
Immunonutr i t ion involves the use of 
omega-3 fatty acids, glutamine, arginine, 
and/or nucleotides individually or in com-

bination at therapeutic levels to specifically 
modulate the immune system against alter-
ing inflammatory and metabolic pathways.1 

Current literature supports the routine use of 
immune-enhancing formulas (containing both 
arginine and fish oil) in surgical patients.2-4 Al-
though most of the literature favors the use 
of immunonutrition in surgical patients, some 
studies reported no benefit over standard oral 
nutrition supplementation.5

BACKGROUND
Most studies evaluating the effect of immu-
nonutrition for those undergoing elective sur-
gery have been conducted in surgical oncology 
patients.6-12 Advanced cancers and older age 
can lead to cancer cachexia and sarcopenia, 
respectively. These conditions increase a pa-
tient’s surgical morbidity and mortality risk 
likely because of the negative effects on lean 
body mass, nutrient intake, and inflammatory 
and metabolic profile.13 However, early detec-
tion of some cancers through routine screen-
ing might lead to earlier surgical intervention 
that minimizes these negative tumor effects on 
the patient. Immunonutrition provided to well-
nourished and malnourished patients has shown 
benefits, which supports the premise that a 
combination of immunonutrients included in 
immune-enhancing diets might have a benefi-
cial pharmacotherapeutic effect beyond that of 
providing energy, protein, vitamins, and miner-
als for nutritional support.7,14 

There are a lack of data regarding whether 
there is a window of opportunity for improved 
outcomes. Is the greatest need for immunonu-

trients during the peak of the injury, which might 
be immediately after surgery, or is it before the 
procedure? Arginine is a conditionally essential 
amino acid that has been shown to have a ben-
eficial effect on the immune system by enhanc-
ing T-lymphocyte response when supplemented 
in surgical patients. When the arginase 1 (ARG 
1) enzyme in myeloid cells is expressed during 
the inflammatory response to injury, accelerated 
use of arginine can deplete endogenous arginine, 
making it conditionally essential. 

If adequate arginine cannot be synthesized or 
an exogenous source is not provided, T-cell dys-
function and decreased nitric oxide production 
leads to immune and vascular dysfunction, re-
spectively.15,16 Providing arginine and omega-3 
fatty acids might have a synergistic effect by 
shifting to an anti-inflammatory prostaglandin 
profile that has been shown to decrease ARG 
1 expression while providing an exogenous 
source of arginine.17 Postsurgical inflammation 
might be caused in part by pro-inflammatory 
mediators and the anti-inflammatory properties 
of omega-3 fatty acids might offset this if cell 
membranes are loaded preoperatively.18 There-
fore, preoperative immunonutrition might 
allow tissues to recover from planned surgi-
cal trauma. Bouwens and colleagues demon-
strated that intake of eicosapentaenoic acid/
docosahexaenoic acid over 26 weeks can alter 
the gene expression profiles of immune cells 
to a more anti-inflammatory status.19 However, 
Senkal and colleagues recommended that 3 to 
7 days preoperatively is adequate to positively 
alter the lipid profile of tissues.20

Oncology patients preparing for surgery often 
are exposed to the physiologic stress of radia-
tion and chemotherapy as neoadjuvant treat-
ment to surgery. Oncology treatment and the 
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adverse nutritional effects of treatment increase 
risk for arginine deficiency, such as poor nutri-
tion intake, increased requirements, decreased 
production. Braga and colleagues demon-
strated improved gut microprofusion and gut 
oxygenation intraoperatively, an effect that con-
tinued for up to 5 days after surgery.21 Waitzberg 
conducted a systematic review of random-
ized clinical trials evaluating immunonutrition 
in preoperative, postoperative, and periopera-
tive periods. The results showed that the great-
est improvements in postoperative infections 
and length of stay occurred in patients receiving 
preoperative 0.5 to 1 L/d of an immune nutrition 
product containing supplemental omega-3 fatty 
acids, arginine, and nucleotides for 5 to 7 days.22 

It is unclear which population of surgical pa-
tients benefit the most from immunonutrition. 
Some results in the literature favor use in mal-
nourished patients.18,23 However, other stud-
ies also have found benefit in well-nourished  
patients.7,14,21

Veterans who seek medical care at the De-
partment of Veteran Affairs (VA) have higher rates 
of cancer, obesity, and diabetes mellitus, which 
complicate surgical outcomes.24 In addition to 
comorbidities, veterans who seek medical care 
at the VA are more likely to have been deployed 
overseas and have more physical and mental 
health disorders compared with that of nonvet-
eran patients or veterans who do not use the VA. 
Because of higher comorbidities, unique deploy-
ment history, and mental health disorders, all of 
which may impact quality of life concerns, vet-

erans are clinically more complex, which makes 
comparisons with the private sector difficult. The 
VA has the advantage of providing comprehen-
sive care to veterans in all settings, including 
preparation for surgery and postsurgical follow-
up with an interdisciplinary team. 

