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Abstract
The purposes of this study were (1) to describe the relationship be-
tween preoperative physical status and postoperative outcomes in 
patients undergoing Whipple resection, and (2) to determine if the 
use of specialized immunonutrition with IMPACT Advanced Recovery 
supplementation improved postoperative outcomes (pancreatic leak 
rate, length of stay, and postoperative complications) in patients un-
dergoing Whipple resection. The trial was a case-controlled prospec-
tive pilot study that took place in an outpatient gastrointestinal surgi-
cal oncology office in an urban community hospital in the northeast 
United States. The study population consisted of nine patients under-
going Whipple surgery. Patients were given IMPACT Advanced Recov-
ery supplementation 4 days prior to Whipple surgery. Prospective data 
were collected on all patients and then compared to national averages 
in terms of outcomes. Study approval was obtained from the Fairfield 
University Institutional Review Board (IRB), though IRB approval was 
not required by the study facility due to the fact that this was a pilot 
study. Consent was also not required for retrospective chart review. 
Patients with lower scores according to the American Society of Anes-
thesiologists Physical Status Classification System have a shorter oper-
ating time in the setting of preoperative nutrition. Patients in this study 
who received preoperative nutrition with IMPACT Advanced Recovery 
supplementation had outcomes comparable to the national average. 
This pilot study suggests that there is a need for a multi-institutional 
randomized study powered to further evaluate the effectiveness of 
preoperative nutrition in pancreatic surgery. The literature supports the 
fact that preoperative nutritional supplementation should be offered 
to patients undergoing Whipple surgery. Optimization of nutritional 
status can translate to decreased length of stay and cost savings.
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Pancreatic cancer is the fourth leading 
cause of cancer-associated death. Peak 
incidence is in the seventh and eighth 
decades of life, with a slightly higher 

incidence in African Americans vs. Caucasians. 
The incidence and mortality for pancreatic can-
cer has not changed over the past 2 decades (Na-
tional Comprehensive Cancer Network [NCCN], 
2014). Because symptoms are usually silent until 
the disease advances, over 50% of patients pres-
ent with metastatic or locally advanced disease. 

According to the NCCN (2014), risk factors as-
sociated with pancreatic cancer include smoking, 
increased body mass index, and occupational ex-
posure to chemicals such as benzidine and beta-
naphthylamine. Chronic pancreatitis has also been 
shown to result in up to a sevenfold increased inci-
dence of pancreatic cancer. Diabetes is also a signif-
icant risk factor for pancreatic cancer. Pancreatic 
intraepithelial neoplasia is considered a precursor 
lesion along with intrapapillary mucinous tumors 
of the main pancreatic duct with elevated carcino-
embryonic antigen levels. More recent studies also 
suggest that the consumption of processed meats is 
a significant risk factor (NCCN, 2014). Familial pan-
creatic cancer is rare; it is associated with germline 
mutation in CDKN2A (cyclin-dependent kinase in-
hibitor 2A) and breast cancer gene 2 (BRCA2). 

Pancreatic cancer is a complex malignancy that 
requires management by a multidisciplinary team. 
Treatment options include chemotherapy, surgical 
resection, and/or radiation therapy. Neoadjuvant 
chemotherapy is not recommended in the setting 
of resectable disease unless performed under the 
auspices of a clinical trial. Complete surgical resec-
tion with negative margins gives the best chance for 
long-term survival (Morrison, 2010). 

Over two-thirds of pancreatic cancers occur in 
the pancreatic head and are of ductal origin. The 
most common surgery for pancreatic head lesions 
is pancreaticoduodenectomy (commonly referred 
to as the Whipple procedure). This procedure is 
also used for patients with duodenal tumors, am-
pullary tumors, mucinous cystadenomas of the 
pancreas, neuroendocrine tumors, and cholangio-
carcinomas. Whipple surgery involves removal of 
the antrum of the stomach, the head of the pan-
creas, the common bile duct, the gallbladder, the 
duodenum, and part of the jejunum. 

