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“One o f the most important questions you can ask yourself is, ‘am I making the absolute 

best o f this moment?’ If you were to make the most o f this particular moment, and then 

do the same in all future moments, life will have a magical way of working itself out.”

- Richard Carlson
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Abstract

Introduction: Com pletely autologous platelet gel (CAPG) is designed to decrease 

the rate o f  post-operative serom as and hem atom as. We hypothesized the 

application o f  CAPG w ould reduce post-operative drainage and com plications, 

w hile im proving w ound healing, com pared to standard care in bilateral reduction 

m am m oplasty (BRM ).

M ethods: We conducted a w ithin-patient, random ized, patient and evaluator- 

blinded, controlled trial in 111 patients undergoing BRM . CAPG was applied to 

either the right or left breast. The prim ary outcom e was the difference in wound 

drainage. Secondary outcom es included pain and w ound healing. A ssessm ents o f  

wound healing included size o f  any open areas, clinical scar assessm ents, scar 

pliability, and scar erythem a.

Results: N o statistically significant differences in the drainage, level o f  pain, size 

o f  open areas, clinical appearance, degree o f  pliability, or erythem a were noted 

Conclusions: O ur results do not support the use o f  CA PG  in BRM.
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1

1.0 Introduction

1.1 The problem of post-operative fluid collection

One o f  the m ost com m on com plications after surgery is the build-up o f  fluid as 

either a serom a or hem atom a M. A fter bilateral reduction m am m oplasty (BRM ), 

the incidence o f  serom as or hem atom as is estim ated to be between 4-30%  and 5- 

12%, respectively 5. Fluid build-up can lead to increased pain, infection, poor 

w ound healing, and the need for secondary surgical procedures 6’1.

Several studies have show n a correlation betw een post-operative fluid build-up 

and surgical com plications. Hall conducted a prospective observational study to 

assess characteristics o f  w ound infections after surgery for breast cancer. After 

following 218 patients, he reported patients with serom as were 6 tim es m ore likely 

to develop w ound infections than those who did not develop serom as (p <

0 .0001)8. Varley conducted a prospective trial assessing the use o f  drains after 

surgery for fem oral fractures9. Patients were m onitored for the developm ent o f  

post-operative fluid-collection using ultrasound exam inations. He dem onstrated 

that patients w ith increased fluid-build up had significantly poorer w ound healing.
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2

1.2 Why suction drains are not the solution

In procedures where post-operative'fluid collections are common, suction drains 

are left in place to allow  drainage. However, drains can not resolve all fluid 

collections10. In addition, drains cause patient discom fort, delay discharge from 

hospital, and provide a route for in fec tio n 6’ l0' 14.

Jani conducted a random ized control trial assessing the effectiveness o f  drains in

1 9
preventing serom as am ong patients having breast cancer surgery .F if ty  eight 

patients were random ized to the drain group and 29 to the control group. The 

difference in serom a form ation rate was not significantly different between the 

two groups (Drain group: 15/58; Control group: 10/29). Parker conducted a m eta­

analysis o f  random ized controlled trials (RCTs) assessing the effectiveness o f  

drains after orthopedic procedures. He was unable to dem onstrate a difference in 

the incidence o f  hem atom as, however, he did dem onstrate that patients treated 

with suction drains were m ore likely to require blood transfusions10. Varley 

conducted an RCT o f  drains versus no drains after repair o f  fem oral fractures . He 

dem onstrated a significantly higher rate o f  w ound healing problem s in the group 

treated with drains. Rotstein conducted a prospective study to identify factors 

associated with w ound infections after breast surgery11. Four-hundred and 

eighteen patients were included in the study. It dem onstrated a significant 

association between the presence o f  closed suction drains and w ound infections.
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For these reasons, suction drains alone will not solve the problem  o f  post­

operative fluid buildup.

1.3 The use of tissue sealants

There is grow ing interest in the use o f  tissue sealants to prevent the build-up o f  

post-operative fluid collections. Tissue sealants are classified as either fibrin glues 

or autologous platelet gels (A PG )15. The m ost popular form o f  com m ercially

(IT)
available fibrin glue is T isseel . O ver 1720 surgical centers in Canada and the US 

are currently using Tisseel®16. A lthough they are com m only used, com m ercially 

available fibrin glues are associated with safety concerns. They contain pooled 

allogenic blood products w ith the potential for transm ission o f  hum an 

im m unodeficiency virus, hepatitis B and C, as well as prion disease. Transm ission

17 IS
o f  H IV -1 following the use o f  a cryoprecipitated fibrin glue has been reported ' .

Autologous platelet gel is an alternate type o f  tissue sealant. It is m ade from the 

patient’s own blood and contains no allogenic products. The popularity o f  APG is 

reflected by the large num ber o f  com panies that m arket equipm ent for the 

production o f  platelet gel. These include Cryoseal FS®, V ivoStat System®, 

Sm artPrep System®, A utogel Process Ctomedix®, H aem onetics MCS®, and 

M agellan Medtronic®. O ver 100 surgical centres in the US are using the M agellan 

Medtronic® system 19.
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1. 4 Advantages of autologous platelet gel

The use o f  APG as a tissue sealant has several advantages. Firstly, it is 

hypothesized that APGs are hem ostatic agents. A utologus platelet gels are said to 

achieve hem ostasis through the formation o f  a fibrin clot that is initiated by the 

activation and aggregation o f  platelets20,21. Secondly, it has been suggested that

"7 ")

tissue sealants reduce post-operative pain (see below). Thirdly, APG s contain 

high levels o f  growth factors involved in w ound healing. These grow th factors 

include transform ing grow th factor p and platelet derived grow th factor 21-24-25.

• y r  T O

Past research suggests that these growth factors can im prove w ound healing ' . 

Fourthly, new technology allows for the consistent production o f  high quality 

APG in a variety o f  settings, including sam e day surgical facilities. Lastly, when 

used to cover large surface areas, APGs are m ore econom ical. Com m ercial fibrin 

glue is sold in aliquots o f  1 -  5 mL and when m ore glue is required the costs 

increase proportionally. Conversely, the cost o f  producing APG for a single 

patient is constant regardless o f  the volum e produced.

1.4.1 Evidence for improved hemostasis with APG

Proponents o f  platelet gel believe that it is a hem ostatic agent. Platelets are known 

to be a central part the hem ostatic process. They release throm bin, throm boxane
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5

A2, and adenosine diphosphate w hich cause local vasoconstriction and attract 

additional platelets. In addition, platelets contribute to clot strength.

Laboratory research has show n that platelets are an essential part o f  hem ostatic 

clot formation. G ottum ukala evaluated the independent contribution o f  platelets 

and fibrin to clot strength29. The am ount o f  force required to break clots produced 

with and w ithout platelets was com pared. He show ed that 55% o f  clot strength 

was from platelets and 45%  was from fibrin.

Human studies assessing the hem ostatic potential o f  A PG  have been contradictory. 

Floryan assessed hem oglobin levels at 24 and 48 hours after total knee 

arthroplasty. He found that patients treated w ith APG m aintained higher 

hem oglobin levels at both tim e points than patients in the control group30. M an 

assessed the hem ostatic potential o f  APG in a series o f  patients undergoing 

cosmetic surgery31. A utologous platelet gel was applied to an area o f  capillary 

bleeding and the time to hem ostasis was recorded. In all cases (n = 30), hem ostasis 

was achieved 15-45 seconds after the application. M an concluded this was 

evidence o f  the hem ostatic effectiveness o f  APG. N one o f  these studies used 

random ization or blinding o f  the outcom e evaluators.

O ther investigators have used post-operative drainage as a surrogate to assess the 

effectiveness o f  APG as a hem ostatic agent. Castro assessed the effectiveness o f
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APG in reducing post-operative drainage am ong patients undergoing 

transforam inal lum bar interbody fusions o f  the spine32. He did not find a 

statistically significant difference between the A PG  treated group and a historical 

control group (platelet gel: 436m L ±  73; controls: 567m L ±  69, p = 0.29). W ajon 

assessed the effectiveness o f  APG and plateletpherisis com pared to standard care 

in reducing chest tube drainage am ong patients undergoing repeat coronary artery 

bypass surgery. Outcom es included the cum ulative chest tube drainage at 8 hours 

post-operatively. Eighty-four patients were random ized and no significant 

differences were found (treatm ent group at 8 hours: n=40; 407m L ±191; control 

group at 8 hours: n=44; 41 lm L  ±245; p > 0.05)33. N either study reported blinding 

o f  the outcom e assessors. A lthough APG is com m only used as a hem ostatic agent, 

there are no evaluator-blinded RCTs to support its use.

1.4.2 Evidence for improved analgesia with APG

It has been suggested that APG s may reduce post-operative pain. M onteleone 

studied the effectiveness o f  A PG for reducing the pain at split thickness skin graft

■y 7

donor sites“ . APG treated donor sites had significantly less pain at 7, 14, and 30 

days post-operatively. Floryan reported the effectiveness o f  APG for reducing pain 

after total knee arthroplasty30. APG treated patients (n =  27) had low er mean pain 

scores than controls (n= 13) (3.6/10 versus 6.3/10; statistical analysis not
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provided). In both studies, the authors did not report w hether patients were 

random ized or w hether the patients and evaluators were blinded.

1.4.3 Evidence for high growth factor levels in APG

Proponents o f  A PG  believe that it im proves bony regeneration and soft-tissue 

healing by delivering supra-physiologic levels o f  grow th factors to the surgical 

site2*. The alpha-granules o f  platelet cells contain num erous growth factors. These 

include platelet derived grow th factor (PDGF), transform ing growth factor beta 

(TGF-beta), vascular endothelial growth factor (VEGF), and epithelial growth 

factor (EGF). Because platelet gel is a platelet concentrate, high grow th factor 

levels are delivered to the surgical site. Using hum an volunteers, Eppley 

dem onstrated several fold increases in the concentrations o f  PDGF, TGF-beta, 

VEGF, and EGF in p latelet gel com pared to w hole blood21 (Table 1.1). These 

findings have been independently confirm ed34’35.
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Table 1.1 - Average levels o f  growth factors in whole blood and platelet gel 

(adapted from Eppley, B.L., et al. Plastic and Reconstructive Surgery. 114: 1502, 

2004).

Growth factor
Concentration in 

whole blood (ng/mL)

Concentration in 
platelet gel 

(ng/mL)

Increase 
(Mean fold 
increase)

Mean SD Mean SD
PDGF 3.3 0.9 17 8 6.2
TGF-Beta 35 8 120 42 5.1
VEGF 155 110 955 1030 3.9
EGF 129 61 470 317 3.6
N =  10

1.4.4 Evidence for improved bone growth with APG

Several hum an trials have assessed the effects o f  APG s on bone growth. M arx 

published an evaluator blinded random ized control trial to assess the efficacy o f  

platelet gel and cancellous bone graft versus cancellous bone grafts alone to aid in 

bony grow th36. This study included 88 patients undergoing reconstruction o f  

m andibular defects. Panoram ic radiographs were assessed for graft m aturity by 

blinded observers at 2, 4, and 6 months. A t each tim e point, grafts treated with 

APG had significantly higher ratings o f  graft maturity. A t 6 months, bone biopsies 

were taken from the graft site and assessed for levels o f  bone m ineralization using 

an autom ated com puter im aging system . Grafts treated w ith APG dem onstrated 

significantly greater bone density. This was the first random ized controlled trial to
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dem onstrate an increase in bony regeneration with the use o f  APG. W iltfang 

conducted an evaluator-blinded random ized controlled trial com paring the efficacy 

o f  tricalcium  phosphate w ith and w ithout APG in patients undergoing sinus lifts . 

A fter 6 months, bone biopsies were harvested and histological assessm ents o f  

bone density were m ade using com puterized image analysis software. The APG 

group showed a significant increase in bone density com pared to the control 

group.

1.4.5 Evidence for improved soft-tissue healing with APG

The effects o f  A PG on soft tissue healing are less w ell-defined. Carter used an 

equine chronic w ound m odel to assess the efficacy o f  APG to improve wound 

healing38. W ounds w ere random ized to receive no treatm ent, saline soaked gauze, 

or A PG  soaked gauze. B iopsies o f  the wounds were taken at 7, 36, and 79 days. 

Im m unohistochem ical m arkers o f  epithelial differentiation and subjective 

evaluation o f  collagen organization in the dermis were used to determ ine rates o f 

w ound healing. The authors reported earlier epithelial differentiation and more 

organization o f  the collagen in the A PG -treated wounds. No formal statistical 

analyses w ere reported.

