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ABSTRACT

OUAGUENI, ASMA, RAFIK., Masters of Science : January : 2024, Health Sciences
Title: Omega-3 Supplementation in CABG Patients: Impact on ICU Stay, and Hospital
Stay (A Systematic Review and Meta-Analysis)

Supervisor of Thesis: Hiba, Ahmad, Bawadi.

Background: Coronary artery bypass graft surgery is a major surgery that can lead to
inflammation and complications, including increased length of ICU stay and length of
hospitalization. Omega-3 PUFA has anti-inflammatory properties, and it has been
hypothesized that it may reduce these complications in CABG patients.

Objectives: To conduct a systematic review and meta-analysis on the effect of
perioperative omega 3 PUFA supplementation on total ICU stay and total hospital stay
in CABG patients.

Methods: Randomized controlled trials were included if they studied the effect of
omega-3 PUFA supplementation (oral or intravenous) on ICU stay and length of
hospitalization in CABG patients. Studies were searched for in Medline (PubMed),
EMBASE, PsychINFO, CINAHL, and the Cochrane Central Register of Controlled
Trial databases along with hand searching of reference lists. The quality and risk of
bias of the included studies were evaluated by two independent reviewers using the
revised Cochrane risk-of-bias tool. Meta-analysis was performed using fixed or random
effect models according to the level of heterogeneity by mean difference with their 95%
confidence intervals.

Results: Twelve studies were included in the qualitative analysis and 7 studies were
included in meta-analysis. No statistical difference was observed between the omega 3

PUFA and control groups regarding ICU stay MD -0.25 (95% CI -0.68, 0.17). Omega-



3 PUFA was associated with a significant reduction in days of hospital stay -0.58 (95%
Cl -1.13, -0.04). Subgroup analysis showed that only oral omega 3 PUFA
supplementation resulted in a statistically significant reduction in length of
hospitalization after subgroup analysis with MD -0.6 (95% CI -1.17, -0.04).

Conclusion: This systematic review and meta-analysis suggests that perioperative
omega-3 PUFA supplementation may reduce the length of hospitalization in CABG
patients, especially when administered orally. However, the findings should be
interpreted cautiously due to the high level of heterogeneity and the presence of

concerns regarding the internal quality and external validity of the included studies.
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Chapter 1: Introduction

Coronary artery disease is one of the leading causes of mortality and morbidity
worldwide !, therefore, it is managed by multiple procedures including allowing the
patient to undergo coronary artery bypass graft (CABG) surgery which is an alternate
route (graft) is connected before and after the obstruction leading to allowing the blood
to bypass it and renourish the blood flow to the affected areas. Coronary artery bypass
graft (CABG) or heart bypass surgery is the most common cardiac surgery procedure
in the globe as the average incidence rate is estimated to be 62 per 100,000 persons in
Europe and 200,000 cases per year in the United States 23. CABG surgery is a medical
procedure that is undergone to improve obstructive coronary artery disease (CAD) “.
CABG surgery is known to cause inflammation in the body and multiple post-surgical
complications leading to increasing length of ICU stay and length of hospitalization
post-surgery °.

Many factors are associated with developing coronary artery disease including
smoking® , obesity”®, and poor diet ° . Lifestyle factors play a crucial role in the
development of CAD, and healthy lifestyle interventions such as diet can effectively
reduce the risk of the disease %, Following Mediterranean diet'?, healthy eating
index*®, and dietary approaches to stop hypertension (DASH) diets** are suggested to
protect against heart diseases. These diets have in common to be rich in omega 3 poly
unsaturated fatty acids (PUFA)s. Omega 3 PUFAs are a group of poly unsaturated fatty
acids that are obtained from marine and plant sources®™>'¢. Three types of omega-3
humans can be obtained from diet which are: Docosahexaenoic acid (DHA),
eicosatetraenoic acid (EPA) and their precursor Alpha-linolenic acid (ALA)Y. In
clinical settings the enrichment of Parenteral nutrition (PN) with omega 3 in

perioperative status has adverse advantages in terms of length of hospitalization, ICU
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admission and reduction in infection rates 8, These improvements are due to the anti-
inflammatory properties of omega 3 PUFAs 1920,

The effect of perioperative supplementation of omega 3 PUFA on open heart surgeries
including coronary artery bypass graft surgeries has been assessed in the literature by
several clinical trials and systematic reviews. As it is found to improve post-surgical
outcomes including post operative arterial fibrillation (POAF) in open heart surgeries
and reducing the risk of mortality post-operatively 21?2, The effect of omega 3 PUFA
on post operative atrial fibrillation is studied extensively and many systematic reviews
were conducted in the literature 2326, However, other important clinical outcomes such
as length of ICU stay, and length of hospitalization post-CABG surgery were not
studied extensively and two systematic reviews conducted in 2017 looked at the effect
on all open-heart surgeries and the exposures were not limited to only omega 3 PUFA
2128 To our knowledge, no systematic reviews have summarized the literature on the
effect of only perioperative omega 3 PUFA for patients undergoing mainly CABG

surgery and the impact on ICU stay and length of hospitalization.

Aim:

The aim of this thesis is to systematically review and summarize the findings of
randomized controlled trials assessing the impact of perioperative omega 3 PUFA
administration for patient undergoing CABG surgery and the effect on ICU stay and
length of hospitalization.

Objectives:

e To systematically review and summarize the findings of randomized controlled
trials on the effect of omega PUFA on ICU stay and length of hospitalization
post CABG surgery.

e To conduct a meta-analysis on the effect of perioperative omega 3 PUFA on

2



post-CABG clinical outcomes (ICU stay) and length of hospitalization.



Chapter 2: Literature Review

Coronary Artery Disease (CAD)

Coronary artery disease (CAD) is a leading cause of morbidity and mortality worldwide
4647 In U.S. over 375,000 deaths were due to CAD in 2021 ¢, About 5% of adults aged
20 and older have CAD, and it is responsible for 20% of deaths in adults under 65 years
old 849 1t is a chronic inflammatory condition characterized by the formation of
atherosclerotic plaques within the coronary arteries >°. Atherosclerotic plaques are
composed of lipids, inflammatory cells, and fibrous tissue that can narrow or block the
coronary arteries, reducing blood flow to the heart muscle °. CAD can manifest as a
variety of clinical presentations, including stable angina, unstable angina, myocardial
infarction (MI), and sudden cardiac death °2.

The precise etiology of CAD is unknown, but it is thought to be a complex
multifactorial disease involving both genetic and environmental factors. Modifiable
risk factors for CAD include smoking®, dyslipidemia®, hypertension®, diabetes
mellitus %6, obesity®, and physical inactivity®’. Non-modifiable risk factors include
age®®, gender®®, family history, and race/ethnicity®°.

Significant advances have been made in the diagnosis and treatment of CAD in recent
decades. These advances include the development of new pharmacologic therapies,
such as statins, antiplatelet agents, and beta-blockers®. The antiplatelets agents such as
aspirin help to prevent blood clots from forming in the coronary arteries ®!. Beta-
blockers help to slow down the heart rate and make the heart work less hard. This can
help to prevent heart attacks and strokes 2. Surgical interventions are also used such as
angioplasty. Angioplasty is also known as percutaneous coronary intervention (PCI) is
a procedure that is used to quickly open up a blocked coronary artery during a heart

attack . In case of acute coronary syndrome (ACS) Coronary artery bypass grafting
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(CABG) is a surgical procedure can be when primary percutaneous coronary
intervention (PCI) is not feasible or when complications arise 4.

Coronary artery Bypass graft (CABG) Surgery

Coronary artery bypass grafting (CABG) is a surgical procedure to restore blood flow
to the heart muscle bypassing blockages in the coronary arteries and involves
anastomosing saphenous vein grafts or arterial conduits to the distal coronary arteries
beyond the sites of stenosis or occlusion %. In the U.S.. there are over 200,000 CABG
surgeries performed annually . Patients underwent CABG in cases of high grade
blockages in the coronary arteries including left main diseases >50%, blockage of
>70% in three-vessel coronary artery disease, two-vessel disease®. It is considered a
high-risk surgery as it is associated with increased risk of mortality and morbidity post-
operatively ®’. CABG surgery carries a risk of complications, including perioperative
stroke (1-2%), wound infection (1%), graft failure (up to 25%), renal dysfunction (2-
3%), atrial fibrillation (20-50%), and death (1-2%) ®. Due to these complications,
around 14% of Medicare-post CABG patients readmit to the emergency department
69.70 The risk of complications is dependent on the patient's individual characteristics
and the specific details of the surgery, such as the type of CABG performed, the number
of grafts, and the patient's comorbidities’?.

Surgical Trauma

Surgical trauma is a general disruption in a patient’s hemodynamic, metabolic, and
immune responses post-operatively?®. The terminology that describes metabolic
instabilities after a trauma is “stress response” *°. Stress response to surgical trauma is
similar to that of accidental injury. The response to surgery was studied by many
scientists for many years. Based on the hemodynamic, metabolic, and hormonal status,

the “Ebb” and “Flow” terminologies were developed by the scientist Cuthbertson in

5



1932 to describe the traumatic injury phases St

The hypercatabolism and
hypermetabolism resulted from the stress response to surgery leads to the development
of undesirable outcomes including muscle wasting, impaired immune function,
increased risk of infection and deteriorated wound healing, organ failure, and death .
Therefore, it is important to ameliorate the systemic inflammatory, hormonal, and
metabolic responses through nutrition supplementation and pharmaceutical treatments.
Nutritional supplementation with anti-inflammatory and antioxidant molecules such as
zinc %3, vitamin C,* and omega-3 polyunsaturated fatty acids® and combinations of
nutrients *® have yielded positive effects on post-surgical trauma.

Due to the anti-inflammatory and immunomodulatory roles of omega 3 PUFAs, it is
highly suggested to be used in cases of hyper-inflammatory status such as surgeries
22:353743 Docosahexaenoic acid (DHA) and ecosapentanoic acid (EPA) are the building
blocks of anti-inflammatory lipid mediators, as well as specific pro-resolving lipid
mediators #*. Through multiple reaction pathways, PUFAs can be involved in the
regulation of the inflammatory response. Therefore, increasing omega-3 PUFA while

may be a useful strategy for steering the immune response toward resolution of

inflammation®.

