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Objective

To evaluate experience with isolated orthotopic liver trans-
plantation in children with liver failure associated with short
bowel syndrome (SBS).

Summary Background Data

Infants who have liver failure as a result of SBS are frequently
referred for consideration for combined liver and small bowel
transplantation. In a few patients the liver disease develops
despite a seemingly adequate bowel, which if given time and
appropriate management has the potential for full enteral ad-
aptation. There is a limited literature suggesting the utility of
OLT without replacement of the native bowel. The advan-
tages over combined liver and small bowel transplantation are
clear: organ availability is greater, liver-reduction techniques
are well established, lower immunosuppression is required,
and there is greater experience in the care of children after
orthotopic liver transplantation.

Methods

Eleven infants, considered to have a good prospect of even-
tual gut adaptation to full enteral nutrition if it were not for their
advanced liver disease, underwent isolated orthotopic liver
transplantation. Age range was 6.5 to 17.7 months. All pa-
tients had been dependent on parenteral feeding but had also

shown significant enteral tolerance at some time before listing
for transplantation. Advanced liver disease was apparent both
clinically and on histologic examination. All were jaundiced
and had low albumin levels, and most had coagulopathy. As a
group the infants had growth retardation. Estimated remaining
length of small bowel beyond the ligament of Treitz was in the
range of 25 to more than 100 cm. Six infants retained their
ileocecal valve.

Results

Thirteen liver transplants were performed in the 11 patients. A
combination of whole livers (n = 6) and reduced-size grafts,
of which three were from living-related donors, were used.
Biliary anastomosis was duct-to-duct in eight instances and
involved a short Roux limb in the others. Eight patients are
alive with follow-up of 15 to 66 months. Three deaths have
occurred after transplantation as a result of sepsis. Of eight
surviving patients, only two continue to receive intravenous
support and in both there is increasing enteral tolerance.
Since transplantation, all surviving children have shown ade-
quate growth with maintenance of pretransplant centiles.

Conclusions

In selected infants with liver failure secondary to short bowel
syndrome in whom complete enteral autonomy is anticipated,
isolated liver transplantation can offer long-term survival.

The ability of patients with intestinal failure resulting
from short bowel syndrome (SBS) to achieve nutritional
autonomy depends on the capacity of the gut remnant to
compensate or adapt. Intestinal adaptation requires increas-
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ing the functional absorptive surface by growth in length
and diameter as well as in villous height and crypt depth.
If fibrotic liver disease develops before enteral autonomy is
achieved, a downward spiral occurs, with decreased enteral
tolerance, nutritional impairment, and progression to liver
failure. The deterioration of bowel function is related to
several factors, including anorexia, intestinal malabsorption
secondary to luminal bile acid deficiency, ascites, bowel
wall edema and portal hypertensive exudative enteropathy,
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Table 1. CLINICAL DATA
Age at Weight at Bowel
Transplant Transplant Length lleocecal Biliary
Patient (months) (kg) Diagnosis (cm) Valve Donor Graft Type Anastomosis Outcome
1 9.8 6.30 exomphalos >100 yes cadaveric whole D enteral feeding
2 10 6.15 midgut volvulus 50 yes living left lateral segment R enteral feeding
3 11.3 7.5 necrotizing 35 no 1) cadaveric  left lobe D died
enterocolitis 2) cadaveric  left lateral segment R
4 10.3 5.65 ischemic bowel 60 yes living left lateral segment R normal diet
injury
5 6.5 5.45 necrotizing >100 no living left lateral segment R enteral feeding
enterocolitis
6 10.7 8.80 gastroschisis 45 no cadaveric whole D PN/enteral
7 11.5 7.60 midgut volvulus 40 yes cadaveric whole D died
8 9.8 5.80 necrotizing 70 no cadaveric whole D enteral feeding
enterocolitis
9 9.7 7.40 necrotizing 40 yes cadaveric whole D enteral feeding
enterocolitis
10 1.4 10.50 midgut volvulus 65 no cadaveric left lateral segment R PN/enteral
11 17.7 9.60 necrotizing 25 yes 1) cadaveric  whole D died
enterocolitis 2) cadaveric  left lobe D

D, duct-to-duct biliary anastomosis; R, Roux-en-Y; PN, parenteral nutrition.

and gastrointestinal bleeding.? Typically patients are then
considered for intestinal or combined liver and small bowel
transplantation. In selected patients, if it were not for the
appearance of severe liver disease, there might still be
considerable optimism that adaptation of the bowel to full
enteral tolerance could be achieved in time. In these cir-
cumstances, isthere arole for isolated liver transplantation?
Anecdotal accounts have circulated that liver transplanta-
tion alone should not be attempted because in these patients
cholestasis will inevitably develop in the allograft after
transplantation and that the prospect of intestinal adaptation
is negligible. Despite these dire warnings, several groups
have successfully carried out isolated liver transplantation
in children with end-stage liver disease related to SBS,
athough reports in the literature are few.>~* We now report
the largest experience with isolated liver transplantation in
children with liver failure associated with SBS.

