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Background: To evaluate the effect of different PN types on surgical critically ill trauma/ 
acute care surgery patients with hepatic disorders at admission.
Methods: This is a retrospective study. The PN types included lipid-free, soybean oil/ 
medium-chain triglyceride, olive oil-based, and fish oil-containing PNs. Patients admitted 
with liver injury or liver surgery, elevated serum AST/ALT level, and elevated serum total 
bilirubin level were included. The exclusion criteria are as follows: 1) age <18 years, 2) 
severe liver disease/cirrhosis, 3) received more than one type of PN and 4) serum total 
bilirubin >4.9 mg/dl at admission. Demographics, severity, comorbidities, blood stream 
infection, hyperbilirubinemia (total bilirubin > 6.0 mg/dl), and mortality were collected for 
analysis. We also performed analysis stratified by separated lipid doses (g/kg/day).
Results: A total of 156 patients were enrolled. There were no demographic differences 
among groups. The lipid-free group was associated with the highest mortality rate and 
incidence of hyperbilirubinemia. Compared to the lipid-free group, the olive oil-based 
group had the lowest risk of hyperbilirubinemia. After being stratified by separated lipid 
doses, the incidence of hyperbilirubinemia decreased when the lipid dosage increased. 
Regarding different types of lipids, patients who received more than the median dosage of 
lipids showed a significantly lower risk of hyperbilirubinemia, except in the fish oil- 
containing group.
Conclusion: Our result suggested that lipid-free PN is associated with an increased risk of 
hyperbilirubinemia in surgical critically ill patients with admission hepatic disorder. Further 
studies are warranted.
Keywords: hyperbilirubinemia, intravenous fat emulsion, parenteral nutrition, surgical 
critically ill

Introduction
Parenteral nutrition (PN) is essential in individuals with intestinal failure or those 
intolerant of oral or enteral nutrition for prolonged periods.1 Intravenous fat emulsions 
(IVFEs) are important components of PN that provide concentrated sources of cellular 
energy and essential fatty acids.2,3 However, it was not clear that which type of PN 
might be used in surgical critically ill patients with hepatic disorders at admission.4,5

The use of PN may result in parenteral nutrition associated liver disease 
(PNALD). The etiology of PNALD is multifactorial.6 It is characterized by 
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hepatobiliary disorders such as steatosis, cholestasis, and 
hepatic inflammation that can progress to cirrhosis and 
end-stage liver disease.6 Increased incidences of PNALD 
have been found in vulnerable groups, such as those with 
small bowel compromise, severe sepsis/infections, blood 
transfusions, and who received multiple surgical 
procedures.7,8

Because lipid exposure and sepsis are the dominant 
risk factors for PNALD, the policy of lipid-free/restriction 
or cyclic PN has been suggested in vulnerable groups.9–11 

Hence, a strategy of lipid-sparing or lipid reduction PN 
might be protective of the liver in adult surgical critically 
ill patients with liver disorders on admission.

Few studies have focused on the effect of PN (including 
IVFEs) in adult surgical critically ill patients with liver 
disorders on admission. Therefore, we were interested in 
this issue and tried to evaluate the effect of different PN 
types on surgical critically ill trauma/acute care surgery 
patients who were noted with hepatic disorders at admission.

Methods
From May 2013 to May 2017, we retrospectively reviewed 
the charts of patients with liver dysfunction and PN use in 
the surgical intensive care unit. Patients were characterized 
by either severe torso trauma or had undergone acute care 
surgery (eg, septic shock with hollow organ perforation, 
bowel ischemic changes, strangulation, hepatobiliary 
obstruction, etc.).

We included patients with liver injury or liver surgery, 
elevated serum AST/ALT level, and elevated serum total 
bilirubin level at admission. We excluded patients with age 
<18 years, severe liver disease or cirrhosis, or who 
received more than one type of PN. We also excluded 
patients with severe liver insults with serum total bilirubin 
>4.9 mg/dl at admission.

