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Abstract

Purpose—To determine the frequency of biochemical cholestasis (direct bilirubin (DB) ≥ 

2mg/dL) in children with short bowel syndrome and biopsy proven parenteral nutrition (PN) 

associated liver disease and to define predictive factors for the occurrence and degree of hepatic 

fibrosis.

Methods—Following IRB approval, a retrospective review was conducted of patients followed 

by two multidisciplinary intestinal rehabilitation programs between January 1st, 2000, and 

September 30th, 2008. Inclusion criteria were exposure to parenteral nutrition (>30 days) and 

having undergone a liver biopsy. Liver biopsies were graded from 0–3 based upon degree of 

fibrosis in the pathology report. The most recent DB within 10 days prior to biopsy was recorded.

Results—A total of 66 children underwent 83 liver biopsies. The most common diagnoses 

included necrotizing enterocolitis (NEC) (36.4%), gastroschisis (22.7%) and intestinal atresia 

(15.1%). Median age at biopsy was 6.1 months with a median duration of PN of 4.7 months. 

70.3% of patients had a history of exposure to parenteral omega-3 lipid emulsion. 89% (74/83) of 

liver biopsies demonstrated some degree of fibrosis (fibrosis scale 1–3), while 9.6% (8/83) had 

evidence of cirrhosis. 83% of biopsies without fibrosis and 55% of biopsies with fibrosis were 

obtained in patients without evidence of biochemical cholestasis (P=0.20). 3 of the 8 patients with 

cirrhosis on liver biopsy (37%) had no evidence of biochemical cholestasis. Univariate analysis 
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identified only gestational age at birth (GA) as significantly associated with the degree of liver 

fibrosis (P=0.03). A multivariate logistic regression model accounting for multiple biopsies in 

patients revealed that GA was a predictor of fibrosis only in patients with a diagnosis other than 

NEC (P <0.01).

Conclusions—In children with short bowel syndrome, biochemical cholestasis does not reflect 

the presence or degree of histologically confirmed parenteral nutrition-associated liver fibrosis. 

Careful follow-up, combined with further refinement of diagnostic and hepatoprotective strategies, 

may be warranted in this patient population.
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Introduction

Since its introduction in 1968, parenteral nutrition (PN) has become a critical therapy in the 

treatment of infants with short bowel syndrome1. While therapeutic approaches to pediatric 

intestinal rehabilitation have since undergone several significant advances, parenteral 

nutrition associated liver disease (PNALD) remains a significant contributor to morbidity 

and mortality. In the infant population, up to 60% of patients on long term PN develop 

intestinal failure associated liver disease2, a condition linked with an increased mortality 

rate3,4. The current gold standard for the assessment of liver disease is the liver biopsy, an 

invasive procedure inherently restricted in its use.

Because of the invasive nature of percutaneous or direct liver biopsy, indirect non-invasive 

measures of liver function are often used to gauge the degree of hepatic dysfunction. While 

prothrombin time and plasma concentrations of bilirubin and albumin allow for frequent 

serial monitoring, they are not considered reliable markers of liver fibrosis or cirrhosis. 

What limited published data exists, in fact, seems to indicate that liver fibrosis resulting 

from PNALD persists despite normalization of previously elevated bilirubin levels5–8.

Early data on the use of parenteral omega-3 lipid emulsions indicate progress is being made 

in the ability to reverse PN associated cholestasis9. Similarly, the transition of PN patients to 

full enteral nutrition has analogous salutary effects10. While these hepatoprotective 

strategies can improve biochemical cholestasis, heightened attention to the resolution, or 

lack thereof, of established liver fibrosis or cirrhosis due to PN is warranted. The presence of 

compensated cirrhosis in these patients with resolved cholestasis must not be overlooked, 

given the potential long term clinical implications. We therefore sought to evaluate the 

correlation between liver fibrosis or cirrhosis and direct bilirubin levels in our cohort of PN 

dependent children with short bowel syndrome.

Methods

Following IRB approval, a retrospective chart review was performed at two 

multidisciplinary pediatric intestinal rehabilitation programs. Pediatric short bowel 

syndrome patients treated with PN for at least 30 days who had a liver biopsy between 
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January 1st, 2000 and September 30th, 2008 were included in the study. All liver biopsies 

were obtained via a core needle biopsy technique. Throughout the period of study, all 

patients received Trophamine (B Braun Medical Inc., Irvine, CA, USA) 10% amino acid 

solution and lipid solution of either Intralipid (Fresenius Kabi AB, Uppsala, Sweden) or 

Omegaven (Fresenius Kabi AG, Bad Homburg vdh, Germany). Demographic data including 

age at biopsy, gestational age, gender, and primary diagnosis leading to SBS were collected. 