Zieren used a rat m odel to com pare the effectiveness o f  polyglycolic acid mesh 

hernia repair with and w ithout the use o f  A PG 39. Clinical herniation pressures (the
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pressure required to break the w ound repair), hydroxyproline concentrations, and 

the num ber o f  fibroblasts and collagen fibers were assessed at 7, 14 and 90 days. 

There was a statistically significant increase in herniation pressures at 7 and 14 

days in the APG treated group. This m eans the tissues treated w ith APG were 

stronger. In addition, the num ber o f  fibroblasts and collagen fibers were 

statistically higher in the A PG  treated anim als. The authors did not report w hether 

the anim als were random ized or w hether the evaluators were blinded.

M onteleone studied the efficacy o f  APG for accelerating the rate o f  re- 

epithelialization o f  split thickness skin graft donor sites23. Each o f  the 20 study 

patients had two donor sites. One site was treated with bovine throm bin and the 

other with platelet gel. Re-epithelialization was assessed using photographic 

analysis. O utcom es w ere assessed at 7, 14, 20, and 30 days post-operatively. APG 

treated donor sites had significantly m ore rapid re-epithelialization at each time 

point. The authors did not report w hether patients were random ized or w hether the 

evaluators were blinded. These findings w ere presented as an abstract in 2000 and 

have not been published as a full article.

Senet published a double-blind, placebo controlled, random ized trial assessing the 

efficacy o f  a APG for the treatm ent o f  chronic venous ulcers40. Patients were 

evaluated every 4 w eeks w ith standardized digital photography. The mean rate o f  

w ound healing in the treatm ent group (n = 7; 0.0033 + 0.0061 cm /day) was not
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statistically different from that o f  the control group (n = 8; 0.0021 + 0.0058). This 

study was not adequately pow ered and would have required several hundred 

patients to avoid m aking a type II error.

M azzucco reported the results o f  a pilot study designed to assess the effectiveness 

o f  APG in the treatm ent o f  dehiscent sternal wounds and necrotic skin ulcers41. 

Endpoints for the dehiscent sternal w ound patients included tim e to com plete 

wound healing and total length o f  hospital stay. Endpoints for the necrotic skin 

ulcer patients included tim e necessary to achieve a healthy wound base suitable for 

surgery. C om pared to the control group, the platelet gel treated dehiscent sternal 

wounds healed m ore quickly (3.5 versus 6.0 w eeks; p = 0.0002) and were 

discharged hom e earlier (3.5 versus 52.5 days; p < 0.0001). APG treated necrotic 

ulcers developed a healthy w ound base earlier than the control group (15 versus

35.5 weeks, p < 0.0001). B linding and random ization w ere not perform ed in this 

study.

A dequately pow ered and well designed random ized controlled trials are needed to 

address w hether A PG  can im prove soft-tissue healing. A lthough num erous studies 

suggest that APG s im prove soft-tissue healing, there are no peer-review ed human 

studies to support this31,42'47.
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1.5 The safety of currently available autologous platelet gels

Although autologous platelet gels may have potential benefits, their use is 

associated with safety concerns. A utologous platelet gels are made with bovine 

throm bin. There are several reports o f  anaphylaxis after exposure to bovine 

products48'53. In addition, exposure to bovine products can induce form ation o f  

auto-antibodies against fibrinogen, factor V, and throm bin. Such reactions have 

lead to life threatening coagulopathies54'56. Finally, there is a theoretical risk o f 

transm itting o f  prion disease. Despite these concerns, the use o f  platelet gel in 

surgery is increasing.

1.6 Completely autologous platelet gel

In response to the concerns surrounding bovine products, technology was 

developed to allow for the production o f  com pletely autologous platelet gel 

(CAPG). This becam e available in January o f  2004. Com pletely autologous 

platelet gel is made w ith only the patien t’s own blood and the addition o f  citrate. 

Because there are no allogenic hum an or anim al com ponents, this is m uch safer 

than com m ercially available fibrin glues and traditional platelet gels.

CAPG is a platelet-based w ound sealant that is produced from centrifugal 

separation o f  w hole blood. This process creates a platelet concentrate. A small
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portion o f  the platelet concentrate is exposed to sterile glass, resulting in activation 

o f  the clotting cascade and the production o f  a fibrin platelet mixture. The actual 

platelet gel is produced at the time o f  application when the platelet concentrate is 

m ixed with the fibrin platelet mixture.

Currently there is very little literature available assessing CAPG. A literature 

search was conducted o f  the following com puterized bibliographic databases: 

M EDLINE (1966-present), EM BASE (1988-present), CIN A H L (1982-present), 

PEDro (Physiotherapy Evidence Database), Cochrane CENTRAL Register o f  

Controlled Trials, W eb o f  Science and D issertation Abstracts. The search terms 

included: “PRJP,” "platelet gel,” “platelet rich-plasm a,” and “tissue sealants.” In 

addition, the reference lists o f  all potentially relevant articles were reviewed. 

Finally, M edtronic Inc. was contacted to identify the existence o f  any hum an trial 

assessing CAPG. A lthough CAPG is currently available for use in Canada, we 

were unable to identify any trials assessing its efficacy.

1.7 Bilateral reduction mammoplastv (BRM) to test the efficacy of CAPG

Bilateral reduction m am m oplasty (BRM ) patients provide the ideal setting to test 

the efficacy o f  CAPG. BRM  is the most com m on operation perform ed by plastic 

surgeons. In 2003, plastic surgeons in Edm onton perform ed 798 BRM s57. The 

problem  o f  post-operative fluid collections after BRM s is clinically significant and
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common. As previously stated, hem atom as and serom as are the most common 

com plications after BRM  and are estim ated to be betw een 4-30%  and 5-12%, 

respectively5. Their occurrence can contribute to w ound infections, poor wound 

healing, the need for secondary operative procedures, and tissue necrosis.

c o

Studying BRM  patients allow s for a paired research design . In each patient, one 

breast can serve as the intervention side and the other as the control. The use o f  a 

paired design reduces betw een subject variability and allows for a sm aller sample 

size.

1.8 Hypothesis

The subcutaneous application o f  com pletely autologous platelet gel during BRM  

surgery will reduce the am ount o f  post-operative w ound drainage and post­

operative pain; improve scar quality; and decrease the frequency o f  hem atom as, 

seromas, infections, and w ound healing com plications, com pared to no treatment.

1.8 Specific objectives

The prim ary objective was to  assess the efficacy o f  CA PG  in reducing post­

operative w ound drainage after BRM .
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The secondary objectives were:

1. To assess the efficacy o f  CAPG in reducing post-operative pain.

2. To assess the efficacy o f  CAPG in decreasing the size o f  open wounds.

3. To assess the efficacy o f  CAPG for in im proving o f  the clinical appearance 

o f  the scar, as m easured by the Revised V ancouver Scar Scale and the 

Beausang Scar Scale.

4. To assess the efficacy o f  CAPG in improving scar colour, as m easured by 

the Mexameter®.

5. To assess the efficacy o f  CAPG in im proving scar pliability, as m easured 

by the Cutometer®.

6. To assess the efficacy o f  CAPG in reducing post-operative com plications.
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2.1 Overview of the study design

The evaluation o f  completely autologous platelet gel in breast reduction surgery:

A randomized controlled trial was a prospective, random ized, w ithin patient, 

controlled trial. Bilateral reduction m am m oplasty (BRM ) patients were 

random ized to receive platelet gel to either the right or left breast. The 

contralateral breast received no treatm ent. Patients were followed for six weeks to 

assess the effects o f  platelet gel on w ound drainage, pain, w ound healing, and 

post-operative com plication rates.

2.2 Patient population

2.2.1 Inclusion criteria

All subjects w ere females at least 18 years o f  age, scheduled for BRM , and staying 

w ithin a one hour drive o f  the hospital during the first 24 hours post-operatively.
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2.2.2 Exclusion criteria

Patients were excluded from the study if  any o f  the following w ere present: (1) 

prior history o f  breast surgery (excluding BRM ) (2) history o f  coagulopathy (3) 

antiplatelet agent use w ithin 10 days o f  surgery, (4) language barrier, (5) no access 

to a telephone, (6) previous enrollm ent in the study, (7) or an unw illingness to 

return for follow-up. Exclusion criteria for all patients w ere recorded on the case 

report forms (CRFs) (A ppendix 1).

2.3 Setting

Volunteers w ere recruited from the practices o f  11 plastic surgeons. This included 

all plastic surgeons perform ing BRM s in Edm onton, A lberta, Canada. Surgeries 

took place at the University o f  Alberta, the Royal A lexandra, and M isericordia 

Hospitals. This represents all public surgical facilities perform ing BRM  surgery in 

Edm onton. Eight o f  the surgeons had a m inim um  o f  10 years experience and had 

each perform ed over 100 BRM  prior to their involvem ent w ith the study. The 

rem aining three surgeons each had greater than 2 years experience. The plastic 

surgeons in Edm onton provide services to patients throughout N orthern Alberta, 

N orthern British Colum bia, N unavut, the Yukon, and the N orthw est Territories.
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2.4 Ethics

The study protocol, consent fonns, and patient inform ation sheets were approved 

by the University o f  A lberta H ealth Research Ethics Board and the Com m unity 

Research Ethics Board o f  A lberta (A ppendix 2 - Ethics). All data was sent to the 

research coordinating office w ith study num bers and patient initials only. Any 

inform ation that included patient identifiers was kept by the principal investigator 

only.

2.5 Baseline data collection

2.5.1 Pre-operative demographics

Inform ation on date o f  birth, w eight, height, chest circum ference, cup size, 

sm oking history, steroid use, and diabetes was collected (A ppendix 1 -  CRFs). 

This data was collected by the principal investigator (PI) pre-operatively during 

the screening telephone call and was confirm ed on the m orning o f  the surgery.

2.5.2 Intra-operative data

Im m ediately after the surgery, the PI used the operating room  data sheet from the 

patient chart to collect the intra-operative data (A ppendix 1 -  the operative room
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data CRF). This data included the anesthesia start tim e, the tim e the patient left the 

OR, the am ount o f  breast tissue rem oved from each side, the type o f  breast 

reduction, the surgeon’s use o f  pre-operative infiltration, the am ount o f  pre­

operative infiltration, liposuction, the am ount o f  liposuction on each side, the 

involvem ent o f  a resident in the resection and the breast side that the resident 

operated on.

2.6 Randomization and treatment allocation

Random ization and treatm ent allocation was done through an independent data 

m anagem ent centre (the Epidem iology Coordinating and Research (EPICORE) 

Centre, University o f  A lberta). A com puter-generated random  num bers program 

was used to produce the random ization sequence. Random ization was done in 

blocks o f  4 to ensure that a sim ilar num ber o f  right and left breasts received 

treatm ent. Investigators w ere not made aware o f  the block size. Random ization 

was stratified by surgeon and by centre. This allowed us to control for surgeon 

and site as potential confounders. Treatm ent allocation was through the use o f  

sequentially num bered opaque sealed envelopes. Random ization envelopes were 

opened after resection and hem ostasis was com plete for both breasts. This ensured 

that surgical hem ostasis w ould be equal on both the treatm ent and control sides.
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2.7 Intervention: Production and application of the platelet gel

2.7.1 Blood collection

The anesthetist collected 52m L o f  the patient’s blood into a 60m L syringe. This 

was done prior to m aking any surgical incision to avoid platelet activation. A 16 

gauge needle was used to avoid platelet lysis. The syringe contained 8mL o f  

citrate- dextrose anticoagulant (Cytosol Laboratories, Inc. Braintree, M A, USA) to 

prevent the blood from clotting. Samples were gently rotated through 360 degrees 

to m ix the anticoagulant.

