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Total parenteral nutrition in infancy: effect on the liver
and suggested pathogenesis
C A 1Li(;[t11S. I C TALBOT. D A DUCKER.. AND M J HIARRANt

Fkonil thi Dl p' rtmenaits of (Ili ild He(l/tIl and Patholot, of Lr c. i (Clinical .S(c l(ncs B1u1ild(inlg,
Leicester RoYaloliiitfir,ii l. cicc.w,

SUNINIAR\! Biochemical, histological, and electroni-microscopic investigation of seven preterm
infanllts who becalme jaundiced after prolonged total parenteral nutrition showed conjugated
hvperbilirubinaemiai apparently due to cholestasis without significant primary liver cell injury. In
the absence of evidence indicating a direct toxic effect on the liver of this form of nutrition the
necropsv findings in one child and analogy with the effects of total parenteral nutrition in animals
suggest that the cholestasis is the result of suppression of trophic and/or secretion-stimulating
hormone(s) normally produced by the gut. due to absent enteral nutrition. Biochemical and
electron-microscopic findings suggest that liver cell damage occurs after resumption of enteral
nutrition

Total parenteral nutrition is an effective method ot
suppliing enlergy, and nutrienits to support life and
growth in neonates and infanits and is used w!hen
enteral feeding is contraindicated because of
paralytic ileus or intestinal mucosal damnage. Many'
problems with this type of nutritioni have beenl
described.' one of which is conjugated hvper-
bilirubinaemia. Babies with low birth weights
(below 25 kg) are especiallyl liable to develop this
problem. The reason is unclear but mana factors
have been suggested. Liver biopsies of some babies
suggest that there is an inflammatory response and
hepatocellular injursy. wxhereas others have shown
that there is predominantly an increase in bile ducts
such as that seen with biliarv atresia or a
combination of these histological changes.
Percutaneous liver biopsies were perforrmed in four
infants in whom the cause of conjugated hyper-
bilirubinaemia was unclear and immediately after
death in three infants. To follow! the onset, course.
and progress of the liver disease. plasma activities of
the enzymes alaniine amino transferase and gamma
glutamyl transpeptidase were measured at approxi-
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matelv weeklv intervals to differentiate pre-
dominantly hepatocvte darnage from canalicular
disease. 9

Nlethods

Seven preterm infants born at 27-33 weeks'
gestation during 1978-79 who developed a persistent
and prolonged conjugated hyperbilirubinaemia
(serum bilirubin >100 ,um/1) during or after total
parenteral nutrition are reported. Percutaneous
liver biopsies were performed as part of the clinical
investigation of conjugated hyperbilirubinaemia.

All infanits received parenteral nutrition through a
central silastic catheter inserted via a peripheral
vein. The infants received a total water intake of
60-120 ml/kg/day during the first week of life and
thereafter. 150-180 ml/kg/day. L-amino acids
(Vamin. 10%7 glucose*) were started at 0(75 g/kg
body weight/dav and increased to a maximum
amount of 25 ggkg body weight/day over at least five
davs. Dextrose was given as a 10%( solution starting
at 8 g/kg body weight/day and increased to a
maximum of 18 g/kg body weight/day depending on
tolerance. Fat was given as 10 or 20%()5 Intralipid* by
a continuous infusion over a 20 hour period each day
to a maximum of 4 g fat/kg body weight/day. Sodium
and potassium were given to maintain satisfactory
levels in plasma and urine. Macro- and micro-
elements were given as formulated in Ped-EI*.
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Vitarmins were given dalily in the form of MVI ( USV
Pharmaceutical (orp) or Solivito* and Vitlipid
Satisfactory growth was achieved on this regime ot a
non-protein energy intake of 0(380046 MJ kg/bodv
weight/day (90-i 10 Kcal).
Venous or arterial blood samples were taken once

or twice weekly for assessment of metabolic and
nutritional status and included the estimation of
bilirubin. y-glutamvl transpeptidase (GGT; EC,
2.3.2.2) and alanine amino transferase (ALAT; EC.
2.6. 1.2). GGT and ALAT were analysed on a MSE
Vitatron automatic kinetic enzyme system (MSE
Scientific Instruments, Crawley, England) usinlg
reagents from Smith and Kline Instrument Co Ltdl
(Welwyn Garden City, England). The Spin Chem
GGT reagent used was a modification of the method
of Szasz.' The Plus C'hem ALAT reagent used
adopted the method of Henry et al"' optimised at
350C. All assays were performed at 370C.
The liver biopsies were performed 10-17 weeks

