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ABSTRACT
Total parenteral nutrition is given to patients-in a neonatal
intensive care unit in a milieu that includes prematurity, critical

illness‘and prolonged absence of oral intake. Disturbances of biliary

- physiology are common in these patients and are frequently gtt;lbuted

to total parenteral nutrition. In this study we have examined biliary
. N 4 . .
1ipids (total bile acids, phospholipid and cholesterol) in neonates in'

an intensive care unit in an attempt to separate the effects of total

parenteral nutrition from those of prolonged fasting on biliary

lipids. Also the gallbladder Y?s examined by ultrasound on neonates

on prolonged parenteral'feedidg.

\

Duodenal bile for lipid analysis was. obtained by intubation from

13 neonates (average\wsight = 1938 g) fasting 3 - 6 days prior to

‘'starting total parenteral feeding‘and from 17 neonates (average weight

2378 g) recetving total parenteral nutrition, for_up to 49 days as

. their only nutrition. %

.

Biliary cholesterol rose abruptly from unsaturafed levels to

supersaturated levels during six days fast.prior to initiation of
total ﬁarenteral nutrition (y = —18;7 + 7.4x, r = 0.90). Mean

cholqsterol*és‘a percent of total biliary lipids for this group was’

14.2 Z.Q'(SEM).< The introduction of total parenteral nutrition

\appéared to- have an early benefic%al effect on bilfa;yﬁlipidb

~

composition as ﬁéréent cholesterol fell to 10.4 # 1.9 in patients

0]

-tested at 14 days but later rose to 18.7 1.9 pércentgi. patients

-

studied after 21 - 49 days off:otal’parenteral thergpy (p < 0.01)
- ‘ oy '

1
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indicating bile extremely supersatirated with cholesterol. Also the

and

total biliary lipid coécentratiop was affected
parenteral nutrition. ft Appeared that the total b vy lipid
concéntratiﬁn‘decreased in the fasting neonates and'phose on prolonged
total parenteral nutrition. Howgyer &ge inifiétibn‘of total
parenterél nutrition resulted in.a rise in biliary 1ipid concentration
_during the 'firshc- 14 days (p < 0.01). . |

The results of ;his study suggést that the neona;al liver. is
unable‘to,prodqﬁe bilg cépaPle'ofléolubilizing’choIesterél beyondv3
days fasting. This'sitQAEiOn is comparéble quél{tatively to the adult
situation but the_@egrée Ofvéholesterol supersaturation seen at S.—‘6 '
days of fasgingtié beyoqh‘that ;een in adults. - The introduction of
“gotal pare&terai_nutfitiqn during the fasting‘state aétually,lowers
the petcentﬁge of éhoieéterolvin bile and increases the total biliéry
1ip1d‘conceﬁtration for about 2 weeks but beyond that time the
‘percen§age of cholesterol in biig rises égain and t%e total biliary
lipidﬁconcentration dropé'td levels seen in the fasting neonates.

Ip’conclusion,Aic'is possible to state ﬁhgt prolonged féstingf
increases biliat% cholesteroi sa;uration and dééréases total biliary
;ipidAconcéntration In neonates and that total parentg;al'nutritiqn

has albeneficial effect on biliary lipid compositién andhconcentfétioﬁ

during the first 14 days.

vii



‘ : PREFACE”T_

The energy reserve of.the preterm iofa;t is 11m1ted whereas the

energy requirements are high, especially in the sick infant. “
, . . . L

Therefore, in the sick preterm infant with poor gaetrointestinal X
functioa,"energy,must be Bupplied parenterally in order to achieve
normal growtﬁ‘and development."However,‘the dse‘of total perénteraf'
notnition is associated'with‘complications. One of.the many ‘e
compiications’that have bgen repotted is hepatobiliary dysfunction.
The'etiologicailrole of total parentetal,nutritioa in the production
of'eholelithiasis is not knowp, but - various reports showed the
asSociaE}on. The various egfectg of fasting, total parenteral

nutrition and the‘underlying disease process‘od biliary 1ipid-

"composition have not been studied in.newborn infanta.'

... Through aAstudy.of*bile coﬁpositi'n and ¢ ceﬁtration in the

fasting infants, bef‘ @ and after, total 'venteral'nuttition, the

ﬁxmsible etiology of increased bile lithogenicity during parenteral
nutrition can be e ucidated. ‘This;in turnrmay help in the nutritional

planning‘to=decrease such a compiication'lﬁ,the'foture‘ o

In this study we have examined biliary lipids in neonates 1n an *

2

'1ntensive cdre unit in an attempt ‘to separate the effects of total

parenteral nutrition from those of prolonged fasting._1‘

’.;Q ."'.
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History of Parenteral Feeding

“ The concept of parenteral nutritiop is mot new and was known a
Ny : , i
long time ago. Trials oa parenteral feedings were known as early as

?

, 'the seventeenth century. Hodder (1873) was the first to inject milk
~_1ngo the veins of a patient auffering from cholera. This was followed

by trials of plasma protein infusions for feeding (1).

‘fh Van. Slyke and Meyer (1913) reported their experience with Intra-

venous infusion .of casein.hydrolysate into dogs. In the same year
-t &

HenrquEs and Andersqn reported their success with continuous intra-

venous in%gsiod of ‘an eﬁzymatic hydrolysate of'meat,,glucose and salt
into a 'goat for 16 days (lf 2). . Alcohol was also one of the earliest
outrients infused ingraveoously, It was used inghuﬁans as early as
‘ - - - ‘o 4 v
1891 by Agwater ‘and Benedictu Clinical use Qés*limited because of
hepatotoxicity (1).
R. Elman (1940) reported his successful experjence in infusing a

.
2 A < ,

solufion.containing glucose, .electrolxtes and” amineo acids (enzymatic e

Q '}
hydrolysate of casein) intoj35 adﬁlts and achieving positive nitrogen

balance (3) Since then numerous studies have beeq made on’ the“use of

hydrolysate of casein in ﬁ?rehreral nutrition. . A breakthrodgh 1n’
3 . b ; : ’ ) 'ﬁ ,
intravenous amino aeid therapy yéé made by Japanese invésﬁigators who

. 0
» Y o X '
. . N

developed a method for thefproddégion of L—amino acids (1).

Research in nutrition was hot I}mited ﬁé amino acids. Fat

’

-
) . 0

\ '» °
-emulsions have ﬁndergone extenslve research and’trial. Courten f{679)
i

% >s -~

o,
©was the first to %Qject warm oil of olive ipto thE veiq,o@,a dog. -

L4

‘ 3
However, the major‘advance was mad@ by Yamakaaa, Nomura-and Sato

doe .- : o ﬁ . ’ﬁ,



(1920) who prepared and used butterfat emulsions intraveﬁbusly in

animals and humang (15.
Many investigators like Stare andaéeyer prepared ‘and tested other

fagg.. However,. these tfials'were limited by the side effects

encountered. Wrentlind and Sdhubefth'in Sweden did extensive work on

L]

soybeanloiil In 1961 they‘réported their success in obtaining
egulsions’of soybean stabilized with egg—yolk phosphatides (INTRA;
LIPID) which proved to be safe and effective in humans (4, 5). .
?rogress was also made in using hypertonic glucose solutions fo
éupply energQ. The major advance was made by Dudrick (1968) 'who was
the first to use hyperton;c glucose (20%), together with élqctqolytés,
amino ‘acids, vitamins and trace elemeﬁts phrougﬁ a centrél vein (6):
Since that time many'stuaies from all over the world Aave repogtedkghe
succéssful»use and understanding oé pargnféral'nuirition.

! Papenteral nutrition resea:éh also inclﬁded infants and children,
but to a lesser degree..» One 5f the éarly éuccéssfpl reports on the
u?é_of p;renteral‘geéding in infaﬁts was made by Héird, 6rfsc01"et'al
6196Q).' They adm;niszered an intravenpus-infusion of glucose, ﬁ;otein
hydroiyséie and ethanol thrbughﬂa'peripheral vein in an infant with

- . . ! ”

. . t
‘intractable diarrhea (7, 8). However, since that time little progress

was made until 1968 when Dudrick and his éolleagues»introduced the use’

of hypertonic solutibns given through central cannulas in the superior
vena cava. _Dudrick fifst treated an infant with gastrointestinal

. - .
anomally (6). "This was followe& by rapid progress in the use of

r . R _ .
parenteral nutrition in infants and children. >

B
v, . N . -
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Nutritional Requirements of Newborn Infants

The goal of feeding regimens for low-birth-weight infants 1is to

obtain a prompt resumption of growth at a rate approximately equal to

intrauterine\ growth rate. This rate of growth approximates tat of
the third trimester of intrauteriné life (9) ;nd is commonly equated
with thelrate f weight gain (10, 11). Poor nutrition in those

{nfants is associated with an increased incidence of impaired growth

and neuropsychological developments (10, 12).

J» Caloric Require ents of Newborn Infants

The basal metabolic rate of low-birth-weight infants is lower
than t?at of full—term’infants during the first week of ‘life, but
reaches and exceeds tha; of the full—term.}nfant by the second week
(9). Caloric re;uirements reach 50 - 100 Kcal/Kg/day during the first
week of life and usually increase to 120 - lSO-Kcél/Kg/day

subsequently (9, 13). This energy requirement is partitioned between

needs for resting expenditure, growth and storage (9, 13, 14).

II. Protein, Fat and Carbohydrate Requirements

’ B

N There 1s considerab1e contréversy over the requirements of
proteins for premature infaqts, however, there is some agreement that
it is about 3 g/Kg/déy or 2.54 g/100 Kcél k9, 15). Although there is

" no known réquirement for 1lipids in the infant diet, common practice
dictates 407 to 507 of calories supplied Sy fat.. A minimum of
;ppfoximately 2.7% of total caloFies must be supplied b; essential
fatty acids (3b0 mg of linoleic ac r 100 Kcal) (9,'13, 16). .~< "

Carbohydrates provide 40 —ﬁSOZ.O calories. It is important to know



that premature infants can adequately digest disaccharides, however,
lactose digestion may not be efficient in the first few dayé of life 7
(9, 16).

II1I. Electrolyte Requirements

The Qery low-birth-weight infant may réquire greater sodium
intake during the period of aétive growth. The recommended
requirements of Na+, K+ and Cl- is about 2 - 3 mMol/Kg/day each
(17, 18). Calcium requirements for the low-birth-weight infant s
higher than term infants and Fomon and co-workers have estimated that
an intake of 158 mg/Kg/day are needed in 28 to 32 week {nfants (15).