2.7.2 Generation and application of the CAPG

The sam ple was then placed into a dual speed centrifuge (Magellan®, M edtronic, 

Inc., M inneapolis, MN, U SA ) for 17 minutes (Figure 2.1 -  photo o f  M agellan 

unit). This separated the platelet-rich plasm a (platelets and white blood cells 

suspended in plasm a) from the red blood cells and the platelet-poor-plasm a. This 

resulted in 8mLs o f  platelet-rich plasm a (PRP). O f this, 5mLs was draw n up into a 

syringe and the syringe was connected to a plastic dispensing device. The 

rem aining 3mLs o f  PRP w ere transferred to a syringe containing sterile woven 

glass (Figure 2.2 -  syringe with woven glass). Exposure o f  the PRP to the glass for
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10 minutes resulted in activation o f  the platelets and release o f  throm bin and 

calcium  into solution. The activated PRP was subsequently transferred to a second 

syringe and this syringe was also connected to the plastic dispensing device. As 

the syringes were depressed, the Y- tip at the end o f  the dispenser resulted in 

m ixing o f  the PRP and activated PRP (Figure 2.3 -  dispensing device with the Y- 

tip end). This final step led to the creation o f  the platelet gel. A fter random ization 

and prior to surgical closure, the gel was applied topically to the subcutaneous 

tissues o f  either the right or left breast by the attending surgeon under the 

supervision o f  the PI. No placebo substance was applied to the control breast.
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Figure 2.1 -  The M agellan®  centrifugation system  (M agellan, M edtronic, Inc., 

M inneapolis, M N, USA)

M AGELLAN"

Figure 2.2 -  Syringe with w oven glass
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Figure 2.3 -  D ispensing device with the Y-tip end

2.8 Outcome measures

2.8.1 Primary outcome: Post-operative drainage

The prim ary outcom e m easure was the difference in post-operative drainage 

between the treated and control breasts over the first 24 hours. Increased wound 

drainage has been correlated to increased rates o f  post-operative seromas, 

hem atom as, infections, and poor w ound healing12’59'61. Jackson-Pratt 7 mm fully 

perforated 3A  inch drains w ere placed in each breast at the end o f  surgery. A 

research nurse, blinded to patient allocation, em ptied each drain a m inim um  o f 

every eight hours for the first 24 hours post-operatively. For patients adm itted to 

hospital post-operatively, this was done on the ward. For patients having same day 

surgery, research nurses drove to patients’ hom es to m ake the assessm ents.
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Contents o f  the drain were em ptied first into a urine specim en container and then 

aspirated into a 20 mL syringe with a catheter tip adapter (Figure 2.4 -  equipm ent 

used for drain m easurem ent). The use o f  a graduated syringe to m easure drain 

outputs allowed for more precise measurem ents.

Figure 2.4 -  Equipm ent for drain measurem ent: Syringe (20 mL) w ith catheter tip 

adapter

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



25

2.8.2 Secondary outcome measures

The secondary outcom e m easures included pain, assessm ent o f  the size o f  any 

open areas, clinical assessm ents using com prehensive scar scales and automated 

measures o f  scar colour and pliability.

2.8.2.1 Numerical Rating Scale (NRS) fo r  pain

A  numerical rating scale (NRS) was used to assess the intensity o f  post-operative 

pain. Pain intensity is the m ost clinically relevant dim ension o f pain62. The NRS is

C ' i  z c

easily understood by patients and is associated with high levels o f  com pliance ' . 

It is reliable66-68 sensitive to treatm ent effects69 and is a valid method for the

7ft
assessm ent o f  post-operative pain . The 0 - 1 0  NRS is has been recom m ended for 

use in pain related outcom es research by both the Em ergency M edical Services 

Outcom es Project and the European A ssociation for Palliative Care70’71.

A score o f  4-6/10 corresponds to m oderate pain intensity, while scores o f  >8/10

79 75
correspond to severe pain intensity ‘ . In patients w ith moderate post-operative 

pain, the minim al clinically im portant difference (M CID ) is 1.3 (95%  Cl 1.2-1.4), 

or a change o f  20.1%  (95%  C l 18.1-22.2) from baseline75.
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Pain was assessed for each breast using a 0-10 NRS, w ith 0 representing no pain 

and 10 representing the w orst pain (A ppendix 1 -  the NRS). The scale was 

adm inistered by a research nurse every 8 hours for the first 24 hours post- 

operatively. The average pain score over the first 24 hours post-operatively was 

calculated for each breast. In addition, a research assistant assessed each breast at 

the 1,3,  and 6 week follow-up visits.

2.8.2.2 Open areas

Areas that had not re-epithelialized at 1,3,  and 6 weeks were considered open.

The average length and w idth o f  each open area was used to calculate the area o f  

skin rem aining open. A t the 1 ,3  and 6 w eek follow-up visits, the research assistant 

m easured the size o f  open areas using a ruler w ith one m illim eter graduations.

2.8.2.3 The Revised Vancouver Scar Scale

The Revised V ancouver Scar Scale (RV SS) is a com prehensive clinical rating 

scale for the assessm ent o f  scars (A ppendix 1 -  the RVSS ). The scale includes

1f\
pliability, pigmentation, height, and vascularity . Each o f  these values is given a 

score o f  between 0 and 3 or 4; increasing values indicate more severe scarring.

The individual param eter scores are added to give an overall score for each scar. 

Scores range from 0 to 14, w ith low scores representing clinically w ell-healed
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scars. The RVSS is based on the V ancouver Scar Scale w hich has dem onstrated

<7/  H O

adequate reliability and construct validity ' .

The research assistant responsible for the RVSS assessm ents was trained and 

supervised by a nurse (H eather Shankow sky ) 76,79 with expertise in w ound healing. 

Assessm ents were perform ed on both breasts at the 3 and 6 week follow up 

appointments.

2.8.2.4 The Beaitsang Clinical Scale

The Beausang Scale is a com prehensive clinical rating scale for the assessm ent o f  

scars (A ppendix 1 -  the Beausang Clinical Scale). The scale includes scar colour, 

contour, texture, and distortion. Each o f  these values is given a score o f  betw een 1 

and 4; increasing values indicating more severe scarring. W hether a scar was 

m atte or shiny is also recorded; the form er scores a 1 and the latter scores a 2. An 

overall assessm ent from 0 to 10 is also made, with 0 indicating an excellent scar 

and 10 indicating a poor scar. This score is added to the sum o f  the individual 

param eter scores to give an overall score for each scar. Scores range from 5 to 28, 

with low scores representing clinically w ell-healed scars. It has been shown to

O A

have construct validity .
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The research assistant responsible for the Beasaung Clinical Scale assessm ents 

was trained and supervised by the aforem entioned nurse with expertise in wound 

healing 76' 79. Assessm ents were perform ed on both breasts at the 3 and 6 week 

follow up appointm ents.

2.8.2.5 Cutometer skin elasticity meter (SEM) 575®

The Cutom eter Skin E lasticity M eter (SEM ) 575® (Courage and Khazaka 

Electronic GmbH, Cologne, G erm any) is an autom ated instrum ent designed to 

quantify skin elasticity (Figure 2.5 -  Cutom eter® ). A hand held probe with a 2 

mm aperture is placed against the skin. A vacuum  load o f  500 m bar is applied 

through the aperture for 1 second, followed by normal pressure for 1 second. The 

skin is drawn into the aperture o f  the probe. The depth o f  penetration o f  the skin 

into the probe is determ ined by an optical m easuring system. The param eters 

recorded were im m ediate skin distention (Ur) and final skin distention (Uf) in 

millimeters. The elasticity scores produced by the Cutom eter®  are a reliable

O l  o * j

m easure o f  elasticity for both normal skin and scars ' . The research assistant 

responsible for the Cutom eter®  assessm ents was trained and supervised by a the 

aforem entioned nurse w ith expertise in w ound healing 76' 79. Assessm ents were 

perform ed on both breasts at the 3 and 6 w eek follow up appointm ents. For breasts 

with inverted T incisions, an assessm ent was done at the T-base and the mid­

vertical point on the scar. For patients with either vertical-only or horizontal-only
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incisions, assessm ents w ere done at the m id-point o f  the scar. Each scar was 

m easured three times and the average o f  the three m easured values was recorded.

Figure 2.5 -  Cutom eter Skin Elasticity M eter (SEM ) 575®  (Courage and K hazaka 

Electronic GmbH, Cologne, G erm any)

•METER SEM 575 Skin E lasticity  Metor

Power

C o u r a q o  * K h a / a k a

2.8.2.6 Mexameter

The M exam eter M X 16® (C ourage+K hazaka Electric Gm bH, Cologne Germany) 

is a narrow-band sim ple reflectance m eter designed to m easure skin colour (Figure

2.6 -  the M exam eter® ). A  5 mm diam eter probe em its three wavelengths o f  light 

(660 nm, red; 568 nm, green; and 880 nm, infrared). Scores for the level o f 

erythem a and melanin are calculated based on the am ount o f  light absorbed by the 

skin. The erythem a index (E l) is defined as: E l =  (500/log5) x [log (red-
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reflection/green-reflection) + log5]. The melanin index (M I) is defined as: MI = 

(500/log5) x [log(infrared-reflection/red-reflection) + log5]. The MI and El scores 

range from 0-1000 with higher values indicating more m elanin and more 

erythema. The M exam eter®  has been shown previously to be a reliable and valid

j j l  Q f

m easure o f  skin colour ' .

The research assistant responsible for the M exam eter®  assessm ents was trained 

and supervised by the aforem entioned nurse with expertise in w ound healing 76' 79. 

Assessm ents were perform ed on both breasts at the 3 and 6 w eek follow up 

appointments. For breasts w ith inverted T incisions, an assessm ent was done at the 

T-base and the m id-vertical point o f  the scar. For patients w ith either vertical-only 

or horizontal-only incisions, assessm ents were done at the m id-point o f  the scar. 

Each scar was m easured three times and the average o f  the three m easured values 

was calculated.
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Figure 2.6 - M exam eter M X  16® (C ourage+K hazaka Electric GmbH, Cologne, 

Germany)

C o u ;o y o  ♦ K hoirakr: 
Cologne? • G erm any

2.8.2.7 Adverse events

Com plications w ere identified by several m echanism s. A t the 1, 3, and 6 week 

follow-up appointm ents, patients were questioned by the research assistant about 

w hether they had experienced com plications. Hospital operative reports and office
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charts were system atically review ed by the PI to confirm  the occurrence o f 

com plications identified by patients and to identity any o f  the other previously 

defined com plications (see section 2.8.2.7).

2.8.2.7.1 Post-operative hem atom as

Post-operative hem atom as were defined as discom fort and swelling under an 

incision which was fluctuant on palpation. The diagnosis was confirm ed by needle 

aspiration o f  sanguinous fluid. H em atom as w ere graded as m ild (< 10 mL), 

m oderate (> 10 mL), and severe (requiring operative drainage). Assessm ents were 

made by the attending surgeons. A t the 1 ,3 , and 6 w eek follow-up appointm ents, 

patients were questioned by the research assistant about w hether they had 

experienced these com plications.

2.8.2.7.2 Post-operative serom as

Post-operative serom as w ere defined as discom fort and swelling under an incision 

w hich was fluctuant on palpation and did not m eet the criteria for diagnosis o f  

hem atom a or w ound infection. The diagnosis was confirm ed by needle aspiration 

o f  serous fluid. Seromas w ere graded as m ild (< 10 mL), moderate (> 10 mL), and 

severe (requiring operative drainage). A ssessm ents were made by the attending 

surgeons. At the 1, 3, and 6 w eek follow-up appointm ents, patients were
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questioned by the research assistant about w hether they had experienced these 

complications.

2.8.2.7.3 Post-operative infections

Post-operative infections w ere defined according to the Centers for Disease

Q Z

Control and Prevention criteria for surgical site infections (Table 2.1). Infections 

were graded in terms o f  severity: mild (requiring oral antibiotics), m oderate 

(requiring intravenous antibiotics), and severe (requiring surgical intervention or 

hospital adm ission). All assessm ents were made by the attending surgeons. A t the 

1, 3, and 6 w eek follow-up appointm ents, patients w ere questioned by the research 

assistant about w hether they had experienced these com plications.
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Table 2.1 - Centers for D isease Control and Prevention (CDC) guidelines for the 

diagnosis o f  surgical site infections (S S Is )86

Infection occurs w ithin 30 days after the operation and involves only skin or 

subcutaneous tissue o f  the incision, W ITH at least ONE o f  the following:

1. Purulent drainage, w ith or w ithout laboratory confirm ation, from the 

superficial incision

2. Organism s isolated from an aseptically obtained culture o f  fluid or tissue 

from the superficial incision

3. A t least one o f  the following signs or sym ptom s o f  infection: pain or 

tenderness, localized sw elling, redness, or heat a n d  superficial incision is 

deliberately opened by surgeon, u n le s s  incision is culture negative

4. D iagnosis o f  the superficial incisional SSI by the surgeon or attending 

physician

2.9 Data collection -  case report forms (CRFs)

Standardized case report form s w ere used for patient screening and collection o f  

pre-operative, intra-operative and post-operative data (A ppendix 1 -  CRFs). 

EPICORE Centre provided these forms.
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2.10 Data management

An independent agency (EPICO RE C entre) was responsible for data management. 