Clinical variables including length of treatment with PN, percentage of calories from enteral 

intake, and dose and type of parenteral fat (soy vs. fish oil) was recorded. Biochemical tests 

collected within 10 days prior to liver biopsy were recorded, including alanine 

aminotransferase (ALT), direct bilirubin, prothrombin time (PT), and international 

normalization ratio (INR). Co-temporal history of sepsis, as documented by a positive blood 

culture within 14 days before or after the date of liver biopsy, was recorded. In those 

patients without biochemical cholestasis (defined as a direct bilirubin level < 2mg/dL) at 

time of biopsy, historical lab results were checked for evidence of previous 

hyperbilirubinemia during the patient’s documented treatment with PN.

For the purposes of this study, an elevated PT was defined as >13 seconds. Prolonged INR 

was defined as >1.12 and an elevated ALT level was defined as >80 units/L. Cholestasis 

was defined as a direct bilirubin level ≥ 2 mg/dL. The degree of liver fibrosis on biopsy was 

based upon the extent of fibrosis recorded in the original pathologic report. A scale from 0 to 

3 was used (0= no fibrosis, 1= fibrosis, 2= portal-portal bridging fibrosis, 3= cirrhosis). 

Biopsy evidence of cholestasis was recorded as absent, mild, moderate or severe, also based 

upon the original pathologic report.

Continuous data including age at biopsy, gestational age, time on PN, and intravenous lipid 

dose were expressed as medians, interquartile ranges and full ranges since they were skewed 

distributions as tested by the Wilk-Shapiro test. Nonparametric methods were used to 

compare associations between variables (χ2 for 2×4 tables, Spearman rho correlation, and 

Mann-Whitney U-test). Multivariate logistic regression analysis with backward selection 

was applied to determine variables predictive of fibrosis with age at biopsy, GA, diagnosis 

(NEC vs. other), and time on PN tested as covariates11. Two-way interactions were tested 

and a generalized estimating equations (GEE) strategy was used to handle the multiple 

biopsies from the same patient (i.e., correlated data). In addition, factors predictive of DB ≥2 

mg/dL were evaluated, including the above variables as well as history of exposure to 

parenteral omega-3 lipid emulsions. The Wald test was used to assess significance. 

Statistical analysis was performed using the SPSS version 17.0 (SPSS Inc., Chicago, IL). 

Two-tailed P < 0.05 were considered statistically significant.

Results

A total of 66 children underwent 83 liver biopsies. The most common diagnoses included 

necrotizing enterocolitis (36%), gastroschisis (23%) and intestinal atresia (15%). The 

median age at time of biopsy was 6.1 months (IQR 3.9 – 13.8) while the median gestational 

age at birth was 32 weeks (range 23–41) (Table 1).
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The median duration of PN treatment at time of liver biopsy was 4.7 months (IQR 3.0 – 8.4). 

The average % of calories from enteral intake at time of biopsy was 27.3%, with 24 biopsies 

documented in patients receiving 100% parenteral nutrition. 70.3% of patients in our cohort 

had a history of exposure to parenteral omega-3 lipid emulsions. The median intravenous 

lipid dose for all patients at the time of biopsy was 1.0 g/kg/day (range 0.5–3.3) (Table 1).

Of the 66 patients, 14 had more than one biopsy recorded (11 had two and 3 had three) 

(Table 1). 89% (74/83) of liver biopsies demonstrated some degree of fibrosis (fibrosis scale 

≥1) including 9.6% (8/83) with evidence of cirrhosis (fibrosis scale = 3) (Figure 1). 83% of 

biopsies without fibrosis and 55% of biopsies with fibrosis were obtained in patients without 

evidence of biochemical cholestasis. Three of the 8 patients with cirrhosis on liver biopsy 

(38%) had no evidence of biochemical cholestasis. Direct bilirubin ≥ 2mg/dL was not found 

to be an independent predictor of the degree of fibrosis (P= 0.19).

Univariate analysis identified younger gestational age as associated with liver fibrosis 

(fibrosis score >0) (P=0.03). Accounting for the clustering effect of multiple biopsies within 

patients, multivariate logistic regression, using generalized estimating equations (GEE) with 

backward selection identified no significant predictors of the degree of fibrosis, although it 

did reveal that younger GA was predictive of a higher risk for occurrence of fibrosis 

(fibrosis score >0). However, this was evident only in patients without a diagnosis of NEC, 

as indicated by a significant interaction between GA and diagnosis (Wald test: P=0.007). 

