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Abstract

AIM: To assess the safety of enhanced recovery after
surgery (ERAS) program in gastrectomy and influences
on nutrition state and insulin-resistance.

METHODS: Our ERAS program involved shortening
the fasting periods and preoperative carbohydrate
loading. Eighty gastrectomy patients were randomly
assigned to either the conventional group (CG) or ERAS
group (EG). We assessed the clinical characteristics
and postoperative outcomes prospectively. The primary
endpoint was noninferiority in timely discharge from
the hospital within 12 d. Secondary endpoints were
the incidence of aspiration at anesthesia induction, inci-
dence of postoperative complications, health related
quality of life (HRQOL) using the SF8 Health Survey
questionnaire, nutrition state [e.g., albumin, trans-
thyretin (TTR), retinal-binding protein (RBP), and trans-
ferrin (Tf)], the homeostasis model assessment-insulin
resistance (HOMA-R) index, postoperative urine volume,
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postoperative weight change, and postoperative oral
intake.

RESULTS: The ERAS program was noninferior to the
conventional program in achieving discharge from the
hospital within 12 d (95.0% vs 92.5% respectively;
95%CI: -10.0%-16.0%). There was no significant
difference in postoperative morbidity between the two
groups. Adverse events such as vomiting and aspiration
associated with the induction of general anesthesia were
not observed. There were no significant differences
with respect to postoperative urine volume, weight
change, and oral intake between the two groups. EG
patients with preoperative HOMA-R scores above 2.5
experienced significant attenuation of their HOMA-R
scores on postoperative day 1 compared to CG patients
(P = 0.014). There were no significant differences with
respect to rapid turnover proteins (TTR, RBP and Tf) or
HRQOL scores using the SF8 method.

CONCLUSION: Applying the ERAS program to patients
who undergo gastrectomy is safe, and improves insulin
resistance with no deterioration in QOL.

Key words: Gastrectomy; Carbon hydrogen oxygen;
Insulin resistance; Enhanced recovery after surgery;
Randomized controlled trial
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Core tip: We conducted a prospective study in gas-
trectomy patients to evaluate the efficacy of enhanced
recovery after surgery (ERAS) programs. ERAS was safe
and improved insulin resistance in these patients.

Fujikuni N, Tanabe K, Tokumoto N, Suzuki T, Hattori M,
Misumi T, Ohdan H. Enhanced recovery program is safe and
improves postoperative insulin resistance in gastrectomy. World
J Gastrointest Surg 2016; 8(5): 382-388 Available from: URL:
http://www.wjgnet.com/1948-9366/full/v8/i5/382.htm DOI:
http://dx.doi.org/10.4240/wjgs.v8.15.382

INTRODUCTION

Gastrectomy is a high-risk procedure owing to the stress
of surgery and resulting complications. In the past
few decades, oral intake was not permitted for a long
period of time after surgery because of the chance that
intraluminal pressure on the anastomosis would induce
leakage. To that end, enhanced recovery after surgery
(ERAS) programs were introduced, and found to be
safe and useful for patients undergoing colectomy™.
Previous reports have shown the benefits of ERAS
programs such as controlling preoperative carbohy-
drate loading to regulate blood sugar*® and early
rehabilitation to prevent pneumonia, bowel obstruction,
and thrombosis™. Postoperative early feeding signifi-
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cantly reduces hospital stay yet does not increase
postoperative complications'**!. Similar programs have
recently been introduced for gastrectomy patients, with
a number of reports having been published in the past
few years'®'®., Moreover, postoperative oral feeding is
being steadily introduced at earlier time points. In 2014,
a report on the safety of commencing oral intake on
postoperative day (POD) 1 after gastrectomy was publi-
shed™™. Although this report proposed that introducing
postoperative oral feeding sooner is safe, the overall
consequences of early postoperative feeding are still
unclear.

