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Abstract

Objectives: Minimal research has been conducted on the effect of
nutritional status on acute post-transplant outcomes in pediatric liver
transplant patients. The purpose of this study was to determine the
effect of pre-transplant nutritional status (height, weight, albumin,
hemoglobin, Vitamin A, Vitamin E, Vitamin D, mean corpuscular
volume (MCV), calcium, magnesium and phosphorus) on acute
post-transplant outcomes (length of hospital stay and infection
rate).

Methods: We conducted a retrospective chart review of all
children who received a liver transplant between January 1999 and
December 2008 at the Hospital for Sick Children in Toronto.

Results: Data were analyzed for a total of 128 children; average
age at transplant was 6 years. Children with a height z-score <-
2.5 had a longer length of stay and greater number of infections
than those who had a height z-score of > -2.5 (54.7 vs. 34.8 d). In
addition, those with a height z-score of <-1.5 had a longer length of
stay and more infections than those with a height z-score of > -1.5
(45 vs. 35 d).

Conclusions: The acute post-transplant outcomes of pediatric
patients who underwent liver Transplantation for liver failure
was significantly affected by height z-scores pre-transplantation.
Children with poor linear growth had a length of stay up to 20 days
longer and a 30% higher infections rate than those with improved
linear growth. Children with liver disease should be aggressively
monitored pre-transplant to ensure adequate linear growth.
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Introduction

Chronic liver disease is associated with poor nutritional status
in children particularly if cholestasis is longstanding and the
onset is in infancy [1,2]. Early satiety due to enlarged liver, spleen
or ascites as well as anorexia leads to inadequate food intake and
protein energy malnutrition. Changes in amino acid metabolism and
increased energy requirements [3] contribute to suboptimal energy
and nitrogen balance, and fat malabsorption as a result of decreased
bile flow further contributes to negative energy balance as well as
micronutrient deficiencies [4].

Liver transplantation is a successful treatment for both children
and adults with end stage liver disease (ESLD) and provide a high
quality of life post-transplant [5-8]. However, malnutrition impacts
negatively on acute post-transplant outcomes [9,10]. Eighty percent
of adults with ESLD requiring transplantation are considered
malnourished [11,12]. This results in increased morbidity and
mortality [12] longer length of stay in the intensive care unit (ICU) as
well as a longer overall length of hospital stay [13]. In children, those
who are malnourished pre-transplant have higher infections rates,
more surgical complications, and higher mortality compared to those
that are better nourished [14,15]. In addition, children with height
z-scores <-1.5 stayed in hospital twice as long as children with height
z-scores >-1.5 with an increased hospital cost of $40,000 average per
child [10].

The Hospital for Sick Children liver transplant program has
performed over 350 transplants since its inception in 1986. Although
nutritional assessments are performed routinely pre-transplant, an
understanding of the specific nutritional factors that predict adverse
outcomes will provide a focused approach to nutritional interventions
pre-transplant so that post transplant outcomes can be optimized.
The goal of this study therefore was to determine the preoperative
nutritional parameters that are predictive of post-operative outcomes
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after liver LT in pediatric patients at a large pediatric liver transplant
center.

Methods

Subject selection and description

A retrospective chart review was conducted to identify patients
who underwent isolated liver transplantation between January 1999
and December 2008. The following patients were excluded: 1) those
who received a LT because of parenteral nutrition associated liver
disease secondary to an underlying diagnosis of intestinal failure and
2) those who received multiple organ transplants (liver and small
bowel or liver and kidney), and those who died before discharge.
All other patients were included. Those included fell into one of the
following five categories; cholestatic liver disease, metabolic disease,
tumors, immune-mediated condition, and acute liver failure.

January 1999 to December 2008 was chosen to eliminate the
period when both cyclosporine and tacrolimus (FK 506) were both
used as immunosuppressive drug to capture a period when mainly
tacrolimus was used. Our intention was to have a cohort of patients
on the same immunosuppressive drug.

