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Purpose: Enhanced recovery after surgery (ERAS] is beneficial to patients undergoing digestive surgery. However, its
efficacy in patients undergoing open hepatectomy remains unclear.

Methods: Consecutive patients scheduled for open hepatectomy were randomly assigned to undergo either ERAS or
conventional postoperative management. The primary endpoint was the amount of time that elapsed before patients were
considered medically fit for discharge (MFD) and length of hospital stay (LOHS). Secondary endpoints included morbidity,
mortality, the time to first flatus, defecation, first walk, and freedom from infusion. Perioperative serum nutritional
markers, insulin resistance, respiratory quotient (RQJ, and resting energy expenditure (REE) were also assessed.

Results: Between August 2014 and March 2017, 57 patients were randomized into 2 groups; ERAS group (n = 29) and
conventional management (n = 28). The median MFD was not significantly different between the ERAS and conventional
management groups (6.5 vs. 7 days; P = 0.381). Recovery from gastrointestinal paresis was significantly quicker in the
ERAS group (1.8 vs. 2.4 days; P = 0.004). There were no significant differences in serum markers, insulin resistance, RQ,
and REE.

Conclusion: This trial did not demonstrate greater efficacy of the ERAS protocol following open hepatectomy in terms of
the MFD and LOHS. However, the ERAS protocol was associated with better recovery from postoperative gastrointestinal

paresis, suggesting that it is useful for patients undergoing open hepatectomy.

[Ann Surg Treat Res 2020;99(6):320-328]
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INTRODUCTION

Enhanced recovery after surgery (ERAS) [1] improved the time
to recovery from surgical stress. Guidelines for perioperative
care of patients undergoing digestive surgery were reported by
the European Society for Clinical Nutrition and Metabolism in
2012, and are now accepted in more than 30 countries [2]. ERAS
protocols aim to reduce perioperative surgical stress, maintain
physical function, and promote postoperative rehabilitation.

Several studies have demonstrated that ERAS protocols
can reduce the length of hospital stay (LOHS) for patients
undergoing colorectal surgery [34].

Hepatectomy is commonly performed as a curative therapy
mainly for the treatment of hepatocellular carcinoma (HCC)
and colorectal metastases. The postoperative mortality rates
after hepatectomy are low; however, morbidity rates remain
high even at high volume centers [5]. These findings show the
importance of improving perioperative care to reduce morbidity
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rates among patients undergoing hepatectomy. ERAS protocols
have been reported to be effective for patients undergoing
hepatectomy since they lead to shorter hospitalization duration
and reduced morbidity [6-10], although the quality and level of
evidence for their efficacy are still lower than those for ERAS
protocols for patients undergoing colorectal surgery. Therefore,
we performed a randomized controlled trial (RCT) to determine
whether an ERAS protocol is more effective compared to
conventional postoperative management in patients undergoing
open hepatectomy in our department.

METHODS

Study setting
The RCT was conducted between August 2014 and March

2017 at Tohoku University Hospital. The trial was approved
by the Institutional Review Board of Tohoku University (No.
2014-2-047) and it was registered with the UMIN Clinical Trials
Registry (UMIN000039228). All patients signed informed
consent to participate in the randomized treatment.

Patients
All adults who underwent liver resection at our department

were eligible. Patients were excluded if they had previously
undergone upper digestive surgery, if they required additional
procedures (e.g., bile duct reconstruction), if their body mass
index was <18 or =30 kg/m’, if their performance status was
=2, or if they did not consent to participate. After hospital
admission, the study was described in detail to the patients,
followed by a comprehensive discussion, before consent was
obtained. Patients were randomized into 2 groups by allocation
in sealed envelopes.

Perioperative care
The perioperative care of patients in the ERAS and conven-

tional management groups is summarized in Table 1. Patients
in both groups underwent preoperative nutritional evaluation at
admission. Patients received additional nutritional supplements
if their Controlling Nutritional Status (CONUT) score was =2
[11]. Patients in the ERAS group were allowed to consume solid
foods until supper the day before surgery and clear water until
2 hours before the induction of anesthesia. Patients in this

Table 1. Perioperative protocols used in the ERAS and conventional management groups

Varaible ERAS Conventional management
Preoperative nutritional  Oral nutritional supplements CONUT score > 2 Oral nutritional supplements CONUT score
care >2
Synbiotics 65 mL of probiotic drink and 3 packs of GFO from None

preoperative day 3 to 1

Diet before surgery Normal diet on the day before surgery

250 mL of oral carbohydrate solution the night before

surgery and 2 hr before anesthesia

Bowel preparation Normal diet on the day before surgery

Food stopped at lunch the day before
surgery

Clear fluid allowed until 2 hr before
anesthesia

Magnesium citrate the day before surgery

250 mL of oral carbohydrate solution Arginade Water” the
night before surgery and 2 hr before anesthesia