1Iv. Tracé Elements and Vitamins

Thé reiuirements for other electrolytes, trace elements and
vitamins is shown\in fable I. Because premature anQ low-birth-weight
infants often consvme fewer caldries during early weeks of life, it is
reCo&heggsi/that supplemental vitamins be given to those infants (9)-

Metﬁods‘of Nutrient Delivery L -

Tﬁe advantages of early feeding in maintaining normal metabolism,<
rowth and development are quite obvious. It has been shbwn that Ehis
approach may éecrease fhe incideﬁée of.hypogly;emia, hyperbilirubin-
emia, dehydration, azotemia and electrolyte problems (19; ib, 21).
Qfal feeding is preferred pfévided that there is a good sucking
refléx'and‘the iﬁfant is stéSle. The gestational age of chh infants
wh;fcan tolerate oral feeding is.usually 32 weeks or older énd they

usually weigh 1300 to 1600 g (19). Care must be taken to avoid

complications such as aspiration (22). , If the baby is unable to suck,



©

Q

but can tolerate enteric feeding, then tube feeding should be used. \\\
Babson has suggested the use of 1ntermitteng\§§§age feeding using soft
rubber catheter (19). Pyatl and co—wofkers have suggested tﬁe”gse of
continuous drip nésogastric feeding (23). Because both procedures are
thought to be associated with increased inéidence of aspiration,;y }
4Ca1111e and Powell have suggested the use of continuous nasoduodenal
tube feeding (24). Others ha;e also recommendea the use of;naso—%i ,
jejunal tube feeding in order to supply greater calories. This avoids
gastric distension and aspiration, and reduces disturbance to tﬁe

. !
patient (25, 26, 27). Unfortunately nasojejunal feeding is associated

s

with some complications such‘as intestinal perforation (28, 29).

Reimer and co-workers have suggested the use of a gastrostomy in
3
children who will require tube feeding for long periods (30).
The above mentioned methods cannot be used in all infants, and in

such cases parenteral feeding is to be used. This will be discussed

2.
-3 .

in the following sections. o

Indications for Parenteral Feeding in Neonates and Children

According to Dudrick and Ruberg the principle of parenteral v/’j

v nutrition is to provide adequate calories, nitrogen, water,

electrolyﬁes and vitamins (31); 'They summarized the indications for

parenteral nutrition as “patients who cannot eat, should not eat or

s

, _ o
cannot eat enough” (31, 32).

)

In the neonates, the low-birth-weight infants are the usual
candidates for parenteral feeding because of an increased incidence of

disease projesses. Gunn and co-workers and Shaw have pointed out the



benefits of parenteral nutrition in premature infants with respiratory
A m

distreqs syndrome (33, 34). Parenteral feeding is indicated 1in

congenital cardiac anomalies associated with heart failure and also

indicated in some intracranial injuries (32). One of the common

 conditions seen in premature infants requiring parenteral feéding.is

necrdgizing enterocolitis. It has been demonstrated that parénteral

E

feeding improves the ohtcome in patients with this condition (35).

Another use of parenteral feeding in neonates is patgents\bith

/l N\ )»~ .
surgical disorders of the gastrointestinal tract -quch as gastro-

schisis, omphalocele, short bowel syndrome and others (3§;f36; 37,

v

38). - Yu and co-workers and Shaw have suggested the use of parenteral

nutrition in very low-birth-weight infants (34, 39). Paren;éral
feeding 1s also 1ndicated‘1n patients with hepatic failu're‘3 éepéis and
malnutri;ion (30). Abel‘and co-workers (1973) and Baek and co—workeri
(1975) have demonstrated that parenteral nutrition is associated with
improved survival and decreased morbidity in patients with ‘acute renal
failure (40, 41). Another indication for parenteral féeding 1is

infants with intractable.diarrhed; The mortal;ty ra;e of these
patients was high befare parenteral feeding (42). Hyman and others
have demonstrated that parehteral feeding 1mprove§ survival in those
péfients (43). The usg»of,paréntefai feeding in the management of
¢hildren with malignénf.diSEASe.haé been pointéd out by Filler and’
co—workerSrand otherSi(&hf. Parenteral nutrition.is also 1hd1;ated in

children with 1nflammatoty bowel disease to improve growth and promote

closure of fistulas (32,:36).
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There are other conditions in which parenteral feeding is

indicated such as trauma, burns, major surgery and others (32). In
> s

summary, parentetral feeding 1is a useful method of supplying energy to
. ) ) ‘
thqse patients who, cannot tolerate enteral feeding, or need more

energy than can be supplied by enteral feeding. 4

Complications of Parenteral Feeding

Parehteral-feeding 1s widely used and regarded as an effective
form of nutritionai treatment in the presehée of reasonable
indications for‘its use. It 1s.however assoc&ated with complications,
liké‘any other form Qf therapy. Many patients who require intravenous
feeéing are extremely 111 and additional complications may be
disastrous.‘ It is howgver, only  an awareness of the many potential
dangers that makes this form of treatment relatively safe (45).

There‘are many potential complicationévéssociated with parenteral
feeding and these compiications are usually classified into fer‘
groups. In this discussion they will be classified into: (1l)tech-

nical, (2) septic, (3) meghbolic, and  (4) hepatobiliary complications,‘

I. Technical Complicationé

Technical compli;ations are the most common and many are
pdteﬁtially life endangering.. Structures are émallﬂin tﬁé.pediatric
patient aﬁd there are many vital structures iﬁ the area of the
‘thoraqie 1n1et‘(30). Technicai Complica?iéﬁévare-usdall& seen with
the use of catheters inserted into the superior vena ca?ai -During
catheter insertion, cafdiac ;rrYthmiéé, air embolism, pneﬁmotho;ax,

hemothorax or chylothorax may occur (32, 45, 46). Hydrothorax,



e

fom

hydromediastinum and pericardial effu;ion have been reported as com-
plicatipns (47, 48). Paralysis of Ehe diabhragm as a complication of
eentral parenteral alimentation in ehildren has been reported by Lam

et al. and others (49). Thrombotic complications are commonly seen

after prolonged uee of central venous catheters. Mollitt and co- ' .

¢ workers have reported a 7Zﬁincidence of superior vena caval thrombosig

after prolonged parenteral feeding. They®also pointed out that this
complieation}ts associated with increased morbidity and morta11t§

(505. Other rare but possible thrbmbotic complications 1ne1ude
-1ntracardiaegghrombi (51, 52) and coronary sinus thronbosis (53).

LA )

These thrombotic compl}cations may be reduced by the use of silicone
_rubbervcatheters instead of holyvinyl catheters'(SA). Other potential
conplications inclnde catheter dislodgement and arterial puncture
45 ’

These complications are not commonly seen nowadays due to

improvements 1in the technique of catheter insertion and care.

II. SeEtICVCdnélications

| Similar te teehnical complications,\septic complicatione are,
frequent and‘may~resu1t in serious consequences. The anrdence of
“'i catheter telated- sepsis varies from 1.3% to 5% depending on -the series
. and cr;ieria used to define sepsis (55, 56). Ryan and co- .

Lo : -

workers have suggested that the peak incidence of bagterial sepsis

) occurs at 2 weeks ‘and. fungal sepsis at 3 weeks (57) The incidence of';

catheter related sepsis depends on the care of the catheter and

3

incneases with improper handling of the catheter and connecting lines



(57, 58). The most frequent organisms causing sepsis are Staphylo-
coccuS'éureus, S. epidermidis and Candida albicans. However, other
organisms such as gram—negative bacteria and othe{ fungl may be the
cause of sepsis (59). Sanders and Sheldon have defined catheter
sepsis as a clinical episode of systemic infection in which ;he
primary source of infecéion is a parenteral nutrition catheter. They
have also divided catheter sepsis into three categories: (1) proven,
(2) clinical, and (3) qugscidhable catheter éeﬁsis (56). Proven-
catheter sepsis is established when the‘infection resolves with
catheter removal and peripheral blood‘cultures are positive. élinical
catheter seps#i is made when symptoms resolve after cathetér removal,
even if blood cultures are negative. In questionable catheter sepsis,
clinical symptoms do not resolve with catheter removal.

It has been -shown that the incidence of septiq compliéations

2

markedly decreased fpllowing the introduction of TPN teams (56, 59).
, , ,
The ma jor advantage of a team approach is the clear understanding of
P | | :
thd cause of infection and experience in management of patients.with

¢

catheter sepsis.

Fever, leukocytosis, or unexplained glucosuria, Separaiely or in

combination is often the first indication of sepsds“relatgd to centgal '

parenteral nutrition lines as pointed out by Coran and others (60).
Infection is confirmed by blood cultures obtained through the central
venous line and another venous site. At the same time the patient

should be examined to exclude. other sources of sepsis. . Should

indications of septicemia develop in a patient on parenteral

9.
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nutrition, certain measures should be taken, in addltion to the usual
cultures. The parenteral nutrition administration set and bottles
should be removed and cultured (619. _vathere is no improyemenc»{n 8
hours, then.the catheter should be removed'and the tip of the catheter
cultured (30). Some people ptefet to‘ehange the catheter over a
stétile guidepwire to reduce the'potential complications assoclated
with catheter refnsertion (55)',.15 the catheter is:removed it 1s

recommended to allow 24-48 hours to:elapse prior to insertion of

another central venous catheter (46). Systemic antibiotics are rarely

indicated except in patients who.are leukopenic.

T1I. Mefrabolic Complications

The pediatric age group is at special risk of developing

meta@dlic complications‘because,of the low reserves of fat, glucose
L i
: -

trace elements. Although gsome of the complications are

an
.

unavoidable, most can be prevented{bfgapproptiate ad justments of the

infusate and careful monitoring (54). Abnormalities of carbohydrate.

. w‘—'-‘": )
metabolism are seen mainly in Small premature 1nfants. Seashore ’z P
: & o
reported his experience with six ‘babies ‘who developed hyperglycemia ¢_. »
&

'

- &

1ucosuria after parenteral feeding. Five of the six 3 ' %

and persisten
: £ .,an

_ babies were premature and_weighed less than 2000 gm (62)." His 1nitia1 @'

v

nanagement consists of - lowering the glucose concentration of the © e
parenteral fluid and'if'no response is'seen, exogenous ingulin is
'. e . -
used, Kaminskil has pointed out that patients with a family history of
Ny
diabetes mellitus are at'a’ special risk of developing hyperosmolar,

hyperglycemic, nonketotic dehydration (63) : This complication may
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result in certalin morbidity and mortality and can be prevented by
careful monitoring of blood and urine glucosé. Hypoglycemia generally

occurs when the rate of hypertonic glucose infusion is increased and

1 2

then suddenly stopped (64). Premature infants and patients who are .

5

stressed are at greater risk of developing hypoglycemia and should be
weaned over 8-12-hours. Fluid 1mbafahce is- seen more in prémature
infants. Hypovolemic dehydration may be .the reSult of osmotic
diuresis or from inadequate replacement of fluid losses. Fluid ov;?—

load is commonly seen in infants receiving parenteral feeding. This

N 1}

18 because mo;é volume is given to provide adequate calories (62).
Metabolic acidosis has been reported as a complication of amino acid .
therapy. However,\it 1SJrare1y seen nowadayé except 1in patients with
renal or liver disea;e«aﬁd premature infants (54). Seashore et\al.

and others have reported the occurrance of“hyperammonemia as a |

complication of parenteral nutrition in infantg and children (65).

..

‘They ‘have pointed out that low-birth-weight finfants are at highest

‘risk. They have also recommended the frequen measurementvof blood

ammonia during parenteral flu}d therapy and th t protein intake should
be decreased 1if hyﬁerammonemia occurs. Electrplyte imbalances

secondary to inadequate or excessive infusiong can occur and require.

