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Background: A large liver can be a bariatric surgeon’s nightmare as it interferes with the operative field
particularly during posterior fundal and hiatal dissection. Various methods have been employed to achieve
hepatic volume reduction (HVR) prior to surgery. This study aims to compare the effect of omega-3-
polyunsaturated fatty acid (PUFA) supplements and very low calorie diet (VLCD) restriction on hepatic
volume.

Methods: A total of 52 obese patients were randomized into two groups. For various reasons only
41 patients were included for final analysis; VLCD group (n=20) and omega-3-PUFA group (n=21). MRI
volumetry of liver, weight, and serum alanine transaminase (ALT) levels were measured at enrollment and
again at 4 weeks.

Results: Mean HVR of VLCD group and omega-3-PUFA group at day-30 was 37.10£15.76 and
34.88+9.99 cm’. Comparative analysis of HVR between the two groups showed no statistical difference
(P=0.29). Similarly there was no statistical difference in ALT levels of both groups. Significant weight loss (kg)
was noted in both VLCD and omega-3-PUFA group, measuring up to 2.21£2.29 and 2.85+4.62, although no
statistical difference was noted when compared between the two (P=0.58).

Conclusions: Pre-operative hepatic volume and weight reduction were noted in both groups with no
superiority of one modality over the other. As dietary restriction is often confronted with non-compliance,
omega-3-PUFA does appear to be a more attractive alternative. A larger study including cost effectiveness
analysis may be able to further ascertain the economic impact and feasibility of pre-bariatric surgery omega-

3-PUFA supplementation in a developing economy such as Malaysia.
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Introduction

Morbid obesity is a significant risk factor in development
of non-alcoholic fatty liver disease (NAFLD). NAFLD is
a term encompassing a spectrum of liver damage, ranging
from steatosis alone to steatohepatitis, advanced fibrosis to
cirrhosis (1,2).

NAFLD is defined pathologically by presence of
steatosis with necroinflammatory activity mostly in lobular
distribution with or without Mallory’s hyaline or fibrosis
(3,4). Its clinical progression can be as advanced as hepatic
failure secondary to cirrhosis and sometimes hepatocellular
carcinoma (5-7). NAFLD is theorized to be a result of a
“two-hit’” hypothesis. Insulin resistance and visceral obesity
ultimately will increase intrahepatic triglyceride content
culminating in NAFLD (8). In a minority of patients,
further insult to the liver in the form of oxidative stress
and inflammation will ultimately exacerbate steatosis to
progress to fibrosis and ending in cirrhosis or hepatocellular
carcinoma. Several studies have demonstrated a relationship
between steatosis, body weight and body mass index (BMI)
(9-11). NAFLD and obesity have a close relationship. It
is estimated that 84% to 96% of obese patients will have
NAFLD as diagnosed by liver biopsy (9,12,13). Within this
cohort, 24% to 55% will have non-alcoholic steatohepatitis
(NASH) with 12% having established fibrosis (9). Alanine
transaminase (AL’T) has been used as a marker to diagnose
or monitor treatment for NASH. Weight loss has been
associated with reductions in AT in some patients (14).

Morphologically, NAFLD patients tend to have larger
livers at the initial stages before progressing to cirrhosis
or hepatocellular carcinoma. This has been demonstrated
through various imaging modalities such as ultrasonography
(US), computed tomography (CT) and magnetic resonance
imaging (15,16). Of the various imaging modalities
available, a meta-analysis done by Bohte er 4/. has shown
that MRI is the best imaging modality in detecting and
grading hepatic steatosis according to its severity (17).