PATIENTS AND METHODS
Subjects

Eleven patients who were referred for evaluation for
combined small bowel and liver transplantation were se-
lected to undergo isolated liver transplantation over a 6-year
period. Patient characteristics are listed in Table 1. Liver
transplantation was carried out a a median age of 10.3
months (range 6.5-17.7). All had SBS and end-stage liver
disease. All 11 infants had jaundice with hepatosplenomeg-
aly on physical examination, and all had cirrhosis shown on
biopsy either before transplantation or at explantation. Me-
dian prothrombin time, after vitamin K administration, was

17.1 seconds (range 13-32.9), median plasma albumin was
2.3 g/dL (range 1.9-3.2), median bilirubin was 19.8 mg/dL
(range 13.9-35.6), and median platelet count was 39 X
10%L (range 13-86). As a group the infants had significant
growth retardation, with a median z-score for weight of
—2.33 (range —3.19-0.68) and a median z-score for length
of —2.92 (range —3.67 to —0.31). Radiologic evaluation
showed a residual small bowel length of median 50 cm
(range 25 to more than 100 cm). Six patients retained their
ileocecal valve, and al subjects retained most or all of their
colon. Each infant had a history of considerable enteral
tolerance either at the time of evaluation or before the
progression of their liver disease. Median maximal enteral
tolerance, at or before evaluation, was 70% of nutritional
requirements (range 40—80%). Assessment of intestinal
motility was based on clinical assessment of enteral toler-
ance, stool output, and radiologic transit time of oral con-
trast. Formal small bowel manometry was not carried out.
No subject showed significant dilatation of any segment of
small bowel, although one patient had a short jejund stricture.

Statistical Analysis

The group was small, so normal distribution of parame-
ters within the group was not assumed. Standard deviation
scores (z-scores) were used to compare growth parameters
from before and after transplantation. Z-scores were calcu-
lated using National Center for Health Statistics growth
data.®> Data are expressed as median and range, and paired
growth data on surviving infants were compared using the
Wilcoxon signed ranks test. Nominal data were analyzed
using the Fisher exact test.
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RESULTS

Eleven patients underwent 13 liver transplants with six
whole organs and seven reduced-size liver grafts (see Table
1). In three instances a relative donated the left lateral
segment allograft. Biliary reconstruction was duct-to-duct
in eight transplants and chol edochojejunostomy with a short
Roux-en-Y in five transplants. The duct-to-duct biliary re-
construction was created using standard techniques. Inter-
rupted monofilament absorbable sutures were used. The
anastomosis was fashioned over abiliary stent. The (biliary)
stent was a 3F or 5F feeding tube, depending on the diam-
eter of the duct. No T tubes were used. The stent was either
removed before completion of the anastomosis or passed
into the duodenum through the anastomosis. The Roux-
en-Y limbs were created using the shortest possible segment
of small bowel that could be brought up without tension.
This was typically 10 to 15 cm long. The method of the
biliary construction was dictated by the patient’ s underlying
anatomy.

Immunosuppression for the first patient consisted of cy-
closporin and steroids. All other patients received tacroli-
mus and steroids for primary immunosuppression according
to our current protocol for orthotopic liver transplantation in
children. Tacrolimus is administered enteraly within 24
hours of transplantation, and initially we aim for blood
levels of 12 to 15 ng/mL for the first month. Ease of
administration and ease of maintaining target plasma levels
were not noticeably different from infants receiving liver
transplantation for other indications.

Eight patients are alive with amedian duration of survival
of 27 months (range 15-66). Survival was not influenced by
the presence of an ileocecal valve (P = 1.0) or type of
biliary anastomosis (P = .24). Six subjects have been
weaned fully from parenteral nutrition at a median of 7
months after liver transplantation (range 1.5-18). Only pa-
tient 4 eats an entirely normal diet; the remaining five
patients continue to require supplemental tube feeding. Lin-
ear growth for survivors has continued along their pretrans-
plant centile rather than showing catch-up in the majority of
subjects. Median change in z-score for height is —0.01

transplant transplant

Subject 10

(range —0.95-1.56) and median change in z-score for
weight is 0.36 (range —1.69-2.95) (Fig. 1).