>

frequent monitoring. Zinc, copper and chrogium deficiencies have all

been reported in patients on prolonged pargateral nutrition without
supplementation (30). Essential fatty acids deficiency has been

reported in patiehts receiving long~term fat~free parenteral

nutritioh, and it can’be prevéhted by infusing fat epulsion’

11
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&INTRALIPID) (66). INTRALIPID 4s a.relatively safe and effective
thgrapy fo; supplying essential fatty acids and caléries. Howéver,
its safety has been questioned\in immature infants with compromised
cardio—respargtory éystems (67, 68). Levene et al. have speculated
that in 111 infants the emulsion becomes less stable and agglomeration
of fat particles occurs which are filtered by the lungs (67). vitamin
defiFiency.is rare 1f adequate replacemént is given, but vitamin
toxicity due to excesses of V{itamins A and.D has beén repofted (30).
Calcium, maghesium and phosphate aerange;ents have been repofted in
{nfants and children. The and‘his co—workers haQA reported a case of
rickets in a preterm infant duringgparentéral feeding, and recovery
was, achieved by giving extra phosphorous supplemenﬁation (69). Klein
et al. hayg reported three infants with Vitamin D-resistant rickets
associated with parent;rai nutrition (70). No abnormalities 1in serum
calcium or phosphﬁrous were found in thesé infants and all responded
to doubling their Vitamin D intake. | Metabollic complications of
total parenteral nutrition in infants and children are numerous and
frequent. Properly designed qutrient solution;, careful monitoring,
knowledge of potential probleﬁs, and abpropriate management are
esseritial to avoid serious complications (62).

Iv. Hepatobiliary Complications

The association between hepatobiliaryydysfunctioh and ﬁotal
parenteral nutrition was first :ecognizedVISDIQYI. Peden et al. have

described an infant who developed hepatosplénbméga}ly, éirrhbsis and

L N



cholestasis in assocliation with t?tal'parenteral feeding (71). Beale
and co-worke;s have ghown that intrahepatic cﬁolestasis OCCurréd in 14
of 62 1nfants‘feceiving parenteral nutrition, an incidence of 237%.
They also pointed o;t that‘serial direct bil@rubin levels are an
indicator of cholestasis. In their study the mean time on parenteral
nutrition to onset of cholestasis was 42 days. The very low-birth-
weight infants (less than 1000 gm) appear?d to be at increased risk of
"developing qholestasis with an incideﬁce of‘SO% (72). Several reports
appeafed in the literature describing elevation of liver enzymes and
bilirubin after pargnteral nutricion <73, 74, 75). Vileisis et al.
have advocated the use of direét bilirubin measurements as an
indicator of hepatic status in infants receiving p;reﬁteral nutrition
(75). However, it has been reported that the measureﬁents of serum-
sulfated lithécﬁolate is a more sensitivg indicator of cholestasis
fhan either direép bilirubin or aminotransférases (76).

The etiology and pathdéenesis of echolestasis occurring during
parentéral nu;fition is not known. Excessive amino acid input has
been”plaimed to be a precipitating factor '(77). qéésing et al. have
related .cholestasis during parenteral therapy to excess nitrogen
input, infection and bacterial overgrowth in the éastrointestinal
tract (78). Other suggested etiological factors are imbalances of

amino acids (79), sepsis (80} and hyperammonemia (81). . Sondheimer and

co-workers have studied cholestasls in premature infants on parenteral

Y

feeding and indicated that the small premature‘infant“hés a limited

- hepatic excretory function and this might  be-an important factor in

¢
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the susceptability of these’infantéﬂko cholestasis associated with
long-term pareqce;al nutrition (82). Roslyn and co-workers have
proposed that the increasedlrisk of gallbladder Aisease among patients
on loﬁg—term parentéral feeding results from prolonged fasting. They
have.also indicated that fasting prgmotes hepatic secretion of
cholesterol saturated bile as wéll as gallbladder stasis (83).
Messing et al. ﬁavelguggested that>cholestasis and cholelithiasis
~occurring seZondary to prolonged -fasting and bowel rest during
parenteral feeding, might be preVented by stimulating gallﬁladder
cﬁntractions with intermittent oral administration of -fat or protein
(84).

Severai reports haye appeared in the literature describing the
pathologic pictufe of the liver duriné prolonged pérentérai
nutrition. Benjémin has reported lhe pathologic findings ép fifteen
infants who were omn long-term pa;enteral nugrition and devel&ped
ﬁepatobiliary dygfunction (85). 'According .to Benjamin, cholestasis 15’
a universal finding and is both intracellular and tntracanalicular.
The portal areas‘become expanded Qith ihcreased fibr;us tissue.
Pgricholangitis‘is a common finding; Bile ductule proliferation is
seen in ;evere cases. Pseudoacinar“transfo:mation,'giant cell trans-
formation and nodule Eorma;ion may bevseen. Chblelithiasié 15 .one of
-the"ﬁdthologic findings'in some patients. Bgnjamln hag éuggested'thgc]
fh;<brbloﬁged,fasting results in disruption of the‘normai
gastroihtestinal mgchanismé responsible fof.bile.pfoduction and flow.

<

A similar pathologic pcture has also been described by Hodes and COfUF

a3
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f%ke;s'(86), and Cohen qnd,OISen_(87). The latter. have -indicated .
I s . ) ’ “ .
g%ggg early pathologic changes can be detected after five days of
AR : L . , »
agrenteral feeding. However, they have pointed out that most of the
e ; o . ' . ) ,
1f%§§ changest occurring within the first ninety dayg of total \\\\g'
: ;h:o . . . )
AN

papéﬁte?al feeding are reversible. °*
3

Many ne(orts h%ﬁf beeh published on the increased incidence of

‘cholelithiasﬁs associated}éith the prolonged use of %otal-parenteral

nutrition. Tﬁé incideh?e of cholelithiasis in adult patients

LY

.receiving long-term tptal parehteral'ﬁuftition is about 45% 188, 89).

8

. fhe {ncreased fisk of gallstones? fs’qgt limited to adult patients, but

]

also‘bbseréed\in prémature 1nfénts {90), infants %yd childrgen (91, 92)

"on long-term.parentefél nutrition. Akierman et &1l. hive described a

\

;prétbrm infant who developed gallstones after prolonged fasting and

parenteral-nutrition and when parenteral feeding was stopped and oral

'féedihg started, the gallstones disappeared (93)?

. The etiology of the increased incidence'of‘éholelithiasis during
& '

cotal%ﬁdfénteral nutrition is not known. Van der Linden and Nakayama

have attributed the increased lithogenicity of biig to @ﬁg infusion of .

i °

fat emulsioﬂf(é&). Gimmon et al. have studied the efféct of

parenterél aﬂs e;teral feeding on bileAcoﬁposition in rats (95). They

have found that c&ntinuous adminiéttation‘of the total parentgrai

nutrition‘solut15h increased,bile lithogenicitylin both parenferally v

and 1ntraéast;1c§;1y féd rats."Using the same solution intermittently

did'nbt affect bile‘iithogenicity whethef’uéed pérenterallf.or
'intragaﬁtticgiiy. However; Gimmon's stud? has not been duplicated in

: - s

humané.,
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Other Suggested causes of increased incidence of géllsgSnes
duriné COtallparéﬁteral therapy are gastgointestinal disease process
(91), p;olonged fasting (93) and sepsis (80). These studles and
oshers have not been able to find out a definite cause for
hepdtobiliary dysfunction séen during total parentérél nutrition.
Futthetr studies aré required to settle this problem.

Pathogenesis of Cholesterol Gallstones

Biliary tract diseases and especially gallstones are among the
most common illunesses seen in North America, and they represent a
] ’ .

ma jor cause of morbidity and health care costs. Aboué 10% of men and

20% of women in the United States have gallstones between the age of

f

55 to 64 (96). Gallstones are usually classified into cholesterol
stones, which are the commonest, and pigment stones. The majority of
cholesterol stopes are mixed with bile acids, -bile pigment, calcium
and protein matrix. Cholesterol gtones (both pure and mixed)
constitute about 90% of galisﬁones (97).

Early attempﬁg ;o‘understand the pathogenesis of cholbs;erol
gallstoﬁés focuéed on eventslin the gallbléddér. Gallbladder
infection Qith exfoliation of inflammatory cells was thought t§ serve
as a nidus for cholesterol precipitation (98). Th;n investigators
began to pay more attenti;n to the physicqchemiéal properties of
biliarlﬂlipfds. The three ﬁajon‘classes of lipids in human Stle are

»choiestgrol, bile écids aﬁd phospholipids. Cholesterol is virtually
.insoluble in wate} and is held in solution in bile by‘its‘association

N

with the bile sélts and phospho}ipids in the form of mixed micelles

N
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(99, 100). Andrews and co-workers in 1932 have reported that
cholesterol precipitation from bile i{s caused by a lowering of the
bile salt content df the bile. They also pointed out'that the ~
infected gallbladder absorbs bile salts rapidly bué cholesterol
slowly. The normal gallbladder does not have such differential N
absorption (101). There are two major possibilities accounting for
biliary cholesterol precipiéatién. Either the liver produces a biie
supersaturated ‘'with cholesterol that precipitates in fhe gallbladder
(or ducts); or the liver produces a bile of normal composition that is
altered by the gallbladder (or ducts) to form aﬁ abnormal bile (102).
There are three stages in the Yormation of cholesterol
gallstones. Thesé include the production of abnormal bile,

crystallization and growth (103).

1. Prodﬁction of Abnormal Bile:

- This 1s an impbftant step in the formation of cholesterol

_ gallstones. It 1involves al;eration of biliary lipid proportions,
resulting-in an‘abﬁormél Bile saturated with cholesterol (97).
Admirand and Small have demonstrated that the solubility‘of
cholesterol in bile depends primarily on the relative molgr
concentrations of’ bile gcids, lecithin and cholesterél (104). They
have prefented the solubility of cholesterol in various aqueous
miitures of bile salt and lecithin on téiéngular'co~ordiﬁates. They
also described a sharp line of seﬁaration between the chemical

composition of bile from patients with and without gallstones.

Cholestérol saturation in bile and the potential for precipitation,

17



occurs when cholesterol constituteé more than 10% of total lipids (n
bile (99, 104). Holzbach et al. have questioned the micellar zone
limits, demonstrated by Admirand and Small, and suggested that it is
smaller (105). They have also found that Pile from patients with’
cholesterol cholelithigsis has a micellar zone similar to normals but
differs compositionally in that t%ere is ; greater excess of
cholesterol above saturation. Carey and Small hgve shown that the
total lipid concentratibn is a predominant determinant of cholesterol
saturation (106).

The lithogenic index has been propoged by Metzger et al. as a
me thod fér determining cholesterol solubility (107). It is the ratio
of thé actual amount of cholesterol present in a bile sample to.the
maximum amount of cholesterol that can‘be dissolved in the sample. A
value greatér than one indicates a bile supersaturated with
cholesterol. Metzéer has used the Admirand and Small triangular co-
‘ordinateg to’calculate the liéhogenic index. The lithog;nic or
solubility index can also be mathematically calculated according to
the'eéuation of Thomas and Hofmann (108). Anothér method for
"calculéting the lithogenic index of percent cholesterol saturation is
the use of the critical tables suggested by Carey (109). This method

~ is simple and employs both relative and total lipid concentrations.