Postoperative complications associated with 
the Whipple procedure are numerous and com-
pounded by preoperative anorexia and malnutri-
tion. This often leads to cancer-related cachexia 
(greater than 10% weight loss over a 6-month pe-
riod). Factors that contribute to cachexia in can-
cer patients include a sustained proinflammatory 
cytokine response, poor dietary intake, and the 
catabolic effects of sepsis (Goonetilleke, Hathur-
usinghe, Burden, & Siriwardena, 2008). This un-
derscores the importance of nutrition in patients 
with pancreatic cancer, especially those undergo-
ing surgery. Weight stabilization is an important 
component in improving outcomes for patients 
after surgery. While postoperative nutrition has 
been extensively studied in multiple cancer types, 
the literature on preoperative nutrition is lacking. 

This pilot study investigated whether physi-
cal status prior to surgical resection plays a role 
in outcomes. This study also investigated whether 
preoperative nutrition with enteral supplemen-
tation improves surgical outcomes in patients 
undergoing the Whipple procedure. Reducing 
postoperative complications has a large effect on 
outcomes. This includes decreasing length of hos-
pital stay and postoperative infections and has a 
direct impact on cost savings.

BACKGROUND
Historically, there has been a high morbid-

ity and mortality associated with the Whipple 
procedure; patients who are malnourished pre-
operatively have had worse outcomes. Over the 
past several decades, the procedure has improved. 
Mortality has decreased to less than 2% in high-
volume surgery centers (Are, Dhir, & Ravipati, 
2011). Overall, the mortality rate can vary from 1% 
to 12%. Schmidt et al. (2010) found that outcomes 
for patients undergoing the Whipple procedure 
are significantly improved in high-volume surgery 
centers with experienced surgeons. However, the 
morbidity rate has remained high. 

Because a significant amount of the foregut 
(stomach, duodenum, gallbladder, and pancreas) 
is removed, major nutritional complications are 
associated with the Whipple procedure. These 
complications include delayed gastric emptying, 
pancreatic exocrine insufficiency, and diabetes 
(pancreatic endocrine insufficiency), which can 
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lead to nutritional deficiencies (Pappas, Krzywda, 
& Mcdowell, 2010). Other complications include 
leaks at the anastomosis site, pancreatic fistula 
development leading to abscess formation, hem-
orrhage, biliary reflux, and marginal ulceration. A 
pylorus-preserving procedure was developed in 
an attempt to avoid some of these complications 
and also to improve operative time, blood loss, 
need for blood transfusion, and morbidity rate 
(Tran, 2009). However, studies have shown that 
there is no difference in the outcomes.

In an effort to improve outcomes postopera-
tively, preoperative nutrition has been recommend-
ed to have additional benefit, according to many 
studies. Drover and colleagues (2011) conducted a 
meta-analysis of 35 randomized controlled trials of 
patients receiving L-arginine–supplemented diets 
preoperatively to specifically look at the impact on 
length of stay and infectious complications. Most 
of the studies covered GI surgeries, though some 
focused on other types of procedures. There was 
a 41% reduction in infectious complications, and 
length of stay was decreased by 2 days. The conclu-
sion was that all high-risk patients who undergo 
elective surgery and who have a high risk of infec-
tious complications should have an L-arginine–
supplemented diet. (L-arginine is a precursor for 
nitric oxide, which has been implicated in carcino-
genesis. This mechanism in tumor biology is very 
complex, and further research is needed. There are 
no long-term studies that confirm adversarial use 
in nutritional supplementation.)

Senkal et al. (1999) conducted a randomized, 
double-blind study of 154 patients undergoing 
elective surgery for GI malignancies in which 
patients received 5 days of preoperative oral im-
munonutrition or an isoenergetic diet. Postopera-
tively, patients were given early immunonutrition 
with enteral feedings or an immune-modulated 
diet. It was found that immunonutrition with nu-
trients such as arginine, RNA, and omega-3 fatty 
acids decreased early occurrence of postoperative 
infection and substantially reduced costs associ-
ated with complications in upper GI surgery. 