Low calorie diet (LCD) or very low calorie diet
(VLCD) has been shown to be effective in reducing liver
size and reducing fat content intrahepatically (18-22).
Current VLCDs are usually provided in the context of
comprehensive treatment programs, during which usual
food intake is completely replaced by specific foods or
liquid formulas containing 800 kcal/d or less. Current
VLCDs are generally safe when used under proper
medical supervision in moderately and severely obese
patients and are usually effective in promoting significant
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short-term weight loss, with concomitant improvement
in obesity-related conditions. Serious complications of
modern VLCDs are unusual, cholelithiasis being most
common (22). Omega-3 polyunsaturated fatty acids
(PUFASs) have also been shown to reduce hepatic steatosis
and reduce the effects of NAFLD by influencing lipid
metabolism and insulin sensitivity. PUFAs are derived
from exogenous sources such as from fish oil, flaxseed
and olive oil. It regulates gene transcription factors thus
producing a beneficial impact on cardio-metabolic risk
factors (23,24). Although low amounts of PUFAs do not
seem to bring up any adverse issues, some side effects do
occur. Most common is a fishy aftertaste. Gastrointestinal
disturbances and nausea also were commonly reported side
effects. Finally, although refined and concentrated omega-3
fatty acid products contain virtually no methyl-mercury
and are very low in organochloride contaminants (25),
less well-controlled preparations can contain appreciable
amounts (26). PUFAs have been shown in animal models
and human intervention trials that it improves the
effects of NAFLD in terms of imaging and functional
measurements. Antonio et al has demonstrated that PUFAs
supplementation without dietary modification reduces liver
volume by 20% (8). With the knowledge of both methods,
i.e., VLCD and PUFAs as having a beneficial role in
reducing liver volume, we compared them in the context
of pre-operative hepatic volume reduction (HVR) in obese
individuals awaiting laparoscopic bariatric surgery. The
primary objective of our study was to compare the amount
of HVR in the group receiving VLVD versus the group
receiving omega-3-PUFA supplementation at the end of 30
days. The secondary objectives were to measure change in
serum ALT levels and weight loss in both VLCD as well as
the omega-3-PUFA group.

Methods

We conducted a single center, randomized controlled trial
to compare reduction in hepatic volume between VLCD
and omega-3 PUFA supplementation in obese individuals
awaiting laparoscopic bariatric surgery. Participants were
recruited from the Obesity Clinic of UKM Medical Centre.
All patients aged 18-60 years old with BMI >30 kg/m’ who
presented to the obesity clinic of University Kebangsaan
Malaysia Medical Centre between January 2015 to January
2016 were recruited for this study. Patients with established
diagnosis of liver cirrhosis, hepatocellular carcinoma,
hepatitis B, hepatitis C and those with known allergy
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Figure 1 Flow chart of study methodology. VLCD, very low calorie diet; PUFA, polyunsaturated fatty acid.

to omega-3 PUFA were excluded. Following informed
consent, demographic details were recorded and a base line
LFT and MRI was performed for all patients. Patients were
then randomized using block randomization technique
into two groups; omega-3-PUFA group or VLCD group
for 30 days. The dietary plan for the VLCD group was
personalized by a dietitian according to the patients’
regular meal but restricted to a limit of 800 kcal/day.
Patients were encouraged to maintain a food diary. Those
in the omega-3 supplementation group were given fish
oil Capsules at a dose of 2,000 mg per day (to be taken in
the morning). They were allowed to continue with their
regular food intake with advice to avoid deep fried food
items and sweet drinks. Weight loss parameters were again
documented along with a repeat of liver function test and
MRI at the end of 30 days (Figure I). The patients were
blinded from knowing the supplements assigned to others.
The radiologist reviewing the MRI images was also blinded
from information pertaining to the type of intervention.
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Data analysis

A descriptive per protocol analysis was performed.
Collected data was entered into the Statistical Package for
the Social Sciences (SPSS) for analysis. A paired #-test or
Wilcoxon Sign Rank test was used to analyze the different
variables pre & post—intervention. P value of <0.05 was
taken as the significant level. The type I error probability
associated with this test of this null hypothesis is 0.05.

Results

Opverall, this study involves morbidly obese patients with
a mean age were 41 and 47 years respectively for VLCD
and omega-3 PUFAs group. Majority of study participants
were female (7able 1). HVR in VLCD group was (mean =
SD) 37.10£15.76 cm’, and 34.88+9.99 cm’ in the omega-3-
PUFA group, with statistically similar effect when compared
(P=0.29) (Table 2). Serum ALT remained unaffected
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Table 1 Socio-demographic characteristic between VLCD and
omega-3 PUFAs

Characteristics VLCD Omega-3 PUFAs

Number (n) 21 20

Age (years)

Mean + SD 41.00+10.86 47.00+9.17

Maximum 64 61

Minimum 19 32
Gender [%]

Male 9 [42.86] 3[15]

Female 12 [57.14] 17 [85]

Weight, mean = SD (kg) 112.54+33.30 101.88+23.49

BMI, mean = SD (kg/m?) 43.22+10.87 42.03+6.98

VLCD, very low calorie diet; PUFA, polyunsaturated fatty acid;
BMI, body mass index.

