
  record	
  (e.g.	
  surgical	
  records)	
  

b)	
  structured	
  interview	
  where	
  blind	
  to	
  case/control	
  status	
  

c)	
  interview	
  not	
  blinded	
  to	
  case/control	
  status	
  

d)	
  written	
  self	
  report	
  or	
  medical	
  record	
  only	
  

e)	
  no	
  description	
  

2)	
  Same	
  method	
  of	
  ascertainment	
  for	
  cases	
  and	
  controls	
  

a)	
  yes	
  

b)	
  no	
  

3)	
  Non-­‐Response	
  rate	
  

a)	
  same	
  rate	
  for	
  both	
  groups	
  

b)	
  non	
  respondents	
  described	
  

c)	
  rate	
  different	
  and	
  no	
  designation	
  

NEWCASTLE	
  -­‐	
  OTTAWA	
  QUALITY	
  ASSESSMENT	
  SCALE	
  

COHORT	
  STUDIES	
  

Note:	
  A	
  study	
  can	
  be	
  awarded	
  a	
  maximum	
  of	
  one	
  star	
  for	
  each	
  numbered	
  item	
  within	
  the	
  

Selection	
  and	
  

Outcome	
  categories.	
  A	
  maximum	
  of	
  two	
  stars	
  can	
  be	
  given	
  for	
  Comparability	
  

Selection	
  

1)	
  Representativeness	
  of	
  the	
  exposed	
  cohort	
  

a)	
  truly	
  representative	
  of	
  the	
  average	
  _______________	
  (describe)	
  in	
  the	
  community	
  

b)	
  somewhat	
  representative	
  of	
  the	
  average	
  ______________	
  in	
  the	
  community	
  

c)	
  selected	
  group	
  of	
  users	
  e.g.	
  nurses,	
  volunteers	
  

d)	
  no	
  description	
  of	
  the	
  derivation	
  of	
  the	
  cohort	
  

2)	
  Selection	
  of	
  the	
  non	
  exposed	
  cohort	
  

a)	
  drawn	
  from	
  the	
  same	
  community	
  as	
  the	
  exposed	
  cohort	
  



 

273 
 

b)	
  drawn	
  from	
  a	
  different	
  source	
  

c)	
  no	
  description	
  of	
  the	
  derivation	
  of	
  the	
  non	
  exposed	
  cohort	
  

3)	
  Ascertainment	
  of	
  exposure	
  

a)	
  secure	
  record	
  (e.g.	
  surgical	
  records)	
  

b)	
  structured	
  interview	
  

c)	
  written	
  self	
  report	
  

d)	
  no	
  description	
  

4)	
  Demonstration	
  that	
  outcome	
  of	
  interest	
  was	
  not	
  present	
  at	
  start	
  of	
  study	
  

a)	
  yes	
  

b)	
  no	
  

Comparability	
  (This	
  criteria	
  could	
  be	
  modified	
  to	
  indicate	
  specific	
  control	
  for	
  a	
  second	
  

important	
  factor.)	
  

1)	
  Comparability	
  of	
  cohorts	
  on	
  the	
  basis	
  of	
  the	
  design	
  or	
  analysis	
  

a)	
  study	
  controls	
  for	
  _____________	
  (select	
  the	
  most	
  important	
  factor)	
  

b)	
  study	
  controls	
  for	
  any	
  additional	
  factor	
  

Outcome	
  

1)	
  Assessment	
  of	
  outcome	
  

a)	
  independent	
  blind	
  assessment	
  

b)	
  record	
  linkage	
  

c)	
  self	
  report	
  

d)	
  no	
  description	
  

2)	
  Was	
  follow-­‐up	
  long	
  enough	
  for	
  outcomes	
  to	
  occur	
  

a)	
  yes	
  (select	
  an	
  adequate	
  follow	
  up	
  period	
  for	
  outcome	
  of	
  interest)	
  

b)	
  no	
  

3)	
  Adequacy	
  of	
  follow	
  up	
  of	
  cohorts	
  

a)	
  complete	
  follow	
  up	
  -­‐	
  all	
  subjects	
  accounted	
  for	
  

b)	
  subjects	
  lost	
  to	
  follow	
  up	
  unlikely	
  to	
  introduce	
  bias	
  -­‐	
  small	
  number	
  lost	
  -­‐	
  >	
  ____	
  %	
  (select	
  an	
  

adequate	
  %)	
  follow	
  up,	
  or	
  description	
  provided	
  of	
  those	
  lost)	
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c)	
  follow	
  up	
  rate	
  <	
  ____%	
  (select	
  an	
  adequate	
  %)	
  and	
  no	
  description	
  of	
  those	
  lost	
  

d)	
  no	
  statement	
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Conclusion	
  	
  

This	
   doctoral	
   work	
   emerged	
   from	
   the	
   need	
   for	
   a	
   balanced	
   assessment	
  of	
  benefits	
   and	
   harms	
  

when	
   making	
   decisions	
  around	
   the	
   use	
   of	
   therapeutic	
   interventions	
   for	
   patient	
   care.	
   Every	
  

intervention	
   carries	
   potential	
   for	
   benefit	
   as	
   well	
   as	
   harm,	
   and	
   informed	
   decision-­‐making	
  

requires	
  both	
  to	
  be	
  measured	
  and	
  reported	
  with	
  equal	
  clarity.	
  

Improving	
  report	
  in	
  reviews	
  of	
  adverse	
  events	
  and	
  the	
  PRISMA	
  Harms	
  

Systematic	
   reviews	
   are	
   the	
   gold	
   standard	
   for	
   knowledge	
   synthesis;	
   there	
   is	
   broad	
   consensus	
  

that	
   systematic	
   reviews	
   should	
   be	
   conducted	
   and	
   reported	
   in	
   a	
   transparent	
   fashion	
  (1).	
  The	
  

assessment	
  of	
  harms	
  through	
  a	
  systematic	
  review	
  with	
  meta-­‐analysis	
  is	
  potentially	
  valuable	
  as	
  

individual	
  studies	
  are	
  usually	
  underpowered	
  to	
  detect	
  differences	
  in	
  rare	
  outcomes,	
  whereas	
  a	
  

meta-­‐analysis	
  of	
  many	
  studies	
  may	
  have	
  more	
  power	
  to	
  investigate	
  the	
  incidence	
  of	
  the	
  rare	
  

events	
   associated	
   with	
   therapeutic	
   interventions(2).	
  The	
   difficulties	
   in	
   developing	
   a	
   review	
   of	
  

adverse	
   events	
   and	
   the	
   lack	
   of	
   guidance	
   in	
   reporting	
   led	
   to	
  the	
   development	
   of	
   the	
   PRISMA	
  

Harms,	
  a	
  reporting	
  guideline	
  to	
  improve	
  harms	
  reporting	
  in	
  systematic	
  reviews.	
  	
  

We	
   followed	
  the	
  recommended	
  steps	
   for	
   a	
  guideline	
   development	
   (3).	
   First,	
   we	
   documented	
  

the	
  weaknesses	
  in	
  reporting	
  adverse	
  on	
  reviews	
  exclusively	
  designed	
  to	
  measure	
  these	
  events,	
  

as	
   a	
   conservative	
   estimate	
   of	
   the	
   magnitude	
   of	
   the	
   problem	
  (4).	
   The	
   second	
   step	
   in	
   the	
  

guideline	
  development	
  was	
  to	
  seek	
  expert	
  opinion	
  in	
  an	
  anonymous	
  fashion	
  through	
  a	
  modified	
  

Delphi	
  exercise.	
  We	
  found	
  the	
  respondents	
  very	
  engaged	
  and	
  it	
  was	
  difficult	
  for	
  them	
  to	
  select	
  

items	
  that	
  could	
  be	
  considered	
  “not	
  important”.	
  To	
  our	
  surprise,	
  only	
  one	
  proposed	
  item	
  was	
  

excluded	
   after	
   two	
   Delphi	
   rounds.	
   We	
   added	
   pharmaco-­‐epidemiologists	
   to	
   the	
   Delphi	
   study,	
  

and	
   submitted	
   the	
   potential	
   items	
   for	
   their	
   consideration.	
   	
   After	
   three	
   Delphi	
   rounds,	
   we	
  

collected	
   unique	
   comments	
   that	
   could	
  form	
   the	
   basis	
   of	
   future	
   methodological	
   research	
   (e.g.	
  

the	
   difference	
   when	
   assessing	
   “risk	
   of	
   bias”	
   in	
   harms	
   vs.	
   when	
   assessing	
   “risk	
   of	
   bias”	
  for	
  

studies	
   assessing	
   effectiveness).	
   During	
   the	
   in-­‐person	
   consensus	
   meeting,	
   mandatory	
   items	
  

were	
  differentiated	
  from	
  those	
  that	
  are	
  recommended	
  to	
  improve	
  clarity	
  and	
  completeness	
  in	
  

harms	
  reporting.	
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After	
   multiple	
   revisions	
   by	
   the	
   highly	
   experienced	
   PRISMA	
   Harms	
   steering	
   committee,	
   the	
  

PRISMA	
   Harms	
   guideline	
   comprised	
   4	
  mandatory	
   items	
   as	
   well	
   as	
   14	
   “recommendations	
   for	
  

harms	
  reporting	
  in	
  reviews”.	
  	
  

The	
  ultimate	
  goal	
  of	
  PRISMA	
  Harms,	
  like	
  the	
  PRISMA	
  Statement	
  itself,	
  is	
  to	
  improve	
  the	
  quality	
  

of	
   reporting	
   in	
   systematic	
   reviews,	
   so	
   that	
   both	
   benefits	
   and	
   harms	
   are	
   well	
   reported,	
  

improving	
  patient	
   safety	
   and	
  promoting	
   knowledge	
   to	
  all	
   decision-­‐makers,	
   whether	
   they	
   are	
  

patients,	
  clinicians,	
  policy-­‐makers,	
  or	
  government.	
  	