IMPACT Advanced Recovery (Nestle) is an 
oral nutritional supplement that contains L-argi-
nine, omega-3 fatty acids, and nucleic acids. The 
synergistic effect of all three elements helps to 
modulate immune response after surgery. These 

amino acids, essential fatty acids, and enzymes 
are important in wound healing, dampening the 
inflammatory and immunosuppressive response, 
and activating special immune cells, respectively. 
Waitzberg et al. (2006) performed a meta-analysis 
of patients who received IMPACT as a part of their 
pre-, peri-, and/or postoperative management. 
Preoperative use of IMPACT was associated with 
an improvement in postoperative outcomes, lead-
ing to decreased length of stay and postoperative 
infectious complications. There was a 48% reduc-
tion in anastomotic leaks in GI surgical patients. 
IMPACT is indicated for use in many arenas, in-
cluding the pre/postoperative settings, critical ill-
nesses, burns, and wound management.

The purposes of this study were (1) to describe 
the relationship between preoperative physical sta-
tus and postoperative outcomes in patients under-
going Whipple resection, and (2) to determine if the 
use of specialized immunonutrition with IMPACT 
improved postoperative outcomes (pancreatic leak 
rate, length of stay, and postoperative complica-
tions) in patients undergoing Whipple resection. 

METHODS
A case-controlled, prospective pilot study 

was conducted in nine patients who had under-
gone Whipple resection for benign and malignant 
diseases of the pancreas from June 2010 to June 
2011 at a high-volume surgery center (defined by 
the NCCN as performing more than 15 to 20 pan-
creatic resections annually). All surgeries were 
performed by a fellowship-trained hepatobiliary 
surgeon. Study approval was obtained from the 
Fairfield University Institutional Review Board 
(IRB), though IRB approval was not required by 
the study facility due to the fact that this was a pi-
lot study. Consent was also not required for retro-
spective chart review. 

Nine patients received 8 ounces of IMPACT 
Advanced Recovery supplementation twice a day 
for 4 days prior to elective Whipple surgery. The 
study group was compared to national averages in 
terms of three main outcomes: length of stay, pres-
ence and grade of leak, and postoperative com-
plications. Additional information was gathered 
in terms of diagnosis, date of surgery, age, sex, 
comorbidities, blood loss during surgery, length 
of operation, and intensive care unit admission. 
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Stage of malignancy was based on the American 
Joint Committee on Cancer (AJCC, 2012) guide-
lines (if applicable). The American Society of An-
esthesiologists (ASA) classification system (1963) 
was used to compare morbidity and mortality by 
taking into account the patient’s preoperative 
physical status and surgical procedure complex-
ity prior to selecting an anesthetic agent. The ASA 
scale ranges from 1 to 6. A score of 1 is given to 
patients who are healthy with no comorbidities. 
A score of 4 represents a patient who has major 
comorbidities and requires preoperative medical, 
cardiac, or pulmonary clearance. 

DATA ANALYSIS AND RESULTS
The study group was very similar to the pan-

creatic cancer population in terms of race, stage, 
and age. Nine patients underwent Whipple sur-
gery and received IMPACT supplementation pri-
or to their surgery. The mean age of the patients 

was 61 years (range, 49 to 85 years). Six of the nine 
patients were male; six patients were from mi-
nority groups (African American, Hispanic, Cape 
Verdean, and Jamaican), and three patients were 
Caucasian. A total of 88% of the patients had pan-
creatic adenocarcinomas, the majority of which 
were ductal in origin. Of the patients with a cancer 
diagnosis, 50% were stage IIB. 

To determine if physical status/operative sta-
tus was related to the outcomes of surgery, cor-
relations were run between ASA grade, age, es-
timated blood loss, surgery time in minutes, and 
length of stay in days (Table 1). The average ASA 
score of the patients was 3. Only one patient had 
an ASA grade of 1 (healthy patient without co-
morbidities). There was no relationship between 
ASA grade, age, estimated blood loss, and length 
of stay. There was a positive relationship between 
ASA grade and operating room time measured in 
minutes (p = .001)

