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Abstract
Background Patient-controlled
epidural
analgesia
(PCEA) has not been widely used after gastrectomy,
although, in other abdominal surgery, it benefits patients
more than patient-controlled intravenous analgesia (PCIA).
We attempted to determine the effect of PCEA compared
with PCIA on postoperative pain control and recovery after
gastrectomy for gastric cancer.
Methods A randomized controlled clinical trial that
included patients undergoing D2 radical gastrectomy for
gastric cancer was conducted for this study. Patients were
randomized to a morphine–bupivacaine PCEA group and a
morphine PCIA group. Postoperative outcomes such as
pain, fasting blood glucose (FBG), time to first passage of
flatus, complications, and time staying in hospital after
surgery were compared with an intention-to-treat analysis.
Results Between March 2010 and October 2010, 67
patients were randomized and 60 were evaluated. The
PCEA group showed lower pain scores both at rest and on
coughing after the operation (P \ 0.05). FBG after the
operation was significantly lower in the PCEA group than
that in the PCIA group (P \ 0.05). Time to first passage of
flatus after surgery was shorter in the PCEA group
(P \ 0.05), while there were no significant differences
regarding the incidence of complications between the two
groups in terms of the clinical records. The length of
hospital stay in the PCEA group was 10.7 ± 1.7 days,
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which was significantly shorter than that in the PCIA group
(11.9 ± 1.8 days, P \ 0.05).
Conclusions After gastrectomy for gastric cancer, PCEA,
compared with PCIA, offered safer pain relief with superior pain control and resulted in a lower stress response and
a quicker return of bowel activity.
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Introduction
Gastric cancer is one of the most common malignant
tumors of the digestive system in China [1] and surgery
with distal gastrectomy or total gastrectomy is the most
effective but invasive treatment for this cancer. Although
the surgical techniques have been greatly improved, the
recovery from such invasive operations remains a prominent clinical problem. Poor pain control, metabolic and
endocrine responses to stress [2], delayed return of bowel
function [3], and other complications caused by the surgery
can all lead to delays in postoperative recovery, resulting in
long stays in hospital and increased costs.
Both patient-controlled epidural analgesia (PCEA) and
patient-controlled intravenous analgesia (PCIA) provide
effective postoperative analgesia and both have been
widely used in the past few decades. Some researchers
have pointed out that PCEA showed more advantages in
postoperative analgesia and could relieve pain both at rest
and on coughing more effective than PCIA after some
gynecological and thoracic operations [4, 5]. Besides,
PCEA can attenuate postoperative stress, and offer a rapid
return of bowel activity after operations [6]. All these
advantages may help to accelerate recovery after an operation and shorten the length of stay in hospital.
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The routine use of PCEA after operations for gastric
cancer has not been universally incorporated into clinical
practice, even though there has been evidence that it benefited patients after some other abdominal surgeries. That
PCEA is not routinely used after gastric cancer surgery is
likely due to the lack of published data on the use of perioperative regional anesthesia and analgesia in this type of
surgery. We are currently unaware of any published prospective randomized trials comparing PCEA and PCIA in
patients who have undergone radical resection for gastric
cancer. The role of PCEA (using a combination of a local
anesthetic and an opioid) on postoperative recovery
parameters such as pain, nausea, vomiting, return of bowel
function, and length of hospital stay has not been determined. Therefore, we performed a prospective randomized
study in patients undergoing gastrectomy for gastric cancer, comparing bupivacaine–morphine PCEA and morphine PCIA in terms of postoperative pain relief, fasting
blood sugar levels, first time to flatus, complications, and
length of hospital stay after the surgery, and we also
evaluated the use of PCEA in these patients.

