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Abstract

Background: Total Parenteral Nutrition (TPN) is a life-saving
intervention for patients with an inability to tolerate alternative
nutrition. However, elevated liver enzymes in patients on TPN are
a significant predictor of morbidity and have been associated with
increased mortality rates.

Methods: This retrospective study examined electronic records
at Henry Ford, Michigan, USA, from January 2014 to January 2024.
We retrieved patients who received parenteral nutrition and then
included those with elevated transaminases during treatment in
the study. Data on indication for TPN, prior history of liver disease,
pattern of injury (hepatocellular, cholestatic, or mixed), workup
obtained, and mortality was collected.

Results: A total of 111 patients with elevated liver enzymes
were included. 63(56.7%) patients had a history of prior liver dis-
ease, with the most common indication for TPN being prolonged
malnutrition in 41(36.9%) patients.

Mortality occurred in 52(46.8%) patients. Indication for TPN
(p=0.82) and Duration of TPN therapy (p=0.516) did not show sta-
tistically significant differences in mortality risk. There was a sta-
tistically significant association of Alanine aminotransferase (ALT)
with mortality, with p=0.022, and Alkaline Phosphatase (ALP) with
mortality, with p=0.034. A total of 10.1% of patients had cirrhosis
and suffered from ascites and line clots without a mortality differ-
ence.

Conclusions: Our investigation suggests that people with TPN-
associated LFT elevation have high mortality irrespective of dura-
tion and indication. Commonly associated markers were ALT and
ALP.




-

\

™
[ Citation: Singh B, Alluri S, Ramanan S, Srowar A, Rehman S, et al. Correlation of transaminase elevation and mortality in |
patients on total parenteral nutrition: A hospital-based retrospective study. J Gastroenterol Res Pract. 2025; 5(2): 1228.

Introduction

Intestinal failure, characterized by insufficient intestinal
absorption to sustain life, often necessitates intravenous nu-
tritional supplementation in the form of parenteral nutrition.
It may be reversible, as witnessed post-operatively (type 1) or
permanent (type 2-3), due to widespread mucosal erosion (in-
flammatory bowel disease), impaired motility (diabetics), or
surgical resection [1-3]. Underlying disease contributes to most
of the mortality associated with parenteral nutrition [4,5]. An
exception is the development of liver disease, which has a 3%-
26% mortality [1,6]. It is referred to as Intestinal Failure-associ-
ated Liver Disease (IFALD)/Parenteral Nutrition-Associated Liver
Disease (PNALD).

In 1971, Paden et al. [3] first recognized hepatobiliary com-
plications in infants on Total Parenteral Nutrition (TPN). IFALD is
a spectrum of diseases that can range from mild liver enzyme
abnormalities, cholestasis, and steatosis to eventual fibrosis or
cirrhosis [4,5]. The etiology of IFALD is multifactorial and pres-
ents with different histological patterns of liver damage [6].

Cholestasis can be explained by a lack of physiologic stim-
ulation. However, it has further been associated with various
factors, including inhibition of the Farnesoid-X receptor associ-
ated with the use of soy-based TPN and the loss of FGF signaling
through interruption of enterohepatic cycling [7]. These molec-
ular changes cause biliary epithelial damage, thereby resulting
in metallothionein protein deposition in periportal areas, which
hinders biliary excretion, further contributing to cholestasis,
and even leading to periportal fibrosis.

Steatosis occurs due to non-physiological delivery of lipid mi-
celles, lipogenesis within the liver due to excess carbohydrate
delivery, and the lack of entero-pancreatic endocrine secretion
in the absence of diet-related incretin release [8]. This leads to
the development of reactive oxygen species, causing inflamma-
tion, progressive fibrosis, and ultimately resulting in the rapid
onset of decompensated cirrhosis [9,10].

Medical risk factors for IFALD include ultra-short gut with
less than 20 cm of remaining small intestine, bacterial or fungal
infections, and small intestinal bacterial overgrowth. Nutritional
risk factors include excess calories, excess lipids, soybean-based
emulsions, and a complete lack of enteral stimulation.