All case report forms were either faxed or delivered to EPICO RE Centre on 

com pletion and were entered into the database. Queries pertaining to any missing 

or inappropriately com pleted CRFs were sent to the individual(s) w ho had 

collected the inform ation. This included a search for illogical and extrem e values. 

The prim ary investigator kept a copy o f  all CRFs until com pletion o f  the study. 

Forms were then sent to EPICO RE Centre where they will be kept for 7 years, as 

per Good Clinical Practice G uidelines.

2.11 Statistical considerations

2.11.1 Sample size

The sam ple size calculations were based on the prim ary outcom e m easure 

(difference in total drainage over the first 24 hour post-operatively). We assum ed a 

m inim um  clinically im portant difference (M CID ) o f  15 % reduction in drainage 

output, a standard deviation (SD) o f  20 ml, an alpha o f  0.05, and a pow er o f  0.95. 

The M CID o f  15% was determ ined by polling local plastic surgeons. The SD was 

based on findings o f  our pilot study (SD = 29, n = 10) and a retrospective review 

that we conducted on the difference in drainage betw een breasts after standard
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reduction m am m oplasty w ithout CAPG (SD 18; n = 19). The pow er was set at 

0.95. Reasons for this level o f  pow er included: (1) the agent was already in 

w idespread use, (2) the inclusion o f  increased num ber o f  surgeons and different 

types o f  breast reduction techniques was likely to increase the variability in 

drainage, and (3) we believed that w ith a negative result, the study was unlikely to 

be repeated. Based on these, num bers the necessary sam ple size estim ate was 92 

patients. To account for a 10 % attrition rate, 102 patients were required.

2.11.2 Statistical analysis

2.11.2.1 Description o f  the sample

Baseline characteristics o f  the study population were described in order to describe 

the patient population. N orm ally distributed and skewed continuous data was 

presented using means (standard deviations (SD)) and medians (interquartile 

ranges (IQRs)), respectively. Categorical data was presented using proportions.

2.11.2.2 Comparison o f  baseline characteristics

Baseline characteristics o f  the breasts w ere com pared to determ ine w hether 

random ization was effective. Treated and control groups were com pared with 

regards to know n prognostic factors using the Student’s t-test (for continuous

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



37

dependent variables) and the Pearson chi-square test (for categorical dependent 

variables).

2.11.2.3 Comparisons o f  outcomes

The prim ary outcom e variable (difference in drainage during the first 24 hours 

post-operatively) was analyzed using the paired-t-test and sign-rank tests. 

Secondary outcom es o f  pain, size o f  open area, RVSS score, Beausang clinical 

scar score, Cutom eter®  score, M exam eter®  scores, and adverse events were 

analyzed using paired-t-tests and sign-rank tests.

2.11.2.5 Predictors o f  increased drainage

Predictors o f  increased drainage were determ ined by m ultiple linear regression. 

For this analysis, the patien t’s total drainage from both breasts over the first 24 

hours was used as the unit o f  analysis. The principles o f  purposeful regression 

w ere applied. C linically im portant variables and those having p-values less than 

0.20 in sim ple bivariate correlation were used in the full model. These variables 

w ere then entered into a full model. Variables were then rem oved from the model 

until all predictors had p-values > 0.05. This resultant model was designated the 

main effects model. V ariables in the full m odel that were not included in the
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main effects model w ere tested for confounding. Confounders were added to the 

main effects model. The m odel was tested for all 2nd-order interactions and model 

diagnostics were perform ed. All analyses were perform ed using intention to treat 

principles.
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2.12 Summary of outcome measures

Table 2.2 sum m arizes the each o f  outcom es assessed during the trial. Included is 

the time o f  the assessm ent and the assessor. All outcom e assessors w ere blinded to 

treatm ent allocation.

Time point Outcome Assessor Outcome(s) assessed
Every 8 hrs for the first 24 
hrs post-operatively

Trained research nurse(s) 1. Drainage
2. Pain

1 week post-operatively Trained research assistant 
supervised by the research 
nurse

1. Pain
2. Complications

3 weeks post-operatively Trained research assistant 
supervised by the research 
nurse

1. Pain
2. RVSS
3. Beausang scar scale
4. Cutometer®
5. Mexameter®
6. Complications

6 weeks post-operatively Trained research assistant 
supervised by the research 
nurse

1. Pain
2. RVSS
3. Beausang scar scale
4. Cutometer®
5. Mexameter®
6. Complications

Table 2.2 -  Sum m ary o f  outcom e m easures
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3.0 Results

3.1 Flow o f patients through the trial

Figure 3.1 shows the flow o f  patients through the study. One hundred and seventy- 

eight patients were screened for eligibility. Sixty-seven were excluded from the 

trial. The m ost com m on reason for exclusion was patients who lived too far from 

Edm onton to com m it to the follow-up appointm ents. O f note, 7 patients were 

excluded from the study due to equipm ent failure. In each case, this was prior to 

random ization. In one case the citrate was defective. In the rem aining 6, there 

w ere difficulties closing the centrifuge lid. Tw enty-four hour drainage and pain 

scores w ere collected for all o f  the 111 random ized patients. The num ber o f 

patients returning for their 1, 3, and 6 w eek follow-ups were 66 (59% ), 84 (76% ), 

and 85 (77% ) respectively.
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Figure 3.1 - Flow o f  patients through the trial

Screened for 
eligibility (n = 178)

1 week follow-up 
(n = 66; 59%)

6 week follow-up 
(n = 85; 77%)

3 week follow-up 
(n = 84; 76%)

24 hour drainage and 
pain scores analyzed 
(n = 111)

Excluded (n = 67)
Lived too far away (n = 23)
Did not wish to participate (n = 22) 
Equipment failure (n = 7)
Less than 18 yrs of age (n = 4) 
Prior breast surgery (n = 4) 
Anesthesia unable to draw blood 

(n=3)
Jehovah’s Witness (n = 2)
Recent NSAID use (n = 1)
History of coagulopathy (n = 1)

3.2 Patient characteristics

The characteristics o f  the w om en entered into the study are displayed in Table 3.1. 

V isual inspection o f  the data w ith histogram s suggested it was not normally 

distributed. For this reason w e used m edians and inter-quartile ranges to describe 

the data. The median age w as 39 years, body m ass index (BM I) was 31, and
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median chest circum ference was 38 inches. Seventy-five percent o f  w om en had 

cup sizes DD or greater and 18% were smokers. None o f  the study participants 

were diabetic.

Table 3.1 -  Preoperative dem ographics o f  the patient sam ple

n =  111 Median (IQR)
Age (years) 39 (28,48)
Weight (lbs)* 176 (157, 200)
Height (inches)* 64 (62, 66)
BMI* 31 (27, 34)
Chest circumference (inches) 38 (37, 42)

Frequency (%)
Cup Size (n = 111)

< C/D 28 (25%)
> DD 83 (75%)

Smoker (Yes) 20 (18%)
Diabetic (Yes) 0

* n =  110

3.3 Intra-operative characteristics o f the study population

Table 3.2 displays the intra-operative data for the w om en enrolled in the study. 

Forty-nine percent had pre-operative infiltration with a solution containing local 

anesthetic and epinephrine. Thirty-one percent had adjuvant liposuction o f  the 

breast as part o f  their surgery. Seventy-one percent had a classic R obin’s 

reduction. A  classic R obin’s reduction was defined as an inferior pedicle with an 

inverted T-skin closure. The rem aining patients had superiorly pedicle based
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reductions. Skin closure in these patients was one o f  three types: (1) vertical only 

(2) vertical w ith a short horizontal or (3) a horizontal only skin closure. For those 

having infiltration, the m edian am ount was 600 mL. For those having adjuvant 

liposuction, the m edian am ount was 275 mL. The m edian amount o f  tissue 

removed, from right and left breasts com bined, was 976 grams. The median 

operative tim e was 100 m inutes.

Table 3.2 -  Intra-operative data for the study population

n =  111 Frequency (%)
Pre-operative infiltration 54 (49)
Adjuvant liposuction 34 (31)
Type o f reduction

Classic Robin’s reduction 79 (71)
Superior pedicle technique 32 (29)

Median (IQR)
Total infiltration (mL)* 600 (80, 1000)
Amount o f liposuction (mL)** 275 (188, 925)
Amount o f tissue resected (grams) 976 (753,1378)
Operative time (min) 100 (87, 120)

* n = 51; ** n = 33

3.4 Comparison of baseline characteristics for the treatment and control 

breasts

Baseline characteristics for the treatm ent and control breasts are displayed in 

Table 3.3. W ith visual inspection o f  the data there was insufficient evidence to 

suggest any significant differences betw een the groups in terms o f  the am ount o f
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liposuction, infiltration, or tissue resected. This was confirm ed with using paired t- 

tests. There were 101 patients who had a different operator on the treatm ent and 

control breasts. Visually checking the data, there was insufficient evidence to 

suggest a significant difference in the frequency with w hich the s taff surgeon 

operated on the treatm ent versus the control side. This w as confirm ed with a 

binomial test.

Table 3.3 -  Com parison o f  pre-operative and intra-operative data for the treatm ent 

and control breasts

Treatment Control
Breast Breast

Median amount of infiltration (mL) 300 300
(n = 51)
Median amount of liposuction (mL) 150 125
(n = 33)
Median amount of tissue resected (grams) 488 477
(n = 111)
Primary surgeon was the staff surgeon (frequency) * 53 48
(n=  101)

* in 10/111 cases the staff was the primary surgeon on both sides

3.5 Primary outcome: Total drainage in the treatment versus control breast 

during the first 24 hours post-operatively

The total drainage in the treatm ent versus control breasts, during the first 24 hours 

post-operatively, is displayed in Figure 3.2. The box-plot displays the median,
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inter-quartile range, outliers, and extrem e values for each group. A fter visually 

checking the data with a stem  and leaf plot, a normal Q-Q plot, and a histogram 

we did not find sufficient evidence to conclude the distribution was not normally 

distributed (Figures 3.3, 3.4 and 3.5). Table 3.4 shows the mean for the treatm ent 

and control groups w ere 70.6 and 72.2 mL, respectively. Using a paired t-test we 

were unable to dem onstrate a  significant difference in drainage between the two 

groups (t = -0.424, p =  0.672).

Figure 3.2 -  Box-plot o f  the m edian am ount o f  drainage over the first 24 hours 

post-operatively in the treatm ent and control groups
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150.00-

100 .00 -

5 0 .0 0 -

Treatment Control
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Figure 3.3 - Stem and leaf p lo t o f  the difference in total drainage (mL) betw een the 

treatm ent and control breasts during the first 24 hours post-operatively
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Figure 3.4 - N orm al Q-Q plot o f  the difference in drainage (mL) between the 

treatm ent and control breasts during the first 24 hours post-operatively
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Figure 3.5 - H istogram  o f  the difference in drainage (treatm ent -  control) (mL) 

between the treatm ent and control breasts during the first 24 hours post- 

operatively
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Table 3.4 -  Com parison o f  total drainage during the 24 hours post-operatively for

the treatm ent and control breasts

n= 111 Treatment
breast

Control
Breast

Difference 
between the 

treatment and 
control breasts Paired t-test

Mean SD Mean SD Mean SD t p 95% Cl
Average drainage 
over the first 24 
hours post- 
operatively (mL)

70.6 43.1 72.2 45 -1.7 (41) -0.424 0.672 (-9.5,6.!)
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3.6 Secondary outcomes

3.6.1 Pain in the treatment versus control breasts

The average pain scores o f  the treatm ent versus control breasts during the first 24 

hours post-operatively are displayed in Figure 3.6. A fter visually checking the data 

with a normal Q-Q plot and a histogram , we did not find sufficient evidence to 

conclude the difference was not norm ally distributed. A paired t-test was unable to 

dem onstrate a significant difference in pain scores betw een the treatm ent (3.3/10) 

and control (3.5/10) groups (t = -1.406, p =  0.163) (Table 3.4).

