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Aims. The benefits of early recovery after surgery (ERAS) in periop-
erative management and postoperative recovery of colorectal surgery are
well known. We assessed the outcomes and quality improvement of pa-
tients with colorectal cancer achieved through the implementation of
modified ERAS (mERAS) at a community hospital.

Methods. A retrospective review of patients with colorectal cancer who
underwent minimally invasive surgery was conducted. The primary end
points assessed included emergency department (ED) visit within 3 days
after discharge (3-day ED visit) and readmission within 14 days after dis-
charge (14-day readmission). The secondary end points included time to
first flatus, time to first soft diet intake, surgical morbidity, and postopera-
tive hospital stay.

Results. Atotal of 424 patients with colorectal cancer (51% male and 49%
female patients; mean age, 63 years) who underwent minimally invasive
surgery from January 2014 to December 2018 in our hospital were en-
rolled. The pre-ERAS and post-ERAS groups consisted of 243 and 181
patients, respectively. Overall, no statistical difference was observed in
14-day readmission between the two groups. The most common reasons
for post-ERAS 14-day readmission were ileus (2/4, 50%), intra-abdomi-
nal abscess (1/4, 25%), and colitis (1/4, 25%).

The post-ERAS group (2%, 4/181) had a higher 3-day ED visit rate than
the pre-ERAS group (0%, 0/243; p < 0.033). The most common reasons
for visiting the ED were wound infection (2/4, 50%), ileus (1 of 4, 25%),
and wound pain (1/4, 25%).

Patients in the post-ERAS group had earlier time to first flatus (2.3 £ 1.0
days), earlier time to soft diet intake (1.9 £ 1.5 days), and shorter postoper-
ative hospital stay (7.8 £ 3.6 days) than those in the pre-ERAS group (2.6
+1.0,3.8£ 1.7, and 9.3 £ 4.2 days, respectively; p <0.001).
Conclusions. Implementation of the ERAS pathway in a community hos-
pital has a positive effect on the length of postoperative stay and is not as-
sociated with increased 14-day readmission. The majority of patients re-
turning to the ED do not require hospital readmission. The main reason for
ED return is wound complications.
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olorectal cancer (CRC) is the third most com-

mon cancer and fourth leading cause of cancer
death worldwide.' In Taiwan, CRC is the most com-
mon cancer and the third leading cause of cancer
death.? Surgical resection is the main treatment mo-
dality for CRC, and many studies have shown the ben-
efits of minimally invasive surgery including laparo-
scopic surgery with regard to less postoperative wound
pain, shorter postoperative hospital stay, and early re-
covery.S'5

Early recovery after surgery (ERAS) is a multi-
modal concept for further improving perioperative
management and outcomes of patients who have un-
dergone surgical resection. It was first introduced by
Kehlet et al. in 1994 for patients undergoing CRC sur-
gery, and it has been gradually implemented in other
fields of surgery because of its more favorable out-
comes in terms of safety and early recovery.®’ The
core aspects of ERAS include no perioperative fast-
ing, optimal nutrition and fluid management, decreased
use of tubes, optimized pain control, and early mobili-
zation.® Moreover, ERAS has been known to reduce
psychological stress during the perioperative period,
and it results in shorter hospital stay and fewer post-
operative complications.*!”

In our hospital, concepts of ERAS were intro-
duced in June 2016, and they were further modified
and implemented in colorectal surgery. All scheduled
colorectal operations are performed through a mini-
mally invasive approach in our hospital. This study
aimed to evaluate the clinical benefits of ERAS in
minimally invasive colorectal surgery at a single com-
munity hospital. In addition, we assessed quality im-
provement of patients with colorectal cancer by moni-
toring the emergency department visit within 3 days
after discharge (3-day ED visit) and readmission with-
in 14 days after discharge (14-day readmission).

