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Sepsis, defined as systemic immune activation in 
patients with an infection, is associated with high 
rates of mortality.1 Of all infectious sources leading 
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to sepsis, abdominal infections constitute an important 
risk factor for the development of organ failure, septic 
shock, and death.2 Research suggests sepsis-associated 
organ failure and death result from an overwhelming 
inflammatory immune response that culminates in a gen-
eralized autodestructive process.3 Apart from supportive 
treatment and aggressive source control, which usually 
implies surgical intervention together with early and 
adequately dosed antibiotic therapy,4 strategies to attenu-
ate the immune response could help to prevent organ 
failure and death in patients with abdominal sepsis or 
septic shock.

Fish oil (FO) containing the major ω-3 fatty acids 
eicosapentaenoic acid (EPA) and docosahexaenoic acid 
(DHA) has immunomodulating effects that are mediated 
through several mechanisms, including regulation of 
transcription factor-κB activity as well as modulation of 

Background: Fish oil (FO) has immunomodulating effects and 
may improve organ function and outcome in critically ill 
patients. This retrospective, propensity-matched cohort study 
investigates the effects of early intravenous FO supplementation 
on organ failure in patients with septic shock from abdominal 
infection. Methods: A medical database was retrospectively 
searched for critically ill patients admitted because of septic 
shock from abdominal infection (n = 194). Demographic, clini-
cal, and laboratory data; FO supplementation (10 g/d) (n = 42); 
rate, degree, and number of organ failures assessed by the 
Sequential Organ Failure Assessment (SOFA) score; and sec-
ondary outcome variables were recorded. A propensity score-
based model was used to establish 2 comparable groups (FO, 
n = 29; control, n = 29). Mann-Whitney rank sum test, Fisher 
exact test, and logistic regression analyses were used to compare 
variables between groups. Results: There were no differences in 
the rate of single organ failures, the maximum SOFA score 

(median [interquartile range (IQR)], 12 [8-15] vs 11 [9-14]; P = 
.99), or the number of organ failures (median [IQR], 2 [1-3] vs 2 
[1-3]; P = .54] between patients receiving FO supplementation and 
those not receiving supplementation. There were no group dif-
ferences in the maximum C-reactive protein levels (P = .1), 
duration of mechanical ventilation (P = .65) or hemofiltration 
(P = .21), intensive care unit–acquired infections, intensive care 
unit length of stay (P = .59), and intensive care unit (P = 1) or 
hospital mortality (P = 1). Conclusions: Early intravenous FO 
may not decrease the number and degree of organ failures in 
patients with septic shock from abdominal infection. Future tri-
als are needed before FO supplementation in septic shock from 
abdominal infection can be recommended. (JPEN J Parenter 
Enteral Nutr. 2010;34:431-437)
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mediator production and metabolism.5 FO supplementa-
tion has been reported to have beneficial effects after 
major abdominal surgery.6-8 Similarly, FO blunted the 
endocrine stress and fever response in healthy volunteers 
exposed to endotoxin.9 In septic shock patients, FO emul-
sions altered the plasma free fatty acid profile and 
improved neutrophil function.10 So far the effects of FO 
supplementation alone on organ failure and mortality in 
sepsis or septic shock have not been investigated in a 
clinical trial. A recent prospective, open-label, multi-
center study reported dose-dependent beneficial effects 
of FO on outcome parameters in a mixed critically ill 
patient population also including patients with sepsis.11

In this retrospective, propensity-matched cohort 
study, we compared the effects of early intravenous FO 
supplementation on the number and degree of organ fail-
ures in critically ill patients with septic shock from 
abdominal infection. Our hypothesis was that FO would 
improve organ function in these patients.