Omega 3 poly-unsaturated fatty acids
Omega 3 polyunsaturated fatty acids (PUFAs) or ®-3 brought their name from their

chemical structure of having in common a first unsaturated bond (double bond) in the
3rd carbon atom in the methyl (-CH3) end 7. Omega 3 PUFA is a group of diverse fatty
acids, but only 3 molecules are important to the human body which are the a linolenic
acid (ALA), docosahexaenoic acid (DHA), and eicosapentaenoic acid (EPA)Y. Since

alpha-linolenic acid (ALA) cannot be synthesized by the body and because it is essential
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for the maintenance of homeostasis, it must be obtained through dietary sources such
as vegetable oil and nuts, flax seeds, and flaxseed oil, green vegetables mainly in
purslane, fruits mostly in kiwi and a small amount of animal fat mainly in grass-fed
animals 1. As a result, it qualifies as an essential omega-3 polyunsaturated fatty acid
(PUFA)"27, The body uses essential omega 3 PUFA (ALA) by undergoing reactions
of chain elongation and desaturation to form other biologically important metabolites
which are docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) "7
Although it is known that ALA is the only essential omega 3 PUFA, it does not form
enough DHA and EPA where less than 8% and 4% of body requirements are converted
to EPA and DHA, respectively’®’’. Therefore, the consumption of dietary-rich sources
of DHA and EPA mainly from sea food sources can increase their levels effectively 6.
The richest food items of EPA and DHA omega 3 are the marine foods mainly in the
cold-water fatty fishes including anchovies and salmon containing EPA and DHA as
(2300-2400mg/40z) and (1200-2400 mg/40z) respectively’®.

Omega 3 as an anti-inflammatory molecule

The omega 3 PUFA related immunity and inflammatory response reactions are
modulated by DHA mainly with participation of EPA by different proposed
mechanisms. The first mechanism is by being a precursor for some cell signaling lipid
mediators functioning as anti-inflammatory called proresolvings or specialized pro-
resolving mediators (SPMs) which are resolvins, protectins and docosatrienes ’°. Their
role is characterized by the initiation of inflammation termination or resolution for the
restoration of homeostasis . There are two classes of resolvins grouped according to
their precursors either from EPA known as E-series (RVE) or DHA known as D-series
(RvD) resolvins 8. The formation of RVE from EPA can be enhanced by the acetylated

cyclooxygenase-2 (COX-2) and 5-lipoxygenase (5-LOX) and Cytochrome P450 8182,
;



Enzymatic conversion of omega-3 polyunsaturated fatty acids into SPMs actively
disrupts inflammatory circuits and skews the immune response toward repair and
homeostasis . Additionally, certain SPMs suppress viral replication and ameliorate
the severity of viral pneumonia in experimental models 885, However, DHA has much
wider roles in terminating inflammation by the formation of much wider ranges of pro-
resolving molecules including D-series resolvins, protectins and maresins where the
latter is a macrophage mediator in resolving inflammation (MaR1) °%8 The
macrophages mediators resolve inflammation by promoting the formation of
macrophages through monocytes differentiation that leads to phagocytosis and down-
regulating inflammation. These macrophages are activated by the lipid mediators
produced from DHA and EPA that has been mentioned previously.

Furthermore, some researchers found that the stimulation of G-protein coupled receptor
(GPR 120) by DHA - a DHA receptor in the cell membrane- lead to significant
reduction of inflammation . Also, inflammation resolution may be promoted by
altering the cell membrane lipid microdomains which are important in the inflammation
related cell signaling pathways®®. DHA can reduce the TLR4, which is a
proinflammatory molecule leading to the resolution of inflammation . Omega 3 (EPA
and DHA) also are found to resolve inflammation in Alzheimer’s Disease (AD) by the
stimulation of microglial phagocytosis- a type of macrophage in the central nervous
system(CNS)- of specific peptide called AB which is believed to induce inflammation,
together with the down-regulatory roles of the pro-inflammatory cytokines and the
stimulation of neuroprotective brain-derived neurotrophic factor (BDNF) which is
proposed as a promising treatment of AD ?°. (Figure 1) summarizes the proposed
mechanisms of action of omega 3 molecules (DHA and EPA) in resolving

inflammation.
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Figure 1. Summary of Inflammatory resolution roles of EPA and DHA through

different mechanisms.

Surgical Trauma and post-surgical complications

The systematic response to a surgery is a series of interrelated physiological changes
that take place in reaction to a surgical insult ®*. These responses include the overlap of
a variety of immunological, endocrine, metabolic, and hemodynamic processes. These
physiological changes are similar to other kinds of injuries resulting from burns,
infections and traumatic injuries. The response to surgery or other traumas is described
by the term systematic inflammatory response syndrome (SIRS) %2. The stress response
to surgery is divided into 2 phases ‘ebb’ and ‘flow’. The initial “ebb phase” is shorter
and lasts for 2-3 days is characterized by reductions in cardiac output, basal metabolic
rate, oxygen consumption (VO?2), and glucose tolerance. While the latter “flow phase”
lasts for more than one week depending on surgery or injury severity characterized by
being hypermetabolic and catabolic state as having increases in cardiac output,
respiratory rate, VO2 , hyperglycemia, skeletal muscle catabolism, and a negative

nitrogen balance %,



Endocrine response:

The afferent stimuli triggers the stress response by sending impulses from the site of
the injury to the hypothalamus, which in turn triggers the hypothalamic-pituitary
adrenal (HPA) axis to maintain homeostasis following an injury % %% The
hypothalamus produces Corticotrophin-releasing hormone (CRH) that stimulate the
release of adrenocorticotropic hormone (ACTH) in the blood stream by the anterior
pituitary gland. The adrenal cortex also produces glucocorticoid in response to the
ACTH resulting in cortisol °1. The negative feedback that controls the level of cortisol
secretion by inhibiting CRH and ACTH secretion becomes blunted during and after
surgery resulting in supranormal and continuous release of cortisol. Cortisol is a
catabolic hormone that leads to hyperglycemia through gluconeogenesis in liver
impacting the surgical outcomes negatively . Furthermore, increased growth hormone
(GH) production from the anterior pituitary gland led to further increase in
gluconeogenesis and insulin resistance while the antidiuretic hormone (ADH) from
posterior pituitary gland results in reabsorption of water and reducing renal output.
While on the sympatho-adrenal response results in increased catecholamine release
causing hypertension and tachycardia. Other hormones affected by the surgical trauma
include, insulin, glucagon, catecholamines, leading to the exacerbation the stress

response to surgery %.

Immune response:

The degree of immune response is multifactorial, but the extent of trauma, infection,
and nutritional status are important determinates. It involves the release of pro-

inflammatory and anti-inflammatory cytokines and cell-mediated response °:.
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Inflammatory markers of including IL-1. IL-6 and tumor necrosis factor-alpha and
acute phase proteins such as procalcitonin (PCT) and C-reactive protein (CRP) are
massively produced. Uncontrolled inflammatory response results in multiple organ
failure (MOF) or stress-induced organ dysfunction correlated with postoperative
complications and infections resulting in increased length of hospitalization and
mortality %,

The effect of omega-3 supplementations on traumatic surgical outcomes

Coronary artery bypass graft surgeries:

Intravenous administration:

Intravenous administration of omega 3 PUFA makes it more bioavailable in the blood
but shorter duration of intervention when compared with oral administration. The effect
of intravenously administered omega 3 on hematological parameters and the activity of
platelets was assessed by Miliii Veljoviiiet al. °® they infused 100 ml lipid emulsion of
LCPUFA a day before surgery on 4 times intervals before cardiopulmonary bypass
which is a surgical procedure that is known to induce inflammation. The intravenously
administered n-3 in the interventional group didn’t yield any significant effect when
compared to the control group of 0.9% saline infusion on hematological parameters,
transfusion requirements, and postoperative blood loss, allogenic red blood cells
(RBCs), fresh frozen plasma (FFP), platelet units, postoperative blood loss, and post-
operative platelet aggregation ADP test. While a significant reduction in post-operative
platelet aggregation by the COL test was recorded in the n-3 group.

Mette M berger et al.®” administered 0.2 g/kg of omega 3 intravenously. Two infusions
were at 12 and 2 hrs pre-operatively and the last infusion was immediately after surgery.
When compared to the saline group, patients with n-3 had a significant increase in the
incorporation of EPA and DHA in platelet membranes. In atrial tissue, significant

11



incorporation of EPA was found, while no significant difference was observed in the
DHA level. Furthermore, there was a significant improvement in inflammatory markers
IL-6 and IL-8 and blood glucose levels. While no significant difference was observed
between ICU severity score, ICU stays, and kidney function. Finally, Heidt et al.%
found a significant beneficial effect of 100 mg fish oil infusion/ kg for 12 hrs
preoperatively until ICU discharge and assessed the incidence of postoperative atrial
fibrillation lasting more than 15 minutes.
Oral supplementation

For the effect of oral administration of omega 3 on surgical outcomes on patients
undergoing coronary artery bypass graft surgery, six studies were summarized in table
1. Calo et. Al *° ound that oral administration of 2 grams n-3 reduced the incidence of
POAF >5 minutes (p=0.013) and hospital length of stay (p=0.017), while no effect was
observed on the episodes of AF (p=0.889).

On the contrary 2g/day omega 3 orally administered did not lead to any improvement
in Overall incidence of AF (P=0.28), Clinical AF (p=0.60), AF burden (p=0.49),
hospital stay (p=0.49), and Length of stay in ICU/HDH 1 day (1 to 2 days) when
provided on the time interval of 21-12 days preoperatively until discharge in saravanan
study in 2010 1%, Similarly in sandesara et al study®!, 4 g/day preoperatively and
2g/day post operatively and until the development of atrial fibrillation or until day 14
did not improve any of the following outcomes: AF (p=0.67), Legth of hospital stay
(p=0.27), Congestive heart failure (p=0.68), Myocardial infarction (p=1.00), Bleeding
requiring reoperation or transfusion (p=0.18), Infection (p=0.79), Renal failure (p=1.0),
Respiratory failure (p=1.0) Stroke or transient ischemic attack (p=1.0),
Rehospitalization for AF 1 (p=1.0), Readmission to intensive care unit (p=0.64), and

Death within 30 d (p=1.0).
12



The effect of omega 3 supplementation on ECG atrial arrhythmic markers conducted
by saravanan and colleagues on 2016 % did not yield any significant effect on ECG P-
max duration, POAF (p=0.74), ECG P-wave duration (p=0.25), Cx 40 expression
(p=0.40), Cx 43 expression (p=0.44), Incidence of AF (p=0.26), Total AF burden
(p=0.62).

Omega 3 PUFA did have a significant reduction in the duration of atrial fibrillation
(p=0.04), ICU stays (p=0.003), and hospital stays (p=0.04) in vasheghani farahani et al
study?. Finally, the incidence of AF in the n-3 groups was reduced by 72%(OR 0.28
(p=0.013)), and AF was reduced in “on-pump” CABG surgery only. While the length

of hospital stay didn’t change significantly (p=0.75) in sorice, M et al study*®,

Liver surgeries

A meta-analysis of patients who underwent liver tumor surgery found that omega-3
fatty acids significantly reduced the incidence of postoperative infections, but only
when given continuously during the perioperative period, not just before or after
surgery. Omega-3 fatty acids did not affect mortality, liver failure, biliary leakage,
bleeding, or ileus **.

