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 Critically ill children in the pediatric intensive care unit tend to be 

malnourished since admission or during treatment so they need to 

receive parenteral nutrition. The incidence of worsening liver function 

after parenteral nutrition is 60% but still limited data in children. Liver 

disease is often a mild and transient complication, but the condition may 

become progressive, irreversible, and fatal in patients receiving long-

term parenteral feeding. The monitoring of aspartate transaminase (AST) 

and alanine transaminase (ALT) may be a preventive measure for 

hepatocellular injury. To analyze the increased levels of ALT and AST 

levels after parenteral nutrition in critically ill children. This research 

was a retrospective cross-sectional study to compare the differences in 

ALT and AST levels before and after parenteral nutrition in the pediatric 

intensive care unit (PICU) Haji Adam Malik hospital Medan, Indonesia. 

Data was taken from the medical record dated between July 2018 and 

July 2021. There were significant difference in both ALT and AST 

values before and after the administration of parenteral nutrition 

(p=0.0001). The results of AST values after parenteral nutrition showed 

an increase in the median AST after parenteral nutrition was 2 times the 

previous value. The mean value of ALT levels before parenteral 

nutrition was 19.28 ± 6.99 U/L and increased after administration was 

42.45 ± 15.41 U/L. The results of ALT levels before and after parenteral 

nutrition showed p value = 0.001. Therefore, there was an increase in 

AST and ALT levels after parenteral nutrition. There were significant 

differences in ALT and AST levels between the before and after 

parenteral nutrition in critically ill children. There was a significant 

relationship between nutritional status and the increase in AST level, but 

not between ALT level. 
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1. Introduction 

Nutritional intervention focusing on protocol-guided administration of micro and macro nutrients can 

enhance the effectiveness of treatment and prevent prolonged malnutrition [1]. Nutritional therapy is 

required when a patient cannot orally consume calories and nutrients for an extended period of time. This is 

particularly common in critically or severely ill children receiving treatment in the intensive care units. 

Malnutrition is a very common problem in critically ill children worldwide. In Indonesia, the majority of 

undernutrition in critically ill children is correlated with socioeconomic status [2]. 

 

Parenteral nutrition is the provision of nutrients via the intravenous route in critically ill patients with 

malnutrition in order to maintain life and promote recovery [3]. Parenteral nutrition includes the 

administration of dextrose, amino acids, lipids, electrolytes, and multivitamins. In general, patients who 

cannot tolerate enteral nutrition are candidates for parenteral nutrition. Usually, they are patients with 

gastrointestinal tract dysfunctions, such as post-surgery and organ transplant patients or patients with 

increased metabolic needs, such as patients with severe sepsis, kidney failure, and heart failure [4]. 

 

Frequent and sometimes fatal complications in patients receiving parenteral nutrition are liver and biliary 

system disorders. There are basically three types of hepatobiliary diseases associated with parenteral 

nutrition therapy, such as steatosis, cholestasis, and gallstones [5]. Parenteral nutrition associated liver 

disease (PNALD) is often a mild and transient complication, but the condition may become progressive, 

irreversible, and fatal, especially in patients receiving long-term parenteral feeding. PNALD begins with the 

changes in a part or all of liver function, which can be assessed from blood analysis [6]. 

 

The etiopathogenesis of PNALD is unknown. But a number of factors have been proposed as potential 

causes, including nutritional factors, such as an excessive amount of glucose or lipids in the parenteral 

nutritional formula, an unbalanced intake of nitrogen and carbohydrates, the type of lipid administered, the 

amount of phytosterols in the diet, and the photo-oxidation-induced synthesis of amino acid metabolites. In 

children, immature enterohepatic circulation contributes to the high incidence of PNALD [7]. 