Methods

This study was performed in an 8-bed general and surgi-
cal intensive care unit (ICU) of a secondary referral hos-
pital. From January 2004 until October 2008, the 
prospectively collected and standardized ICU database 
was searched for critically ill patients admitted because of 
septic shock from abdominal infection. Septic shock from 
abdominal infection was defined as infection originating 
from an abdominal source associated with arterial hypo-
tension (mean arterial blood pressure, <65 mm Hg) 
despite adequate fluid resuscitation and presence of 2 or 
more of the following signs: (1) heart rate >90 beats/min; 
(2) body temperature >38°C or <36°C; (3) need for 
mechanical ventilation or a carbon dioxide tension in 
arterial blood <32 mm Hg when breathing spontaneously;  
(4) white blood cell count >12×109/L; or (5) percentage 
of  immature granulocytes in the peripheral blood count 
>10%.12 Patients younger than 18 years and pregnant 
women were excluded.

The study protocol was approved by the institutional 
review board of the Krankenhaus der Barmherzigen 
Schwestern in Ried im Innkreis, Austria. Given the retro-
spective design and the fact that anonymous data were 
retrieved from a standardized database and medical 
records, written informed consent was waived.

Standard Nutrition Therapy and Fish Oil 
Supplementation

Nutrition was administered to all patients based on insti-
tutional recommendations to achieve a nutrition intake of 
at least 75% of the estimated basic demand (assumed to 
be 25–30 kcal/kg/d) within the first 5 days after ICU 
admission. Enteral nutrition (EN) (Isosource Faser; 

Nestlé HealthCare, Munich, Germany) was continuously 
administered in increasing dosages via a nasogastric tube 
using a nutrition pump (Sondomat plus; Fresenius Kabi, 
Graz, Austria) as the preferred nutrition support route. In 
most patients, EN was initiated within 48 hours after 
surgery. The amount of EN was increased every  
12 to 24 hours to reach the targeted caloric goal as soon 
as possible. The amount of gastric aspirate was used to 
guide the EN increase. If gastric aspirate exceeded 500 
mL/d, metoclopramide was added to improve gastric 
motility (10 mg every 6 to 8 hours). Simultaneously, par-
enteral nutrition (PN) was initiated in patients unlikely to 
reach their caloric target within 3 to 5 days. In these 
patients, PN was started with glucose 10% and an amino 
acid mixture (Aminomel 10%; Fresenius Kabi) on the first 
day, followed by a soybean and olive oil (80%:20%)–based 
lipid-supplemented nutrition solution (ClinOleic; Baxter, 
Vienna, Austria) enriched with trace elements and water- 
and lipid-soluble vitamins at standard doses from day 2 
onward. All patients received 13.4 g/d glutamine and  
8.2 g/d L-alanine (Dipeptiven; Fresenius Kabi) intrave-
nously. Blood glucose concentrations of 80 to 140 mg/dL 
were targeted by a continuous insulin infusion 
(Humaninsulin Lilly Normal; Eli Lilly GmbH, Vienna, 
Austria) according to an institutional protocol.

Beginning July 2008, 100 mL of a 10% FO lipid 
emulsion (Omegaven; Fresenius Kabi) was administered 
in addition to standard nutrition to patients with abdomi-
nal sepsis. The solution was administered once daily as a 
slow intravenous infusion over 30 to 60 minutes starting 
on the day of ICU admission or the first postoperative 
day. Fatty acid content of the emulsion was as follows: 
EPA (C22:6 ω-3), 12.5–28.2 g/L; DHA (C22:6 ω-3), 14.4–
30.9 g/L; myristic acid (C14:0), 1–6 g/L; palmitic acid 
(C16:1 ω-7), 3–9 g/L; stearic acid (C18:0), 0.5–2 g/L; 
oleic acid (C18 ω-9), 6–13 g/L; linoleic acid (C18:2 ω-6), 
1–7 g/L; linolenic acid (C18:3 ω-3), ≤2 g/L; stearidonic 
acid (C18:4 ω-3), 0.5–4 g/L; eicosanoic acid (C20:1 ω-9), 
0.5–3 g/L; arachidonic acid (C20:4 ω-6), 1–4 g/L; docosa-
noic acid (C22:1 ω-9) ≤1.5 g/L; docosapentanoic acid 
(C22:5 ω-3), 1.5–4.5 g/L; other fatty acids, 10.51 g/L. FO 
supplementation was administered for a maximum of 7 
days, unless the patient was discharged from the ICU 
before then.