The largest and most recent randomized controlled trial (RCT) included in the meta-
analysis found that intravenous omega-3 fatty acids (Omegaven) did not protect against
postoperative complications. This suggests that reducing inflammation is not enough to
prevent complications after liver surgery*®. Another RCT found that omega-3
polyunsaturated fatty acid (PUFA)-based lipid emulsions were safe and effective in
reducing inflammation, protecting liver function, and reducing the overall rate of
complications and hospital stay in patients after hepatectomy%4. Experimental studies
have shown that omega-3 PUFAs can effectively reduce severe hepatic steatosis and

protect the liver from ischemia-reperfusion injury'®,
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Furthermore, omega 3 supplementation may be a better option than very low calorie
diets for reducing liver steatosis prior to bariatric surgery in morbidly obese women. In
a study by Bakker et al. (2019), omega-3 supplementation (2 g/day) for 4 weeks was
found to reduce overall liver volume, left liver lobe volume, and visceral fat area to the
same extent as a very low-calorie diet (800 kcal/day). However, the very low-calorie
diet was associated with more complications %, The authors suggest that the beneficial
effects of omega-3 supplementation may be due to its anti-inflammatory properties.
Low-grade inflammation is associated with obesity and liver steatosis. Omega-3 fatty
acids have been shown to reduce inflammation by a variety of mechanisms, including
inhibiting the production of pro-inflammatory cytokines and increasing the production
of anti-inflammatory cytokines. Omega 3 supplementation is less restrictive and allows
for more food consumption (2000 kcal/day) making it more likely that patients will be
able to adhere to the diet and avoid the malnutrition that can occur with very low-calorie

diets.

Omega 3 and deep vain thrombosis after femoral fracture
There are very scarce data about the effectiveness of omega 3 supplementation on post-

surgical outcomes following femoral fracture surgeries. Omega-3 fatty acid
supplementation may reduce the risk of deep vein thrombosis (DVT) and pulmonary
embolism (PE) following femoral fracture surgery in the elderly. According to our
knowledge, only one RCT (n=452 elderly participants (intervention-226 & control-
226)) looked at the association between post-surgical risk of deep vein thrombosis and
pulmonary embolism following proximal femoral fractures. The authors hypothesized
that providing omega 3 supplements orally on regular basis can effectively lead to
lowering the risk of post-surgical pulmonary embolism, venographic events as well as

symptomatic deep vein thrombosis . The possible mechanism of action could be due
14



to the anti-thrombotic effects of EPA.

A rat tail thrombosis model also showed that oral EPA intake significantly reduced the
lesion area, demonstrating its antithrombotic effects'®’. Furthermore, two longitudinal
studies found that higher intake of sea sources of omega-3 and higher serum omega-3

levels were negatively correlated with mortality and VTE rates in the elderly population

108,109
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Chapter 3: Methods

The current systematic review and meta-analysis was conducted following the
Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA)

guidelines™®

provided in Appendix A. And registered in the International Prospective
Register of Systematic Reviews (PROSPERO) with the protocol number
CRD42023318725. The review protocol was amended at the early stage of study
screening as it was noticed that there were new and recently published systematic
reviews and meta-analyses addressing the effect of omega 3 PUFA on post-operative
atrial fibrillation (POAF) outcome. To avoid duplication, the research question became
more concise to look at the effect only on ICU stay and length of hospitalization post

CABG surgery as only one systematic review was previously published on this topic in

20177,

Search strategy

A comprehensive literature search strategy was conducted on five databases which are:
Medline (Pubmed), EMBASE, PsychINFO, CINAHL, and the Cochrane Central.
Register of Controlled Trial databases. The Health Databases Advanced Search
(HDAS)!! developed by the National Institute for Health and Care Excellence
Databases search was used in collecting articles from the previously mentioned
Databases. Furthermore, hand-searching of the supplementary search including
reference lists of primary studies, review papers, and previous systematic reviews and
meta-analyses was done.

The search initially covered papers up to 15" of March 2021 and then was updated on

12" of September 2023 to ensure an extensive and comprehensive search to include all
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the recently published papers reporting on the effects of omega 3 PUFAs on ICU stay
and length of hospital stay in patients undergoing CABG surgery. The initial search
included concepts of exposure (omega-3 PUFA), population (CABG) and study designs
(RCTs) to determine all outcomes studied in the literature. Then the second level of
search was more precise and included all the concepts of population (CABG),
intervention (Omega-3 PUFA), Control (usual care/placebo), Outcomes (total ICU stay
and total hospital length of stay). Appropriate controlled vocabularies or syntax were
used in search strategies (e.g. MeSH in pubmed, EMTREE in EMBASE) and free-text
terms retrieved through previous systematic reviews search strategy and extra hand
search of synonyms was done. Boolean operators “OR” and “AND” were used in
creating the search strategy where the former was used for combining synonyms within
the same concept and the later for combining different concepts. The following are
examples of keywords employed in the search: “Omega-3” OR “Omega 3” OR “Fish
oil” OR "Eicosapentaenoic Acid" OR "Eicosapentenoic Acid" OR “EPA” OR
"Docosahexaenoic acid*" OR "Docosahexenoic acid*" in all-fields keywords AND
“exp *Coronary artery bypass/” OR “aortocoronary Bypass” OR “coronary artery
bypass” OR CABG in all-fields keywords. “intensive care unit”/exp OR “close
attention unit” OR “combined medical and surgical icu” OR “length of hospital stay”
OR “hospitalization”/exp OR “hospital stay” No filters of language, publication year,
publication type, or publication status were applied when searching the keywords to
ensure the collection of all possible research papers. Details on the search strategy used
in the databases are included in Appendix B. And an example of detailed search strategy
in one database (EMBASE) is provided in Appendix C.

Eligibility criteria
To structure the eligibility criteria, the PICO/TS framework (Patient/Population;
17



Intervention; Comparison; Outcome; Timing; Setting/Study design) was used. Included
studies were Population: adult patients (>=18 years old) undergoing mainly coronary
artery bypass graft (CABG) surgery, Intervention: only long chain omega-3 Poly-
unsaturated fatty acid (PUFA) containing both EPA and DHA molecules. Time:
provided in duration starting from preoperative until post-operative period. The method
of administration was open to either oral supplementation or intravenous
administration, Control: usual care or other non-fish oils, Outcomes: Length of
intensive care unit (ICU) stay, and length of hospitalization post CABG surgery.

Setting/Study design: Randomized controlled trails (RCTS).

The excluded studies were, all non-randomized trails, studies published in languages
other than English, performed on other populations e.g., children, used combination of
exposures with omega 3 such as vitamins and antioxidants cocktails, duration of
supplementation was either pre-operative or post operative only, and looked at
outcomes other than hospital length of stay, and ICU stay. Furthermore, studies that
investigated the association of other open-heart surgeries, but did not included CABG,
with omega 3 or fish oils.

Selection of the studies

The extracted studies were transferred to Rayyan platform 2. Duplicates were also
removed using the Rayyan platform prior to screening. By looking at the papers who
had high percentage of similarity above 90% and comparing the abstracts, authors,
journal. If they were identical, one paper is deleted. The screening was performed on
two phases, the first phase was screening of only titles and abstracts of the retrieved
papers, then the included papers were further screened for the full text following the
inclusion criteria. The whole screening phase was performed by two independent

reviewers to identify articles potentially eligible for inclusion in the systematic review.
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Reason for exclusion was documented in case of exclusion of any study. The full texts
of the screened studies were then critically reviewed separately for eligibility and data
extraction. Any discrepancies in the evaluation between the two reviewers were
proactively addressed through regular meetings and in-depth discussions. This
collaborative approach aimed to reach a consensus on eligibility and data extraction.
By employing these measures, we aimed to enhance the robustness and validity of our

systematic review methodology

Data extraction

Data from each study were extracted by one reviewer and revised by another reviewer
in Microsoft Excel® form and categorized as follows: first author, year of publication,
sample size, number of patients in each study arm (intervention and control), type of
trail (double-blind or open-label RCT), control used, omega 3 dose, method of
administration (oral or intravenous), duration of supplementation, follow up duration.
Outcomes and effects estimates from the intention to treat of the outcomes of interest

were extracted. Authors were contacted to obtain missing and unclear information.

Assessment of articles quality
To assure the quality, reliability, and validity of the included studies and to have an

insight to which extent are the results concluded in this systematic review and meta-
analysis are applicable to the real-world scenarios internal validity through risk of bias
assessment was performed. According to the Cochrane Handbook, the Risk of Bias is
defined as the systematic error or deviation from the truth leading to under-estimation
or over-estimation of the true intervention effect 3,

Since the aim of this systematic review is to collect only randomized controlled trials
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addressing the research question, we used the revised Cochrane’s risk of bias tool for
randomized trials (RoB 2)!*4. The tool is structured into five main domains and
signaling questions were answered to propose the judgement using a short version
CRIBSHEET algorithm to determine the overall RoB for each study . The quality of
selected papers was defined based on 5 domains which are: bias rising from
randomization, deviation from intended intervention, missing outcome data, risk of bias
in measurement of the outcome, and risk of bias in selection of the reported result.
During the assessment of the quality of studies, each study was independently assessed
by two reviewers and conflicts were solved by meeting with a third reviewer. The
completeness of reporting was assessed by checking if the studies had reported all of
the outcomes specified in their protocols. Trial registries were also searched in
Cochrane Central Register of Controlled Trial databases. Furthermore, assessment of
external validity in terms of generalizability and applicability and source of funding
and the presence of conflict of interest were done.

Statistical analysis

Since the outcomes in all studies were reported as continuous variables, the mean
difference (MD) was calculated. The mean difference (MD) and 95% Cls were used as
the effect size (ES) measure. All results were calculated on an intention-to-treat basis.
|2 statistics were used to test for heterogeneity between studies [28]. A fixed and random
effects meta-analysis were used based on the level of heterogeneity of studies. Pooled
therapy effect estimate was measured as a weighted average of the therapy effects MD
< 0 favoring omega 3 over the control. In studies reporting the outcomes as median and
interquartile ranges (IQR), a validated conversion equations were used to calculate
mean and SD and they were considered for inclusion in Meta-analysis if the data were

normally distributed 6, Forest plots were used to summarize the clinical endpoints of
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interest for each study. The presence of publication bias was assessed through the
visual inspection of funnel plot and Egger bias test '/, when sufficient papers were
collected for the outcome. If there was no publication bias, the funnel plot would look
like a symmetrical and inverted funnel, with a few studies scattered at the bottom. To
assess the robustness of the results of the meta-analysis, a sensitivity analysis was
conducted by using different statistical models All analyses were performed using

STATA SE software version 17 (STATA Corporation, College Station, TX, USA).
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Chapter 4: Results

Results of the search:

The comprehensive literature search resulted in total of 878 records from the initial
search and 141 from the second search which results in total of 1012 records. Where
871 citations were retrieved from databases and 7 of additional search results were
being identified through google scholar, supplementary search of reference lists of
included studies, reviews and previously published systematic reviews.

