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ABSTRACT
Purpose: The present study was done to investigate the effect of the enteral omega‑3 fatty acids on critically ill septic patients.

Methods: A total of 110 critically ill septic patients were divided into two groups, 55 patients in each. Group A received enteral 
nutrition with 1000 mg  omega‑3 three times daily and Group B received enteral nutrition without omega‑3. Demographic 
data, sepsis characteristics, number of patients required invasive ventilation, ventilation days, Intensive Care Unit  (ICU) 
sequential organ failure assessment (SOFA) score, organ failure‑free days, hemodynamic failure‑free days, ICU stay, ICU, 
and hospital outcome were recorded.

Results: Leukocytic count and C‑reactive protein were higher in Group B during ICU stay (P = 0.010 and 0.003, respectively). 
The number of organ and hemodynamic failure‑free days was higher in Group A (P < 0.05). Overall, ICU SOFA score was 
higher in Group B (P = 0.03). There was no difference in the number of patients requiring mechanical ventilation (P = 0.41). 
ICU stay was longer in Group B (P = 0.019); however, post‑ICU hospital stay was similar in both groups. There were no 
differences regarding ICU and hospital survivors (P > 0.05).

Conclusions: Enteral nutrition with omega‑3 can improve organ function and decrease ICU stay in septic patients. Omega‑3 
fatty acids do not affect ICU mortality or decrease the post‑ICU hospital stay.
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Introduction

Sepsis is a common problem in critically ill patients. Sepsis is 
the systemic response to infection manifested by two or more 
conditions that can occur during the systemic inflammatory 
response syndrome  (SIRS).[1] SIRS characterized by body 
temperature >38.5°C or <35°C, heart rate >90 beats/min, 
white blood cells  >12,000  cells/mm3, tachypnea, and 
hypocapnia.[2] Mortality associated with sepsis can reach 
40% and can rise to 70% in septic shock.[3] Inflammatory 
response due to severe sepsis may lead to multiorgan 
failure.[4] The management of sepsis in the critically ill 

patients is a challenge. Fluid resuscitation, inotropes, and 
supportive care are essential to prevent organ dysfunction 
and complications.[5,6]

Nutrition support in Intensive Care Unit (ICU) may help support 
the immune system to deal with sepsis.[1] It has been shown 
that enteral nutrition for critically ill patients may reduce 
the length of ICU stay, infection, and mortality rate.[7] It has 
been shown that omega‑3 has an immune‑enhancing effect 
by boosting neutrophil activity and reduced inflammation;[1,6] 
however, it is unclear if this effect can support the immune 
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system in the critically ill patients. Some studies showed 
that immunonutrition can reduce the overall therapeutic 
interventions.[2,6]

In the literature review, few investigated the role of parenteral 
fatty acid‑enriched formulae on the systemic inflammatory 
response. There are not enough studies to show the effect 
of enteral omega‑3 fatty acid in critically ill patients.

This study was carried out to assess the effect of 
immune‑enhanced enteral diet with omega‑3 fatty acid on 
critically ill septic patients.

Methods

After receiving the approval of the Ethics Committee of 
Menoufia University Hospital and the written assent from 
the patients’ first of kin, this randomized double‑blinded 
study was conducted on 110 critically ill septic adult patients 
(age >18 years) from both genders.

Sepsis was diagnosed clinically and with laboratory tests. 
Sepsis was defined clinically if the patient had two or 
more signs of sepsis. Clinical signs of sepsis were body 
temperature ≥38.3°C or ≤36°C, heart rate >90 beats/min, 
respiratory rate >20/min, or PaCO2 <32 mmHg. Laboratory 
signs of sepsis were high C‑reactive protein  (CRP), white 
blood cell count  >12,000/m3 or  <4000/m3, and positive 
microbiological cultures such as blood, sputum, and urine.

All septic patients who could receive enteral nutrition were 
included in the study. Patients with end‑stage liver or renal 
disease, hemodynamic instability, immunosuppression, 
patients on steroids, gastrointestinal comorbidity, and allergic 
to omega‑3, received omega‑3 a week before ICU admission, 
patients who expected to live <24 h, and patients who were 
mechanically ventilated on ICU admission were excluded 
from the study.