The objective of this study was to compare 
surgical outcomes in veterans who receive pre-
operative supplementation using an immune-
modulating formula with veterans who received 
a standard oral supplement. Although practice 
guidelines have been developed from studies in 
US nonveteran populations, there are no high- 
quality randomized studies of veterans.

This study design also would allow the VA to 
gauge cost-effectiveness of immunonutrition be-
fore implementing new protocols. There is con-
vincing data supporting significant economic 
benefit; however, more cost-benefit studies are 
needed to fully assess.18,25-27 Immunonutrition 
products are more expensive than are standard 
nutrition supplements, but overall cost of care 
when immunonutrition products are used could 
be lower because of reduction of complications 
and hospital resources. 

METHODS
From November 2011 to January 2016, the au-
thors conducted a single-center, prospective, 
randomized parallel-group study in veterans 
undergoing elective gastrointestinal oncologic 
surgery. Inclusion criteria included planned 
esophageal, gastric, pancreatic, colorectal, or 
liver resections in veterans with histologically 
documented neoplasm of the gastrointestinal 
tract. Patients were excluded if they were ad-
mitted to the intensive care unit (ICU) before 
surgery, were receiving steroids or other immu-
nosuppressive medications, had a recent hos-
pital admission for pulmonary, cardiac, or renal 
disease, or were exhibiting signs or symptoms 
of infection or sepsis, including elevated white 
blood cells (WBC) > 10,000/mL or a tempera-
ture > 37.7° C. 

The study was approved by the research and 
development committee and the institutional re-
view board at James A. Haley Veterans’ Hospital 
(JAHVH) in Tampa, Florida. The clinicaltrials.gov 
identifier for the study was NCT01471743. 

Nutrition Formula
Subjects were randomized into 2 oral supple-
ment groups: immunonutrition group (ING) pa-
tients received immunonutrition, and standard 

TABLE 1 

Formula Nutrition per Serving
Characteristics Immunonutrition Formulaa Standard Formula

Calories, kcal 340 375

Total protein, g 18.0 13.5

Total fat, g 9.2 13.5

Total carbohydrates, g 45.0 51

Dietary fiber, g 3.6 0.0

Sodium, mg 350 285

Potassium, mg 450 525

aImmunonutrition formula contains 1.7 g of omega-3 fatty acids, 12.5 g of arginine,  
and 1.2 g of nucleotides per 1,000 kcal.
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nutrition group (SNG) received a standard for-
mula (Table 1). Each participant received the 
supplement and were instructed to drink 3 serv-
ings per day (750 mL/d) for 5 days before their 
surgery. 

Study Procedures
All veterans with planned gastrointestinal sur-
geries were evaluated in the JAHVH general 
surgery clinic. Veterans meeting the inclusion 
criteria were invited to participate in the study,  
and informed consent was obtained. A re-
search randomizer program assigned subjects 
to the groups to reach equal 1:1 randomiza-
tion. Enrolled participants were provided their 
randomized supplement (unblinded) in the gen-
eral surgery clinic and instructed on the amount 
of supplement to consume and date to begin 
taking the supplement. Participants were in-
structed to continue with their normal diet in 
addition to the supplement. No additional nutri-
tion education was provided. Participants were 
asked to keep track of their daily supplement 
intake. Patients in both groups also used pre-
operative bowel preparations when indicated.

At the time of enrollment, presurgical comor-
bidities, anthropometric data, and nutrition sta-
tus parameters were obtained. Postoperatively, 
study personnel interviewed each patient about 
formula consumption and tolerance. Thirty days 
postoperatively, patient demographics, surgi-
cal characteristics (eg, surgery, operative time, 
blood loss), nutrition risk screening (NRS 2002) 
score, diet/enteral orders, days spent NPO, days 
in the hospital or in the ICU, and complications 
(eg, wound infection, abscess, sepsis, pneumo-
nia, urinary tract infection, intestinal fistula, ileus, 
or anastomotic leakage) were collected from the 
electronic health record. 