The 871 citations were retrieved from four databases which are: Medline (PubMed),
Embase, CINAHL and Cochrane Central Register of Controlled Trail Library. Before
screening, 45 duplicates were identified and thereby removed which then resulted in
total of 826. Further 803 results were then excluded after screening titles and abstracts.
A total number of 23 papers were consequently selected for full text articles screening
and were assessed for eligibility. However, 12 records were excluded due to several
reasons which are: different population (n=1), different study design (n=4), outcomes
other than the study aim (n= 6), and different exposure (n=1). A table of reasons for
exclusions is provided in Appendix D. Furthermore, hand-searching of the
supplementary search including reference lists of primary studies, review papers, and
previous systematic reviews and meta-analyses was done to make sure a comprehensive
literature search strategy. This yielded further 7 studies and 6 of them were excluded
because they did not meet the research question, due to different study designs (n=4)
and different exposures (n=2). A table of reasons of exclusions after full text is provided
in Appendix E. Only 1 study ultimately met the inclusion criteria for the qualitative
synthesis. This ended up by having a total of 12 papers included in the qualitative
analysis. While the Quantitative analysis was done on 7 articles. The study flow

diagram based on the PRISMA checkilist is shown in Figure 2.
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Figure 2. Study flowchart * Medline, Embase, PsychINFO, CINAHL and Cochrane Central Register of Controlled Trail Librar
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Characteristics of included studies:

A total of 12 studies met the eligibility criteria for inclusion with a total sample size of
(n= 3569) participants. The studies included varied in terms of key characteristics as
shown in Table 1. Variation was observed in study design, sample size, types of
surgeries, sample characteristics, omega 3 PUFA dose, EPA:DHA ratio, rout of

administration, and duration of intervention.

The majority of the studies found on the omega 3 PUFA in relation to intensive care
unit stay and length of hospitalization after CABG surgery were double blinded RCTs
98,100-103,118-122 ey cept for two RCTs one of which was open label %, while the second
was single blinded study °’ . In terms of geographic distribution, the studies included
were conducted across several regions. Specifically, two studies took place in Germany
97.98 two in Italy %1% and an additional two in the United States %1121, The remainder
of the studies encompassed a variety of locations, including the United Kingdom %,
Australia 1%, Iran %2, Mexico 1?2, and Russia 8. One large study was conducted in 28
centers across Italy, the United States and Argentina '°. Sample size varied between
28 - 1516 participants among the different study designs. Due to the nature of the
surgery, the participants were older adults and elderly and the mean age of was above
58 years. Most studies had the majority of its participants males in both study arms, one
had included only males in their study 22, and another one included only males in the
intervention group . Additionally, there were some discrepancies in the type of
surgery, some assessed the effect of omega-3 supplementation on patients undergoing
only CABG surgery %899102122 Qne study specified the type of CABG and restricted
inclusion to patients undergoing CABG by cardiopulmonary bypass (CPB) or “on-

pump CABG”%"100118 One compared the impact of CABG operative techniques “on-
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pump” or “off-pump” in addition to omega 3 supplementation on surgical outcomes %,

Four studies included patients undergoing CABG, valve replacement, valve repair or
any combination of these surgeries, with the majority of participants undergoing CABG
surgery 97104119121 "The majority of studies used oral routes for perioperative omega 3
PUFA administration 99-103119-122 "\hjle only three addressed the effect of short-term
perioperative intravenous administration of omega-3 %9118 Regarding the studied
outcomes, ICU length of stay was assessed by nine studies while total hospital length

of stay was assessed by eleven papers.

IV administration

The 1.V. administration of omega 3 was at 12 or 24 hrs pre-operatively — which is at
very short time when compared to oral supplementation- and continued to the first post-
operative day, or 2" to 7" POD or until discharge °"*¢1!8_ The dose ranged from 100

mg/kg to 400 mg/kg. Ratio of EPA to DHA was not specified in studies.

Oral supplementation

Nine studies introduced omega 3 PUFA by oral supplementation. The lowest dose

provided was 1.7 g/day provided by Calo %

. Four studies provided dose of
approximately 2 g/day of omega-3 capsules 100102103121 ‘One administered 2.4g/day of
omega 3 %2, Two studies provided omega 3 loading of 6 g over 2 days pre-operatively
and 10 g loading dose over 3-5 days pre-operatively %21 One study provided the
highest dose of omega 3 PUFA of 4.6 g/day in a liquid form of 15 ml/day %°. The
duration of supplementation ranged from a median of 17 days preoperatively to 4 weeks

post-operatively or discharge. The most common duration of supplementation was 5

days preoperatively to discharge 99102193119 There were discrepancies regarding the
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ratio of EPA to DHA among studies. Two studies used 1:2 ratios °1%, Two provided
(1.2:1) 100101 While the rest provided (2:3)*! and (1.5:1)'°? EPA to DHA ratios.

Finally, three studies did not report the EPA to DHA ratio 19120.122
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Table 1: Characteristics of Included Studies in Systematic Review

Study

Berger,
M.M
2013 %7

Heidt,
M.C
2009 8

Lomivor
otov,
\VAVARSS

Country  Design

Germany

Germany

Russia

RCT,
SB

RCT,
DB

RCT,
DB

Surgery

CABG +
valve
surgery
(CPB)

CABG

CABG
(CPB)

n(I/C) Age Men Dose EPA: Duration
(mean £ (%) DHA of
SD) ratio supplemen
tation
I:14  64.7 + 14 400 mg FO/kg over 2 | Not Pre-OD 1
10.5 (100%)  infusions of 200 mg FO/kg | specified | to  Post-
at 12 hrs + 2 hrs Pre-OD OD1
200 mg FO/kg Post-OD
C:14 66.3+£95 11(785 Saline
%)
:52 M:612 + 38 100 mg FO /kg /day Not 12 hrs Pre-
14.1 (73%) specified | ODto ICU
F. 744 « discharge
9.2
C:50 M: 66.6 32 FFA
+10.7 (64%) 100 mg soya oil/kg/day
F. 70.7 + containing 10 g soya oil
8.2
:18 61 17 Pre-OD 1: 200 mg/kg/day | Not Pre-OD 1
(94.4% Post-OD 2 — 7: 100 | specified | to 2-7
) mg/kg/day Post- OD
C:21 58 20 Pre-OD 1: 2 ml/kg/day
(95%)  Post-OD 2 —7: 1 ml/kg/day

Intralipid

Outcomes
Length of
hospital stay
Length of ICU
stay

(=) ICU stay (P=
0.118)

Comparison
between pts with
AF to without
AF  (variance
analysis)

(=) ICU stays
(P>0.05)*

=) Hospital
stays (p>0.05)*
(=) ICU stay
(p=0.97)

(=) Hospital Stay
(p=0.56)
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Study

Calo
2005 9

Saravana
n P 100

Farquhar

son, A.L.
120

Country

Italy

UK

Australia

Design

OL,
RCT,
Parallel
groups

SC,
RCT,
BD

DB,
RCT

Surgery

CABG

CABG
(CPB)

CABGor
Valve
repair/
replacem
ent

n (1/C)

I: 81

C: 79

I: 52

C:51

I: 97

C:97

Age

(mean £

SD)

64.9+9.1

66.2 + 8.0

64 +11

64 + 10

64 +11

64 + 10

Men
(%)

68
(86%)

68
(84%)
40

(77%)

42
(82%)

80
(82%)

62
(649%)

Dose

1.7 g/day
850 mg EPA, 882 mg DHA

Usual care

2 g/day

2 g/d Olive oil

4.6 g/day as Liquid oil

15 ml/day

EPA: 2.7, DHA: 1.9
g/day)

15 ml/day High
monounsaturated
sunflower oil

EPA:DH
A ratio

1:2

1.2:1

Not
specified

Duration
of
supplemen
tation

Pre-OD 5
to
discharge

17  days
(Median)
Pre-OD 12
to 21 until
Discharge
16.5
(Median)
(13-21
days)

3 wk Pre-
OoP to
Post-OD 6
or
discharge
22 days
(Median)
21  days
(Median)

Outcomes
Length of
hospital stay
Length of ICU
stay

(-) length of
hospital ~ stays
after surgery
(p=0.017)

(=) Hospital stay
(p=0.49)

(= ICcuU
(p>0.05)*

stay

(-) Length of
time in
Cardiothoracic
ICU (p = 0.006)
(=)Total hospital
length of stay
(p=0.24)
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Study

Sandesar
a, 2012
101

(The
FISH
trail)

Farahani
2017 102

Sorice M
207171108

Country

us

Iran

Italy

Design

MC,
DB,
RCT

SC,

DB,RC

DB,
RCT

Surgery

CABG
with  or
without
valve
surgery

CABG

CABG
"on-

pump”
and "off-

pump"

n (1/C)

1:120

C: 123
I: 202
C: 199

I: 96

C: 105

Age

(mean £

SD)

63.4+95

62+114

60.62
+8.95
61.28 + 10

Off-pump
64+10
On-pump
6310

Off-pump
(Gl)
63+10
On-pump
(G2) 639

Men
(%)

94
(78%)

102
(83%)
132
(65%)
127
(64%)
Off-
pump
37
(82%)
On-

pump:

39
(76%)
(G1)
42
(87%)
(G2)
46
(80%)

Dose

Pre-operative: >4 g/day
with  minimum loading
dose of 6 g over 2 days
Post-operative: 2g/d

465 mg EPA 375 mg DHA
corn oil 2g/day

2 g/day fish oil

300 mg EPA 200 DHA
olive oil soft gelatin
capsules

2 g/day

No intervention

EPA:DH
A ratio

1.24:1

1.5:1

1:2

Duration
of
supplemen
tation

Pre-OD 2
unitl
occurrence
of AF or
14 days

Pre-OD 5 -
Discharge

Pre-OD 5
to
Discharge

Outcomes
Length of
hospital stay
Length of ICU
stay

(=) hospital stay

(P=0.27)

= ICU
rehospitalization
(p=0.64)

() ICU stay
(p=0.003)

(-) Hospital stay
(p=0.04)
(=) Length of
hospital stay
(p=0.75)
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Study

OPERA
2012
(Mozaffa
rian) 119

Joss
2017 21

Bernabe-
Garcia
201312

Country

us, ltaly,
Argentin
a

(28
centers)

(U

Mexico

Design

Multina
tional
DB,
RCT

DB,
RCT

DB,
RCT

Surgery

CABG,
valve
repair or
replacem
ent, other
open
cardiac
surgery
CABG,
valve
replacem
ent/
repair
surgery

CABG

n(I/C) Age
(mean £
SD)

I: 758 63.8
SD(12.6)

C:758 63.6
SD(12.4)

I: 284  66.6 +
10.72

C:275 66.4 +
10.72

I:12  58.7+27

Men
(%)

551
(72.7%

)

543(71.