Table 2 Difference of total liver volume between VLCD and
omega-3 PUFAs at baseline and 30 days of intervention

Groups Duration Liver volume, mean + SD (cm® P value

VLCD Baseline  1,647.04+387.73 0.293

30 days 1,609.94+359.41 -
PUFAs Baseline  1,526.04+469.43 0.135

30 days 1,491.17+416.86 -

There was no significant difference (P>0.05) of total liver volume
between VLCD and omega PUFAs at baseline and 30 days of
intervention. VLCD, very low calorie diet; PUFA, polyunsaturated
fatty acid; BMI, body mass index.

Table 3 Difference of serum ALT between VLCD and omega-3
PUFASs at baseline and 30 days of intervention

Groups  Duration Serum ALT, mean + SD (IU/L) P value

VLCD Baseline  41.05+79.20 0.359
30 days 24.62+17.51 -

PUFAs  Baseline  26.45+17.48 0.441
30 days 25.06+17.93 -

There was no significant difference (P>0.05) of Serum ALT
between VLCD and omega-3 PUFAs at baseline and 30 days of
intervention. ALT, alanine transaminase; VLCD, very low calorie
diet; PUFA, polyunsaturated fatty acid.
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(P=0.41) (Tuable 3). Both groups demonstrated weight
loss (kg) at the end of day 30 (VLCD, 2.21+2.29; omega-3-
PUFA, 2.85+4.62) with no statistically significant difference
between the two groups (P=0.58) (Table 4). There was no
statistically significant difference between the two groups
when weight, liver size, AL'T and BMI were compared at
the onset and end of this study (7#ble 5). There was no issue
of non-compliance to given therapy in both groups.

Discussion

The importance of achieving HVR in patients planned for
bariatric surgery is obvious. A heavy and large liver limits
the operating space, bleeds easily and impairs exposure of
the gastro-esophageal junction (GEJ), hiatus as well as the
angle of his, thus adding to the complexity of surgery in an
already challenging anatomy.

There has been various methods advocated to achieve
HVR. VLCD advice is one such method. It is easily
administered, widely practiced, has been extensively
researched and does has a proven track record for achieving
HVR in obese individuals undergoing bariatric surgery
(20,21). Edholm et al. prescribed a four-week course of
low calorie diet for fifteen of their morbidly obese patients
prior to laparoscopic gastric bypass to assess reduction
in liver volume and investigate if these changes would
facilitate the surgery. At the end of week 4, the liver volume
had decreased by 12% (P<0.001) and intrahepatic fat by
40% (P<0.001). There was significant improvement in
hiatal exposure (P<0.05), reduction in psychological stress
among operating surgeons (P<0.05) and a significantly
lower complexity rating score for the surgery as given by
the participating surgeons (P<0.05) (22). Unfortunately,
opponents of VLCD would argue against this method as
there are no consensus on standardization of the VLCD
menu and because it has been linked to poor patient
compliance. A failure rate of 13-20% has been reported
in previous studies involving dietary restrictions due to
inability of patients to fully comply and adhere to the advice
(19,20).

On the other hand, omega-3 PUFA supplements have
become increasingly popular over the years. It has been
perceived as a more compliance-friendly method to achieve
the desired pre-operative HVR in obese individuals prior
to bariatric surgery as it does not require caloric restriction.
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Table 4 Difference of weight between VLCD and omega-3 PUFA

at baseline and 30 days of intervention

Groups Duration Weight, mean + SD (kg) P value

VLCD Baseline 112.54+33.30 0.001
30 days 110.33+£31.93 -

PUFAs Baseline 101.88+23.49 0.013
30 days 99.04+22.70 -

There was a significant difference (P<0.05) of weight reduction
in each group at baseline and 30 days of intervention. VLCD,
very low calorie diet; PUFA, polyunsaturated fatty acid.

Table 5 Difference of weight loss, liver volume, body mass index
reduction and Serum ALT reduction between VLCD and omega-3

PUFAs at baseline and 30 days of intervention

Outcome VLCD, PUFAs, P value
mean + SD mean = SD
Weight loss (kg) 2.21+2.29 2.85+4.62 0.58

Liver volume 37.10+15.76  34.88+9.99 0.29

reduction (cm®)
BMI reduction (kg/mg) 1.17+1.31 1.13+1.84 0.93

Serum ALT
reduction (IU/L)

16.43+17.48 1.40+1.767 0.41

There was no significant difference (P>0.05) of weight loss, liver
volume, body mass index reduction and Serum ALT reduction
between VLCD and omega-3 PUFAs at baseline and 30 days of
intervention. VLCD, very low calorie diet; PUFA, polyunsaturated
fatty acid; BMI, body mass index; ALT, alanine transaminase.