Statistical Analysis 
The primary outcome measure was overall 
postoperative complication rate and postoper-
ative infection rate. Based on reviews of similar 
studies available at the time of protocol de-
velopment, it was assumed that a postopera-
tive infection rate of 38% in the SNG and 15% 
in the ING would indicate treatment efficacy. A 
sample size of 54 patients in each group would 
provide a Type I error level α = .05 and a power 
of 80%. A total of 108 patients enrolled in the 
study. Chi-square analysis was used to deter-
mine this primary outcome measure. 

Secondary outcomes (mean number of 

complications, hospital days, NPO (nothing by 
mouth) days, and ICU days) were evaluated 
with Mann Whitney U test because of violation 
of assumptions for the t test. All P values were 
2-tailed and statistical significance was accepted 
at P < .05 with clinical significance accepted at 
P < .10. Analysis for intention to treat (ITT) and 
per protocol are provided for outcome measures. 
For the ITT analysis, multiple imputation (last ob-
servation carried forward) was used. Sensitivity 
analysis found that the data were missing at ran-
dom. SPSS software version 21.0 (Chicago, IL) 
was used for statistical analysis. 

RESULTS
During the study period, 137 patients were as-
sessed for eligibility (Figure). An ITT as well as 
a per-protocol analysis was reviewed by the 

TABLE 2  

Patient’s Pre-Operative Demographics and Surgical 
Characteristics

Characteristics
Immuno- 

nutrition Group
Standard  

Nutrition Group P

No. 54 54

Sex, male/female 52/2 49/5 .24

Race, white/black/other 44/9/1 44/8/2 .82

Age, mean (SD), y 64.5 (8.7) 63.4 (10.1) .56

Weight, mean (SD), kg 93.8 (18.2) 92.3 (22.0) .70

Body mass index, mean (SD) 29.3 (.8) 29.3 (0.8) .99

Comorbidities, mean (SD)
     Hypertension, no. (%)
     Cardiac, no. (%)
     Diabetes, no. (%)
     Liver disease, no. (%)
     Renal disease, no. (%)

1.6 (1.2)
33 (61)
20 (37)
13 (24)
9 (17)
6 (11)

1.3 (1.1)
34 (63)
11 (20)
13 (24)

2 (4)
3 (6)

.17

Nutrition risk screening score, no. (%)
     NRS 0 or 1 
     NRS 2 or 3  

14 (26) 
40 (74) 

15 (28) 
39 (72)

.19

Primary resection, no. (%)
    Colon
    Rectal
    Stomach
    Pancreas
    Esophagus
    Liver
    Other

30 (55)
  7 (13)

5 (9)
1 (2)
5 (9)
3 (6)
3 (6)

26 (48)
10 (18)

2 (4)
  9 (16)

3 (6)
3 (6)
1 (2)

.09

Operative time, mean, min 249.5 294.4 .06

Blood loss, mean, mL 199.0 265.5 .11

Supplements consumed, mean 12.9 12.9 .75
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authors and presented to the hospital nutrition 
committee before making protocol decisions. 
A full review of all enrolled study subjects (in-
cluding those who did not receive actual sup-
plementation) was evaluated for factors that 
could influence bias from dropped treatment. 
However, the authors also wanted to evaluate 
treatment efficacy for only those who received 
supplementation; therefore, a per protocol 
analysis was reviewed. Both analyses are in-
cluded. For the ITT analysis, 54 subjects in 
each group were analyzed. Six participants 
in the ING and 7 in the SNG did not receive 
surgical intervention, respectively. As a result,  
47 SNG and 48 ING participants were included 
in the per-protocol analysis. 

The sample was predominately white and 
male, which is consistent with the veteran pop-
ulation. There were no statistical differences for 
baseline patient or surgical characteristics be-
tween the groups (Table 2). The mean (SD) num-
ber of comorbidities was slightly higher in the 
ING compared with those of the SNG, 1.6 (1.2) 
vs 1.3 (1.1), respectively. In addition, there was 

a trend (P = .06) of longer op-
erative time in the SNG (mean  
294.4 minutes) compared with that 
of the ING (mean 249.5 minutes). 
There was no difference in supple-
mental intake between the groups 
and an overall adherence rate of 
86% in both groups (Table 2). A 
total of 41 participants in the ING 
consumed ≥ 10 servings in 5 days 
vs 35 in the SNG. 