  

Improving	
  conduct	
  of	
  reviews	
  of	
  adverse	
  events	
  	
  

In	
   the	
   systematic	
   review	
  of	
   propofol	
   infusion	
   in	
   pediatric	
   patients,	
   we	
   documented	
   that	
   zero	
  

serious	
   adverse	
   events	
   would	
   have	
   been	
   identified	
   if	
   only	
  published	
  clinical	
   trial	
   data	
   were	
  

examined.	
  The	
   use	
  of	
   propofol	
   infusion	
   in	
   pediatric	
   patients	
   could	
  be	
   mistakenly	
   labelled	
   a	
  

“safe”	
  intervention.	
  In	
  comparison,	
  by	
  including	
  non-­‐randomized	
  studies	
  and	
  grey	
  literature,	
  a	
  

number	
   of	
   patients	
   experiencing	
   fatal	
   events	
   associated	
  with	
   use	
   of	
   propofol	
   infusion	
  were	
  

identified,	
   with	
   some	
   studies	
   identifying	
   a	
   statiscally	
   significant	
   difference	
   in	
   the	
   number	
   of	
  

serious	
  events.	
  Further,	
  we	
  were	
  able	
  to	
  estimate	
  a	
  dose	
  of	
  propofol	
  and	
  a	
  length	
  of	
  infusion	
  

associated	
   with	
  these	
   serious	
   adverse	
   events,	
   providing	
  both	
   clinically	
   and	
   methodologically	
  

relevant	
  information.	
  	
  

Methodologically	
  relevant	
  information	
  	
  

The	
  inclusion	
  of	
  non-­‐randomized	
  studies	
  in	
  reviews	
  of	
  adverse	
  events	
  has	
  been	
  endorsed	
  by	
  the	
  

Adverse	
   Effects	
   Methods	
   Group	
   at	
   the	
   Cochrane	
   Collaboration	
   (2),	
  but	
   to	
   our	
   knowledge	
   the	
  

difference	
  between	
  including	
  only	
  randomized	
  clinical	
  trials	
  vs.	
  including	
  both	
  randomized	
  and	
  

nonrandomized	
   designs	
   has	
   not	
   been	
   documented	
   in	
   a	
   Cochrane	
   systematic	
   review.	
  This	
  

impact	
   became	
   clear	
   in	
   the	
   example	
   of	
   the	
   propofol	
  infusion	
   in	
   pediatric	
   patients,	
   when	
   a	
  

review	
   of	
   only	
  published	
  randomized	
   studies	
  would	
  generated	
  zero	
   data	
   and	
  the	
   review	
   with	
  

observational	
  studies	
  and	
  grey	
  literature	
  included	
  more	
  than	
  30	
  different	
  publications	
  reporting	
  

data	
  on	
  propofol	
  infusion	
  syndrome	
  and	
  cardiac	
  arrest.	
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Clinically	
  relevant	
  information	
  

Based	
  on	
  the	
  systematic	
  reviews	
  of	
  propofol	
  infusion	
  in	
  pediatric	
  patients	
  including	
  randomized	
  

and	
   non-­‐randomized	
   studies,	
   we	
   identified	
   a	
   series	
   of	
   patients	
   with	
   a	
   constellation	
   of	
  

symptoms	
   (metabolic	
   acidosis,	
   rhabdomyolisis,	
   liver	
   dysfunction,	
   cardiac	
   arrhythmias).	
   The	
  

majority	
  of	
  the	
  patients	
  who	
  developed	
  these	
  symptoms	
  had	
  a	
  fatal	
  outcome.	
  This	
  constellation	
  

of	
  signs	
  and	
  symptoms	
  has	
  been	
  previously	
  identified	
  as	
  a	
  “syndrome”	
  associated	
  with	
  propofol	
  

infusion	
   and	
   called	
  “Propofol	
   Infusion	
  Syndrome”	
  or	
  “PRIS”	
  and	
   has	
  led	
  to	
   a	
   prohibition,	
   by	
  

health	
   regulatory	
   agencies	
   around	
   the	
   world,	
   of	
   the	
   use	
   of	
   propofol	
   infusion	
   for	
   sedation	
   in	
  

pediatric	
  critical	
  care.	
  Despite	
  not	
  being	
  part	
  of	
  our	
  review	
  inclusion	
  criteria,	
  we	
  also	
  identified	
  

surveys	
   done	
   with	
   physicians	
   working	
   in	
   pediatric	
   intensive	
   care	
   units	
   in	
   Germany,	
   United	
  

Kingdom,	
  and	
  United	
  States	
  and	
  some	
  recent	
  case	
  series	
  and	
  cohort	
  studies	
  conducted	
  in	
  Spain	
  

and	
   Canada	
   reporting	
   on	
   the	
   continuous	
   use	
   of	
   propofol	
   infusion	
   in	
   pediatric	
   critical	
   care,	
  

despite	
  the	
  prohibition	
  issued	
  by	
  health	
  regulatory	
  agencies	
  to	
  be	
  used	
  in	
  this	
  setting.	
  	
  

Every	
  intervention	
  carries	
  benefits	
  and	
  harms.	
  Propofol	
  is	
  known	
  to	
  be	
  a	
  clinically	
  useful	
  drug	
  

due	
  the	
  fast	
  effect	
  and	
  very	
  short	
  half-­‐life	
  which	
  allows	
  the	
  patient	
  to	
  be	
  fully	
  awake	
  just	
  a	
  few	
  

minutes	
   after	
   the	
   infusion	
   is	
   stopped.	
  We	
   identified	
   that	
   pediatric	
   patients	
   admitted	
   to	
  

intensive	
  care	
  units	
  with	
  respiratory	
  or	
  neurologic	
  disorders	
  were	
  most	
  frequently	
  reported	
  to	
  

develop	
  PRIS;	
  also	
  a	
  propofol	
  dose	
  of	
  4mg/kg/h	
  and	
  duration	
  of	
  propofol	
  infusion	
  longer	
  than	
  

12	
  hours	
  were	
  associated	
  with	
  the	
  majority	
  of	
  the	
  cases	
  of	
  PRIS	
  and	
  cardiac	
  arrest.	
  We	
  could	
  

extrapolate	
  these	
  findings	
  and	
  suggest	
  that	
  a	
  propofol	
  use	
  of	
  less	
  than	
  4mg/kg/h	
  for	
  a	
  length	
  of	
  

no	
  more	
  than	
  12	
  hours	
  could	
  be	
  used	
  by	
  clinicians	
  with	
  caution,	
  being	
  mindful	
  of	
  a	
  few	
  non-­‐

fatal	
   cases	
   of	
   PRIS	
   associated	
   with	
   lower	
  propofol	
  doses	
   and	
  shorter	
   duration.	
  It	
   is	
   also	
  

important	
  to	
  note	
  that	
  the	
  totality	
  of	
  evidence	
  for	
  PRIS	
  emerged	
  from	
  case	
  reports,	
  making	
  the	
  

lack	
  of	
  a	
  comparison	
  group	
  difficult	
  to	
  draw	
  definitive	
  conclusions	
  and	
  impossible	
  to	
  measure	
  

its	
   incidence.	
   There	
   is	
   need	
   for	
   more	
  evidence	
   to	
  better	
   understand	
   PRIS	
  and	
   we	
   encourage	
  

further	
  publications	
  of	
  current	
  experience	
  on	
  propofol	
  infusion	
  used	
  in	
  intensive	
  care,	
  if	
  any.	
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The	
  above	
  information	
  combined	
  in	
  one	
  single	
  document,	
  as	
  a	
  systematic	
  review	
  of	
  rare	
  events,	
  

has	
  never	
  been	
  done	
  and	
  it	
  will	
  guide	
  health	
  care	
  professionals	
  in	
  making	
  an	
  informed	
  decision	
  

on	
  the	
  use	
  of	
  propofol	
  infusion	
  in	
  pediatric	
  patients.	
  

This	
  doctoral	
  work	
  succeeded	
  in	
  accomplishing	
  its	
  main	
  goals,	
  developed	
  the	
  PRISMA	
  Harms	
  to	
  

improve	
   reporting	
   in	
   systematic	
   reviews	
   measuring	
   adverse	
   events	
   and,	
   	
   documented	
   the	
  

relevance	
   of	
   including	
  non	
   randomized	
   studies	
   and	
   grey	
   literature	
   when	
   reviewing	
   adverse	
  

events,	
  improving	
  methods	
  of	
  conducting	
  	
  systematic	
  review	
  of	
  adverse	
  events.	
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ABSTRACT

Thisistheprotocolforareviewandthereisnoabstract.Theobjectivesareasfollows:

1.Toidentifythepropofoldoseanddurationofinfusionassociatedwiththeprimaryoutcome(PRISandcardiacarrest)

2.Todescribethepatientcharacteristicsassociatedwiththeprimaryoutcome

3.Toidentifyapossibleassociationbetweenseriousadverseeventsrelatedtopropofoluseandthepatientcaresetting(paediatric

intensivecare,operatingroom,paediatricemergencyorother)

4.Todescribethelengthoftimefrominitiationandendingofpropofolinfusiontothedevelopmentoftheprimaryoutcome

5.ToidentifythemodeofsurveillanceforAEindifferentstudydesigns(activesurveillance,passiveorspecificmonitoring

proceduresforcollectingAE)andtherelationshipwithidentifiedAE
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BACKGROUND

Propofolisananaestheticagentfrequentlyusedinpaediatricse-

dation.Someofthevaluablefeaturesofthisdrugincludeitsquick

onsetofactionanditsshorthalflifesuchthatthepatientisfully

awakeafewminutesaftertheinfusionisstopped.Propofolplays

animportantroleinallowingneurologicassessmentofasedated

patientandalsoduringtheweaningofmechanicalventilation.