 

Aminotransferases, also go by the name transaminases, are enzymes that involved in the transfer of 

aspartate and alanine amino groups to ketoglutaric acid as markers for hepatocellular injury. Aspartate 

transaminase can be found in the liver and other organs including the cardiac muscle, skeletal muscle, 

kidneys, and brain. Whereas, ALT is a more specific marker for liver cell injury as the enzyme is primarily 

found in the liver. The increase in AST without elevated ALT may suggest either heart or muscular damage 

[8]. According to one report by Gabe and Culkin, liver function abnormalities appeared two weeks after the 

administration of lipid-free parenteral nutrition with high glucose, where 68% patients experienced elevated 

AST, 54% experienced elevated alkaline phosphatase (ALP), and 21% had elevated bilirubin. After four 

weeks of parenteral feeding, the increase in AST, ALP, and bilirubin was observed in 27%, 32%, and 31% 

patients, respectively [9]. There is still no research data that discusses the effect of parenteral nutrition 

during pediatric intensive care on AST and ALT enzyme levels in Indonesia. In the light of the importance 

of parenteral nutrition monitoring in the intensive care, especially on liver function, the authors carried out 

this study to assess the levels of AST and ALT before and after parenteral nutrition, particularly in critically 

ill children. 

 

2. Material and methods 

This research was a cross-sectional study with a retrospective approach to assess the differences in ALT and 

AST levels between the before and after parenteral nutrition in severely ill children treated in the pediatric 

intensive care unit (PICU) Haji Adam Malik hospital Medan, Indonesia. Research data was taken from the 
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medical record of the research subjects in the period between July 2018 and July 2021. The data recorded 

were gender, age, duration of parenteral nutrition, nutritional status, length of PICU stay, disease diagnosis, 

and ALT and AST values before and after parenteral nutrition. 

 

2.1 Research Subject 

The research subjects were critically ill children aged one month to 18 years old treated in the PICU Haji 

Adam Malik hospital Medan and received parenteral nutrition (carbohydrate, protein, fats, micronutrients, 

and macronutrients) due to various different diagnoses. Patients with congenital liver disorders, even with 

the administration of parenteral nutrition, were not included in the research. Patients whose medical records 

were incomplete were also exempted from the study. 

 

The nutritional status of the research subjects was determined using the anthropometric data that was 

categorized and assessed according to the standard by the World Health Organization (WHO) Z-score. 

 

2.2 Data Analysis 

Descriptive analysis and hypothesis testing were included in the data analysis. In the descriptive analysis, 

categorical data like gender were presented as distributions of frequency and in percentage. Continuous data 

like age was presented as a mean value and standard deviation for normal distribution data, or median and 

standard range for abnormal distribution data. This research used a significance level of 0.05 and 95% 

confidence interval. 

 

2.3 Research Ethics 

This research has been approved by the Medical Research Ethics Committee of the Faculty of Medicine, 

Universitas Sumatera Utara (No 1166/KEP/USU/2021). 

 

3. Results 

There was a total of 163 patients in the period between July 2018 and July 2021, where 21 patients had liver 

disorder before the administration of parenteral nutrition, 42 patients had incomplete medical records, 

leaving 100 patients who complied to the research inclusion criteria. There were more male patients than 

female patients, with a 2:1 ratio of male to female patients. The median age of the research subjects was six 

months old, with the youngest age recorded was one month old and the oldest age recorded was 192 months 

or 16 years old. The majority of the research subjects (80/100, 80%) were below one year old. 

 

The majority of the research subjects were undernourished, with Weight/Height Z-Score (WHZ) below -2 

SD, where 44/100 (44%) subjects had poor nutritional status and 48/100 (48%) subjects had malnutrition. 

Liver function test (LFT) was evaluated through the assessment of ALT and AST levels, with the earliest 

evaluation on the fourth day of parenteral nutrition. All the research subjects were treated for around 8 to 19 

days in the PICU, where 68/100 (68%) received parenteral nutrition for 10 days or more, and 32/100 (32%) 

received less than 10 days of parenteral nutrition. The characteristic of the research subjects is presented in 

Table 1. 

 

There were various diagnoses for PICU treatment. The top three diagnoses were respiratory disorders with 

37/100 (37%) patients followed by central nervous system and cardiovascular disorders with 17/100 (17%) 

and 15/100 (15%) patients, respectively. The complete diagnoses for PICU treatment are presented in 

Figure 1. 