There was a significant differ-
ence (P = .09) in the surgical pro-
cedures completed. There was only 
1 pancreatic surgery completed in 
the ING and 9 pancreatic surgeries 
completed in the SNG.  

Primary Outcomes
The overall rate of complica-
tions differed between the groups 
(Table 3). The percentage of sub-
jects who experienced any type 
of complication was significantly 
higher (P = .03) in the SNG (52%) 
than it was in the ING (31%). The 
rate of infectious complications 
also was higher (P = .12) in the 
SNG (33%) compared with that 
in the ING (20%). The ITT and per-

protocol analysis found higher numbers of com-
plications for incidence of ileus, anastomotic 
leak, postoperative wound infection, pneumonia, 
urinary tract infections, sepsis, and death in the 
SNG vs the ING. There was no difference in inci-
dence of intestinal fistula or abdominal abscess. 

Given the large number of colorectal proce-
dures, a separate per-protocol analysis included 
37 patients from ING and 36 patients in the SNG 
(Table 4). The results are comparable with the 
original data analysis and indicated a higher total 
number of complications: 57.6% in the SNG 
compared with 36.4% in the ING (P = .08). In-
fectious complications were similar to the full 
analysis with 33.3% in the SNG and 21.2% in 
ING. Although the colorectal analysis was not 
planned and therefore underpowered, the au-
thors felt it was appropriate to review because 
of the significant difference in surgical proce-
dures completed. 

Secondary Outcomes
The ITT analysis found that overall num-
ber of hospital days was slightly higher in the 

Assessed for eligibility (137)
Met inclusion criteria (132)
Declined to participate (14)

Excluded: (10)
Leukocytosis (4)
Steroid use (3)

Unable to consume  
15 supplement servings (3)

ENROLLMENT

ALLOCATION

FOLLOW-UP

ANALYSIS:  
per protocol

ANALYSIS:  
Intent-to-treat
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Immunonutrition group  
(54)

Standard group  
(54)

Did not receive surgery  
(6)

Did not receive surgery  
(7)
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and followed for  

30 days (48)

Received surgery  
and followed for  

30 days (47)

Patients analyzed for  
primary and secondary 

endpoints on intent- 
to-treat basis (54)

Patients analyzed for  
primary and secondary 

endpoints on intent- 
to-treat basis (54)

FIGURE  
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ING compared with that of the SNG, 9.4 vs  
9.3 days, respectively. In the per-protocol anal-
ysis there were 1.3 fewer hospital days for 
those who received immunonutrition (P = .059). 
No significant differences were found between 
the groups in the number of days spent in the 
ICU or number of days NPO (Table 3). Death 
within 30 days postoperative was twice as high 
for those in the SNG vs ING, with no deaths in 
the per-protocol analysis for those in the ING.

The colorectal analysis found 8.5 hospital 
days for ING patients vs 10.0 days for SNG pa-
tients, (P = .08). There were no deaths in the ING 
and 1 death in the SNG for colorectal procedure 
patients. 

DISCUSSION
Surgery is traumatic to healthy patients with or 
without cancer. Patients with cancer who re-
ceive surgical intervention might be at an even 
higher risk for complications because of al-
tered metabolic pathways, nutritional defi-
ciencies, and depressed immune function.13 

Meta-analyses of immunonutrition studies 
conducted over the past 2 decades have 
come to different conclusions regarding the 
benefit of immunonutrition in the elective gas-
trointestinal cancer surgery population.3,5,18 
Although practice guidelines from the Ameri-
can Society of Parenteral and Enteral Nutrition 
and the European Society of Parenteral and 
Enteral Nutrition recommend routine use of im-
mune-modulating formulas in surgical oncology 
patients, there is still some debate about the op-
timal timing, dose, individual formula constitu-
ents, and populations that will benefit.2,25 Earlier 
studies evaluating the economics of immuno-
nutrition have shown significant cost savings 
related to reduction in length of stay and de-
crease in infectious complications even after 
accounting for the extra cost of the formula.26,27 
More recent economic analyses confirmed these 
cost savings showing a savings of about $1,000 
to $2,500 per patient with higher savings when 
immunonutrition was given preoperatively.28,29

For practitioners treating veterans with can-
cer, good stewardship of federal dollars and op-
timal outcomes are important considerations 
before implementing new therapies. Therefore, 
JAHVH set out to evaluate whether standard oral 
nutrition supplementation would be as effective 
as the higher cost immunonutrition supplemen-
tation in cancer patients receiving elective surgi-
cal procedures. 

