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Immunonutrition: the evidence for its use in 
elective surgery

John W. Drover, MD, FRCSC, FACS, CCPE
Queen’s University, Ontario, Canada

Arginine and omega-3 fatty acids appear to be able 
to influence the immune system through a variety 

of mechanisms such as interactions with T-cells.1 Arginine is one 
of the most studied nutrients and has a specific effect in surgical 
stress, which is different to that in critical illness. However, many 
of the previous systematic reviews or arginine supplemented 
diets included other nutrients and therefore made it difficult to 
isolate those effects specific to arginine. 
We carried out our systematic review of the effects of 
arginine supplemented diets on clinical outcomes in patients 
undergoing elective surgery in an attempt to define the 
evidence that supports the use of arginine supplemented 
formulas in this group of patients.2 We also wanted to 
understand how different administration strategies might 
affect outcomes.
The review was performed on studies carried out in the 
period from 1990 to March 2010. RCTs were included if they 
compared arginine supplemented diets with standard enteral 
feeds, in patients with scheduled procedures and where 
clinical outcomes were reported. We were looking primarily 
for reports of infectious complications, and secondarily for 
reports of hospital length of stay (HLOS) and mortality. 
Sub-group analyses were carried out to assess a priori whether 
there were different outcomes in patients having GI surgery 
versus other types of surgery; upper versus lower GI surgery; 
arginine supplement + fish Oil + nucleotides versus other types 
of feed and whether the time of administration had an effect. 
Fifty-four published RCTs were identified, of which 35 were 
included in the analysis once duplicates and trials with non-
standard control groups or pseudo-randomisation had been 
excluded. Infection rates were reported in 28 studies and 
the analysis from these studies found that overall, the use 
of immunonutrition was associated with a significant 41% 
reduction in infections (p<0.0001). Two of the studies used 
glycine in control groups but a sensitivity analysis showed 
that there was no change to the overall result if these 
studies were excluded.  

Individual studies were relatively small, but statistical power 
was achieved through combining the data. Overall, around 
3000 patients were included in the analysis. Some studies did 
not favour the use of arginine and the confidence intervals of 
others extended across the centre point of the risk ratio analysis. 
However, the overall end result firmly favoured the use of arginine 
supplementation. There was no statistical heterogeneity.
Hospital length of stay was reported by 29 studies and 
overall the use of arginine supplementation was found to be 
associated with a median reduction in HLOS of 2.38 days 
(p<0.0001). The result was not affected by the exclusion of 
studies where glycine was used in the control group. There 
was significant heterogeneity in these studies as length of 
stay is notoriously variable, being affected by many factors 
such as cultural norms and different health care practices, 
rather than by clinical need or intervention. 
Mortality was around 2.6% in both groups: to see a difference 
in mortality  in this set of patients would require thousands of 
patients, far more than were available for this meta-analysis. 
In the sub-group analysis seven studies reported results 
of patients receiving pre-operative supplementation, which 
resulted in a 43% reduction in infections; 18 studies reported 
results for patients receiving post-operative immunonutrition, 
which showed a 22% reduction in infections due to 
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supplementation. Thirteen studies reported peri-operative 
administration which was associated with a 54% reduction 
in infections. There is statistical evidence that administration 
before and after surgery may be optimal but further studies 
would need to be done to confirm this hypothesis. 
Four other meta-analyses and reviews have also been 
carried out in this area.3-6 All of the other reviews included 
some studies that we rejected, or found additional RCTs that 
we had not identified, but the majority of studies included 
were common. The meta-analysis by Cerantola et al (2011) 
in patients undergoing major GI surgery, had similar findings 
to our review, with reduced infections overall of 54% and 
reduced infections whether arginine supplementation was 
given pre-operatively, post-operatively or in a combined 
strategy.3 Similar results were found in a systematic review 
and meta-analysis carried out by Marimuthu et al (2012) 
which looked at the effect of immunonutrition containing 
at least two components, used for a minimum of 5 days.4 
Twenty-six RCTs were included. They found a 36% reduction 
in overall infection rates, with reductions in all three settings: 
pre-operative, post-operative and combined use. 
A review by Hegazi et al (2014) looked specifically at pre-
operative immunonutrition in abdominal surgery.5 Two groups 
were used as controls: patients who received standard oral 
supplementation and those who received regular oral intake 
without supplements. Eight RCTs were included and the 
authors found an additional three RCTs not included in our 
analysis. Compared with a diet containing no supplements, 
immunonutrition appeared to halve the risk of infection; but 
compared with oral supplementation there was a reduction 
of 25% which was not statistically significant. However, the 
dataset was probably too small to draw meaningful conclusions. 
Finally, Vidal-Casariego et al (2014) looked at the use of 
arginine formulas in six RCTs for head and neck surgery.6 The 
rate of surgical site and other infections was similar in groups 
receiving arginine supplementation compared to those who 
did not, but the fistula rate was significantly lower in the 
group receiving supplementation: a reduction of 54%.