Methods

Our ERAS protocol focused on preoperative, in-
traoperative, and postoperative care of patients with
CRC who underwent minimally invasive surgery. It
included several essential elements such as water in-

take 2 hours before operation, early postoperative oral
intake, early ambulation, early urinary catheter re-
moval, no intraoperative nasogastric tube insertion,
prevention of fluid overload during and after surgery,
and nonopiate oral pain control. Our modified ERAS
(mERAS) pathway differs from the conventional pa-
thway in terms of oral bowel preparation. In mERAS,
all patients used compression stockings and intermit-
tent pneumatic compression from the beginning of
operation until they were out of bed. Intraoperative
fluid infusion was restricted to less than 2000 mL to
avoid any fluid overload.!' Postoperative pain control
involved intraoperative lidocaine injection into the
wound and oral nonsteroid anti-inflammatory drug in-
take. We started with postoperative water intake 2
hours after operation and then shifted to 2 days of a
clear liquid diet followed by at least 2 weeks of a
lower residual soft diet. Early mobilization was en-
couraged for all patients receiving ERAS within 2
hours after return to the ward. Urinary catheters were
removed on postoperative day 1, except for elderly
patients at fall risk. Patients were discharged from the
hospital with fair oral intake, tolerable wound pain
under oral analgesics, and recovery without complica-
tions. A comparison between the conventional path-
way as per the ERAS society colorectal guideline and
the mERAS protocol in our hospital is provided in Ta-
ble 1. Our mERAS program implementation was su-
pervised by surgeons, anesthesiologists, nutritional
specialists, and nursing staff from the institutes in-
volved. The major difference in our mERAS is that all
patients use well-fitting compression stockings and
intermittent pneumatic compression from operation
until out of bed post operation for risk reduction of
venous thromboembolism attack during colorectal
surgery.'?

This study was designed as a retrospective sin-
gle-center study. Patients who underwent minimally
invasive CRC surgery in our hospital from January
2014 to December 2018 were enrolled. Patients were
excluded if they were <18 years old, underwent emer-
gent operation, had American Association of Anes-
thesiologist (ASA) score 1V, had recurrent cancer, or
had incomplete records. Then, we divided them into
pre-ERAS and post-ERAS groups according to time
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Table 1. Comparison of conventional and modified ERAS protocols

Conventional ERAS protocol

Modified ERAS protocol

Preoperative
Preadmission patient education and counseling
No bowel preparation
Preoperative oral carbohydrate/no fasting

Preoperative long-acting sedative medication
Thrombosis prophylaxis

Antibiotic prophylaxis before incision

Postoperative nausea and vomiting prophylaxis administered
Intraoperative

Epidural or spinal anesthesia

Upper-body forced-air heating cover used

Nasogastric tube used postoperatively

Resection-site drainage
Postoperative

Termination of urinary drainage within 24 hours after surgery

Stimulation of gut motility

Postoperative epidural analgesia

Patient weight on postoperative day 1

Nonopiate oral analgesics/NSAIDs*

Termination of intravenous fluid infusion

Perioperative oral nutrition

Audit of compliance/outcomes

Preadmission education and preanesthesia consultation

Oral bowel preparation 1 day before operation

No solid food since midnight of the operation day; only clear
liquids up to 2 hours before surgery

None

All patients use well-fitting compression stockings and intermittent
pneumatic compression from operation until out of bed after
operation

Single-dose cephalosporin at 1000 mg 15-30 minutes before the
incision and repeatedly if surgery lasted longer than 4 hours

Attempt oral water intake 2 hours after operation

None

None

Yes

Termination of intravenous fluid infusion on postoperative day 1
Clear liquid diet for 1-2 days and then low residual soft diet intake
Yes

* NSAIDs, nonsteroid anti-inflammatory drugs.

of ERAS implementation to evaluate results and
values from mERAS care.

Patient data, namely demographics, clinical ele-
ments, stage of cancer, intraoperative blood loss, op-
eration time, complications, and outcomes, were col-
lected from electronic patient charts. Primary end po-
ints included 3-day ED visit and 14-day readmission
rates. Postoperative recovery, morbidity, surgical mor-
tality, and postoperative hospital stay were analyzed
as secondary end points. Postoperative recovery fac-
tors included time to first flatus or defecation, time to
soft diet intake, and postoperative hospital stay. Mor-
bidity was recorded as grade II or higher complica-
tions as defined by the Clavien-Dindo classification
system.