Deemed “safe” by the European Food Safety Board in
2012 (27), they are already being widely used in prevention
and treatment of a wide variety of cardiovascular,
immunological, psychological and neurological disorders.
Tannelli et al. assessed the effects of pre-operative omega-3
PUFA supplementation in obese individuals planned for
laparoscopic roux-en-y gastric bypass. A total of 20 patients
were administered the omega-3-PUFA supplement for a
duration of 4 weeks without any specific dietary restrictions.
A 20% decrease in hepatic volume was noted (P=0.002),
giving rise to easier retraction of the left lobe of liver and
easier access to the GE]J, thus facilitating surgery (8).

The beneficial effects of VLCD in achieving short term
weight reduction has been linked to reduction in caloric
intake and resting energy expenditure (28). Omega-3
PUFA supplementation on the other hand has not been
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largely associated with weight loss, even when used as an
adjunct to lifestyle modification (29). Thus, the weight loss
seen in our omega-3-PUFA group may highlight a new
advantage of this dietary supplement. Various dosage have
been used in previous reports (8,30) thus the possibility of
this observed weight loss in our sample population being
dose-dependent is not totally out of question and warrants
further investigation.

Omega-3-PUFA supplements have been postulated to
be able to prevent and reverse hepatic steatosis by reducing
lipogenic gene expression, exerting anti-inflammatory
action, reducing oxidative stress, increasing insulin
sensitivity and improving glycemic control (31,32). This
compounded with other advantages of the supplement
could revolutionize the way clinicians utilize PUFA
supplementation. Although liver biopsy remains the gold
standard method of quantifying hepatic steatosis, the
invasiveness of this procedure limits its application (33).
MRI volumetry is the next best option of assessing “liver
fatness”. It provides a quantitative assessment of hepatic
steatosis thus of great importance in clinical practice. This
quality enables MRI to measure any improvement i.e.,
reduction in hepatic steatosis with any treatment regime
prescribed. Hepatic steatosis when analyzed using MRI
shows hyperintense signal in T1 and a signal drop out
during out of phase imaging. However, in a developing
economy the cost factor may be a set back and hindrance.
In trained hands, ultrasonography of the liver could
prove to be a more feasible, sustainable and reproducible
investigative tool to quantify steatosis or fibrosis.

There has been conflicting reports on the use of ALT
as a biochemical marker for NAFLD. While Daniel et
al has shown that an elevated transaminase level had a
positive predictive value of 90% for NAFLD (34) and
another study by Wang et al concluded that reduction
in Serum ALT could represent a reduction in liver fat
deposition (35), others claim that the levels could be normal
despite histological changes (36). Despite its pitfalls, ALT
is still being used to detect and monitor patients with
NAFLD.

The strength of our study lies in the design of the study.
From our extensive literature review, we were not able to
find any other RCT comparing VLCD to omega-3-PUFA
supplementation with aim of achieving pre-operative HVR
among obese Asian individuals awaiting bariatric surgery.
We believe that our study might be the first to do so. The
MRI volumetry was performed by a single senior consultant
radiologist who was blinded to the type of intervention,
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thus reducing interoperator variability and reporting bias.

The limitation of our study was the non-standardization
of the low calorie diet menu. We have updated our current
practice and now prescribe a standardised VLCD regime
prior to surgery using a combination of Glucerna® Triple
Care (Abbott) and Valens Myotein®. The milk formulation
is taken 4 times a day and functions as a meal replacement
strategy (766 kcal, 66 g protein in 24 h). The duration of
the VLCD may vary between 2 to 4 weeks depending on
the availability of our operating list. The small sample size
and our inability to strictly monitor the compliance of our
VLCD group could have also influenced the results of our
study.

Conclusions

VLCD and Omega-3 PUFA supplementation are both
useful methods in achieving reduction of liver volume in
obese individuals awaiting laparoscopic bariatric surgery.
HVR, reduction in body weight and that of serum ALT
levels were seen in both groups although not statistically
significant when compared between the two. A larger, multi-
centered randomized control trial with cost-effectiveness
analysis of both methods would be able to more accurately
determine superiority of one method over the other.
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