In April 2012, we revised our clinical pathway for
gastrectomy, employing a modified ERAS protocol
originally used for colorectal resection. In this study, we
compared postoperative outcomes between patients
who received perioperative care according to our
modified ERAS protocol, which involved shorter fasting
periods and increased carbohydrate loading, and those
who received conventional perioperative care. We
evaluated the clinical consequence of this protocol in
gastric surgery, assessing safety as well as postoperative
nutrition state, insulin-resistance, and quality of life

(QOL).

MATERIALS AND METHODS

Patients

This study was a prospective, single center, randomized
phase II clinical trial. We studied consecutive patients
who underwent gastrectomy at the Department of
Gastroenterological and Transplant Surgery, Hiroshima
University, between September 2011 and February
2015. Eighty patients were randomly categorized into
2 groups; 40 patients were assigned to each of the
conventional treatment group (CG) and the ERAS group
(EG). Patients were assigned according to the stratified
randomization method by age (< 70 vs = 70) and
surgical approach (abdominal vs laparoscopic surgery).
All patients completed their treatment. This study was
approved by the institutional review board of the study
institution (Hiroshima University, Japan, No.Rin-269)
and was conducted in accordance with the Declaration of
Helsinki. The study was registered at University Hospital
Medical Information Network Clinical Trial Registry
(UMINO00020538). Voluntary written informed consent
was obtained from all subjects enrolled in this study.

Perioperative care
Patients in both groups were managed perioperatively
using equivalent standardized clinical pathway protocols
except for perioperative nutrition and intravenous fluid.
In the EG, intravenous fluid was restricted to a minimal
daily requirement during the first 3 postoperative days.
Additional intravenous fluid was administered when
patient showed poor oral intake of water or food. The
CG received intravenous fluid for 1 wk postoperatively.
Regarding perioperative oral nutrition, patients in
the EG received 875 mL of carbohydrate-rich (157 g)
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Figure 1 Schema of the study plan for patients participating in the enhanced recovery after surgery program and those subjected to conventional
perioperative treatment. CHO: Carbon hydrogen oxygen; ERAS: Enhanced recovery after surgery; ORS: Oral rehydration solution.

fluid until 2 h before the surgery. On POD 1, the patients
commenced oral intake with water and oral rehydration
solution. On POD 2, patients began to consume a liquid
diet. In the CG, patients were allowed to drink water
until the day before the surgery. On POD 2, these
patients commenced oral intake beginning with water;
liquid diets were offered on POD 3 (Figure 1).

Hospital discharge was recommended based on the
following criteria: (1) No requirement for intravenous
nutrition; (2) Tolerable pain with no or oral-only analge-
sics; (3) The ability to fully ambulate without assistance;
and (4) A willingness to go home.

Data collection

All data were retrieved from the patients’ database and
clinical records. The primary endpoint was noninferiority
in achieving discharge from the hospital within 12 d.
Secondary endpoints were the incidence of aspiration at
the induction of anesthesia, incidence of postoperative
complications, health related QOL (HRQOL) using the
SF8 Health Survey questionnaire!****!, nutrition state
[e.g., albumin (ALB), transthyretin (TTR), retinal-binding
protein (RBP), and transferrin (Tf)], the homeostasis
model assessment-insulin resistance (HOMA-R) index,
postoperative urine volume, postoperative weight
change, and postoperative oral intake. HRQOL comprised
of 2 components: the physical component summary
(PCS) and the mental component summary (MCS). Com-
plications were defined as being of grades = 2 according
to the Clavien-Dindo classification within 30 d after
surgery. HOMA-R was calculated as immunoreactive
insulin x fasting blood sugar/405.

Statistical analysis
All analyses were conducted according to a statistical
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analysis plan. We tested the noninferiority of ERAS with
respect to the rate of achievement of discharge from
the hospital within 12 d; the targeted noninferiority
margin was 15 percentage points.

Assuming a success rate of 85% for the achievement
of hospital discharge within 12 d for EG, and a success
rate of 90% achievement of the same for CG, the
number of patients required to establish noninferiority
with 80% power was 33 for each study group. With a
presumed dropout rate of 10%, we planned to enroll 80
patients in total.