Although some studies have failed to separate normal from

abnormal bfle (110), the phase diagram sdggested by Admirand and Small

continues to serve a useful function. The use of the triangular co-

ordinates emphasizes the fact that supersaturation of bile may result

18



from elther an increase in the secretion of cholesterol or a decrease
‘in the secretion of bile acids or phospholipid. However, little data
i{s available to suggest the pathogenic importance of phospholipid

gsecretion (98).

From the above data it seems that the critiéal stép in bile
saturation 1s elther an Increase in cholesterol or a decrease in bile
acid secretion.

Increased Secretion of Cholesterol

Many factors can increase biliary cholesterol secretion and hence
increase the risk of cholelithiasis. Genetic predisposition to
choledterol stone formation is seen in American Indian women. In
these women biliary cholesterol secretion is increased (1l1l1).
Cholestérol production is roughly propo%tional td,zhé total body
welght and ébesé individuals<éxcrete an excess of cholesterol into
" bile (99, 112). A high caloric dief leads to increased secretion of
biliéry cholgéterol (98). This might - be due to an increased activity
of hydroxymethylglutaryl CoA (HMG CoA) reductase, which is the rate-
;imiting enzyme in cholesterol synthesis. ‘Excessive,iﬁtake of
cholesterol is not ciearly associated with gallstone formationi(98).
The use of 1lipid lowering agehts such as clofibrate is associated
with increased.biliary cﬁolesterol secretion and gallétone"formation
‘ : . : v - )

(113). InCreasing age #d the use of estrogens have also been shown 

to be associated with increased biiiafy choiesterol secretion (99).

Decreased Secretion of Bile Salts

Bile salts are synthesized in the liver from cholesterol. Their

synthesis involves nine steps and the firs§¥feaction'1s the rate-

R
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limiting step, which 1is under the influence of 7 a;hydroxylase (114).
The production of bile salts 1is under neéative feedback coptrol

(115). Increased return of bile salts to the liver through the
énterohepatic circulation will suppress bile salt synthesis. Bouchier
has summarized the mechénismé for a reduced total bédy p661 of bile °
acids (99). The first 1is an oversensitive feedback regulation. The
second 1is a decreased efficiency of intestinal absorption wéich can
result from interruption of the enterohepatic¢ circulation. This can
be‘seen in patients with 1]leal resection of Qypass, regional ileitis,
diarrhea (116), and T-tube fistula (98). The third méchanism 13
increased cycling frequency of bile salts wifhin the enterohepatic

circulation with normal feedba¢k control. The forth mechanism is a
I\
decreased steady-state synthesis.

Aithéugh bile acid secretion can decrease in some situations,

only in a few instances supersaturation and stone formation result

1

from a relatively pure deficiency in bile acid secretion (98).

.

II. Crystallization of Cholesterol:
Saturation of bile with cho1esterol dégs ﬁot necessarily lead to
‘gallstone formation unless crystallization‘occurs, erstallizétion
can occur by either spontaneoﬁs or heteroéeneOus nucieation (117).
Spdﬁtaneogs hucleatioﬁ reqﬁires marked supersaturation'of bile to
cause aggregat}on.~ The héterogenebus nucleation fequiresfthe presence
'of a nucleating égent (98). Agents potentially feéponsible fof;the
seeding of the nidus upon which cholesterol precipitates include
calcium salts, mucus,’ bile pigments, mucoproteins, bacteria, f52§ign

D

bodies and ‘cells detached from the,gallbladdgr wall (97, 112).



I1I. Growth of Gallstones:

The development of gallstones requires a period during which
microcrystals ihcrease in size without beingzdischargedifrom the
biliary tree (112). IEvans and Cussier have pointed-out that the
process of gallstone growth depends on aggregation (118). Manyﬂsmall
rholesterol crystals agglomerate to form a single composite stone.
This process 1is enhanced by small amounts of ionic calcium. Biliary
'stasis and infection may also contribute to the growth of stones
(97). Conditions in which gallbladder contraction is impaired, such
as diabetesimellitus, celiac disease, after vagotomy, and pregﬁancy,

may account for the increased incidence of gallstone disease (98,

112).

.

In summary, gallstone formation seems to involve many factors.
Cholesterol.saturation seems to be a critical step in stone-

formation. However, other factors such as nucleation and stone growth

3

" are important. Gallbladder stasis and infection may also determine

’

gallstone formation.

Effects of‘fasting op Biliary Lipids

The association of cholestasis andkcholelithiasis and total
parenteral nutrition‘has been. reported (91, 93). Itiwas noted that
“the introduction of oral feeding and discontinuation of parenteral
feeding resulted in the- spontaneous disappearance of gallstones (93)
These findings and others have led some investigators to _suggest that
prolonged fasting results in disruption of the normal gastrointestinal

mechanisms responsible for bile production and flow (85, 91) Such
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/
changes may lead to cholestasis and increased lithogenicity of bile.

Rager and Finegold have suggested that 'early fasting and the lack of
the normal gastrointestinal stimuli for bile‘formation and fiow may be
responsible for cholestasis seen in premature infants (119).

It has been suggested that during fasting, bile becomes more
saturated with chelesterol, both in normal and gallstone patients
(99). Williams and co-workers have studied the effect of fasting on
bile lithogenicity in 19 normal” men and 22 normal women (120). They
have estimated the molér percéncages of bile acids, phospholipid and
cholesterol after random overnight fésts of 9, 12 and 16 hours. They
have demonstrated that the duration of fastiqg determines the litho-

/

genicity of bile which is more pronounced in women. A similar study
. 8

was performed by Bloch et al. but the period of fastihg was extended

to 20 hours (121). This study has shown that maximum cholesterol

> ] :
saturation occurs after fasting.for 10 to 20 hours but subsequently

falls.

It seems that during fasting there 1is dissociation of cholesterol

from phospholipid and the cholesterol to phospholipid ratio rises and

bile becomes saturated (99). Mok and co-workers have suggestéd that

the high saturation of bile during fasting may be caused by

“interruption of the enterohepatic circulation (122). This leads to

severe reduction in bile acid secretion and ‘marked cholesterol: ) -
phospﬁolipid;dissociation. waeyer, they have pointed out that some °
of their pétients‘weré'able to maintain a relativelyihighvsecretion of

bile acids in the fasting state, which -might be due to by-pass of the
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gallbladder and maintenance of an intact enterohepatic circulation.

It has been reported that during fasting there s an absence of neural
and hormonal stimulation to the eﬁpnahepatic biltary t;act and this
.1eads to preferential flow of bile into the gallbladder (93). This
was supported by several reports ohowing gallbladder distension during
fasting and sepsis (123, 124). This leads to slowfng of the entero-
hepatic circulation. ‘

p] Although there is cooflicting data on the effects of fasting on’
biliary physiology and bile compositioo it 1is possible that prolonged
fastiné and the effect of the underlying disease may have a role in )
the increased lithogenicity of bile. This may be the resuﬁ} of

slowing the enterohepatic circulation and cholestasis.

Biliary Lipid Metabolism in Infants and Children

.Cholelithiasis 13 rare in infancy and slowly increases in
incidence over the age of five. Girls and overwelight children are at
a higher risk (125, 126). Hemolytic anemias and congenital
malformation of EPe biliary tree are now believed to be a less common
gause“of gailstohes 1n‘cﬁildren thao was originally thought. Most
gallstones of children éré'réoio—opaquo'(126). Heubi'god co-workers.
have studied biliéry lipid composi;ion in infants and:children (127).
They oave found that normal infants and children had significontly
lower biliary cholesterol content and cholesterol saturation than
young adults. ‘The low incidence of gallstones in ch{ldreo has been
attributed to a decreased pergeﬂﬁage satura;ioo'of cholosterol as

‘ compargd to 'adults (127, 128). Bile salt metabolismiwas studied 1in



premature (129) and term (130) i;fants. Béth studies have established
that infants' are capéble of bile salt'syntpesis. However bile salt
pool size is smaller than that of thé adult. This reflects the
functional maturity of the liver. It has alsé been shown that
medications can influence bile salt production (129).

In recent years séveral reports have shown that the incidence of
cholest;sis in infants and children is increasing (72, 78, 82). Nakal
and co—workers have indicated that blile stasis was ggsociated with
prématupity, esophageal atresla, duodenal atresié, lower small bbwel
ogstrucfion énd sepsis (131). They ba&e suggestéd that biochemical
dysfunction of liver cells, duct obstruction and disturbance of ’
hepafic blood flow may be the causes of bile stasis. Biliary 1lipid
vcomposition was studied/in infaégs (132) and children (133) with
cholestasis. Biliary lipid concentrations were extremely reduced and
bile acid concentrations were below the critical ﬁicellar
conCentfation. Cholesterol saturation was found to be higher than
controls. Thege changes may account for the higher incidgnce of
gallstone formation associated with cholestagis. Becker and
hco—workers have pointea out that changes in biliary lipid composition
seen in cholestasis may be Fhe result of disturbanée in the synthetic |
fﬁncéion of liver cell or interruption of tﬁe énterohepatic | |
cifculation (133). Biliarf 1lipld composition was also stpdie& in
children with cystic fibrosis.(134, 135). Childreﬁ'with cystic

fibrosis have an increased incidence of gallstones. Biliary lipids of

untreated children show an excess cholesterol and decreased bile
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salts. 1t is suggested that chronic fecal bile acid loss may produce
a contraction of bile acid pool and lead eventually to a reduction of

intraduodenal bile acid concentrations. These changes respoand to

pancreatic enzyme therapy.

Biliary lipid composition is also disturbed in infants and
children with ileal resection, short bowel syndrome, intractable

diarrhea and other conditions (128).

T
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OBJECTIVES

1

The objectives of this study'are as follows:

To determine thé.effect of prolonged fasting on biliary

lipids in neonates.

-

To determine -the effect of total parenteral nutrition on -

biliary lipids in neonates. /Arﬂ

To determine the effect of liver immaturity on:biliary

lipids.
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MATERIALS AND METHODS

Clinical Material N

This study was done on infants 1n the neonatal intensive care
units of the University of Alberta HosPitals and the Royal Alexandra
Hospital. Patients were selected on the basis of method of mutrition,

»

birth weight and underlying diséase process. Neonates on oral feeding
were excluded. ;eonates weighing less than 700.g at birth were also
excluded for technical reasons. Neonates who ‘'were on pérenteral
feeding for‘less than two weeks were not included. Infants who were
fasting for 3 days or.mdre, or on total_parenterél nutritign for 2
weeks or more were included in the study.