post-natally. after starting full enteral nutritioii in
four of the infants with local anaesthesia, using a
Jamshidi needle and immediately after death on
three infants aged 7-19 weeks. The tissue was
immediately fixed in 10%/c formol saline for 24 hours
and then processed into paraffin wax for routine
histology. Sections were stained with haematoxylin
and eosin, by Perls' technique and by Gordon and
Sweet's silver method for reticulin fibres. Samples of
five of the infants (one immediately after death)
were fixed in Karnovsky's fixative" and processed
into resin for electron microscopy. One infant (JT)
was rebiopsied 36 weeks after stopping parenteral
nutrition, during a laparotomy performed for
closure of a temporary ostomy. The liver was
rebiopsied because of late appearance of the
conjugated hyperbilirubinaemia and to ascertain
whether there was progressive liver disease.

Results

The indications for total parenteral nutrition in the
preterm infants and the age at which it was given are
summarised in Table 1. The period of time after
starting parenteral nutrition at which an obstructive
jaundice first became apparent varied from 22 to 57
days. We have not seen conjugated hyperbilirubin-
aemia occurring in infants fed by this method of
nutrition for a period of less than 22 days. There was
no evidence of congenital infection with Toxo-
plasmosis, cytomegalovirus rubella, or syphilis, or
post-natal infection with hepatitis B virus or cyto-
megalovirus and none of the babies was x-1-
antitrypsin deficient. From Table 1 it can be seen
that three of the infants died from multi-organ
failure. A fourth infant (EC) presented as a sudden

intant death at the age of 6 months while at home.

1.1(11 1 MllCRO(SCOPY'E
I listok)gical mraterial from each child was adequate
and cach biopsy showed similar features. illustrated
in Fig. 1. although their severity was variable. The
changes may conveniently be described separately
as portal tract and parenchvmal.

PORIAL\I iR\( 1 (11.\\(GiS
The portal triacts wsere enlarged and oedematous in
all the speciniens examined, and proliferation of bile
ductules at the peripherv of the portal tracts was
inik.lriatbly a prominent teature. Sometimes the
epithelial cells of bile ducts and ductules were
irregular or distorted. Bile thrombi were observed in
bile ducts or ductules in all except one patient (RC)
and a periductular neutrophil exudate was a
constant feature. Lymphocvtes were character-
istically scanty and eosinophils not usually found. In
addition, there was usually an irregular extension of
loose mesenchyme-like connective tissue into the
periportal parenchyma but this wIas never florid and
in no patient was there evidence of fibrosis.

PARENCHYMAL CHANGES
The parenchymal changes were predominantly
those of cholestasis with bile pigment in hepatocytes
and canalicular bile plugging in all biopsies: the
latter was predominantly centrizonal. Kupffer cells
were usually swollen and laden with bile pigment
and often with haemosiderin. There was feathery
degeneration of hepatocytes, particularly around
the portal tracts in five of the infants (RC, BL, EC,
JK, and JT). A few inflammatory cells were
observed in the parenchyma in one patient only
(SP).

El.ECTRON MICROSCOPY
Ultrastructural examination of liver tissue from five
children (Figs 2. 3) confirmed the canalicular bile
plugging and showed focal loss of canalicular micro-
villi. The hepatocytes contained both bile and
pseudobile and there was vesiculation of endo-
plasmic reticulum. There was also swelling,
distortion of cristae, and disruption of mito-
chondria.

NECROPSY
Necropsy examination of the infants who died
revealed small but patent extrahepatic bile ducts.
The lumen of the common bile duct was blocked by
plugs of dark green biliary sludge in one. The
histological appearance of the liver in the three
babies who died closely resembled that of the livers
of those who survived.
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Fig. Liver hiops of
aund(liced itl|btil (( I .shoing
p)ortal tract enlargemnent dute to
oedetna, with prolif eratioti aind
epithelial di.sorlion oJ bile
ductules. Bile thrombi are
present in bile ductules,
periportal hepaiocVte.s .show
feathery degenteration, and
there i.s a neutrophil e.Aucdate
around da(maged periportal
hepaltos yle.s atid ducitules. H
and E, x250 (original
nmagnification).

Fig. 2 Electron micrograph of liver biopsy from jaundiced infant (BL). There is bile pigment in autophagic vacuoles of
hepatocyte in lower halfoffield and laminated, whorled pseudobile at the upper edge of thefield. The canaliculus (centre) is
distended by faintly staining bile, contains a shed mass offinely granular ectoplasm and shows focal loss of microvilli.
Pericanalicular cytoplasmic vacuoles are probably dilated endoplasmic reticulum. Mitochondria show variable distortion
and disruption. (Scale mark = I ,um.)