Patients’ backgrounds were analyzed using the
Fisher's exact test to compare categorical data (Table
1). Logistic regression analysis was used to compare
outcomes between groups (Table 2). Statistical analyses
were conducted using the SPSS statistical software
(version 19; SPSS Inc., Chicago, IL, United States). Stati-
stical comparisons of parameters were performed using
Student’s t-test. A P value of < 0.05 was considered
statistically significant.

RESULTS

Clinical characteristics

The clinical characteristics of the patients in both the
CG and EG are described in Table 1. There were no
significant differences with respect to gender, age, body
mass index), American Society of Anesthesiologists -
physical status, surgical method, surgical approach, or
tumor characteristics.

Postoperative outcomes

Table 2 summarizes postoperative outcomes in both
groups. For the primary endpoint (rate of achievement
of discharge from the hospital within 12 d), a successful
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Table 1 Comparison of characteristics between conventional
group and enhanced recovery after surgery group

Characteristics Conventional group ERAS group P value

(n = 40) (n = 40)

Gender
Male
Female

Age (yr)
<70
=70

BMI (kg/m’)
<22
=22

ASA-PS
1 10
2 30

Method
Partial gastrectomy 9 6
Distal gastrectomy 27 30
Total gastrectomy 4 4

Approach
Abdominal surgery
Laparoscopic surgery

Tumor characteristics

1.000
24
16

20
20

1.000
28
12

29
11

1.000
18
22

18
22
1.000
11
29
0.679

0.809
12 13
27
0.568
31 34

Submucosal tumor 9 6

Gastric cancer

(GIST or schwannoma)

BMI: Body mass index; ASA-PS: American Society of Anesthesiologists
- physical status; ERAS: Enhanced recovery after surgery; GIST: Gastro-
intestinal mesenchymal tumor.

outcome was achieved in 38 of 40 patients (95.0%) in
the EG compared to 37 of 40 (92.5%) patients in the CG
(Table 2). The lower limit of the two-sided 95%CI for the
difference between the study arms (10%) was within
the protocol-specified noninferiority margin of 15%.
Therefore, ERAS treatment met our criteria for noni-
nferiority to conventional treatment. Mean postoperative
hospital stay was also similar between the two groups,
as was postoperative morbidity.

Postoperative nutrition state and insulin resistance

Figure 2A shows the results of rapid turnover proteins
analysis. Mean serum ALB values on the preoperative
day and PODs 1, 3 and 7 in the CG vs EG were 4.40 g/dL
vs 4.41 g/dL, 3.11 g/dL vs 3.0 g/dL, 2.86 g/dL vs 2.85
g/dL, and 3.42 g/dL vs 3.44 g/dL, respectively. Mean
serum TTR values on the preoperative day and PODs 1,
3 and 7 in the CG vs EG were 24.7 mg/dL vs 24.4 mg/dL,
20.4 mg/dL vs 19.0 mg/dL, 14.6 mg/dL vs 13.1 mg/dL,
and 20.0 mg/dL vs 18.4 mg/dL, respectively. Mean
serum RBP values on the preoperative day and PODs 1, 3
and 7 in the CG vs EG were 4.18 mg/dL vs 3.82 mg/dL,
2.46 mg/dL vs 1.87 mg/dL, 1.34 mg/dL vs 0.88 mg/dL,
and 3.36 mg/dL vs 3.09 mg/dL, respectively. Mean
serum Tf values on the preoperative day and POD 7 in
the CG vs EG were 201.6 mg/dL vs 205.6 mg/dL and
192.7 mg/dL vs 186.4 mg/dL, respectively. There were
no significant differences with respect to ALB, TTR, RBP,
and Tf between the two groups. Figure 2B shows the
results of HOMA-R analysis. Mean HOMA-R scores on the
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preoperative day and PODs 1, 3 and 7 in the CG vs EG
were 2.46 vs 3.21, 8.83 vs 6.54, 4.04 vs 2.72, and 2.23
vs 3.17, respectively. There was no significant difference
between the two groups at any point. Insulin resistance
is defined as the HOMA-R score being over 2.5. In a
subgroup analysis of patients with insulin resistance (CG:
n = 11, EG: n = 20), the mean HOMA-R scores on the
preoperative day and PODs 1, 3 and 7 in the CG vs EG
were 2.95 vs 2.39, 15.05 vs 6.64, 4.19 vs 3.12, and 2.23
vs 3.17, respectively. There was a significant attenuation
of the HOMA-R score on POD 1 in the EG compared to
the CG (P = 0.014).