Yhe study was approveq\by an ethicai reviéw committee at the
. University of Alberta and Rdyal Alexandra Hospitals. Parental consén£
was obtained after a.fu}l explanation of the details of the study as
was the cogsent of a néonatologist familiar with but not involved in
the study. ) o
.o Foliowing the previous.ctiterja{ thirty néonates‘were included in
this'stgdy, with a mean gestational age of 33.6 weeks (range 26 - 41
weéks) aﬁé a mean birth weight of 1844 érams (rénge 700 - 3366
L grams). | | |

On the basis of the method of nutrition and the dufation of
nutritioﬁ, patieﬁts,fell into three gr0up3»(Table 11).
Gféup I - |

Ihis grdup cons;sted bf thirteén neoqates (8 males and 5 femaiés)

: i ol -
who were fasting (no oral feeding) for three to six days and

27



maintained on dextrose-electrolyte solution intravenously. - The mean
gestational age 1s 33.3 weeks (range 27 - 39 weeks) aﬂd'the’mean birth
welght is 1891 grams (range 960 - 3180 grams).

Group II

This group consisted of eight neonates (4 males and 4 females)

!

who were on total parenteral nutrition for up to two weeks and no oral
intake. The meanJgestational age 1s 33.7 weeks (range 26 - 40 weeks)

and the mean birth weight 1is 1784 grams (range 930 - 2650 grams).

Group III

This group consisted of nine neonates (4 males and 5 females) who

were on total parenteral nutritio%;for a period of three to eight
/

weeks. with no oral intake. The mean gestational age is 33.8 weeks

(range 26 - 41 weeks) and the mear birth weight 1s 1858 gréms«(range
of 700 - 3360 grams).
The clinical data for each group are shown in Tables III, IV, V

and VII. These tables indicate the three groups are comparable in

terms of gestati&nal age, birth weight, sex distribution and
{

underlying disease process including the incidence of neonatal

jaundice. These tables also show thaf.the most common diséaSe
processes requiring wifhdrawal of oral intake and. initiation of
. parenteral nutrition in ‘these infants are pfematurity, necrotizing

, N E )
enterocolitis, sepsis and respiratory distress syndrome.

Pl

Total Parenteral Nutrition Solutions
The total pathnterallnutgition solutions used in these infants

consisted of an éminq acid sblutioni(TraVasbl);'fat eﬁulsion (INTRA-
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LIPID) and glucose. It also contalned electrolytes, vitamins and

trace elements. Parenteral feeding was increased gradually and

"stabilized to supply 2 - 2.5 g/Kg/day of proteins, 2 - 3 g/Kg/day of

fat"and 12,.- 15 g/kg/day of glucose. .

Céllbladder‘Ultrasonography
An ultrasound examination of the gailbladder was performed on
infants who were on total parenteral nutrition for four weeks or
X :

more. Six neonates from Group ITI had an ultrasound of the

gallblédder.

-

Duddenal Ihtuba;ion'and Collection of Bile Specimens

.'L\\ X 3 ) .
, Duodenal bile from each patient for lipid-analysis was obtained

by duodenal intubation using.a 5 - 8 French soft rubber catheter
(Argyle tube). F;rsc the pétient‘was positioned on his or her right
side and then the approppiéfe\size tube was introduced either nasally e
or orally inté the stdﬁach.. By careful manipulation, the tube wa;\ l

advanced into the duodenum. The position was confirmea by one;of

' thee-processes: (1) a Ph of 6.5 or more and yellow coior of tgg &9

~

aspirate (bile) (129, 135), (2) a plain x-ray of the abdomen ok, (3)
by intrappérétive positioning. - After confirmation of the tube “
position, the gallbladder was stimu}atga'by an -amino acid solution
(10% Tra?abol) introduced through the tube into the duodédum (136, -
137, 1}3@,‘,.» A dose of 0.5 -71.0 ml/Kg was followed for all infants. ©
The'CUbefﬁés thes elampe& for about 20 minutes'after whichﬁ%ime bile
was as atéd from the dhbdénum ménually‘using a 10 ml gyfingé over 1
*

- 2h

« Bile was collected into a plain tube and taken imme!!atéiy
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B Y



to the laboratory, Specimens were then mixed and extracted and then

refrigerated until analysis, time. The volume of bile samples was not

¢
b

large and ranged around 1 - 3 ml.

Biliary Lipid Detérminations

Biligry cholesterol,vphospholipid, total biie acids aﬁd total
lipids were determined for each bile specimen. a

Pgospholipids were determined by the wmethod of Sunderman énd
Sunderman (139). The prinéiple of the technique depends on the
extraction of the phospholipid phosphatidylcholine (Lecithin) with a
mixture of chloroform and methanol. An aliquot of the extract
(chloroform layer) is eyapofated to dryneés and Lecithin'is digested
with sulfuric acid and hydrogen peroxide. Phosphorous in the digested
extract reacts with acid Polybdate'solucion to form phosphomolybdic
acid. The phosphomolybdic acid Js reduced by aminonaphtholsulfonic
acld to'form a blue color witﬁ an intensity proportional to the

concentration of phosphorus. "
3

The procédure of extréétion was done as follows:
(1) 1.0 ml of'bilelwas added drop by drop to 22.0 ml of chlofoform—
methanol mixture while mixing on the vortex for five minutes.
(2) The tﬁbe was stoppered and shaken for 30 sgconds and brought to
25.0 ml by a&ding 2.0 ml of chloroform—méthanol mixture. Tﬁen it was
allowed to stand fofﬁfive minutgs.

Then pﬁospholipids were determined as follows:
(1) 5.0 ml of dilute sulfuric acid was added to the mixture and the

‘tube was inverted 10 times and then allowed to stand for 10 minutes.
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(2) The mixture was then centrifuged at 2000 rpm for 15 minutes and

this separated the lower chloroform phase containing the lipids.

(3) 5 ml of the extract was transferred to a digestion tube and

‘evaporated to dryness.

(4) 2.5 ml of 5N suiphuric acid was added to the mixture.

(5) A blank was set up using only 2.5 ml of the 5N sulphuric acid. A
standard sample was prepared by transferring 0.5 ml of the phosphate
standard solution to a digestion tube and adding 2.5 ml of the Sﬁ
sulphuric Bcid.

(6) Then the tubes were slowly boiled.

(7) After a brown or black color appeared and white fumes were rising

1n the tubes, the tubes were cooled slightly and five drops of 30%

hydrogen peroxide were added. Heating was continued until the
contents became colorless and 1f’not‘hydrogen'peroxide‘was added and

heating continued. Heating was continued for 15 minutes after the

»

. contents became colorless.

 (8) Contents of each tube were diluted #ith a few ml of deionized

T 1

water and cooled to room temperature.

'(9) The contents were transferred to a 25 ml volumetric flask by

filtering through glass wool, with repeated washings so that the flask

was about half full.

(10) 2.5 ml of 2.5% ammonium molybdate gblutibn and 1.0 ml of
aninonaphtholsulfonic acid reagent were added aﬁd Eonten;s diluted to

the 25.0 ml mark with deionized water, mixed and allowed to stand for

"five minutes.
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(11) The absorbance was read on the Unicam Spectrophotometer at 675
nm.
(12) Calculations:

Phospholipid mg/100 ml = optical density (unkmown) Xj4 x 25
optical density (standard)

laM phospholipid - 793 mg/L

Enzymatic determination of total bile acids in bile was carried
out using the method of Engert aﬁd furner (140). The principle is
based on the conversion of the 3-f-hydroxy bile acids to’fhé'3—Keto
bile acid by the enzyme 3—¢—hydro;ysteroid dehydrogenase, with:-

concomitant reduction of B-nicotinamide adenine.

Reagents were:
1. Buffer, 0.1M sodium pyrophosphate %a
Z. Hydrazine sulphate 1.0M (3.4 ml 95%Z hydrazine plus 1.5 ml

concentrated sulphuric acid, and the volume made up to 100 ml with
‘deionized water).

3. B-Nicotinamide adenine dinucliotide ‘solution (NAD) 6.8 mM.

- 4. Enzyme pr patatioh:f 5 mg hydroxysteroid dehydrogenase plus 1.0 ml

. \
buffer solutifn. \ ’

5. ‘All specimens and standards were run in duplicate and assayed as

v
'

outlined in Table VI. 'Tﬁe samples were 1ncubated‘at 37°C for 60

. \ ) . .

‘minutes and then cooled to room temperature. Specimens were read on
\ v

. \ . A

Beckman DU-8 spectrophotometer at 340 nm. A standard graph was

A

constructed by plotting mM éencentration of éhenodeoxycholic acid

\
standards agains optical dens%ty,
. \ i



Total bi}e acids p mol/ml = concentration in tube X 1000
' volume of specimen

Cholesterol was determined by the enzymatic colorimetric method
(using the Abbott Bichromatic Analyser - ABA -~ 100) (141( 142).
Principle

Cholesterol esters are hydrolysed to free cholesterol by
cholesterol esterase. The free cholesterol produced is oxidized by
cholesterol oxidase.to cholest~4-en-3-one with the producfion of
hydrogen peroxide. Hydrogen peroxide couples oxidatively with
4-aminophenazone and phenol in .the presence of peroxidase to yield ' a
red‘quinoneamine dye. The intensity of the célor formed is
yproportional to the cholest;rol concentration and can bé m;ésured
spectrophotometrically at 500 nm.

Reagents:

Reagent composition Final Concentration
1. Tris buffer pH 7.7 100 m mol/L '
2. Magnesium asparate ‘ E ' 50 m'mol/L
3. ‘4-aminophenazone o 1 m mol/L
4. Phenol ‘, ‘ | 6. m mol/i'
5. 3,A—dichlorophénol . 4 m mélfﬁ(wf-*
6. 'Hydroxyprblyethoxy-n}alkanes— . 0.3%
7. Cholesterol esterase | . *> 0.4 IU/ml
?. Cholesterol oxidase | ' | > 0.25 IU/mi

‘9, Peroxidase . D 0.2 IU/ml
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Instrument parameter:

1. Filter 500/ 600

2. Incubator 30°C

3. Mode End point
4. Reaction direction | up

5. Analysis time 10 minutes
6. Carousel revolution 2 \\/

7. - Syringe plage 1:101

8. Saméle size - S5ul

9. Decimal setting 00.00

10. Zero 0000

Data Analysis

The data collected was analysed in the following ways:
1. M;lar percentage of each biliary lipid:

Thié is done “By "adding the concentration in mmol/L of
cﬁolesterol, phospholipid and ;otal bile acids and findipg the
.percentagé of each one of them in relation to the total mmol/L. For

example: -

Cholesterol molar percentage‘= cholesterol (mmol/Lf X>100
' Total mmol/L

2. Totél biliary lipid concentration in g/dL was estimated'by
éépverting‘the concentration in mmol/L to g/dL using the molecular
weights of 491 for mixed bilé salts, 775 for biliary lecithin and 387 .

for cholesterol. Then the concentrations of the three lipids are
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added. For example the cholesterol concentration in.g/dL is estimated

‘ag follows:

Cholesterol (Chol) = Chol in mmol/L X 387 = mg/L

Chol in g/dL = Chol in mg/L - g/dL
‘ 1000 X 10

3. The molar percentages of cholesterol, phospholipid and ggtal bile
acids were plotted on the triangular coordinates of Admirand and Smail
(104). The saturation index was determined Qsing the Admirand and
Smgil triangulaf coordiﬁate as pointed out by Metzger (107). This 1is
{1lustrated in Figure IX.