Data Collection

The following variables were retrospectively extracted 
from either the ICU database or the medical records: age, 
gender, body mass index, preexisting diseases, admission 
diagnosis, and need for surgery or invasive mechanical 
ventilation. The Simplified Acute Physiology Score 
(SAPS) II13 and the maximum Sequential Organ Failure 
Assessment (SOFA) score14 were calculated from most 
aberrant clinical and laboratory parameters during the 
first 24 hours after ICU admission and during the ICU 
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stay, respectively. Finally, supplementation with FO, need for 
and duration of continuous venovenous hemofiltration 
(CVVHF), duration of mechanical ventilation, maximum 
plasma C-reactive protein (CRP) levels during the ICU 
stay, development of ICU-acquired infections (eg, pneu-
monia, urinary tract infection, catheter-related blood-
stream infection), ICU length of stay, and ICU and 
hospital mortality were documented.

Based on the maximum SOFA score during the ICU 
stay, the number and type of single organ failures were 
determined. Presence of organ failure was defined as 3 or 
more points in the respective organ function subscore of 
the SOFA score.

Study End Points

The primary end point was to compare the number of 
organ failures between patients who received FO supple-
mentation and those who did not. Secondary end points 
were to evaluate group differences in: (1) maximum 
plasma CRP level during the ICU stay; (2) duration of 
invasive mechanical ventilation and CVVHF; (3) occur-
rence of ICU-aquired infections; (4) ICU length of stay; 
and (5) ICU and hospital mortality.

Statistical Analysis

Because this was a retrospective study, simple group com-
parisons between patients who received FO supplementa-
tion and those who did not would carry a substantial risk 
of unequal distribution of important confounding variables 
between groups.15 To avoid this and “pseudo-randomize” 
the study population into an FO supplementation group 
and a matched control group, we used a propensity score, 
thereby equalizing potential confounding variables between 
groups and establishing 2 balanced 1:1 matched groups.15 
Propensity scores to determine the probability of receiving 
FO supplementation were calculated using a multivariate 
logistic regression model. Clinical covariates were entered 
into the model when showing significant differences 
between FO and non-FO patients or when relevant bio-
logical associations had to be assumed. Variables entered 
into this multivariate model were age, gender, body mass 
index, admission diagnosis, presence of chronic obstructive 
pulmonary disease, heart disease, chronic renal insuffi-
ciency, arterial hypertension, cirrhosis, malignancy, SAPS 
II score, and the need for invasive mechanical ventilation. 
According to the probability of receiving FO supplementa-
tion, patients receiving FO were matched in a 1:1 fashion 
to patients who did not receive FO (matched controls). 
Only the data of patients who received FO supplementa-
tion and were matched to a non-FO patient as well as those 
allocated to the matched control group were retained in 
the statistical model to evaluate primary and secondary 
outcome variables.

Table 1.  Characteristics of the Study Population 
(n=194)

Age, y, median (IQR) 74 (66–81)
Male gender, n (%) 94 (48.5)
BMI, kg/m2, median (IQR) 25 (22–29)
Premorbidities, n (%)
 COPD 40 (20.6)
 Heart disease 95 (49)
 Hypertension 101 (52.1)
 CRI 64 (33)
 Cirrhosis 9 (4.6)
 Diabetes mellitus 30 (15.5)
 Malignancy 57 (29.4)
Admission diagnosis, n (%)
 Intestinal perforation 108 (55.7)
 Intestinal obstruction 53 (27.3)
 Other 33 (17)
Need for surgery, n (%) 190 (97.9)
SAPS II, points, median (IQR) 39 (34–48)
Need for invasive MV, n (%) 180 (92.8)
Need for CVVHF, n (%) 70 (36.1)
SOFA score, points, median (IQR) 11 (8–13)
ICU LOS, d, median (IQR) 7 (4–12)
ICU mortality, n (%) 36 (18.6)
Hospital mortality, n (%) 44 (22.7)

Abbreviations: BMI, body mass index; COPD, chronic obstruc-
tive pulmonary disease; CRI, chronic renal insufficiency; 
CVVHF, chronic venovenous hemofiltration; ICU, intensive 
care unit; IQR, interquartile range; LOS, length of stay; MV, 
mechanical ventilation; SAPS II, Simplified Acute Physiology 
Score; SOFA, Sequential Organ Failure Assessment. 