 

3.1 Aspartate Aminotransferase and Alanine Aminotransferase Before and After Parenteral Nutrition 
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The Kolmogorov-Smirnov test was initially carried out for the normality test of ALT and AST values 

before and after parenteral nutrition. The data for ALT before and after parenteral nutrition was normally 

distributed, with p>0.05. Whereas, the data for AST before and after parenteral nutrition was not normally 

distributed, with p<0.05. The analytical test by using paired t-test was carried out for ALT value before and 

after parenteral nutrition, where there was a significant difference in ALT value before and after the 

administration of parenteral nutrition (p=0.0001). ALT value increased with parenteral nutrition from 19.28 

U/L before administration to 42.45 U/L after administration. Meanwhile, the analytical test by using 

Wilcoxon Signed Rank Test was carried out for AST value, where p obtained was 0.0001 indicating a 

significant difference in AST value before and after parenteral nutrition. The median, minimum, and 

maximum values of AST experienced two-fold increase after the administration of parenteral nutrition. 

 

3.2 Variables Related to Increasing AST and ALT levels 

The risk factors of increasing AST and ALT levels were assessed by using a non-parametric Chi-square 

test, otherwise Fischer Exact test was used. Table 4 shows the variables and their relationships with the 

increase in AST value. The majority of research subjects aged between one and twelve months old 

experienced elevated AST levels. However, p value > 0.05 indicating no significant relationship between 

age and AST levels in patients receiving parenteral nutrition. The majority of research subjects who had 

poor nutritional status, such as with WHO Z-score between -2 and -3, experienced elevated AST levels. 

There was a significant relationship (p = 0.032) between nutritional status and the increase in AST value 

after the administration of parenteral nutrition. Meanwhile, other variables such as length of PICU 

treatment, parenteral nutrition administration, and LFT evaluation day did not have significant relationships 

with the increase in AST value. Table 4 shows the variables and their relationships with the increase in AST 

value. Whereas, the variables and their relationships with the increase in ALT value are shown in table 5, 

where there was no significant relationship between each variable and the increase in ALT level. 

 

4. Discussion 

Parenteral nutrition was found to increase the level of ALT and AST in the research. The finding was in line 

with previous studies reporting parenteral nutrition frequently leads to complications in the liver and biliary 

system. The incidence of PNALD was categorized into three, such as steatosis where AST or ALT values 

were above 1.5 times the normal value, cholestasis where direct bilirubin (DB) was greater than 2 mg/dL 

and ALP was above 1.5 times the normal value, and the combination of steatosis and cholestasis where 

ALT to ALP ratio was between 2 and 5. If the value was more than 5 or lower than 2, then liver disorders 

were classified into steatosis and cholestasis [10]. In this research, the ALP value was not included as the 

variable analyzed. 

 

There are numerous research evaluating PNALD and identifying the pathophysiology that causes PNALD 

to occur. PNALD has been linked to a number of potential contributing factors, including the lacking of 

enteral nutrition leading to intestinal atrophy and impaired enterohepatic circulation [11], [12]. The lacking 

of enteral nutrition intake decreases intestinal motility, gallbladder contraction, and cholecystokinin 

secretion. The reduction in intestinal motility promotes bacterial overgrowth and increases endotoxin and 

intraluminal lithocholate. As a result of damage intestinal mucosa, endotoxin and lithocholate can move 

into portal venous circulation and transport to the liver [13- 15]. 