Table 1. Correlations

ASA grade Age
Estimated 
blood loss

Surgery time 
in minutes

Length of stay  
in days

ASA grade Pearson 
correlation

1 .178 .245 .804a -.230

Significanceb .324 .263 .005  .276

N  9 9 9 9 9

Age Pearson 
correlation

.178 1 .134 -.105 -.235

Significanceb .324 .365 .394  .271

N 9 9 9 9 9

Estimated 
blood loss

Pearson 
correlation

.245 .134 1 .245 -.079

Significanceb .263 .365 .263  .420

N 9 9 9 9 9

Surgery time 
in minutes

Pearson 
correlation

.804a -.105 .245 1 -.009

Significanceb .005 .394 .263  .491

N 9 9 9 9 9

Length of 
stay in days

Pearson 
correlation

-.230 -.235 -.079 -.009 1

Significanceb  .276  .271  .420  .491

N 9 9 9 9 9

Note. ASA = American Society of Anesthesiologists.  
aCorrelation is significant at the 0.01 level (1-tailed). 
b1-tailed.
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To determine if preoperative nutrition with 
IMPACT improved outcomes for patients under-
going Whipple resection, the study average was 
compared to national averages for several out-
comes (Table 2). The data were then further ana-
lyzed, with an emphasis on patients with cancer. 

DISCUSSION
Preoperative nutritional supplementation ap-

pears to be safe in pancreatic surgery, which falls 
under the umbrella of hepatobiliary surgery. Mann 
et al. (2010) performed an analysis to identify fac-
tors that affect outcomes in patients undergoing 
hepatobiliary surgery. Specifically looking at pancre-
atic cancer, factors that predicted adverse effects in 
the pre-, peri-, and postoperative settings included  
(1) age, (2) sex, (3) surgeon/hospital volume, (4) blood 
loss, (5) comorbidities, and (6) operative time. Most 
of the outcomes were analyzed within the study.

In this study, there was a trend toward im-
provement in outcomes with Whipple surgery 
when preoperative nutrition with IMPACT Ad-
vanced Recovery was given and analysis of some 
of the above-mentioned outcomes was undertak-
en. Though there was not a large change in out-
comes when compared to the national average, the 
one factor that probably accounts for similar out-
comes within all groups is the ASA score.

The ASA classification system was used in 
this study to assess preoperative physical status 
as a predictor of expected outcomes in the post-
operative setting. The ASA grade of the study 
population was higher than the national aver-
age. This means that compared to the national 
average, the study population had more comor-
bidities. This may also account for the almost 
30-minute longer operative time in the study 
group and a higher incidence of complications. 
In hepatobiliary surgery, 80% of patients have an 
ASA score of 1 to 2 (Kocher et al., 2005). Patients 
with lower ASA scores have shorter operating 
times. Patients with higher ASA scores would be 
expected to have longer operative times and com-
plications perioperatively secondary to poorer 
physical status and multiple comorbidities.

It was also hypothesized that age, estimated 
blood loss, and length of stay would also have a 
relationship to ASA score, but these relationships 
were not statistically significant in the current 
study. Again, this relates back to the study popu-
lation having higher ASA scores than the national 
pancreatic surgery population. Analyzing the data 
from the study, patients had similar outcomes 
with higher ASA scores than national results; this 
suggests that if ASA scores had been lower, a sig-
nificant relationship would have been noted for 

Table 2. Study Outcomes

Outcome measure National average Study average Cancer patients

Presence and grade of leak 5%–20%a 11.1%, grade C 14.3%

Length of stay 7 days 6.6 daysb 7.7 days

Wound infection 7% 11% 14.3%

ASA classification 1-2 3 3

Estimated blood loss < 500 mL 400 mL 392 mL

ICU admission NAc 22.2% 14.3%

Length of operation 360 min 397 min 393 min

Stage of malignancy 2-3 2B 2B

Note. ASA = American Society of Anesthesiologists; ICU = intensive care unit; NA = not 
available.
aInformation from Kocher et al. (2005), Simons et al. (2009), Tran (2009), and Schmidt 
et al. (2010).
bOne patient was excluded due to significant comorbidities (defined as dilated 
cardiomyopathy, chronic obstructive pulmonary disease, hypertension, congestive 
heart failure, emphysema, and/or sleep apnea).  
cVaries according to ASA and difficulty of surgery. No definitive number has been 
found in the literature.
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outcomes with administration of IMPACT supple-
mentation. An improvement in outcomes would 
have been noted, and this result would have shown 
a direction toward cost savings for the hospital.

