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Background: Effective postoperative analgesia is essential for rehabilitation after surgery.
Many studies have compared different methods of postoperative pain management for open
abdominal surgery. However, the conclusions were inconsistent and controversial. In addition,
few studies have focused on gastric cancer (GC) resection. This study aimed to determine the
effects of patient-controlled epidural analgesia (PCEA) on postoperative pain management and
short-term recovery after GC resection compared with those of patient-controlled intravenous
analgesia (PCIA).

Methods: We analyzed retrospectively collected data on patients with non-metastatic GC
diagnosed between 2010 and 2015 who underwent resection in a university hospital. PCIA and
PCEA documented by the acute pain service team were retrospectively analyzed. A propensity
score-matched analysis that incorporated preoperative variables was used to compare the short-
term outcomes between the PCIA and PCEA groups.

Results: In total, 3,042 patients were identified for analysis. Propensity score matching resulted
in 917 patients in each group. The PCEA group exhibited lower pain scores in the recovery room
and on the first and second postoperative days (P=0.0005, P=0.0065, and P=0.0034 respectively).
The time to the first passage of flatus after surgery was shorter in the PCEA group than in the
PCIA group (P=0.032). The length of the hospital stay was 12.6+7.2 and 11.816.6 days in the
PCEA and PCIA groups, respectively. No significant differences were observed in the length
of hospital stay or the incidence of complications after surgery.

Conclusion: PCEA provided more effective postoperative pain management and a shorter time
to the first passage of flatus than PCIA after GC resection. However, it did not have an effect on
the length of hospital stay or the incidence of postoperative complications.

Keywords: gastrectomy, gastric cancer, patient-controlled analgesia, epidural analgesia, short-

term outcomes, pain treatment, analgesia-related complications

Introduction

Gastric cancer (GC) is one of the 5 most prevalent cancers in China.! Surgical treat-
ment with distal or total gastrectomy is the most effective but invasive treatment for
this cancer. Although surgical techniques have greatly improved, pain control and the
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recovery after such invasive operations remain prominent
clinical problems.

Good postoperative pain control is an important part
of adequate postoperative care.? Poor pain control leads to
a delay in postoperative recovery, resulting in a prolonged
hospital stay and increased costs. Additionally, it also com-
promises the patient’s physical and mental health.? Currently,
2 major postoperative continuous analgesic options exist as
follows: patient-controlled epidural analgesia (PCEA) and
patient-controlled intravenous analgesia (PCIA). The optimal
analgesia technique following open abdominal surgery is
still controversial. A thoracic epidural is often recommended
according to the enhanced recovery protocol of open abdomi-
nal surgery. Many investigations have demonstrated that
PCEA provides superior postoperative analgesia compared
with PCIA. Additionally, some reports have shown that
epidural postoperative analgesia could improve the outcome
and survival after major surgery.*® However, many other
studies have shown that epidural analgesia has no relevant
effect on the reduction of morbidity and mortality after major
surgery.!®!3 Nonetheless, few previously mentioned studies
have focused on the effect of PCEA in patients with GC.

Many patients are reluctant to accept epidural anesthesia
because they fear the procedure. Similarly, some surgeons
do not favor regional anesthesia because of concerns that the
total intervention time would increase. In addition, epidural
catheters are associated with rare but significant complica-
tions.'* PCEA can be recommended for patients who undergo
GC resection only when the benefit of PCEA on pain control
and postoperative recovery can be demonstrated.

The aim of this study was to compare the quality of pain
relief and short-term postoperative outcomes between PCEA
and PCIA in patients who underwent open resection of GC.