Kolmogorov-Smirnov tests were used to estimate nor-
mality distribution of study variables. Because the major-
ity of these patients did not show a Gaussian distribution, 
Mann-Whitney rank sum tests were applied to compare 
continuous variables between groups. Categorical varia-
bles were compared with the Fisher exact test. To assess 
the odds ratios and 95% confidence intervals for the 
development of single organ failures in patients receiving 
FO, logistic regression models were calculated. In all 
models, P < .05 was considered to indicate statistical sig-
nificance. Because continuous variables were not nor-
mally distributed, data are given as median values and 
25% to 75% interquartile ranges. Categorical data are 
given as number (percentage). All statistical analyses were 
performed using the SPSS 12.0.1 software package (SPSS 
Inc, Chicago, IL).

Results

During the observation period, 194 critically ill patients 
were admitted to the ICU because of septic shock from 
abdominal infection (Table 1). Of these, 42 patients 
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received FO supplementation. Using the described pro-
pensity score, we matched 29 of the 42 FO users to 29 
patients who received standard therapy without FO sup-
plementation (matched controls) (Figure 1). Table 2 pres-
ents demographic and clinical variables documented 
before or within 24 hours after ICU admission. There was 
no statistically significant difference in any variable 
between groups.

There were no statistically significant differences in 
the rate of single organ failures, the degree of organ fail-
ure assessed by the maximum SOFA score (Table 3), or 
the number of organ failures (Figure 2) between groups. 
None of the secondary outcome variables showed signifi-
cant differences between FO and matched control 
patients (Table 4).

Discussion

In this retrospective, propensity-matched cohort study, we 
observed no difference in the number or degree of organ 
failures between patients who received early intravenous 
FO supplementation and those who did not. Similarly, the 
2 groups did not differ in their maximum plasma CRP 

 

ICU Admissions
2003-2008
n = 2,700

Patients with Septic Shock
from Abdominal Infection

n = 194

Patients without
Septic Shock from

Abdominal Infection
n = 2,506

Supplemental Fish
Oil Therapy

n = 42

Standard Therapy
Without Fish Oil

n = 152

Propensity Score
Matching for age, gender, BMI, admission diagnosis, SAPS II,

presence of COPD, heart disease, CRI, cirrhosis, hypertension,
carcinoma, and need for mechanical ventilation

Standard Therapy
with Fish Oil

n = 29

Standard Therapy
without Fish Oil

n = 29

Figure 1.  Selection and pseudo-randomization of the study 
cohort. 
Abbreviations: BMI, body mass index; COPD, chronic obstruc-
tive pulmonary disease; CRI, chronic renal insufficiency; SAPS 
II, Simplified Acute Physiology Score.

levels, length of invasive mechanical ventilation and 
CVVHF, occurrence of ICU-acquired infections, ICU 
length of stay, or ICU and hospital mortality.

These findings suggest that FO supplementation 
failed to prevent or attenuate organ failure in patients 
with septic shock from abdominal infection. Our hypoth-
esis, which was based on previously published studies 
reporting protective effects of FO in patients with sep-
sis9,10,16 or after major abdominal surgery,6-8 could not be 
confirmed. A limitation of our analysis is clearly the low 
number of patients included. However, by carefully 
matching patients according to relevant confounding fac-
tors, we were able to compare 2 well-matched groups. 
Based on a mean ± standard deviation SOFA score of  
10 ± 4 points in abdominal sepsis patients not treated 
with supplemental FO (n = 178), our study has a power 
of 0.802 to detect a reduction of the SOFA score by 3 
points (corresponding to 1 organ failure) at an α level of 
.05. This implies that FO supplementation may not be 
able to improve multiple organ dysfunction syndrome by 
ameliorating more than 1 organ failure in patients with 
septic shock from abdominal infection. However, future 
randomized controlled trials including more patients are 
necessary to confirm our results.