Patients, materials, and methods
The study was carried out in accordance with the Helsinki
Declaration and the guidelines published by the CONSORT
group; prior approval of the research project was granted by
the ethics committees of the Second Military Medical
University and Changzheng Hospital, Shanghai, China.
Before participation, patients received information about
the study, including details of the treatment procedure, and
gave their written consent. Patients undergoing D2 radical
gastrectomy for gastric cancer were eligible for inclusion,
and were randomly assigned to either the PCEA or PCIA
group. A D2 radical gastrectomy was defined as gastrectomy with systematic dissection of lymph nodes in the
second tier [7] and with clear histological margins. Patients
in the PCEA group received PCEA, while patients in the
PCIA group received PCIA. Exclusion criteria included age
younger than 20 years or older than 75, diabetes mellitus or
impaired glucose tolerance, medication that could potentially affect the outcome (such as pain control, fasting blood
glucose, return of bowel activity and others), insulin sensitivity, urinary system disease, having received preoperative therapy, having symptoms of obstruction, allergy to
amide local anesthetics or opioids, coexisting diseases that
could affect the reliability of clinical assessments, known or
suspected drug abuse, and pregnancy.
In both groups of patients, a gastric tube and a urinary
drainage tube were inserted before surgery. Patients in the
PCEA group had one catheter inserted at the T8–9 level
before the induction of general anesthesia. In these
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patients, postoperative analgesia was provided by the epidural infusion of 0.05 % bupivacaine and 100 lg/mL
morphine at the basal rate of 4 mL/h for 48 h, supplemented by rescue boluses of 4 mL, with a 30-min lock-out
period, using an electronic patient-controlled analgesia
(PCA) pump. Each participant in the PCIA group received
intravenous morphine at a continuous basal rate of 1 mg/h,
with morphine rescue boluses of 1 mg every 10 min if
needed, controlled with a PCA pump. If a patient complained of inadequate pain relief, pethidine was used as a
supplemental drug for breakthrough pain in both groups.
The gastric tube was removed after the passage of flatus
without nausea, vomiting, or other symptoms of obstruction. The urinary drainage tube was removed 72 h after the
operation. Urinary retention was defined as the need for
catheterization. Patients receiving catheterization included
those who had not voided for 6 h after the removal of the
urinary drainage tube, plus those who had one of the following characteristics: (a) patients who had an urge to void
but could not void and (b) patients whose bladder ultrasound showed that the bladder volume was more than
600 mL [8]. The intensity of postoperative pain was
evaluated using a visual analog scale (VAS) at rest and on
coughing on days 1–4 after the operation, as described
previously [9]. Briefly, pain was measured by a 10-point
VAS and graded from 0 cm (no pain) to 10 cm (worst pain
imaginable). The patients were told to indicate how they
felt at rest and on coughing by placing a mark perpendicular to the line. Fasting blood glucose (FBG) was tested in
the morning 1 day before the operation (day -1), on day 1,
and on day 4 after the operation. Time to first passage of
flatus after the surgery (days) and length of hospital stay
were recorded. Complications after the operation were
recorded. Predetermined discharge criteria were used to
measure the length of hospital stay after the operation. The
criteria were defined as eating a normal diet, tolerating
clear fluids for 24 h, no complaints of pain, no evidence of
complications for 24 h, and consent from the patient.
In this clinical trial, postoperative pain at rest on day 1
was determined as the primary outcome. Based on retrospective data from our institution in a similar surgical
population, the VAS scores at rest on day 1 after surgery
were 2.8 ± 1.4 and 3.9 ± 1.5 in the PCEA group and the
PCIA group, respectively. A type I a error of 0.05 and a
type II b error of 0.20 indicated that a sample size of 29
patients per group would be necessary to show a difference.
To compensate for potential exclusions or withdrawals, we
recruited 30 patients in each group.
Statistical analysis was performed using SPSS version
11.5 for Windows (SPSS, Chicago, IL, USA). All data are
presented as means ± standard deviations, unless otherwise
indicated. Demographic data and the number of patients with
complications were analyzed using the v2 test. VAS scores,
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Assessed for eligibility n=118

Enrolment

Fig. 1 CONSORT diagram for
the trial. PCEA patientcontrolled epidural analgesia,
PCIA patient-controlled
intravenous analgesia
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Excluded n=51
Refused to participate n=18
Did not meet inclusion criteria n=33

Analysed

Follow-up

Allocation

Randomized n=67

Allocated to PCEA group n=34

Exclude owing to failure to conduct a D2

radical resection during surgery n=4

Allocated to PCIA group n=33

Exclude owing to failure to conduct a D2
radical resection during surgery n=3

Analysed n=30

FBG, time to first flatus passage, and the length of hospital
stay were analyzed using Student’s t-test. A P value of\0.05
was considered to be statistically significant.