Our meta-analysis was larger than other published reviews, 
but there is a consistent reduction in infections associated 
with arginine supplementation, from 30% to 50% across the 

studies. Although HLOS is more difficult to interpret, there is a 
consistent trend of reduction in length of stay. There is a large 
body of data in this area of around 46 RCTs which is a robust 
base in which to look for evidence of effect. 
To summarise, arginine supplemented diets in patients 
undergoing elective surgery are associated with a reduction 
in infections and hospital LOS. This is the case across different 
types of high risk surgery, although GI surgery has been 
the most studied. Pre- and post-operative administration 
produces the greatest effect. There is a large body of data on 
the use of arginine supplemented diets in this area and the 
evidence for reduced infection is robust. 

Immunonutrition: evidence review in GI surgery
Nicolas Demartines, MD, FRCS, FACS
University Hospital CHUV, 
Lausanne, Switzerland

The Enhanced Recovery approach7 is made up 
of several components, each of which has an incremental 
effect on outcomes. Some components such as pre- and 
post-operative nutrition, pre-operative carbohydrate loading, 
adequate analgesia, fluid restriction and early mobilisation are 
key elements, as confirmed in prospective studies. However, 
nutrition is the area that is most likely to be adversely 
affected by patient compliance, therefore audit must also be 
an important part of the ERAS process. 
Poor nutrition is linked to mortality and to complication 
rate.8 Schiesser (2008), among others, pointed out a direct 
relationship between peri-operative malnutrition and post-
operative complications.9 In their study, 40% of malnourished 
patients suffered complications compared to 14% of 
adequately nourished patients.

Is risk related just to the nutritional component, or do 
immunomodulating substances also play a role in the 
recovery of surgical patients? What is the evidence for factors 
such as arginine, omega-3 polyunsaturated long-chain fatty 
acids (PUFAs), RNA and anti-oxidants? 
The evidence for immunonutrition has been assessed in a 
number of reviews including a systematic review in 2010 of 
high risk surgical patients,10 and one in 2011 of peri-operative 
arginine.2 In addition, there have been two investigations into 
the  cost-effectiveness of immunonutrition, one carried out in 
the USA and one in Switzerland.11, 12   
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With five meta-analyses and reviews on the role of 
immunonutrition in surgical patients,4, 5, 13-15 all reporting a 
similar reduction in complications, infections and length of 
stay, it is clear from the evidence that there are benefits to be 
gained from peri-operative immunonutrition. 
Despite this some individual studies in major surgery have 
reported negative results. In an RCT involving 300 patients at 
nutritional risk, Huebner et al (2012) found little difference in 
clinical outcome, with no difference in complications between 
patients given immunonutrition and those given conventional 
nutrition.16 Of note, this study enrolled a large number of severe 
cancer patients and tolerance of nutritional supplements 
was low. But the main reason for the findings may be that 
many patients simply did not take an adequate quantity of 
supplement. These results highlight the importance of patient 
compliance in the assessment of the benefits or otherwise of 
immunonutrition in cancer surgery.17

There are many reasons for poor compliance and we are 
currently analysing our data to find out which are the most 
important. It is important not just to adhere to the ERAS 
principles but to conduct regular audits to maintain quality 
control. In the case of nutrition, if the patient is not complying 
then this is a substantial waste of resources. 
From the payer perspective, the hospital needs to consider 
the additional cost of immunonutrition and the potential 
benefit in terms of reduced complications and LOS. Assuming 
compliance is good, specific economic analyses based on the 
reported clinical findings have shown that immunonutrition in 
this setting can be cost beneficial. 
An economic analysis conducted in 2005 on the US 
national database included 126 US hospitals with around 1 
million patients.12 A large decrease in LOS of 9.7 days was 
associated with the use of immunonutrition, along with a 51% 
decrease in risk of infectious complications. This translated 
into significant cost savings, particularly amongst medical 
patients, where the saving was over $2000 per patient, even 
after including the additional cost of nutrition. The cost saving 
was lower for surgical ($688) and trauma ($308) patients 
but is still a significant contribution when multiplied by the 
number of these patients. After accounting for the increased 
cost of immunonutrition, the net cost savings per patient 
were particularly significant for upper GI surgery patients 

($6300/patient).18 The additional cost of immune-modulating 
formulae were more than offset by savings associated with 
decreased treatment of complications, and benefits are seen 
as soon as the infection rate rises above 3.5%.
Similar results were reported in 2014 by Chevrou-Severac 
for a cost analysis of Swiss patients undergoing surgery 
for GI cancer, where a cost saving per patient of around 
1,000 CHF was found if immunonutrition was given post-
operatively, rising to over 2,500 CHF if immunonutrition was 
given pre-operatively.11

Following implementation of an ERAS programme for 
colorectal cancer over the period 2011 to 2012, the first 50 
patients were compared with the last 50 patients treated 
before introduction of the ERAS programme. There was a 
saving of almost over 1600 euros per patient associated 
with the ERAS programme, largely due to reductions in 
complications (20% to 12%) and length of hospital stay (down 
to 6 days).19 Similar data for surgery of the liver and pancreas 
during the period 2013 to 2015 is about to be published, 
showing that implementation of an ERAS programme can 
save around $2600 and $7000 per patient respectively. 
Savings are seen regardless of whether immunonutrition is 
given pre-operatively or post-operatively. We anticipate total 
savings of $3.5 million through the ERAS programme. 
In conclusion, nutrition and immunonutrition should be 
considered as part of the enhanced general management of 
surgical patients. Good nutrition has been shown to reduce 
complications and there is good evidence to support the use 
of immunonutrition. 

