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Abstract
Introduction Both laparoscopic colectomy and application
of enhanced recovery program (ERP) in open colectomy
have been demonstrated to enable early recovery and to
shorten hospital stay. This study evaluated the impact of
ERP on results of laparoscopic colectomy and comparison
was made with the outcomes of patients prior to the
application of ERP.
Methods An ERP was implemented in the authors’ center in
December 2006. Short-term outcomes of consecutive 84
patients who underwent laparoscopic colonic cancer resection
23 months before (control group) and 96 patients who were
operated within 13 months; after application of ERP (ERP
group) were compared.
Results Between the ERP and control groups, there was no
statistical difference in patient characteristics, pathology,
operating time, blood loss, conversion rate or complications.
Compared to the control group, patients in the ERP group had
earlier passage of flatus [2 (range: 1–5) versus 2 (range: 1–4)
days after operation respectively; p=0.03)] and a lower
incidence of prolonged post-operative ileus (6% versus 0
respectively; p=0.02). There was no difference in the
hospital stay between the two groups [4 (range: 2–34) days
in control group and 4 (range: 2–23) days in ERP group; p=
0.4)]. The re-admission rate was also similar (7% in control
group and 5% in ERP group; p=0.59).
Conclusions In laparoscopic colectomy for cancer, applica-
tion of ERP was associated with no increase in complication
rate but significant improvement of gastrointestinal function.

ERP further hastened patient recovery but resulted in no
difference in hospital stay.

Keywords Laparoscopic colectomy . Enhanced recovery
program

Introduction

After the benefits of fast post-operative recovery and
reduced morbidities without compromise in long-term
oncologic outcomes were demonstrated by many studies
[1–7], laparoscopic colectomy revolutionized colorectal
surgery and gained wide acceptance to become the
preferred approach for colon resection. On the other hand,
the application of enhanced recovery program (ERP) in
colorectal surgery has also been shown to accelerate post-
operative recovery effectively and to reduce morbidities by
many clinical studies and meta-analysis [8–15]. The
concept of ERP advocated strongly on pre-operative
optimization of patient information and organ function,
means for reduction of surgical stress, adequate anesthesia
and pain control, and modification of peri-operative care
pathway [16–18]. Practice of ERP is not complicated but
revolutionary and it soon becomes a new standard of peri-
operative care in patients after major surgery.

The application of ERP in open colectomy has been
reported to achieve a hospital stay of 2–5 days with no
increase in complication or re-admission rate [8, 11, 19,
20]. This favorable result has generated the interest that
ERP could also be an effective measure to optimize the
short-term outcomes of laparoscopic colectomy further.
ERP is very suitable for laparoscopic surgery as the patients
have less wound pain and morbidity; hence, they can be
ambulated and discharged early. ERP for laparoscopic
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colectomy had been reported to successfully reduce post-
operative stay to 2–3 days in even high-risk patients [21]
and make a 23-h stay be possible in selected patients [22].
However, literature review found only three reports that
compared results of laparoscopic colectomywith conventional
care and enhanced recovery care [23–25]. The purpose of this
study was to evaluate the impact of ERP on outcomes of
laparoscopic colectomy in a center which specializes in
laparoscopic colorectal surgery.

Patients and methods

This study compared the short-term outcomes of patients
who underwent laparoscopic resection for treatment of
colonic cancer before and after the application of ERP in
a university teaching hospital. Comparison was made
between consecutive patients who underwent laparoscopic
resection for colon cancer during the two periods. The control
group included patients who had operation during January
2005 to November 2006. Within this period, patients in the
unit were managed by conventional peri-operative care
system. Patient management was directed mainly by order
of surgeon in-charge during the ward round. There was no
consensus on time to resume diet, management of drains and
urinary catheter, measure of rehabilitation, criteria for
discharge between surgeons. The ERP group included
patients who were operated on from December 2006 to
December 2007. From December 2006, an ERP was
implemented in our unit for colectomy patients. The ERP
for patients in the unit included the following elements:

1. Case manager

The case manager, who was a nurse specialist, took an
active part in the peri-operative management of the patients.
Before operation, the case manager interviewed the patients
and their relatives to explain pre-operative preparation,
expected recovery rate and also helped family members to
prepare for the care of patient at home after discharge. The
case manager had a telephone hotline to provide explanation
and instruction to patients and their family members after
discharge.