244

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.24.3.241 on 1 M

arch 1983. D
ow

nloaded from
 

http://gut.bmj.com/


Total pa(rettral tiiutritioti inlt(tt( cffcc t ott /ic u sc ( 1 slttcStc(l fNt(llO%ctlc'.i524e

Fig. 3 Electron tnicrograph of liver biopsy from inifant (JT), c/linicall/ recoverel frotm jaundice atnd 36 weeks after total
parenteral niutritiotn. The bile canaliculi have reverted to a tmore iormnal morphologv bult the cYtoplasmic organelle changes
persist atnd datmaged mitochonidria anid vesiculation of endoplasmlic reticululitm tte tnore prominetit. (Scale mark = I ,um. )

FO11 OW-UP BIOPSY
A follow-up liver biopsy in one of the children (JT)
taken nine months after total parenteral nutrition
was discontinued showed complete resolution of the
portal tract abnormalities and the liver was

essentially normal apart from some residual
parenchymal cholestasis. The bile canaliculi were

normal at electron microscopy but there was more

severe damage of hepatocyte organelles, there being
considerable swelling and disruption of
mitochondria and vesiculation of endoplasmic
reticulum.

PI.ASMA ENZYMES

The results for GGT and ALAT are shown in Table
2. The reference values for ALAT in neonates in

our clinical chemistry laboratories are given. The
normal range for GGT in premature neonates is not
known, but in six of the infants it became

increasingly raised and returned to a low level eight
to 16 weeks after parenteral nutrition ended. On the
other hand, ALAT did not start to rise until enteral
feeds were introduced.
Serum alkaline phosphatase, although raised, was

found to be predominantly of bone type and was not
therefore used in these children as a marker of
hepatobiliary dysfunction. Bilirubin was measured
routinely only after the patients became clinically
jaundiced and was predominantly conjugated.

Discussion

These studies of plasma enzyme activities and liver
histopathology suggest that the jaundice which
occurs in association with total parenteral nutrition
is due to a failure of bile secretion or excretion
rather than primarily hepatocellular injury. The
cholestasis occurs within two to four weeks of
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Total parenteral nutrition_. Combined enteral and parenteral nutrition . Enteral nutrition above I Normal range
for ALAT in neonates: 2-77 lU/l.

starting this form of nutrition and resembles
mechanical bile duct obstruction. 12 Furthermore, we

have not been able to identify any particular
organelle damage which could have been caused by
a constituent of the parenteral fluids; the ultra-
structural features are non-specific and resemble
those documented in association with cholestasis
due to a variety of causes. '3
The rise in plasma enzyme activity which occurred

shortly after the introduction of enteral nutrition
suggests that damage to hepatocytes may be the
result of the resumption of bile flow; whether this
results from loss of integrity of pericanalicular
tight-junctions between hepatocytes which have
atrophied after total parenteral nutrition, thereby
allowing regurgitation of bile from canaliculi
between the hepatocytes, which thereby become
damaged, must remain speculative after this
investigation.

BIOCHEMICAL PARAMETERS STUDIED

Plasma activities of GGT and ALAT were assayed
as markers of cholestasis and hepatocellular damage

respectively." Although little is known about the
significance of absolute levels of GGT in premature
infants,'4 it is clear that there was a rise in GGT
activity within two to four weeks of parenteral
nutrition in our infants. This corresponds with the
rise in serum conjugates of cholic acid after two
weeks' total parenteral nutrition in the babies
described by Sondheimer et al whose birth weight
was less than 2 kg. 15 There is therefore good
biochemical evidence that cholestasis occurs at an

early stage during total parenteral nutrition.

CHOLESTASIS AND HEPATOCELLULAR INJURY

The histological and ultrastructural appearances and
plasma enzyme activities suggest that the hepatocyte
is spared injury, at least during total parenteral
nutrition. Only after starting enteral nutrition was

there evidence that hepatocyte damage might be
occurring, shown by the rise in plasma ALAT
activity. Although this injury was not obvious on

light microscopy, ultrastructural examination of the
liver in these infants and in those studied previously3
shows evidence of hepatocyte damage, still present
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in one infant 36 weeks after total parenteral
nutrition was discontinued (Fig. 2).