Management of patients included a collaborative inten
sive care team, prevention and control of infection, and 
organ support protocol. Laboratory data were collected 
periodically. Sedation of patients was with non-propofol 
sedatives. Patients received PN due to intestinal dysmoti
lity, though not randomly, there was no preference for the 
use of lipid-free PNs or IVFEs in the current series. In 
addition, we followed the guidelines for prescription and 
discontinuation.4,5,12

At our institution, IVFE products include soybean oil- 
based/medium/long-chain triglycerides (soybean oil/MCT) 
(Lipovenoes® and Lipofundin®), olive oil-based 
(ClinOleic®) and mixed IVFE with fish oil (SMOF®). 

However, a 100% soybean oil-based IVFE is not available. 
Therefore, there were four groups of patients: lipid-free 
PN, soybean oil/MCT IVFE, olive oil-based IVFE, and 
fish oil-containing IVFE.

In compliance with the Personal Information Protection 
Act, data abstracted from the chart contained no identify
ing patient information. All identifications of patients were 
substituted with surrogate numbers for research use. This 
study was approved by the Research Ethics Committee of 
China Medical University and Hospital (CMUH106-REC3 
-128). We also confirmed that this study was conducted in 
accordance with the Declaration of Helsinki.

Goal of Calorie Supplementation and PN 
Use
The goal of calorie supplementation was ≤25 kcal/kg 
(actual BW)/day during the acute phase (48 h after ICU 
admission), followed by 30 kcal/kg (actual BW)/day dur
ing the post-acute phase (>4 days postadmission).13 If EN 
could not be established within 72–96 h after admission, 
we considered the use of PN.4,5 In patients with identified 
preoperative malnutrition (eg, BMI < 18.5 kg/m2) and who 
were intolerant to enteral feeding, we started PN within 24 
h after ICU admission. Energy intake was initially hypo
caloric nutrition with a target of 20–25 kcal/kg/day and 1.5 
g/kg/day amino acids and then gradually increased to 30– 
35 kcal/kg/day. PN could be discontinued when EN 
reached a target of 60% of the nutritional requirements.

Definition of Hepatic Dysfunction
There was a lack of a universal definition of hepatic 
dysfunction/failure. The current diagnostic criteria for 
hepatic dysfunction are mostly based on laboratory 
serum bilirubin data, which may be more than 2.0 mg/dl 
(>34 μmol/L) or more than 4.0 mg/dl (>70 μmol/L).14,15 

We considered serum total bilirubin >6.0 mg/dl as an 
indicator for hepatic dysfunction based on the sequential 
organ failure assessment (SOFA) score, which defines 
serum total bilirubin >6.0 mg/dl as grade III hepatic 
failure.16

Assessment of Patient Severity
We used the Acute Physiology and Chronic Health 
Evaluation II (APACHE II) score, SOFA score, and phy
siological and operative severity scores for the enumera
tion of mortality and morbidity scoring system (POSSUM) 
to evaluate the physiological status and surgical mortalities 
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and morbidities of patients. The POSSUM score is often 
considered for surgical audits.17 Additionally, the Injury 
Severity Score (ISS) was used to assess the severity of 
trauma patients.

Measurement
We performed an analysis of the demographics (including age, 
sex, and body weight), pre-existing comorbidities (including 
sepsis, trauma, type II diabetes, hypertension, heart disease, 
chronic kidney disease, COPD, and receipt of transarterial 
embolization), severity score of illness at admission (including 
the admission APACHE II score, POSSUM score, SOFA 
score, and ISS), days from the start of PN, days of PN use, 
days of EN establishment, initial laboratory data, blood trans
fusion, hemodynamic instability on admission, receipt of 
abdominal operation, renal replacement therapy, blood stream 
infection (BSI), ventilator days, length of stay, and time to 
hyperbilirubinemia. Mortality was assessed at discharge and at 
30, 60, and 90 days. We also assessed the effect of different 
lipids with regard to time to hyperbilirubinemia and mortality 
stratified by separated oil dosage (g/kg/day). Moreover, we 
used the median dosage for assessment because there was 
a lack of a standard dosage.