4. Statistical‘Analysis:

The following statistical methods were u?éa throughout this

study. 2

a) Student's T-test was used in the comgérison of unpaired
data. This was used in the analysis of the molar percentages and
total concentration 6f biliary lipids betﬁeen the groups.

b) The chi-sdﬁare (xz) test (using the 2 X 2 contingency
table) was used to analysé ﬁhe.incidence of jaundice 1in those iﬁfants
who had and those who did not have parenterél nﬁtrition.

c) Tﬁe linear regression equatioﬁ was used to analyse';heA

o ,

aSsociagion of cholesterol molar percentage and the duration of

fasting (Fig. I);
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RESULTS )
Table VII shows the incidence of neonata1~jaundice in group I, .
" 11, and III.\ In group I, 10 neonates out of 13 developed jaundice.
In groué II, 5 neonates out of 8 developed jaundice and 3 out of 9.
neonates develped jaundice in the third group. There 1is no
significaAt difference in the incidence of jaundice between the
infants not receiving TPN (Group 1) and those receiving TPN (Groups 11
and III). It appeared that jaundice was physiologically due to liver
imﬁatﬁrity, as it appeared early yn life and resolved with time. It
did not appear to be related to parenteral nutrition.

The biochemical déta for group I, II and III are shown on tables
VIII, IX and X. Each table shows the levels of cholesterol,
phospholipid and bile acids 1in mmo}/L and the percentage éf each in
relation to the totaf lipids. 1In g?pup I, two neonates fasted forA‘ %
three days, four for four daySé,six fﬂr five da&s and one neonate
fasted fbr six days. Neonates in g?gup IT were on parenteral
nutrition for two weeks with no oral intake. In group III all
neonates were not on(any oral intake. One neonate had parentera%
nutritioﬂ for three weeks, four for four weeks, three for six weeks
and éne for seven_weéks. Tabie X1 compares the totél biliary 1lipid
concentration in g/dL betwéeﬁ all groups. The medm of total biliary
lipid concentration is 0.117 g/dL for group'I,'O;ZAS é/dl for group I1I
and 0.077 g/dL for éroup III. It is clear Fhat the lowest totéi
biliary'iipid‘conéenﬁrationris seen in group III. _ |

Figure I isfa gréph whicﬁ SHOWS the relatigﬁ beﬁween ;heli

percentage of cholesterol in bile (a2s a percentage of total mmol/L) to

.
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‘the duration of fas®ing in days. Thirteen neonates in group I who
Qere fasting for 3 - 6 days, were plotted in this graph. = It is clear
that the relation between the percent cholesterol in bile (of total
mnol/L) and the duration of fasting 1; linear. The correlation
coefficient (r) for this graph 1s 0.90.. This‘graph shows that after
three days cf fast, cholesterol saturation in bile increases to
supersaturated levels.

Figure II1 is a bar graph which compares the meag percent
cholestefol (of tota; mmdl/L) of all groups. This graph anows that
bile 1s saturated with choiesterol in groups I and II1 and borderline
in group II.  There is no statistical difference between group I and
ITI. However there is a significant difference between group IT and
III (p < 0.0£). Figure III is a bar graph which compares the mean
4percent total bileYacids.(percentage of total mmol/L) of all three
groups. It appears that the percentage of bile.acfﬂs 15 ;elation to
total biliary lipids is low in groups I and III. It is high 1in groun
ITI. The difference between groups I and II, and II and 1If is
statistically significant. Figuce IV is a bar graph which compares
the mean percent phospholipid (percentage of total mmol/L) of all
chree groups. Again groups I and TII seem to be similar in that they -
both have a higher percentage of phospholipid in bile compared to
group II. 7Phere is no significant difference between groups' I and
. IiI. However Boch show a significant difference in relation to group

.

From figures II, III and IV it appears that groups I and III are

similar. Cronp I1 appears different. Also group I and III snow an



increased percentage of cholestero%ﬁyh their bile and decreased —
pergintage of bile acids. 1In other terms it appears that cholesterol
solubility 1is significantly decreased in the fasting neonates and {in

the neonates who were on parenteral nutrition for 3 - 8vweeks.

Neonates who were on parenteral feeding for only two weeks did not

show significant adverse changes.

Figure V compares the total biliary lipid concentration 1in g/dL
between the thrée groups and relates them to the adult range. It is
obvious that the total biliary lipid concentration 1is low in the
newborn infants and lies below the adult range. However a few infants
in the second grodp produced enough billary lipids to reach the adult
range. Figure VI is a bar graph of the means of total biliary lipid
concentration (g/dL)Qof the three groups. This graph shows clearly
tha; total bilia;y lipid concentration is low in groups I and III and
near the normal adult range in group II. Again groups I and IIIL are

similar and there is no significant difference beétween thelir total ‘
.biliary lipid concentration. However each one of them differs
significantly fromgy group II.

'The fall of the total biliary lipid concentration in the fasting
neonates and the neonates on pfdlonged parenteral fee&ing (3v—_8
weeks) ié significant’ as compared to that of neonates on parenteral
'feeding for two weeks; |
Wheq(total biliaryllipid concentration is broken down into the -
_three components nameiy,’cholesterol,.phospﬁolipid and‘to;al bile
acidgi it is apparénc that cholestérol and pﬁosphoiipid éoﬂgentrationg

in bile change very little in the three groups% Total bile acid

T
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concentrations shows a large increase in Group II when compared to
Groups I and 111 and accounts for the increase in tofal biliary 1lipid
concentrations seen in Group II. This is‘sﬁown in figure VII. |

The critical micellar concentration (CMC) or minimum
concentration at which micelles start to form for bile acids in bile
is 0.9 -~ 2.2 mM with a mean of l.ASOmM (114). f£e;neonates in Group I
showed bile acid concentrations below the CM?ﬁ%n S‘Of 13 specimens.
In Group 1II where bile acid concentration was‘éignificantly higher,
all bile Q%pcimens’were ét or above the CMC. In Group ITI only two
spec;mens were at the lower range of the CMC for bile acids and the
remaining 7 speciﬁens were clearly belgw thé CMC as shown in figure
VIII. '

The Admirand_aﬁﬁﬁg;;ll triangular cddt&fﬁgte (104) s, shown in
figure IX. /This figurévshows that seven out of thirty neonates fell
" out of the micellér zone and the lithogenic index could not be
estimated by the method of Metzger (107) for them.

Six infanfs‘from grohp III, bho werg, on total parenteral

. o : ,

nutrition -for more than & weeks, had an ultrasound of the gallbladder

done on them. "This showed sludge formation in the gallbladders of
’ *

. three infants..



DISCUSSION

In this study, patients were grouped Iinto three groups on the
basis. of the method of nutritién used and duration of parenteral
nutrltion: All the iﬁfants were fasting in terms of oral intake. The
three groups are comparable ;ith regards to gestationa} age, sex
distribution, birth weight and underlying disease process. The
indications for the use of parenteral nutrition 1in groups II and III
are prematurity, nécrotizing enterocolitis, respiratory distress
syndrome, sepsis, congenital anoﬁalies of the gastrointestinal tract,
congeﬁital heart disease and neurological problems. These indications
are consistent w;th the reported indications (34, 39 35, 30,'36, 38,
32). The parenteral nuffition solu;ion used was maintained to supply
enough calgries, proteins, carbohydrates, fats, electrolyt;q, vitamins
‘and trace elements’iﬁ accordance with the reported reqdiremgnts <9,
13).

Bile was obtained by duodenal intubation. This biie is a
representative sample.bf hepgttc bile. Vlahcevic hnd‘co;ﬁérkers havé
shown that‘duodénal'bile islglso similar and representatiQé of
gallbladder bile'(143). Thé stimulation of gallbladder ébnt;action
has been shown to occur with intraduodenal 1nfusi§n of~-emino acid
éolution gy Ertan et al:, Duane et al. and Murthy et al;v(138, 137,

136). 'Bile‘analysis was done using,the.étqﬁaard-methods outiined;and
any déuﬁiful results were repeated. The-éliﬂical'and laboratory data
‘ C, S

showed that the incidence of jaundice was the,highést,iﬁ group.'1
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' L)

(fasting infants mafntaﬁhgd on dextrose—electrolyte solution) and the
X XA
B

lowest in grOup\II% (infahts on parenteral feeding for 3 - 8 weeks).
\ :

Howevér there 1s no statist%cally(significant difference 1in the
,Jncidence of jaundice betweenuthose infants who were not on parenteral
nutrition and those on parenteral nutritien, i.e. group I and group I1
blus Ilii From the clinical and'laboratory picture it appeared that
this type‘of jaundice 1is physiological. It disappeared with time and
it didynot appear to be related to parenteral feeding. Gartner and

Lee have pointed out that physiologic jaundice in the premature infant

-

'ia'more severe than the full-term 1nf§nt, and more prolonged (144).

N

\ o
Normal bilirubin concentrations in premature infants may not be
\ - \
reached in many cases until the end of tne first month of life. In
\

some of the infants in this stud physiolog ¢ jaundice continued for
y

20 - 30 days of life. \\ .,

A

Biliary lipid. concentration in all infants\studied kas

Y
\

consistently low as compared to the adult valuesF\ However our results
. i -

. : \ .
are consistent with those reported by Tazawa et al.l%{BZ)-A Also we

had compared biliary lipid composition of'the infant \,' this.stddy'

with bile. composition of dn infant obtained by needle aspiratioé‘from

\

his gallbladder (not included in the results) and found that the\ \

A Vi

values are consistent. Total.biliary lipid Cbncentration (g/dL) is
kalso consistently low and all infants fell below the physiolqgic range
of adu%ts except three‘infants in group aﬁ@ (two weeks of parenter§1

feeding)-. This adult physiologic range extends between 0.3g/dL - %o

30.0 g/dL as denonstrated by Carey (109). Becker and co-workers have

a
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reported that the total biliary lipid concentration in g/dL is low in

the bile of children with cholestasis (133). “Their results were
~fﬁér e

&

consistéﬁt with our results.
The incidence of gallstones 1is low in iafants and childreﬂ as
pointed out by Strauss and Moosa (125, 126). This has been attriﬁuted
to a decreased molar percentage of cholesterol in the bile of infanfs
and childrén as compared;to adults (127, 128, 145). However the
incidence ;f gallstones ig-high in infants and children who are siék
apd on total parenteral nutrition. Whitington and Black (90), ; |
Benjamin (91) and Callahan et al. (1@6).have reported the increased
incidence of cholelithiasis in infants on parentetal,nutritign. Ié
tﬁis study six infants from group III, who had parenteralvfééding‘for
more than four weeks, had an ult;asound of the gallbladder done on
them. Three of the six infants showed sludge formation in the
gallbladder. These three infaﬁts had tqtal parenteral nutrition for Z
weeks, 6 weeks aﬁd 4 weeks consgcutiﬁely.' The molar percentage.of |
cholesterol im thé;;\infénts is high.. The_reasohs-behind the
increased incidence of géilstones asgociated with té;alrpaféntéral

nutrition are not”known. Van‘dervLinden and Nakayama have attributed

that to the ihfusion of fat emﬁlsion'(94). Zarif et.al.‘héve,

, suggestéd that L-amino dcids and dextrose solutions might be the’
inducing factor (147);-°Hoveber other reports have shown that .

hepatobiliary dysfunction can' occur regérdless of the type'of solutiogﬂ

0

used (148). Others have sﬁggesteg gastrointestinal dysfdnétion (91),

prolonged fasting (93)>and sepsis (80). Math has étt;ibuted the

oS
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increased lithogenicity of bile and chofestasis to the high osmolarity

_of parenteral fluid used (149). He has polnted out that this will

lead- to decreased water content of bile and hence cholestasis. He has
suggesﬁed that supplementary oral feedings with plain water to infants
and children receiving total parenteral nutrition may probably help in

pteventing the development of hepatobiliary complications. Infants

’ .in group I who were fasting and maintained on dextrose-

I

electrolyte'solution showed a linear 1nErease of their biliarny

\

cholesterol molar percentage with the duration of fasting 1in days.