Previously reported histological features have
included necrosis and ballooning degeneration of
some hepatocvtes2 7 and giant cell transformation.3
These infants received total parenteral nutrition for
feeding intolerance associated with respiratory
distress,2 volvulus or duodenal stenosis. or

necrotising enterocolitis.3 Cholestasis. with bile
retention and bile duct proliferation, but little or no

evidence of hepatocellular damage has, however,
been reported by others4 " 1" 17 and in some cases

these changes have been associated with a periportal
inflammatory response.4 " ' Ultrastructural
examination of the liver in these infants and others,3
however, shows, in addition to the features of
cholestasis. evidence of damage to the hepatocytes.
We do not know if these changes were present
before enteral feeds were introduced.
Doubt has been cast on the relationship between

the severity of the pathological findings and duration
of total parenteral nutrition,6 lx but recently Cohen
and Olsen' have shown that liver pathology
develops sequentially in infants receiving long-term
total parenteral nutrition.

LONG-TERM RESULTS

The infants described in this paper showed no

evidence of fibrosis, although this has been
described in other series. -I2(J Indeed, a few
patients have progressed to cirrhosis,5 21 but only
after receiving total parenteral nutrition for from
179 to 300 days. Although such prolonged periods
may increase the severity of the liver damage,
abdominal sepsis and ascending cholangitis seem to
have contributed to the problem in these
cases.52 22 Long-term follow-up is required if the
ultrastructural changes are to be fully evaluated.

AETIOLOGY OF CHOLESTASIS

This does not appear to be related to the con-

stituents of the fluid given intravenously, whether
L-amino-acids, protein hydrolysates, or intravenous
fat emulsion are included.'9 It may be significant
that cholestasis has been observed in infants not
given any of these nutrient mixtures but who have
not been given food enterally23 in the course of
management of a variety of gastrointestinal
problems. Deficiency of a specific amino acid
essential to the formation of normal bile salts,7 an

increase in the lithogenicity of bile, interference
with micelle formation and the flow of bile into the
canaliculus, or interference with hepatobiliary
enzymes controlling bile secretion24 have all been
suggested as possible aetiological factors. Other
postulated aetiological factors are hyperammon-

aemia. ' inbalances of plasma amino acids)19 22

sepsis." toxicity from tryptophan conversion
products. " or peptide hydrolysates.A The problem is
increased by high protein and dextrose intakes.27

ABSENT ENTERAL NUTRITION
Rager and Finegold" suggested that early fasting
rather than parenteral supplementation may
contribute to impaired hepatobiliary function in the
small premature infant. Certainly in animals fed
parenterally which do not receive any nutrients by
the enteral route (other than endogenous
secretions) both the intestinal mucosa' and
pancreas29 become atrophic. It would not be
unreasonable to suggest that the hepatobiliary
system is similarly affected, with the bile ducts and
canaliculi becoming arrested in their development
or atrophic. The mechanism whereby such changes
occur is speculative but the release of gastro-
intestinal hormones with trophic and/or secretory
action on the hepatobiliary system may be reduced
because of absent enteral nutrition. There is indirect
evidence for this hypothesis in that the pancreatic
atrophy which developed in parenterally fed rats
was completely prevented by daily infusions of
cholecystokinin-octapeptide.3" Although this
applies to animals, the same phenomenon is likely to
be seen in neonates and suggests that hormones
normally released by enteral nutrition are
responsible for maintaining the structure and
function of digestive organs. It is probable that
cholecystokinin and related hormones also stimulate
bile secretion in the ducts and ductules.32
Diminished secretion of these hormones would lead
to a decreased secretion of bile with increased
viscosity and the formation of bile plugs. This
problem may be further enhanced by the functional
immaturity of the liver.33 In addition, the
composition of bile may be altered by the nutrients
used in total parenteral nutrition, so that it becomes
more lithogenic, as has been shown in rats.34

This complication of parenteral nutrition in
neonates, particularly those born before term, is
related to the duration of the parenteral nutrition.
The cause may be multi-factorial but lack of enteral
nutrition with suppression or lack of hormone
stimulation should be considered as a possible
relevant factor. We think that it is important that
enteral feeding should be started as soon as possible
to stimulate the flow of hepatobiliary secretions that
might be important for the normal development of
the bile excretory system.
We also believe that insufficient attention has

been given to this pathogenetic mechanism as a
cause of the jaundice often seen in fasted adult
patients in intensive care units, when lack of enteral
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nutrition may have an additive effect on a liver
alreadv subjected to hypoxic and other dlaimaigilng
influences.

We thank Dr D P Davies for allowing us to studv
patients under his care. Dr T J Davies for estimating
the enzyme activities Cand Mrs G Holmes for typing
the manuscript.
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