Braga et al. (2002) conducted a cost-benefit 
analysis in patients undergoing GI surgery for can-
cer and found a cost savings secondary to avoidance 
of complications postoperatively. In their study, 
305 patients were randomized to three groups:  
(1) preoperative nutrition with 5 days of IMPACT, 
(2) preoperative IMPACT along with jejunal feed-
ings, or (3) no supplementation. When compared 
to the group with no supplementation, those who 
received preoperative nutrition consumed 78% of 
their diagnosis-related group (DRG) reimburse-
ment rate, while the group with no supplementa-
tion consumed over 93% of their DRG. This under-
scores the fact that preoperative nutrition can have 
a significant impact on cost savings for the hospital. 

Correlations were not run between stages of tu-
mor, but it would be expected that an earlier stage 
tumor would allow for easier surgical resection (in-
vasion of superior mesenteric artery, superior mes-
enteric vein, and/or portal vein place patients into 
borderline resectable or unresectable categories).

LIMITATIONS
There were several limitations, including the 

setting of the study. It took place in a small com-
munity hospital and was based on a single sur-
geon’s experience with specialized training in 
hepatobiliary surgery. Another limitation was the 
study’s small sample size. A limited sample size 
(nine patients, in this case) may skew results. For 
example, only one patient had a wound infection, 
but the percentage was 14.3% of the study sample.

As it was not adequately powered, the study 
was performed as a pilot study. In order to have 
sufficient power, a multi-institutional randomized 
study needs to be conducted. There will need to be 
control for multiple surgical techniques, expertise, 
and institutional variability. A multi-institutional 
study would allow comparable control groups and 
the opportunity to study additional influences 
such as comorbidities and performance status. 

Finally, length of supplementation may be 
considered a limitation to the study. IMPACT sup-
plementation was administered to patients for 4 
days vs. 5 days in the study by Waitzberg and col-

leagues, though the literature suggests that this 
time frame is adequate to modulate the immune-
mediated response. 

IMPLICATIONS FOR 
ADVANCED PRACTICE

Evaluation of nutritional status for patients 
with pancreatic cancer should include assessment 
of weight, diet, and pre-albumin. Screening tools 
such as the Subjective Global Assessment can be 
used. Preoperative nutritional supplementation 
prior to Whipple surgery, preferably with a product 
that has high levels of L-arginine, omega-3 fatty ac-
ids, and nucleotides, should be strongly considered. 

Improvement in postoperative outcomes can 
translate into significant cost savings for the hos-
pital. In addition, improved outcomes associated 
with pancreatic surgery can lead to early admin-
istration of adjuvant therapy and better toleration 
of these therapies. Advanced practitioners should 
be aware of the need for prompt early nutritional 
consults in this particular patient population.

FUTURE DIRECTIONS
Risk assessment tools that can help to predict 

outcomes in hepatobiliary surgery are currently 
in development. These tools will help identify pa-
tients who are at increased risk for experiencing 
complications due to nutritional deficiencies and 
place an even more important emphasis on preop-
erative nutrition. 

Other factors that were not analyzed in this 
study but that play a role in adverse outcomes as-
sociated with hepatobiliary surgery include low 
serum albumin, low serum creatinine, and cardio-
vascular disease. While this study focused on out-
comes, examining these preoperative measures 
would be beneficial. This information is usually 
part of the preoperative workup prior to surgery, 
and the data would be easy to gather. The sever-
ity of these conditions, along with individual de-
gree of cancer-related cachexia, may illuminate 
patients for whom preoperative nutrition would 
not be beneficial due to their inability to overcome 
these adverse factors. l 

Disclosure
The authors have no potential conflicts of in- 

terest to disclose.