Since1992,therehavebeenseveralcasereportsofmetabolicaci-

dosis,rhabdomyolysis,liverdysfunction,cardiacarrhythmiasand

cardiacarrestassociatedwithaprolongedpropofolinfusionin

highdoses.Thisphenomenonbecamereferredtoas’propofolin-

fusionsyndrome’(PRIS).Itisapoorlyunderstoodsyndrome,usu-

allycausingdeath.PRISwasoriginallyonlyreportedinpaediatric

patients(Bray1998;Hanna1998;Parke1992;Wolf2001)but

severalmorerecentcasereportsofadultpatients(Cremer2001;

Eriksen2006;Kang2002)withthesamesignsandsymptoms

suggestitisnotexclusivetothepaediatricpopulation.

AsPRISisararedisorder,itisunlikelytobeidentifiedinrandom-

izedclinicaltrials.Thesestudiesareoftenonlypoweredtodetect

theefficacyofinterventions,andthereforedonothavesufficient

datatoconfirmtheirsafety(Loke2011).Althoughamulticentre

adultclinicaltrialfounda1.1%incidenceofPRISincritically

illadultsreceivingpropofol(Roberts2009),theonlycomparable

paediatricstudyhasnotyetbeenpublished.Partialdatareporteda

comparisonofthebrandnameofpropofolDiprivan2%,Diprivan

1%versusstandardsedativeagents(forexample,lorazepam,chlo-

ralhydrate,fentanyl,ketamine,morphine,orphenobarbital)in

paediatriccriticalcarepatientsandidentifiedasignificantincrease

inmortalityinpatientsreceivingpropofol(thefirstgrouphad

11%mortality;secondgrouphad9%mortality;andthestandard

sedationgrouphadonly4%mortality)(HealthCanada2002).

Unfortunately,thisstudywasneverpublishedinapeerreviewed

journalandmanyuncertaintiesregardingtheincidenceofPRIS

inpaediatricpatientsremain.Whileavailablereportsdiscussan

associationbetweenPRISandpropofolinfusion,causationhas

notbeenclearlydetermined;norhastheeffectofdose,duration,

orsettingshouldtheserelationshipsexist.

Inseveralcountries,includingCanadaandtheUnitedStates,reg-

ulatoryagencies(HealthCanada2002;USFDA2001)havecon-

traindicatedtheuseofpropofolinfusionincriticallyillpaediatric

patients,howeverpropofolisusedfreelyasacontinuousinfusion

inpaediatricoperatingroomsandemergencyrooms.Thereisan

urgentneedtoreviewthecurrentknowledgeofadverseeffects

ofpropofolinfusioninpaediatricpatientstosupportclinicians

andregulatorybodiestopromoteevidence-baseddecision-making

whenevaluatingthebestdrugchoicesforcontinuousanaesthesia

inpaediatricpatients.

Descriptionofthecondition

Propofolinfusionsyndrome(PRIS)hasbeendescribedmostlyby

casereportsorcaseseries(Bray1998;Cremer2001;Eriksen2006;

Hanna1998;Kang2002;Parke1992;Wolf2001)ofpatientsre-

ceivingprolongedinfusionsofpropofol(morethan48hours)and

inhighdoses(morethan4mg/kg/hour).PatientswithPRISde-

velopmetabolicacidosis,rhabdomyolysis,liverdysfunction,and

arrhythmias,oftenfollowedbycardiacarrestanddeath.

Descriptionoftheintervention

Theinterventionbeingevaluatedinthissystematicreviewisthe

useofpropofolasacontinuousinfusionfor60minutesorlonger

inpaediatricpatients(agedmorethan28daysandlessthen19

yearsold).

ThelengthofpropofolinfusionnecessarytocausePRISisunclear.

Wewillassumeinthisreviewthatinductiondosesofpropofol

donotcausePRIS.ThereisanassociationofPRISwithlonger

durationandhigherdosesofpropofolinpaediatricstudies(Bray

1998;Hanna1998;Parke1992). Wewillfurtherevaluatethe

associationofdurationofpropofolinfusionanddosagewithPRIS

asasubgroupanalysis.

Whyitisimportanttodothisreview

Propofolisananaestheticagentwithshortonsetofactionand

shorthalflife.Thesetwocharacteristicsmakethedrugclini-

callyuseful.However,therehavebeencasereportsofanassoci-

ationbetweenpropofolusedinprolongedinfusionsandinhigh

dosageswithmetabolicacidosis,liverdysfunction,arrhythmias

anddeath.Regulatorybodies,suchasFDAandHealthCanada

(HealthCanada2002;USFDA2001)contraindicatetheuseof

propofolasacontinuousinfusionincriticallyillpaediatricpa-

tients,mostlybasedoncasereports(Bray1998;Hanna1998;

Parke1992)butpropofolisfreelyusedinpaediatricemergency

roomsandoperatingrooms.WeunderstandthatPRISinnotex-

clusivetothepaediatricpopulation(Cremer2001;Eriksen2006;

Kang2002)but,duetolimitationsofpropofoluseincriticallyill

childrenandnorestrictionofitsuseinotherpaediatricpopula-

tions,webelieveitisimportanttosystematicallyreviewtheuseof

propofolinfusioninchildreninanattempttoidentifyriskfactors

andaddressitssafetyconcerns.

ThegoalofthisreviewistoidentitytheassociationofPRISand

otherseriousadverseevents(AEs)associatedwithuseofpropofol

asacontinuousinfusioninpaediatricpatients,andthereforeiden-

tify,ifpossible,anyriskfactorsassociatedwiththeseevents,such

aspatientsetting,professionalexperience,dosageanddurationof

infusion.Bydoingasystematicreviewofallstudydesignswewill

beabletogatheralltheevidenceavailableinanattemptanswer

thosequestions.
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OBJECTIVES

1.Toidentifythepropofoldoseanddurationofinfusion

associatedwiththeprimaryoutcome(PRISandcardiacarrest)

2.Todescribethepatientcharacteristicsassociatedwiththe

primaryoutcome

3.Toidentifyapossibleassociationbetweenseriousadverse

eventsrelatedtopropofoluseandthepatientcaresetting

(paediatricintensivecare,operatingroom,paediatricemergency

orother)

4.Todescribethelengthoftimefrominitiationandendingof

propofolinfusiontothedevelopmentoftheprimaryoutcome

5.ToidentifythemodeofsurveillanceforAEindifferent

studydesigns(activesurveillance,passiveorspecificmonitoring

proceduresforcollectingAE)andtherelationshipwithidentified

AE

METHODS

Criteriaforconsideringstudiesforthisreview

Typesofstudies

Wewillnotlimitourinclusioncriteriabystudydesign.The

CochraneAdverseEffectsMethodsGrouprecommendstheuse

ofnon-randomizedstudiesforreviewsofadverseevents(Higgins

2011).

Wewillincluderandomizedorquasi-randomizedcontrolledtrials

ofparallelgrouporcross-overdesign,whichuseindividualorclus-

terrandomization.Inthecaseofcross-overtrials,wewillinclude

onlythefirstarm(wewillconsidereventsthathappenedafterthe

cross-overinasensitiveanalysis).Sinceourprimaryoutcomeis

arareevent,wewillalsoincludecohortstudies(prospectiveand

retrospective),historicallycontrolledstudies,cross-sectionalstud-

ies,caseseriesandcasereports.

Typesofparticipants

Thetargetpopulationconsistsofpaediatricpatients(ageranging

from28daysto19years)receivingsedationusingpropofolfor

morethan60minutesinahospital(intensivecareunit,operating

room,emergencyroom,oranyotherlocationwithinthehospital)

orothermedicalsetting(forexampledentistoffices).Theindi-

cationforsedationwillnotbearestrictionatthistime;instead,

itwillbethesubjectofasubgroupanalysis.Thisisareviewof

adverseeventsofpropofolinfusioninpaediatricpatients,soithas

broadinclusioncriteria(anychildrenreceivingpropofolinfusion

forsedation).

Typesofinterventions

Theinterventionbeingstudiedistheuseofpropofolasananaes-

theticdruggivenbycontinuousinfusion.Itisnotclearthelength

ofinfusionnecessarytocausePRIS.Thecasereportsareusually

associatedwithprolongeduse(morethan48hours)andinhigh

doses(morethan4mg/kg/hour).Wewillincludepatientsreceiv-

inginfusionslasting60minutesorlonger,asanarbitrarynum-

ber.Further,wewillexcludestudiesinwhichpropofolbolusor

infusionwasgiveninmorethanonestudyarm,inordertohavea

propofolfreecomparisongroupandtolimitthepossibleriskfac-

tortoonesinglearm.Aspropofoldoesnotprovideanalgesia,the

groupreceivingpropofolcanalsoreceiveothersedative,analgesic

drugsconcomitantly.

Thecomparisongroup,whenapplicable,willbeanysedativeor

analgesicagentdifferentfrompropofol,aloneorincombination.

Typesofoutcomemeasures

Primaryoutcomes

TheprimaryoutcomeisthereportofPRISoranyotherserious

adverseeventsresultingincardiacarrest(withreturntosponta-

neouscirculationoruseofextra-corporeallifesupport)ordeath

associatedwithpropofoluseasacontinuousinfusioninpaediatric

patients.Thefollow-uptimetomeasuretheprimaryoutcome

forthisstudywillbethedevelopmentoftheoutcomeofinterest

(PRISorcardiacarrest)ortimeofhospitaldischargeforpatients

whodidnotdeveloptheprimaryoutcome.