Statistics

We compared statistics of the pre-ERAS and post-

ERAS groups for all relevant patient characteristics
and perioperative data. The two groups were com-
pared using 7 tests and chi-square tests, as appropriate.
All analyses were performed using SPSS 18 version
3.1.2 (R Foundation for Statistical Computing, Vi-
enna, Austria). The statistical significance level for all
comparisons was set at p < 0.05. The study was ap-
proved by the Research Ethics Board of Taipei Me-
dical University Hospital in Taipei, Taiwan (IRB:
N201907006).

Results

A total of 424 consecutive patients undergoing
minimally invasive CRC surgery in our hospital were
retrospectively analyzed. Among them, 181 patients
received the mERAS pathway (post-ERAS group),
and 243 patients were cared for in the conventional



Vol. 31, No. 1

Implementation of mERAS in CRC Surgery at a Single Community Hospital 35

manner before ERAS implementation (pre-ERAS
group). Baseline patient characteristics, including sex,
age, body mass index, preoperative carcinoembryo-
genic antigen level, ASA classification, cancer stage,
comorbidities such as diabetes and hypertensive heart
disease, operation time, and blood loss, are shown in
Table 2. No statistically significant difference was
observed among them.

In our study, no statistical difference was observed
between pre-ERAS and post-ERAS groups with re-
gard to 14-day readmission (p = 1.000). Fourteen-day
readmission was observed in 5 of 243 (2.0%) patients
and 4 of 181 (2.2%) patients of the pre-ERAS and
post-ERAS groups, respectively. In the pre-ERAS
group, the reasons for which patients required medical
treatment were wound infection (1/5, 20%), poor ap-
petite-related weakness (1/5, 20%), neorectal (colo-
anal) abscess (1/5, 20%), adhesion ileus (1/5, 20%),
and pneumonia (1/5, 20%). In the post-ERAS group,
the reasons for which patients required medical treat-
ment were adhesion ileus (2/4, 50%), intra-abdominal

Table 2. Demographic data

abscess (1/4, 25%), and colitis (1/4, 25%).

Regarding the 3-day ED visit, the post-ERAS group
had a higher ED return rate than the pre-ERAS group
(» =0.033). Moreover, 4 of 181 patients (2.2%) in the
post-ERAS group visited ED within 3 days after dis-
charge in comparison with none of the patients in the
pre-ERAS group (p = 0.033). The causes of ED visit
were mostly wound problems (3/4, 75%), including
pain, infection, or discharge, and ileus (1/4, 25%)).

No surgical mortality was observed in our study
postoperatively within 30 days. Table 3 presents time
to first flatus, time to soft diet intake, postoperative
hospital stay, and surgical morbidity. Early first flatus
and soft diet intake were noted in the post-ERAS
group (2.3 £ 1.0 days and 1.9 £ 1.5 days, respectively)
compared with the pre-ERAS group (2.6 + 1.0 days
and 3.8 £ 1.7 days, respectively). Moreover, we ob-
served shorter postoperative hospital stay in the post-
ERAS group than in the pre-ERAS group (7.8 £ 3.6
vs. 9.3 £4.2 days, p <0.001).

No significant difference was noted in surgical

Group Pre-ERAS Post-ERAS p value

Patient number 243 181

Age (years) (Mean £ SD) 63.6 £ 12.5 63.5+13.9 0.995

Sex Male 123 96 0.662
Female 120 85

Body mass index (Mean £ SD) 24.1£3.8 242+42 0.856

Albumin (g/dL) (Mean £ SD) 4.03 £0.35 4.09 £0.47 0.167

Carcinoembryogenic antigen (ng/mL) Median 3.28 3.32 0.510

American Association of Anesthesiologist class <3 203 152 0.904
>3 40 29

Diagnosis Colon cancer 175 136 0.472
Rectal cancer 68 45

Stage I 78 65 0.566
II 50 39
I 85 52
v 29 25

Comorbidity No 98 72 0.909
Yes 145 109

Diabetes No 201 142 0.269
Yes 42 39

Hypertension No 162 113 0.366
Yes 81 68

OP* time (minutes) (Average £ SD) 172.22 (£66.11) 174.41 (£62.03) 0.729

Bleeding (mL) (Average £ SD) 30.14 (£27.56) 30.14 (£33.08) 0.998

* Operation.
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Table 3. Postoperative outcomes