2. Peri-operative management

The patient was admitted 1 day before the operation for
bowel preparation and preoperative management. Nasogas-
tric tube and abdominal drain were not placed during the
operation. Abdominal incisions were infiltrated with long
acting local anesthetics before closure. Intravenous fluid
was given at the discretion of anesthetist during operation
but was restricted to 1.5 l/day in early post-operative period
and was stopped as soon as the patient’s oral fluid intake
became adequate. Unless there was contraindication, the
medical and nursing care of patient after operation followed

a standard clinical pathway, which aimed for accelerated
recovery. Important points of the clinical pathway are
summarized in Table 1. The pathway emphasized on (1)
education of patient and family in pain and wound
management; (2) routine chest physiotherapy and walking
exercise; (3) early resumption of nutrition without the need
to wait for presence bowel sound or passage of flatus. The
criteria for discharge of patient included (1) absence of
complication except for mild wound infection (2) full
ambulation or availability of care person at home and (3)
tolerance of diet.

3. Exclusion criteria

Patients with mid and low rectal cancer, who required
low anterior resection or abdominoperineal resection with
total mesorectal excision, were excluded because of the
need for stoma care. Patients who were not admitted to
colorectal surgical ward because of administrative reason,
who required synchronous second major procedure during
the operation, who were anticipated to require intensive
care unit (ICU) or high dependency unit (HDU) admission
after the operation were also excluded from care with ERP.

All patients in both groups had colonic or recto-sigmoid
junction cancer and underwent laparoscopic colectomy with
a standardized medial-to-lateral approach. Detailed descrip-
tion of the operative procedure had been presented in the
authors’ previous publication [26]. Patient controlled
anesthesia (PCA) was used for both groups of patients. To
allow for fair comparison between two groups, the same
exclusion criteria in the ERP was applied to the control

Table 1 Summary of clinical pathway for enhanced recovery program

Day 1 Assess for complication

Resume fluid ± solid diet

Remove urinary catheter

Chest physiotherapy

Assisted ambulation

Educate pain management and wound care

Day 2 Assess for complication

Progress to solid diet

Ensure good pain control

Walking exercise

Discuss with patient and family about discharge plan

Day 3 Assess for complication

Plan to discharge

Arrange community nursing service if indicated

Educate patient/family on diet, wound care and pain
management at home

Day 4 Full ambulation

Discharge from hospital
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group, i.e. patients who met the exclusion criteria set for
ERP during January 2005 to November 2006 were
excluded from the control group. Data of patients’
demographics and pathology, operative details, complica-
tions and post-operative outcomes were collected prospec-
tively. We defined high operative risk as patients who had
an American Society of Anesthesiologist (ASA) score 3 or
higher and advanced cancer stage as patients who had stage
3 or 4 cancer. Prolonged post-operative ileus was defined as
absence of bowel movement and inability to tolerate diet
for more than 5 days without evidence of intra-abdominal
infection. Re-admission was defined as any unplanned
admission into any hospital within 30 days after discharge.
To ensure accurate report of re-admission rate, a retrospec-
tive review was made through an electronic clinical
management system, which contained admission records
of patients in all public hospitals in Hong Kong.

Statistical analysis was performed with Statistical Pack-
age for Social Sciences (SPSS 11.0, SPSS Inc., Chicago,
IL, USA). Categorical variables were compared by Chi
square test or Fisher’s exact test as appropriate. Patient’s
age, operating time and blood loss were presented as mean
with standard deviation and were compared by Student’s t
test. Hospital stay and time for resumption of gastrointes-
tinal function were presented as median with range and
were compared by Mann Whitney U test. A p value <0.05
was regarded as statistically significant. All analyses
between groups were based on principle of intention to
treat.