Theprimaryoutcomeswillbedefinedasthefollowing.

Cardiacarrest,areductionofcardiacoutputrequiringanyof

thefollowing:chestcompressions;defibrillation,epinephrinebo-

lusesorcardiacmechanicalsupport(extra-corporeallifesupport

(ECLS);orventricularassistdevice(VAD)).

Propofolinfusionsyndrome(PRIS)willbedefinedasmetabolic

acidosis,arterialpH≤7.3alongwithaserumbicarbonate≤18

mg/dL;plusthepresenceofanysignsinanythebelowcategories

(adaptedfromRoberts2009):

1.rhabdomyolysis(thebreakdownofmusclefibresresulting

inthereleaseofmusclefibrecontents(myoglobin)intothe

bloodstream),definedascreatinephosphokinase(CPK)≥

10,000IU/Lorpositiveserumorurinemyoglobintestor

positiveurinarycastsforhaemoglobin;

2.hypotension(initiationofavasopressoragentorincreaseof

≥20%frombaseline;

3.hepatictransaminitis(increaseinaspartateaminotransferase

oralanineaminotransferase,orboth,≥3timesabovebaseline);

4.hypertriglyceridaemia(serumtriglycerideconcentration≥

400mg/dL);

5.hypoxia(partialpressureofarterialoxygen≤60mmHg);

6.hyperthermia(temperature≥38.3°C);

7.cardiacdysfunctionthatincludesasystole,pulseless

electricalactivity,ventricularfibrillation,sustainedventricular
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tachycardiaof30secondsorlonger,myocardialfailure(ejection

fraction≤40%),orbradycardia(heartrate≤60bpm);

8.renalfailurethatincludesoliguria(urineoutput≤0.5mL/

kg/hrfor≥6hours),anuria(urineoutput≤10mL/hrfor≥6

hours),elevationinserumcreatinine(increaseof≥1mg/dL

frombaseline),orhyperkalaemia(serumK+≥6mg/dL

(excludingotherknowncausesorhaemolyzedspecimens).

Wewillalsocaptureeventsthatdonotclearlyfulfiltheabovein-

clusioncriteria.Theseeventswillbereportedasanunclearout-

comedefinitionandwillbethesubjectofasensitivityanalysis.

Searchmethodsforidentificationofstudies

Electronicsearches

WewillsearchtheCochraneCentralRegisterofControlledTrials

(CENTRAL)(TheCochraneLibrary,latestversion);OvidMED-

LINE;andOvidEMBASE(1988todate).

TheproposedsearchstrategyisgiveninAppendix1(MEDLINE),

Appendix2(EMBASE)andAppendix3(CENTRAL).

Wewillnotimposealanguagerestriction.

Searchingotherresources

We willsearchthe websitesofregulatorypharmaceutical

authoritiessuchas CurrentProblemsinPharmacology(

www.mhra.gov.uk);theAustralianAdverseDrugReactionBul-

letin(www.tga.gov.au/adr/aadrb.htm);theEuropeanPublicAs-

sessmentReportsfromtheEuropeanMedicineEvaluationAgency

(www.emca.eu)andtheFoodandDrugAdministrationFDA

Medwatch(www.fda.gov/medwatch).

Wewillscreenreferencesofallretrievedarticlestoidentifyad-

ditionalpublications.Noconferenceormeetingabstractswillbe

searched.

Thesearchwillnotbelimitedbystudytype.Thesearchdatewill

startin1977,theyearwhenpropofolwasinitiallycommercialized,

tothepresent.

Datacollectionandanalysis

Selectionofstudies

Allstudiesmeetingthefollowingcriteriawillbeincluded.

1.Paediatricpopulation:agerangingfrom28daysto19

years,exclusively;ifstudieshavemixedpopulationwewill

contactauthorsforindividualdataordataspecifictochildren.

2.Useofpropofolasacontinuousinfusionformorethan60

minutes.

3.Thecomparisongroup(whenapplicable)willbeanyother

sedativeoranalgesicagents(aloneorincombination)different

frompropofol.

Therewillnotbeanystudydesignrestrictions.Oneauthor(LZ)

willcarryoutthesearches.Tworeviewauthors(LZandSP)will

independentlyscreenalltitlesandabstractsandclassifythemas

either:

•relevant(meetingalltheinclusioncriteria);

•possible(meetingsomeoftheinclusioncriteriaorunclear

whethermeetsinclusioncriteria);

•rejected(failingtomeettheinclusioncriteria).

Thestudiesclassifiedasrelevantorpossiblewillhavetheirfull

textreviewedbybothreviewauthorsandanydisagreementwill

beresolvedbyathirdperson(SV).Forstudiesnotpublished

inEnglish,atranslatorwillprovidethetranslationoftitlesand

abstractsforscreeningandthefulltextifthestudymeetsthe

inclusioncriteria.

Dataextractionandmanagement

Twoauthorswillindependentlyextractdatausingstandardized

dataextractionforms(Appendix4)developedaprioribytheau-

thors.DatawillbeenteredintoRevManVersion5.1.Wewilluse

twodifferentdataextractionforms,oneforrandomizedorquasi-

randomizedclinicaltrialsandasecondforthenon-randomized

studies.Thedataextractionformswerepilotedusingtwodifferent

studiesofdifferentdesigns.

Wewillextractthefollowingdata:

•studyinformation,includingtypeofstudy,inclusionandexclu-

sioncriteria;

•studypopulationcharacteristics,baselinedatasuchasageand

gender,reasonforhospitaladmission,setting,historyoforgan

dysfunctionpriortopropofolinitiation;

•medicationdetails,includingnameofdrug,dose,route,fre-

quencyanddurationoftreatment;

•definitionsgivenforthereportedadverseevents,andmethods

usedtomonitorandreportthese.

Assessmentofriskofbiasinincludedstudies

Clinicaltrials

Tworeviewauthors(LZandSP)willindependentlyassessthe

methodologicalqualityofeachtrialusingtheCochrane’Riskof

bias’tool(Higgins2011).Wewillassessthefollowingsourcesof

biasforallstudydesigns.

1.Selectionbias,includingrandomization:describesthe

methodusedtogeneratetheallocationsequenceinsufficient

detailtoallowanassessmentofwhetheritshouldproduce

comparablegroups.Describesthemethodusedtoconcealthe

allocationsequenceinsufficientdetailtodeterminewhether

interventionallocationscouldhavebeenforeseeninadvanceof,

orduring,enrolment.
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2.Performancebias:describesallmeasuresused,ifany,to

blindstudyparticipantsandpersonnelfromknowledgeofwhich

interventionaparticipantreceived.Providesanyinformation

relatingtowhethertheintendedblindingwaseffective.

3.Detectionbias:describesallmeasuresused,ifany,toblind

outcomeassessorsfromknowledgeofwhichinterventiona

participantreceived.Providesanyinformationrelatedtowhether

theintendedblindingwaseffective.

4.Attritionbias:describesthecompletenessofoutcomedata

foreachmainoutcome,includingattritionandexclusionsfrom

theanalysis.Stateswhetherattritionandexclusionswere

reported,thenumbersineachinterventiongroup(compared

withtotalrandomizedparticipants),reasonsforattritionor

exclusionswherereported,andanyre-inclusionsinanalyses

performedbythereviewauthors.

5.Selectivereportingbias:stateshowthepossibilityof

selectiveoutcomereportingwasexaminedbythereviewauthors,

andwhatwasfound.Weareawarethattheadverseeventsrelated

toatherapyarepoorlyreportedinclinicaltrials.

6.Othersourceofbias:statesanyimportantconcernsabout

biasnotaddressedintheotherdomainsinthetool.

Ifparticularquestionsorentrieswerepre-specifiedinthestudy’s

protocol,responsesshouldbeprovidedforeachquestionorentry.

Twoauthorswillassesstheriskofbiasofeachtrial,followingthe

domain-basedevaluationasdescribedintheCochraneHandbook

forSystematicReviewsofInterventions(Higgins2011).Theauthors

willassessthedomainsforriskofbias;inthefirstthreedomainsas

’Lowriskofbias’;’Highriskofbias’and’Unclear’,whichmeans

thereisanuncertainriskofbias.

Non-randomizedstudies

WewillassesstheriskofbiasusingtheNewcastle-OttawaQuality

Assessmentscale(Wells2008)forcohortsandcasecontrols.We

willratestudiesbasedonselectionofparticipants,comparability

betweengroupsandexposuretotheintervention(forcasecontrols)

andoutcome(forcohortstudies).Theauthorswillassessriskof

biasinstudies,usinga’star’iftheoption(a)orsometimes(b)are

selected.Themorestarsastudyreceives,thelowertheriskofbias.

Studieswithsevenormorestarswillbeconsideredtohavealow

riskofbias.

Eachdomaincanonlyreceiveonestar,withtheexceptionofthe

fieldcomparability,whichcanreceivetwostars.

Caseseriesandcasereportswillbeclinicallyassessedbythevalidity

ofthereport,ifinaccordancewiththePRISdefinitionadopted

forthisreview.

Theauthorswillassesstheriskofbiasofcasecontrolstudiesbased

onthefollowingdomains.

Selection

1.Isthecasedefinitionadequate?

a)Yes,withindependentvalidation.*(Itrequiressomeindepen-

dentvalidation(e.g.>1person,record,time,processtoextract

information,orreferencetoprimaryrecordsourcesuchasx-rays

ormedicalorhospitalrecords)).

b)Yes,ifpresentsomerecordlinkage(e.g.ICDcodesindatabase)

orself-reportwithnoreferencetoprimaryrecord.

c)Nodescription.