IFALD also presents as a diagnostic challenge. Firstly, abnor-
mal tests in critically ill patients on parenteral nutrition can be
related to ischemic liver injury [11]. Secondly, with a lack of en-
teral stimulation, splanchnic blood flow, and hence portal ve-
nous return, decreases, decompressing the portal vein in the
cirrhotic subgroup and delaying complications attributed to
portal hypertension like encephalopathy and varices.

Recommendations, such as preventing excess calories, a
more appropriate ratio of energy from glucose and fat, and ear-
ly enteral feeding, are important in the prevention [12,13]. En-
teral stimulation can promote enterohepatic circulation of bile
acids, reducing the risk for hepatobiliary complications seen in
long-term PN use [14].

Our study aims to study different patterns of transaminase
elevation and determine if a certain kind of elevation has a
higher mortality risk. Further retrospective study seeks to illu-
minate complications in cirrhotic patients receiving TPN. In our
study, we look for complications due to decompensation and
their contribution to overall mortality.

Methods
Study design and patient recruitment

We present a retrospective study using hospital-based sur-
veillance data from the Henry Ford Health System, 5 hospitals in
the network, including Detroit, Jackson, Macomb, Wyandotte,
and West Bloomfield in Michigan, USA. We examined medical
records on patients requiring total parenteral nutrition from
January 2014 to January 2024. The study was approved by the
institutional review board.

Data collection

The electronic database was searched for patients requiring
TPN in the past 10 years. Around 111 cases were identified that
had an elevation in transaminases while receiving the treat-
ment.

Data analysis

Authors extensively reviewed all the cases for time to peak
of transaminases, mean elevation, changes in TPN upon trans-
aminase elevation, complications in patients with pre-existing
liver disease, and association of transaminase elevation with
mortality and morbidity.

Statistical analysis

Descriptive statistics were applied to describe patient char-
acteristics. Categorical variables were analyzed by Pearson’s
chi-squared test. The significance level was set at 0.05.

Results

Of all 426 patients with TPN use, 111 showed transaminase
elevation. 48 (43.2%) were male, and 87 (78.4%) were Cau-
casian. The most common indications for TPN initiation were
prolonged malnutrition in 41 (36.9) patients and short gut syn-
drome in 39 (35.1) patients. 63 (56.7%) patients had a history of
prior liver disease. Mortality occurred in 52 (46.8%) of patients
(Table 1).

\/ Table 1: Demographics. )
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Characteristic Value
Total patients with TPN 426
Patients with transaminase elevation 111
Male patients 48 (43.2%)
Caucasian patients 87 (78.4%)
Prolonged malnutrition (TPN Indication) 41 (36.9%)
Short Gut syndrome (TPN Indication) 39 (35.1%)
History of liver disease 63 (56.7%)
Mortality 52 (46.8%)
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( Table 2: Analysis of transaminase elevation with mortality. )
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Associated
mortality (p-value)

Mean time to mortality

Transaminase . .
(transient/permanent) in days

AST 0.42 38.56/301.69
ALT 0.022 63.83/328.1
ALP 0.034 70.8/328.1

Aspartate Aminotransferase (AST) elevation

There was no association between the elevation of AST and
mortality, with a p-value of 0.42. The mean time of death from
the peak was 38.56 days in the population with transient (<30-
day duration) and 301.69 days in the population with persistent
elevation (>30 days).

Alanine Aminotransferase (ALT) elevation

There was a statistically significant association of ALT with
mortality, with a p-value of 0.022, with a mean time to mortality
of 63.83 days in transient and 328.1 days in persistent elevation.

Alkaline Phosphatase (ALP) elevation

There was a statistical association between ALP elevation
and mortality, with a p-value of 0.034, with a mean time to mor-
tality of 70.8 days and 328.1 days in the two respective groups.

Bilirubin elevation

There was no association (p>.05), and the duration to death
was 70.8 days and 190.8 days in the transient and permanent
groups.