6)
212
(74.7%

)

199
(72.4%

)
100%

Dose

Pre-operatively

10 g loading over 3-5 days
or 8 g over 2 days
Post-operatively 2g

> 840 g/ capsule

465 mg EPA: 375 mg DHA
Olive oil

2 g/day

mineral oil with a trace
amount of wheat germ oil

2.4 g/day omega 3 in

4 capsules

(1.6g/day EPA + 0.8g
DHA)

EPA:DH
A ratio

Not
specified

2:3
DHA:
EPA

Not
specified

Duration
of
supplemen
tation

Pre-OD 3-
5 to Post-
OD 10 or
Discharge

Pre-OD 5
or 24 hrs
Post-
Operativel
y to Post-
Operative
week 4
75% of pts
started and
25% post-
OoD1

Pre-OD 1
to Post-
OD &6

Outcomes
Length of
hospital stay
Length of ICU
stay

(= ICcuU
(p=0.38)
(=) Hospital stay
(p=0.48)

stay

(=) Length of
hospital stay
(p=0.834)

(=) ICU stay,
days (p= 0.440)
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C:11 66.0x25 100%  Cornstarch (-)Total hospital
stays, days (P=
0.038)

Abbreviations: RCT: Randomized controlled trial, DB: Double-blind, PC: placebo-control, SB: Single-blind, OL: open-label, SC: single-center, MC: multicenter
CABG: Coronary artery bypass graft, CPD: Cardiopulmonary bypass, F: female, M: male, Pre-OD: pre-operative day, Post-OD: post-operative day, FFA: free fatty
acids, FO: fish oil, CCM: continuous cardiac monitor.

*p-value not present, significance is narratively reported
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Internal validity (Risk of Bias Assessment):

The overall judgment of the twelve included studies was low risk of bias in five studies
(41.6%) 100102118-120 Some concerns in three (25%) °"121122 and high risk of bias was
seen in four papers (33.3%) 999.101.103,

In the domain of bias due to randomization, most of the studies (75%) reported that it
was randomized, or computer-generated randomization the risk was assessed as low
97,99-102,118-120.122 " Qe trial did not provide details about the randomization process *
and another had significant difference in baseline characteristics table 2! giving them
“some concerns” as a judgment. The allocation was not concealed in 1% study which

increased the risk of bias in their paper.

Three papers had some concerns regarding bias arising from deviation from intended
interventions 97:9%-102118-120122 \whijle two had high risk of bias %1% in this domain. All
of the papers had low risk of bias regarding missing outcomes data. In regards to bias
due to measurement of the outcome, the outcome assessors were aware of the
intervention received by study participants which might influence the assessment of the
outcome in *®and 1% studies giving them the judgment of high risk of bias. Finally,
when we assessed the bias in selection of the reported result, 5 studies had some
concerns 97-103.118-120.122 3nd one had high risk of bias 1°. Figures 2 and 3 summarize the

risk of bias assessment of the included studies.
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Risk of bias domains

Domains: Judgement
D1: Bias arising from the randomization process. .
D2: Bias due to deviations from intended intervention. ® rign
D3: Bias due to missing outcome data. - Some concerns
D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result. . Low
Bias arising from the randomization process [ NN
Bias due to deviations from intended interventions [N
Bias due to missing outcome data [
Bias in measurement of the outcome [ N
Bias in selection of the reported result _ -
Overallrisk ot bias [N N
0% 25% 50% 75% 100%
|.waDs nnnnnnnnnn .Hgm|

Figure 3. (a) Risk of bias summary of studies examining the effects of the omega 3

PUFA . (b) Risk of bias graph of studies examining the effects of the omega 3PUFA

External validity

In regard to the External validity, most of papers have small sample size. However, the
OPERA trial is generalizable because it has large sample size of 1516 participants and

is a multinational study. Furthermore, Bernabe et. al*?? included only men in their study
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and Berger et al ¥included men only in the intervention arm which makes them not
generalizable and nor representative to the population. Moreover, some trials limited
inclusion to only patients undergoing only CABG by Cardiopulmonary bypass (CPB)
100,118 Based on this, the samples are not representative to the target population which
make them not generalizable to the population.

Source of funding and Conflict of interest

There was heterogeneity among the studies with respect to the sources of funding and
conflict of interest disclosures. Five studies explicitly stated that authors had no conflict
of interest 9798102121122 1 contrast, five studies did not provide any conflict of interest
disclosure 9%101.103.118-120 " Notably, only one study acknowledged the presence of
conflicts of interest 1%,

Regarding funding sources, five studies received support from pharmaceutical
companies 100-102119.121 ‘Twq studies declared no external funding %8*° studies. While
three studies provided no information regarding funding sources 1°311812° The findings

are summarized in table 2

Table 2: Summary Of Conflict Of Interest And Funding Disclosures

Study Conflict of interest Funding

Berger, 2012 %" Disclosed no conflict of interest Not reported

Heidt, 2009 % Disclosed no conflict of interest  Disclosed no funding received

Lomivorotov, Not reported Not reported

2014 118

Calo, 2005 % Not reported Disclosed no funding received

Saravanan, One author has disclosed Funded by the British Heart Foundation,

2009 10 financial ties to two companies reported that it was not influenced by any
that sell Omacor, an omega-3 pharmaceutical companies. free capsules
fatty acid supplement. of n-3 PUFA ethyl esters and placebo

were provided
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Sorice, 2011 1% Not reported Not reported

Farquharson, Not reported Not reported

201110

Sandesara, Not reported Disclosed being funded by Reliant
2012 11 Pharmaceuticals and GlaxoSmithKline.
Farahani, 2017 Disclosed no conflict of interest Supported by grants from Tehran
102 University of Medical Sciences. and

Dana Pharmaceutical Company

Joss, 2017 1 Disclosed no conflict of interest Funded by the Samaritan Foundation to
purchase the study medication.

Mozafarrian, Not reported Received funding from the National
2012 119 Heart, Lung, and Blood Institute,
National Institutes of Health,

GlaxoSmithKline, Sigma Tau, and
Pronova BioPharma, which also
provided the study drug. The
organizations that provided the funding
did not influence the design or conduct of
the study

Bernabe- Disclosed no conflict of interest Not reported
Garcia 2014 2

Meta-Analysis (Quantitative assessment)

Synthesis of Meta-analysis

For the construction of meta-analysis. Effect measures of all included studies were
extracted and summarized in a table (Appendix F). Only studies that reported means
and standard deviations, or that could be estimated from normally distributed data, were
included in the meta-analysis. The study by Heidt et al. was excluded from the meta-
analysis because it compared ICU and hospital stay between patients who developed
atrial fibrillation and those who did not, without assessing the effect of omega-3 on

these outcomes.

Effect of perioperative omega-3 polyunsaturated fatty acids (PUFA) on
intensive care unit (ICU) length of stay after coronary artery bypass graft (CABG)

surgery

Seven studies analyzed ICU length of stay after CABG surgery. Four studies reported
mean and standard deviation (SD) data and were directly included in the meta-analysis
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97.118.120.122 Three studies reported ICU length of stay as median and interquartile range

(IQR). Their mean with SD were predicted, only one of them was eligible for inclusion

in the Meta-analysis '°. Thus, the meta-analysis included five studies in total. It is

important to note that there was heterogeneity in terms of sample size, omega-3

administration, dose, and duration. Table 3 summarizes included studies in Meta-

analysis of ICU length of stay outcome.

Table 3: Summary Of Included Studies In Meta-Analysis Of The Impact Of Omega-3

PUFA On Intensive Care Unit Stay (ICU).

Study Method Dose Preoper Post Mean 95%
of ative operati differen Confiden
adminis ve ce ce
tration interval
Berger v 400 mg day 1 day 1 -0.71 [-1.54,
2013 0.12]
Lomivorot v Pre OP 200 day 1 day 2-7 0.00 [-0.63,
ov 2014 mg -Post OP 0.63]
100 mg
Farquhars  Oral 4.6 g/d 3weeks Day6 -1.10 [-2.48,
on 2011 -6 0.28]
Bernabe- Oral 2.4 g/d Day 1 Day 6 -2.30 [-5.32,
Garcia 0.72]
2013
Mozaffari Oral 8gover2d Days5- Dayl0 0.00 [-0.15,
an 2012 Pre PO - 29 3 or 0.15]
post OP Dischar
ge

Forest plot of the effect of omega 3 PUFA on ICU stay

The meta-analysis for the length of Intensive care unit stay for patients had coronary

artery bypass graft surgery was developed using the random-effect model.

Overall, the administration of omega 3 long chain fatty acids resulted in a tendency
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towards reduction in the length of stay in the intensive care unit compared to the control
group but no statistical significant effect was observed mean difference and 95%
confidence interval -0.25 [-0.68, 0.17].

Subgroup analysis based on method of administration was conducted and no effect was
further seen on the duration of ICU stay, mean difference and 95% confidence intervals
-0.30 [-0.99,0.39] and -0.59 [-1.7, 0.52] for intravenous and oral supplementation
respectively.

The intravenous administration of omega 3 PUFA subgroup analysis included only 2
studies. There was a moderate heterogeneity between the 2 studies as per the 12 test
equal to 43.79% . The dose administered was 200 mg/kg/day and 400 mg/kg/day of
omega 3 in pre-operative day 1, and the post-operative duration was different between
the studies. Both studies had small sample size which make the power very small. In
regard to the oral administration, there was a substantial heterogeneity between the
studies (12 =56.71%. The study conducted by Mozaffarian et. al had almost half the
weight of the observed effect with 48.66%. Figure 4 shows the meta-analysis and sub-
group analysis of the impact of perioperative administration of omega 3 PUFA on post-

surgical intensive care unit stay in patients undergoing CABG surgery.
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Treatment Control Mean diff. Weight

Study N Mean SD N Mean SD with 95% CI (%)

Intravenous Administration

Berger 2013 14 14 75 14 211 1.4 -0.71[-1.54, 0.12) 17.31 —a—
Lomivorotov 2014 18 2 121 2 1 0.00[-0.63, 0.63] 24.19

Heterogeneity: 1° = 0.11, I° = 43.79%, H* = 1.78 -0.30 [ -0.99, 0.39] :

Testof 8 =6;: Q(1)=1.78, p=0.18
Testof 8=0:z=-0.86, p=0.39

Oral Supplementation

Farquharson 2011 97 28 22 97 39 6.6 -1.10[-2.48, 0.28] 7.95 —_—
Bernabe-Garcia 2013 12 45 38 11 68 36 -2.30([-5.32, 0.72] 1.89

Mozaffarian 2012 758 2 1.4855 758 2 1.4855 0.00[-0.15, 0.15] 48.66

Heterogeneity: 1° = 0.55, I* = 56.71%, H* = 2.31 -0.59 [ -1.70, 0.52] J

Testof 6, = 6;: Q(2) = 4.59, p=0.10
Testof 8=0:z=-1.04, p=0.30

Overall -0.25[-0.68, 0.17) e
Heterogeneity: 1° = 0.09, I* = 42.73%, H* = 1.75
Testof 6, =6,:Q(4)=7.18, p=0.13

Testof 86=0:z=-1.17, p=0.24

Test of group differences: Q,(1) = 0.19, p = 0.66

Random-effects REML model

Figure 4. Meta-analysis and sub-group analysis of the impact of perioperative
administration of omega 3 PUFA (intravenous and oral), compared to control (usual
care or non-fish oils) on post-surgical intensive care unit stay in patients undergoing

CABG surgery.

Assessment of publication bias:

Publication bias was not assessed as the number of included studies in the meta-analysis

was small.