After a three day fast their bile became saturated with cholesterol.

. When cholesterol molar percentage is compared in all groups it

appeared that the molar”peréentage of cholesterol is high and above

4 on

e

saturation level in those infants who were fasting with no parenteral
feeding,(grdup I) and those infants who were fasting and maintained on
total parente}al nutfition_for 3-8 weeks'(gfoup I11) although there

was no significant difference between these two groups of infants. -

Infanbé,who were- fasting but received parenteral nutrition for two

weeks” (group II) showed a significant lowering of cholesterol molar
: . R . : . L] .

g

percentage aé compared to group III..

LSS

" . The molar péréentage of total bile acids showed a significaht

- were fasting énd_maintained‘on tétal_parenteral nutrition for 3 - 8

decrease in those infaunts who were fasting (grbup I) and those who

X .
[

weeks jgrogp III)'as compared to fasting infants who had total .
A : '
parenteral nutrition for only two weeks (group II).
c , ;

. The above‘data‘suggests that fasting seems to influence the

_————— e 2 Ay P 4 L1y .. YT _ 2 3_ N atl o Lol o
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solubility decreased as the fasting period increased. Fasting might
have changed the relative molar percentages of biliary lipids so that
cholesterol molar percentage was Increased and total bile aclds-molarA
‘percentage was decreased. A similar effect was seen in the fasting
.1nfants maintained on prolonged total parenteral nutrition for three
to eight weeks. However, it appeared that in the fasting infants, the
introduction. of total parenteral nutrition might have exerted a
-temporary beneficial effect on biliary 1lipid combosition as seen in
g;oug IT infants. This effect éf decreased cholesterol molar
percentage and increésed total: bile ;cid molar percentage seemed to
di§apgear as\the total parenteral nutrition was'continugd fbr three to
eight :?eks with continued fasting.A This change 1in biliary
composition occurring after prolonged parenteral nutritibn might be
attributed to the effeét of prolonged fasting. Bile composition
appeared to be comparasle in the fasting infants and in infants
maintained on prolonged totai parentéral nutriéion.'”The beneficial
effects of total parenteral nutrition during the first two weeks of -
therapy are difficult to explain. Total parenter;l nutrition may
indirectly stimulgte the liver cells td produce more biie acids by
supplying;more energy to the liver cells. ﬁowever, this.is only a
hypéthetical exﬁianation which needs Wore studies ;o support it.

The effect of'fasting on biliary 1lipid compositionlhaé been
studied in the adult'popﬁlation. Williams and co-workers h;ve

demonstrated that the cholesterol molar percentage increases during

fasting and bile becomes more lithogenic (120). Bouchier has
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suggested that cholesterol dissoclates from phospholipids during
fasting and.bile becomes saturated Qith cholesterol (99). The:
increased cholesterol molar percentage and the decreased total bile
acids molar percentage occurring during fasting might be due to the
interruption of the enterohepatic ciréulation. This has been
suggested by Mok et 51. (122). This interruption of the enterohepatic
circulation leads to severe reduction Iin bile acid secretion and
marked cholesterol to phospholipid dissoclation. ‘Akiermgn and his
co-workers have suggested that during fasting there is a ﬁreferentiél
flow of bilé into the gallbladder due to the absence: of neural and
hormonal stimulation of the extrahepatic biliary tree (93). They have
also pointed out that the Introduction of oral feeding leads to |
increased cholesterol solubility. Messing and his co—worker; have
suggested that cholestasis and cﬁolelithiasis occurring secondary to
prolonged fasting énd bowel rest during parenteral feeding, might be
prevented by gallbladder stimulation with intermittent oral
Adminisc;atién of fat @r protein (84).

~One infant who was ﬂot included in the results was followed
; during the course of total parentefal nutrition. His duodepal biie ’/fs
was obtained after four weeks 6f total parenteral nutrition. The
'biocheqical analysis éf hié bile éhoqed é high cholésterol molar
_percentage wkich was above 13% and a low totél bile a;id molar
percentage (SSZ).vVSubsequently thié infant wés st;rted én oral
feeding (nasoduodenal tube ﬁeeding)‘together with parenteral

nutrition. After two weeks of combined nutrition, duodenal bile was



6
obtained which showed on analysis a decrease in cholesterol molar
percentage (to 7.0%) and an Increase in total bile gcid molar
percentage (to 68.3%). The introduction of oral feeding had also
produced an increase in the total biliary lipid concentration of this
{nfant. Before the introduction of oral feeding, the total biliary
1ipid concentration was 0.098 g/dL and this increased to 0.333 g/dL
after.two weeks of oral feeding. This suggests that prolonged fasting
disturbs the normal biliary physiolbgy leading to an increased
lithogenicity of bile. It seems that the introduction ;f oral feeding
results in ‘the normaliiation of biliary physiology and improvement of
biliary 1ligid composition.

Biliary lipid c;ncentration (expressed in g/dL) was significantly

low in e fasting infants (group I)'and in infants who were fasting

Vi o
and maintained on prolonged parenteral nutrition for three to efght

weeks (grdup IIf) as compared to those infants who were fasting and
had parenteral nutrition for only two,weeks (group II). However,
there was not a significant-differgnce‘between group I and group III..
Again it seems that in both groups fasting may bé the factbr behind
the decreased conceﬂtratioﬁ of biliary lipiq5.

’Carey and Small have shown that the total biliary lipid
concentration is a predominqnt determinant of cholesterol saturation
(106). Tazawa et al. and Becker et al. havé repdrted tﬁat biliary |
'1ipid'concentration is extremely reduced in }nfants and children with
cholestasis-(l32, 133). These ‘changes may be the rgsult of.

disturbance in the synthetic function of the liver cell or

interruption of the enterohepatic circulation.
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In this study the reduction of total biliary(;ipid concentration
(g/dL) seen in the fasting infaﬁts and in infants who were on
prolonged total parenteral nutrition (3 - 8 weeks) was also assoclated
with changes in the composition of biliary 1lipids. Biliary lipids
showed an increased cholesterol molar peraentage and a deéreased total
bile acid percentage wﬁen the total biliary.lipid concentration
dropped aé s;;n in groups I and iII. The decrease in lipid

concentration and the change in molar percentage composition in these

infants might be the result of chénges in biliary physiology induced —

by fasting.,

A consequence of the very dilute bile and low bille acid content
seen in the infants in Groups I and III is that their bile acid level
}s below the critical micell%r concentration for bile acids. The.
critical micellar concentration of bile acids in bile is the level
below ‘which there are insufficient bile acid molecules present to form

micelles to solubilize cholesterol. Thus many infants in Groups I and

II1 did not have enough bile acid molecules in their bile to

solubilize cholesterol. N

' 'When.the molar pércentéges of cholesterol, phospholipids And’
total bile acids of the infants in all é?oups'were ﬁlotted on the

" griangular coordinate of AAmirand and Small (104),vthe bile of seven

Afants showéd a_nébnorxﬁal pattern. The plot of these seven infants’
showed a deviation from the micellar-zohe and lithogenic (saturation)

T 7index could not be estimated according to the method of Metzger (107)

 as {llustrated in Fig. IX. The saturation index of the bile of these’



infants could not also be determined by the Thomas and Hofmann o
equation (ibB). The bile of these seven infants showed a very
significant drop In the molar percentage of total bile aclids as
compared to the adult population. It seems that there are several

factors which contributed to thesg changes 1in biliary lipid
composition. The first possibility 1is liver immaturity in these
premature infants which is associated with decreased bile acid
production. The second possiSility is the effect of fasting which may
be assocliated with interruption of enterohepatic circuiation and

hence decreased hepatic synthes}s of bile acids. This has been
pointed out by Mok et al. (122). Roy et al (134) and Goodchild et

al. (135) have.pointed out that the interruption of the enterohépatic
circulation seen in infants and childfen with cystic fibrosis leads to
a decreased bile acid production. The third possibility is that
infants may have a different micellar zone than'tﬁat of the adults.

In summary, it seems that he?born infénts react to the effect of
fasting and disturbed gastroinfestinal physiology inhvarying ways. In
this study it appeéré that this réaction 1s expressed in changes in
biliary'physiology’leadipg to'ch;nges-in biliary lipid éoncentration
"and“composition. Although the effects of total parentergl nutrition
are not cleaf, itbappears that thégeiié ah/eariy and temporary

beneficial'efféct. o
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CONCLUSIONS
There are several conclusions that can be drawn from this study:
1. The neonatal liver is unable to produce a bile capable of

solubilizing cholesterol beyond a three day fast’ (no oral intake).

"Bile becomes increasingly saturated with cholesterol after the three

éay fast. fhis is seen in infants who were n6t on parenteral
ﬁutritibq.

2. Thetintroduction of total parenteral nutrition appears to exert a
lowering effect on the molar percentage of biliary cholesterol and a
raising effect on the molar percentage of biliéry total bile acids.
This effect appears to last for two weeks. 'The reason behind this
appareﬁt beneficial effect of total‘parenterai nutrition 1is not
known. After twol;eeks of parenteral feed?ng it appears that the
effects of prolonged fasting abolish the benéficial effecﬁ of total

parenteral nutrition. This results in increased lithogenicity of

bile. o o

3. Total biliary.llpid concentration expressed in g/dL appears to be
affected by fasting. Fasting seéms to dééreasé the capaéity of the

livef tovbroduce biligry lipids leading to a decreased concentration‘
of them iﬁ bile. Thé'beneficial effect of total parentefal nutrition

in the first .two weeks of therapy 1is shown in the increased

o

- concentration of all biliary 1lipids. The above mentionéd~changes do

not appear to be influenced by liver immaturity and it appears that

fasting 1s a more influential factor.

-

4. The incidence of sludge formation in the gailbladder (preéumébly

leading to chélelithiasis)increases with prolonged fasting assoclated

7 rd
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with total parenteral nutrition. The increased incidence seems to be
more apparent after four weeks of fasting during parenteral feeding.
r

5. Neonates on long term total parenteral nutrition with no oral
intake secrete a very dilute‘bile with an insufficient concentration
of bile acid molecules to form micelles wherein chéleéterol is

solubilized. This finding may explain some of the adverse hepato-

biliary changes associated with long-term parenteral nutrition.