Three patients died after liver transplantation. Patient 3
had hepatic artery thrombosis necessitating retransplanta-
tion, after which generalized sepsis with splenic gangrene
developed. Patient 7 underwent stricturoplasty at the time of
transplantation. Fulminant gram-negative sepsis devel oped
on day 4 after transplantation and progressed to multiple
organ failure. In the final patient, centrilobular necrosis and
acute liver failure developed on postoperative day 7, unre-
lated to hepatic artery thrombosis or rejection. She was
retransplanted 9 days after the first transplant operation and
made an excellent recovery. One month later she was tol-
erating more than 50% of requirements enterally, but 35
days after retransplantation she deteriorated acutely. Blood
cultures revealed Candida, and respiratory syncytia virus
was cultured from a bronchoal veolar lavage specimen. She
died 8 days later.

Several complications have been encountered in the sur-
vivors. Posttransplant lymphoproliferative disorder in pa-
tient 1 was diagnosed 2 months after transplantation and
responded completely to adenotonsillectomy, low-dose cy-
clophosphamide therapy, and temporary withdrawal of im-
munosuppression. Patient 2 had cytomegaloviral hepatitis
with full recovery on intravenous ganciclovir. In patient 5
an intraabdominal abscess developed amost a year after
transplantation, related to a stricture in her colonic remnant,
which required surgical drainage. In patient 10 a biliary
stricture developed that responded fully to percutaneous
dilatation.

Two patients still receive intravenous fluids. At the time
patient 6 presented to us, he was severely jaundiced and
coagulopathic with bleeding and showed signs of develop-
mental regression, probably associated with encephalopa
thy. His listing for isolated liver transplantation was based
on a history of 50% enteral tolerance before liver decom-
pensation and a nonstrictured 45-cm-long small bowel. He
is now 24 months after liver transplantation with normal
liver function. Parenteral nutrition supplies 60% of calories
and fluid requirements. Patient 10 continues to receive in-
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travenous fluids; he is now making steps toward nutritional
autonomy 15 months after liver transplantation.

DISCUSSION

The survival rate for patients with SBS requiring long-
term parenteral nutrition is approximately 60% at 5 years.®
About 15% of these deaths are directly related to parenteral
nutrition as a consequence of sepsis or liver disease, and
possibly half of al deaths in children receiving parenteral
nutrition are due to liver failure.” The etiology of paren-
teral nutrition-induced liver disease is multifactoria.®=* The
conventional hypothesis of direct hepatotoxicity by parentera
nutrition or deficiency of individual nutrient components is
now considered incomplete. Extensive intestinal resection may
set the stage for hepatobiliary sepsis and secondary liver dis-
ease through the combination of an altered lumina microbial
environment and loss of gut-associated lymphoid mass.*® The
emphasis now is on the susceptibility of the liver, especially
in infants, to sepsis-induced dysfunction.**® Whatever the
process, it eventually leads to cholestasis and cirrhosis.
Once end-stage liver disease develops, survival is about 1
year without transplantation.

The selection of patients suitable for isolated liver trans-
plantation with SBS requires a careful functional assess-
ment of past and present bowel function. Maximal enteral
tolerance is used as an indicator of best absorptive ability of
the bowel. Formal tests of intestinal absorption or motility
are not useful because the advanced liver disease gives a
false impression of excessively poor bowel function. Bowel
length estimates are imprecise using only measurement of
bowel shown on contrast radiology. However, consistency
of approach enables us to compare relative bowel lengths
between subjects, and no other noninvasive method has
been shown to be superior.’® We use these two pieces of
information in addition to routine clinical assessment to
estimate the likelihood of eventual full enteral adaptation
after successful restoration of normal hepatic function.?
Further, because adaptation of the small intestine after neo-
natal resection tends to be complete by 3 or 4 years of age,
we would suggest, as a genera rule, that this technique is
applicable only to infants and very young children.

The number of patients presented in this series is insuf-
ficient for us to define strict criteria for the application of
isolated liver transplantation in infants with end-stage liver
disease secondary to SBS. It is generally acknowledged that
a small bowel length of less than 25 cm (beyond the liga-
ment of Treitz) is unlikely to result in full adaptation.
Therefore, this is probably the lower limit at which an
isolated liver transplant can be contemplated in this situa-
tion. Similarly, we cannot define a precise lower limit for
previous enteral tolerance below which there would be no
hope of intestinal adaptation after successful orthotopic
liver transplantation. We have used 50% enteral tolerance as
our benchmark. If a patient has tolerated an enteral intake at
any time before end-stage liver failure that approaches or
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exceeds 50%, then the opportunity to consider isolated liver
transplantation exists. Most patients referred to our trans-
plant program for consideration for combined liver and
intestinal transplantation (and all the patients in this series
were referred for such combined transplantation) have con-
siderably less than 20% enteral tolerance and small bowel
lengths that range from O cm beyond the ligament of Treitz
to full lengths of dysfunctional small bowel.