Effect of omega-3 polyunsaturated fatty acids (PUFA) on hospital length of stay
after coronary artery bypass graft (CABG) surgery
Eleven studies analyzed hospital length of stay after CABG surgery, but only six studies

were eligible for inclusion in the meta-analysis. Five studies reported mean and
standard deviation (SD) data and were directly included in the meta-analysis

97.99,103.118,122 The study by Sorice et al. (2011) reported results in a subgroup based on
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the type of CABG surgery, so it was divided into two for constructing the meta-analysis.
None of the studies that reported hospital length of hospital as median and interquartile
range (IQR) were eligible for inclusion in the meta-analysis after the prediction of their
mean and standard deviation'%-19211% Other studies were also excluded as they were

120 and median and SD 2L, It is important to note that

reported as adjusted mean ratio
there was heterogeneity in terms of sample size, omega-3 administration, dose, and
duration. Table 4 summarizes included studies in Meta-analysis of hospital length of
stay outcome.

Table 4: Summary Of Included Studies In Meta-Analysis Of The Impact Of Omega-3

PUFA On Hospital Length Of Stay After CABG Surgery.

Study Method  Dose  Preope Post Mean 95%
of rative  operative difference  Confidence
administ interval
ration
Berger v 400mg dayl day 1 0.5 [-2.65, 3.65]
2013
Lomivoro v PreOP dayl day 2-7 -1 [-4.19, 2.19]
tov 2014 200 mg
- Post
OP 100
mg
Sorice Oral 2g/Md day5  Discharge -0.1 [-1.16, 0.96]
2011
“on-pump
CABG”
Sorice Oral 2g/Md day5  Discharge 0.2 [-1.59, 1.99]
2011
“Off-
pump
CABG”
Bernabe- Oral 249/d Dayl day 6 -2 [-5.02, 1.02]
Garcia
2013
Calo 2005 Oral 1.7g/d day5 Discharge -0.9 [-1.63, -0.17]
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Forest plot of the effect of omega 3 PUFA on length of hospital stay

Overall, the meta-analysis showed that perioperative administration of omega-3 PUFA
resulted in a significant reduction in length of hospital stay for patients who underwent
CABG surgery, with a mean difference (MD) of -0.58 days (95% confidence interval

-1.13, -0.04).

Subgroup analysis based on method of administration revealed that intravenous
administration of omega 3 PUFA did not result in any statistically significant difference
in length of hospitalization (MD: -0.24 days; 95% CI: -2.48, 2.00). However, significant
reduction in length of hospitalization was found in oral supplementation of omega 3
PUFA subgroup (MD: -0.6 days; 95% ClI: -1.17, -0.04). The study by Calo et al. (2005)
had the largest weight (55.1%), indicating that it had the greatest impact on the overall
results. There was no significant heterogeneity between studies (12 = 0%). Figure 5
shows the meta-analysis and sub-group analysis of the impact of perioperative
administration of omega 3 PUFA on hospital length of stay for patients undergoing

CABG surgery.
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Omega-3 PUFA Control Weight Mean diff.

Study N Mean SD N Mean SD (%) with 95% CI

Intravenous Administration

Berger 2013 14 127 42 14 122 43 299 0.50[-2.65 3.65] —_——
Lomivorotov 2014 81 18 5 21 19 7 292 -1.00[-4.19, 219] ——T—
Heterogeneity: I” = 0.00%, H* = 1.00 -0.24[-2.48, 2.00] ~=oEise—

Testof 6, =6;: Q(1) = 0.43, p = 0.51
Testof6=0:z=-0.21,p=0.83

Oral Supplementation

Sorice 2011 51 82 25 57 83 31 2650 -0.10[-1.16, 0.96] l

Sorice 2011 45 88 49 48 86 38 925 020[-159, 1.99]
Bernabe-Garcia 2013 12 83 38 11 103 36 324 -2.00[-502, 1.02] —
Cald 2005 81 73 2179 82 26 5510 -0.90([-1.63, -0.17] -
Heterogeneity: I = 2.95%, H* = 1.03 -0.60 [ -1.17, -0.04] <&

Testof 6, = 6;: Q(3) = 3.09, p = 0.38
Testof 6 =0:z=-2.11, p=0.03

Overall -0.58 [ -1.13, -0.04] <§
Heterogeneity: I* = 0.00%, H* = 1.00
Testof 6, = 6;: Q(5) = 3.62, p = 0.61
Testof 6=0:z2=-2.10,p=0.04

Test of group differences: Q,(1) = 0.10, p = 0.76

Fixed-effects inverse-variance model

Figure 5. Meta-analysis and sub-group analysis of the impact of perioperative
administration of omega 3 PUFA compared to control on hospital length of stay for

patients undergoing CABG surgery.

Assessment of publication Bias:

Publication bias was assessed using Egger's test and funnel plot analysis. Egger's test
showed no significant publication bias (p = 0.7531). Additionally, the funnel plot was
symmetrical, indicating no evidence of publication bias. Figure 6 shows Funnel plot to

assess publication bias for studies of length of hospital stay outcome
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Figure 6. Funnel plot to assess publication bias for studies of length of hospital stay

outcome
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Chapter 5: Discussion

This systematic review provides update of the current knowledge in regard to the effect
of omega 3 PUFA supplementation on ICU stay and length of hospitalization post
CABG surgery. The systematic review is more concise to the effect of only omega 3
long chain fatty acid (EPA + DHA) administration on clinical outcomes post-CABG
surgery. Twelve studies have been identified for the qualitative synthesis and seven of
them were eligible for inclusion in the meta-analysis.

The overall pooled mean difference between the omega 3 PUFA group and the control
group regarding ICU stay after CABG surgery showed no statistical difference between
the groups but a tendency towards reduction was observed -0.25 (95% CI -0.68, 0.17).
Subgroup analysis in terms of method of administration did not show any further
significant effect -0.30 (-0.99,0.39) and -0.59 (-1.7, 0.52) for intravenous and oral
supplementation, respectively.

Moreover, omega-3 PUFA was associated with significant reduction in days of
hospital stay -0.58 (95% CI -1.13, -0.04). Furthermore, subgroup analysis showed that
oral supplementation resulted in a statistically significant reduction in length of
hospitalization with MD -0.6 (95% CI -1.17, -0.04). However, no statistically
significant difference in length of hospitalization was observed when omega-3 was

administered intravenously -0.24 (95% CI -2.48, 2.00).
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The effect of omega-3 PUFA on ICU length of stay post CABG surgery

On average, there was no difference in the length of ICU stay between patients who
received omega-3 polyunsaturated fatty acids (PUFASs) and those who did not after
coronary artery bypass grafting (CABG) surgery -0.25 (95% CI -0.68, 0.17).

This finding is consistent with a previous systematic review, which found no effect of
omega-3 PUFAs or combined with other vitamins on ICU length of stay in patients
undergoing different cardiac surgeries (weighted mean difference -2.95 days, (95% CI
-10.28, 4.39)?" . However, it is not consistent with another systematic review found that
administration of mainly antioxidant vitamin therapy, some of them with omega-3
PUFA resulted in improvement in all clinical outcomes including intensive care unit
length of stay (MD -0.21, 95% CI -0.30, -0.12, P < 0.00001) 2. Possible explanation
for the lack of effect on ICU stay could be that the anti-inflammatory effects are not
potent enough to immediately reduce the post-operative inflammatory response after
surgery but when combined with other vitamins will produce stronger effect and
reduces ICU stay.

Omega 3 and hospital length of stay post CABG surgery
Omega-3 PUFA was associated with significant reduction in days of hospital stay -0.58

(95% CI -1.13, -0.04). A meta-analysis showed a significant effect of perioperative
omega 3 PUFA on length of hospitalization post cardiac surgeries >’. Moreover, the
perioperative use of antioxidant vitamin therapy resulted in a significant reduction of
hospital stay duration (MD -0.68, 95% CI -0.98, -0.39, P < 0.00001). These findings
are essentially consistent with the results of the current study. Reduction in length of
hospitalization in response to perioperative omega 3 PUFA administration may be

explained by several mechanisms.
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First, the anti-inflammatory and pro-resolving effects of omega-3 PUFAs are likely to
play a major role. One way that omega-3 PUFASs reduce inflammation is by competing

with arachidonic acid for the production of eicosanoids 2

. Eicosanoids are signaling
molecules that play a role in a variety of physiological processes, including
inflammation’®. Therefore, omega-3 PUFAs, on the other hand, are converted to less
pro-inflammatory eicosanoids.

Another way that omega-3 PUFAs reduce inflammation is by promoting the production
of specialized pro-resolving mediators (SPMs) °. SPMs are a class of lipid mediators
that are derived from EPA and DHA including are resolvins, protectins and
docosatrienes and have potent anti-inflammatory and pro-resolving effects®®8L,
Enzymatic conversion of omega-3 polyunsaturated fatty acids into SPMs actively
disrupts inflammatory circuits and skews the immune response toward repair and
homeostasis 1%838687,

The anti-inflammatory and pro-resolving effects of omega-3 PUFAs are likely to be
particularly beneficial for patients who are at high risk for developing complications
after surgery. For example, patients who undergo coronary artery bypass grafting
(CABG) surgery are at high risk for developing postoperative inflammation, which can
lead to a number of complications, such as arrhythmias, heart failure, and infection and
increasing length of hospitalization.

Furthermore, the antiarrhythmic effects of omega-3 PUFAs are likely to play a major
role in reducing post-operative atrial fibrillation (POAF) and are thought to be mediated
through a number of mechanisms, including: Modulation of ion channels and alteration
of membrane phospholipid composition 8124125 Omega-3 PUFAs can also alter the
membrane phospholipid composition of cardiac cells '?6. This can lead to changes in

the fluidity and permeability of the cell membrane, which can also affect the electrical
45



activity of the heart and reduce the risk of arrhythmias 24,

Subgroup analysis showed that oral supplementation resulted in a statistically
significant reduction in length of with MD -0.6 (95% CI -1.17, -0.04). However, no
statistically significant difference in length of hospitalization was observed when
omega-3 was administered intravenously -0.24 (95% CI -2.48, 2.00). The observed
effect might be due to the fact that oral supplementation has longer duration compared
to the intravenously administered omega 3 PUFA resulting in accumulation of more
omega 3 PUFA in the body and better anti-inflammatory functions.

Regarding the risk of bias and external validity, the studies differed in terms of bias and
most of the papers have small sample size and some trials limited inclusion to only
patients undergoing only CABG by Cardiopulmonary bypass (CPB). Based on this, the
samples for some trials are not representative to the target population which make them
not generalizable to the population.

Implications for practice and research

The findings of this systematic review and meta-analysis suggest that omega-3 PUFA
supplementation, particularly oral administration, may be an effective intervention for
reducing the length of hospitalization following CABG surgery. The potential benefits
of omega-3 PUFAs are likely mediated by their anti-inflammatory, pro-resolving, and
antiarrhythmic properties. Further research is warranted to optimize the dose, duration,
and formulation of omega-3 PUFA supplementation for maximizing clinical benefits
in the perioperative setting.