GA was not predictive of fibrosis for patients with NEC since the occurrence of hepatic 

fibrosis in this population was very high, independent of a patient’s GA (Figure 2).

Exclusion of patients with a primary diagnosis of NEC identified 42 patients with a total of 

54 liver biopsies. A multivariate logistic regression analysis of this subset of patients 

confirmed that lower GA was predictive of a higher probably of fibrosis (p = 0.036). In 

addition, this analysis identified elevated ALT as a second independent predictor of the 

presence of fibrosis (p = 0.029) in this subset of patients.

In the subgroup of patients with a history of exposure to parenteral omega-3 lipid emulsions, 

there was a significant negative correlation between time on PN and DB (Spearman rho = 

−0.67, P < .001). Median time on PN was significantly shorter in patients with biochemical 

cholestasis (DB ≥ 2 mg/dL) compared to those with DB <2 mg/dL (6.2 months vs. 3.1 

months, respectively, P < .001, Mann-Whitney U-test). This implies that a longer time on 

PN is associated with a lower DB for patients exposed to parenteral omega-3 lipid 

emulsions.

Discussion

The first reported case of end stage liver disease following parenteral nutrition therapy in an 

infant was published in 197112. Despite thirty years of subsequent experience and research, 

the precise etiology of PNALD remains unknown. Various theories have been put forth to 

explain the observed injury to the liver following long term parenteral nutrition, including 

injury secondary to catheter related sepsis, direct toxic components of the PN, manganese 

toxicity, lipid emulsion toxicity, overfeeding of energy or one of the macronutrients, and 
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injury subsequent to lack of enteral intake2. Despite the range of possible theories, however, 

no single hypothesis has been recognized as a definitive explanation.

Research into the histological evolution of PNALD has been more fruitful. It seems clear 

from pathologic review of liver specimens that a clear disease progression exists, and that 

this process is directly related to the length of PN treatment13,14. PNALD appears to begin 

with periportal inflammation and cholestasis, progressing from there to bile duct 

proliferation, fibrosis and cirrhosis. The majority of liver specimens with frank cirrhosis are 

observed in patients with over 12 weeks of exposure to PN13. The presence of fibrosis or 

cirrhosis is classically diagnosed on the basis of liver biopsy. Given the invasive nature of 

this procedure, however, physicians are typically not able to follow serial biopsies while 

tracking the course of liver disease progression or resolution. More commonly, clinicians 

rely upon indirect measures of liver function, including plasma direct bilirubin levels.

Recent data seem to demonstrate an improvement in serum direct bilirubin levels following 

treatment with parenteral omega-3 lipid emulsions9,15. Our results support these study 

conclusions, demonstrating that in patients with a history of exposure to parenteral omega-3 

lipid emulsions, a longer course of treatment with PN is associated with a lower DB level.

While the resolution of PN-associated cholestasis is a significant clinical improvement, the 

limited published evidence seems to indicate that a corresponding resolution of established 

fibrosis, and certainly cirrhosis, may not take place. In 1981, Dahms et al reported that 6 

infants with two serial biopsies demonstrated persistent liver fibrosis despite normalization 

of biochemical cholestasis6. Later, a retrospective review of 31 infants with PN associated 

cholestasis confirmed that marked histological damage in the form of liver fibrosis could 

remain despite resolution of PN associated cholestasis7. More recently, a case report from 

the transplant literature demonstrated that treatment of intestinal failure and associated 

PNALD with an isolated small bowel transplant resulted in successful normalization of 

hyperbilirubinemia but failed to improve the fibrosis demonstrated on follow up liver biopsy 

11 months post transplant8.

Our data support these previous observations that reversal of PN-associated cholestasis can 

be observed despite persistent fibrosis or even cirrhosis. The vast majority, 89% (74/83), of 

liver biopsies in our cohort demonstrated some degree of fibrosis (fibrosis scale 1–3) (Figure 

1). Over half (55%) of these cases were obtained from patients without evidence of 

biochemical cholestasis. Furthermore, while almost 10% (n=8) of all biopsies had evidence 

of cirrhosis, 38% of these (3 of the 8) were recorded in patients with a direct bilirubin less 

than 2 mg/dL.