Results

Patient demographics and operation details

After exclusion, there were 96 patients in the ERP group
and 84 patients in the control group. The number of patients
excluded in each group and the reasons for exclusion were
shown in Table 2. Eight patients in the ERP group and three
patients in the control group were admitted to the HDU or

ICU admission after the operation. As a result, the eight
patients in the ERP group did not have post-operative care
with ERP. Under the principle of intention to treat, patients
who had unexpected HDU or ICU admissions were still
included for analysis and comparison in both groups. The
age of patients were similar in both groups (69.6±13 versus
71.4±10 in ERP and control groups respectively; p=0.30).
There were also no statistical difference in all other patient
characteristics including gender, co-morbidities, ASA
score, stage of cancer, and incidence of previous abdominal
surgery (Table 3). The types of procedures performed were
similar during the two periods (p=0.09) and were summa-
rized in Fig. 1. Between the ERP and control groups, there
were no difference in operating time (171.1±50 versus
160.5 ±41 min; p=0.12), operative blood loss [100 (range:
50–150) versus 80 (range: 50–100) ml; p=0.91] and open
conversion rate (6.3% versus 8.3% respectively; p=0.59).

Complications

There was no operative mortality in both groups of patients.
Intra-operative complications occurred in four patients in the
ERP group (two arrhythmia, bowel perforation, pre-sacral
vein bleeding) and three patients in the control group (pre-
sacral vein bleeding, iliac artery injury, bowel perforation).
Post-operative complications occurred in 12.5% and 10.7% of
patients in the ERP and control groups respectively (p=0.71).
Cardiopulmonary complications and wound infection
accounted for majority of the complications in both groups.
There was no difference in the incidence of any type of post-
operative complications between the two groups and the
details are listed in Table 4.

Recovery and re-admission

Recovery of gastrointestinal function in patients was
assessed by the resumption of diet, passage of flatus and
the incidence of prolonged ileus. In the ERP and control
groups, the post-operative day of normal diet resumption

Table 2 Exclusion for enhanced recovery program and for comparison
in control group

Number of patients

ERP Control

Synchronous second major resection 5 2

Anticipated ICU/HDU admission 8 2

Not admitted to colorectal surgery ward 9 N.A.

Case manager not available 3 N.A.

ERP enhanced recovery program, ICU intensive care unit, HDU high
dependency unit, N.A. not applicable

Table 3 Patient characteristics

ERP (n=96) Control (n=84) p value

Age 72 (31–94) 72 (46–92) 0.30

Sex (male/female) 51/45 50/34 0.39

Chronic pulmonary disease 9 (9.4%) 7 (8.3%) 0.81

Chronic heart disease 17 (17.7%) 15 (17.6%) 0.98

Previous stroke 7 (7.3%) 4 (4.8%) 0.546

Diabetes mellitus 15 (15.6%) 18 (21.4%) 0.32

High anesthetic risk 13 (15.6%) 16 (19%) 0.2

Previous abdominal surgery 21 (21.9%) 14 (16.7%) 0.378

Advanced cancer stage 42 (43.8%) 41 (48.8%) 0.50
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diet was 1 (range: 1–3) versus 1 (range: 1–6) respectively
(p=0.96) and the post-operative day of passing flatus was 2
(range: 1–4) versus 2 (range: 1–5) respectively (p=0.03).
No patient in the ERP group and five (6%) patients in the
control group had prolong ileus after operation (p=0.02).
The median hospital stay after operation, however, had no
difference in both groups [4 (2–23) days in ERP group
versus 4 (2–34) days in control group; p=0.4)]. Five
patients in the ERP group and six patients in the control
group had re-admission and the re-admission rate were
similar in both groups (5% and 7% respectively; p=0.59).
Wound infection was the commonest reason for re-
admission and the reasons of re-admission were summa-
rized in Table 5.

Factors affecting hospital stay of patients with laparo-
scopic colectomy were analyzed. While the median hospital
stay for all patients in the study was 4 days, we arbitrarily
defined hospital stay of 5 days or more as late discharge,
which happened in 74 (40%) patients. Factors significantly
associated with late discharge included age (p<0.01),
advanced cancer stage (p=0.04), operative blood loss (p=
0.04), open conversion (p=0.01), post-operation HDU/ICU
admission (p<0.01), prolong ileus (p<0.01) and presence
of complication (p<0.01). Among these factors, multivariate
analysis with logistic regression found that age (p<0.01;
95% confidence interval, 1.03–1.12), advanced cancer
stage (p=0.01; 95% confidence interval, 0.17–0.82) and

presence of complication (p=0.01; 95% confidence inter-
val, 0.05–0.52) were independent factors associated with
late discharge.