During surgery
including hypothermia prevention

Antibiotic prophylaxis
during surgery

Nasogastric tube

Postoperative analgesia

surgery
Removed before extubating

Acetaminophen for breakthrough pain

Oral intake Water permitted on POD 1

Normal diet on POD 2

Postoperative systemic
laxatives

Postoperative antibiotics

Postoperative
rehabilitation

Cefmetazole 2 g per day until POD 2
Physical therapist or bedside nurse

Standard anesthetic protocol and surgical management

Cefmetazole 1 g before skin incision and every 3 hr during

Thoracic epidural analgesia for laparotomy and celecoxib

Oral magnesium hydroxide from POD 1

Standard anesthetic protocol and surgical
management including hypothermia
prevention

Cefmetazole 1 g before skin incision and
every 3 hr during surgery

Removed on POD 1

Thoracic epidural analgesia for laparotomy
and celecoxib

Acetaminophen for breakthrough pain

Water permitted after first flatus

Normal diet permitted the next day

None

Cefmetazole 2 g per day until POD 2
Bedside nurse

ERAS, enhanced recovery after surgery; CONUT, Controlling Nutritional Status; POD, postoperative day; GFO, glutamine fiber

oligosaccharide.
“Nestlé Japan Ltd., Kobe, Japan.
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group also received 65 mL of a commercially available probiotic
drink (Yakult, Yakult Honsha, Tokyo, Japan) containing at
least 4 x 10" Lactobacillus casei Shirota, 3 packs of glutamine
fiber oligosaccharide (GFO, Otsuka Pharmaceutical Factory
Inc., Tokushima, Japan), and 3 probiotic tablets (BIO-THREE,
Toa Pharmaceutical Co. Ltd., Takasaki, Japan) containing 3
different kinds of useful bacteria on preoperative days 3, 2,
and 1. Additionally, patients in the ERAS group underwent
carbohydrate loading with 2 packs of 125-mL Arginade Water
(Nestlé Japan Ltd., Kobe, Japan) during the evening before
surgery.

Patients in the conventional management group could take
in clear fluids until the evening and solid foods until lunchtime
the day before surgery. Oral mechanical bowel preparation
with magnesium citrate was performed during the afternoon of
the day before surgery. Patients in both groups did not receive
preoperative anesthetic premedication.

Intraoperative care
Patients in both groups underwent the same anesthetic

procedures. Cefmetazole (1 g) was administered as a routine
antibiotic prophylaxis every 3 hours during the surgery. A
thoracic epidural was used in patients who satisfied the
institutional guidelines. Normothermia was maintained with
a forced-air warming blanket. Intermittent pneumatic leg
compression devices were used in all patients.

Surgical technique
All patients underwent surgery performed by 1 of 2

consultant surgeons in our department. The attending surgeon
decided whether to make a J-shaped subcostal incision or a
Bentz incision. All surgical procedures were performed using
similar techniques. The liver parenchyma was transected
by ultrasonic dissection with a Cavitron Ultrasonic Surgical
Aspirator (Valleylab, Boulder, CO, USA). The exact procedure
and the need for the Pringle maneuver were determined
by the surgeon. Before performing the Pringle maneuver,
hydrocortisone (100 mg) was administered intravenously to
alleviate ischemia-reperfusion injury [12]. An abdominal pleated
drain was inserted in all patients.

Postoperative care
Immediately after surgery, all patients were extubated

and transferred to the intensive care unit. For the ERAS
group, the nasogastric tube was removed immediately after
extubating, while for the conventional management group, it
was removed on postoperative day (POD) 1. Patients in both
groups received fluid optimization according to conventional
markers of hypovolemia, including pulse rate, central venous
pressure, urine output, and arterial lactate levels. Maintenance
fluids were started at 1-2 mL/kg/hour. Magnesium oxide was

routinely administered as a postoperative laxative in the ERAS
group. In terms of postoperative rehabilitation, patients in the
ERAS group were mobilized by either the physical therapist
or the bedside nurse. Patients in the conventional group were
mobilized by the bedside nurse.

Primary outcome
The primary outcome was the amount of time that elapsed

before patients were considered medically fit for discharge
(MFD). MFD was defined as follows; sufficient postoperative
pain control with oral analgesia, tolerance of solid food,
free from fluid infusion, passage of feces, and recovery to
preoperative performance status.