The recognition of established liver damage in the form of persistent fibrosis or cirrhosis is 

of vital clinical importance. Patients carrying a diagnosis of compensated cirrhosis must 

undergo careful monitoring for signs of hepatic decompensation. Long term complications 

have been reported in the setting of this disease including, most significantly, the 

development of hepatocellular carcinoma (HCC). In patients who die from liver related 

complications of compensated cirrhosis, 54–70% of deaths are due to HCC16. While this 

mortality rate includes cirrhosis secondary to multiple etiologies, most commonly chronic 
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hepatitis C infection, case reports in infants have underscored the potential for the 

development of this highly lethal disease in the setting of both PN associated cirrhosis and 

bridging fibrosis17,18. Additional long term complications of cirrhosis in children include 

both recurrent sepsis19 and the consequences of portal hypertension, such as the 

development of ascites and variceal bleeding20.

Due to the importance of recognizing this persistent liver damage in patients who have 

normal DB levels, we sought to identify patient factors predictive of liver fibrosis or 

cirrhosis. Univariate analysis identified younger gestational age as the only factor associated 

with the presence of liver fibrosis on biopsy (P=0.03). Further analyses, taking into account 

multiple biopsies in the same patient, revealed that younger gestational age was predictive of 

the presence of fibrosis specifically in individuals without a diagnosis of NEC. It is of note 

that this distinction was due to a very high occurrence of liver fibrosis in those affected by 

NEC (Figure 2). A plausible explanation is that severe NEC is associated with factors, such 

as frequent sub-clinical or clinical sepsis, and hypotension which may in turn increase the 

prevalence of liver fibrosis in these children. Finally, it is interesting to note that a subset 

analysis of those patients with a primary diagnosis other than NEC identified elevated ALT 

as a second independent variable predictive of the presence of fibrosis. ALT appears to 

remain elevated in children with PN associated liver disease after the resolution of 

biochemical cholestasis21. Our results would seem to corroborate the hypothesis of these 

authors that ALT elevation may reflect persistent hepatic injury.

Future advances in medical techniques may allow clinicians to better assess the degree of 

liver fibrosis or cirrhosis in those patients with normalized indirect measures of hepatic 

function. While imaging techniques such as ultrasound are currently being investigated as 

possible non-invasive instruments in the evaluation of this disease22, evidence is minimal 

and relatively inconsistent23. Novel techniques including hepatic elastography and 

quantitative breath tests for liver function such as the Methionine breath test offer promise, 

but remain in the early stages of investigation and development24,25. Liver biopsy continues 

to be the current gold standard in the diagnosis of cirrhosis.

Our data confirm the persistence of liver fibrosis and cirrhosis following resolution of 

biochemical cholestasis in children with a history of PNALD. Given the potential for 

malignant degeneration, as well as other complications, in patients with chronic, 

compensated fibrosis or cirrhosis, this data suggests the need for careful long term follow-up 

of this cohort. It also argues for trials employing preventative hepatoprotective strategies in 

pediatric patients at risk for intestinal failure.

DISCUSSION

Unidentified Speaker Very nice presentation. You have taken away all of the metrics for 

determining when the hepatoprotective strategy needs to be employed. What are your 

suggestions as to – especially in the high-risk infant who is successfully recovering from 

necrotizing enterocolitis but whose gut function has not returned to normal, how, short of 

biopsy, do you propose that we manage or monitor this problem?
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Brian A. Jones, M.D., Boston, MA Our experience is that as soon as a patient is referred to 

our multidisciplinary center we initiate hepatoprotective parenteral nutrition strategies with 

reduced lipid emulsions or omega-3-based lipid emulsions, as well as including methods to 

reduce the incidence of sepsis, including ethanol locks on our central venous catheters.
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Figure 1. 
Breakdown of liver biopsy results according to degree of liver fibrosis. Score based upon the 

original pathologic report. Score 0=no fibrosis, score 1=fibrosis, score 2=portal-portal 

bridging fibrosis, score 3=cirrhosis.
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Figure 2. 
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Table 1

Patient demographic variables and liver biopsy distributions

Number of patients 66

Males, n (%) 47 (71)

Gestational age, weeks: median (range) 32 (23–41)

Age at biopsy, months:

 median 6.1

 IQR 3.9–13.8

 range 1–240

Diagnosis: n (%)

 NEC 24 (36)

 Gastroschisis 15 (23)

 Intestinal atresia 10 (15)

 Hirschsprung’s disease 4 (6)

 Other* 13 (20)

Duration of PN therapy, months: median (IQR) 4.7 (3.0–8.4)

IV lipid dose, g/kg/day: median (range) 1.0 (0.5–3.3)

Number of biopsies 83

Number of patients with multiple biopsies, n

 Two biopsies 11

 Three biopsies 3

IQR = interquartile range, NEC = necrotizing enterocolitis

*
Other includes intestinal volvulus, pseudo-obstruction, polyarteritis nodosa, meconium ileus, mesenteric cyst, duodenal atresia or web, and ileal 

perforation
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