Sepsis characteristics such as the type and the source of the 
infection were identified at the time of ICU admission.

Study design
The study was a randomized double‑blind study. Independent 
pharmacists prepared the enteral nutrition bags. Patients were 
randomized into two groups, 55 in each using a computerized 
computer program  (Group  A and Group  B). Patients, ICU 
nurses, investigator, and ICU physicians were blinded to 
the study. All patients received the conventional treatment 
for sepsis and the enteral nutrition according to our unit 
protocol. Group A received enteral nutrition supplemented 
with 3000 mg omega‑3 in three divided daily doses. Omega‑3 

fatty acid supplement consisted of docosahexaenoic acid and 
eicosapentaenoic acid (DHA + EPA) in fish oil. Omega‑3 fatty 
acid formula used in the study was high strength omega‑3 
from simply supplements (www.simplysupplements.co.uk), 
and the formula contained 1000 mg fish oil with 180 mg EPA 
and 120 mg DHA. Group B received the same enteral nutrition 
formula as Group A without adding the omega‑3 supplement. 
The diet of Group A was enriched with DHA and EPA; however, 
it remained isocaloric and isonitrogenous as Group B diet. 
The energy content of the enteral nutrition formula was 
1.5 kcal/ml and contained 10 g protein/ml.

The enteral feeding started within 6 h of patients meeting 
the enrollment criteria. The feeding was given at a constant 
rate of 50–150 ml/h through nasogastric tube. The feeding 
used to stop for 8  h during the night to rest the bowel. 
The aim was to achieve a minimum of 50% basal energy 
expenditure (BEE) × 1.3 in the first 24 h. When the enteral 
feeding was tolerated, the rate was increased to achieve 75% 
of BEE × 1.3 within 72 h.[8]

Omega‑3 supplementation was given until the patients were 
discharged from ICU. During ICU stay, the body temperature 
was recorded according to our unit’s protocol. CRP and 
leukocytic count were requested every other day during 
ICU stay according to our unit’s protocol. The mean values 
for leukocytic count and CRP count during ICU stay were 
compared for Group A and Group B.

The number of patients requiring mechanical ventilation and 
mechanical ventilation days was recorded. Complications 
of sepsis such as the development of any organ failure 
were monitored by changes in sequential organ failure 
assessment (SOFA) score. Hemodynamic failure (cardiovascular 
SOFA score 2 or more) was considered if the patient 
was on dopamine dose  >5  ug/kg/min, norepinephrine, 
or epinephrine.[9] SOFA score  >1 and 2 defined organ 
dysfunction and organ failure, respectively.[10]

Hemodynamic failure‑free days were defined as the number 
of days between ICU admission and discharge when the 
cardiovascular SOFA scores of patients were  <2. Organ 
failure‑free days were defined as the number of days between 
ICU admission and discharge without any organ failure. 
For both groups, we recorded hemodynamic failure, organ 
dysfunction, and organ failure‑free days. ICU stay, the number 
of ICU survivors, post‑ICU hospital stay, and the hospital 
survivors were recorded.

Statistical analysis
The sample size was calculated using GraphPad InStat statistics 
version 3 (GraphPad Software, La Jolla, California, USA). Based 
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on previous studies, omega‑3 would reduce severe sepsis in 
critically ill patients with acute gastrointestinal injury. At the 
level of significance 0.05 and power of 90%, the calculated 
sample size was 78 patients divided into two groups.[9] The 
total number of patients randomized in the present study 
was 110 to ensure reliable results.

Statistical analysis was done using SPSS 19  (SPSS Inc., an 
IBM company, Chicago, IL, USA). Continuous variables were 
analyzed using independent t‑test to compare between the 
two groups. All proportions of both groups were compared 
using Chi‑square test. P  < 0.05 was considered to be 
statistically significant.