Statistical Analysis
The differences between demographic data and clinical char
acteristics were examined by Kruskal–Wallis tests for contin
uous variables and Chi-square tests/Fisher exact tests for 
categorical variables. We used Cox regression models to ana
lyze the risk of hyperbilirubinemia or mortality among the 
IVFE groups, and showed hazard ratios (HRs) with 95% 
confidence intervals (95% CIs). The association of different 
oil dosages with hyperbilirubinemia and mortality among dif
ferent oil types were assessed. The separated oil dosage was 
divided into two groups based on the median dosage of oils.

The survival probability of mortality or cumulative inci
dence of hyperbilirubinemia was plotted based on the Cox 
model after being adjusted for significant variables (Table 1). 
All data management and analyses were performed using the 
SAS 9.4 software package (SAS Institute, Cary, NC). The 
significance level was set at p < 0.01 under the two-tail test 
according to Bonferroni correction.

Result
During this 48-month period, 163 trauma/acute care sur
gery patients were included in the study. No patient was 
excluded for severe liver disease or cirrhosis or received 
more than one type of IVFE. Seven patients were excluded 

because of serum total bilirubin >4.9 mg/dl at admission. 
Therefore, a total of 156 patients with admission hepatic 
disorders were enrolled. Among these 156 patients, 20 
patients had liver injury/liver surgery, 90 patients had an 
elevated serum AST/ALT level, and 46 patients had ele
vated serum total bilirubin (>1.2 mg/dl).

There were 48 (30.8%) patients in the soybean oil/ 
MCT IVFE group, 51 (32.7%) patients in the olive oil- 
based IVFE group, 22 (14.1%) patients in the fish oil– 
containing IVFE group, and 35 (22.4%) patients in the 
lipid-free group (Figure 1).

Among the groups, the range of the mean age was 56.7– 
62.6 years old (Table 1). Most patients were male. There were 
no significant differences in clinical characteristics among the 
groups, except for days of PN use. In addition, there were 8, 
10, 4, and 15 patients with mortality at discharge in the 
soybean oil/MCT, olive oil-based, fish oil-containing, and 
lipid-free groups, respectively (Table 2). The survival prob
ability was highest in the soybean oil/MCT group (67.13%), 
but there were no significant differences among the three IVFE 
groups (Figure 2A). There were 13, 12, 8 and 20 patients with 
total bilirubin >6.0 mg/dl at the end of follow-up in the 
soybean oil/MCT, olive oil-based, fish oil-containing, and 
lipid-free groups, respectively (Table 2). The cumulative inci
dence of total bilirubin >6.0 mg/dl was highest in the lipid-free 
group (70.30%) (Figure 2B).

After adjusting for days of PN use, the lipid-free group 
was associated with the highest mortality rate among the 
groups. Compared to the lipid-free group, the IVFE groups 
had a generally lower mortality risk. Although the lipid- 
free group had the highest mortality rate compared with 
the IVFE groups at discharge, 30 days, and 90 days, it did 
not reach a significant difference (Table 2).

In addition, the lipid-free group showed the highest inci
dence of total bilirubin >6.0 mg/dl (36.70 per 1000 person- 
days), followed by the fish oil-containing group (11.73 per 
1000 person-days), soybean oil/MCT group (11.34 per 
1000 person-years), and olive oil-based group (8.04 per 
1000 person-days) (Table 2). Compared to the lipid-free 
group, the olive oil-based group had the lowest risk of total 
bilirubin >6.0 mg/dl (HR = 0.26, 95% CI = 0.13–0.54) 
(Table 2).

Table 3 shows the effect of different lipids on the time 
to total bilirubin >6.0 mg/dl stratified by the separated oil 
dosage. The incidence of total bilirubin >6.0 mg/dl was 
decreased when the lipid dosage increased, except in the 
fish oil-containing group. After adjusting for days of PN 
use and admission initial serum T-bilirubin, when 
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Table 1 Demographics and Clinical Characteristics

Variable Soybean Oil/MCT Olive Oil Based Fish Oil Contained Lipid Free p-value

(N=48) (N=51) (N=22) (N=35)

Demographic 0.74

Age (yr), mean (SD) 62.6 (18.5) 61.8 (20.2) 60.7 (16.2) 56.7 (19.5) 0.49

Sex, n (%) 0.70

Female 18 (37.5) 19 (37.3) 6 (27.3) 10 (28.6)