Materials and methods
After this retrospective study was approved by the institu-
tional review board of Harbin Medical University Cancer
Hospital, a systematic retrospective review of the medical
records was performed. The need for written informed con-
sents was waived because this study was part of an audit,
conformed to standards for minimal risk research, and did not
affect patient safety or clinical care. Moreover, all individual
information was securely protected by delinking identifying
information from the main data set and was available only
to investigators. All the data were analyzed anonymously.
Patients diagnosed with non-metastatic GC between
2010 and 2015 who underwent gastrectomy and received

postoperative analgesia were included. Data on these patients
were collected in our institutional computer-based documen-
tation system. The following cases were excluded: patients
undergoing laparoscopic gastrectomy; those with metastatic
disease; and patients who did not complete 3 days of patient-
controlled analgesia.

Patients in the PCEA group had 1 catheter inserted at
the T8-9 level before the induction of general anesthesia.
Intravascular or intrathecal catheter placement was excluded
using a test dose of 3 mL lidocaine (1.33%). After confirming
the correct placement of the catheter and effectively providing
analgesia, general anesthesia was induced. In these patients,
postoperative analgesia was provided by the epidural infusion
of'alocal anesthetic and opioid. The standard local anesthetic
concentrations used were 0.2% ropivacaine or 0.15% bupi-
vacaine. The standard opioid concentrations used were 2—3
pg/mL fentanyl or 0.3 pg/mL sufentanil. The background
continuous rate was 3 mL/h, and the bolus dose was 2 mL
with a 15-minute lockout time. Each patient in the PCIA
group received intravenous opioids at a continuous basal
rate of 3 mL/h (sufentanil 0.5 pg/mL or hydromorphone 0.02
mg/mL), with rescue boluses of 3 mL every 10 minutes if
needed. The first evaluation after surgery was performed in
the post-anesthesia care unit (PACU), and the efficacy of the
analgesia regimen was documented.

During the following postoperative days, the acute pain
service recorded the intensity of postoperative pain using
a visual analog scale (VAS). Pain was graded from 0 cm
(no pain) to 10 cm (worst pain imaginable). The following
side effects were evaluated by the acute pain service at least
once a day: incidence of hypotension (systolic blood pres-
sure <90 mmHg); excessive sedation; nausea or vomiting;
and delirium.

The time to the first passage of flatus after the surgery
(days), length of hospital stay, and complications after the
operation were collected in the electronic database and
analyzed.

Patients who received PCEA were matched to those who
received PCIA on a 1:1 ratio using propensity score matching.
This matching was used to obtain groups of patients cor-
responding to the 2 analgesic modalities that were balanced
with regard to potential confounding baseline variables.
Propensity scores were calculated using a nonparsimonious
multivariable logistic regression model in which the mode of
analgesia was used as a dependent variable. The independent
variables were the following 5 confounding variables for
acute pain after GC resection: (1) age, (2) gender, (3) inva-
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siveness (type of surgical procedure), (4) the identity of the
surgeon, and (5) the duration of the surgical procedure. The
sets of matched patients were compared with regard to the
following 3 primary outcomes: (1) the VAS scores on the day
of surgery and the first, second, and third days after surgery;
(2) the time to the first passage of flatus after surgery; and
(3) the length of hospital stay.

Statistical analysis was performed using SPSS version
22.0 for Windows (IBM Corp., Armonk, NY, USA) and
STATA (Version 13; StataCorp LLC, College Station, TX,
USA). Nominal scale variables were described using frequen-
cies and analyzed using the chi-squared test. Fisher’s exact
test was used for small sample sizes (expected frequencies
<5). Quantitative data are presented as mean + SD or medians
(inter-quartile range) according to the distribution of each.
Student’s #-test was used for comparisons when variables
were normally distributed and variances were equivalent.
Otherwise, Wilcoxon rank-sum tests were used. P-value of
<0.05 was considered statistically significant.