Results

In the present study, a total of 894 patients were admitted to 
our ICU unit over a year. A total number of 156 patients were 
identified as septic critically ill patients. One hundred and 
ten patients met the inclusion criteria and were randomized 
for the study. Fifty‑five patients were included in each group. 
Group A had omega‑3 in their enteral diet and Group B had 
omega‑3‑free enteral diet. The flowchart [Figure 1] shows the 
study groups. There was no statistically significant difference 
between the two studied groups regarding their demographic 
data [Table 1].

Both groups showed no statistical significant regarding the 
source or type of infection. Admission body temperature, CRP, 
and leukocytic count were comparable in both groups (P > 0.05). 
Group A showed lower leukocytic count  [Figure 2] and CRP 
level [Figure 3] compared to Group B during ICU stay (P < 0.05). 
There was no difference in body temperature during ICU stay. 
Table 2 shows infection characteristics during ICU stay.

There was no difference in admission SOFA score for both 
groups. SOFA score was significantly lower in Group A during ICU 
stay (P = 0.03). Group A patients had significantly more organ 
and hemodynamic failure‑free days during ICU stay compared to 
Group B (P < 0.05). The number of patients requiring mechanical 
ventilation and the number of mechanical ventilation days were 
comparable in both groups (P > 0.05). Patients in Group B had 
longer ICU length of stay compared to Group A (P = 0.019). 
There was no statistical difference in the number of ICU and 
hospital survivors in both groups. There was no statistical 
difference in post‑ICU hospital stay (P = 0.34). Table 3 shows 
organ failure characteristics and patients’ outcome.

Discussion

Some clinical trials have focused on drugs to block 
the inflammatory cascade in sepsis and on immune 
modulators.[7,11] Omega‑3 fatty acid has been used as immune 
nutrient to reduce the inflammatory response.

Figure 1: The study groups Figure 2: Mean Intensive Care Unit stay leukocytic count

Table  1: Patients’ demographic data

Variables Group A 
(n=55)

Group B 
(n=55)

P (t‑test or 
Chi‑square test)

Age (years) 61.20±7.63 62.35±8.15 0.65
Weight (kg) 75.54±7.76 78.49±6.26 0.11
Height (cm) 165.15±4.34 164.87±5.35 0.30
BMI (kg/m2) 27.70±2.96 28.90±2.28 0.27
Gender (male/female) 29/26 28/27 0.66
APACHE II score 15.45±3.13 15.24±3.96 0.42
Admission SOFA score 5.10±1.6 5.25±1.4 0.32
 BMI: Body mass index; SD: Standard deviation; SOFA: Sequential organ failure 
assessment; APACHE: Acute physiology and chronic health evaluation
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In the present study, we investigated the effect of 
omega‑3‑enriched diet on a group of septic critically ill 
patients. The study showed that patients who received 
omega‑3‑enriched diet had lower sepsis indices such as CRP 
and leukocytic count. Patients who received omega‑3 had 

lower ICU SOFA score with better organ functions. ICU stay 
was shorter in this group of patients; however, there were 
no differences in ICU and hospital outcomes when compared 
to the group of patients who received omega‑3‑free diet.

Studies have investigated the role of using different 
parenteral nutrition formulae enriched with omega‑3 fatty 
acids in the critical care setting.[12‑14]

Chen et al. studied the role of parenteral fish oil in reducing 
mortality in patients with advanced acute gastrointestinal 
injury.[15] The authors focused on a single group of patients 
in the critical care setting and found that omega‑3 can 
improve the mortality rate. Our study was a case‑mix study 
with different causes of sepsis. Our case‑mix study showed 
improvement to ICU morbidity, which was monitored by SOFA 
score and organ failure‑free days. There was no reduction 
in mortality rate in the present study, which might be due 
to the difference in the causes of sepsis compared to Chen 
et al.’s group of patients.[15]

Table  2: Sepsis characteristics

Infection characteristic Group A (n=55) Group B (n=55) P
Infection site, n (%)

Urinary tract 24 (43.6) 23 (41.8) 0.82
Respiratory system 11 (20) 13 (23.6)
Blood 9 (16.4) 10 (18.2)
Others 11 (20) 9 (16.4)

