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Background: To evaluate the effect of restriction of soybean-based intravenous fat emulsions (IVFEs) in 
clinical outcomes in cardiac surgical patients.
Methods: This was a before-and-after interventional study comparing the clinical outcomes regarding 
the intervention of IVFEs restriction. Before August 2015, parenteral nutrition (PN) using a soy-based 
lipid emulsion was routinely implemented if patients failed to meet >60% of energy requirements in 48 h 
post cardiac surgery (Period A). Beginning in August 2015, a lipid restriction strategy was implemented in 
our cardiac surgery intensive care unit (CSICU) unless enteral route could not be established within 7 days  
(Period B). The ICU and hospital mortality, nosocomial infections during ICU stay, length of ICU and 
hospital stay, ICU and hospital cost, mechanical ventilation time and postoperative complications were 
compared between two periods.
Results: A total of 761 patients (370 patients in Period A and 391 patients in Period B) were ultimately 
enrolled in this study. There were no significant differences in demographic characteristics and intraoperative 
and postoperative parameters between the two groups. After the implementation of IVFEs restriction, the 
overall ICU mortality and hospital mortality were similar between two groups. Nosocomial infection rate 
was significantly reduced (3.84% vs. 7.84%, P=0.021). The mean length of ICU stay (3.15 vs. 3.74 days, 
P<0.001) and hospital stay (12.14 vs. 13.24 days, P<0.001) were significantly lower. The mean in-hospital 
cost (133,368 vs. 139,383 Yuan, P=0.037) was found to be reduced after implementation of IVFEs restriction. 
The duration of mechanical ventilation was shorter in the latter period (35.23±10.43 vs. 47.63±12.54 hours, 
P=0.011). IVFEs restriction was also associated with reduced cholestasis (2.81% vs. 6.76%, P=0.013).
Conclusions: The implementation of soybean-based IVFEs restriction in cardiac surgical patients was 
associated with reduced postoperative nosocomial infection rate. It also led to reductions in the length 
of ICU/hospital stay, hospital costs and mechanical ventilation time and a lower incidence of cholestasis. 
Further studies are required to validate the conclusions.
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Introduction

Nutritional treatment plays a unique role in the integrated 
management of post-cardiac surgery patients. It is known 
that poor nutritional status is associated with higher 
mortality, an increased postoperative infection risk, a 
prolonged length of intensive care unit (ICU) and hospital 
stay, and a poorer quality of life in post-cardiac surgery 
patients (1). It is recommended that nutrition support 
therapy in the form of early enteral nutrition (EN) be 
initiated within 24–48 hours in a critically ill patient who 
is unable to maintain volitional intake (2). However, most 
patients who have undergone cardiac surgery experienced 
postoperative hemodynamic instability courses, and some 
required high doses of vasopressor or even mechanical 
hemodynamic support, which led to inadequate calorie 
intake via the enteral route alone.

The ASPEN/SCCM guidelines recommend that for 
patients who are at either a low or high nutrition risk, the 
use of supplemental parenteral nutrition (SPN) should 
be considered after 7–10 days if the patients are unable to 
meet >60% of their energy and protein requirements via 
the enteral route alone (2). Nevertheless, in patients who 
are intolerant to EN within 72 hours of admission, the 
European guidelines recommend starting SPN within 24 to 
48 hours (3). A cross-sectional study revealed that parenteral 
nutrition (PN) was predominantly used in patients requiring 
nutritional support in Mainland China. The ratio of PN 
to EN in the sampling areas was approximately 1.7:1.0, 
which indicated that the choice of nutritional support was 
occasionally inappropriate (4). Hence, there was a huge gap 
between the guidelines and real-world clinical practice in 
Mainland China.

Despite the wide use of PN, the necessity and safety of 
the component have not been well studied. Lipid emulsions 
are considered essential components of PN regimens that 
provide a concentrated source of calories, cell membrane 
components and biologically active substrates. Traditional 
soybean oil-based intravenous fat emulsions (IVFEs) are 
high in linoleic acid, which has been hypothesized to 
exacerbate the inflammatory immune response and result in 
adverse outcomes in critically ill patients (5). Furthermore, 
lipid emulsions have been implicated in the development 
of hepatobiliary disease in patients receiving PN (6,7). A 
restriction to intravenous soybean-based lipid in PN-fed 
surgical infants has been reported to be associated with a 
reduction in the incidence of liver disease (8). 