Association with change in TPN after LFT elevation

Further, people with TPN change had a higher mortality with
p=0.014, with a mean time to death of 31.79 days in the change
group versus 36 days. Most changes in TPN have been associ-
ated with ALP and total bilirubin elevation with p = 0.028 and
0.036, respectively.

Sub-analysis of cirrhotic patients:

There was no association between cirrhosis and mortality,
p=0.068. There was a total of 12 cirrhotic patients. 9/12 cir-
rhotic patients died, compared to 43/95 non-cirrhotic patients.

Four out of twelve cirrhotic patients had line infections, one
had a central line clot, and seven had worsening ascites.

The power of the study was too low to deduce convincing
results.

Discussion

Since the use of TPN by Dudrick and colleagues, it has paved
the way for nutritional support in patients with intestinal failure
[2]. On average, an ideal TPN contains carbohydrates, making
70-85% of nonprotein energy at <7 g/kg/day, and lipids, mak-
ing 15-30% of nonprotein energy at <2.5 g/kg/day [15,16]. It,
however, is associated with complications such as hepatobiliary,
infectious, and metabolic disorders like hyperglycemia and hy-
pertriglyceridemia [15,16]. Our study focuses on the hepatobili-
ary injury with TPN, more commonly called IFALD.

Patients started on total parenteral nutrition are relatively
sicker, making them more prone to higher mortality compared
to other patient populations. Nutrition is crucial for overall re-

covery, but it also makes the patients prone to risks, including
IFALD. Whether the initial pre-existing insult is responsible for
mortality or the complications of TPN is always a matter of in-
terest. This study did not find any correlation between mortality
and indication and duration of TPN, with p=0.82 and p=0.516,
respectively.

Common indications for TPN in our study included prolonged
malnutrition and short gut syndrome. People with prolonged
malnutrition are generally hospitalized, requiring parenteral nu-
trition due to contraindications to enteral feeding. In contrast,
people with short gut are more chronically dependent on TPN,
even using it at home due to a relative malabsorptive state. The
former are expected to have higher mortality, but the lack of a
statistically significant association with mortality indicates more
of a TPN/IFALD-associated mortality.

Secondly, the duration of TPN had no statistical significance.
This can be partially explained by a dual-fold phenomenon. The
patients were split into a less than 30 and a greater than 30-
day dosing. Less than 30-day dosing incorporates people who
only required it for a few days before recovery and people who
passed away sooner due to pre-existing co-morbidities. Now,
the prolonged treatment group had short bowel syndrome pa-
tients who were using it at home and then hospitalized patients
who passed away after a month. A subgroup analysis comparing
indications in the two groups separately was warranted.

Further, IFALD can be divided into two types. Firstly, steatosis
refers to the accumulation of fat in the liver. This presentation
typically occurs within 2 weeks of PN initiation. Pathogenesis is
non-physiologic lipids in TPN or hepatic lipogenesis due to the
delivery of excessive carbohydrates. Other than macronutrient
imbalance, formulations hold a crucial role. Soybean oil-based
emulsions contain a high dose of omega-6 fatty acids and large
amounts of phytosterol [17,18]. Farnesoid-receptor inhibition
by phytosterols impairs biliary synthesis and clearance, produc-
ing hepatocellular injury. Omega-6 fatty acids via the nuclear
factor-kB pathway activate TNF-a, disrupting hepatobiliary
transport [11]. It further enhances peroxidation and decreases
antioxidants, mainly tocopherol [11]. Together, they contribute
to liver injury, leading to IFALD. Pure fish oil has been shown
to reverse IFALD since it contains anti-inflammatory omega-3
fatty acids, which could potentially decrease the risk of IFALD
development or provide treatment for those with preexisting
IFALD [9,10].