In addition to displaying the average pain scores over the first 24 hours post- 

operatively, Table 3.5 includes the pain scores at 1, 3, and 6 w eeks post- 

operatively. Visually checking the data with a norm al Q -Q  plot and a histogram  

we did not find sufficient evidence to conclude the distributions w ere not norm ally 

distributed. At 1 week, the mean treatm ent and control pain scores were 2.3 and 

2.4, respectively. At 3 weeks, the mean treatm ent and control pain scores were 2.4 

and 2.2, respectively. At 6 weeks the mean treatm ent and control pain scores were

1.1 and 1.5, respectively. Using paired t-tests, we were unable to find any 

significant differences in pain between the two groups (1 week: t = -0.172, p = 

0.864; 3 weeks: t = 0.785, p = 0.435; 6 weeks: t = -1.754, p = 0.083).
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Figure 3.6 -  A verage pain scores over the first 24 hrs post-operatively on the 

treatm ent and control sides
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Table 3.5 -  Com parison o f  the pain scores for the treatm ent and control breasts

Difference 
between the 

treatment and
Treatment breast Control Breast control breasts Paired t-test

Mean SD Mean SD Mean SD t P 95% Cl
Average pain over the 
first 24 hours post- 
operatively 
(n = 111)

3.3 1.8 3.5 1.9 -0.16 1.2 -1.4 0.16
3

(-0.39,
0.07)

Pain at 1 week 
(n = 65) 2.3 1.9 2.4 2.0 -0.05 2.2 .172

0.86
4

(-0.58,
0.49)

Pain at 3 weeks 
(n = 83) 2.4 2.1 2.2 2.0 0.14 1.6 .785 0.43

5
(-0.21,
0.49)

Pain at 6 weeks 
(n = 85) 1.1 1.7 1.5 2.4 -0.38 2.0 -1.8 0.08

3
(-0.82,
0.06)

Treatment Control

Study group
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3.6.2 The size o f any remaining open areas in the treatment versus control 

breasts

The surface area for any rem aining open areas on the breasts is displayed in Table 

3.6. The size o f  open areas was checked at 1, 3, and 6 w eeks post-operatively. 

Visually checking the data with a normal Q-Q plot and a histogram , we did found 

sufficient evidence to conclude the distributions were not norm ally distributed.

This was confirm ed with the K olm ogorov-Sm im ov test (1 week: K-S = .271 p < 

0.001; 3 weeks: K-S = .363, p < 0.001; 6 weeks: .213, p < 0.001). A t 1 w eek the

•y
mean open area on the treatm ent and control breasts w ere 0.22 and 0.01 mm , 

respectively. Using the W ilcoxon signed-ranked test, w e found a significant 

difference in the size o f  open areas on the treatm ent breasts com pared to the 

control breasts (Z = -2.197, p = .028). W ilcoxon sign-ranked tests w ere unable to 

dem onstrate any significant differences in the size o f  open areas betw een the two 

groups at 3 and 6 weeks post-operatively (3 weeks: Z =  -0.191, 0.848; 6 w eeks Z = 

-1.477, p = 0.140).

Table 3.6 -  Com parison o f  the size o f  any open areas for the treatm ent and control 

breasts
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Difference 
between the

Treatment treatment and Wilcoxon signed-
breast Control Breast control breasts rank test

Mean SD Mean SD Mean SD Z p -  value
Size o f  open areas at 1
week (mm2) 
(n = 65)

0.22 0.87 0.01 0.03 0.21 0.87 0.345 0.028

Size o f  open areas at 3
weeks (mm2) 
(n = 83)

1.1 5.4 0.60 2.0 0.46 4.9 0.390 0.848

Size o f  open areas at 6
weeks (mm2) 
(n = 84) 0.98 5.6 0.16 0.82 0.82 5.69 -1.477 0.140

3.6.3 The Revised Vancouver Scar Scale (RVSS) summary scores for the 

treatment versus control breasts

The RVSS sum m ary scores for the treatm ent versus control breasts are displayed 

in Table 3.7. V isually checking the data w ith norm al Q-Q plots and histogram s we 

did not find sufficient evidence to conclude the distributions w ere not norm ally 

distributed. Paired t-tests w ere unable to dem onstrate any significant difference in 

the RVSS sum m ary scores between the two groups (3 w eeks: t = 0, p =  1.0; 6 

weeks: t =  .147, p = 0.883).
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Table 3.7 -  Comparison o f  the RVSS summary scores for the treatment and

control breasts

Difference 
between the

Treatment treatment and
breast Control Breast control breasts____________ Paired t-test

Mean SD Mean SD Mean SD t P 95% Cl
RVSS at 3 week 
(n = 81) 6.7 1.3 6.7 1.3 0 0.5 0 1 (-0.1, 0.1)

RVSS at 6 week 
(n - 84) 5.6 1.7 5.6 1.4 0.02 1.5 0.147 0.0883 (-0.3, 0.3)

3.6.4 The Beausang summary scores for the treatment versus control breasts

The Beausang sum m ary scores for the treatm ent versus control breasts are 

displayed in Table 3.8. V isually checking the data with norm al Q-Q plots and 

histogram s we found sufficient evidence to conclude the distributions w ere not 

norm ally distributed. This was confirm ed with the K olm ogorov-Sm im ov test (3 

weeks: K-S = .462, p < 0.001; 6 weeks: K-S = .392, p < 0.001). W ilcoxon sign- 

ranked tests were unable to dem onstrate any significant difference in the Beausang 

sum m ary scores betw een the two groups (3 weeks: Z = -1.587, p =  .112; 6 weeks: 

Z = -.545, p = .586).
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Table 3.8 -  Comparison o f  Beausang summary scores for the treatment and

control breasts

Treatment
breast Control Breast

Difference 
between the 

treatment and 
control breasts

Wilcoxon signed- 
rank test

Mean SD Mean SD Mean SD Z p -  value
Beausang Scale at 3
weeks
(n = 82) 12.4 2.8 12.1 1.4 .317 2.0 -1.587 0.112

Beausang Scale at 6
weeks
(n = 85) 11.9 2.9 11.8 1.4 .13 2.5 -0.545 0.586

3.6.5 Mexameter® scores for the treatment versus control breasts

M exam eter®  scores for the treatm ent versus control breasts are displayed in 

Tables 3.9 and 3.10. V isually checking the data w ith norm al Q-Q plots and 

histogram s we did not find sufficient evidence to conclude the distributions were 

not norm ally distributed. Using paired t-tests, we found the m elanin index was 

significantly lower in the treated breasts com pared to the control breasts, for the 

assessm ents done at the T-base site (3 weeks: t = -2.077, p = 0.042; 6 weeks: t = - 

2.718, p = 0.008). N o other differences were found betw een the treatm ent and 

control breasts for either the m elanin index or the erythem a index.
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Table 3.9 -  Com parison o f  m elanin index for the treatm ent and control breasts

Difference
between

the
treatment

Treatment Control and control 
breast Breast breasts Paired t-test

Mean SD Mean SD Mean SD t P 95% Cl
T-Base site

Melanin index at 
the T-base at 3 
w eeks(n  = 69)

440 32 448 44 -8.7 35 -2.077 0.042 (-17, 0.3)

Melanin index at 
the T-base at 6 
w eeks(n  = 74)

429 33 434 38 -5.3 17 -2.718 0.008 (-9 .2 ,-1 .4)

Mid-scar site

Melanin index at 
mid-scar at 3 
weeks (n = 76)

445 43 445 46 -0.7 19 -0.296 0.768 (-5 ,3 )

Melanin index at 
mid-scar at 6 
w eeks(n  = 82)

432 37 433 32 -1.4 14 -0.942 0.349 (-4, 2)
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Table 3.10 -  Com parison o f  erythem a index for the treatm ent and control breasts

Difference between 
Treatm ent the treatment and

breast Control Breast control breasts________________Paired t-test
Mean SD Mean SD Mean SD t P 95%  Cl

T-Base site

Erythema index at the T- 
base at 3 weeks (n = 69) 661 30 657 35 4.7 41 0.963 0.339 (-5, 14)

Erythema index at the T- 
base at 6 weeks (n = 74) 671 23 669 21 1.2 26 0.407 0.685 (-4. 7)

M id-scar site

Erythema index at mid-scar 
at 3 weeks (n = 76)

635 30 636 32 -1 31 -0.288 0.774 (-8, 6)

Erythema index at mid-scar 
at 6 weeks (n = 82)

655 27 655 29 -0.1 27 -0.043 0.966 (-6 .6 )

3.6.6 Cutometer® scores for the treatment versus control breasts

Cutom eter®  scores for the treatm ent versus control breasts are displayed in Tables 

3 .1 1 -3 .1 2 . V isually checking the data w ith norm al Q-Q plots and histogram s we 

did not find sufficient evidence to conclude the distributions were not norm ally 

distributed. Using paired t-tests, we found no differences between the final skin 

distention (Uf) scores o f  the treatm ent and control breasts. Using paired t-tests we 

found no differences betw een the im m ediate skin distention (Ur) scores o f  the 

treatm ent and control breasts.
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Table 3.11 -  Comparison o f the final skin distention (Uf) scores for the treatment

and control breasts

Difference between 
Treatm ent the treatment and

breast________ Control Breast_______control breasts_________________ Paired t-test
Mean SD Mean SD Mean SD t P 95%  Cl

T-Basc site

U f at the T-base at 3 weeks 
(n = 63)

0.1647 0.07 0.1599 0.07 0.0048 0.08 0.497 0.621
(-0.0144,
0.0239)

U f at the T-base at 6 weeks 
(n = 71) 0.1532 0.06 0.1533 0.06 <0.0001 0.05 -0.015 0.988

(-0.0124,
0.0122)

Mid-scar site

U f at mid-scar at 3 weeks (n 
=  72) 0.1760 0.06 0.1762 0.06 -0.0002 0.06 -0.029 0.997

(-0.01462,
0.01419)

U f at mid-scar at 6 weeks (n 
= 80) 0.1736 0.07 0.1731 0.06 0.0005 0.06 0.076 0.940

(-0.0131,
0.0142)

Table 3.12 -  Com parison o f  the im m ediate skin distention (Ur) scores for the 

treatm ent and control breasts

Difference between 
the treatment and

Treatm ent breast Control Breast________ control breasts  Paired t-test
Mean SD Mean SD Mean SD t P 95%  Cl

T-Base site

Ur at the T-base at 3 weeks 
(n =63) 0.0962 0.05 0.0882 0.04 0.0080 0.06 1.119 0.268

(-0.0063,
0.0222)

Ur at the T-base at 6 weeks 
(n =71) 0.0986 0.04 0.0990 0.04 -0.0004 0.05 0.069 0.945 (-0.0118,

0.0110)

Mid-scar site

Ur at mid-scar at 3 weeks (n 
=72) 0.0925 0.04 0.0997 0.07 -0.0072 0.08

0.800 0.426
(-0.0252,
0.0108)

Ur at mid-scar at 6 weeks (n 
=80) 0.1181 0.10 0.1069 0.04 0.0112 0.10 0.956 0.342 (-0.0121,

0.0346)
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3.6.7 Adverse events for the treatment versus control breasts

The frequency o f  adverse events for the control and the treatm ent breasts is 

displayed in Table 3.13. V isually inspecting the data there were no significant 

differences between the groups, this was with binomial tests.

Table 3.13 -  The frequency o f  adverse events for the control and the treatm ent 

breasts

n = 111
Frequency in 
the treatment 

breasts

% Frequency in 
the control 

breasts

% Binomial
test,

p-value
Hematomas 
requiring re­
operation

2 2 2 2 1.000

Infections requiring 
antibiotics

7 6 6 5 1.000

Other complications 5 5 7 6 0.774
* - Fischer’s exact test was used as 2 cells (50.0%) have expected count less than 5.

3.7 Construction of a multivariate model to explain drainage during the first 

24 hours post-operativelv

In order to construct a m odel to explain the total drainage during the first 24 hours 

post-operatively we used a purposeful linear regression technique. Simple 

bivariate correlation analysis was conducted for all known and potentially 

im portant independent variables (Table 3.14). Independent variables with a trend 

towards a significant correlation (p < .20) w ere included in the full m ultivariate 

model.
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Table 3.14 - Sim ple bivariate correlations betw een the patien t’s total drainage over

the first 24 hours and possible predictors

Pearson correlation p-value (2-tailed) N
Total amount o f 
infiltration (mL)

.515 <.001 111

Length o f the OR 
(min)

.163 .087 111

Total amount of 
tissue removed 
(grams)

.305 .001 111

Total amount of 
liposuction (mL)

.480 <.001 111

Reduction other 
than a classic 
Robin’s

.654 <.001 111

Chest circumference 
(inches)

.201 .035 110

Positive smoking 
history

.095 .326 109

Patient’s age (years) .027 .78 111
BMI .232 .015 110
Cup size > DD .026 .791 110

If  in the full model there w ere independent variables w ith p-values > 0.05, the 

variable with the highest p-value was rem oved. This process was repeated until all 

independent variables had p-values < 0.05. In our analysis this led to the rem oval 

o f  five variables. The independent variables included in the main effects model 

were type o f  breast reduction and am ount o f  tissue rem oved. A  check for 

confounding effects o f  the rem oved variables, on ‘im portant’ variables which 

stayed in the m odel was perform ed. C onfounding was suspected if  addition o f  a 

potential confounder to the m odel led to a change in the value o f  the beta
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coefficient o f>  15 %. In our m ain effects m odel, the variable considered to be 

‘im portant’ was type o f  breast reduction. Both the total am ount o f  infiltration and 

the total am ount o f  liposuction were identified as confounders. Thus our final 

model contained type o f  breast reduction, am ount o f  tissue removed, am ount o f  

infiltration, and am ount o f  liposuction. We tested all possible first order 

interactions for variables included in the m ain effects model. No significant 

interactions were found.