Type of infection, n (%)
Community acquired 19 (34.5) 21 (38.2) 0.73
Hospital acquired 36 (65.5) 34 (61.8)

Admission body temperature, °C (mean±SD) 38.52±0.10 38.63±0.33 0.33
ICU stay body temperature, °C (mean±SD) 37.02±0.90 37.10±0.83 0.20
Admission leukocytic count, ×109/L (mean±SD) 17.79±1.63 17.93±1.56 0.41
ICU leukocytic count, ×109/L (mean±SD) 16.58±1.57 18.24±1.73 0.010*
Admission CRP, mg/L (mean±SD) 71.5±16.70 72.1±15.76 0.36
ICU CRP, mg/L  (mean±SD) 65.26±13.32 70.28±16.74 0.003*
*Statistical significance. SD: Standard deviation; ICU: Intensive Care Unit; CRP: C‑reactive protein

Figure 3: ICU stay CRP levels

Table  3: Organ failure characteristics and patients’ outcome

Variables Group A  (n=55) Group B  (n=55) P
ICU stay SOFA score 6.10±1.6 8.89±1.8 0.03*
Organ failure‑free days, median (IQ) 11 (4‑11) 4 (0‑10) 0.002*
Organ dysfunction‑free days, median (IQ) 9 (1‑11) 2 (0‑8) 0.001*
Hemodynamic failure‑free days, median (IQ) 12 (8‑13) 8 (5‑10) 0.002*
Number of patients required mechanical ventilation, n (%) 5 (9.1) 6 (10.9) 0.41
Mechanical ventilation days (mean±SD days) 5.32±1.66 6.37±2.36 0.31
Number of patients died during ICU stay, n (%) 16 (29.1) 18 (32.7) 0.27
ICU stay (days) 12.36±2.34 16.56±4.90 0.019*
Hospital stay (post‑ICU days) 13.44±2.46 14.73±3.45 0.34
ICU survivors, n (%) 39 (70.9) 37 (67.3) 0.32
Hospital survivors, n  (%) 37  (67.3) 35  (63.6) 0.24
*Statistical significance. ICU: Intensive Care Unit; SOFA: Sequential organ failure assessment; SD: Standard deviation; IQ: Interquartile range
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A systematic review and a meta‑analysis by Mo et al. were 
conducted to show the effect of parenteral omega‑3 
nutrition on patients with sepsis.[16] The authors concluded 
that parenteral omega‑3 could improve the outcome in this 
group of patients. The authors did not question the safety 
of injecting such formula; however, they acknowledged the 
low quality of the studied they reviewed. In our study, we 
used a common and safe route of administering omega‑3 to 
avoid any complications that might arise from intravenous 
injection.

Barbosa et  al. studied the effect of parenteral fish oil on 
inflammatory mediators and outcome in septic patients.[12] 
The authors found that fish oil modified the inflammatory 
cytokines and shortness of the hospital stay. In the present 
study, we measured only CRP as an inflammatory response 
mediator. CRP is a routine investigation in our ICU unit. We 
did not measure any other inflammatory mediators, which 
could be a weak point in our study. Barbosa et al. found that 
parenteral fish oil did not affect patients’ ICU length of stay; 
however, it decreased the duration of hospital stay.[12] Our 
group of patients who received enteral omega‑3 had shorter 
ICU stay with no difference in hospital stay. Barbosa et al.’s 
group of patients who received parenteral nutrition were 
sicker than our patients according to SOFA score, and they 
needed more ICU care.

Pradelli et  al. did a meta‑analysis to evaluate parenteral 
n‑3 polyunsaturated fatty acid  (PUFA) in surgical and ICU 
patients.[13] The authors concluded that n‑3 PUFA is safe and 
can reduce the total duration of hospital stay and reducing 
the rate of infection. Our enteral omega‑3 diet reduced ICU 
stay but not hospital stay. It is unclear if the parenteral route 
is more effective and can have a longer duration of action 
that can cover the period of hospital stay.