With a mean body weight of 70 ± 16 kg, our study 
patients received an average FO dosage of 0.15 g/kg/d. A 
recent prospective, open-label trial reported dose-dependent 
effects of supplemental FO. In the subgroup of abdomi-
nal sepsis patients, FO supplementation at 0.1 to 0.2 g/
kg/d was associated with better outcome in terms of a 
lower antibiotic demand, length of hospital stay, and mor-
tality.11 Although the latter study was uncontrolled, it can 
be assumed that an adequate dose of FO was applied in 
our study population. Furthermore we chose to adminis-
ter FO via the parenteral instead of enteral route. 
Therefore, we can exclude that the lack of FO treatment 
effects was caused by incomplete absorption or reduced 
bioavailability of free ω-3 fatty acids (eg, through lipid 
remodeling in the liver).17

So far only 1 study has investigated the influence of 
isolated FO supplementation on the disease course and 
outcome of patients with abdominal sepsis.18 This study 
included 54 patients and reported a lower need for reop-
eration and shorter ICU and hospital stays in patients 
receiving FO. Because the trial was published as an 
abstract only, no comparisons with our or other studies 
are possible. The fact that our study included only septic 
shock patients who were excluded from the study by 
Heller et al11 could explain the lack of effects of FO sup-
plementation on organ function in our analysis. 
Differences in metabolic alterations between sepsis 
patients with or without shock have been reported.19 
Several clinical trials reported beneficial effects of 
FO-enriched EN formulas on outcome in critically ill 
patients with sepsis or acute lung injury.20-23 However, all 
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these formulas were also enriched with other nutrients 
than those usually contained in FO emulsions (eg, 
α-tocopherol). Additional nutrients such as antioxidants, 
arginine, or nucleotides might have exerted protective 
effects in critically ill patients, thus precluding separate 
investigation of FO effects.

Apart from missing beneficial effects of FO supplemen-
tation on organ function, we did not observe differences in 
secondary outcome variables between groups. Although the 
number of ICU-acquired infections was too low to draw 

conclusions about the influence of FO on the occurrence of 
new infections in the ICU, it is surprising that no differences 
in the duration of mechanical ventilation, renal replacement 
therapy, or ICU length of stay were observed. This is again 
in contrast to earlier reports on positive effects of FO on organ 
function, the length of ventilatory support, and ICU or hospital 
stay after major abdominal surgery.6-8,23,24 Whereas several anti-
inflammatory properties of FO-derived fatty acids have been 
reported,5 we could not detect a difference in the maximum 
CRP plasma levels between groups. Because CRP is an 

Table 2.  Demographic and Clinical Variables in Patients Receiving FO (n = 29) and Matched Control Patients (n = 29)

Variable FO Matched Control P Value

Age, y, median (IQR) 77 (65–81) 77 (69–83) .67
Male gender, n (%) 12 (41.4) 11 (37.9) 1
BMI, kg/m2, median (IQR) 25 (23–29) 25 (21–29) .51
Premorbidities, n (%)
 COPD 3 (10.3) 9 (31) .1
 Heart disease 12 (41.4) 12 (41.4) 1
 Hypertension 20 (69) 17 (58.6) .59
 CRI 11 (37.9) 8 (27.6) .58
 Cirrhosis 3 (10.3) 2 (6.9) 1
 Diabetes mellitus 3 (10.3) 6 (20.7) .47
 Malignancy 5 (17.2) 4 (13.8) 1
Admission diagnosis, n (%)
 Intestinal perforation 18 (62.1) 18 (62.1) 1
 Intestinal obstruction 9 (31) 9 (31) 1
 Other 2 (6.9) 2 (6.9) 1
Need for surgery, n (%) 29 (100) 29 (100) 1
SAPS II, points, median (IQR) 40 (35–48) 37 (33–47) .45
Need for invasive MV, n (%) 29 (100) 27 (93.1) .49

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; CRI, chronic renal insufficiency; FO, fish oil; 
IQR, interquartile range; MV, mechanical ventilation; SAPS II, Simplified Acute Physiology Score.