After patient identification, data were collected on subject
characteristics: age, height, weight and diagnosis requiring transplant,
markers of nutritional status: serum albumin, Vitamin A, Vitamin
E, Vitamin D, hemoglobin, MCV, mean corpuscular hemoglobin
(MCH), on the day of or within two weeks of transplant and outcomes:
total length of in-hospital stay and number of infections. Standard
practice at our hospital is to do standing height on children > 2 years
and recumbent length on those < 2 years. Therefore, we expect that
this procedure was followed when measuring height for all children
included in this study. An infection was categorized as a diagnosis
made in the medical record of a viral, bacterial, or fungal infection
and treated with antibiotic or antifungal medication for bacterial or
fungal infection and conservative management for viral infection. The
acute post-transplant timeframe was defined as up to and including
six months. Six months was chosen because it has previously been
chosen as an acute post transplant period in the published transplant
literature [15].

Prior to data collection, the data collection team (JO, MS, FF,
KVR, KC, PK, MG and GCM) met on several occasion to discuss
the process; including how and where the data will be collected and
the relevant data to be collected. A standardized data collection form
(approved by the Research Ethics Committee) was used to collect
all relevant information for the study. Data collation did not begin
until each one felt comfortable and followed the standard procedure
of obtaining the relevant data. In addition, several meetings were
held over the course of the data collection period to ensure the
standardized process was maintained. The principal investigator
GCM was responsible for the supervision of the data collection.

This study was approved by the Human Research Ethics
Committee at The Hospital for Sick Children (Toronto, Canada).

Statistics

Statistical analyses were performed on primary and derived
variables. Patients were stratified into five categories based on
diagnosis for initial analysis. These categories were: cholestatic disease,
acute liver failure, metabolic disease, tumors, and immune-mediated
disease. The purpose of this stratification was to determine if there
were significant differences among the outcomes of interest based
on diagnoses. Analysis of variance was used to test for differences
in outcome among the different diagnosis. Simple linear regression
analysis was used to examine associations between each predictor
variable and each outcome variable. Where no relationship existed
the variables were removed from subsequent analysis. Significant
associations were then assessed using multiple linear regressions,
with ANCOVA used to test for confounders. Weight and height
Z-scores were calculated using the Centre for Disease Control (CDC)
reference data set: (http://spitfire.emmes.com/study/ped/resources/

htwtcalc.htm). The CDC data set was used to calculate the weight and
height z-scores because at our hospital, the CDC growth charts had
been used for many years to clinically assess nutritional status in our
patients. Therefore, the growth status of all patients included in this
cohort would have been plotted on CDC growth charts. Since we only
switched to using the World Health Organization (WHO) growth in
2013, we felt it was inappropriate to use the WHO charts to assess
the height and weight z-score of the children in this study because
their nutritional status and growth pre and post liver transplantation
would have been monitored using the CDC growth charts.

All analysis for heights and weights were conducted using the
corresponding z-scores. Z-score stratification of < -2.5 and > -2.5 as
well as < -1.5 and > -1.5 were then used to test associations between
the outcomes of interest.

Patients were subsequently stratified by cholestatic liver
disease and non-cholestatic liver disease for a sub-group analysis
as cholestatic liver disease is known to be associated with more
significant malnutrition. Statistical significance was established at
p < 0.05. Statistical analyses were performed using SAS version 9.3
for Windows.

Results

A total of 150 children received a liver transplant from January
1999 to December 2008. Of those, 22 were excluded, 3 received liver
and kidney, 15 were transplanted as a result of underlying intestinal
failure and parenteral nutrition related liver disease and 4 died in
hospital before discharge. A total of 128 patients who received a liver
transplant from January 1999-December 2008 met inclusion criteria
and were included in the study. Characteristics of all 128 patients
included in this study’s cohort are presented in table 1. Briefly, the
average age of the patients was 5.98 + 5.6 (mean * SD). Seventy
two patients (56%) had cholestatic liver disease, 19 (15%) had acute
liver failure, the other 29% were transplanted for metabolic disease,
tumors or immune mediated disorders (Table 1). Height data was
only available for 111 of the 128 patients whereas weight data was
available for all patients. The average height and weight z-score pre-
transplant were -0.60 + 2.03 and -0.49 + 1.63 respectively (mean +
SD). When our main outcome of interest were assessed, post liver
transplantation the average length of hospital stay per patient was
38.14 + 39.81) days (mean * SD) and patients developed 1.13 *
1.51 (mean * SD) infections. The results of the ANOVA showed no
differences in outcome based on diagnosis therefore, all groups were
collapsed for future analysis.