106

WARD-BOAHEN and WALLACE-KAZERORIGINAL RESEARCH

References
American Joint Committee on Cancer. (2012). Cancer staging 

references. Retrieved from www.cancerstaging.org
Are, C., Dhir, M., & Ravipati, L. (2011). History of pancreatico-

duodenectomy: Early misconceptions, initial milestones, 
and the pioneers. HPB, 13(6), 377–384. http://dx.doi.
org/10.1111/j.1477-2574.2011.00305.x

Braga, M., Gianotti, L., Nespoli, L., Radaelli, G., & DiCarlo, 
V. (2002). Nutritional approach in malnourished surgi-
cal patients. Archives of Surgery, 137(2), 174–180. http://
dx.doi.org/10.1001/archsurg.137.2.174

Drover, J., Dhaliwal, R., Weitzel, L., Wischmeyer, P., Ochoa, J., 
& Heyland, D. (2011). Perioperative use of arginine-sup-
plemented diets: A systematic review of the evidence. 
Journal of the American College of Surgeons, 212(3), 385–
399. http://dx.doi.org/10.1016/j.jamcollsurg.2010.10.016

Goonetilleke, K., Hathurusinghe, H., Burden, S., & Siriwar-
dena, A. (2008). Nutritional and anthropometric assess-
ment of the scope for dietary optimization during staging 
prior to pancreaticoduodenectomy. Journal of Oncology 
Practice, 9(4), 415–421.

Kocher, H., Tekkis, P., Gopal, P., Patel, A., Cottam, S., & Ben-
jamin, I. (2005). Risk-adjustment in hepatobiliary pan-
creatic surgery. World Journal of Gastroenterology, 11(16), 
2450–2455.

Mann, C., Palser, T., Briggs, C., Cameron, I., Rees, M., Buck-
les, J., & Berry, D. P. (2010). A review of factors predict-
ing perioperative death and early outcome in hepatobi-
liary cancer surgery. HPB, 12(6), 380–388. http://dx.doi.
org/10.1111/j.1477-2574.2010.00179.x

Morrison, M. (2010). Post-pancreatic resection. Dimensions 
of Critical Care Nursing, 29(4), 157–162. http://dx.doi.
org/10.1097/DCC.0b013e3181de95dc

National Comprehensive Cancer Network. (2014). NCCN 

Clinical Guidelines in Oncology (NCCN Guidelines®). 
Pancreatic adenocarcinoma, Version 1.2014. Retrieved 
from www.nccn.org.

Pappas, S., Krzywda, E., & Mcdowell, N. (2010). Nutrition and pan-
creaticoduodenectomy. Nutrition in Clinical Practice, 25(3), 
234–243. http://dx.doi.org/10.1177/0884533610368709

Schmidt, C., Turini, O., Parikh, P., House, M., Zyromski, N., 
Nakeeb, A.,…Lillemoe, K. D. (2010). Effect of hospital 
volume, surgeon experience, and surgeon volume on 
patient outcomes after pancreaticoduodenectomy. A 
single-institution experience. Archives of Surgery, 145(7), 
634–640. http://dx.doi.org/10.1001/archsurg.2010.118

Senkal, M., Zumtobel, V., Bauer, K.-H., Marpe, B., Wolfram, 
G., Frei, A.,…Kemen, M. (1999). Outcome and cost- 
effectiveness of perioperative enteral immunonutrition 
in patients undergoing elective upper gastrointestinal 
tract surgery. A prospective randomized study. Archives 
of Surgery, 134(12), 1309–1316. http://dx.doi.org/10.1001/
archsurg.134.12.1309

Simons, J., Shah, S., Chau Ng, S., Whalen, G., & Tseng, J. 
(2009). National complication rates after pancreatec-
tomy: Beyond mere mortality. Journal of Gastroinstesti-
nal Surgery, 13(10), 1798–1805. http://dx.doi.org/10.1007/
s11605-009-0936-1

Tran, T. L., van Lanschot, J. J., Bruno, M. J., & van Eijck, C. H.  
(2009). Functional changes after pancreatoduodenecto-
my: Diagnosis and treatment. Pancreatology, 9, 729–737. 
http://dx.doi.org/10.1159/000264638

Waitzberg, D., Saito, H., Plank, L., Jamieson, G., Jagannath, 
P., Hwang, T.,…Bihari, D. (2006). Postsurgical infec-
tions are reduced with specialized nutrition support. 
World Journal of Surgery, 30(8), 1592–1604. http://dx.doi.
org/10.1007/s00268-005-0657-x