The purpose of this study was to determine whether 

the restriction of IVFEs would be associated with reduced 
mortality and occurrence of nosocomial infections during 
ICU stay in cardiac surgical patients. 

Methods

Study design

The study was conducted in a 38-bed cardiac surgery ICU 
(CSICU) at Zhongshan Hospital of Fudan University, 
China, from May 1, 2015, to November 30, 2015. 
This hospital, which is one of the largest centers for 
cardiovascular medicine in mainland China, performed 
more than 3,000 cardiac surgery procedures per year. A 
before-and-after interventional study was conducted to 
compare the clinical outcomes regarding the intervention. 
Two consecutive study periods were analyzed: (I) Period 
A, a 3-month baseline period before IVFE restriction 
(May to July 2015); and (II) Period B, a 4-month period 
with the implementation of IVFE restriction (August to 
November 2015). Data were collected from the medical 
records from Zhongshan Hospital Electronic Health 
Record System. This study was approved by the Ethics 
Committee of Zhongshan Hospital Affiliated to Shanghai 
Fudan University (No. B2016-142R) and was conducted in 
compliance with the institutional requirements.

Inclusion and exclusion criteria

All patients who underwent cardiac surgery and were 
admitted to the CSICU were included in this study. The 
exclusion criteria were as follows: (I) patients who did 
not receive cardiac surgery, such as those with type A 
aortic dissection who were admitted to the CSICU from 
emergency room but died before the surgical intervention; 
(II) patients who underwent heart transplantation; and (III) 
patients who stayed in CSICU for less than 48 hours. The 
flowchart of patient enrollment was summarized in Figure 1.

Study procedures

The nutritional treatment protocol in our cardiac surgery 
intensive care unit (CSICU) is shown in Figure 2. The 
energy targets were set at 25 kcal/kg/day throughout the 
study period. Continuous intravenous insulin therapy 
to maintain blood glucose at lower than 10 mmol/L was 
provided, and the arterial blood glucose levels were checked 
frequently (depending on the clinical situation, but this 
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occurred at least three times a day). Energy delivery was 
defined as the mean actual caloric intake per day during the 
ICU stay, which included fat from propofol. Energy balance 
was defined as the difference between energy target and 
energy delivery. 

EN was initiated for patients who were on mechanical 

ventilation approximately 24 h after cardiac surgery. 
Nasogastric tubes were considered the preferred choice. 
Gastric residual volume was not routinely monitored 
in our CSICU. In non-diabetic patients, EN products 
containing 1.5 kcal/mL of energy (6 g/100 mL proteins, 
5.83 g/100 mL lipids, and 18.4 g/100 mL carbohydrates) 
were administered. In patients with diabetes mellitus, 
the EN formulas consisted of 1 kcal/mL of energy  
(3.4 g/100 mL proteins, 3.2 g/100 mL lipids, and  
12 g/100 mL carbohydrates). Patients who were extubated 
after cardiac surgery were encouraged to be orally fed. 

Before August 2015, PN with a soybean-based lipid 
emulsion containing 450 kcal was routinely implemented 
if the patients failed to meet >60% of their energy 
requirements within 48 h post-cardiac surgery. The 
PN formulas consisted of 1.14 kcal/mL of energy  
(18% proteins, 34% lipids, and 48% carbohydrates). 
The team of intensivists gradually realized that such an 
aggressive use of IVFEs was not in accordance with the 
current ASPEN/SCCM guidelines (2). After a series of 
multidisciplinary discussions, beginning in August 2015, a 
lipid restriction strategy was implemented at our CSICU 
for all cardiac surgery patients. IVFEs were only considered 
after 7 days if the enteral route could not be established, 

1,764 patients of cardiac surgery intensive care unit

(May to Nov 2015)

38 patients without cardiac surgery were excluded

7 patients underwent heart transplantation were 

excluded

958 patients stay in ICU ≤48 hours were excluded

761 patients enrolled in the study

Period A: baseline

370 patients 

(May 2015 to July 2015)

Period B: observation period

391 patients 

(Aug to Nov 2015)

Figure 1 Flow chart showing the patient enrollment and group selection. IVFEs, intravenous fat emulsions.