Quality of life analyses

Figure 3 shows the HRQOL scores obtained using the
SF8 Health Survey questionnaire. The mean PCS scores
on the preoperative day and PODs 2 and 7 in the CG
vs EG were 52.5 vs 50.8, 39.2 vs 37.7, and 44.0 vs
42.4 (P = 0.284), respectively. The mean MCS scores
on the preoperative day and PODs 2 and 7 in the CG vs
EG were 49.9 vs 48.6, 48.4 vs 47.3, and 49.7 vs 49.3,
respectively. There were no significant differences with
respect to PCS and MCS between the two groups.

Adverse events and other factors

Adverse events such as vomiting and aspiration asso-
ciated with the induction of general anesthesia were not
observed. There were no significant differences with
respect to postoperative urine volume, weight change,
and oral intake between the two groups (data not
shown).

DISCUSSION

There are some reports on the usefulness of ERAS
programs for gastrectomy™*!!: however, the data are
not yet conclusive. Almost every report concerning
gastrectomy described the safety of ERAS but not its
influence on nutrition state, insulin resistance, QOL,
and other such parameters. In this study, we evaluated
the effect of postoperative early oral nutrition and
preoperative carbohydrate loading.

Our data showed that postoperative early oral
nutrition did not increase morbidity, and the rate of
achieving discharge from the hospital within 12 d was
not compromised. Thus, our ERAS program was deemed
to be safe. In fact, the period of hospital stay tended to
be shorter in the EG compared to the CG, although the
difference was not significant. Most patients do not wish
to be discharged until they can ingest soft foods. We
surmise that hospital stay can be further shortened if
we inform the patients prior to their surgeries that they
can be eligible for discharge once they no longer require
intravenous nutrition, in order to incentivize them.

It was reported that marked insulin resistance was
present after upper abdominal surgery!**. Studies in
diabetics undergoing surgery have shown that post-
operative hyperglycemia has negative effects on wound
infection™, This observation is not surprising, because
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Figure 2 Changes in various serum factors during the perioperative period. A: Rapid turnover proteins; B: Insulin resistance index for all cases (left panel)
and for the subgroup of patients in which the preOPE HOMA-R score was over 2.5 (right panel). ALB: Albumin; TTR: Transthyretin; RBP: Retinal-binding protein;
Tf: Transferrin; HOMA-R: Homeostatic model analysis ratio-insulin resistance; IRI: Immunoreactive insulin; FBS: Fasting blood sugar; preOPE: Preoperative; POD:

Postoperative day.
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Table 2 Comparison of postoperative outcomes between conventional group and enhanced recovery after surgery group

Conventional group (7 = 40) ERAS group (7 = 40)

Difference (95%CI) P value

Accomplishment of the discharge from the hospital within 12 d
Postoperative hospital stay (d)
Postoperative morbidity (Clavien-Dindo grade = 2)

92.5% (37/40)
10.4 (7-23)
12.5% (5/40)

95.0% (38,/40)
9.8 (6-20)
10.0% (4/40)

2.5% (-10.0%-16.0%)  0.646
-0.58 (-1.63-0.48) 0.280
-2.5% (-19.0%-14.0%)  0.724

ERAS: Enhanced recovery after surgery.