Once the final model was defined, we conducted m odel diagnostics (Table 3.15). 

W e found the variance o f  the residuals increased as the predicted value o f  the 

dependent variable increased. This violated the assum ption o f  hom oscedasticity. 

This was corrected w ith a natural log transform ation o f  the dependent variable 

(Table 3.16). A histogram  o f  the studentized deleted residuals o f  the transform ed 

model show they were norm ally distributed (Figure 3.7).

Table 3.15 - Original m odel developed by purposeful linear regression analysis to

predict w ound drainage after breast reduction surgery

Variable
Unstandardized Coefficients p-value 95% Confidence 

Interval for BetaBeta Standard Error
Total tissue (grams) 0.022 0.009 0.016 (0.004, 0.039)

Reduction other than a Classic 
Robin's

83.057 16.001 <0.001 (51.327, 114.788)

Total infiltration (mL) 0.017 0.020 0.402 (-0.023, 0.056)

Total liposuction (mL) 0.027 0.017 0.107 (-0.006, 0.061)

Dependent variable: Total drainage (mL) 
R-squared: 0.485 
Durbin-Watson: 1.798
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Table 3.16 - Transform ed m odel developed by purposeful linear regression 

analysis to predict w ound drainage after breast reduction surgery

Variable
Unstandardized Coefficients p-value 95% Confidence 

Interval for BetaBeta Standard Error
Total tissue (grams) 0.0001297 0.0000663 0.041 (0.0000052.

0.0002543)

Reduction other than a 
Classic Robin's

0.5134212 0.1138881 <0.001 (0.288. 0.739)

Total infiltration (mL) 0.0001192 0.0001406 0.398 (-0.0001596,
0.0003981)

Total liposuction (mL) 0.0001639 0.0001197 0.174 (-0.000073, 0.0004013)

Dependent variable: natural log o f  total drainage (mL) 
R-squared: 0.418 
Durbin-Watson: 1.722

Tests for m ulticollinearity w ere perform ed on the transform ed model. The largest 

variance inflation factor w as less than 10 and the tolerance sm allest tolerance 

value was greater than 0.2. These values do not suggest the model is at risk o f  bias 

due to m ulticollinearity. Five cases had residuals that w ere > 2 standard 

deviations, each o f  these w ere investigated for errors. By definition, 5% o f  the 

residuals will have values >  2 standard deviations. V isual analysis o f  a scatter plot 

o f  the studentized deleted residual against the unstandardized predicted value did 

not dem onstrate that the variance o f  the residual changed w ith changes in the 

predicted values (Figure 3.8). Figure 3.9 is a scatter plot o f  the studentized deleted 

residuals against the centered leverage values. There w ere seven cases with
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centered leverage values above the calculated cu t-o ff 0.09. None o f  these cases 

had residuals with an absolute value > 2. There are no cases with a C ook’s 

Distance >1 (Figure 3.10). W e assessed the standardized DFBETAs for each 

variable included in the m odel and no standardized DFBETA value was greater 

than 1, Figures 3.11 -  3.15.

M odel sum m ary statistics included the R-squared value and D urbin-W atson 

statistic (Tables 3.15 and 3.16). The R-square was 0.418, indicating the model 

predicted 41.8%  o f  the variability in w ound drainage. The Durbin-W atson statistic 

was close to 2 w hich indicates the assum ption o f  independent errors is tenable.

The final model for drainage is shown in equation 1.

Equation 1 -  Final model for total drainage over the first 24 hours post-operatively

Y  =  g[(0.000130 * total tissue resected in grams) + (0.513 * type o f reduction) + (0.000119 * total infiltration in mL) + 

(0.000164 * total liposuction in mL)]

Note : Y = total drainage (m L)

Type o f  reduction is 0 for a Classic R obin’s reduction and is 1 for all other 

types
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Figure 3.7 - H istogram  o f  the studentized deleted residuals from the final model

3 0 -

2 5 -

2 0 -

10 -

5 -

Mean = 0.0041857 
Std. Dev. =
1 01640028 
N = 110

-4.00000 -3.00000 -2.00000 -1.00000 0.00000 1.00000 2.00000 3.00000

S tu d e n tiz e d  D e le te d  R e s id u a l

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



S
tu

de
nt

iz
ed

 
D

el
et

ed
 

R
es

id
ua

l

64

Figure 3.8 - Scatter p lot o f  the studentized deleted residuals against the 

unstandardized predicted values
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Figure 3.9 - Scatter p lot o f  the studentized deleted residuals against the centered 

leverage values
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Figure 3.10 - Scatter plot o f  the studentized deleted residuals against C ook’s 

Distances
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Figures 3.11, 3.12, 3.13, and 3.14 - Scatter plots o f  the standardized DFBETA for 

each variable in the m odel against studentized deleted residuals
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4.0 Discussion

4.1 Description of the study population

The patients included in this study are sim ilar to those studied in the most 

com prehensive BRM  study conducted by Collins87. He included 291 from 15 

different cities across the U nited States. The patient characteristics reported in his 

study were nearly identical to our study population. In both studies, the average 

age was 39 years, the m edian cup size was DD, and the average am ount o f  tissue 

resected was sim ilar (976 versus 814 gram s). The average BMI in C ollin’s group 

was 30, com pared to an average BM I o f  31 in our study population.

There were som e differences betw een the surgical techniques used in our study 

and that o f  Collins. The frequency with w hich patients had adjuvant liposuction 

was higher in our study (31%  versus 14%) and the am ount suctioned was larger 

(mean o f  75 mL versus 139 mL). This is likely because the Collins study was 

conducted 5 years earlier and the use o f  adjuvant liposuction has recently 

increased in popularity88,89. A nother difference was the average operating room 

time. The duration o f  surgery was shorter in our study population (81 versus 155 

minutes). This is likely a reflection o f  the differences betw een the A m erican and 

Canadian health care system s. A m erican surgeons have unlim ited operative time 

and are lim ited only by the num ber o f  patients requiring surgery. Canadian
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surgeons have a high patient load and limited operative time. As a result, Canadian 

surgeons have an incentive to minim ize the total operative time.

4.2 Primary outcome

The prim ary outcom e m easure was the difference in drainage betw een the CAPG- 

treated breasts and the control breasts over the first 24 hours post-operatively. 

Treated breasts drained less than the controls (70.6 versus 72.2 mL); however, this 

difference was not statistically significant (p -  0.672), nor would a difference o f  

only 1.6mL be clinically significant (we defined our M CID to be a change in 

drainage o f  15% , in this case, 10.5 mL).

4.2.1 Reasons why there was no difference in drainage observed

The reason why the application o f  CA PG  did not decrease the am ount o f  w ound 

drainage is not entirely clear. The application o f  CAPG to the subcutaneous tissues 

after BRM  may simply be ineffective at decreasing drainage (i.e., the intervention 

tested does not work). However, there are several alternative explanations that 

m ust be considered.
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4 .2 .1 .1  P o w e r

A p o s t  h o c  pow er calculation was conducted to determ ine the likelihood that the 

negative result was due to a type II error. The original sam ple size calculation was 

designed to achieve a pow er o f  95%. The estim ate o f  the standard deviation (SD) 

used in the sam ple size calculation (20 mL) was based on the results o f  a pilot 

study and a retrospective chart review. The SD for the average am ount o f  drainage 

during the first 24 hours post-operatively am ong the study population was twice as 

large (41 mL) as our original estimate. The higher observed variability was likely 

due to the fact that the population used to calculate the sam ple size estim ate 

included only patients w ith Classic R obin 's type reductions. The inclusion o f 

patients w ith superior pedicle type reductions into the study increased the 

variability o f  the drainage. W e conducted a p o s t  h o c  pow er calculation using the 

higher SD o f  41 mL. It suggested that our study still had 80% pow er to detect the 

M CID o f  a 15% difference in drainage. Since, this is considered an acceptable 

level o f  pow er90, and it is unlikely that a type II error occurred.

4 .2 .1 .2  Q u a l i ty  o f  th e  C A P G  p r o d u c e d

It is possible that the application o f  CAPG was ineffective because it did not 

contain high levels o f  active platelets. Previous studies have suggested that the 

level o f  activated platelets should be in the range o f  700,000 platelets /
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m icroliter36' 44. W eibrich com pared the level o f  platelets and growth factors 

contained in platelet gels prepared using several different systems. He found a 

significant difference in both platelet num ber and growth factor concentrations 9I‘ 

94. In this study, we em ployed the M agellan* dual speed separator system. The 

quality o f  the CAPG produced by this system has been previously tested by 

M edtronic Inc. These studies found the final concentration o f  active platelets 

produced averaged 1,344,890 platelets / m icroliter95. In addition, there was a 

significant increase in the concentration o f  TGF-beta, PDGF, VEGF, and EGF in 

the CA PG  com pared to w hole blood95. Based on these findings, it is likely that the 

quality o f  the CAPG produced by in this study was w ithin the desired 

specifications.

4 .2 .1 .3  B lo c k e d  d r a in s

Blocked drains w ould not explain our finding o f  no difference, and w ould have 

produced a positive bias. A  positive bias is a system atic error which leads to an 

incorrect overestim ation o f  the true effect size. The CAPG may have blocked the 

drain holes and prevented fluid from exiting the breasts. The CAPG is designed to 

form a fibrin clot at the site o f  application. I f  this clot had formed over the drain 

holes on the treatm ent side, the fluid w ithin the breast w ould not have em ptied into 

the Jackson-Pratt drain. In our pilot study, we assessed the drains for the
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possibility o f  such a blockage. Drains were inspected at the tim e o f  removal and 

no blockages were noted.

4 .2 .2 .3  In te r fe r e n c e  o f  c lo t  f o r m a t io n  d u e  to  th e  s u c t io n  d r a in s

It is possible that the use o f  suction drains after the application o f  CAPG prevented 

a stable clot from forming and interfered with the C A PG ’s capillary-sealing 

effects. However, the CAPG was applied prior to closure o f  the breast tissue and 

the drains were not prim ed until the skin closure was com plete on both sides. This 

resulted in an average o f  30 m inutes between CAPG application and prim ing o f 

the drains. This period should have allowed enough tim e for the form ation o f  a 

stable CAPG clot.

O ther investigators have dem onstrated the effectiveness o f  tissue sealants in 

wounds where drains were left in place. M atthews studied the effectiveness o f  a 

fibrin sealant in decreasing w ound drainage after thyroid surgery96. Thirty patients 

were treated with fibrin sealant and 30 were included in the control group. All 

patients had suction drains left in place. The drainage in the treatm ent group was 

significantly less than in the control group (18 versus 39 mL, p < 0.0001). This 

study suggests that the use o f  suction drains does not prevent an effective tissue 

sealant from decreasing drainage.
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Finally, the placem ent o f  suction drains is considered standard o f  care when 

surgeons are concerned about high levels o f  post-operative w ound drainage. It is 

under these conditions that CAPG m ight be indicated. To be useful, a tissue 

sealant m ust be an effective adjunct to suction drains.

4.2.3 Summary of the primary outcome measure

In summary, there was no difference between the CA PG -treated and control 

breasts in the am ount o f  w ound drainage over the first 24 hours post-operatively. 

The m ost likely reason no difference between the groups was observed was 

because the null hypothesis is correct -  that CAPG does not decrease drainage.