Secondary outcome
Secondary outcomes were the incidences of postoperative

complications, mortality, insulin resistance, nutritional
status, time to passage of first flatus and defecation, time to
mobilization, time to freedom from infusion, and postoperative
energy status determined by indirect calorimetry. Complications
were graded according to the Clavien-Dindo classification [13].
Mortality was defined as death occurring in the hospital or
within 30 days after surgery. Insulin resistance was assessed
with the homeostasis model assessment of insulin resistance
(HOMA-IR) using the following formula: HOMA-IR = fasting
plasma insulin level (pU/mL) X fasting plasma glucose (mg/
dL)/225 [14]. The nutritional status of patients was assessed
using the CONUT score [11]. Serum albumin, prealbumin,
transferrin, branched amino acids/tyrosine molecular ratio,
and CRP were measured before surgery and on POD 1, 3, 5,
and 7. The times to first flatus, bowel opening, mobilization,
and freedom from infusion were recorded. Patients underwent
indirect calorimetry preoperatively, and on POD 7, the resting
energy expenditure (REE) [15] and respiratory quotient (RQ) [16]
were determined.

Statistical analysis
The sample size calculation was based on the difference

in postoperative LOHS determined in a retrospective audit
of a pilot study at our department. Before ERAS induction,
the MFD of most patients who underwent hepatectomy
was approximately 15 days. It was assumed that a clinically
significant reduction in MFD would be 1 day. The sample size
was calculated with a power of 80% using a 2-sided 2-sample
Student t-test. The results of our calculation indicated that
a minimum of 36 patients were required (18 per group).
Continuous data with a normal distribution were compared
between the 2 groups using a 2-sample Student t-test. Data
with skewed distributions were analyzed using the Mann-
Whitney U-test. Fisher exact test or chi-square test was used for
categorical variables. Statistical analyses were performed using



Wataru Nakanishi, et al: The effect of ERAS on hepatectomy

JMP for Mac ver. 13 (SAS Institute, Cary, NC, USA). A P-value of
<0.05 was considered statistically significant.

RESULTS

Altogether, 111 consecutive patients were referred for
hepatectomy at our department during the study period. Ten
patients were excluded because they did not provide informed
consent. Additionally, 12 patients who were scheduled to
undergo hepatectomy with biliary reconstruction, 1 patient
with glycogen storage disease who needed special perioperative
care, 1 patient who underwent gastrectomy, 2 patients who

underwent emergent hepatectomy, 3 patients who underwent
simultaneous colon or rectal surgery, and 24 patients who
underwent laparoscopic hepatectomy were excluded from
the study. Therefore, 57 patients were enrolled in this study.
Twenty-nine of these patients were randomly allocated to
the ERAS group and the remaining 28 were allocated to the
conventional management group (Fig. 1).

Patient characteristics are summarized in Table 2. Both
groups were similar with respect to age, sex, body mass index,
Child-Pugh classification, indocyanine green retention at 15
minutes, viral status, disease, operating time, duration of
Pringle maneuver, and blood loss. Hepatectomy segment >

Referral for heptectomy
(n=111)

A\ 4

A 4

Randomized
(n=57)

Laparoscopic hepatectomy
Unable to acquire imformed consent
Other concomitant procedure

Emergent hepatectomy

Glycogen storage disease

(n=24)
(n=10)
(n=16)
(n=2)
After gastrectomy

(n=1)

(n=1)

A 4 A 4

ERAS Conventional
(n=29) (n=28)

Table 2. Baseline characteristics and surgical details

Fig. 1. Patient disposition. ERAS,
enhanced recovery after surgery.

Varable ERAS group (n = 29) Conventional management group (n = 28) P-value

Age (yr) 68 (51-75) 67 (60-75) 0.433
Sex (male/female) 17/12 20/8 0.309
Body mass index (kg/mz) 23.2 (19.4-25.5) 24.0 (20.4-25.5) 0.690
Child-Pugh classification (A/B) 29/0 28/1 0.230
ICG R15 (%) 11.0 (7.6-18.4) 9.9 (6.4-18.7) 0.489
Virus (B/C/nonB-nonC) 9/5/15 7/5/16 0.875
Disease
HCC 22 (75.9) 18 (64.3)
Colorectal metastases 7 (24.1) 7 (25.0)

Benign disease 0(0) 1(3.6)
Surgical details
Range of hepatectomy
Hepatectomy segments

>2 3(10.3) 9(32.1) 0.040

<2 6 (89.7) 9 (67.9)
Operating time (min) 324 (274-385) 349 (283-448) 0.091
Blood loss (mL) 588 (336-1,188) 748 (377-1,781) 0.101
Duration of Pringle maneuver (min) 0 (25-73) 1 (35-75) 0.246
Postoperative complication” 13.4) 4(14.2) 0.136
Death 0 (0) 0 (0)

Values are reported as median (range), number only, or number (%).