Nutrition treatment

EN contraindicated?

EN initiation

Meet 60% of energy 

requirement in 48h?

EN + SPN

EN

PN
Yes

Yes

Figure 2 Algorithms for nutritional therapy in cardiac surgical 
patients. SPN, Supplementary parenteral nutrition; EN, enteral 
nutrition; PN, parenteral nutrition.
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as in situations such as with gastrointestinal bleeding. 
After this change was discussed by the interdisciplinary 
team and documented in the updated protocol, it was 
firmly implemented by the whole team. Alternative IVFEs 
containing fish oil or olive oil were not administered during 
the study period. Highly concentrated glucose (25% or 
50%) were administered instead of IVFEs to supplement 
the calories, if necessary. There were no alterations in 
the goal protein provisions for IVFE-restricted patients. 
The initiation and advancement of enteral nutrition were 
encouraged throughout the study period. 

Clinical outcomes

The primary endpoint of the study was the occurrence 
of nosocomial infections during ICU stay. Four infection 
categories were evaluated in this study: pulmonary infection, 
wound infection, blood stream infection (BSI) and urinary 
infection. The main secondary endpoint was in-ICU and 
in-hospital mortality. Other secondary endpoints included 
the following: (I) length of ICU and hospital stay; (II) ICU 
and hospital cost; (III) mechanical ventilation time; and (IV) 
postoperative complications.

Statistical analysis

Normal distributed data are expressed as the mean ± 
standard deviation, and non-normal distributed data 
are expressed as medians and interquartile range (IQR). 
Continuous data were compared using an unpaired t-test 
or a Wilcoxon test. Pearson’s chi-squared test or Fisher’s 
exact test (when the count in any cell of a contingency 
table was less than required) was used for categorical 
variables. Multivariate regression analysis was performed 
to compare between-group differences in the outcomes. A 
propensity score method was employed to control for the 
bias caused by patient selection using the inverse probability 
of treatment weighting (IPTW) method. All tests were 
two-tailed, and a P value less than 0.05 was considered 
statistically significant. SPSS for Windows 19.0 (Chicago, 
IL, USA) was used for statistical analysis.

Results

Patient characteristics

From May to November 2015, 1,764 patients were admitted 
to the CSICU. Thirty-eight patients who did not receive 

surgical intervention and 7 patients who received heart 
transplantation were excluded from this study. A total of  
958 patients who stayed in CSICU for less than 48 hours 
were also excluded; thus, 761 patients (370 patients in 
Period A and 391 patients in Period B) were ultimately 
enrolled into this study (Figure 1). 

The demographic data are summarized in Table 1. 
There was no statistically significant difference between 
the groups regarding patient age, gender, body mass 
index (BMI), major comorbidities (hypertension, diabetes 
mellitus, hyperlipidemia, chronic obstructive pulmonary 
disease, peptic or gastric ulcer, chronic kidney disease, and 
neurological dysfunction), prior cardiac surgery history or 
preoperative cardiac function. The preoperative BMIs in 
both groups were within the normal range. Regarding the 
preoperative nutritional status, there was no statistically 
significant difference between Periods A and B in terms of 
the total protein, albumin, or modified score of nutrition 
risk in critically ill patients (modified NUTRIC score). 

Intraoperative and postoperative parameters

The intra- and postoperative data are summarized in Table 2. 
Of the enrolled patients, 446 (58.61%) underwent isolated 
valve surgery, 178 (23.40%) underwent isolated coronary 
artery bypass grafting (CABG), 37 (4.86%) underwent 
combined valve procedure and CABG, 51 (6.70%) 
underwent aortic surgery, and 49 (6.44%) underwent other 
cardiac procedures. The European System for Cardiac 
Operative Risk Evaluation (Euroscore) and the Acute 
Physiology and Chronic Health Evaluation (APACHE) 
II were not statistically significantly different between the 
groups. There was no statistically significant difference in 
the proportion of emergency surgery, cardiopulmonary 
bypass (CPB) time, clamping time, intra-aortic balloon 
pump (IABP) use, extracorporeal membrane oxygenation 
(ECMO) use or continuous renal replacement therapy 
(CRRT) use. 