Associations

When the entire cohort was assessed, there was no association
between age at transplant and length of hospital stay post-transplant.
There was also no association between age at transplant and infection
rates post-transplant. There were no associations between overall
weight and length z-scores and length hospital stay or infection
rates post-transplant. There were no associations between any of the
markers of nutritional status and the outcomes of interest. Serum
albumin was available for 118 of the 128 patients. The mean albumin

Table 1: Subject characteristics of 129 children who received a liver transplant
(LT) between January 1999-December 2008.

Variable n

Diagnosis requiring Cholestatic liver disease 73 (57)
LT, n (%) o

Metabolic disease 11 (9)

Tumor 13 (10)

Immune mediated 10 (8)

Acute liver failure 22 (17)

Mean + SE  Std Dev

Age at Tx (yrs) 129 6.01£0.5 5.66
Height z-score 111 -060+0.19 | 2.03
Weight z-score 129 -0.50+0.14 1.63
Infection Rate 128 1.12+£0.13 1.51
Length of Stay (days) 129 38.09+3.49 | 36.99
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Figure 1: Relation between Height Z-score (< -2.5 SD and > -2.5 SD) and length of hospital stay post liver transplantation in pediatric patients who underwent

liver transplantation between January 1999 and December 2008
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Figure 2: Relation between Height Z-score (< -2.5 SD and > -2.5 SD) and number of infections post liver transplantation in pediatric patients who underwent liver

transplantation between January 1999 and December 2008

>-2.5 SD

concentration was 30.19 £ 6.26 (mean + SD) with an upper and lower
95% CI of 29.05 to 31.34. There was a trend towards significance
between pre-transplant serum albumin and infection rates (p = 0.085)
but it was not statistically significant.

After stratification by height and weight z-scores (All 128
patients): using cut-off of -2.5 SD: After stratification by -2.5 SD,
weight z-score did not affect length of hospital stay or number of
infections post liver transplant in this cohort of pediatric patients
who underwent liver transplantation between January 1999 and Dec
2008. Data on height was available for 111 of the 128 patients in this
cohort. Children with a height z-score of <-2.5 had longer hospital
stay post liver transplantation than those with a height z-score > -2.5
(p = 0.002).The average length of stay for those with a height z-score
of <-2.5 was 54.7 days whereas average length of stay for those with a
height z-score of >-2.5 was 34.8 days (Figure 1). Additionally patients
who had a height z-score <-2.5 had a significantly higher number of
infections post transplantation that those with a height z-score > -2.5
(p = 0.04) (Figure 2). Those with a height z-score of <-2.5 had an

average of 1.42 infections compared with 1.08 in those with height
z-score >-2.5 (Figure 2). Of the 12 patients with height z-score <-2.5,
(Figure 1 and Figure 2), 10 had cholestatic liver disease and 9 of those
had BiliaryAtresia.

After stratification by height and weight z-scores (all 128 patients):
using cut-off of -1.5 SD: Using a cut off of -1.5 SD, weight z-score was
not associated with any of the outcomes of interest. Of the 128 patients
data on height was available for 111 patients. There was a trend towards a
higher number of infections in those patients with a height z-score <-1.5
than in those with height z-score >-1.5. However, it was not statistically
significant (p = 0.08). Patients with a height z-score <-1.5 spent 43 +
34.1(mean + SD) days in hospital post liver transplantation whereas
those with height z-scores > -1.5 spent 35 + 34.2 days (p = 0.03) (Figure
3). Of the 31 patients with height z-score <-1.5, 24 had cholestatic liver
disease (22 Biliary Atresia, 2 Alagille’s Syndrome).

Results of sub-analysis: Children with cholestatic liver disease
only: Subject characteristics for this subset of children can be found
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in table 2. This subset of patients with cholestatic liver disease was
mostly made up of children with Biliary Atresia 79%they were
younger that the full cohort of patients described in table 1, with a
mean age of 4.83 vs 5.98 years. However, there was no relationship
between z-score for weight or length and length stay or infection rate
in this subset of patients.