2.Representativenessofthecases

a)Consecutiveorobviouslyrepresentativeseriesofcases.*(It

includesalleligiblecaseswithoutcomeofinterestoveradefined

periodoftime,allcasesinadefinedcatchmentarea,allcasesina

definedhospitalorclinic,groupofhospitals,healthmaintenance

organization,oranappropriatesampleofthosecases(e.g.random

sample).

b)Notsatisfyingrequirementsinpart(a),ornotstated.

3.Selectionofcontrols

Thisitemassesseswhetherthecontrolseriesusedinthestudy

isderivedfromthesamepopulationasthecasesandessentially

wouldhavebeencaseshadtheoutcomebeenpresent.

a)Communitycontrols*(i.e.samecommunityascasesandwould

becasesifhadoutcome).

b)Hospitalcontrols,withinsamecommunityascases(i.e.not

anothercity)butderivedfromahospitalisedpopulation.

c)Nodescription.

4.Definitionofcontrols

a)Nohistoryofdisease*(endpoint).Ifcasesarefirstoccurrenceof

outcome,thenitmustexplicitlystatethatcontrolshavenohistory

ofthisoutcome.Ifcaseshavenew(notnecessarilyfirst)occurrence

ofoutcome,thencontrolswithpreviousoccurrencesofoutcome

ofinterestshouldnotbeexcluded.

b)Nodescriptionofsourceofcontrols.Nomentionofhistoryof

outcome.

Comparability

1.Comparabilityofcasesandcontrolsonthebasisofthedesign

oranalysis

Amaximumof2starscanbeallottedinthiscategory.

a)Eithercasesandcontrolsmustbematchedinthedesignor

confoundersmustbeadjustedforintheanalysisforthemost

importantfactor,orboth*.

b)Studycontrolsareadjustedforanyotheradditionalfactor*.

Statementsofnodifferencesbetweengroupsorthatdifferences

werenotstatisticallysignificantarenotsufficientforestablishing

comparability.

Iftheoddsratiofortheexposureofinterestisadjustedforthe

confounderslisted,thenthegroupswillbeconsideredtobecom-

parableoneachvariableusedintheadjustment.

Exposure
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1.Ascertainmentofexposure

a)Securerecord*(e.g.surgicalrecords)

b)Structuredinterviewwhereblindtocasecontrolstatus*

c)Interviewnotblindtocasecontrolstatus

d)Writtenself-reportormedicalrecordonly

e)Nodescription

2.Samemethodofascertainmentforcasesandcontrols

a)Yes*

b)No

3.Non-responserate

a)Samerateforbothgroups*

b)Non-respondentsdescribed

c)Ratedifferentandnodesignation

Theauthorswillassessriskofbiasoncohortstudies,basedonthe

followingdomains.

Selection

1.Representativenessoftheexposedcohort(thisItemassessesthe

representativenessofexposedindividualsinthecommunity,not

therepresentativenessofthesampleofchildrenfromsomegeneral

population.

a)Trulyrepresentsoftheaverageof …………………………..

inthecommunity*.

b) Somewhat representative of the average

……………………….inthecommunity*.

c)Selectedgroupofusers

d)Nodescriptionofthederivationofthecohort.

2.Selectionofthenon-exposedcohort

a)Drawnfromthesamecommunityastheexposedcohort*

b)Drawnfromadifferentsource

c)Writtenself-report

d)Nodescription

3.Ascertainmentofexposure

a)Asecurerecord*(e.g.surgicalrecords)

b)Structuredinterview*

c)Writtenself-report

d)Nodescription

4.Demonstrationthatoutcomeofinterestwasnotpresentatstart

ofstudy

Inthecaseofmortalitystudies,outcomeofinterestisstillthe

presenceofadiseaseorincident,ratherthandeath.Thatistosay

thatastatementofnohistoryofdiseaseorincidentearnsastar.

a)Yes*.

B)No.

Comparability

1.Comparabilityofcohortsonthebasisofthedesignoranalysis

Amaximumof2starscanbeallottedinthiscategory.

a)Studycontrolsfor……………..(mostimportantfactor)*.

b)Studycontrolsforanyadditionalfactor*.

Eitherexposedandnon-exposedindividualsmustbematchedin

thedesignorconfoundersmustbeadjustedforintheanalysis,or

both.Statementsofnodifferencesbetweengroupsorthatdiffer-

enceswerenotstatisticallysignificantarenotsufficientforestab-

lishingcomparability.Note:Iftherelativeriskfortheexposure

ofinterestisadjustedfortheconfounderslisted,thenthegroups

willbeconsideredtobecomparableoneachvariableusedinthe

adjustment.

Outcome

1.Assessmentofoutcome

Forsomeoutcomes(forexamplefracturedhip),referencetothe

medicalrecordissufficienttosatisfytherequirementforconfir-

mationofthefracture.Thiswouldnotbeadequateforvertebral

fractureoutcomes,wherereferencetox-rayswouldberequired.

a)Independentorblindassessmentstatedinthepaper,orcon-

firmationoftheoutcomebyreferencetosecurerecords(x-rays,

medicalrecords,etc.)*.

b)Recordlinkage(e.g.identifiedthroughICDcodesondatabase

records)*.

c)Self-report(i.e.noreferencetooriginalmedicalrecordsorx-

raystoconfirmtheoutcome).

d)Nodescription.

2.Wasfollow-uplongenoughforoutcomestooccur(anaccept-

ablelengthoftimeshouldbedecidedbeforequalityassessment

begins)?

a)Yes*

b)No

3.Adequacyoffollow-upofcohorts

Thisitemassessesthefollow-upoftheexposedandnon-exposed

cohortstoensurethatlossesarenotrelatedtoeithertheexposure

ortheoutcome.

a)Completedfollow-upinallparticipantsaccountedfor*.

b)Participantslosttofollow-upunlikelytointroducebias.

c)Describesthepercentagelosttofollow-up,butnodescription

ofwhomlosttofollow-up.

d)Nostatement

Wewillreportthe’Riskofbias’tableaspartofthetable’Charac-

teristicsofincludedstudies’andpresenta’Riskofbiassummary’

figure,whichwilldetailallofthejudgementsmadeforallincluded

studiesinthereview.

Measuresoftreatmenteffect

Differentstudydesignswillprovidedifferentinformationabout

theadverseeventsbeingstudied.Casereportsorcaseseriesare

likelytoreportmoredetailedinformationonduration,doseand

othermedicationspriortotheadverseevent.RCTswillprovide

aquantitativeestimate(relativerisk,incidenceofAEandcardiac
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arrest).Thecombinationofallthesedatawillhelptobuildupa

completePRISpicture.

AstheprimaryoutcomeisthereportofPRISorcardiacarrest,

theseeventswillbereportedasnumberofeventsforallstudy

designs.Incaseseriesorcasereports,theeventswillbequalitatively

reportedandwillbethesubjectofasensitiveanalysis.

Wewillreportoddsratio(OR)and95%confidenceinterval(CIs).

Adverseeventswillbereportedas’events’andalsoasnumber

ofpatients;wewillreporteventsusingriskdifferencewhena

comparisongroupispresent.Foranevents-ratebelow1%,the

Petoonestepoddsratiowillbeusedasitistheleastbiasedand

mostpowerfulmethod,alsoprovidingthebestconfidenceinterval

coverage.

Unitofanalysisissues

Wewilladdressanyissuesrelatedtotheunitofanalysisasrecom-

mendedintheCochraneHandbook(Higgins2011).Inthecase

ofcross-overtrials,wewillincludeonlythefirstarm(wewillnot

consideranyeventthathappenedafterthecross-over).

Dealingwithmissingdata

Wewillattempttoobtainanyrelevantmissingdatafromthe

studyauthors.Wewillcontactauthors,throughthecontacte-mail

provided,toseekindividualpatientdata(forthosewhodeveloped

theprimaryoutcome).

Wewillperformintention-to-treat(ITT)analyseswheretrialshave

notincludedallrandomizedparticipantsintheiranalyses.ITT

analysisisastrategyforanalysingdatainwhichallparticipantsare

includedinthegrouptowhichtheywereassigned,regardlessof

whethertheycompletedtheinterventiongiventothegroup.The

missingparticipantswillbecountedasdevelopingtheoutcome

ofinterest,andnot,andthosetwoscenarioswillbereported.

PerforminganITTanalysisisimportantasitpreventsbiascaused

bylossofparticipants.

Assessmentofheterogeneity

Heterogeneityinthisreviewmayarisefromdifferencesincom-

parisongroupsacrosstrials(thatisstandardofcaremayinvolve

differentdrugsindifferenttrials).Intheanalysisphasetheywill

betreatedasonesingle’control’group.Asubgroupanalysiswill

thenbedoneifmorethantwotrialsarefoundusingthesame

comparisondrug(forexampleketamine).

Aswewillincludenon-randomizedtrialsinthisreview,hetero-

geneitywillbegreaterthanifRCTsalonewereincluded.Wewill

analysestudiesgroupedbydesign(RCTs,cohort,casecontroland

caseseries).Ameta-analysiswillbeofRCTdataonly;theanalysis

ofotherstudydesignswillbedescriptive.Heterogeneitywillbe

addressedusingforestplots,andstatisticalheterogeneitywillbe

assessedusingtheI2statisticandthefollowingasaroughguide

forinterpretation:0%to40%mightnotbeimportant,30%to

60%mayrepresentmoderateheterogeneity,50%to90%may

representsubstantialheterogeneity,and75%to100%consider-

ableheterogeneity(Higgins2011).