Results

Patient characteristics

We obtained data on 3,312 patients who underwent gastrec-
tomy for GC and were treated by the acute pain service of
the Department of Anesthesiology between 5 January 2010
and 31 January 2015. Using the exclusion criteria described,
80 patients were excluded because metastasis was discov-
ered during the operation, and 102 were excluded due to
laparoscopic gastrectomy. In the PCEA group, the epidural
catheter was removed in 88 patients within 72 hours. Of these,
epidural analgesia was discontinued in 17 and 71 patients
due to continuous hypotension and epidural malfunction,
respectively. Patients aged >65 years had an increased risk of
early epidural discontinuation (Table 1). We identified 3,042
patients for analysis, of whom 42.6% (n=1,297) and 57.4%
(n=1,745) received PCEA and PCIA, respectively (Figure 1).
Of the 3,042 records that remained, 1,834 were success-
fully matched on a 1:1 ratio based on the predetermined

Table I Comparison of early discontinued epidural analgesia

Age Age P-value
>65 <65
years years
Total epidural 370 1,015
Total discontinued 35 (9.5%) 53 (5.2%) 0.004"
Continuous hypotension 9 (2.4%) 8 (0.7%) 0.014
Epidural malfunction 27 (7.3%) 44 (4.3%) 0.027°

Note: *P<0.05.

confounding variables and baseline characteristics, with 917
patients included in each group. The patients in the matched
groups were similar with respect to both the matched charac-
teristics and other baseline characteristics (Table 2).

Efficacy of pain treatment

The postoperative pain intensity of all patients was deter-
mined using a VAS score (0—10). Analysis of the VAS scores
between the propensity-matched groups demonstrated that
patients treated with PCEA experienced less pain than those
treated with PCIA in the recovery room on the day of surgery
and days 1 and 2 after surgery. The median VAS scores on the
day of surgery and days 1 and 2 after surgery were 2.9, 3.0,
and 2.1 in the PCEA group, respectively, while the scores
in the PCIA group were 4.0, 4.0, and 3.1, respectively. No
superior analgesic effect was observed in the PCEA group
on day 3 (Figure 2).

Recovery

The time to the first passage of flatus after surgery was
3.5t1.5 and 4.3£1.5 days in the PCEA and PCIA groups,
respectively; the time in the PCEA group was significantly
shorter than the PCIA group (P<0.05, Figure 3). The length
of hospital stay was 12.6 and 11.8 days in the PCEA and
the PCIA groups, respectively. No significant difference
was found between the 2 groups with regard to the length of
hospital stay (P>0.05, Figure 4).

Analgesia-related complications

We observed a significantly higher rate of hypotension in
patients who received PCEA (21.3%) than in those who
received PCIA (17.5%). No differences were observed
between the 2 groups with respect to other side effects,
including nausea, vomiting, and excessive sedation (Table 3).

Postoperative complications

Postoperative complications and their incidences are listed
in Table 3. A cardiovascular event was defined as acute myo-
cardial infarction, angina, congestive heart failure, cardiac
shock, third-degree heart block, or major (supra) ventricular
tachyarrhythmia. Respiratory failure was defined as the need
for prolonged ventilation or reintubation. Acute kidney injury
was diagnosed by an increase in serum creatinine of >100
pmol/L or a serum creatinine level >300 pmol/L. Urinary
retention was defined as the need for catheterization after
removing the urinary drainage tube. No significant difference
was observed in the incidence of complications between the
2 groups.
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Patients diagnosed with gastric
cancer undergoing surgery n=3,312

Excluded n=182
Metastasis n=80
Laparoscopic gastrectomy

n=102
Patients who underwent open
resection of gastric cancer n=3,130
PCEA group PCIA group
n=1,385 n=1,745
Epidural catheter removed
before 72 h n=88
Analyzed n=1,297 Analyzed n=1,745
Figure | Patient identification and exclusion.
Abbreviations: PCEA, patient-controlled epidural analgesia; PCIA, patient-controlled intravenous analgesia.
Table 2 Patient characteristics after propensity score matching
Patient-controlled epidural Patient-controlled i.v. P-value

analgesia, n=917

analgesia, n=917

Gender

Male 732

Female 185
Age (years), mean = SD 57.0t11.5
BMI (kg/m?), mean £ SD 22.043.1
ASA grade