Secondly, cholestasis and gallstones, indicated by high con-
jugated bilirubin levels. It is often defined biochemically as 1.5
times the upper limit of normal elevation of two out of the fol-
lowing liver tests: gamma-glutamyl transferase or alkaline phos-
phatase, and/or serum conjugated bilirubin 22 mg/dL [12,14].
Elevation occurs within 1 to 3 weeks of initiating PN [19,20].
Although changes typically seen in IFALD occur in long-term PN,
biochemical signs may occur even after the first week. The lack
of enteral stimulation leads to reduced cholecystokinin produc-
tion, hence impaired bile flow and gallbladder contractility, and
consequently, cholestasis, gallbladder hypotony, and gallstone
formation [19-22]. Manganese, aluminum, and chromium have
been explored in this context. Cholestasis has been observed
during manganese-containing PN administration, tied to its ex-
cretion via the biliary route [11]. Copper is also eliminated with
bile, and since it is only a trace element in PN solutions, it does
not have direct hepatotoxic effects; however, in patients who
develop cholestasis, copper should be eliminated from the PN
formulation due to potential hepatotoxicity.
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The results for the study indicate that ALT elevation is more
strongly associated with mortality, followed by ALP. Most of the
TPN changes were made in association with cholestatic changes
and were associated with higher mortality. There was no associ-
ation with AST or bilirubin, making a clear association between
purely hepatocellular versus cholestatic injury unclear. It can-
not be extrapolated that mortality is higher in cholestatic injury
compared to steatosis or vice versa.

Lastly, our findings suggest that TPN is associated with cir-
rhosis decompensation, with ascites being the most common
complication likely in the setting of volume overload. However,
mortality is not significantly associated with pre-existing cirrho-
sis; rather, cirrhosis had a larger difference between peak value
and death. This can indicate that cirrhotic decompensation gen-
erally occurs slowly over time, whereas non-cirrhotic patients
generally die of liver failure, which has a short course till death.

Limitations

The study has its limitations. The size of the study is ex-
tremely small, and the external validity of the data can be ques-
tionable. There is no stratification of patients based on MELD
or Child-Pugh score. Lastly, whether the mortality was directly
associated could not be established. This underscores the need
for further research to identify an association between trans-
aminase elevation in IFALD and mortality.

Worsening IFALD requires intestinal transplantation, with it
being a major indication in the pediatric population. The major-
ity of patients require a liver graft in addition due to the late
stage of presentation. Hence, more data regarding the benefits
of only intestinal transplants have been coming up, including
reduced wait times [23]. However, once the liver disease has
progressed too far, a liver transplant is required.

Conclusion

Our investigation suggests that people with TPN-associated
LFT elevation have high mortality irrespective of duration and
indication. Commonly associated markers were ALT and ALP.
Cirrhotic people do face complications, but they did not show a
mortality change.

Due to the potential for rapid development and progression
of IFALD, patients should be discussed with an intestinal trans-
plant center at the earliest possible opportunity following an
enterectomy that leaves them with an ultrashort bowel.

Further research is required on the effect of intestinal failure
and long-term parenteral nutrition on liver disease.

Statements: There was no conflict of interest, funding, or
ethical concern regarding the study.

References

1. Fernandes G, Kaila B, Jeejeebhoy KN, Gramlich L, Wu T, Khanna
N, et al. Canadian home parenteral nutrition (HPN) registry:
validation and patient outcomes. JPEN J Parenter Enteral Nutr.
2012; 36: 407-14.

2. Dudrick SJ, Wilmore DW, Vars HM, Rhoads JE. Can intravenous
feeding as the sole means of nutrition support growth in the
child and restore weight loss in an adult? An affirmative answer.
Ann Surg. 1969; 169: 974-84.

3. Peden VH, Witzleben CL, Skelton MA. Total parenteral nutrition.
J Pediatr. 1971; 78: 180-1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Mueller CM, editor. The ASPEN Nutrition Support Core Curricu-
lum. 3rd ed. Silver Spring (MD): American Society of Parenteral
and Enteral Nutrition. 2017.

Madnawat H, Welu AL, Gilbert EJ, Cohran VC, Venick R, Kaufman
SS, et al. Mechanisms of parenteral nutrition-associated liver
and gut injury. Nutr Clin Pract. 2020; 35: 63-71.

Wiles A, Woodward JM. Recent advances in the management
of intestinal failure-associated liver disease. Curr Opin Clin Nutr
Metab Care. 2009; 12: 265-72.