Discussion

In this large cohort of 128 pediatric patients who underwent liver
transplant at a single centre between January 1999 and Dec 2008,
poor linear growth as characterized by height z-score <-2.5 standard
deviations (SD) below the mean was associated with an almost 60
percent increase in hospital stay and a 30% increase in the number of
infections in patients after receiving a liver transplant. Further, when
a height z-score cut off of -1.5 SD was used, those with height z-score
< -1.5 has a 23% longer hospital stay post liver transplantation than
those with height z-score >-1.5 SD.

Many have evaluated the relationship between nutritional
status pre transplant and post liver transplant outcomes in adults
[9,15-17] as well as pediatric patients [10,14,18]. However, only one
study looked at the relationship between height z-score in children
and length of hospital stay post transplant [10]. Variation in the
indices used to classify malnutrition in the adult studies have led to

Table 2: Subject characteristics of a subset of 72 patients - those with cholestatic
liver disease who received a liver transplant between January 1999 - December
2008.

Variable n
Diagnosis, n (%) Biliary Atresia, 57 (79)

Budd Chiari Disease, 3 (4)
Caroli’s Disease, 2 (3)
Alagille’s Syndrome,1 (1)
Other, 9 (13)

n Mean Std Dev

Age at Tx (yrs) 72 4.83 5.34
Height at Tx (cm) 65 99.07 37.2
Weight at Tx (kg) 72 19.31 16.92
Height z-score 65 -1.07 2.2
Weight z-score 72 -0.92 1.44
Infection Rate 72 1.08 1.42
Length of Stay (days) 72 36.45 29.64

conflicting results because many of the indices evaluated (such as
serum albumin, prothrombin time) are a reflection of the severity
of the underlying liver diseases rather than malnutrition [12]. In
children, growth is the best indicator of nutritional status as growth
responds rapidly to changes in caloric and nutrient intake; weight
first and height later (usually within three months depending on age)
[19,20]. In the developing world, children with a weight-for height
z-score of -3 to <-2 or <-3 are three and ten times respectively, more
likely to die than those with weight-for height z-score of -1 [21].

We did not see a relationship between weight z-score in the
present study and any of our outcomes of interest. Shepherd et
al. [18] previously showed an increased 1 year survival of 88% in
children transplanted for end stage liver failure with a weight z-score
>-1.0 when compared with a 38% survival in those with a lower
weight z-score. Since those outcomes are different than the acute post
transplant examined in our study, it is difficult to compare. However,
in clinical studies evaluating the effect of nutritional status on liver
transplant outcomes, linear growth is a more reliable indicator
than weight [10,18], because in liver disease weight is affected by
the presence of varying degree of ascites and increasing liver and or
spleen size [11].

The results for the entire cohort of patients in the current study
show that poor linear growth even -1.5 SD below the population mean
had a significant negative effect on length of hospital stay post liver
transplantation but that the negative effects of poor linear growth on
susceptibility to infections manifest itself at higher growth deficits i.e.
< -2.5 SD below the mean. Our results are in agreement with those
of Barshes et al. [10] who showed that pediatric patients with a lower
height z-score (<-1.5) had a longer length of stay in hospital after
liver transplant than those with a higher height z-score (>-1.5). In
that study, poorer linear growth resulted in an increased cost of an
additional $40,000 per patient. This is important because in an era of
rising healthcare costs it is important to minimize these costs while
at the same time optimizing patient’s outcomes and achieving high
value for patients. Thus efficiency which relates outcome to cost is
an important consideration [22]. The patients in our study had an
overall longer hospital stay post liver transplant than those in the
Barshes study [10]. Our patients with height z-score < -1.5 stayed
an average 43 days compared with 20.5 in the Barshes study. In
addition those with a height z-score <-2.5 stayed 54.7 days which
is almost 30% longer than those with a height z-score < -1.5. It is
unclear what accounted for the higher length of stay in the current

45=
40+
35m

30
25+
20+
15=
10=

5a

Length of Hospital Stay

0=

p=0.03
<-1.5 8D =43 £ 34.1(mean = SD)
>-1.58D=35+34.2

1
<-1.5S8D

Height Z-Score

Number of subjects by group:

<-15S8Dn=31
>-15SDn=80
Total n=111

Figure 3: Relation between Height Z-score (< -1.5 and > -1.5) and number of infections post liver transplantation in pediatric patients who underwent liver

transplantation between January 1999 and December 2008.