4.3 Secondary outcomes

As specified in the study protocol, secondary outcom es were collected in order to 

assess the effect o f  CAPG on pain, w ound healing, and com plication rates. These 

secondary outcom es included com parisons o f  pain, the size o f  open areas, clinical 

scar assessm ents with the Beausang and RVSS scores, Cutom eter assessm ents, 

Mexameter® assessm ents, and com plication rates betw een the treatm ent and 

control breasts.
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4.3.1 Analgesic effects

Using a 0-10 numerical rating scale, pain was assessed a minimum o f  every eight 

hours for the first 24 hours post-operatively. In addition, pain was assessed at the 

1, 3, and 6 week follow-up visits. We observed no significant difference in pain 

between the treatm ent and control breasts. This is in contrast to previous studies 

which showed a reduction in post-operative pain with the application o f  platelet 

gel23' 30. Those studies also found a decreased in wound drainage. It is possible that 

this decrease in pain was a result o f  the decrease drainage, rather than a direct 

effect o f  the platelet gel.

A lternatively, the studies dem onstrating an analgesic effect o f  platelet gel may 

have been prone to positive biases. In the study by Floryan, there were 27 patients

TO
in the treatm ent group and 23 patients in the control group . Patients were not 

random ized and no blinding was reported. The mean pain score in the treatm ent 

group was lower than that o f  the control group (6.3/10 versus 3.6/10). No 

statistical analysis was reported and it is not clear w hether this difference was due

23to chance or bias. The study by M onteleone was a w ithin patient study design . 

Each patient had two skin graft donor sites and one was treated with platelet gel 

while the other was treated with bovine throm bin. The authors did not test w hether 

their control (bovine throm bin) may have increased the level o f  pain at the donor 

site. Tw enty patients w ere included in the study. At 7, 14, 20, and 30 days post­
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operatively there was a statistically significant lower pain score in the treated 

group. Again, sites were not random ized and no blinding was reported. To avoid 

the risks o f  bias patients were random ized and outcom e assessors were blinded in 

our study.

4.3.2 Secondary outcomes o f wound healing

In order to assess the effectiveness o f  CAPG in im proving w ound healing, patients 

were seen in follow-up at 1 ,3 , and 6 w eeks post-operatively. A t each visit, the size 

o f  open areas was m easured. A t the 3 and 6 w eek visits, clinical scar assessm ents 

were made using the RVSS and the Beausang scar scale. In addition, the 

Cutometer® and Mexameter® were used to m easure scar pliability and colour.

4 .3 .2 .1  T h e  s iz e  o f  o p e n  a r e a s

A statistically significant difference in w ound healing was found betw een the 

treatm ent and control breasts at the 1 w eek follow-up visit, but not at the 3 and 6 

w eek follow-ups. A t the end o f  1 week, treated breasts had an open area o f  0.22 

mm 2 com pared to 0.01 m m 2 in the control group. There are several reasons that 

this finding is not likely to be o f  clinical value. Firstly, a difference o f  0.21 m m ' 

between groups is not considered clinically significant. Secondly, the difference 

between groups was no longer present at the 3 and 6 w eek follow-ups. Finally, the
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num ber o f  patients lost to follow-up at the 1 w eek visit was 10% higher than at the 

3 and 6 w eek follow-ups. Thus, the data from the 1 w eek follow-up had a higher 

risk o f  bias due to loss to follow-up (assum ing the patient lost to follow-up at 1 

w eek had sm aller open areas on the treatm ent side)90. Based our findings, it is 

unlikely that the application o f  CAPG produces an im portant difference in the size 

o f  open areas.

4 .3 .2 .2  C l in ic a l  s c a r  a s s e s s m e n t  s c a le s

Both the RVSS and the Beausang clinical scar assessm ent scales w ere used to 

assess the effects o f  CAPG on w ound healing. W hen analyzing the results o f  the 

scar scales, we found no difference between the treated and control breasts. 

A lthough these measures have shown construct validity, they are at risk o f  having 

low intra-observer reliability97'99. As such, small differences in scar characteristics 

between sides are unlikely to be identified using these clinical scar scales. One 

m ethod o f  increasing the reliability o f  clinical scar assessm ents is it to use m ultiple 

observers. However, the em ploym ent o f  m ultiple research assistants to assess each 

scar was not feasible. In order to improve our ability to identify sm all, but 

potentially important, differences in w ound healing, we used several outcom es to 

m easures wound healing. These included the Mexameter® and Cutometer®.
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4 .3 .2 .3  C u to m e te r ®

The Cutometer® was used to measure differences in w ound pliability. The 

param eters recorded were im m ediate skin distention (Ur) and final skin distention 

(Uf) in millim eters. The elasticity scores produced by the Cutom eter ® are a

Q I O l

reliable measure o f  elasticity for both normal skin and scars ‘ . We did not find a 

difference between the treatm ent and control groups for either the U r or the U f 

values. The Cutometer® has been validated in studies using large surface areas, 

such as burn sca rs" .

4 .3 .2 .4  M e x a m e te r ®

The Mexameter® was used to assess scar colour. Abnorm al scarring has a

97tendency to produce highly pigm ented and erythem atous scars . Scores for the 

level o f  erythem a and m elanin are calculated based on the am ount o f  light 

absorbed by the skin. The m elanin index (M I) and erythem a index (E l) scores 

range from 0-1000 w ith higher values indicating more melanin and more 

erythem a. The Mexameter® has been shown previously to be a reliable and valid 

m easure o f  skin colour 84' 85. We found no differences between groups in the 

erythem a index at 3 and 6 weeks. However, w e did find a statistically significant 

difference in the m elanin index. Scars at the T-base had a lower m elanin index at 

both 3 weeks (440 versus 448) and 6 weeks (429 versus 434). This finding is
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likely explained by the difficulty with w ound healing at this site. It has been 

suggested that the effect size o f  a treatm ent will be the largest w hen the pathology 

is the m ost severe100.

It is unlikely that the difference in the melanin index is clinically significant. 

Yoshim ura conducted a case series where patients with hyperpigm ented skin 

lesion were treated and followed using both clinical exam ination and Mexameter® 

assessm ents84. He reported that a decrease in the M elanin index o f  35 

corresponded to a clinically significant improvement. G uevara followed a series o f  

patients with m elsam a using both clinical exam ination and the M exam eter101. He 

found that a mean difference in the m elanin index o f  20 corresponded to a 

clinically significant difference. The differences betw een the treatm ent and control 

groups found in our study w ere between 5 and 9. Based on these studies, it is 

questionable w hether a difference in the m elanin index o f  less than 10 is o f  clinical 

significance.

4 .3 .2 .5  R e a s o n  w h y  th e r e  w a s  n o  d i f fe r e n c e  in  w o u n d  h e a l in g

The reason why the application o f  CAPG did not result in im proved clinical scar 

scores or improved Cutometer® scores is unknown. Possible explanations for this 

include the site o f  the CAPG application and the type o f  w ounds studied.
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The lack o f  effectiveness o f  the CAPG in improving w ound healing may have 

been related to the site o f  application. The prim ary objective o f  the trial was to test 

the effectiveness o f  CAPG in reducing wound drainage. To provide the highest 

likelihood o f  success we applied the CAPG to the subcutaneous tissues prior to 

w ound closure. However, scar formation is a function o f  the m ore superficial 

dermal and epidermal tissues97. It is possible that application o f  the CA PG  directly 

to the skin, rather than the deeper subcutaneous tissues, would have im proved its 

effectiveness.

An alternate reason for the lack o f  effectiveness o f  CAPG in im proving w ound 

healing may be related to the type o f  wounds studied. Previous hum an research 

suggesting that CAPG may be effective in soft-tissue healing has focused on

chronic wounds. Rees conducted a double-blind RCT assessing the effectiveness

26o f  platelet derived growth factor in treating chronic pressure ulcers . He 

dem onstrated that treated w ounds had a significant decrease in ulcer volum e 

com pared to the control group. M argolis conducted a retrospective review  o f  the

107
effectiveness o f  platelet gel for the treatm ent o f  diabetic foot ulcers . She 

reported that larger, more severe wounds were more likely to benefit from the 

application o f  platelet gel. It is possible that the CAPG is ineffective in im proving 

w ound healing in simple surgical wounds, such as those assessed in our study.
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4.3.3 Complication rates

There were no differences in the com plication rates betw een the treated and 

control breasts. The num ber o f  hem atom as, infections, and other com plications 

were virtually identical for the control and treatm ent sides. Clinically, the most 

im portant post-operative com plication was the developm ent o f  a post-operative 

hem atom a needing reoperation. However, this our study was not adequately 

pow ered to detect a difference in the rate o f  hem atom a formation. Based on a 

hem atom a rate o f  2% , an alpha o f  0.05, a M CID o f  1% and a pow er o f  80%, we 

would have required 525 patients to test the effectiveness o f  CAPG in decreasing 

hem atom a form ation90.

4.3.4 Summary of the secondary outcome measures

In sum m ary, although there was a difference between the CAPG-treated and 

control breasts in the size o f  open areas at the 1 week follow-up and the melanin 

index at the T-base site at the 3 and 6 week follow-ups, these differences were not 

clinically significant. Taken together, our study data do not support the use o f  

CAPG to improve w ound healing.
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4.4 Additional analyses

Purposeful linear regression was used to provide insight into the predictors o f  

post-operative drainage. The resultant model identified that the use o f  a technique 

other than the Classic R obin’s reduction and increased tissue resection as 

independent predictors o f  increased wound drainage. In addition, the am ount o f  

liposuction and the total am ount o f  fluid infiltration were added to the model. 

These variables w ere confounders o f  the relationship betw een type o f  reduction 

and am ount o f  drainage.

The use o f  a technique other than the Classic R obin’s style reduction likely 

increased the am ount o f  drainage because o f  the large dead space created. O ther 

techniques involved a superior pedicle with tissue resected from the central 

portion o f  the breast, resulting in a large dead space for fluid collection. Coveney 

conducted an RCT to assess the effects o f  obliterating dead space after breast 

surgery for cancer103. Patients were random ized to have dead space obliterated 

with a quilting suture or receive routine care. Outcom es assessed included the 

am ount o f  w ound drainage and the rate o f  serom a formation. Patients random ized 

to the dead space obliteration group had significantly less drainage (272 versus 

393, p < 0.05) and few er serom as (25%  versus 85%, p < 0.001). Therefore, the 

large dead space created by the superior pedicle techniques in BRM  was likely the 

cause o f  increased w ound drainage.
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The association betw een increased tissue resection and increased w ound drainage 

has also been previously reported in the breast cancer literature. Salmon conducted 

a prospective observational study designed to identify risk factors for increased 

drainage and serom a form ation59. The am ount o f  drainage and the incidence o f 

serom a formation were significantly correlated to the am ount o f  tissue removed.

Both the total am ount o f  liposuction and the total am ount o f  infiltration were 

added to the final m odel. These two variables were positive confounders o f  the 

relationship between the type o f  reduction and the am ount o f  post-operative 

drainage (addition o f  either variable to the m ultivariate m odel resulted in a change 

o f  the beta coefficient for type o f  reduction by > 15%). Both variables are 

independently associated w ith increased drainage in the univariate analysis. In 

addition, they are associated with superior pedicle type reductions. W hen 

perform ing superior pedicle type reductions, surgeons alm ost always used large 

am ounts o f  infiltration and w ere m ore likely to use liposuction. The m ultivariate 

m odel suggests these confounders do not com pletely explain the increased 

drainage seen with superior pedicle techniques.

This study suggests that the use o f  a superior pedicle technique and large amounts 

o f  tissue resection are related to increased post-operative drainage. This finding 

m ay explain why superior pedicle techniques have higher reported com plication
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rates5. Surgeons perform ing these reductions should anticipate higher am ounts o f  

wound drainage. In these cases, suctions drains should be used and left in place for 

an extended period.

4.5 General Limitations

The m ajor lim itations o f  this study were related to the surrogate nature o f  the 

prim ary outcom e and the large num ber o f  patients lost to follow-up. Poor 

reliability o f  the secondary outcom e assessm ents was not a concern. These were 

collected by a research assistant w ho was trained and supervised by the research 

nurse. Both the Cutometer® and Mexameter® are autom ated, easy to use 

instruments.

4.5.1 Drainage as a surrogate for hematoma and seroma formation

One o f  the m ajor lim itations o f  this study was the use o f  drainage as a surrogate 

m arker for the more clinically m eaningful outcom es o f  serom a and hem atom a. It 

is well established that serom as and hem atom as can lead to increased patient 

morbidity. They can cause increased pain, infection, poor wound healing, and the

t• n
need for secondary surgical procedures ' . In both clinical practice and the 

scientific literature, post-operative drainage is a well accepted m arker for these 

com plications59'61,104.
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It is com m on practice for clinicians to use operative drainage as an indicator o f  

post-operative com plications61. Patients with high am ounts o f  sanguinous drainage 

are routinely taken back to the operating room for exploration and possible 

treatm ent o f  a hem atom a. In addition, patients generally have their drains left in 

place until the am ount o f  drainage over a 24 hour period drops below  a critical 

cu t-off point. Once drainage is below a critical level, surgeons feel the risk o f  

hem atom a is low.