Strengths:

The current systematic review and meta-analysis is an update of all available evidence
on the effect of omega 3 PUFA on post CABG clinical outcomes as the last published

systematic review was on 2017 %’. Furthermore, the current review is more concise to
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CABG surgery and addressed only the effect of omega 3 to observe its sole effect on
post-surgical clinical outcomes and included two new papers not previously analyzed.
Relevant and key bibliographic databases were searched using a comprehensive list of
key terms until 12" of September 2023. The studies included in the systematic review
are all randomized controlled trials and most of them were double blinded.
Additionally, the references list of relevant studies were searched. Furthermore, two
reviewers independently screened studies for inclusion and assessed the risk of bias in
included studies.

Limitations

The current systematic review has also several limitations. The evidence provided by
this review was based on relatively small sample size for most papers (<100
participants) which might affect overall power and restrict the generalizability of the
studies. Furthermore, the included studies were not all with good methodological
quality and there was heterogeneity between studies and two open-label trials were
added to the review, which may weaken the strength of the conclusion. The studies
were old and the most recent one was published in 2017 which means 6 years have
passed. Furthermore, the heterogeneity between studies in their populations, omega 3
dose, and duration of supplementation makes it difficult to compare results and to detect
the true effect. Finally, not all studies are included in the meta-analysis due to
heterogeneity in effect measures and largest study was not included in length of hospital
stay meta-analysis.

Conclusion:

This updated systematic review and meta-analysis, demonstrates that perioperative
omega 3 PUFA administered orally is correlated with significant improvement in length

of hospitalization due to its anti-inflammatory and anti-arrhythmic effects. Omega 3

47



PUFA did not exert beneficial effects on reducing length of ICU stay. Due to
heterogeneity and low quality of included studies, the results should be interpreted with
caution. There are some concerns regarding the external validity. Further well designed

and large studies are warranted to confirm these findings.
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Appendix

Appendix A. Prisma 2020 checklist
Location
sectionand — eM  Checkiist item U
opic # item is
reported
TITLE
Title 1 | Identify the report as a systematic review. iv
ABSTRACT
Abstract | 2 | See the PRISMA 2020 for Abstracts checklist. iv
INTRODUCTION
Rationale 3 | Describe the rationale for the review in the context of existing 1-2
knowledge.
Objectives 4 | Provide an explicit statement of the objective(s) or question(s) 2
the review addresses.
METHODS
Eligibility 5 | Specify the inclusion and exclusion criteria for the review and 17
criteria how studies were grouped for the syntheses.
Information 6 | Specify all databases, registers, websites, organisations, 15-16
sources reference lists and other sources searched or consulted to
identify studies. Specify the date when each source was last
searched or consulted.
Search 7 | Present the full search strategies for all databases, registers and | 16.
strategy websites, including any filters and limits used. Appendix
B&C
Selection 8 | Specify the methods used to decide whether a study met the 17
process inclusion criteria of the review, including how many reviewers
screened each record and each report retrieved, whether they
worked independently, and if applicable, details of automation
tools used in the process.
Data 9 | Specify the methods used to collect data from reports, including 18
collection how many reviewers collected data from each report, whether
process they worked independently, any processes for obtaining or
confirming data from study investigators, and if applicable,
details of automation tools used in the process.
Data items 10a | List and define all outcomes for which data were sought. Specify | 18
whether all results that were compatible with each outcome
domain in each study were sought (e.g. for all measures, time
points, analyses), and if not, the methods used to decide which
results to collect.
10b | List and define all other variables for which data were sought 18
(e.g. participant and intervention characteristics, funding
sources). Describe any assumptions made about any missing or
unclear information.
Study risk of 11 | Specify the methods used to assess risk of bias in the included 18
bias studies, including details of the tool(s) used, how many reviewers
assessment assessed each study and whether they worked independently,
and if applicable, details of automation tools used in the process.
Effect 12 | Specify for each outcome the effect measure(s) (e.g. risk ratio, 20
measures mean difference) used in the synthesis or presentation of results.
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Section and

Topic

Item
#

Checklist item

Location
where
item is
reported

Synthesis 13a | Describe the processes used to decide which studies were 19
methods eligible for each synthesis (e.g. tabulating the study intervention
characteristics and comparing against the planned groups for
each synthesis (item #5)).
13b | Describe any methods required to prepare the data for 19
presentation or synthesis, such as handling of missing summary
statistics, or data conversions.
13c | Describe any methods used to tabulate or visually display results | 19
of individual studies and syntheses.
13d | Describe any methods used to synthesize results and provide a 20
rationale for the choice(s). If meta-analysis was performed,
describe the model(s), method(s) to identify the presence and
extent of statistical heterogeneity, and software package(s) used.
13e | Describe any methods used to explore possible causes of 19
heterogeneity among study results (e.g. subgroup analysis,
meta-regression).
13f | Describe any sensitivity analyses conducted to assess 19
robustness of the synthesized results.
Reporting 14 | Describe any methods used to assess risk of bias due to missing | 18
bias results in a synthesis (arising from reporting biases).
assessment
Certainty 15 | Describe any methods used to assess certainty (or confidence) Not
assessment in the body of evidence for an outcome. reported
RESULTS
Study 16a | Describe the results of the search and selection process, from 21-22
selection the number of records identified in the search to the number of
studies included in the review, ideally using a flow diagram.
16b | Cite studies that might appear to meet the inclusion criteria, but Appendix
which were excluded, and explain why they were excluded. D&E
Study 17 | Cite each included study and present its characteristics. 26-30
characteristics
Risk of bias in 18 | Present assessments of risk of bias for each included study. 32
studies
Results of 19 | For all outcomes, present, for each study: (a) summary statistics | 35,38
individual for each group (where appropriate) and (b) an effect estimate
studies and its precision (e.g. confidence/credible interval), ideally using
structured tables or plots.
Results of 20a | For each synthesis, briefly summarise the characteristics and risk | 23-25,
syntheses of bias among contributing studies. 31
20b | Present results of all statistical syntheses conducted. If meta- 37-40
analysis was done, present for each the summary estimate and
its precision (e.g. confidence/credible interval) and measures of
statistical heterogeneity. If comparing groups, describe the
direction of the effect.
20c | Present results of all investigations of possible causes of 38,39
heterogeneity among study results.
20d | Present results of all sensitivity analyses conducted to assess 37-40
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Section and

Topic

Item
#

Checklist item

Location
where
item is
reported

the robustness of the synthesized results.
Reporting 21 | Present assessments of risk of bias due to missing results Not
biases (arising from reporting biases) for each synthesis assessed. Reported
Certainty of 22 | Present assessments of certainty (or confidence) in the body of Not
evidence evidence for each outcome assessed. Reported
DISCUSSION
Discussion 23a | Provide a general interpretation of the results in the context of 42
other evidence.
23b | Discuss any limitations of the evidence included in the review. 46
23c | Discuss any limitations of the review processes used. 46
23d | Discuss implications of the results for practice, policy, and future | 45
research.
OTHER INFORMATION
Registration 24a | Provide registration information for the review, including register 15
and protocol name and registration number, or state that the review was not
registered.
24b | Indicate where the review protocol can be accessed, or state that | 15
a protocol was not prepared.
24c | Describe and explain any amendments to information provided at | 15
registration or in the protocol.
Support 25 | Describe sources of financial or non-financial support for the NA
review, and the role of the funders or sponsors in the review.
Competing 26 | Declare any competing interests of review authors. NA
interests
Availability of 27 | Report which of the following are publicly available and where NA
data, code they can be found: template data collection forms; data extracted
and other from included studies; data used for all analyses; analytic code;
materials any other materials used in the review.

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD, et al. The
PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ
2021;372:n71. doi: 10.1136/bmj.n71
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Appendix. B. Search strategy table from Medine, EMBASE, CINAHL, PsycINFO and Cochrane Central Register of Controlled Trial

Database Fatty Acids Coronary Artery | ICU Stay Length of Hospital Stay
Bypass

Medline exp *Fatty Acids, Omega-3/ exp *Coronary artery | Intensive care unit/ Length of stay/
“Omega-3” bypass/
“Omega 3” “aortocoronary Bypass” | “Intensive Care Unit” “Stay Length”
“Fish oil” “coronary artery bypass” | “Unit, Intensive Care” “Stay Lengths”
"Eicosapentaenoic Acid" CABG “ICU Intensive Care Units” | “Hospital Stay”
"Eicosapentenoic Acid" “Hospital Stays”
EPA “Stay, Hospital”
"Docosahexaenoic acid*" “Stays, Hospital”
"Docosahexenoic acid*"
DHA
n3
n-3
“Alphalinolen* acid”
“Alpha-linolen* acid”

EMBASE omega 3 fatty acid/ exp *coronary artery | Exp *intensive care unit/ exp *hospitalization/

“Omega-3”

“Omega 3”

“Fish oil”
"Eicosapentaenoic Acid"
"Eicosapentenoic Acid"
EPA

"Docosahexaenoic acid*"
"Docosahexenoic acid*"
DHA

n3

bypass graft/
“aortocoronary Bypass”

“coronary artery bypass”
CABG

“close attention unit”
“combined medical and
surgical icu”

“intensive care”
“cardiovascular icu”
“coronary care  units”
“coronary intensive care
unit”

"’length of hospital stay”
“hospital stay”
“hospitalization”
“short
hospitalization”

stay”
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n-3
“Alphalinolen* acid”
“Alpha-linolen* acid”

PsychINFO Not relevant Not relevant Not relevant Not relevant
CINAHL exp *Fatty Acids, Omega-3/ exp *Coronary artery | Exp *intensive care unit/ exp *hospitalization/
“Omega-3” bypass/ “close attention unit”
“Omega 3” “aortocoronary Bypass” | “‘medical/surgical icus” "’length of hospital stay”
“Fish oil” “coronary artery bypass” | “mixed  medical and | “hospital stay”
"Eicosapentaenoic Acid" CABG surgical icu” “hospitalization”
"Eicosapentenoic Acid" “mixed  surgical  and | “short stay”
EPA medical icu” hospitalization”
"Docosahexaenoic acid*" “respiratory care unit”
"Docosahexenoic acid*" “respiratory care units”
DHA “special care unit”
n3
n-3
“Alphalinolen* acid”
“Alpha-linolen* acid”
Cochrane exp *Fatty Acids, Omega-3/ exp *Coronary artery | Exp *intensive care unit/ exp *hospitalization/
Central “Omega-3” bypass/ “ICU stay” “ Hospitalization
Register of | “Omega 3” “aortocoronary Bypass” | “Intensive care unit stay” | duration”
Controlled “Fish oil” “coronary artery bypass” | “close attention unit” ”length of hospital stay”
Trial "Eicosapentaenoic Acid" CABG “intensive care” “hospital stay”

"Eicosapentenoic Acid"
EPA

"Docosahexaenoic acid*"
"Docosahexenoic acid*"
DHA

“mixed  surgical and
medical icu”
“coronary care  units”

“coronary intensive care
unit”

“hospitalization”
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n3

n-3

“Alphalinolen* acid”
“Alpha-linolen* acid”
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Appendix C. Detailed search strategy for EMBASE database