Analysed n=30

Table 1 Demographic and clinical data
Factor

PCEA group
(n = 30)

PCIA group
(n = 30)

Male

17

15

Female

13

15

61.1 ± 12.6

59.6 ± 13.0

Sex

Results
From March 2010 to October 2010, 118 patients undergoing gastric resection for gastric cancer were eligible and
67 patients were included for randomization. Of these 67
patients, 7 did not complete the study because metastasis
was discovered at operation and therefore a D2 radical
gastric resection for gastric cancer could not be conducted.
Thirty patients in each group remained for analysis
(Fig. 1). Table 1 shows the clinical features of the 60
patients in the two groups. There were no significant differences in the sex distribution, age, operation and route of
reconstruction, or pathological TNM stage between the
PCEA group and the PCIA group.
There was a significant difference in the VAS pain
scores during analgesia after the operation, as shown in
Figs. 2 and 3. Patients treated with PCEA experienced less
pain than the PCIA group. The mean VAS pain scores on
day 1 and day 2 were 2.9 and 2.3, respectively, in the
PCEA group, while the scores in the PCIA group were 3.8
and 3.3, respectively (Fig. 2). In the first 2 days, the VAS
scores on coughing were 5.0 and 4.3 in the PCEA group,
and 5.9 and 5.4 in the PCIA group (Fig. 3). On day 3 and
day 4, after the removal of the PCA pump, the pain scores
at rest and on coughing were not significantly different
between the two groups, as shown in Figs. 2 and 3.
As shown in Fig. 4, all patients in both groups had normal
FBG levels before the operation and there were no significant

Age (years)

Operation and route of reconstruction
Distal gastrectomy
(Billroth I)

11

14

Distal gastrectomy
(Billroth II)

15

13

Total gastrectomy

4

3

149.43 ± 21.0

153.47 ± 22.56

I ? II

11

9

III

19

21

IV

0

0

Duration of operation (min)
Pathological TNM stage

Values are expressed as means ± SD or number. There was no statistically significant difference between the two groups
PCEA patient-controlled epidural analgesia, PCIA patient-controlled
intravenous analgesia

differences between the two groups. On day 1 after the
operation, FBG levels in the PCEA group and the PCIA
group rose to 4.97 and 5.83 mmol/L, respectively, and in the
PCIA group the FBG level was significantly higher than that
in the PCEA group (P \ 0.05). On day 4 after the operation,
the FBG levels in both groups fell and no significant difference could be found between the two groups.
Time to first passage of flatus after surgery in the PCEA
group was 3.1 ± 1.1 days, and in the PCIA group it was
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8.00

*
6.00

Pain scores

Fig. 2 Visual analog scale
(VAS) pain scores at rest on
days 1–4 after the operation. On
day 1 and day 2 after the
operation, there was a
significant difference between
the PCEA group and the PCIA
group (*P \ 0.05, P \ 0.01).
No significant difference was
seen on day 3 or day 4. Boxes
represent 25th, 50th, and 75th
percentiles, and whiskers the
0–100th percentiles
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†

4.00

2.00

0.00
PCEA Day 1

8.00

PCEA Day 2

PCIA Day 2

PCEA Day 3

PCIA Day 3

PCEA Day 4

PCIA Day 4

PCIA Day 2

PCEA Day 3

PCIA Day 3

PCEA Day 4

PCIA Day 4

*

10.00

Pain score

Fig. 3 VAS pain scores on
coughing on days 1–4 after the
operation. On day 1 and day 2
after the operation, there was a
significant difference between
the PCEA group and the PCIA
group (*P \ 0.05). No
significant difference was seen
on day 3 or day 4. Boxes
represent 25th, 50th, and 75th
percentiles, and whiskers the
0–100th percentiles

PCIA Day 1

*

6.00

4.00

2.00

0.00

PCEA Day 1

3.9 ± 1.2 days. There was a significant difference between
the two groups (P \ 0.05, Fig. 5).
There was no surgically related death in either group.
Urinary system complications were the most common side
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PCIA Day 1

PCEA Day 2

effect we saw in the PCEA group. Urinary retention occurred
in 4 patients in the PCEA group (13.3 %) and in 1 patient in
the PCIA group (3.3 %), and urinary tract infection occurred
in 4 patients in the PCEA group (13.3 %) and in 1 patient in
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Table 2 Postoperative complications

12.00
GROUP

Factor

PCEA group
(n = 30)

PCIA group
(n = 30)

P value

Urinary retention

4 (13.3 %)

1 (3.3 %)

0.161

PCEA
PCIA

10.00

FBG (mmol/L)

*
8.00
72

Urinary tract infection

2 (6.7 %)

0 (0 %)

0.15

Pulmonary infection

1 (3.3 %)

2 (6.7 %)

0.554

Surgical site infections

2 (6.7 %)

0 (0 %)

0.15

Anastomotic leakage

0 (0 %)

2 (6.7 %)

0.15

There was no statistically significant difference in the incidence of
complications after surgery between the two groups

6.00

PCEA patient-controlled epidural analgesia, PCIA patient-controlled
intravenous analgesia
4.00