Nowadays, enteral route is a preferable route; however, 
very few studies have investigated the enteral regimen in 
humans. Some experimental studies which used enteral diet 
supplemented with omega‑3 and omega‑9 showed that fatty 
acids could decrease metabolic dysfunction and improve 
outcome in sepsis.[17,18]

Farzaneh‑Far et al. studied the effect of omega‑3 on some 
inflammatory mediators including CRP in patients with stable 
coronary artery disease.[19] The authors found an independent 
and inverse association between omega‑3 and CRP.

Tayyebi‑Khosroshahi et al. found that omega‑3 did not affect 
CRP levels in hemodialysis patients.[20] Our results agree 
with Farzaneh‑Far et  al.; however, it does not agree with 

Tayyebi‑Khosroshahi et  al. results.[19,20] The differences in 
findings may be due to the differences in the pathophysiology 
of sepsis and renal insufficiency. Both diseases are different 
in the inflammatory cascade and response.

Rice et al. studied the effect of a mixed formula of enteral 
nutrition on patients with acute pulmonary injury.[21] The 
authors used the same total daily dose as the doses used 
in the present study, but they prescribed it twice daily. Rice 
et al. found that omega‑3 did not improve the ventilation‑free 
days or patients’ outcome. The authors showed an increased 
the number of days with diarrhea.[21] The authors concluded 
that enteral supplements might harm patients with acute 
lung injury. Our study did not agree with Rice et al. results 
regarding ventilation‑free days and nonpulmonary organ 
dysfunction. In the present study, the number of days with 
diarrhea was not recorded, which can be a weak point of our 
study since omega‑3 was given enterally.

Stapleton et  al. did a study to show the effect of enteral 
omega‑3 fatty acids on mechanically ventilated patients with 
acute lung injury.[22] The authors found that omega‑3 fatty 
acid did not improve patients’ outcome regarding biomarkers 
of pulmonary or systemic inflammation, ventilator‑free days, 
ICU stay, organ failure, or mortality.[22] The results of Stapleton 
et al. did not agree with the present study regarding the effect 
on organ failure and ICU stay. The present study agreed with 
Stapleton et al. results regarding the effect of omega‑3 fatty 
acids on the mechanical ventilation and the mortality rate.

Pontes‑Arruda et al. studied the effect of enteral nutrition with 
EPA, γ‑linolenic acid, and antioxidants in the early treatment 
of sepsis.[23] The authors showed fewer patients in the study 
group who developed multiorgan failure compared to the 
control group. The authors also showed lower incidence 
of respiratory failure in the same group of patients.[23] Our 
results agree with Pontes‑Arruda et  al.; however, in the 
present study, we did not find any differences between the 
two groups regarding the need of invasive respiratory support 
and the duration of mechanical ventilation. It is unclear if 
the difference in the diet composition with the additive of 
antioxidants could be beneficial to the respiratory system.

Gadek et al. did two different studies to show the effect of two 
different enteral immune nutrient diets on patients with acute 
lung injury.[24] The authors found that diet supplementation 
improved the patients’ outcome and gas exchange.[24] Our 
study did not show an advantage of omega‑3 in decreasing 
the respiratory support in septic patients. The results were 
different maybe because ARDS patients primarily showed 
alveolar capillary affection which is different to septic patients.

[Downloaded free from http://www.saudija.org on Friday, October 5, 2018, IP: 202.177.173.189]



www.manaraa.com

Ibrahim: Omega-3 fatty acids for critically ill patients

534 Saudi Journal of Anesthesia / Volume 12 / Issue 4 / October‑December 2018

In the present study, enteral omega‑3 did not affect the 
ventilation characteristics. It is unclear if the administration 
route of omega‑3 fatty acids plays a role in improving the 
alveolar–capillary membrane.

Conclusions

Enteral omega‑3 fatty acid improves organ functions in 
critically ill septic patients. Omega‑3‑enriched enteral diet 
can reduce the ICU length of stay; however, it does not affect 
patients’ outcome regarding ICU and hospital mortality.
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