Nutrition measures

After the implementation of IVFEs restriction, a similar 
proportion of ICU patients received SPN (20.27% vs. 
22.51%) and total PN (TPN) (5.14% vs. 5.62%). The usage 
of IVFEs was significantly reduced in patients receiving 
SPN and TPN therapy. Only one patient received IVFEs 
due to short bowel syndrome because of mesenteric arterial 
embolism in the latter period. The proportion of oral 
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feeding and EN was comparable between the groups.
The energy target was not significantly different between 

the periods. However, the energy delivery was statistically 
significantly reduced after the implementation of IVFE 
restriction (1,117±692 vs. 1,236±677 kcal/day, P=0.0168). 
Therefore, a greater negative energy balance was found 
in the latter period (−572±421 vs. −482±401 kcal/day, 
P=0.0026) (Table 3).

Clinical outcomes

The overall ICU mortality and hospital mortality were 
similar between the groups. After the implementation 
of IVFE restriction, the nosocomial infection rate was 

statistically significantly reduced (3.84% vs. 7.84%, 
P=0.0210), as confirmed after multivariate adjustment 
for age, gender, BMI, New York Heart Association 
(NYHA) classification, Euroscore, APACHE II score and 
postoperative complications (RR 0.50, 95% CI 0.25–0.96, 
P=0.0389). For the specific causes of infection, bloodstream 
infection was found to be significantly lower in Period B 
(0.77% vs. 5.41%, P=0.0015), as confirmed by multivariate 
analysis (RR 0.14, 95% CI 0.04–0.50, P=0.0025). In 
addition, there was no statistically significant difference 
between the groups in pulmonary infection (P=0.0561), 
wound infection (P=0.5356) or urinary tract infection 
(P=0.6674). The mean lengths of ICU stays (3.15 vs.  
3.74 days, P<0.001) and hospital stays (12.14 vs. 13.24 days, 

Table 1 Demographics and preoperative characteristics of two periods

Variables Period A (n=370) Period B (n=391) P value

Sex, male, n (%) 227 (61.35) 224 (57.29) 0.2543

Age, years 57.67±12.95 58.76±12.17 0.2297

BMI, kg/m2 23.14±3.45 22.83±3.35 0.2178

Hypertension, n (%) 150 (40.54) 152 (38.87) 0.6387

Diabetes mellitus, n (%) 35 (9.46) 47 (12.02) 0.2548

Hyperlipidemia, n (%) 41 (11.08) 50 (12.79) 0.4683

COPD, n (%) 4 (1.08) 3 (0.77) 0.6504

Peptic/gastric ulcer,  
n (%)

6 (1.62) 8 (2.05) 0.6632

Chronic kidney disease, n (%) 6 (1.62) 7 (1.79) 0.8576

Neurological dysfunction, n (%) 22 (5.95) 29 (7.42) 0.4173

Prior myocardial infarction, n (%) 18 (4.86) 25 (6.39) 0.3612

Prior cardiac surgery,  
n (%)

10 (2.70) 12 (3.07) 0.7631

NYHA, n (%) 0.9470

Class 1 19 (5.14) 22 (5.63)

Class 2 33 (8.92) 37 (9.46)

Class 3 274 (74.05) 282 (72.12)

Class 4 44 (11.89) 50 (12.79)

Euroscore 5.15±2.60 5.05±2.74 0.6061

Total protein (g/L) 77.28±17.60 79.10±15.51 0.1301

Albumin (g/L) 47.15±8.80 48.06±8.91 0.1570

Modified NUTRIC score 5.5±2.6 5.7±2.7 0.2901

BMI, body mass index; COPD, chronic obstructive pulmonary disease; NYHA, New York Heart Association. 
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Table 2 Intraoperative and postoperative characteristics of two periods

Variables Period A (n=370) Period B (n=391) P value

Surgery category 0.5642

Valve only, n (%) 217 (58.65) 229 (58.57)