This report describes the largest experience using liver
replacement alone for the treatment of parenteral nutrition-
induced liver failure with associated SBS. Eight of 11
patients with SBS and end-stage liver disease survived
isolated liver transplantation. This is similar to results ob-
tained in other young children receiving liver transplants for
other causes of liver disease, such as biliary atresia®* The
decision to treat patients with SBS and associated liver
failure with isolated liver transplantation has been based on
the expectation of full weaning from parenteral nutrition.
All of the patients had shown 40% to 80% enteral nutrition
at some point. We did not perform liver transplants to act as
a“bridge’ to later combined liver and small bowel transplan-
tation, as has been recently proposed by others.* Despite the
successful liver transplants described in this series, the majority
of children with SBS accompanied by end-stage liver disease
are not suitable for this form of treatment and will require
combined liver and small bowel transplantation.

Liver transplantation allowed the progression of small
bowel adaption to occur, permitting either freedom from
parenteral nutrition or a reduction in its use. All survivors
have made progress on enteral feedings, although two re-
main on intravenous support. Growth has been maintained,
although it is not possible in this group to compare growth
at defined time points after transplantation. Among surviv-
ing subjects with significantly low pretransplant weights,
four of five patients have improved their z-score for weight
since the transplant. Those already within the normal range
have generally maintained their centile. One patient has had
a significant deterioration in z-score for weight since trans-
plantation, but this patient had marked fluid retention with
ascites before transplantation. After transplantation his
weight decreased, but he is now gaining weight along the
15th centile. Linear growth has tended to follow the pre-
transplant centiles rather than displaying catch-up. The lack
of catch-up growth is disappointing but in no way implies
that the patients in this series would have been better off
with intestinal transplantation. In our intestina transplant
patients, we al so see no catch-up in linear growth if the child
is stunted going into transplantation.?® There are also pub-
lished data indicating that infants and children who are
stunted before liver transplantation for other indications
may also not show adequate catch-up growth.? One patient
eats a normal diet, but the dependence on supplemental
enteral tube feeding in five of the six patients off parenteral
nutrition is not unexpected. Many children with SBS who
have been weaned from parenteral nutrition before progres-
sive liver disease devel ops continue to require the same kind
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of supplemental feedings to maintain their growth and nu-
tritional status.*

Sepsis remains a serious concern in this group of patients.
All three deaths were the result of infection, and several of
the surviving patients have had systemic bacterial sepsis
while still requiring parenteral nutrition. However, there
have been no significant bacterial infections in any of the
patients once the central venous catheter has been removed.
Apart from bacterial sepsis, other posttransplant complica-
tions have been similar to those seen in patients with other
indications for liver transplantation. In particular, acute re-
jection rates appeared to be comparable in frequency and
severity with those seen in other liver transplant populations.

Where possible, biliary anastomosis was duct-to-duct so
as not to further reduce the functional length of the small
bowel with the fashioning of a Roux-en-Y loop. When
duct-to-duct anastomosis was not technically feasible (for
example, in living-donor liver transplantation), a short Roux
loop was used and did not appear to affect the patient
outcome or predispose the patient to ascending cholangitis.
Novel methods for biliary drainage have been discussed
such as hepaticoduodenostomy or hepaticogastrostomy, but
we did not feel the need to consider such options.

The alternative to isolated liver transplantation in these
patients would be combined liver and small bowel trans-
plantation. However, death rates for children on the waiting
list for combined liver small bowel transplantation approach
50%.2* The number of liver and small bowel grafts suitable
for infants such as those described in this series, weighing
less than 10 kg, is pitifully small, and the waiting list death
rate for this group of patients is greater still.?® Death rates
after combined liver and small bowel transplantation also
exceed those of isolated liver transplantation.>?=28 There-
fore, if long-term survival with a liver graft alone can be
reasonably expected, then the opportunity should be seized.

In conclusion, isolated liver transplant can offer a long-
term solution for patients with end-stage liver disease re-
quiring total parenteral nutrition in carefully selected pa-
tients who have shown historical evidence of enteral feeding
tolerance and who have sufficient small bowel that complete
enteral adaptation can be reasonably expected. Experience
with both transplantation and nutritional support of children
with SBS is probably essential for a successful outcome in
such situations.
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