(‘coronary artery bypass graft'/exp OR ‘'aorta coronary artery bypass' OR 'aorta coronary bypass' OR 'aorta coronary bypass graft' OR
‘aorta coronary vein bypass' OR ‘aorta coronary vein bypass graft' OR ‘aorta coronary vein shunt' OR ‘aortic coronary artery bypass' OR
‘aortic coronary bypass' OR 'aorticocoronary anastomosis' OR ‘aorto coronary artery bypass' OR 'aorto coronary bypass graft' OR 'aorto
coronary vein bypass' OR 'aortocoronary anastomosis’ OR ‘aortocoronary artery bypass' OR ‘'aortocoronary artery bypass graft' OR
‘aortocoronary bypass' OR "aortocoronary bypass graft' OR 'aortocoronary shunt' OR 'aortocoronary vein bypass' OR 'aortocoronary vein
bypass graft' OR "aortocoronary venous bypass' OR 'aortocoronary venous bypass graft' OR ‘coronary artery bypass' OR 'coronary artery
bypass graft' OR 'coronary artery bypass grafting' OR ‘coronary artery graft' OR 'coronary bypass' OR 'coronary bypass graft' OR ‘coronary
bypass grafting’' OR 'coronary vein bypass graft' OR 'coronary venous bypass graft' OR 'heart surgery'/exp OR ‘cardiac surgery' OR
‘cardiac surgical procedures’ OR 'cardiosurgery' OR 'heart operation’ OR 'heart surgery' OR 'myocardial resection' OR 'surgery, heart' OR
‘open heart surgery'/exp OR 'heart surgery, open' OR ‘intracardiac surgery' OR 'open cardiac surgery' OR 'open heart surgery' OR cabg
OR 'cabg surgery) AND (‘omega 3 fatty acid/exp OR 'bilantin omega' OR 'conchol 36' OR 'eicosa e' OR ‘'eicosapen’ OR 'fatty acids,
omega 3' OR 'fatty acids, omega-3' OR 'n 3 fatty acid' OR 'n 3 polyunsaturated fatty acid' OR 'omega 3' OR ‘omega 3 carboxylic acid' OR
‘omega 3 carboxylic acids' OR '‘omega 3 fatty acid' OR 'omega 3 feingold' OR 'omega 3 plus' OR 'omega 3 polyunsaturated fatty acid' OR
‘omega forte' OR 'omega-3-carboxylic acids' OR 'omega3 polyunsaturated fatty acid' OR 'sanhelios omega 3' OR ‘fish oil'/exp OR ‘fish
oil' OR 'fish oils' OR 'omegaven' OR 'optimepa’ OR 'tuna oil' OR 'marine oil'/exp OR 'eicosapentanoic acid'/exp OR 'lipid emulsion'/exp
OR 'emulsion, fat' OR 'emulsion, lipid' OR ‘fat emulsion' OR ‘fat emulsions, intravenous' OR 'lipid emulsion' OR ‘icosapentaenoic
acid'/exp OR '5, 8, 11, 14, 17 eicosapentaenoic acid' OR '5, 8, 11, 14, 17 icosapentaenoic acid' OR '5, 8, 11, 14, 17-eicosapentaenoic acid'
OR ‘eicosa 5, 8, 11, 14, 17 pentaene carboxylic acid’ OR ‘'eicosa 5, 8, 11, 14, 17 pentaenoic acid" OR ‘eicosapentaenoate’ OR
‘eicosapentaenoic acid' OR ‘'eicosapentenoic acid' OR ‘epaspire’ OR 'icosa 5, 8, 11, 14, 17 pentaenoic acid' OR 'icosapent’ OR
'icosapentaenoate’ OR 'icosapentaenoic acid’ OR 'omega 3 eicosapentaenoic acid' OR ‘timnodonate’ OR ‘timnodonic acid’ OR
‘docosahexaenoic acid/exp OR ‘'dhasco’ OR 'docosahexaenoate’ OR ‘docosahexaenoic acid’ OR ‘docosahexaenoic acids' OR
‘docosahexenoic acid' OR 'n 3'/exp) AND ('length of hospital stay' OR 'hospitalization'/exp OR ‘'hospital stay' OR 'hospitalization' OR
'short stay hospitalization' OR 'intensive care unit'/exp OR 'gicu’' OR 'gicus’ OR 'icu’s' OR 'close attention unit' OR ‘combined medical and
surgical icu' OR 'combined surgical and medical icu’ OR ‘critical care unit' OR 'general icu’ OR 'intensive care department’ OR 'intensive
care unit' OR "intensive care units' OR 'intensive therapy unit' OR 'intensive treatment unit' OR 'medical-surgery icu' OR 'medical/surgical
icu' OR 'medical/surgical icus' OR 'medico-surgical icu’ OR 'mixed medical and surgical icu’ OR 'mixed surgical and medical icu’ OR
'respiratory care unit' OR 'respiratory care units' OR 'special care unit' OR ‘'surgery/medical icu’ OR 'surgical-medical icus' OR
‘'surgical/medical icu’ OR 'unit, intensive care’ OR ‘cardiac surgery intensive care unit'/exp OR 'surgical intensive care unit/exp OR
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‘hospitalization length of stay’ OR 'coronary care unit'/exp OR 'cardiac icu' OR ‘cardiac icus' OR 'cardiac intensive care unit' OR ‘cardio-
vascular intensive care unit' OR ‘cardiologic unit' OR 'cardiology icu' OR 'cardiology intensive care unit' OR 'cardiology unit' OR
‘cardiovascular icu' OR 'cardiovascular intensive care unit' OR ‘coronary icu’' OR 'coronary care unit' OR ‘coronary care units' OR ‘coronary
intensive care unit' OR 'coronary resuscitation unit' OR 'coronary unit')
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Appendix D. Table of Excluded studies after full text-screening from electronic

databases

Title

Reason for exclusion

Does treatment with n-3 polyunsaturated fatty
acids prevent atrial fibrillation after open heart
surgery?

population

Effect of dietary supplementation with n-3
fatty acids on coronary artery bypass graft
patency

QOutcome

Antioxidant ~ Supplementation  Attenuates
Oxidative Stress in Patients Undergoing
Coronary Artery Bypass Graft Surgery

QOutcome

Effect of pretreatment with omega-3
polyunsaturated fatty acids (PUfas) on
hematological parameters and platelets
aggregation in patients during elective
coronary artery bypass grafting

outcome

Myocardial  protection during elective
coronary artery bypasses grafting by
pretreatment with omega-3 polyunsaturated
fatty acids

Outcome

Plasma n-3 and n-6 fatty acids and the
incidence of atrial fibrillation following
coronary artery bypass graft surgery

Study design

Omega-3 fatty acids do not alter P-wave
parameters in electrocardiogram or expression
of atrial connexins in patients undergoing
coronary artery bypass surgery

Outcome

Vascular prostacyclin is increased in patients
ingesting omega-3 polyunsaturated fatty acids
before coronary artery bypass graft surgery

Outcome

Preoperative  carbohydrate load and
intraoperatively infused omega-3
polyunsaturated fatty acids positively impact
nosocomial morbidity after coronary artery
bypass grafting: a double-blind controlled
randomized trial

Exposure

Prevention The effect of omega-
3 polyunsaturated fatty acids in prevention of
postoperative atrial fibrillation development in
patients undergoing coronary artery bypass
graft surgery

study design

Marine n-3 fatty acids are incorporated into
atrial tissue but do not correlate with
postoperative atrial fibrillation in cardiac
surgery

study design

A small cohort omega-3 PUFA supplement
study: implications of stratifying according to
lipid membrane incorporation in cardiac
surgical patients

study design
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Appendix E. Table of Excluded studies after full text-screening from

Supplementary Search

Title

Reason for exclusion

A small cohort omega-3 PUFA supplement study:
implications of stratifying according to lipid
membrane incorporation in cardiac surgical
patients

Study design

Preoperative n-3 polyunsaturated fatty acids are
associated with a decrease in the incidence of early
atrial fibrillation following cardiac surgery.

Study design

Prevention of new-onset atrial fibrillation
after direct myocardial revascularization
surgery: randomized comparative study

Time of exposure-only post-operative
period

Omega-3 poly-unsaturated fatty acids
reduce the incidence of postoperative
atrial fibrillation in patients with history
of prior myocardial infarction undergoing
isolated coronary artery bypass grafting.

Study design

Protective effect of Eicosapentaenoic acid
on insulin resistance in hyperlipidemic
patients and on the postoperative course
of cardiac surgery patients: the possible
involvement of adiponectin.

Exposure: only EPA molecule

Effect of omega-3 polyunsaturated fatty
acid on the prevention of atrial fibrillation
after Off-pump coronary artery bypass
grafting

Study design
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Appendix F. Summary table of all effect measures extracted from included studies for the construction of Meta-analysis

Outcome Study n Mean SD n Mean SD comment
ICU stay Berger, MM 14 1.4 0.75 14 2.11 1.4 Included in MA
(days) 2013
farquharson 2011 97 2.8 2.2 97 3.9 6.6
Bernabe 2013 12 4.5 3.8 11 6.8 3.6
Lomivorotov 18 2 1 21 2 1
2014
Mozaffarian 758 7 2.9 758 6.6 2.2 Included in MA after calculation of mean and SD
with sample normally distributed
Study n Median IQR n Median IQR
Farahani 2017 202 24 (2.25-3) 199 154 (0.52- Data are significantly skewed away from normality
3.9)
Mozaffarian 758 2 (1-3) 758 2 (1-3) Included in MA, no significant evidence to show
that the data are skewed
saravanan 52 1 (1-2) 51 1 (1-2) Data are significantly skewed away from normality
Outcome Study n Mean SD n Mean SD Comment
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Hospital Berger, MM 14 12.7 4.2 14 12.2 4.3 Included in MA

Stay 2013
Calo 2005 81 7.3 2.1 79 8.2 2.6
Sorice (G2 n3, 51 8.2 2.5 57 8.3 3.1
G4) on-pump
Sorice (G1 n3, 45 8.8 4.9 48 8.6 3.8
G3) off-pump
Lomivorotov 18 18 5 21 19 7
2014
Bernabe 2013 12 8.3 3.8 11 10.3 3.6
Study n Adjusted SD n Adjusted SD
mean ratio mean ratio
Farquharson 2011 97 8.6 7.1 97 9.9 10.2 Not included in MA
Study n Median IQR n Median IQR
Farahani 202 14 (12-18) 199 14 (12-18) the data are significantly skewed away from
2017(days) normality
Mazaffarian 758 7 (5-9) 758 7 (5-8) the data are significantly skewed away from
(days) normality in intervention group
Sandesara, 2012 120 6 (5-8) 123 5 4-7 the data are significantly skewed away from
(Days) normality.
saravanan (days) 52 8.5 (6-12) 51 7 (6-10) the data are significantly skewed away from
normality in control group
Study n Median SD n Median SD
Joss 2017 (days) 284 6 34 275 6 5 Not included in MA
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