Male 30 (62.5) 32 (62.2) 16 (72.7) 25 (71.4)

Body weight (kg), mean(SD) 64.4 (15.4) 60.4 (13.5) 66.3 (13.6) 64.0 (18.0) 0.46

Clinical, mean(SD)

Severity score of illness

Admission APACHEII score 17.8 (7.53) 16.9 (7.22) 18.2 (6.85) 20.0 (8.49) 0.53

SOFA score 5.02 (2.81) 4.75 (3.24) 5.05 (2.57) 6.31 (3.11) 0.10

Total POSSUM score 47.5 (10.4) 47.3 (10.7) 48.4 (9.57) 52.4 (10.1) 0.15

ISS† 28.0 (13.3) 27.4 (11.6) 23.9 (12.0) 28.8 (4.38) 0.81

Days of PN start, mean(SD) 2.31 (1.79) 2.90 (3.00) 4.68 (5.61) 3.03 (2.41) 0.20

Days of EN establish, mean(SD) 3.19 (1.89) 4.15 (3.84) 4.74 (3.38) 4.16 (3.39) 0.16

Days of PN use, mean(SD) 10.8 (9.70) 12.2 (10.4) 20.5 (20.2) 8.86 (7.42) 0.01

Admission Biochemical variables, mean(SD)

Admission Initial serum T-bilirubin 1.20 (0.66) 1.25 (0.83) 1.63 (0.66) 1.70 (1.06) 0.06

BUN 35.2 (28.6) 32.6 (24.7) 34.9 (37.0) 26.3 (18.7) 0.41

Creatinine 2.05 (1.75) 1.80 (1.42) 2.18 (2.39) 2.08 (1.82) 0.68

Serum albumin 2.73 (0.71) 2.90 (0.65) 2.70 (0.75) 2.77 (0.66) 0.75

Serum Lactate (mg/dl) 50.9 (40.1) 42.1 (32.2) 47.5 (40.3) 65.3 (56.1) 0.26

Serum ALT 112.3 (209.5) 83.5 (132.5) 97.3 (202.5) 118.0 (132.1) 0.45

Blood transfusion 7.73 (9.48) 7.80 (9.33) 13.1 (23.9) 12.3 (15.3) 0.33

Comorbidity, n (%)

Sepsis 14 (29.2) 13 (25.5) 5 (22.7) 7 (20.0) 0.80

Trauma 15 (31.3) 13 (25.5) 8 (36.4) 13 (37.1) 0.66

Type II diabetes 24 (50.0) 19 (37.3) 14 (63.6) 18 (51.4) 0.19

Hypertension 18 (37.5) 23 (45.1) 9 (40.9) 13 (37.1) 0.85

Heart disease 2 (4.17) 9 (17.7) 4 (18.2) 3 (8.57) 0.11

Chronic kidney disease 6 (12.5) 8 (15.7) 3 (13.6) 7 (20.0) 0.83

COPD 1 (2.08) 2 (3.92) 0 (0.00) 1 (2.86) 1.00

Malignancy 6 (12.5) 3 (5.88) 5 (22.7) 2 (5.71) 0.13

Post TAE 5 (10.4) 7 (13.7) 2 (9.09) 6 (17.1) 0.80

Hemodynamic unstable on admission, n (%) 20 (41.7) 19 (37.3) 8 (36.4) 14 (40.0) 0.96

Received abdominal operation, n (%) 44 (91.7) 44 (86.3) 21 (95.5) 31 (88.6) 0.70

Vasopressor use at ER, n (%) 14 (29.2) 10 (19.6) 3 (13.6) 13 (37.1) 0.16

Received CVVH, n (%) 4 (8.33) 9 (17.7) 3 (13.6) 10 (28.6) 0.11

Received HD, n (%) 4 (8.33) 6 (11.8) 3 (13.6) 9 (25.2) 0.18

Blood stream infection, n (%) 22 (45.8) 22 (43.1) 6 (27.3) 18 (51.4) 0.34

Length of stay (day), mean (SD) 33.3 (25.1) 35.2 (26.5) 45.8 (31.0) 31.9 (23.1) 0.22