| 175

Il 639

11l 103
Surgeon (A/B/C) 405/302/210
Surgical procedures

Distal gastrectomy (Billroth I) 321

Distal gastrectomy (Billroth II) 490

Total gastrectomy 106
Duration of operation (min) 182.6141.3
Blood transfusion

No 798

Yes 119

0.682

739

178

57.8+10.9 0.892

222435 0.516
0.692

163

643

11

397/315/205 0.813
0.616

336

469

112

181.7+42.0 0.612
0.525

807

110

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; i.v., intravenous.

Discussion

Based on valid concerns, epidural analgesia is not preferred
by some patients and doctors. Epidural administration of
anesthesia and analgesia is considered a technique with a

risk of serious complications. Although the incidence of
neuraxial hematoma and abscess is <1 in 100,000 patients,
use of a thoracic epidural catheter in surgical patients car-
ries a 10- to 100-fold higher risk.!>!® So far, such serious
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Figure 2 Comparison of pain scores of the PCIA and PCEA groups during the first
3 postoperative days.

Notes: The box plots show the median (wide bars), inter-quartile range, and
extreme scores for individual variables (**P<0.01).

Abbreviations: PACU, post-anesthesia care unit; PCEA, patient-controlled
epidural analgesia; PCIA, patient-controlled intravenous analgesia.
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Figure 3 Time to first flatus passage after the operation in the PCEA and PCIA
groups (*P<0.05).

Abbreviations: PCEA, patient-controlled epidural analgesia; PCIA, patient-
controlled intravenous analgesia.
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Figure 4 Kaplan—Meier plots of hospital stay (days) after the operation.

Notes: No significant difference was observed between the 2 groups.
Abbreviations: PCEA, patient-controlled epidural analgesia; PCIA, patient-
controlled intravenous analgesia.

Table 3 Analgesia-related and postoperative complications
between the PCEA and PCIA groups

PCEA PCIA P-value

(n=1,297) (n=1,745)
Nausea and vomiting 307 (23.7%) 439 (25.2%) 0.346
Hypotension 276 (21.3%) 306 (17.5%)  0.009°
Excessive sedation 18 (1.4%) 41 (2.3%) 0.063
Delirium 263 (20.3%) 393 (22.5%) 0.137
Cardiovascular event 21 (2.1%) 27 (1.5%) 0.317
Respiratory failure 9 (0.7%) 10 (0.6%) 0.676
Pulmonary infection 48 (3.7%) 56 (3.2%) 0.460
Acute kidney injury 5(0.3%) 7 (0.4%) 0.946
Anastomotic leakage 3 (0.2%) 5 (0.3%) 0.532
Gastrointestinal obstruction 25 (1.9%) 39 (2.2%) 0.559
Surgical site infection 12 (0.9%) 9 (0.5%) 0.177
Urinary retention 78 (6.0%) 79 (4.5%) 0.067

Note: Data are shown as numbers of patients and percentages (chi-squared test).
Abbreviations: PCEA, patient-controlled epidural analgesia; PCIA, patient-
controlled intravenous analgesia.