Discussion

ERP has been proven to improve short-term outcomes after
operation. In colorectal surgery, ERP was shown to have
the benefits of early recovery of gastrointestinal function,
reduced morbidities, reduced hospital stay and did not
increase re-admission rate when applied for patients with
open colectomy [9–12, 19]. Only a few studies have
reported on implementation of ERP in laparoscopic
colectomy and the authors believe that investigation into
this subject is important. In laparoscopic colectomy, it is
unclear that if ERP can hasten patient recovery further or
actually add no further benefit to patients who already have
prompt recovery. This information would be valuable in
defining the role of ERP in current practice of colorectal
surgery.

The present study investigated the impact of ERP on
laparoscopic colectomy for colonic cancer. We included
only cancer patients because they have a special need for
nutritional and psychological care during peri-operative
period when compared to patient with benign diseases and
majority of our elective surgery is for colorectal cancer. An
ERP was started in the authors’ center since December
2006 and 80% of patients were suitable for ERP during the
study period. The main reason for excluding patients who
were anticipated HDU or ICU admission after the operation
and patients not admitted to the primary ward of colorectal
surgery because of administrative consideration (Table 2).
The implementation of ERP was successful with no
increase in complication or re-admission rate when com-
pared to the control group.

Fig. 1 Types of laparoscopic colectomy in two groups of patients

Table 4 Post-operative complications

ERP (n=96) Control (n=84) p value

Cardiac 4 (4.1%) Nil 0.12

Pulmonary 4 (4.1%) 3 (3.6%) 1.00

Intra-abdominal collection 1 (1%) 1 (1.2%) 1.00

Anastomotic leakage Nil 2 (2.4%) 0.22

Deep vein thrombosis 1 (1%) Nil 1.0

Wound infection 2 (2.1%) 5 (6%) 0.18

Table 5 Reasons for re-admission of patients

Enhanced recovery program group (n=5)

1. Abdominal pain

2. Wound infection

3. PR bleeding

4. Abdominal distension

5. Ureteric colic

Control group (n=6)

1. Fever

2. Rectal bleeding

3. Lower limb swelling

4. Wound infection

5. Groin abscess after catheter insertion

6. Wound infection
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A remarkable improvement of gastrointestinal function
after operation was observed in ERP group. While the post-
operative day of tolerating diet was the same in both ERP
and control groups, patients in the former group passed
flatus significantly earlier [2 (range: 1–4) versus 2 (range:
1–5) respectively; p=0.03)]. Passage of flatus is unlikely to
be altered by any external factor and it should be a more
objective parameter to herald resumption of gastrointestinal
function when compared with time to toleration of diet after
operation. The incidence of prolonged ileus in the FT
surgery group was also significantly lower than the control
group (0 versus 6% respectively; p=0.02). Except for
implementation of ERP, there was no other difference in
peri-operative patient management of two groups of
patients. All operations in the study were performed by
same operative approach (medial-to-lateral mobilization)
and the procedures were done mostly by fellows in
colorectal surgery under supervision of the senior author.
The operating time, blood loss and complication rate did
not show any difference in both groups. Post-operative
ileus is common after open abdominal surgery and the
benefit of laparoscopic colectomy over open surgery is
partly attributed by reduction of the duration of ileus.
However, most studies on laparoscopic or ERP for
colectomy in the past did not report post-operative ileus
and its actual incidence in current practice was unclear. The
reduction of prolonged ileus in the ERP group could be a
result of enforced rehabilitation by effort of our nursing
staff and physiotherapists in such a multi-modal care
program. Through motility study using Indium scintigra-
phy, Basse et al. [27] demonstrated early normalization of
gastrointestinal function when comprehensive ERP was
applied to patients with colonic resection.

Only three published reports [23–25] had compared
outcomes of laparoscopic colectomy with and without ERP
and they all reported reduction in hospital stay with the
implementation of ERP. Ishiguro et al. [24] reported more
patients discharged within 8 days after laparoscopic
colectomy by the implementation of clinical pathway, Raue
et al. [25] and Al Chalabi et al. [23] reported that ERP
resulted in reducing hospital stay from about 8 to 5 days
among their patients. In the present study, there was no
difference in length of hospital stay between the ERP and
control groups (medial hospital stay=4 days in both
groups), despite a better gastrointestinal function in the
ERP group. Multivariate analysis found that hospital stay
was influenced by patient factors including age, cancer
stage and presence of complication in the present study. In
the ERP of the present study, patients were targeted to be
discharged on days 2–3 after operation and hence, pre-
determined a hospital stay of about 4 days despite good
recovery. As suggested by Maessen et al. [28] from the
Enhanced Recovery After Surgery (ERAS) Group, the