Duration of ventilator days, mean(SD) 14.5 (14.4) 19.9 (21.7) 25.2 (19.6) 20.9 (17.1) 0.06

Reason of liver insult, n (%) 0.74

Direct liver trauma 5 (10.4) 6 (11.8) 2 (9.09) 7 (20.0)

Elevated AST/ALT at admission 29 (61.4) 32 (62.8) 13 (59.1) 16 (45.7)

Elevated T-bilirubin level 14 (29.2) 13 (25.5) 7 (31.8) 12 (34.3)

Notes: P-values were calculated by Kruskal–Wallis tests for continuous variables and Chi-square tests/Fisher exact tests for categorical variables. †ISS score only for trauma patients. 
Abbreviations: MCT, medium-chain triglyceride; TAE, transarterial embolization; CVVH, continuous veno-venous hemofiltration; HD, hemodialysis.
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compared to nonsoybean use, the risk decreased from 0.53 
(95% CI = 0.29–0.96) to 0.11 (95% CI = 0.04–0.27) in 
patients with soybean use greater than 0.15 g/kg/day. 
Regarding the different types of lipids, patients who 
received more than the median dosage of lipids showed 
a significantly lower risk of hyperbilirubinemia, except in 
the fish oil-containing group.

Table 4 shows the effect of different lipids on time to 
in-hospital mortality stratified by separated oil dosage. 
After adjusting for days of PN use and admission initial 
serum T-bilirubin, patients receiving more than 0.15 g/kg/ 
day soybean oil had a significantly lower mortality risk 
(HR=0.29, 95% CI=0.1–0.68). There were no significant 
dosage differences in the soybean oil/MCT, olive oil- 
based, and fish oil-containing groups. In addition, soybean 
oil showed a decreasing trend of mortality with increasing 
oil dosage.

Discussion
There were different characteristics among the critically ill 
patient subgroups.18 Surgical critically ill patients, such as 
trauma/acute care surgery patients, are often susceptible to 
shock, acute stress, hemorrhage, and multiorgan 
failure.19,20 Therefore, it is likely that previous therapeutic 
concepts and modalities might be associated with different 
outcomes.

Few studies have addressed the supplementation of PN 
types in adult patients with pre-existing liver disorders. 
Lipid-free/restriction or cyclic PN has been applied in chil
dren and pediatric patients.9–11 Therefore, the strategy of 
lipid-sparing or lipid reduction PN might be rational in adult 
surgical critically ill patients with liver disorders upon 
admission owing to the concern of further liver damage.

The ESPEN guidelines for liver disease recommend 
that PN should be used as a second-line treatment in 
patients who cannot be adequately orally fed and/or EN 
in patients with acute liver failure. Yet, there are limited 
instructions for the selection of PN types such as lipid-free 
PNs or IVFEs.4,5,21,22 Because IVFEs might be associated 
with steatosis, cholestasis, and hepatic inflammation, the 
concerns for exacerbated liver function might have 
impacts on the choice of PN in patients with hepatic 
disorders upon admission and might result in the prefer
ence for lipid-free PN.

Bilirubin is a potent antioxidant, and a moderate increase 
in plasma bilirubin has been thought to be with benefit due to 
antioxidant effects of this bile pigment.23 In addition, bilir
ubin has a new function as a ligand for peroxisome prolif
erator-activated receptor alpha (PPAR-α),24,25 while PPAR-α 
increases UDP Glucuronosyltransferase Family 1 Member 
A1 (UGT1A1),26 UGT1A1 involves in the metabolism of 
bilirubin that lowers plasma bilirubin levels27 The fatty acids 
are likely activating PPAR to increase UGT1A1 as a negative 

Figure 1 Flow chart for selecting study cohorts.
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feedback loop.28 Thus, it is rational that the use of lipid-free 
PN is associated with an increased risk of hyperbilirubinemia 
in surgical critically ill patients with admission hepatic 
disorder.