Group

Pre-ERAS

Post-ERAS p value

Time to first flatus (days)
Time to soft diet (days) (Mean £ SD)
Postoperative hospital stay (days) (Mean £ SD)
Morbidity No
Yes
Pulmonary

(Mean £ SD)

Neurology
Wound infection
Leakage
Ileus
Intra-abdominal abscess
Others
ED visit within 3 days after discharge No
Yes

26%1.0
3.8+1.7
93+42
230
13

S N W W =

243

23+1.0

19+15 <0.001

7.8+£3.6 <0.001
167 0.320
14

<0.001

N = Wk W o O

177 0.033

Wound infection/discharge
Adhesion ileus
Wound pain

Readmission within 14 days after discharge No

Yes
Wound infection/discharge
Poor appetite and weakness
Neorectal abscess
Adhesion ileus
Pneumonia
Intra-abdominal abscess
Colitis

[N o]

238

—
3

1.000

—_— O N O OO b= =N Db

S O = = = = = W

morbidity between the pre-ERAS (13/243, 5.3%) and
post-ERAS (14/181, 7.7%) groups. In the pre-ERAS
group, of the 243 patients, 1 patient had aspiration
pneumonia (0.41%), 1 developed cerebral vascular
accident (0.41%) after operation, 1 had wound infec-
tion (0.41%), 5 had anastomosis leakage (2.0%), 3
had ileus (1.23%), and 2 had intra-abdominal abscess
(0.82%).

In the post-ERAS group, of the 181 patients, 3
had wound infection (1.65%), 1 developed intra-ab-
dominal abscess (0.55%), 1 had intra-abdominal ab-
scess combined with acute kidney injury (0.55%), 1
had urinary tract infection (0.55%), 1 had postopera-
tive diarrhea (0.55%), 1 developed fever with leuko-
cytosis after drain tube removal (0.55%), and 1 had
anastomosis site bleeding (0.55%). Additionally, 3
patients had anastomosis leakage (1.6%), 2 had ileus
(1.1%), and 1 had both leakage and ileus after opera-
tion.

Discussion

The development of an evidence-based colorectal
surgery ERAS program at a community hospital is
currently driven by the changing medical environ-
ment. ERAS is an evidence-based multimodal con-
cept to improve perioperative care quality and out-
comes of surgical patients.>!* It ameliorates clinical
outcomes, including early gut motility, shorter length
of hospital stay, fewer complications, and lower read-
mission rates, compared with those of the non-ERAS
period.

The mERAS pathway has been implemented in
our hospital since June 2016. Regarding the primary
outcome of early 3-day ED visit, 4 of 181 patients
(2.2%) in the post-ERAS group were identified with
early 3-day ED visits versus none in the pre-ERAS
group (p =0.033). The causes of early 3-day ED visits
were mostly wound pain and infection, which did not
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require readmission. Amri et al. reported that surgical
site infection rates were significantly higher among
people with an operation time longer than 140 min-
utes (p = 0.05). Furthermore, Amri et al. pointed out
that patients with a history of smoking (p = 0.04), al-
cohol consumption (p = 0.04), or type 2 diabetics (p =
0.046) were more likely to have surgical site infec-
tion.!* On average, our operation time was approxi-
mately 171 minutes in either the pre- or post-ERAS
groups, and data showed no statistical difference. Ac-
cording to a previous study by Li et al., patient com-
pliance may affect the outcome of surgical site infec-
tion."