Table 1

¥
NUTRITIONAL REQUIREMENTS FOR PREMA&URE INFANTS*

PREMATURE INFANT, -
REQUIREMENTS PER o
NUTRIENT 100 K cal
Protein 2.8 g
Fat ' 5.1 g~
Carbohydrate 11.5 g
Vitamin A 260 1U
Vitamin D 63 IU
Vitamin E 1.9 Tu
Vitamin & 9 ug
Vitamin C . 8 mg ¢
Thiamin 78 ug
Riboflavin 94 g
Niacin 1250 ug
Vitamin B6 63 ug ’
Folic Acid 16 ug
Pantothenic Acid 470 'ug ©
Vitamin B12 0.3 ug
Biotin . . . 2.5 ug
Inositol : 6 mg’
Calcium - ‘ 156 mg
Phosphorous 78 mg
Magnesium 10 mg
Iron 0.2 mg
Iodine - \ 8 ug
Copper o 100 ug.
Zinc 0.63 mg
Manganese - ' 160 ug
Sodium - 1.7 mEq
Potassium : ' 2.8 mEq

Chloride . 2.4 mEq

*Modified after American‘Aéademy of Pediatrics
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Table II

CLINICAL MATERIAL -

GROUP 1 GROUP II GROUP TII
Type Control TPN for 2 wk TPN 3 - 8 wk
no. of neonates 13 8 . 9
. - /
Nutrition Dextrose-Electrolyte TPN TPN
Gestational age (wk) 33.3+1.2 33.7+1.6 33.8:1.8
Mean * SEM
Birth Wt. (g) 1891+201 1784+213 1858+297
Mean * SEM
We. (g) - 1938+192 2070+222 2651+356
Mean * SEM .
T

-
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CLINICAL DATA - GROUP I (Control)

Table III
Gestational WU.HEJ Weight at Age at Apgar Score
PATIENTS DIAGNOSIS Age Sex Weight Samplirg-  Sampling =~ —4m——
(wks) (gl ) (days) - 1 min. S min.
No. 1 Prematurity and NEC Sepsis R F 1950 " 150 4 4. 8
No. 2 IUGR and Birth Asphyxia 36 M - 1800 1750 4 »M ) 3
No. 3 Prematurity and Twin Sepsis 32 M 1480 1500 3 4 8
No. 4 RDS & IUGR NEC 37 M 2600 2550 4 * 4 6
No. 5 Prematurity & RDS 30 F 1390 Z/ 3 3 6
VSD & PDA & CHF _ . ’
No. 6 - Midgut volwulus 36 M 2790 2850 7 uy s
No. 7 Prematurity & RDS 28 M 1400 1850 8 4 6
Maternal Amionitis and Sepsis - - - Tl
No. 8 Prematurity and RDS, NEC 27 F - 1120 1200 17 1 -6
No. 9 Prematurity and RDS NEC 27 F 1120 1240 18 1 6
No. 10 Birth Asphyxia, Gastroschisis 38 F 2180 mumo 7 2 7
No. 11 Severe Asphyxia, Seizure & NEC 38 M 2620 2650 7 1 3
S No. 12 Triplet & RDS, Birth Asphyxia 30 M 960 900 7 0 o,
No. 13 Hirschsprung's disease 39 M 3180 —-3050 8 8 9"

CHF = Congestive Heart Failure

IUGR-= Intrauterine Growth Retardation

NEC = Necrotizing Enterocolitis
PDA = Patent Ductus Arteriosus
VSD = Ventricular Septal Defect
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Table IV

CLINICAL DATA - GROUP II (2 weeks TPN)

‘Gestational Birth veight at Age at Apgar Score
PATIENTS DIAGNOSIS Age Sex  Weight Sampling  Sampling = ———e
(wks) @ (@ (days) 1 min. 5 min.
No. 1 © prematurity and Sepsis 35 F 1950 " 2300 18 4 8
NEC :
. R . 5
No. 2 Prematurity and NEC 30 F 1160 1250 21 2 7
“No. 3 Prematurity and IUGR 37 M 1860 2450 28 4 7
RDS & NEC
No. 4 IUGR and Birth Asphyxia 36 M 1800 © 1900 17 0 3
No. S NEC and Sepsis 36 F 2650 2700 22 4 8
No. 6 =~ CHF and Sepsis and NEC 40 F 2500 2860 28 10 10
Coarctation of Aorta
No. 7 Prematurity & RDS & NEC 30 M 1420 1950 34 3 '8
No. 8 Prematurity & RDS & NEC 27 7 8

26 M 930 11s0

)

CHF = Congestive Heart Failure

IUGR = Intrauterine Growth Retardation
NEC = Necrotizing Enterocolitis

RDS = Respjratory Distress Syndrome

gy A
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CLINICAL DATA - GROUP III (3 - 8 weeks TPN) -

Table V

Mesenteric Cyst -+ Bowel Resection

Gestational Birth Weight at
PATIENTS DIAGNOSIS Age Sex Weight - Sampling Sampling -
_ (wks) (g) (g} (days) 1 B.S.wm min
No. 1 prematurity and Midgut Volvulus 32. M 1980 2700 55 7 8
’ Ducdenal Stricture _ .
No. 2 Spina Bifida & Meningomyelocele 4] F , 2860 4900 78 -6 8
Hydrocephalus & Sepsis .
No. 3 Prematurity and RDS - 27 F 960. 1300 35 ﬂ 2 6
NEC + Perforated Bowel : )
No. 4 Prematurity and mmvmu..m 26 M 70¢ 1700 50 4 7
NEC -+ Perforated Colon - : .
No. § Prematurity and Sepsis 34 M 2190 2900 34 1 4
NEC & Birth Asphyxia .
No., 6 TUGR and Aspiration 35 F 1140 2050 28 9 “_.o./
NEC :
No. 7 Prematurity and RDS - 29 F 1090 2200 55 3 8
NEC + Perforated Oolon . : “
No. 8 Ancmalous Pulmonary Veins ) 40 M 3360 3510 11 7 8
- Imperforate Anus & Midgut Volwvulus .
No. 9 Prematurity & VSD & NEC 31 F 2140 2600 70 4 4

IUGR = Intrauterine Growth Retardation
NEC = Necrotizing Enterocolitis

RDS = Respiratory Distress Syndrame

VSD = Ventricular Septal Defect
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Table VI

—

BILE SALT ANALYSIS PROCEDURE: ASSAY

0.01 .

Blank (ml) Test (ml) CDCA.Standards (ml)
Buffer 2.0 2.0 2.0 2.0 2.0
'Hydrazine 1.0 1.0 1.0 1.0 1.0
NAD 0.5 0.5 0.5 0.5 0.5
Bilg sample 0.003 0.003 - - - ,
Enzyme - 0.025 0.025  0.025 © 0.025
Buffer. 0.025 . - - - -
 Chenodeoxycholate - - 1. 0.025  0.05
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Table VII

NEONATAL“JNDICE

Group III °

Jaundice

No Jaundiece
o

<)

TOTAL
) v

Group T Group 1I
10 © s
3 : .3
13 8
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 Table VIII

GROUP I (CONTROL) = Laboratory Data

&
PATIENTS CHOLESTEROL “ PHOSPHOLIPID BILE ACILIDS
m mol/L % m mol/L A m mol/L %
No. 1 0.17 7.7 0.33 15.0 1.7 77.3
2 0.31  10.3 0.63 20.9 2.08 68.9
3 0.02 2.3 0.39 45.9 0.44 51.8
4 0.66 13.4 - 1.81 36.2 2,44 49.7
5 0.01 2.6 0.152 39.5 0.22 57.9
6 0.21 . 15.7 0.205 14.9 0.93 69.4
7 0.31 15.2 0.81 39.7 0.92 45.1
8 0.28 14.6 ©0.70  36.5 0.94 48.9
9 0.39 18.1 0.88 40.7 0.89  41.2
10 10,27 26.1 0.125  12.1 0.64  61.8
11 0.36 24.7 0.137 9.4 0.96 65.9
12 0.46 15.2 1.8  60.9 0.72 53.8
13 0.39 18.2 1.09 50.9 0.66 30.8
Mean % SEM 14.2£2.0 ©32.5624.55 53.2744.35

4
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Table IX

GROUP 11 (2 weeks TPN)

PATIENTS CHOLESTEROL PHOSPHOLIPID BILE ACIDS

m mol/L - % m mol/L yA m mol/L %
No. 1 0.41 13.3 0.85 27.6 1.82 s9.1
2 0.18 8.5 0.24 ’11.3 1.7 80.2
3 0.28 1.8 0.49 20.7 . 1.60 67.5
4 0.39 7.1 0.96 17.6 4.1 75.2
5 0.37 21.5 0.35 20.3 1.0 58.1
6 0.60 8.9 0.93 13.8 5.2 7.3
7 0.48 5.9 ~0.81 © 10.0  6.82 84.1
8 0.49 5.8 - 0.76 9.8 | 7.12 85.1.

Mean + SEM 10.4+¢1.9 16.39+2.23 73.33%3.75




Table X

GROUP IIT (3 - 8 weeks TPN) = Laboratory Data

PATIENTS CHOLESTEROL PHOSPHOLIPID BILE ACIDS

m mol/L % ‘m mol/L % _m mol/L %
No. 1 0.23 | 13.3 ~0.54 | 31.2 ~0.96  55.5
2 ‘ 0.43  22.5 0.41 120.5 1.16 58.0
3 0.07 10.3 0.3? s1.s 10.26 38.2
4 0.12 23.1 0.24 46.2 "0.16 30.8
5 0.36 18.9 0.93 48.9 df%l 32.1
6 ’ 0.28 25.9 . 0.49 35.2 0.54 1 38.8
7 0.19 16.4- 0.61 - 52.6 0.36 31.0
8 0.26 17.1 1.0 ‘ 65.8 0.26 17.1

9 . 0.13 ' 16.2 0.5 . 62,5  0.17 2.2

" Mean * SEM 18.2+1.9 . 46.04+4.,91 3528644..6




Table XI

TOTAL BILIARY LIPID CONCENTRATION (g/dL)

GROUP 1 GROUP 11 ‘ GROUP III
PATIENT PATIENT . PA&IE&T‘
1 0.116 1 0.171 1 0.098
2 0.163 2  0.109 2 0.106
3 0.0528 3 0.128 3 0.043
4 0.285 4 0.290 4 ©0.032
5 0023 5 0.090 , 5 0.116
6 0.070 6 0.350 6 ©0.076
7 0.120 7 0.417 - 7 0.072
8 » 9,111 8 0.428 8 0.101
9 1 0.127 , 9 0.052-
10 1 0.051 /
11 0.072
12 0.196
13 0.131 '
Mean X 0.117 0.2478. , S 0.0773

SEM 0.0193 . 0.0493 . 0.0100 .




Figure I

RELATIONSHIP BETWEEN BILIARY CHOLESTEROL
AND DURATION OF THE FASTING PERIOD (Control Group)
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Figure IT11
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Figure VII

CONCENTRATION OF
CHOLESTEROL-PHOSPHOLIPID-BILE ACIDS
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+ Figure VIII

Critical Micellar Concentration of Bile Acids
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Figure IX

The Admirand and Small Triangular Coordinate
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