length of stay may be related to organization of care and
not totally related to period of recovery. In view of the
fact that patients managed with ERP in the study had
better post-operative bowel function and no increase in
complication or re-admission rate for patients, the
structure of our ERP can be reviewed to target for
earlier patient discharge on days 1– 2 after operation and
improve the patient outcomes further. Most of previous
studies in laparoscopic colectomy adopted traditional care
pathway and reported hospital stay of 5 to 9 days [29],
which was longer than what multi-modal rehabilitation
program could achieve in open colectomy [30]. Two
randomized control trials (RCT) [12, 19] had compared
application of ERP in open and laparoscopic colectomy
and they showed that the overall short-term outcomes of
laparoscopic surgery with ERP were better or equal to
open colectomy. However, a systematic review by Vlug et
al. [31] in 2008 reported that due to the lack of data, no robust
conclusion can bemade on comparison of laparoscopic versus
open surgery within application of ERP. The present study
provided further evidence that the benefit of structured multi-
modal rehabilitation program is also suitable for laparoscopic
colectomy. Management of patients with enforced post-
operative mobilization, pre-set time for resumption of
nutrition and discharge according to pre-defined criteria was
not associated with increase in patient morbidity, mortality or
re-admission rate.

The ERP adopted in the present study is rather simple: it
emphasized patient education, avoidance of tubes and
drains, early resumption of nutrition and enforced rehabil-
itation through a structured post-operative care pathway.
The design of this multi-disciplinary approach care system
had made reference to the previous reports of successful
experience in ERP [8, 12, 16, 18, 21] and taken into
account of the feasibility of co-operation by the paramedics
as well as the patient acceptance in the light of our local
culture. The present study did not employ epidural
anesthesia which was an important element in many
multi-modal rehabilitation programs [11–13, 19]. Apart
from better pain control and reduction of ileus, epidural
anesthesia was shown to attenuate the endocrine-metabolic
response through afferent neural blockade and to accelerate
patient recovery through reduction of stress response [16].
Most of the evidence for benefit of epidural anesthesia is,
however, from experience in open surgery [30, 32–34]. In
the practice of minimally invasive surgery, there is evidence
to suggest that epidural anesthesia may not be necessary
[30]. Two randomized controlled trials [35, 36] had
compared results of PCA versus epidural anesthesia for
laparoscopic colectomy. Neudecker et al. [35] reported that
epidural anesthesia did not improve post-operative ileus and
Senagore et al. [36] reported that epidural anesthesia
provided better pain control but no reduction in hospital
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stay. Hence, most recent studies on use of ERP for
laparoscopic colectomy did not routinely use epidural
anesthesia [23, 37]. The role of epidural anesthesia for
laparoscopic abdominal surgery shall be an important area
for further evaluation.

Major limitation of this study is that it compared patients
in two different periods and was not a randomized
controlled study. The better gastrointestinal function in the
ERP group could theoretically be the results of better
operative skill among surgeons and improvement in the
surgical techniques. However, most of the laparoscopic
colectomies in the two groups were done by different
fellows in the unit. Moreover, there was no difference in
operating time, blood loss or complication rate between the
control and the ERP groups to suggest that the quality of
operation was better in the ERP group. No result from
randomized controlled trial to compare laparoscopic colec-
tomy with and without ERP has been reported so far. The
study protocol of a double blinded multi-center randomized
controlled study for laparoscopic and open colectomy with
or without fast track surgery in the Netherlands was
reported [38]. The result of this study will provide stronger
evidence on the value of ERP in laparoscopic colectomy.

Conclusions

In laparoscopic colectomy, application of ERP was associated
with significant improvement in gastrointestinal function
including earlier passage of flatus and reduction of prolonged
ileus after operation but no difference in complication rate,
hospital stay and re-admission rate. ERP could be an effective
strategy to optimize the outcomes of laparoscopic colectomy
and further investigation is warranted.
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Creative Commons Attribution Noncommercial License which permits
any noncommercial use, distribution, and reproduction in any medium,
provided the original author(s) and source are credited.
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