ERAS, enhanced recovery after surgery; ICG R15, indocyanine green retention at 15 minutes; HCC, hepatocellular carcinoma.

“Clavien-Dindo classification > Il1.
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2 was performed in a greater proportion of patients in the
conventional management group than in the ERAS group (32%
vs. 10%, respectively; P = 0.040).

The median time to MFD, the primary endpoint, was not
significantly reduced in the ERAS group compared to the
conventional management group (6.5 vs. 7 days, respectively; P
= 0382). Furthermore, the median LOHS was not significantly
shorter in the ERAS group (13 vs. 13 days, respectively; P =
0373).
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There were no deaths in either group. The proportion of
patients with complications scoring = 3 on the Clavien-Dindo
classification was not significantly different between the
ERAS and conventional management groups (3.4% vs. 14.2%,
respectively; P = 0.136). The times to first flatus (1.8 vs. 2.4
days, respectively; P = 0.004) and first defecation (2.8 vs. 3.7
days, respectively; P = 0.021) were significantly shorter in
the ERAS group. However, the median times to first standing
(2 vs. 2 days, respectively; P = 0.343), first walk (2 vs. 2 days,

CONUT score

Serum zinc (mg/dL)

30 T T T T T T T 1

300 1

250 A

200 A

150 1

Serum transferrin (g/dL)

100 T T T T T T T 1

—— ERAS group
------ Conventional group

Fig. 2. Mean (standard error of the mean) changes in serum
markers from before surgery to postoperative day 7. BTR,
branched amino acids/tyrosine molecular ratio; CONUT,
Controlling Nutritional Status; Pre, preoperative.
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respectively; P = 0991), and freedom from infusion (5 vs. 5.5
days, respectively; P = 0.162) were not significantly different
between the ERAS and conventional management groups.

There were no differences in serum albumin, prealbumin,
transferrin, branched amino acids/tyrosine molecular ratio, and
CRP at any point (Fig. 2). Insulin resistance, in terms of HOMA-
IR, is shown in Fig. 3. There were no significant differences in
HOMA-IR between the 2 groups at any time point, although
there was a trend towards a greater improvement in insulin
resistance on POD 1 in the ERAS group (5.5 vs. 11.0, respectively;
P = 0.055).

The RQ decreased significantly during the postoperative
period (Fig. 4A), although it was not significantly different
between the 2 groups (Fig. 4B). The REE was not significantly
different before surgery and on POD 7 in all patients combined
(Fig. 4C) and between the 2 groups (Fig. 4D).

DISCUSSION

We first implemented an ERAS protocol for patients

16 —— ERAS group

144 L+ Conventional group
12 %

10 E
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2_

HOMA-IR

POD

Fig. 3 Mean (standard error of the mean) changes in
homeostasis model assessment of insulin resistance (HOMA-
IR) from before surgery to postoperative day (POD) 7. Pre,
preoperative.
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undergoing open hepatectomy in 2013. The ERAS protocol is a
multidisciplinary approach, and medical staff must understand
the efficacy of the ERAS protocol to implement it correctly.
In this study, we sought to confirm the efficacy of our ERAS
protocol in comparison to that of conventional management
in an RCT. As for the primary endpoint of the study, the
MFD and LOHS were similar in the ERAS and conventional
groups, although previous studies reported that enhanced
care protocols helped reduce these outcomes in patients
undergoing open hepatectomy [17,18]. In the present study,
bowel preparation, duration of nasogastric tube, postoperative
oral intake, and laxatives, which seemed to be associated with
recovery from postoperative paresis, differed between the 2
groups. A reason for this finding could be that these differences
between the 2 groups might not have been significant enough
to reduce MFD. Another reason is that the quality of the
postoperative mobilization was similar in both groups. In the
ERAS group, the physical therapist intervened before surgery;
however, they could intervene for only 2 days. Moreover,
the bedside nurse comparably mobilized the patients in the
conventional group after surgery.

This study suggested that the ERAS protocol might be
effective in improving recovery from postoperative paresis
and postoperative insulin resistance, although the differences
in these outcomes did not reach statistical significance. These
findings suggest that some components of conventional
management, such as mechanical bowel preparation and
keeping the nasogastric tube in place for several days after
surgery, are unnecessary in patients undergoing open
hepatectomy. Routine nasogastric tube intubation is not
recommended because it is not beneficial and may cause
pulmonary complications in patients undergoing elective
hepatectomy [19]. This study revealed that keeping the
nasogastric tube in place after surgery has no positive effects.
Therefore, it should be removed after surgery.