In the current series, the lipid-free group was asso
ciated with the highest mortality rate among the groups, 
this might be attributed to the fact that lipids are essential 
to body biochemical activities, the structure of cell 

Figure 2 (A) Cumulative incidence of mortality in Kaplan-Meier analysis. The survival probability was highest in the soybean oil/MCT group (67.13%), but there were no 
significant differences among the three IVFE groups. (B) Cumulative incidence of total bilirubin >6.0 mg/dl in Kaplan-Meier analysis. The cumulative incidence of total bilirubin 
>6.0 mg/dl was highest in the lipid-free group (70.30%).

Table 3 Effect of Different Lipids on Time to Total Bilirubin >6.0 Mg/Dl Stratified by Separated Oil Dosage (g/kg/Day)

Variable N No. of 
Event

Person 
Days

Incidence† Crude HR 
(95% CI)

p-value Adjusted HR 
(95% CI)

p-value

Oil dosage

Soybean
None 35 20 545 36.70 Ref. Ref.

≤ median (0.15 g/kg/day) 62 27 1371 19.69 0.59 (0.33–1.06) 0.08 0.53 (0.29–0.96) 0.04

> median 59 6 1950 3.08 0.11 (0.04–0.28) <0.0001 0.11 (0.04–0.27) <0.0001

MCT

None 69 28 1303 21.49 Ref. Ref.
≤ median (0.20 g/kg/day) 43 20 1252 15.97 0.95 (0.53–1.69) 0.86 0.78 (0.41–1.48) 0.45

> median 44 5 1311 3.81 0.21 (0.08–0.55) 0.001 0.21 (0.08–0.54) 0.001

Olive oil

None 73 30 1353 22.17 Ref. Ref.

≤ median (0.20 g/kg/day) 41 19 1159 16.39 0.94 (0.53–1.68) 0.84 0.75 (0.39–1.42) 0.37
> median 42 4 1354 2.95 0.18 (0.06–0.50) 0.001 0.16 (0.06–0.46) 0.0007

Fish oil
None 115 39 2378 16.40 Ref. Ref.

≤ median (0.05 g/kg/day) 21 13 571 22.77 1.70 (0.91–3.20) 0.10 1.28 (0.58–2.80) 0.54

> median 20 1 917 1.09 0.10 (0.01–0.75) 0.03 0.09 (0.01–0.69) 0.02

Notes: †Per 1000 person-days. Adjusted for days of PN use and admission initial serum T-bilirubin. 
Abbreviations: MCT, medium-chain triglyceride; MV, mechanical ventilation.
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membranes, signal transduction, and platelet function.29,30 

Thus, a lack of lipids may result in fatty acid deficiency 
and hyperbilirubinemia, as well as possible poor 
outcomes.

When stratified by lipid dosage (g/kg/day), relatively 
higher doses were associated with a significantly lower HR 
of hyperbilirubinemia among each lipid, except in the fish 
oil-containing group. Although the use of lipids may not 
play an important role in the mortality of surgical critically 
ill patients, soybean oil showed a decreasing trend of 
mortality with increasing oil dosage. Together, our results 
might reflect, at least in part, the important role of soybean 
lipids for this group. However, further studies are 
warranted.

After adjusting for days of PN use, the lipid-free group 
still had a significant incidence of hyperbilirubinemia and 
the highest incidence of mortality among the groups. In 
contrast, there was no significant risk of hyperbilirubinemia 
and mortality among the three IVFE groups. This result may 
show, in part, that a lipid-free PN policy might not be 
sufficient in surgical critically ill patients with admission 
hepatic disorders and again highlighted the role of fatty 
acids in activating PPAR to increase UGT1A1,28 as well 
as the importance of essential fatty acids.

Studies showed that patients who received lipid-free 
PN developed hepatic steatosis possibly as a result of 

essential fatty acid deficiency, while hepatic steatosis 
resolved following lipid supplementation.31,32 However, 
other studies suggested the use of lipid-free/restriction or 
cyclic PN in pediatric patients with PNALD.9–11,33,34 

These results might be attributed to physiological discre
pancies between pediatric and adult patients. Although 
there are no solid data, we assume that the need for 
essential fatty acids might be increased in patients with 
trauma/acute care surgery. However, due to the selection 
of mild and moderate admission hepatic disorders, our 
results cannot be extrapolated to those of patients with 
very severe liver disorders.