Assessmentofreportingbiases

If10ormorestudiesareincluded,wewillassessforpublication

biasusingafunnelplotasdescribedbyLightandPillemer(Light

1984).Afunnelplotisagraphthatplotsthemeasurementeffect

foreachstudyagainstthestandarderror(SE)ofthemeasurement

effectprecision(1/SE).Asymmetryofthefunnelplotwillalso

helpinidentifyingotherpossiblebiases,suchasreportingbias

(publicationbias,selectiveoutcomereporting,selectiveanalysis

reporting),poormethodologicaldesignsorinadequateanalysis;

buttheasymmetrycouldbeduetotrueheterogeneity,bychance

orartefactual.

Wewillcomparethefixed-effectmodelestimateagainsttheran-

dom-effectsmodeltoassessthepossiblepresenceofsmallsample

biasinthepublishedliterature(thatistheinterventioneffectis

morebeneficialinthesmallerstudies).Inthepresenceofsmall

samplebias,therandom-effectsmodelestimateoftheinterven-

tioneffectismorebeneficialthanthefixed-effectmodelestimate

(Sterne2011).

TheselectivereportingbiaswillbeassessedusingtheCochrane

’Riskofbias’toolanditwillbereportedasdescribedinthesection

Assessmentofriskofbiasinincludedstudies.

Datasynthesis

Themaincomparisonwillbepropofolinfusionandcontrol.In

thisreview,thecontrolgroupwillbecalledstandardcareandit

willincludethemostcommonsedativeagentsusedforpaediatric

sedation.

AllanalyseswillbeperformedusingtheReviewManagersoftware.

ForrareeventssuchasPRIS,wewillusethePetoone-stepodds

ratiomethod.Itistheleastbiasedandmostpowerfulmethodand

providesthebestconfidenceintervalcoverageprovidedthereisno

substantialimbalancebetweentreatmentandcontrolgroupsizes

withinstudies,andtreatmenteffectsarenotexceptionallylarge

(Higgins2011).

Wewillpooldatafromstudiesthataresufficientlyhomogenous

andwiththesamestudydesigninordertoperformameta-analysis.

Dataacrossdifferentstudydesignswillthereforenotbepooled.

AnalysiswillbeperformedusingRevMan5.1andforestplotswill

beproduced.Cross-overtrialswillbeanalysedasparalleltrials,

usingonlythefirstphase.

Datafromcaseseriesandcasereportswillbepurelydescriptive.

Subgroupanalysisandinvestigationofheterogeneity

Wewillperformsubgroupsfortheprimaryoutcome(PRISand

cardiacarrest)basedonthefollowing.
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1.Comparisongroup:iftwoormoretrialsarefoundusing

thesamecomparisongroup(forexampleketamine),these

studieswillbesubgroupedinanattempttoidentifyanyrisk

increaseorreductionfordevelopingtheprimaryoutcome.

2.Dosageofpropofol:wewillsubgroupstudiesusing

propofolinfusionatequaltoorlessthan4mg/kg/hormorethan

4mg/kg/hasthisseemstobethedosagecut-offforreporting

PRISinchildren,butitisnotclearwhatdoseofpropofolis

necessarytocausePRIS.Thissubgroupanalysiswillbedoneas

anattempttomeasureadose-effectrelationshipbetween

propofolandthedevelopmentofPRIS.

3.Durationofpropofolinfusion:wewillsubgroupstudies

withpropofolinfusionlastinglessthanorequalto12hours,

between12and24hoursandmorethan24hours.This

subgroupanalysiswaschosenasthedurationofexposureof

propofolrequiredtocausePRISisunclear.Itwillbedoneinan

attempttodetermineifthereisanyrelationshipbetween

durationofinfusionofpropofolandthedevelopmentofPRIS.

4.Indicationforsedation:ifenoughtrialsarefoundunder

similarsettings,forexamplesedationformechanicalventilation

inintensivecareunitorsedationproceduresintheoperating

room,thesestudieswillbesubgroupedinanattempttoidentify

patientsetting(locationwithinthehealthcarefacility)and

indicationinanassociationwiththeprimaryoutcome.

Sensitivityanalysis

Wewillalsodoasensitivityanalysisofpatientswhowerelostto

follow-upaspatientsdevelopingtheoutcomeofinterestandnot

developingitasawaytoevaluatehowrobustourfindingsare.

Wewillcomparethefixed-effectmodelestimateagainsttheran-

dom-effectsmodeltoassessthepossiblepresenceofsmallsample

biasinthepublishedliterature(thatistheinterventioneffectis

morebeneficialinthesmallerstudies).Inthepresenceofsmall

samplebias,asensitivityanalysiswillbedonetoidentifythepos-

siblesourceofthisdifference,forexamplecomparingpharmaceu-

ticalcompanyandacademicgeneratedreports,andwewillalso

analysethepotentialpositiveoutcomebiasreportforsmallstud-

ies.

Summaryoffindingstable

Wewillsummarizetheevidenceina’Summaryoffindings’table,

asrecommendedbytheCochraneAnaesthesiaGroup(CARG)

anddescribedbyGuyatt(Guyatt2008).

GuyattusestheGRADEapproach.Itappraisesthequalityofa

bodyofevidencebasedontheextenttowhichonecanbeconfident

thatanestimateofeffectorassociationreflectstheitembeing

assessed.Thequalityofabodyofevidenceconsiderswithinstudy

riskofbias(methodologicquality),thedirectnessoftheevidence,

heterogeneityofthedata,precisionofeffectestimatesandriskof

publicationbias.

WewilluseGRADEProsystem(GRADEpro2008)toassessthe

qualityofthebodyofevidenceassociatedwiththespecificout-

comesbelow.

1. Mortality(oranyotherseriousadverseeventaspreviously

definedbyWHO).

2.Anyadverseeventrequiringintervention(changeinheart

rate,bloodpressure,respiratorydriveorhypoxia).

3.Propofolinfusionsyndrome.

ACKNO WLEDGEMENTS

WewouldliketothankJohnCarlisle(contenteditor),Nathan

Pace(statisticaleditor),WilliamB.McIlvaine,MikeSury(peer

reviewers)andJanet Wale(consumereditor)fortheirhelpand

editorialadviceduringthepreparationofthisprotocolforthe

systematicreview.

REFERENCES

Additionalreferences

Bray1998

BrayRJ.Propofolinfusionsyndromeinchildren.Paediatric

Anaesthesia1998;8(6):491–9.[MEDLINE:9836214]

Cremer2001

CremerOL,MoonsKG,BoumanEA,KruijswijkJE,Smet

AM,KalkmanCJ.Long-termpropofolinfusionandcardiac

failureinadulthead-injuredpatients.Lancet2001;357

(9250):117–8.[MEDLINE:11197401]

Eriksen2006

EriksenJ,PoveyHM.Acaseofsuspectednon-

neurosurgicaladultfatalpropofolinfusionsyndrome.

ActaAnaesthesiologicaScandinavica2006;50(1):117–9.

[MEDLINE:16451160]

GRADEpro2008

BrozekJ,OxmanA,SchünemannH.GRADEpro.Version

3.2forWindowns,2008.

Guyatt2008

GuyattGH,OxmanAD,KunzR,VistGE,Falck-YtterY,

SchunemannHFJ.Whatis“qualityofevidence”andwhyis

itimportanttoclinicians.BMJ2008;336:995–8.

Hanna1998

HannaJP,RamundoML.Rhabdomyolysisandhypoxia

associatedwithprolongedpropofolinfusioninchildren.

Neurology1998;50(1):301–3.[MEDLINE:9443502]

HealthCanada2002

HealthCanada.DrugsandHealthProducts.Updateonthe

useofPropofol.http://www.hc-sc.gc.ca/dhp-mps/medeff/

312

8Propofolinfusionforpaediatricsedation(Protocol)

Copyright©2012TheCochraneCollaboration.PublishedbyJohn Wiley&Sons,Ltd.



advisories-avis/prof/_2002/propofol_pediatric_2_nth-ah-

eng.phpJuly10,2002.

Higgins2011

HigginsJPT,GreenS,editors.CochraneHandbookfor

SystematicReviewsofInterventionsVersion5.1.0[updated

March2011].TheCochraneCollaboration,2011.

Availablefromwww.cochrane-handbook.org.

Kang2002

KangTM.Propofolinfusionsyndromeincriticallyill

patients.TheAnnalsofPharmacotherapy2002;36(9):

1453–6.[MEDLINE:12196066]

Light1984

LightR,PillemerD.SummingUp:TheScienceofReviewing

Research.Cambridge:HarvardUniversityPress,1984.

Loke2011

LokeY,GolderS,VandenbrouckeJ.Comprehensive

evaluationsoftheadverseeffectsofdrugs:importanceof

appropriatestudyselectionanddatasources.Therapeutic

AdvancesinDrugSafety2011;2(2):59–68.[:Loke2011]

Parke1992

ParkeTJ,StevensJE,RiceAS,GreenawayCL,BrayRJ,

SmithPJ,etal.Metabolicacidosisandfatalmyocardial

failureafterpropofolinfusioninchildren:fivecasereports.

BMJ1992;305(6854):613–6.[MEDLINE:1393073]

RevMan5.1

TheNordicCochraneCentre,TheCochraneCollaboration.

ReviewManager(RevMan).5.1.Copenhagen:TheNordic

CochraneCentre,TheCochraneCollaboration,2011.

Roberts2009

RobertsR,BarlettaJ,FongJ,SchumakerG,KuperP.