16

*

2.00

D1

14

D4

DAY

Fig. 4 Fasting blood sugar (FBG) on day -1, day 1, and day 4 after
the operation. All patients had normal FBG levels before the
operation. On day 1 after the operation FBG in the PCEA group
was significantly lower than that in the PCIA group (*P \ 0.05),
while on day 4 after the operation there was no significant difference
between the two groups. Boxes represent 25th, 50th, and 75th
percentiles, and whiskers the 0–100th percentiles

Days stay in hospital

D-1

12

10

8
group

1.0

PCEA

PCIA

PCEA

Fig. 6 Days hospital stay after the operation in the PCEA group and
the PCIA group. Compared with the PCIA group, the hospital stay in
patients in the PCEA group was significantly shorter (*P \ 0.05).
Boxes represent 25th, 50th, and 75th percentiles, and whiskers the
0–100th percentiles

PCIA

Fraction without flatus

0.8

0.6

0.4

0.2

0.0
2

3

4

5

6

7

Time to first flatus passage (day)

none of the patients in the PCIA group. Anastomotic leakage
was observed in 2 patients in the PCIA group and none of the
patients in the PCEA group. Postoperative complications
and their incidences are listed in Table 2. There was no
significant difference in the incidence of complications
between the two groups.
The time to meet the predetermined discharge criteria
was 10.7 days in the PCEA group and 11.9 days in the
PCIA group. The time in the PCEA group was significantly
shorter than that in the PCIA group (P \ 0.05, Fig. 6).

Fig. 5 Survival plots of times to first flatus. Time was significantly
lower in the PCEA group (P \ 0.05, Kaplan–Meier survival analysis)

Discussion
the PCIA group (3.3 %). There was no significant difference
between the two groups according to the v2 test (P [ 0.05).
Pulmonary infection was observed in 1 patient in the PCEA
group and 2 patients in the PCIA group. Surgical site infections were observed in 2 patients in the PCEA group and in