 

Clinical studies have shown that the incidence of steatosis during parenteral nutrition is mainly due to the 

excessive calories. Liver complications can occur due to overfeeding of either through individual or the 

caloric substrates (dextrose, fats, and amino acids). For instance, the major calories in intravenous form are 

from dextrose monohydrate that offers 3.4 kcal/g of energy as opposed to the enteral form of carbohydrate 
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offering 4 kcal/g of energy [16], [17]. Besides that, lipids or fats are also a source of calories as well as 

essential fatty acids necessary for the synthesis of prostaglandin and lipid membranes, the growth of nerve 

cells, immune system function, skin integrity, and wound healing. However, the formulation for dextrose-

based parenteral nutrition contains little to no fats and contributes to the emergence of steatosis. Therefore, 

not only are excess carbohydrates stored in the liver as fats, but dextrose-based parenteral nutrition may 

lead to the development of essential fatty acid deficiency (EFAD), which causes impaired lipoprotein 

synthesis and triglyceride secretion and contributes to steatosis incidence. Balancing dextrose and lipid ratio 

can decrease the risk of steatosis by reducing hepatic triglyceride absorption and increasing fatty acid 

oxidation. A balanced parenteral nutrition provides 70% - 85% protein calories and 15% - 30% fats [18- 

20]. 

 

The results of this research show that the nutritional status of patients receiving parenteral nutrition 

significantly associated with the increase in AST level (p=0.032). According to the research done in 2019 

by Lakananurak, patients who suffered from severe malnutrition had a much higher risk of developing 

PNALD [22]. Another study by [18] explained that nutritional status affected the immune system in 

children due to the abnormalities of pro-inflammatory mediators in the intestine causing the increase in 

intestinal permeability, thereby facilitating massive translocation of bacterial toxins intro the circulation 

portal, mesenteric lymph nodes, and liver. Severe malnutrition can contribute to the incidence of subclinical 

nutritional deficiency and liver injury following parenteral nutrition. In severely malnourished patients, 

infections and liver damages further weaken the immune function [21]. 

 

Other factors observed in this study, such as age and gender, did not have significant effect on the incidence 

of PNALD (p>0.05). This research was carried out in a retrospective manner, in which data were collected 

from the medical records. Therefore, there is a lack of information regarding the history of pregnancy and 

maternal birth, feeding and medication status, and surgical intervention. However, [22] reported that babies 

were more prevalent in babies than adults, such as 40% - 60% cases in babies, whereas 15% - 40% cases in 

adults. Cholestasis occurred more frequently in children between one and twelve months old, such as by 

50% more frequent due to lower bile salts circulation and immaturity of enzyme systems in the synthesis, 

conjugation, secretion, and recirculation of bile salts in children of that age [23]. 

 

The duration of parenteral nutrition did not have a significant relationship with the increase in ALT and 

AST levels. However, [21] reported differences between adult patients receiving long-term and short-term 

parenteral nutrition [24] reported that long-term parenteral nutrition showed 40 – 60% prevalence of 

PNALD in pediatric patients. PNALD in a long-term parenteral nutrition appears mainly as a chronic 

manifestation of liver injury and can develop to severe fibrosis and chronic liver failure. Whereas, PNALD 

due to short-term parenteral nutrition is typically acute but reversible after parenteral therapy is 

discontinued. The risk of PNALD increased in patients receiving parenteral nutrition for more than 14 days 

and to up to 30 days. The mean onset time for abnormal livers appear after 12.5 days of receiving parenteral 

nutrition. Steatosis starts at an average of 13 days, cholestasis at 12 days, and the combination of steatosis 

and cholestasis at 19 days after parenteral nutrition [21], [24]. 

 

The increase in AST and ALT levels in the research subjects receiving parenteral nutrition did not have 

significant relationships with the day of LFT evaluation (p=0.545) and length of PICU treatment (p=0.750). 

LFT is affected by a number of risk factors, including the components and length of parenteral nutrition, as 

well as history of enteral feeding, sepsis, diagnosis, bacterial overgrowth, and intestinal resection. 

Meanwhile, PNALD is affected by patient diagnoses related to recurrent infections and sepsis, invasive 

surgeries, medication use, and nutritional deficiencies in patients. There are two main factors related to the 
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nutritional status that significantly affect LFT evaluation, such as enteral or oral nutritional intake 

concurrent with parenteral nutrition [21]. 