O bservational studies have shown a link between increased post-operative 

drainage and the rates o f  serom a formation. Salmon conducted a prospective study 

dem onstrating a significant correlation between the incidence o f  post-operative 

serom as, the duration o f  suction drainage and the am ount o f  fluid drained59.

Random ized controlled trials (RCT) assessing other types o f  interventions 

designed to reduce w ound drainage have shown a decrease in the rates o f  serom a 

formation. Kopelm an conducted a RCT to assess the effectiveness o f  drains for the 

reduction o f  serom a form ation after axillary dissection in breast carcinom a 

patients61. Forty-tw o patients were random ized to have their drains rem oved on 

post-operative day three. Forty-eight patients were random ized to have their drains 

rem oved after the drainage was less than 35 mL in 24 hours. He found that early 

drain rem oval was associated with a higher incidence o f  serom as (21%  versus 4%, 

p =0.02). The author identified a strong relationship betw een the am ount o f  post-
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operative drainage and the risk o f  serom a formation. O f the patients w ho had their 

drains rem oved after the third post-operative day, those w ho developed seromas 

had a higher mean drainage (326 versus 200 mL, p < 0.0001).

Sim ilar results were independently reproduced by D alberg60. He conducted a RCT 

to assess the effectiveness o f  drains for the reduction o f  serom a formation after 

axillary dissection in breast carcinom a patients. N inety-nine patients were 

random ized to have their drains rem oved either on the first post-operative day. 

A nother 99 patients were random ized to have their drains rem oved after the 

drainage was less than 40 mL in 24 hours. He found that early drain removal was 

associated with a higher incidence o f  serom as (48%  versus 22% , p < 0.001).

Jain conducted an RCT to assess the effectiveness o f  fibrin glue to reduce o f  the 

am ount o f  drainage, the incidence o f  serom a formation, and the average volum e o f 

serom as after breast surgery in breast carcinom a patien ts12. Tw enty-nine patients 

were random ized to receive fibrin glue and 29 patients were random ized to the 

control group. Patients treated with fibrin glue had statistically significant 

reductions in the average volum e o f  any resultant serom as (165 mL versus 300 

mL, p < 0.05).

Finally, the use o f  hem atom as and serom as as the prim ary outcom e for this study 

w ould not have been feasible. We found that the com bined incidence o f  serom as
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and hematomas needing operative intervention to be 2%. As m entioned 

previously, we would have required 525 patients in order to use these as our 

prim ary outcom e90.

4.5.2 Losses to follow-up

The num ber o f  patients lost to follow-up was higher than anticipated. One hundred 

and eleven patients were enrolled and random ized in this study. Data regarding 

drainage and pain over the first 24 hours post-operatively (the prim ary outcom e 

m easure) were collected on all patients. However, data w ere collected for only 

60%  (66/111), 77%  (85/111), and 76%  (84/111) o f  patients at the 1, 3, and 6 week 

follow-ups, respectively. W e had anticipated a sm aller loss to follow-up o f  10%. 

The higher than expected loss to follow-up was due to several factors.

4.5.3 Reasons for losses to follow-up

Firstly, many o f  the patients involved in the study did not live in Edm onton. Some 

patients drove several hours to the University H ospital for their appointm ents. All 

patients were made aware o f  this requirem ent prior to enrollm ent. However, at the 

tim e o f recruitment, patients m ight not have realized the difficulty associated with 

winter driving conditions in N orthern A lberta. O ther patients m ight not have felt 

well enough or m ight not have been able to arrange for transportation soon after
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surgery. This was reflected in the largest loss to follow-up, seen at the 1 w eek time 

point.

Secondly, several patients w ere scheduled for follow-up visits during the 

Christm as and N ew  Years holiday period. M any patients were away on vacation 

or unable to attend their scheduled visits due to family com m itm ents. Such 

patients were brought in for follow-up visits prior to or after the holidays. 

However, for many patients, this m eant they had m issed either their 1 or 3 w eek 

follow-up.

Thirdly, the efficiency o f  the research assistants in collecting the secondary 

outcom es was inadequately m onitored. Some research assistants lost patient data 

and it is unclear how  this occurred. O ngoing data m onitoring may have reduced 

these errors. The prim ary research assistant, on more than one occasion, cancelled 

an entire day o f  follow-up appointm ents. In these situations, patients w ere given 

very little or no notice o f  the change. This m ade it difficult to rebook appointm ents 

and likely resulted in som e patients being unwilling to continue participation. Two 

additional s taff w ere hired in order to help arrange follow-up appointm ents.

Efforts were made to hire and train a new research assistant to obtain the 

secondary outcom es. H ow ever, due to the rapid nature w ith which patients were 

being recruited and the short tim e frame o f  the trial, a significant am ount o f  data 

was com prom ised.
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4.5.4 Impact of losses to follow-up on study validity

Although the num ber o f  patients lost to follow-up was higher than anticipated, our 

main findings rem ain valid. For the prim ary outcom e o f  wound drainage and the 

secondary outcom e o f  pain in the first 24 hours, there w ere no losses to follow-up. 

Rates o f  hem atom as requiring re-operation were confirm ed using a com puterized 

patient tracking system . Any patient having had an operative procedure by a 

plastic surgeon in N orthern A lberta w ould have produced a record in this database. 

Thus, there were no losses to follow-up for this secondary endpoint.

For the outcom es o f  pain, clinical scar assessm ent, Cutometer®, and Mexameter® 

scores pairing o f  the study design reduced the potential for bias that could have 

resulted from losses to follow-up. Because all patients received the CAPG, the 

losses to follow-up w ere not related to exposure. For patients who did not return 

for follow-up, both the control and the treatm ent breasts were excluded from the 

analysis. It is possible that loss to follow-up was related to the patien t’s response 

to the CAPG. H ow ever, this is unlikely for two reasons. Firstly, the patient 

dem ographics o f  those w ho did not return for follow-up did not differ significantly 

from those who did. Secondly, any patient w ho did not return for follow-up was 

contacted by telephone and asked why they did not return. None o f  these patients 

reported a significant difference betw een breasts as the reason.

It is unlikely that the losses to follow-up led to false negative results because o f  an
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inadequate sam ple size. P o s t  h o c  pow er calculations w ere conducted to determ ine 

the likelihood that the neutral results were due to type II errors. For the melanin 

index and erythem a indices we used a SD o f  30, a M CID o f  10 and a sam ple size 

o f  85, to calculate that our study had greater than 80% pow er (Z-beta = 1.12) in 

the melanin index. For the U f and Ur values we used a SD o f  0.06, a M CID o f 

20%  and a sam ple size o f  85, to calculate that our study had greater than 80% 

pow er (Z-beta = 2.96) for pliability. Theses are considered acceptable levels o f  

power90, therefore it is unlikely that a type II error occurred.

In summary, we had 100% follow-up for the prim ary outcom e and higher than 

expected losses to follow-up for som e o f  the secondary outcom es. These losses 

were attributed m ainly to the harsh w inter driving conditions, the distances 

patients were required to travel, and the need for more supervision o f  the research 

assistants. However, we do not believe these losses to follow-up adversely 

affected the study validity.

4.6 Implications for future research

Data from this trial has led to the developm ent o f  several future research 

questions.
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4.6.1 Implications for the use of CAPG as a tissue sealant

In its current usage, CA PG  is unlikely to be effective in reducing post-operative 

w ound drainage after BRM . O ur study was appropriately powered and is the only 

random ized, controlled, evaluator-blinded trial assessing the effectiveness o f  

CAPG in reducing w ound drainage. One o f  the m ajor concerns with the trial was 

the possibility that suction drains interfered with the effectiveness o f  the CAPG. 

We w ould suggest an evaluator-blinded RCT where the patients did not receive 

drains at the w ound site. O ther trials using w ound drainage as a prim ary outcom e

I ̂have m easured this using ultrasound rather than drain outputs

4.6.2 Implications for the use of CAPG to improve wound healing

Future trials assessing the effectiveness o f  CAPG to im prove w ound healing may

consider focusing on either chronic w ounds or surgical w ounds at high risk for

w ound healing problem s. As previously m entioned, M argolis noted that platelet

• 102gels were m ore likely to be effective in treating larger, m ore chronic wounds . 

The clinical scar assessm ents o f  patients in this study dem onstrated that very few 

patients developed problem atic wounds. Potential risk factors for abnorm al w ound 

healing were collected in our trial. This inform ation may help to identify high risk 

patients for future CAPG w ound healing studies.
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jtt)
4.6.3 Studies needed for interpretation of Mexameter and Cutometer scores

Future studies are needed to assist in the interpretation o f  M exam eter®  and 

Cutom eter®  scores. These instrum ents are reliable, valid, and are sensitive to 

change. However, there is inadequate inform ation to allow  interpretation o f  these 

results in a clinically m eaningful way. Future wound healing studies should assess 

M exam eter®  and C utom eter®  scores in com parison to well established outcom e 

m easures such as photographic analyses and clinical rating scales. This would 

allow investigators to determ ine the M CID for these autom ated tools.

4.6.4 Implications for surgeons performing superior pedicle type reduction

Our data suggest that patients undergoing superior pedicle type reduction may 

have higher rates o f  com plication due to the increased dead space created by the 

surgical dissection. R ecent studies have suggested that the use o f  superior pedicle 

techniques is increasing. The higher com plication rates associated w ith this 

technique have previously been attributed to the difficult skin closure and steep 

learning curve. The large dead space created by the dissection has not been 

addressed. Surgeons may consider addressing this by using non-absorbable 

quilting suture to obliterate this dead space. No studies to date have exam ined this.
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Our Findings highlight the im portance o f  conducting random ized controlled, 

evaluator-blinded studies for the evaluation o f  surgical therapies. M any surgical 

therapies are m arketed and utilized, with little or no supporting clinical evidence. 

O ur literature review found many reports prom oting the use o f  platelet gels, 

how ever these studies did not have appropriate random ization, concealm ent o f  

treatm ent allocation, blinding o f  outcom e assessm ent, or handling o f  patient 

attrition in the analysis. M oher conducted a system atic review  com paring 

treatm ent effect size in trials w ith adequate versus inadequate treatm ent 

allocation105. He dem onstrated inadequate concealm ent was associated with 

exaggeration o f  treatm ent effects by around 60% . Schulz conducted a system atic 

review  o f  250 trials to assess the effect o f  double-blinding106. He dem onstrated 

that a lack o f  double-blinding was, on average, associated with an exaggerated 

treatm ent effect. Sigurdson assessed the the quality o f  clinical research in plastic 

surgery by conducting a review  o f  the seven m ost popular plastic surgery journals. 

He reviewed 25,963 articles and found only 145 random ized control trials. In 

addition, he dem onstrated that plastic surgery trials, on average, w ere o f  low

107
quality, putting them  at risk for biased results . The results o f  our random ized 

controlled evaluator-blinded study differed from that o f  non-random ized 

unblinded studies assessing the effectiveness o f  platelet gel. We suggest surgeons
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should conduct research in order to obtain the highest levels o f  evidence for 

clinical decision m aking.

4.7 Conclusions

This study does not support the application o f  CAPG to the subcutaneous tissues 

during BRM  for reduction in w ound drainage, reduction in post-operative pain, or 

im provem ents in w ound healing. The problem  o f  serom as and hem atom as after 

surgery continues to be a significant source o f  m orbidity. O ther forms o f  currently 

available tissue sealants m ay improve w ound healing, how ever they are associated 

w ith safety concerns. Researchers should use evaluator-blinded RCTs to evaluate 

alternate therapies for reducing w ound drainage.
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Contact Information

Platelet Rich Plasma in Breast Reduction Surgery 
______________ (PRP Breast Study)______________

Study ID: Patient Initials:
Sur3*gi Nj’nper Patiert s o cce r

A f h x  *ationt Hospital 10 L c td

Telephone Number(s): Home i

Work < 

Cell (

Preferred Contact Time: a m P M .

Contact during 24-hour Post-operative Period:

Nam e of Caretaker: _________________________

A ddress

Telephone: ( ) 
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Secondary Contact Person: N a m e :__________________
(Close ram ly m em ber or 'ner.U Last Name

not rving with m e oa’.en t)
Relationship lo Patient: _

Telephone: I. ) .
Area cede

Notes: .

DO NOT FAX  -  th is form  to the EPICORE Centre
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