Incidenceofpropofol-relatedinfusionsyndromeincritically

illadults:aprospective,multicenterstudy.CriticalCare

2009;13(5):R169.[MEDLINE:19874582]

Sterne2011

SterneJ,SuttonA,IoannidisJ,TerrinN,JonesD,Lau

J,etal.Recomendationsforexaminingandinterpreting

funnelplotasymmetryinmeta-analysisofrandomised

controlledtrials.BMJ2011;342:343:d4002doi:10.1136/.

[MEDLINE:21784880]

USFDA2001

FDA/AstraZenecaPharmaceuticals.Dearhealthcare

providerletter.www.fda.gov/medwatch/safety/2001/

diprivandeardoc.pdf2001.

Wells2008

WellsGA,SheaB,O’ConnellD,PetersonJ,WelchV,

LososM,TugwellP.TheNewcastle-OttawaScale(NOS)

forassessingthequalityofnonrandomisedstudiesin

meta-analyses.http://www.ohri.ca/programs/clinical_

epidemiology/oxford.htm.

Wolf2001

WolfA,WeirP,SegarP,StoneJ,ShieldJ.Impairedfatty

acidoxidationinpropofolinfusionsyndrome.Lancet2001;

357(9256):606–7.[MEDLINE:11558490]
∗Indicatesthemajorpublicationforthestudy

APPENDICES

Appendix1.MEDLINEsearchstrategy

1.(propofol*or2,6-diisopropylphenol*ordisoprofolordisoprivanorDiprivanorfresofolorrecofolorivofoloraquafolor

rapinovet).mp.orexpPropofol/

2.(child*orp?ediatric*orinfant*orteen*oryouth*).mp.orexpchild/orinfant/orexpPediatrics/orexpMinors/orAdolescent/

3.1and2
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Appendix2.OvidEMBASEsearchstrategy

1.(propofol*or2,6-diisopropylphenol*ordisoprofolordisoprivanordiprivanorfresofolorrecofolorivofoloraquafolorrapinovet).mp.

orexpPROPOFOL/

2.(child*orp?ediatric*orinfant*orteen*oryouth*).mp.orexpchild/orinfant/orexpPEDIATRICS/orexpjuvenile/oradolescent/

3.1and2

Appendix3.CENTRALsearchstrategy

#1MeSHdescriptorPropofolexplodealltrees

#2propofol*ordiisopropylphenol*ordisoprofolordisoprivanordiprivanorfresofolorrecofolorivofoloraquafolorrapinovet

#3(#1OR#2)

#4MeSHdescriptorChildexplodealltrees

#5MeSHdescriptorInfantexplodealltrees

#6MeSHdescriptorMinorsexplodealltrees

#7MeSHdescriptorPediatricsexplodealltrees

#8MeSHdescriptorAdolescentexplodealltrees

#9child*orp?ediatric*orinfant*orteen*oryouth*

#10(#4OR#5OR#6OR#7OR#8OR#9)

#11(#3AND#10)

Appendix4.Dataextractionform

PropofolInfusionforpaediatricsedation

CARG239

Clinicaltrials

Reviewer:…………………………………………………………………………………………………………..

StudyID(lastname/year)……………………………………………………Date…………………..

Title…………………………………………………………………………………………………………………….

Language:…………………………………………..Country……………………………………………

Inclusioncriteria(mustfulfilallbrackets)

()onlypaediatricpatients(1monthto19yearsold)

()usedpropofolasacontinuousinfusions(mg/kg/hormcg/kg/min)formorethan60min

()propofolusedinonlyonestudyarm

()itisacontrolledclinicaltrial(thereisacomparisongroup)

Definitions:

Cardiacarrestwillbedefinedassignificantreductiononcardiacoutputrequiringanyofthefollowing:chestcompressions;defibrillation,

epinephrinebolusesorcardiacmechanicalsupport(Extracorporeallifesupport-ECLS;orventricularassistdevice-VAD).

Propofolinfusionsyndrome(PRIS)willbedefinedasmetabolicacidosis,definedasarterialpH≤7.30alongwithaserumbicarbonate

≤18mg/dL;plusthepresenceofanysignsinanythebelowcategories.Apatientwasdeemedtohaveexperiencedaparticular

manifestationcategoryiftheyexperiencedanymanifestationwithinthecategory(adaptedfromRoberts2009)

1)rhabdomyolysis(CPK≥10,000IU/L)orpositiveserumorurinemyoglobintestorpositivesurinarycastsforhaemoglobin;

2)hypotension(initiationofavasopressoragentorincreaseof≥20%frombaselinevasopressorinfusionpriortopropofolinitiation);

3)hepatictransaminitis(increaseintheaspartateaminotransferaseand/oralanineaminotransferase≥3timesabovebaseline);

4)hypertriglyceridaemia(serumtriglycerideconcentration≥400mg/dL);

5)hypoxia(partialpressureofarterialoxygen≤60mmHg);

6)hyperthermia(temperature≥38.3°C);

7)cardiacdysfunctionthatincludedasystole,pulselesselectricalactivity,ventricularfibrillation,sustainedventriculartachycardiaof30

secondsorlonger,myocardialfailure(ejectionfraction≤40%),orbradycardia(heartrate≤60bpm)

8)renalfailurethatincludedoliguria(urineoutput≤0.5mL/kg/hrfor≥6hours),anuria(urineoutput≤10mL/hrfor≥6hours),

elevationinserumcreatinine(increaseof≥1mg/dLfrombaseline),orhyperkalaemia(serumK+≥6mg/dL(excludingotherknown

causesorhaemolyzedspecimens)
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Study participants inclusion criteria

……………………………………………………………………………………………………………………………………………………………………………………

Studyparticipantexclusioncriteria

……………………………………………………………………………………………………………………………………………………………………………………

1)Patientdemographics:

1.1)Numberofpatientsenrolled………….(…….Females)

1.2)Age(average)…………from………..(months/years)to………..(months/years)

1.3)Patientlocation:()intensivecare

()diagnosticimaging(MRI/CT/other……………….)

()operatingroomdue…………………………………

()other…………………………………………..

1.4)Patientsbackground(reasonforhospitaladmission)

……………………………………………………………………………………

1.5) primary outcome being

measured………………………………………………………………………………………………………...

2)Studydrug:PROPOFOL#patientsonthisgroup:…………………….

Age(average/SD+min/max)…………………(years/months)

Males/Females………………

Areanysignsoforgandysfunctionpriortopropofolinfusion?()Yes()No

()cardiac:oninotropicsupport;previousarrhythmia;previousreducedejectionfractionbyECHO;

()hepatic:elevatedliverenzymes

()hypoxia(pao2<60)

()renal:oliguria,anuriaorelevationofserumcreatinine

2.1)Propofolusedasaninfusionataveragedoseof…………….mg/kg/h(or)mcg/kg/minminimumof………andmaximumof

…………….mg/kg/h(or)mcg/kg/min

2.2)Durationofpropofolinfusion………………..hours(min…………./max……….)

2.3)Otherdrugsusedinassociationwithpropofol(nameanddose)

a) prior to propofol

infusion…………………………………………………………………………………………………………………………

b) during propofol infusion

…………………………………………………………………………………………………………………………

c) after propofol infusion was stopped

……………………………………………………………………………………………………….

2.4)AnyreportofPRISorcardiacarrest(eventsofinterest)onthisgroup?

()yes()no

Howwerethesereportscollected?………………………………………………………………………………………………….

()spontaneousreport()activesurveillance()notclear

2.5)Howmanyeventsofinterestintotal?…………………….Inhowmanyuniquepatients…………

2.6)ReporttheAEfound(kindofevent,methodsofmonitoringanddiagnosingtheAE,treatmentandoutcome)

……………………………………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………………..

2.7)Possibleconfoundingfactorsorbiasesasper:

Authors:

……………………………………………………………………………………………………………………………………………………………………………………
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SR extractor:

…………………………………………………………………………………………………………………………………………………………………..

……………………………………………………………………………………………………………………………………………………………………

2.8)IfPRISorcardiacarrestwereidentified,whatisitrelationshipwithpropofolinfusion?(timefrominitiation/endingofinfusion

totheevent)………………………………………………………………………………………………….

.........................................................................................................................................................................

2.9)Howlongwasthefollow-upfor?

..........................................................................................................................................................................

2.10)Numberofpatientsthatlostfollowupandreasonsforit

Propofol group:

………………………………………………………………………………………………………………………………………..

………………………………………………………………………………………………………………………………………………………………….

2.11) Any other events of interest reported, not fulfilling the PRIS inclusion criteria?

……………………………………………………………………………………………………………………………………………………………………………………

2.12)Wereanypatientsexcludedfromtheadverseeffectanalysis?Why?

……………………………………………………………………………………………………………………………………………………………………

3)Comparisongroup:#patientsonthisgroup……………………

Age(average/SD+min/max)………………………(years/months)

Males/Females:……………………..

Areanysignsoforgandysfunctionpriortoinitiationofsedationinfusion?()Yes()No

()cardiac:oninotropicsupport;previousarrhythmia;previousreducedejectionfractionbyECHO;

()hepatic:elevatedliverenzymes

()hypoxia(pao2<60)

()renal:oliguria,anuriaorelevationofserumcreatinine

3.1)drug(s)dosage

drug(1)……………………………dose………………….duration…………………….

drug(2)……………………………dose…………………...duration……………………

drug(3)…………………………...dose…………………..duration……………………

drug(4)……………………………dose………………….duration…………………….

3.2)Anyseriousadverseevent(PRISorcardiacarrest)reportedonthisgroup?

()yes()no

Howwerethesereportscollected?……………………………………………………………………………….