Table 3.  Differences in Organ Failures Between FO (n = 29) and Matched Control (n = 29) Groups

Characteristic FO Matched Control P Value OR 95% CI

Lung failure, n (%) 13 (44.8) 12 (41.4) .79 1.15 0.41–3.26
Renal failure, n (%) 16 (55.2) 11 (37.9) .19 2.01 0.71–5.74
Liver failure, n (%) 1 (3.4) 1 (3.4) 1 1 0.06–16.79
Coagulation failure, 
 n (%) 1 (3.4) 4 (13.8) .19 0.22 0.02–2.13
CNS failure, n (%) 0 2 (6.9) .49 NA NA
Organ failures, 
 median (IQR) 2 (1–3) 2 (1–3) .54    NA NA
SOFA score, points, 
 median (IQR) 12 (8–15) 11 (9–14) .99    NA NA

Abbreviations: CI, confidence interval; CNS, central nervous system; FO, fish oil; IQR, interquartile range; NA, not applicable; OR, 
odds ratio; SOFA, Sequential Organ Failure Assessment.
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indirect marker of systemic immune activation in critically 
ill patients,25 this suggests that intravenous FO might not 
have exerted relevant anti-inflammatory effects in our 
patients. Grecu et al18 found both a reduction in CRP lev-
els and a shorter duration of ICU and hospital stays in 
FO-treated patients. Although nonimmunomodulating 
effects of FO have recently been suggested,9 the lack of 
difference in CRP levels may partly explain why FO did not 
affect organ failure and secondary outcome variables in our 
cohort. However, CRP does not directly reflect immune 
activation and may be inferior to measurement of direct 
biomarkers of systemic inflammation such as interleukins 
or tumor necrosis factor α.
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Figure 2.  Frequency of organ failures per patient in the fish 
oil (black bars) and matched control (white bars) groups.

Table 4.  Differences in Secondary Outcome Variables Between FO (n = 29) and Matched Control (n = 29) Groups

Outcome FO Matched Control P Value

Maximum CRP levels, mg/dL, median (IQR) 26 (22–30) 28 (24–34) .1
Duration of MV, d, median (IQR) 4 (3–8) 4 (2–7) .65
Duration of CVVHF, d, median (IQR) 2 (0–6) 0 (0–4) .21
ICU-acquired infections, n (%)
 Pneumonia 2 (6.9) 2 (6.9) 1
 UTI 1 (3.4) 1 (3.4) 1
 CRBSI 1 (3.4) 0 1
ICU length of stay, d, median (IQR) 6 (5–12) 8 (5–13) .59
ICU mortality, n (%) 8 (27.6) 7 (24.1) 1
Hospital mortality, n (%) 11 (37.9) 10 (34.5) 1

Abbreviations: CRBSI, catheter-related bloodstream infection; CRP, C-reactive protein; CVVHF, continuous venovenous hemofiltra-
tion; FO, fish oil; ICU, intensive care unit; IQR, interquartile range; MV, mechanical ventilation; UTI, urinary tract infection.

Aside from the low number of patients included, 
another important limitation of the present study is its 
retrospective design. Although the majority of study 
variables were extracted from a prospectively collected 
database, we cannot exclude that our analysis suffers 
from common shortcomings associated with retrospec-
tive studies such as missing values or heterogeneities in 
documentation of study variables. Furthermore, 
although the observation period ranged from 2004 to 
2008, FO supplementation was initiated only in July 
2008. This implies that at least some patients allocated 
to the matched control group were treated before 2008 
and thus might have received different therapies. 
Although sepsis treatment in our ICU follows institu-
tional therapy recommendations, the propensity score–
based matching procedure might not have been able to 
adequately adjust groups for such treatment differ-
ences over time. In addition, propensity matching, 
although currently one of the most accurate methods 
to match patient cohorts,15 cannot replace prospective 
randomization. Thus it must be assumed that the pro-
pensity score could not control for all factors affecting 
organ function and patient outcome. Finally, in our 
study, FO was administered to patients with septic 
shock from abdominal infection. No conclusions about 
the effects of FO on organ failure in sepsis patients 
without shock or another infectious source can be 
made.

Early intravenous FO may not decrease the number 
and degree of organ failure in patients with septic shock 
from abdominal infection. Future trials are needed before 
recommendations favoring FO supplementation in septic 
shock due to abdominal infection can be made.
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