PCS MCS — Conventional group
55 - 55 -
—— ERAS group
or 0r W
P =0.827
L L P=0.342

4 4 P =0.634

40 40

35 1 1 1 1 1 1

preOPE POD 2 POD 7

preOPE POD 2 POD 7

Figure 3 Scores obtained with the SF8 questionnaire during the perioperative period. PCS: Physical component summary; MCS: Mental component summary;
preOPE: Preoperative; POD: Postoperative day; ERAS: Enhanced recovery after surgery.

poor glucose control in diabetes is associated with com-
plications. There are two main reasons for experienc-
ing postoperative insulin resistance. One is that the
perioperative starvation induces the accumulation of
lipid products in skeletal muscles and interferes with
insulin signaling to produce insulin resistance™. The
other is that the reaction of a living body to the surgical
stress induces stress hormones (such as catecho-
lamines, cortisol, and glucagon) as well as the release
of the inflammatory cytokine interleukin-6'%*"*%1, To
reduce postoperative insulin resistance, preoperative
carbohydrate loading may be useful to counter pre-
operative starvation™. In this study, therefore, patients
in the EG were administered carbohydrate-rich liquids
until 2 h before surgery. There were no significant diffe-
rences in insulin resistance between the two groups in
the overall analysis. However, in subgroup analysis of
patients with high preoperative HOMA-R, there was signi-
ficant improvement in postoperative insulin resistance
in the EG (Figure 2), presumably due to preoperative
carbohydrate loading. This study is the first to suggest
that preoperative carbohydrate loading in gastrectomy
patients attenuates postoperative insulin resistance
and thus lowers the risk of additional complications. It
is reported that preoperative carbohydrate-rich beve-
rages also reduce preoperative thirst, hunger and
anxiety™™, and also carry postoperative benefits such
as a small reduction in the length of hospital stay when
compared with placebo-administered or fasting adult
patients undergoing elective surgery®.. However, the
clinical consequences of improving postoperative insulin
resistance are still unclear. In our study, the morbidity
rate and the length of hospital stay were similar bet-
ween EG and CG; however, further investigations are
required to clarify the clinical influence of improving
postoperative insulin resistance.
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Our study was not able to demonstrate any benefit
of the ERAS program on nutritional state. In the CG,
oral intake began on POD 2, whereas it commenced
on POD 1 in the EG. This interval is too short to allow
assessment of benefits on nutrition states. In terms of
HRQOL, there was no significant difference between
the two groups. We expected that a shorter period of
fasting would have decreased mental stress in EG;
however, data obtained through the SF8 Health Survey
questionnaire did not reveal any such benefits. A more
thorough questionnaire might better reflect early post-
operative HRQOL status.

In conclusion, we demonstrated the non-inferiority
of the ERAS program with respect to the rate of achi-
eving discharge from the hospital within 12 d post-
gastrectomy. Moreover, our results suggest that our
ERAS program for gastrectomy is safe and improves
postoperative insulin resistance in those patients who
were originally insulin resistant. To our knowledge, this
study is also the first to demonstrate that preoperative
carbohydrate loading in gastrectomy patients attenuates
postoperative insulin resistance. However, we did not
observe any advantage in postoperative nutrition state
and HRQOL due to our ERAS program. It is still uncertain
whether the ERAS program is superior to conventional
programs because the clinical benefits attributed to this
program were not significant.

COMMENTS

Background

There are some reports on the safety of enhanced recovery after surgery (ERAS)
programs for gastrectomy. In this study, the authors evaluated the effect of
postoperative early oral nutrition and preoperative carbohydrate loading.

Research frontiers
Almost every report concerning gastrectomy described the safety of ERAS but
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not its influence on nutrition state, insulin resistance, quality of life, and other
such parameters.

Innovations and breakthroughs

The authors demonstrated that their ERAS program for gastrectomy is safe and
improves postoperative insulin resistance in those patients who were originally
insulin resistant.

Applications

It is still uncertain whether the ERAS program is superior to conventional
programs because the clinical benefits attributed to this program were not
significant.

Terminology

ERAS program consist of many elements, including preoperative education,
preoperative carbohydrate loading, omission of bowel preparation, epidural
analgesia without opioids, early postoperative enteral feeding, early mobilization
of patients, and thromboprophylaxis.

Peer-review

The authors proposed a good trial of ERAS in patients after gastrectomy
for gastric cancer. It's a promising idea to improve the recovery efficiency of
patients. This manuscript was designed well, written fluently, and deduced
credibly.
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