CABG only, n (%) 85 (22.97) 93 (23.79)

CABG + valve, n (%) 17 (4.59) 20 (5.12)

Aortic surgery, n (%) 22 (5.95) 29 (7.42)

Others, n (%) 29 (7.84) 20 (5.12)

Emergency surgery, n (%) 14 (3.78) 17 (4.35) 0.6940

CPB time, minutes 88.20±40.21 92.11±49.88 0.2358

Cross-clamp time, minutes 62.20±27.44 61.05±28.84 0.5737

IABP, n (%) 8 (2.16) 10 (2.56) 0.7198

ECMO, n (%) 3 (0.81) 3 (0.77) 0.9459

RRT, n (%) 11 (2.97) 15 (3.84) 0.5123

APACHE II scores 13.70±6.77 12.87±7.21 0.1025

CABG, coronary artery bypass grafting; CPB, cardiopulmonary bypass; IABP, intra-aortic balloon pump; ECMO, extracorporeal membrane 
oxygenation; RRT, renal replacement therapy; APACHE, Acute Physiology and Chronic Health Evaluation.

Table 3 Nutrition therapy of two periods

Variables Period A (n=370) Period B (n=391) P value

Nutrition therapy

Oral feeding/EN, n (%) 276 (74.59) 281 (71.87) 0.6969

SPN, n (%) 75 (20.27) 88 (22.51)

IVFEs 69 0 <0.0001

IVFEs free 6 88 

TPN, n (%) 19 (5.14) 22 (5.63)

IVFEs 19 1 <0.0001

IVFEs free 0 21

Energy target (kcal/day) 1718±660 1689±608 0.5283

Energy delivery (kcal/day) 1236±677 1117±692 0.0168

Energy balances (kcal/day) −482±401 −572±421 0.0026

SPN, supplementary parenteral nutrition; EN, enteral nutrition; IVFEs, intravenous fat emulsions; TPN, total parenteral nutrition. 

P<0.001) were both statistically significantly shorter in 
Period B. Moreover, the mean in-hospital cost (133,368 vs. 
139,383 Yuan, P=0.037) was also found to be reduced after 
the implementation of IVFE restriction. The duration of 
mechanical ventilation was statistically significantly shorter 
in Period B (35.23±10.43 vs. 47.63±12.54 hours, P=0.011). 

Postoperatively, the occurrence of complications including 
gastrointestinal bleeding and neurological dysfunction were 
comparable between the groups. Cholestasis defined as a 
direct bilirubin >2 mg/dL on two consecutive measurements 
was statistically significantly reduced in the latter period 
(2.81% vs. 6.76%, P=0.013) (Table 4).
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Table 4 Clinical outcomes between two periods by multivariate adjustment and inverse probability of treatment weighting

Variables Period A (n=370) Period B (n=391)
Crude RR (95% CI), 

P value
Multivariate-adjusted 
RR (95% CI)*, P value

IPTW weighting RR (95% 
CI)#, P value

ICU-acquired infections

Any 29 (7.84) 15 (3.84) 0.49 (0.27–0.90), 
0.0210

0.50 (0.25–0.96), 
0.0389

0.52 (0.34–0.80), 0.0030

lung 25 (6.76) 13 (3.32) 0.49 (0.26–0.95), 
0.0338

0.49 (0.24–1.02), 
0.0561

0.52 (0.33 –0.82), 0.0055

Wound 5 (1.35) 2 (0.51) 0.38 (0.07–1.94), 
0.2438

0.52 (0.07–4.12), 
0.5356

0.45 (0.14–1.51), 0.1980

Bloodstream 20 (5.41) 3 (0.77) 0.14 (0.04–0.474), 
0.0015

0.14 (0.04–0.50), 
0.0025

0.15 (0.07–0.36), <0.0001

Urinary tract 2 (0.54) 2 (0.51) 0.97 (0.13–6.68), 
0.9559

1.66 (0.17–16.49), 
0.6674

1.12 (0.28–4.49), 0.8778

ICU

Death, n (%) 8 (2.16) 7 (1.79) 0.83 (0.30–2.26), 
0.7126

0.99 (0.29–3.35), 
0.9886

0.92 (0.45–1.89), 0.8198

Length of stay, days 3.74 (3.01–4.79) 3.15 (3.15–4.87) 0.0019 0.0005 0.0010

Cost, RMB 17,023 (11,000–
29,638)