Regarding the primary outcome of 14-day read-
mission, our data showed that on average, approxi-
mately 2% of our patients required readmission for
further management in the post-ERAS period. In the
post-ERAS group, of the four patients who required
nonoperative treatment, two had adhesion ileus (50%),
one had intra-abdominal abscess (25%), and one had
colitis (25%). No significant difference was observed
in the 14-day readmission rate between the pre- and
post-ERAS groups (p = 1.000). This finding clearly
demonstrated that the implementation of ERAS did
not result in more complications; rather, each element
within the ERAS program played an essential role. A
Korean study aimed to identify the risk factors for sur-
gical site infections in patients undergoing CRC sur-
gery by determining relationship between the short
prophylactic antibiotic use group (within 24 hours)
and the long prophylactic antibiotic use group (be-
yond 24 hours). The results showed that discontinua-
tion of prophylactic antibiotics within 24 hours after
colorectal surgery had no significant influence on the
incidence of surgical site infection.'® We adopted the
following measures within our ERAS program: peri-
operative and postoperative compression stocking and
intermittent pneumatic compression device use, intra-
operative fluid restriction, intraoperative lidocaine in-
jection into the wound, oral nonsteroid anti-inflam-
matory drug administration, early oral water intake
since 2 hours after operation and a shift to a clear li-
quid diet and then to a soft diet, early mobilization
since 2 hours after return to the ward, and urinary
catheter removal in the morning of postoperative day

1. Another Canadian research group reported that an
average of 20% of their colorectal patients in their
ERAS program had an ED visit or readmission within
30 days after discharge.!” Their group reported that
early ED visits were most commonly due to surgical
site infections and urinary tract infections, whereas
for hospital readmission, intra-abdominal abscess and
ileus were the main causes. This is in line with our
findings. Overall, the results of our study demonst-
rated a considerably lower readmission rate than those
in previous studies; however, when considering the
reported return to the hospital is between 8% and 20%.
With respect to the ERAS program, our study showed
that the mERAS program does not increase the risks
of ED visits and readmissions.'"!®

Furthermore, many studies'*?° have shown no in-
crease in readmission rates, but few have provided
in-detail explanations of the causes of early ED return
after discharge. Many minor complications were ini-
tially managed at ED, and this might overestimate the
benefits of the ERAS program. However, further stud-
ies are required to clarify this. In addition, no surgical
mortality was observed in our study within 30 days
postoperatively.

Patients undergoing laparoscopic surgery were
more likely to have a shorter length of hospital stay,
were less likely to be readmitted, and had fewer surgi-
cal complications. For open surgery patients, no sig-
nificant reduction in the length of hospital stay was
noted between the pre- and post-ERAS groups, an
observation similar to that in randomized controlled
trials.?!*> Thus, minimally invasive surgery coupled
with ERAS program has been shown to improve pa-
tient outcomes.>>**

Regarding the secondary outcomes of the study,
the time to first flatus and soft diet intake were earlier
in the post-ERAS group (2.3 £ 1.0 and 1.9 £ 1.5 days,
respectively) than in the pre-ERAS group (2.6 £ 1.0
and 3.8 + 1.7 days, respectively) (p < 0.001). More-
over, postoperative hospital stay was shorter in the
post-ERAS group than in the pre-ERAS group (7.8 £
3.6 vs. 9.3 £ 4.2 days, p <0.001). Moreover, in the
ERAS program, a major shift from prolonged fasting
to allowing clear fluids up to 2 hours before surgery
and solids up to 6 hours before surgery has been im-



38 Wei-Lin Wang, et al.

J Soc Colon Rectal Surgeon (Taiwan) March 2020

plemented in the preoperative period.”>*’ Therefore,
our patients were allowed clear liquids up to 2 hours
before surgery.

Overall, the implementation of a multidisciplinary
ERAS pathway at a major community hospital is as-
sociated with a shortened length of hospital stay and
early time to flatus and soft diet intake without in-
creasing the 14-day readmission rate. These results
are consistent with findings from other centers and in
various patient populations®®-** and lend impetus to
the further incorporation of new tools and concepts in
future.

Conclusion

The use of a multimodal evidence-based program
is associated with a shorter length of postoperative
stay and is not associated with an increased 14-day re-
admission. The majority of patients returning to the
ED do not require hospital readmission. Adoption of
such programs in the management of surgical patients
should be encouraged.
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