 

The fact that this study was a retrospective analysis of data collected from the medical records and there 

was no ALP assessment for liver function test has become the drawback of this study. ALP is not a routine 

assessment carried out in the research location where this research was carried out. Further research needs 

to include ALP parameter to provide in-depth analysis on the complications caused by parenteral nutrition. 

 

5. Conclusion 

There were significant differences in ALT and AST levels between the before and after the administration 

of parenteral nutrition in critically ill children, where both values were elevated after parenteral nutrition. 

Nutritional status had a significant relationship with the increase in AST level, but it did not significantly 

affect ALT level. Other variables, such as age, gender, average day of LFT evaluation, and length of PICU 

treatment and parenteral nutrition did not significantly affect liver function in the research subjects. 
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Variable n (%) Median (min-max) 

Age  6 (1-192) 

1- 12 months old 80 (80%)  

> 1 - 5 years old 0 (0%)  

> 6 - 12 years old 9 (9%)  

>12 -18 years old 11(11%)  

Gender   

Male 68 (68%) 

Female 32 (32%) 

Mean days of LFT evaluation  9 (4 – 15) 

< 7 days 10 (10%)  

≥ 7 days 90 (90%) 

Nutritional status   

Good 8 (8%) 

Poor 44 (44%) 

Malnutrition 
48 (48%) 

Length of PICU treatment  12 (8 – 19) 

< 10 days 15 (15%)  

≥ 10 days 85 (85%) 

Length of parenteral nutrition  11 (7 – 18) 

< 10 day 32 (32%)  
  ≥ 10 day  68 (68%)  

 

Table 2 ALT levels before and after parenteral nutrition 

ALT level Mean ± SD 

U/L 

p-Value 

Before parenteral nutrition 19.28 ± 6.99 0.0001 

After parenteral nutrition 42.45 ± 15.41  

 

Table 3 AST levels before and after parenteral nutrition 

AST level Median (min – max) 

U/L 

p-Value 

Before parenteral nutrition 21 (10 – 58) 0.0001 

After parenteral nutrition 42 (20 – 116) 

 

Table 4 Variables related to AST level after parenteral nutrition 
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Variable 

 AST after parenteral 

nutrition 
 

p-value 

 Normal Elevated  

Agea 1 - 12 months old 19 61 0.152 

 > 1 – 5 years old - -  

 > 5 – 12 years old - 9  

 > 12 – 18 years old 1 10  

Gendera Male 25 43 0.943 

 Female 12 20  

Nutritional statusb Good 4 4 0.032
*
 

 Poor 10 34  

 Malnutrition 23 25  

Mean days of LFT evaluationb < 7 days 4 6 0.545 

 
≥ 7 days 33 57 

 

Length of PICU treatmenta < 10 days 5 10 0.750 

 ≥ 10 days 32 53  

Length of parenteral nutritiona < 10 days 10 22 0.414 

 ≥ 10 days 27 41  

aChi-square test, bFischer-exact test 

 

Table 5 Variables related to ALT level after parenteral nutrition 

 
Variable 

 ALT after parenteral 

nutrition 
 

p-value 

 Normal Elevated  

Agea 1 - 12 months old 31 49 0.622 

 > 1 – 5 years old - -  

 > 5 – 12 years old 2 7  

 > 12 – 18 years old 4 7  

Gendera Male 14 54 0.830 

 Female 6 26  

Nutritional statusb Good 0 8 0.060 

 Poor 6 38  

 Malnutrition 14 34  

Mean days of LFT evaluationb < 7 days 1 9 0.473 

 ≥ 7 days 19 71  
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Length of PICU treatmenta < 10 days 3 12 0.653 

 ≥ 10 days 17 68  

Length of parenteral nutritiona < 10 days 4 28 0.198 

 ≥ 10 days 16 52  

aChi-square test, bFischer-exact test 

 

Notes:  

Abbreviations: n, number of research subjects; LFT, liver function test; PICU, pediatric intensive care unit; 

SD, standard deviation 

 

 
Figure 1 Research subject treatment diagnosis 
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