14,211 (7,786–
26,251)

0.0005 0.1666 0.1839

Hospital

Death, n (%) 10 (2.70) 9 (2.30) 0.85 (0.35–2.07), 
0.7234

0.96 (0.32–2.86), 
0.9396

0.97 (0.51–1.83), 0.9143

Length of stay, days 13.24 (11.09–17.75) 12.14 (9.84–16.02) <0.0001 <0.0001 <0.0001

Cost, RMB 139,383 (119,077–
168,552)

133,368 (114,132–
163,575)

0.0372 0.0374 0.0457

Mechanical ventilation 
time (hours)

47.63±12.54 35.23±10.43 <0.0001 0.0109 0.0121

Postoperative 
complications

Gastrointestinal 
bleeding, n (%)

2 (0.54) 1 (0.26) 0.48 (0.04–5.19), 
0.5405

0.55 (0.10–5.55), 
0.4771

0.53 (0.19–5.63), 0.4256

Cholestasis, n (%) 25 (6.76) 11 (2.81) 0.42 (0.21–0.83), 
0.0134

0.69 (0.35–0.91), 
0.0397

0.59 (0.31–0.87), 0.0295

Neurological 
dysfunction, n (%)

12 (3.24) 9 (2.30) 0.71 (0.30–1.66), 
0.4305

0.80 (0.41–3.79), 
0.6579

0.81 (0.44–2.85), 0.3687

*, adjustment for age, gender, BMI, NYHA, Euroscore, APACHE II scores, postoperative complications (gastrointestinal bleeding, hepatic 
dysfunction, neurological dysfunction). #, inverse probability of treatment weighting (IPTW), variables included in the propensity score 
model are age, gender, BMI, prior myocardial infarction, prior cardiac surgery, surgery category, emergency surgery, CPB time, cross-
clamp time, IABP, ECMO, CRRT, NYHA, Euroscore, APACHE II scores, NUTRIC score. Propensity score methodology was used to 
control for bias due to selection of patients placed on deferent periods using the IPTW method. Then, the contribution of each subject 
was weighted by 1/propensity score for the period A group, and by 1/(1-propensity score) for the period B group. CPB, cardiopulmonary 
bypass; IABP, intra-aortic balloon pump; ECMO, extracorporeal membrane oxygenation; CRRT, continuous renal replacement therapy; 
APACHE, Acute Physiology and Chronic Health Evaluation. 
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Discussion

The findings of this study indicate that the implementation 
of soybean-based IVFEs restriction in cardiac surgical 
patients reduced incidence of postoperative nosocomial 
infections. The main goal of nutritional support in post-
cardiac surgery patients is to maintain an adequate 
nutritional supply, prevent potential malnutrition and 
decrease the risk of nosocomial infections (9,10). Despite 
recent improvements in the application of nutritional 
support in China, a much higher percentage of nitrogen and 
lipids is delivered through PN than through EN according 
to a cross-sectional study (4). IVFEs are able to provide 
sufficient caloric support and essential fatty acids to correct 
the energy deficit; however, it remains unclear whether 
perioperative IVFE administration in cardiac surgery 
patients will lead to improved clinical outcomes (11,12).

This study revealed that the compliance to guidelines 
is poor as reported by the previous study (4). The negative 
effects of soybean-based IVFEs have already been described 
by ASPEN/SCCM guidelines. Withholding or limiting 
soybean-based IVFE during the first week was suggested 
according to the guidelines. Alternative IVFEs may provide 
outcome benefit over soybean-based IVFEs; however, no 
recommendation was made due to lack of availability of 
these products in the US (2). 