Rates of Complications
In this study, favorable effects of immunonu-
trition were found on total postoperative com-
plications and number of hospital days. The 
total number of patients who experienced com-
plications was 39% lower in the ING than it 
was in SNG in the ITT analysis and 37% lower 
in the colorectal per-protocol analysis. These 
rates are similar to the 48% lower rate Braga 
and colleagues found in their study in patients 
with colorectal cancer who received 5 days 
of preoperative immunonutrition.21 Because 
more than half of the patients in this study 
had colorectal cancer, the group is compara-
ble to the Braga and colleagues study popu-
lation. The overall supplement adherence rate 
was 86%, which was slightly lower than the 
90% adherence rate that Braga and colleagues 
found. Lower consumption rates might have 
been a factor in not achieving a greater ther-
apeutic benefit for infectious complications. 
Some studies suggest a therapeutic goal intake 
of greater than two-thirds of the prescribed 

TABLE 3  

Outcomes for Total Sample 

Variables 

Intent-to-Treat  Per-Protocol  

ING
(n = 54)

SNG
(n = 54)

ING
(n = 48)

SNG
(n = 47)

Subjects with infections, No. (%) 11 (20) 18 (33)a 9 (19) 14 (30)a

Subjects with complications, No. (%) 17 (31) 28 (52)b 14 (29) 24 (51)b

Total complications, mean
     Ileus, No.
     Intestinal fistula, No.
     Anastomotic leak, No.
     Postoperative wound infection, No.
     Abdominal abscess, No.
     Pneumonia, No.
     UTI, No.
     Sepsis, No.

1.0
11
5
5
5
10
5
3
4

1.4c

17
5
8
8
10
7
5
7

0.5
8
2
3
2
7
0
0
1

0.9c

14
1
4
4
7
3
2
4

Death within 30 d, No. 3 6 0 2

Days admitted, mean 9.4 9.3 8.2 9.51d

Days NPO, mean 4.9 5.3 4.0 5.0

Days in ICU, mean 2.5 3.0 1.8 2.8

Abbreviations: ICU, intensive care unit; IMG, immunonutrition group; NPO, nothing by 
mouth; SNG, standard nutrition group; UTI, urinary tract infection.
aP = .12.
bP = .029.     
cP = .032. 
dP = .059.
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amount.10,30 In the present study, 70.4% of 
the ING and 83% of the SNG met that recom-
mended therapeutic goal, which is more than 
Hübner colleagues reported in their study (53% 
of the ING and 60% in the SNG meeting thera-
peutic intake goal). 

Okamoto and colleagues also reported a 
much lower complication rate in gastric cancer 
patients who received immunonutrition (13.3%) 
compared with that of those receiving an isoen-
ergetic formula (40%).11 The group receiving im-
munonutrition in the Okamoto and colleagues 
study had 4 times fewer infectious complica-
tions than did the standard group (P = .039), and 
a contributing reason might be that they sup-
plemented for 7 days preoperatively. Similar to 
the current study’s results, Giger-Pabst and col-
leagues and Hübner and colleagues did not find 
any significant difference in infectious complica-
tions.10,30 Important notes of comparison include 
a low adherence rate in the study conducted by 
Hübner and colleagues and the lower dose of 
immunonutrition used by Giger-Pabst and col-
leagues who used 3 days of preoperative sup-
plementation, which may not be long enough to 
promote the tissue benefits of immunonutrition. 

Although, the current study did not find any 
statistically significant difference in infectious 
complications, the SNG experienced 1.8 times 

more infections than did the ING, which indi-
cates that immunonutrition support may be clini-
cally beneficial. Based on previous literature and 
the results of this study, the authors speculate 
that at least 5 days of intake of the study immu-
nonutrition formula could positively affect out-
comes. 

The authors suspect that the added arginine 
and fish oil in the immunonutrition product act 
synergistically as therapeutic ingredients to shift 
toward a preoperative anti-inflammatory prosta-
glandin environment while providing exogenous 
arginine to possibly prevent or correct a condi-
tionally essential need for arginine that would 
promote adequate nitric oxide production. An-
other crucial factor is that the a priori power anal-
ysis was looking at a 38% complication rate in 
the SNG and only 15% complication rate in the 
ING, which generated a sample size of 108 par-
ticipants. The post hoc power analysis indicates 
that this study is underpowered based on the 
complication rates, which could be a reason for 
insignificant infectious complications. 