1
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study compared with the Barshes study. It is possible that differences
in clinical protocol could play a role. The results of our study suggest
that assessing/evaluating nutritional factors such as pre-transplant
height with an aggressive intent to minimize failure could potentially
decrease morbidity, and reduce healthcare costs associated with
pediatric liver transplantation.

In prospective studies in adults on the effect of nutritional status
on outcome in liver transplantation [15,16], malnourished patients
had up to 7 times the number of infections when compared with
those who were well nourished [16]. Thus our data is in agreement
with those data that malnutrition increased infection rate in liver
transplantation. In the current study, patients with height z-score <
-2.5 had a 31% increase number of infections compared with those
with a height z-score > -2.5. A total of 12 patients had height z-score <
-2.5 and of those 10 had cholestatic liver disease. Interestingly, when
the height z-score was stratified by -1.5 SD, the number of infections
was not different between those < -1.5 or >-1.5.This is of interest as
it suggests a threshold beyond which chronic undernutrition begins
to exert a negative effect on the immune system. In the developing
world, children with weight-for height z-score of -3 to <-2 are three
times more likely to die from malnutrition related causes whereas
those with weight-for-height z-scores <-3 are ten times, more likely
to die than those with weight-for height z-score of -1.0 [21]. This
phenomenon could likely be at work in liver transplantation as well
based on the observation from the current study.

In a sub analysis of the 72 patients with cholestatic liver disease in
this cohort, height z-score whether stratified by -2.5 or -1.5 SD, did not
have a significant impact on the outcomes of interest. It is recognized
that cholestatic liver disease results in significantgrowth retardation
and malnutrition in children [23]. The malnutrition observed in
cholestatic liver disease is not only characterized by decreased
nutrient intake but also by significant malabsorption, abnormalities
in protein metabolism and increased energy expenditure [23].
Patients with cholestatic liver disease can be characterized as having
a heavier disease load than other patients with ESLD. Therefore, we
expected to see a relationship between height z-score and outcome in
this study. Failure to see a relationship could have been because of the
reduction in the number of patients in this sub- analysis or a greater
similarity among patients.

We did not find any relationship between albumin or any of the
other predictor variables assessed and our outcomes of interest. This
could likely be because they are not reflective of nutritional status,
but rather the severity of the underlying disease. Nevertheless, it must
be noted that many of the data were missing from the medical charts
therefore, were available for inclusion.

The results of this study showed that pre-transplant height z-score
is an important predictor of post-transplant outcomes. In the current
study patients with height z-scores of < -2.5 and < -1.5 had a longer
length of hospital stay which was 30% longer in those with a height
z-score < -2.5 than in those who were < -1.5. Additionally, patients
with a height z-scores < -2.5 had a 30% higher infection rate than
those with a height z-score > -2.5.

The main limitation of our study is that it is retrospective in
nature. The number of patients evaluated however makes the current
study the largest to our knowledge to evaluate the relationship
between nutritional status and outcomes after liver transplant in a
cohort of pediatric patients. The results suggest that pediatric patients
with ESLD experience growth stunting pre-transplant which has a
negative impact on post transplant length of hospital stay as well as
infection rate. Whether aggressive pre-transplant nutrition therapy
implemented from the onset of diagnosis could alleviate these
negative consequences post-transplant remains to be assessed in a
prospective trial.

In summary,children with pre-transplant height-for age z-scores
< -2.5 had an almost 60%longer hospital stay than those with a
height-for age z-score >-2.5. Those with a height-for age z-scores <
-1.5 had a 23% longer stay than those with a height-for age z-scores
>-1.5 and those with aheight-for age z-scores < -2.5 had a 27% longer

stay than those with a height-for age z-scores < -1.5. Additionally,
children with aheight-for age z-scores < -2.5 experienced a 30%
higher infection rate than those with a height-for age z-scores > -2.5.

Given that length of stay and infection rates are increased in
pediatric liver transplant recipients with compromised liner growth,
the results of this study supports the application of aggressive medical
nutritional management strategies by the clinical team caring for
patients with chronicliver disease in order to increase value in pediatric
liver transplantation. Therefore, medical nutritional managements of
pediatric patients with chronic liver disease requiring transplantation
should aim to achieve a height z-score > -1.5 SD in order to optimize
outcome and decrease morbidity and mortality in the acute post liver
transplantation period.
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