()spontaneousreport()activesurveillance()notclear

3.4)HowmanyAEsintotal?…………………….Inhowmanyuniquepatients…………

3.5)ReporttheAEfound(kindofevent,methodsofmonitoringanddiagnosingtheAE,treatmentandoutcome)

……………………………………………………………………………………………………………………………………………………………………………………

3.6)Possibleconfoundingfactorsorbiasesasper:

Authors:

……………………………………………………………………………………………………………………………………………………………………………………

SR extractor:

…………………………………………………………………………………………………………………………………………………………………..

……………………………………………………………………………………………………………………………………………………………………
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3.7) If PRIS or

cardiacarrestwasidentified,whatisitrelationshipthedrugsbeenused?(timefrominitiation/endingofdrugsbeenusedtotheevent)

……………………………………………………………………………………………………………………………………………………………………

3.8)Howlongwasthefollow-upfor?

..........................................................................................................................................................................

3.9)Numberofpatientsthatlostfollowupandreasonsforit

Comparison group:

……………………………………………………………………………………………………………………………………..

…………………………………………………………………………………………………………………………………………………………………….

3.10) Any other events of interest reported, not fulfilling the PRIS inclusion criteria?

……………………………………………………………………………………………………………………………………………………………………………………

3.11)Wereanypatientsexcludedfromtheadverseeffectanalysis?Why?

…………………………………………………………………………………………………………………………………………………………………….

4)Studybias:

4.1)Selectionbias(biasedallocationtointerventions)duetoinadequategenerationofarandomisedsequence.?Low()High()Unclear

()

4.2)Selectionbias(biasedallocationtointerventions)duetoinadequateconcealmentofallocationspriortoassignment.Low()High

()Unclear()

4.3)Performancebiasduetoknowledgeoftheallocatedinterventionsbyparticipantsandpersonnelduringthestudy.Low()High(

)Unclear()

4.4)Detectionbiasduetoknowledgeoftheallocatedinterventionsbyoutcomeassessors

Low()High()Unclear()

4.5)Attritionbiasduetoamount,natureorhandlingofincompleteoutcomedata.

Low()High()Unclear()

4.6)Reportingbiasduetoselectiveoutcomereporting.

Low()High()Unclear()

Otherbiases:

4.7)Biasduetoproblemsnotcoveredelsewhereinthetable.Low()High()Unclear()

Why?…………………………………………………………………………………………………………………….

Overallriskofbias:Low()High()Unclear()

PropofolInfusionforpaediatricsedation

CARG239

No-randomizedstudies

Reviewer:…………………………………………………………………….

StudyID(lastname/year)……………………………………………………Date……………..

Title……………………………………………………………………………

Language:……………………………..Country……………………………..

Kindofstudy

()casereport(numberofpatients……………..)

()case-control

()cohortstudy

()other……………………………………………………………………………..

Propofol:

Patient’scharacteristics:

Age(average/SD)........................years/months

Male/Female...........................

Reasonforhospitaladmission…………………………………………………………

Patientlocation:()intensivecare

()diagnosticimaging(MRI/CT/other……………….)
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()operatingroomdue…………………………………

()other…………………………………………..

Areanysignsoforgandysfunctionpriortopropofolinfusion?()Yes()No

()cardiac:oninotropicsupport;previousarrhythmia;previousreducedejectionfractionbyECHO;

()hepatic:elevatedliverenzymes

()hypoxia(pao2<60)

()renal:oliguria,anuriaorelevationofserumcreatinine

Propofol dose and duration of infusion:

…………………………………………………………………………………………………….

Otherdrugsused(nameanddosage)

- Prior to propofol infusion

………………………………………………………………………………………………………………………..

…………………………………………………………………………………………………………………………………………………………….

- During propofol infusion:

…………………………………………………………………………………………………………………………………………………………………..

……………………………………………………………………………………………………………………………………………………………………

- After propofol infusion was stopped

…………………………………………………………………………………………………………………………………………………………………..

…………………………………………………………………………………………………………………………………………………………………….

Adverse events reported (kind of event, duration, treatment used and outcome)

…………………………………………………………………………………………………………………………………………………………………….

…………………………………………………………………………………………………………………………………………………………………..

…………………………………………………………………………………………………………………………………………………………………..

………………………………………………………………………………………………………………………………………………………………….

…………………………………………………………………………………………...........................................................................

………………………………………………………………………………………………………………………………………………………………….

3.6)Possibleconfoundingfactorsorbiases:

By the study authors:

……………………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………………………………

By data extractor:

…………………………………………………………………………………………………………………………………………………………………..

………………………………………………………………………………………………………………………………………………………………….

3.7) If PRIS or

cardiacarrestwasidentified,whatisitrelationshipthedrugsbeenused?(timefrominitiation/endingofdrugsbeenusedtotheevent)

……………………………………………………………………………………………………………………………………………………………………

Comparisongroup(ifapplicable)
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Drug(s) used for comparison (name and dosage)

……………………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………………..

……………………………………………………………………………………………………………………………………………………………………

Numberofpatients……………………………………………………….

Male/female…………………………………………………………………

Reasonforhospitaladmission…………………………………………………………............................................................

Patientlocation:()intensivecare

()diagnosticimaging(MRI/CT/other……………….)

()operatingroomdue…………………………………

()other…………………………………………..

Personaldeliveringtheintervention:Pediatrictrained:YES()NO()()Notclear

()anaesthesiologist

()intensivists

()emergencyphysician

()other……………………………………………………

How was the control selected?

…………………………………………………………………………………………………………………..

Werethepatientssimilarbetweeninterventionandcontrol?…………………………………………………………………….

…………………………………………………………………………………………………………………………………………………………………….

Adverse events reported (kind of event, duration, treatment used and outcome)

……………………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………………..

…………………………………………………………………………………………………………………………………………………………………..

…………………………………………………………………………………………………………………………………………………………………..

…………………………………………………………………………………………............................................................................

…………………………………………………………………………………………………………………………………………………………………..

Possibleconfoundingfactors:

Bythestudyauthors:

……………………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………………..

By the reviewer:

……………………………………………………………………………………………………………………………………………………………………………………

If PRIS or

cardiacarrestwasidentified,whatisitrelationshipthedrugsbeenused?(timefrominitiation/endingofdrugsbeenusedtotheevent)

……………………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………………………………

NEWCASTLE-OTTAWAQUALITYASSESSMENTSCALE
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CASECONTROLSTUDIES

Note:AstudycanbeawardedamaximumofonestarforeachnumbereditemwithintheSelectionand

Exposurecategories.AmaximumoftwostarscanbegivenforComparability.

Selection

1)Isthecasedefinitionadequate?

a)yes,withindependentvalidation

b)yes,e.g.recordlinkageorbasedonselfreports

c)nodescription

2)Representativenessofthecases

a)consecutiveorobviouslyrepresentativeseriesofcases

b)potentialforselectionbiasesornotstated

3)SelectionofControls

a)communitycontrols

b)hospitalcontrols

c)nodescription

4)DefinitionofControls

a)nohistoryofdisease(endpoint)

b)nodescriptionofsource

Comparability

1)Comparabilityofcasesandcontrolsonthebasisofthedesignoranalysis

a)studycontrolsfor_______________(Selectthemostimportantfactor.)

b)studycontrolsforanyadditionalfactor

(Thiscriteriacouldbemodifiedtoindicatespecific

controlforasecondimportantfactor.)

Exposure

1)Ascertainmentofexposure

a)securerecord(e.g.surgicalrecords)

b)structuredinterviewwhereblindtocase/controlstatus

c)interviewnotblindedtocase/controlstatus

d)writtenselfreportormedicalrecordonly

e)nodescription

2)Samemethodofascertainmentforcasesandcontrols

a)yes

b)no

3)Non-Responserate

a)samerateforbothgroups

b)nonrespondentsdescribed

c)ratedifferentandnodesignation

NEWCASTLE-OTTAWAQUALITYASSESSMENTSCALE

COHORTSTUDIES

Note:AstudycanbeawardedamaximumofonestarforeachnumbereditemwithintheSelectionand

Outcomecategories.AmaximumoftwostarscanbegivenforComparability

Selection

1)Representativenessoftheexposedcohort

a)trulyrepresentativeoftheaverage_______________(describe)inthecommunity

b)somewhatrepresentativeoftheaverage______________inthecommunity

c)selectedgroupofuserse.g.nurses,volunteers

d)nodescriptionofthederivationofthecohort

2)Selectionofthenonexposedcohort

a)drawnfromthesamecommunityastheexposedcohort

b)drawnfromadifferentsource

c)nodescriptionofthederivationofthenonexposedcohort

3)Ascertainmentofexposure
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a)securerecord(e.g.surgicalrecords)

b)structuredinterview

c)writtenselfreport

d)nodescription

4)Demonstrationthatoutcomeofinterestwasnotpresentatstartofstudy

a)yes

b)no

Comparability

1)Comparabilityofcohortsonthebasisofthedesignoranalysis

a)studycontrolsfor_____________(selectthemostimportantfactor)

b)studycontrolsforanyadditionalfactor(Thiscriteriacouldbemodifiedtoindicatespecific

controlforasecondimportantfactor.)

Outcome

1)Assessmentofoutcome

a)independentblindassessment

b)recordlinkage

c)selfreport

d)nodescription

2)Wasfollow-uplongenoughforoutcomestooccur

a)yes(selectanadequatefollowupperiodforoutcomeofinterest)

b)no

3)Adequacyoffollowupofcohorts

a)completefollowup-allsubjectsaccountedfor

b)subjectslosttofollowupunlikelytointroducebias-smallnumberlost->____%(selectan

adequate%)followup,ordescriptionprovidedofthoselost)

c)followuprate<____%(selectanadequate%)andnodescriptionofthoselost

d)nostatement
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