The benefits of immunonutrients are still being 
studied. Future studies in a controlled surgical 
setting could determine whether immunonutrition 
has a clinical outcome effect on operative time 
and surgical blood loss. A challenge for the in-
vestigators was to decide whether the difference 
in operative time and blood loss was a surgical 
characteristic or a clinical outcome. The positive 
impact of immunonutrients on tissue perfusion 
and cell integrity have been shown in other stud-
ies to reduce tissue inflammation and alter gene 
expression, which could affect how tissues re-
spond to surgical insults.10,11 Because JAHVH 
is a teaching institution and multiple surgeons 
are involved with the patients, this question will 
continue to be unresolved. Future research may 
want to consider controlling for variability in sur-
gical technique and perioperative protocols to 
evaluate this as a clinical outcome.  

Limitations
Several limitations of this trial need to be ad-
dressed. Although the design of the study was 
a randomized controlled trial, it was an un-
blinded, single-center study with a small sam-
ple size. Surgeons were not aware of which 
supplement each subject had received; how-
ever, researchers took no measures to ensure 
the surgeons were blinded. To minimize bias, 
2 investigators evaluated the records for com-
plication rates to confirm consistency, and any 

TABLE 4  

Per-Protocol Results for Colorectal Sample Only

 

Per-Protocol Results

Immunonutrition 
Group  
(n = 37)

Standard  
Nutitrition Group  

(n = 36)

Demographics
    Sex, male/female
    Age, mean, y
    Weight, mean, kg 
    Body mass index, mean
    Comorbidities, mean, No.

36/1
65.3 
95.7
29.6
  1.7

31/5
62.9
93.3
30.0
 1.2

Nutrition risk screening score. 
   NRS 1-2 No. (%)
   NRS 3-4 No. (%)
   Supplements consumed, mean

      10 (27.4)
    27 (73)

12.5

       13 (35.8)
       23 (63.9)

12.7

Outcomes
   Subjects with infections, No. (%)
   Subjects with complications, No. (%)
   Total complications, mean
   Death within 30 d, No.
   Days admitted, mean
   Days NPO, mean
   Days in intensive care unit, mean

        7 (21.2)
      12 (36.4)

   0.54
             0

8.5
3.8
1.5

      11(33.3) 
        19 (57.6)a

     1.03b

                1
10.0a

 4.9
 2.3

Abbreviations: NPO, nothing by mouth; NRS, nutrition risk screening.
aP = .08.   
bP = .054. 
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discrepancies were resolved by a third inves-
tigator. Although adherence was evaluated, it 
was patient-reported, and lab testing was not 
conducted to ensure that tissues were loaded 
with therapeutic amounts of immunonutrients or 
to determine baseline levels of nutrient intake, 
which could show a nutrient response curve.

The use of other nutritional supplements, 
such as vitamins, probiotics, or additional fatty 
acids were not monitored, and the study formu-
las differed in protein and fiber content, which 
could have impacted the overall nutrient intake 
and affected the primary outcomes. Another limi-
tation includes the variety of surgeons used over 
the period of the study. At a teaching institution, 
it is not feasible to limit the number of surgeons 
performing surgery. 

Additionally, the study period was 5 years, 
and there have been changes in fasting times, 
medications, and bowel preparation over the 
course of that period, which could not be ac-
counted for. Postoperative immunonutrition was 
not provided in this study based on the limited 
evidence available when the protocol was initi-
ated. However, since that time, evidence sup-
ports and encourages postoperative therapy 
and might have proven beneficial to the pa-
tients. Data were not collected on the need for 
additional surgery within the study period, which 
could significantly impact outcomes. 

Future studies would benefit from a longer 
postoperative monitoring period because this 
study looked only at the 30-day postoperative 
period. Last, randomization did not account for 
equal allocation of surgical procedures, and a 
higher number of pancreatic surgeries in the 
SNG could account for the higher complication 
rate found in that group. Although the colorec-
tal analysis is underpowered, the results con-
tinue to show beneficial results with the use of 
immunonutrition. 

CONCLUSION
The primary purpose of this research was to 
determine whether the veteran population 
would benefit from an immunonutrition pre-
operative protocol as recommended by sev-
eral practice guidelines. The results of the initial 
analysis and the colorectal analysis were pre-
sented to the hospital interdisciplinary nutrition 
committee who voted that a preoperative im-
munonutrition protocol will be implemented at 
JAHVH because of the high comorbidity rate 
experienced by veterans. 
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