This randomized clinical trial showed the effect of PCA
with epidural bupivacaine–morphine compared with the
effect of PCA with intravenous morphine in patients
undergoing D2 radical gastrectomy for gastric cancer. The
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PCEA group, with thoracic epidural anesthesia using
bupivacaine and morphine, had superior pain control both
at rest and on coughing compared with the PCIA group,
who received intravenous morphine. The patients in the
PCEA group had better FBG control, which meant these
patients experienced less postoperative stress compared
with those in the PCIA group. The recovery of gastrointestinal activity was faster and the length of hospital stay
was shorter in the PCEA group compared with these
parameters in the PCIA group. Of note, we did not see any
difference in the incidence of operation-related complications between the two groups.
The application of opioids by epidural analgesia delivers
the drug close enough to the spinal cord so that the opioids
can inhibit pain transmission from afferent nerves to the
central nervous system through interaction with pre- and
postsynaptic opioid receptors in the dorsal horn [10, 11].
Many doctors assume that when the same amount of an
opioid is used, epidural application of PCA should achieve
more effective analgesia than systemic administration. In
the present study, though PCA with both epidural bupivacaine–morphine and intravenous morphine provided good
analgesia after gastrectomy for gastric cancer, in the first
2 days after the operation we saw lower VAS scores, both
at rest and on coughing, in the PCEA group. These results
were similar to the results of other prospective randomized
controlled studies in different patient populations [4, 6].
Based on previously published literature, epidural analgesia using a local anesthetic combined with an opioid was
not only superior in relieving pain at rest and on coughing,
but also led to a higher rating of well-being or satisfaction
after operation than intravenous opioid analgesia in a wide
range of patient populations [5, 12].
Gastrointestinal motility is increased by parasympathetic stimulation. Surgical trauma activates noncholinergic, nonadrenergic spinal reflex mechanisms that block
excitatory vagal efferents via bulbar-mediated reflexes
[13]. Because of the blocking of this inhibitory reflex when
patients use local analgesia with PCEA [14], the combination of an epidural opioid plus bupivacaine may help the
recovery of gastrointestinal motility and reduce postoperative ileus [15, 16]. A large retrospective study of 726
Chinese patients after cesarean section showed that the
time to first flatus passage in women with epidural PCA
was 1.33 days, while the time in women who used intravenous PCA was 1.51 days, which means a quicker
recovery of gastrointestinal motility with PCEA [17].
However, that study did not include operations with gastrointestinal excision or anastomosis, and these factors may
affect gastrointestinal motility more seriously. The use of
opioids has a potential disadvantage because of their
adverse effect on gastrointestinal function. Epidural analgesia with bupivacaine, via a low thoracic catheter, inhibits
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sympathetic outflow from the T5–L2 levels while sparing
sacral parasympathetic stimulation. This method of analgesia may increase gastrointestinal motility after an operation and therefore lead to less ileus [18]. Bradshaw et al.
[19] demonstrated that standardized perioperative care
protocols, including epidural analgesia with bupivacaine
or/and morphine, in patients undergoing colon surgery led
to a faster return of bowel activity and reduced length of
stay in hospital. In our present study, the first time of flatus
after gastrectomy for gastric cancer in the patients who
used PCEA (with bupivacaine and morphine) was 3.1 days,
which was shorter than the time in the patients who used
PCIA (with morphine), and there was no significant difference between the two groups in the complications of
gastrointestinal obstruction after the operation.
Surgical injury provokes a stress response that leads to a
high catabolic state with hyperglycemia and increased
oxidation of body protein [20], which is characterized by a
state of insulin resistance [21] and can interfere with the
postoperative recovery process [22, 23]. In recent years,
some perioperative protocols, including preoperative oral
carbohydrate [24], epidural analgesia, early nasogastric tube
removal, and early feeding with a low-fat liquid diet, have all
aimed at suppressing perioperative stress to achieve a faster
recovery from surgery and a quicker hospital discharge of
patients [19]. Epidural blockade with local anesthetics can
facilitate glucose utilization [25] and lessen the loss of body
proteins [26]. Yardeni et al. [27], in their randomized controlled trial comparing postoperative pain management
techniques, reported an attenuated postoperative increase in
serum cortisol and prolactin levels in their PCEA group,
which meant that there was diminished activation of the
hypothalamic–pituitary–adrenal axis response and a smaller
surgery-associated neuroendocrine stress response in the
PCEA group. In our study, a lower FBG level was found in
patients with PCEA on the first day after gastrectomy for
gastric cancer. This meant that there was a smaller stress
response in the PCEA group, and this could have contributed
to their faster recovery from surgery.
Urine retention is the most common complication with
epidural analgesia after surgery. Weiniger et al. [28]
reported that 83 % of women with lumbar epidural analgesia for labor required bladder catheterization. Capdevila
et al. [29] reported that 53 % of patients with lumbar
patient-controlled epidural anesthesia after reconstructive
knee surgery had urinary retention in the early postoperative period. In a review of 7357 patients with epidural
analgesia in 83 study groups from 1980 to 1999 reported by
Dolin et al. [30], 21.5–38.1 % of patients experienced
urinary retention. However, the incidence of urinary
retention in patients with PCEA seemed to be lower in
some recent studies. In a study by Ferguson et al. [4], a
prospective randomized trial comparing PCEA with
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intravenous analgesia after major open gynecologic cancer
surgery, only about 10 % of patients experienced urinary
retention. Their results were similar to ours. Ladak et al. [8]
found that, in patients with thoracic patient-controlled
epidural analgesia (TPCEA) undergoing thoracotomy, the
incidence of postoperative urine retention was about 10 %,
which was also similar to the results of our study. Their
study also showed that the incidence of urine retention did
not have an association with catheter level (T3–T6 vs. T6–
T8), drug type (bupivacaine 0.1 % ? hydromorphone
0.015 mg/mL vs. ropivacaine 0.2 %), or infusion rate, nor
did the incidence of urine retention have an association
with the age, gender, or weight of the patients. An interesting trial was done by Chia et al. [23], comparing the
incidence of urine retention after thoracotomy under postoperative PCEA in patients for whom the transurethral
catheter was removed on the first postoperative day and
those for whom the catheter was removed after the discontinuation of PCEA. They found that after removal of
the bladder catheter, no patient in either group required recatheterization for urinary retention and no patient had a
catheter-related infection and they concluded that routine
continuous bladder catheterization might not necessarily be
required after thoracotomy in patients undergoing continuous thoracic epidural analgesia. In our study, we removed
the catheter 24 h after the end of the PCA, and we did not
find any difference in the incidence of urine retention
between the PCEA and the PCIA groups.
In our study, the length of stay in hospital after gastrectomy in the PCEA group was 10.7 ± 1.7 days, which
was significantly shorter than that in the PCIA group
(11.9 ± 1.8 days). Less postoperative pain, a lower stress
response, and a quicker return of bowel activity may all
have contributed to the faster recovery from surgery in the
PCEA group compared with the PCIA group.
In conclusion, our findings reveal that PCEA is safe and
effective in patients undergoing gastrectomy for gastric
cancer. PCEA results in a lower pain VAS score, a lower
stress response, a quicker return of bowel activity, and a
faster recovery than PCIA after gastrectomy for gastric
cancer.
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