Carter BA, Shulman RJ. Mechanisms of disease: update on the
molecular etiology and fundamentals of parenteral nutrition-as-
sociated cholestasis. Nat Clin Pract Gastroenterol Hepatol. 2007;
4:277-87.

Sharkey LM, Davies SE, Kaser A, Woodward JM, Finkel Y, Hill SM,
et al. Endoplasmic reticulum stress is implicated in intestinal fail-
ure-associated liver disease. JPEN J Parenter Enteral Nutr. 2016;
40: 431-6.

Fitzgibbons SC, Jones BA, Hull MA, Cooper JN, Welch KB, Te-
itelbaum DH. Relationship between biopsy-proven parenteral
nutrition-associated liver fibrosis and biochemical cholestasis in
children with short bowel syndrome. J Pediatr Surg. 2010; 45:
95-9.

Huard G, Fiel Ml, Moon J, Brown RS Jr, Arvelakis A, Kato T, et al.
Prevalence, evolution, and risk factors for advanced liver fibrosis
in adults undergoing intestinal transplantation. JPEN J Parenter
Enteral Nutr. 2018; 42: 1195-202.

Woodward JM, Massey D, Sharkey L. The long and short of IT:
Intestinal failure-associated liver disease (IFALD) in adults—rec-
ommendations for early diagnosis and intestinal transplanta-
tion. [Journal name and full citation incomplete].

Beale EF, Nelson RM, Bucciarelli RL, Donnelly WH, Eitzman DV.
Intrahepatic cholestasis associated with parenteral nutrition in
premature infants. Pediatrics. 1979; 64: 342-7.

Demehri FR, Barrett M, Teitelbaum DH. Changes to the intestinal
microbiome with parenteral nutrition. Nutr Clin Pract. 2015; 30:
798-806.

Kumpf VJ, Gervasio J. Complications of parenteral nutrition. In:
Mueller CM, editor. The ASPEN Adult Nutrition Support Core
Curriculum. 3rd ed. Silver Spring (MD): American Society of Par-
enteral and Enteral Nutrition. 2017: 352-5.

Wales PW, Allen N, Worthington P, George D, Compher C, Bta-
iche IF, et al. A.S.P.E.N. clinical guidelines: support of pediatric
patients with intestinal failure at risk of parenteral nutrition-
associated liver disease. JPEN J Parenter Enteral Nutr. 2014; 38:
538-57.

Mirtallo J, Canada T, Johnson D, Kumpf V, Petersen C, Sacks G,
et al. Safe practices for parenteral nutrition. JPEN J Parenter En-
teral Nutr. 2004; 28: S39-70.

Calder PC, Waitzberg DL, Klek S, Martindale RG. Lipids in paren-
teral nutrition: biological aspects. JPEN J Parenter Enteral Nutr.
2020; 44: S21-7.

Kirk C, Haigh L, Thompson NP, Lal S. The effects of different par-
enteral nutrition lipid formulations on clinical and laboratory
endpoints in patients receiving home parenteral nutrition: a sys-
tematic review. Clin Nutr. 2022; 41: 80-90.

Zalikowska-Gardocka M, Przybytkowski A. Review of parenteral
nutrition-associated liver disease. Clin Exp Hepatol. 2020; 6:
65-73.

www.jjgastro.com

Page 4



20.

21.

22.

23.

Beath SV, Kelly DA. Total parenteral nutrition—induced cholesta-
sis. Clin Liver Dis. 2016; 20: 159-76.

Mitra A, Ahn J. Liver disease in patients on total parenteral nutri-
tion. Clin Liver Dis. 2017; 21: 687-95.

Kumpf VJ, Gervasio J. Complications of parenteral nutrition. In:
Mueller CM, editor. The ASPEN Adult Nutrition Support Core
Curriculum. 3rd ed. Silver Spring (MD): American Society of Par-
enteral and Enteral Nutrition. 2017: 352-5.

Smith JM, Weaver T, Skeans MA, et al. OPTN/SRTR 2016 Annual
Data Report: Intestine. Scientific Registry of Transplant Recipi-
ents. 2016.

www.jjgastro.com

Page 5