Postoperative laxatives and early food intake in the ERAS

C D [J ERAS
1,900 - 1,850 - B Traditional
1,800
1,800 1750 ]
= 1,700
= 1,700 =1
g 8 1,650 -
< X
51600- 51,600-
L w 1,550 -
o 1,500 1,500 -
1,400 1,450
1,400 -
1,300 1,350 -
Preoperative ~ POD 7 Preoperative ~ POD 7

Fig. 4 Indirect calorimetry. (A) Comparison of respiratory quotient (RQ) before surgery and on postoperative day (POD) 7 in
all patients. (B) Comparison of RQ between the enhanced recovery after surgery (ERAS) and conventional management groups
before surgery and on POD 7. (C) Comparison of resting energy expenditure (REE) before surgery and on POD 7 in all patients.
(D) Comparison of REE between the ERAS and conventional management groups before surgery and on POD 7. *P < 0.001.
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Table 3. Postoperative outcomes

Time to (day) ERAS group (n = 29)

MFD 6.5 (5-7)
LOHS 13 (10-15)
First flatus 1.8+0.13
First defecation 2.8+0.22
First standing 2 (2-3)

First walking 2 (2-3)
Freedom from infusion 5 (4.25-6)

Values are reported as median (range) or mean =+ standard error.

Conventional management group (n = 28) P-value
7 (6-9) 0.382

13 (11-16) 0.373

24+0.14 0.004

3.7+£0.23 0.021

2 (2-3) 0.343

2 (2-3) 0.991

5.5 (5-8) 0.162

ERAS, enhanced recovery after surgery; MFD, medically fit for discharge; LOHS, length of hospital stay.

group seemed to contribute to earlier passage of flatus and
stool without any adverse events, although these did not reduce
the MFD and LOHS (Table 3). These results are consistent with
those of a previous report [20]. Although stimulation of bowel
movement with postoperative laxatives is not recommended
in the ERAS guidelines [6], it may be an important component
of ERAS protocols for the shortening of the postoperative ileus
period. Oral hydroxy magnesium is a low-cost drug, and may be
considered part of the ERAS protocol for hepatectomy.

Preoperative mechanical bowel preparation with magnesium
citrate was routinely performed for patients undergoing
hepatectomy at our department for many years. Bowel
preparation might reduce bowel content and facilitate surgical
procedures. However, we found no differences in bleeding
volume or operation time between the 2 groups in this study.
Furthermore, the surgeons did not observe any differences
between the 2 groups during the operations. Thus, bowel
preparation is unnecessary in patients undergoing hepatectomy.

Although synbiotics have been reported to reduce
postoperative infectious complications and are recommended
for surgical patients [21-24], they did not have a positive effect
on postoperative complications in our study. In this study,
synbiotics were administered for 3 days before surgery; a longer
period of administration may be needed to confer beneficial
effects.

Preoperative carbohydrate loading was reported to attenuate
postoperative insulin resistance [25]. In this study, we found
that carbohydrate loading seemed to have a positive effect on
insulin resistance on POD 1, corresponding to the peak insulin
resistance time. Considering that carbohydrate loading may
assist with recovery after gastrointestinal paresis, preoperative
carbohydrate loading should be recommended for hepatectomy.

Metabolic changes occur after major surgery, and indirect
calorimetry can detect changes in REE and RO. A low
postoperative RQ indicates a hypercatabolic state, which
could lead to sarcopenia. Although the ERAS protocol used
in this study did not affect the postoperative metabolic state,
nutritional support should be considered after hepatectomy

because sarcopenia is associated with poor outcomes [26,27].

The present study had several limitations. First, the sample
size was relatively small. Second, despite randomization, there
were some baseline differences between the 2 groups (Table
2). In particular, the range of hepatectomy was greater in the
conventional group (P = 0.040). This difference could cause
worse postoperative liver function and delayed postoperative
recovery from paresis in the conventional group, although
in both groups, the operative time and blood loss were
not significantly different. Third, the present RCT was not
performed in a double-blind manner because of the nature
of the intervention. Moreover, the medical staff involved in
this study also experienced difficulty with its implementation
because they were familiar with the ERAS protocol and felt that
conventional care is suboptimal.

In conclusion, this RCT did not demonstrate greater
efficacy of the ERAS protocol in reducing MFD and LOHS in
patients undergoing open hepatectomy. However, the results
suggest that the ERAS protocol may confer benefits in terms
of accelerating postoperative recovery from gastrointestinal
paresis.
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