Contradictory results have been reported regarding the 
IVFEs and nosocomial infections. Battistella et al. showed 
that IVFEs during the early post injury period increased 
susceptibility to infection, prolonged pulmonary failure, 
and delayed recovery in critically injured patients. However, 
it is not clear whether the improved outcome in the 
IVFEs sparing group was directly related to withholding 
the IVFEs or was due to the hypocaloric nutritional 
regimen (underfeeding) that these patients received (13). 
In contrast, the analysis of a large US database of patients 
receiving premixed PN found that when it was administered 
with premixed PN, lipid emulsion was not significantly 
associated with an increase in the risk of infectious 
morbidity compared to omitting lipids from therapy (14). 
In the current study, we implemented an IVFE restriction 
program in a high-capacity CSICU that effectively reduced 
the postoperative nosocomial infection rate and shortened 
the ICU and hospital stay.

The CALORIES trial randomly assigned 2,400 adult 
critically ill patients who could be fed through either the 
parenteral or the enteral route to a delivery route. The 
trial found no significant difference in 30-day mortality 

associated with the route of delivery of early nutritional 
support (15). Hence, the association of early PN with 
worse outcome may not be route-related. One major 
possible explanation for the improved outcomes after 
IVFE restriction could be that the IVFEs administered 
in this study were soybean-based, which may have 
exaggerated the inflammatory response and promoted 
immunosuppressive effects such as apoptosis of immune 
cells or diminished phagocytosis of granulocytes (7,16). 
According to the current guidelines, alternative IVFEs 
might be considered for PN regimens in the critically ill, 
but more consistent evidence is needed. It is worth noting 
that soybean-based lipid emulsions were the only type of 
lipid emulsion available at this time in our hospital. It was 
reported that soybean-based IVFEs were associated with 
an elevated risk of adverse clinical outcomes, possibly due 
to their high content of omega-6 fatty acids, which may 
exacerbate the inflammatory immune response (17). Grau-
Carmona et al. reported that the number of patients with 
nosocomial infections was significantly reduced in a fish 
oil-receiving group and the predicted time free of infection 
was prolonged. No significant differences were detected in 
the ICU, hospital, and 6-month mortality (18). The results 
of the multi-center database analysis suggested that both 
lipid-free and soybean-sparing strategies were better than 
soybean-based PN for critically ill patients (16). Thus, apart 
from providing energy and essential fatty acids, soybean-
based IVFEs would appear to offer no other clinical benefits 
in the ICU (19). 

During our clinical practice, after the implementation 
of IVFEs restriction, the adequacy of calories supply was a 
major concern for both intensivists and surgeons, some of 
whom worried that patients would not be able to achieve 
a sufficient energy supply and would thus suffer from 
malnutrition, which would lead to poor outcomes. In this 
study, the actual energy delivery was significantly reduced 
after IVFE restriction; therefore, a more negative energy 
balance was found in the latter period. However, the gap of 
energy balance between the groups was fairly small (only 
approximately 90 kcal/day), which could hardly explain the 
different prognoses in the two groups.

Our study has several limitations. First, this was a single-
center and historical control study that was compared with 
retrospective nutritional therapy data. The retrospective 
data collection and outcome evaluation might have certain 
inevitable bias. Therefore, the findings merit further 
study with prospective trials to evaluate the effect of 
IVFEs restriction in cardiac surgical patients. Second, the 
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intensivists and other health providers were all aware of 
study-group assignments because this change was discussed 
by the interdisciplinary team and documented in the 
updated protocol. Whether the improved outcome might 
be related to the “Hawthorne effect” remains uncertain. 
Third, the amount of nutrition was calculated without 
measuring the energy expenditure. Fourth, IVFE restriction 
may arouse a more positive attitude to EN to achieve the 
nutritional target. Whether the positive outcome was 
associated with increased EN use was not fully evaluated. 
Fifth, this was only a quality improvement program for the 
lipid emulsions; further improvement on other potential 
aspects might also be achieved. Finally, soybean-based 
IVFEs were used in PN in the Period A. Whether the 
conclusions can be extrapolated to other IVFEs remains to 
be further determined.

Conclusions

The implementation of soybean-based IVFEs restriction 
in cardiac surgical patients was associated with a lower 
postoperative nosocomial infection rate. It also led to 
reductions in the length of ICU/hospital stay, hospital 
costs and mechanical ventilation time and a lower 
incidence of cholestasis. Further prospective randomized 
studies are required to validate our conclusions. The 
adherence to critical care nutrition guidelines should be 
improved.
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