Immunonutrition in clinical practice
Joseph H. Frankhouse, MD, FACS
Legacy Good Samaritan Hospital, Portland, 
Oregon, USA

We live in an age where there is increasing 
judgement and monitoring of our performance as surgeons, 
and of hospitals regarding patient outcomes. There is constant 
pressure to find ways of reducing the risk to patients when 
they come into our care. 

The Legacy Good Samaritan Hospital is a community hospital 
with academic affiliation to Oregon Health and Science 
University. It has a relatively small number of surgeons, two 
colorectal and six general, who carry out about 90% of the 
abdominal cases in the hospital. Every year there are about 
125 elective colorectal resections, mostly for cancer, but also 
for other benign diseases, and about 250 emergency and other 
elective complicated GI surgical cases annually. The hospital 
is preparing for different ways of operating, in particular for 
population health, and pay-for-performance reimbursement 
schemes: increasingly reimbursement will not reflect the 
number of cases carried out, but how well they were performed.

Applying these principles to post-surgical recovery, the hospital has 
been following ERAS principles to bring about a more expeditious 
recovery with less pain, and a more rapid return to mobility. 
However, in our view, the well-known ERAS “wheel” needs 
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one more spoke, for pre-operative conditioning and nutrition, 
which has also been shown to be predictive of outcomes. 

The ERAS programme at Legacy was set up in 2010 and 
a review of the performance found that hospital LOS had 
reduced by three days overall: a reduction can even be seen 
with laparoscopic procedures. However, there was no effect 
on re-admissions and only a non-significant trend towards 
a reduction in superficial SSIs.20 These findings are in line 
with many other reports confirming that ERAS is beneficial in 
improving post-surgical recovery.21-23 

Our ERAS programme is dynamic and subject to constant 
review and at Legacy we wished to know if there was more 
we could do to improve recovery. Although there are costs 
associated with ERAS programmes there are also potential 
savings: a serious SSI can cost up to $30,000 to manage, an 
anastomotic leak $20,000 on average and up to $100,000; 
while a prolonged stay costs about $1600 per additional 
day. Re-admissions are much more common if there is an 
infection or an anastomotic leak, therefore there could be 
significant cost savings if these could be reduced. 

Legacy participates in a programme called Strong for Surgery 
where patients are encouraged to prepare for surgery 
through a number of measures including optimisation of pre-
operative nutrition. The team involved with this programme 
meets regularly to review progress and consider the case for 
additional interventions. A recent review was undertaken of 
the literature on the effects of peri-operative immunonutrition, 
all of which consistently showed a benefit associated with the 
use of immunonutrition supplementation.24-29

The conclusion of the literature review was that the effects 
of peri-operative immunonutrition are beyond doubt and 
are probably due to the immune-enhancing effects of 
supplementation, in particular of arginine and omega-3 
supplementation. Based on this evidence it was clear that 
immunonutrition had a place in the ERAS programme. 

This coincided with the publication of a systematic review 
of 35 RCTs by Drover et al (2011) showing that there was 
a clear reduction in infections and LOS associated with the 
use of immunonutrition.2 A key finding was that infectious 
complications were reduced with formulations containing 
a combination of arginine, omega-3 fatty acids and 
dietary nucleotides and not other arginine-supplemented 
formulations, suggesting that this combination is necessary 
to produce the benefit. 

A cost argument is relatively easy to make: with supplements 
costing $30 per box, the material costs would be $3750 per 
year for the supplement alone given the number of elective 
colectomy cases we do annually. Set against the high costs 
of managing SSIs and of prolonged hospital stay, this seems 
a good investment. Even one infection prevented per year 
pays for this addition to our programme. It is particularly cost-
effective when set against, for example, the fees required to be 
part of NSQIP (National Surgical Quality Improvement Program).

It was felt that the only way to ensure patient compliance 
was to pay for the product and give it to the patient. Voucher 
schemes and other methods of getting the patient to 
purchase the supplement had been found to result in lower 
compliance rates. A dietician works with the pre-admission 
services to stock the supplements and counsel the patient 
on their use. Compliance can be improved by adding flavour 
if the patient wishes, and the supplements form part of the 
diet after surgery. 

Patient satisfaction has improved with increased scores for 
physician communication, staff engagement and patient 
engagement. Regarding outcomes, infection rates in the 
Legacy hospital are about half the national average. As 
yet we do not have sufficient data to assess the role that 
immunonutrition plays on these outcomes, but data continues 
to be collected. We consider this aspect of patient care to be a 
very important part of our ERAS programme.
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