It is difficult to draw meaningful conclusions from this 
series due to limited number of study patients. Yet, our 
findings suggest that there might be an association 
between the increased incidence of hyperbilirubinemia 
and the use of lipid-free PN in surgical critically ill 
patients with hepatic disorders at admission. In addition, 
a relatively higher lipid dosage seems to be associated 
with a lower risk of hyperbilirubinemia when stratified 
by separate lipid doses. However, further large-scale stu
dies are required.

Limitations of the Study
The strengths of this study include a specific study popula
tion, reliable diagnoses, and a high follow-up rate. 

Table 4 Effect of Different Lipids on Time to in-Hospital Mortality Stratified by Separated Oil Dosage (g/kg/Day)

Variable N No. of Event Persondays Incidence† Crude HR 
(95% CI)

p-value Adjusted HR 
(95% CI)

p-value

Oil dosage

Soybean

None 35 15 1115 13.45 Ref. Ref.

≤ median (0.15 g/kg/day) 62 14 2283 6.13 0.45 (0.22–0.93) 0.03 0.51 (0.24–1.08) 0.08

> median 59 8 2118 3.78 0.27 (0.12–0.64) 0.003 0.29 (0.12–0.68) 0.005

MCT

None 69 21 1992 10.52 Ref. Ref.

≤ median (0.2 g/kg/day) 43 11 2072 5.31 0.51 (0.24–1.06) 0.07 0.62 (0.28–1.40) 0.25

> median 44 5 1452 3.44 0.31 (0.11–0.81) 0.02 0.31 (0.12–0.83) 0.02

Olive oil

None 73 22 2245 9.80 Ref. Ref.

≤ median (0.20 g/kg/day) 41 7 1882 3.72 0.34 (0.15–0.81) 0.015 0.38 (0.15–0.94) 0.04

> median 42 8 1389 5.76 0.55 (0.25–1.25) 0.15 0.58 (0.25–1.32) 0.19

Fish oil

None 115 28 3468 8.07 Ref. Ref.

≤ median (0.05 g/kg/day) 21 7 1116 6.27 0.72 (0.31–1.66) 0.44 0.96 (0.36–2.52) 0.93

> median 20 2 932 2.15 0.25 (0.06–1.06) 0.06 0.28 (0.07–1.21) 0.09

Notes: †Per 1000 person-days. Adjusted for days of PN use and admission initial serum T-bilirubin. 
Abbreviations: MCT, medium-chain triglyceride; MV, mechanical ventilation.
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However, certain limitations exist. First, the sample size is 
not large. Second, the retrospective nature and lack of 
randomization may give rise to probable bias in case 
selection, which might restrict our analytical conclusions. 
Third, because there are multifactorial characteristics in 
surgical critically ill patients with severe trauma/acute care 
surgery, it is difficult to collect all of the related data in this 
study. Therefore, evaluation of physiological status and 
severity was performed using physiological scores rather 
than detailed clinical parameters. Fourth, there may be 
a subjective bias because the criteria for the use and 
types of PN are not fully quantified. Therefore, further 
multicenter randomized studies for this specific patient 
group are warranted with predefined enrollment criteria 
for a better understanding of this issue.

Conclusion
Our findings suggest that there might be an association 
between the increased incidence of hyperbilirubinemia and 
the use of lipid-free PN in surgical critically ill trauma/ 
acute care surgery patients who were noted to have hepatic 
disorders at admission.

However, based on the retrospective nature and limited 
sample size of this study, further studies are warranted.

Abbreviations
PN, parenteral nutrition; PNALD, parenteral nutrition 
associated liver disease; IVFE, intravenous fat emulsions.; 
MCT, medium-chain triglyceride; ICU, intensive care unit; 
BMI; body mass index; SOFA, sequential organ failure 
assessment; APACHE II, Acute Physiology and Chronic 
Health Evaluation II; POSSUM, physiological and opera
tive severity scores for the enumeration of mortality and 
morbidity scoring system; ISS, Injury Severity Score; BSI, 
blood stream infection; AST, ASpartate aminoTransferase; 
ALT, ALanine aminoTransferase; HR, hazard ratios; CI, 
confidence intervals.
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