complications have not occurred in our institution. PCEA is
a safe technique for postoperative pain control. Additionally,
in contrast to the subjective experience of many anesthetists,
failure of epidural anesthesia and analgesia is a common
clinical problem. On account of the development of technol-
ogy that has increased the primary and secondary success
rates, the failure of epidural anesthesia has decreased. Finally,
epidural catheters may be incorrectly placed, migrate after
initial correct placement due to body movement or deviate
from the midline. In this study, 71 (5%) patients did not com-
plete 3 days of analgesia because of epidural malfunction.
The incidence of malfunction was in the acceptable range.
This retrospective analysis showed that the effect of PCEA
was better than that of PCIA in patients undergoing resection
for GC. The VAS score in the PCEA group was significantly
lower than that in the PCIA one. The absolute difference was
<2 cmon a 10-cm VAS. Some investigators believe this small
statistically significant difference is not clinically relevant.!”!8
A commonly accepted minimum difference to determine the
clinical superiority is 20-30 mm on a 100-mm VAS, which
is equal to a 2-3 cm difference on a 10-cm VAS. In contrast,
a recent study Myles et al demonstrated that analgesic inter-
ventions that result in a change of 10 on a 100-mm VAS (a
change of 1 on the 10-cm scale) indicate a clinically important
improvement or deterioration.!” Pain was most severe in the
PACU and on the first day after surgery. The VAS score was
4.0 in the PCIA group, which was higher than a score of 3.3
in the PCEA group (33 for the 100-mm scale). PCIA failed
to provide a good pain control in the first stage after surgery.
The difference in the VAS score between the 2 groups in the
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PACU and on postoperative days 1 and 2 was >1 (10 on the
100-mm scale). This result demonstrated that PCEA was
superior to PCIA for postoperative pain management for
patients who underwent gastric resection.

An intimate connection exists between the recovery speed
and postoperative analgesic effect.?>?? This study showed a
faster time to recovery of bowel functioning when the epi-
dural was evaluated using the time to the first passage of fla-
tus. Gastrointestinal dysfunction after abdominal surgery may
have numerous causes, including the inflammatory response,
autonomic nervous system dysfunction, and anesthetic and
opioid administration. Owing to a decrease in sympathetic
tone, stress response, and inflammatory processes, epidurals
are associated with a faster postoperative return of gut func-
tion. The systemic absorption of local anesthetic may also
be a factor in improving gastrointestinal motility based on
its direct excitatory effect on intestinal smooth muscle.??*

Generally, sympatholytic effects of epidural analgesia that
cause vasodilation increase the incidence of postoperative
hypotension, especially for patients undergoing gastrectomy.
A total of 17 patients receiving epidurals required early dis-
continuation due to continuous hypotension. Nearly 22% of
patients developed postoperative hypotension in the PCEA
group, which is a much higher number than in the PCIA
one. The consequences of the induced hypotension and the
correct method with which to treat it are less clear. Standard
therapy for treating hypotension typically starts with fluid
loading. Excessive fluid loading to regain hemodynamic sta-
bility has largely unknown effects on splanchnic blood flow,
particularly the supply and drainage of anastomotic regions
for abdominal surgery.”® Aggressive fluid resuscitation
may lead to bowel wall edema and subsequent anastomotic
breakdown.!! Some studies have determined that PCEA does
not influence the incidence of anastomotic leakage.?® In this
study, the incidence of anastomotic leakage and ileus were
similar regardless of the postoperative analgesia technique
used. There was no significant difference in the incidence of
other complications between the 2 groups.

PCEA can provide superior pain management and
enhanced recovery of gastrointestinal function; therefore,
PCEA should shorten the hospital stay. However, PCEA did
not affect the length of hospital stay in this study. The dura-
tion of postoperative hospitalization is multifactorial and
sometimes depends on factors other than medical factors,
including the social situation and the patients’ and surgeons’
desire for continued hospital-based observation. These obser-
vations might explain the lack of difference in the hospital
stay observed between the PCEA and PCIA groups.

There were certainly limitations to our study. Because
this was a retrospective study performed at a single institu-
tion, our results may not be generalizable. First, specific
discharge criteria were not pre-established. Surgeons’ pro-
fessional habits and patients’ desires may have influenced
the duration of the hospital stay. Second, administrative
data sources did not adequately capture postoperative
complications, which could have helped in evaluating the
effect of PCEA on postoperative recovery. Third, patient
satisfaction data were not collected in this study, which
may have allowed the determination of whether improved
patient pain scores translated into improved patient
satisfaction.

In conclusion, our findings reveal that PCEA can provide
superior postoperative pain management and shorten the time
to the first passage of flatus. No difference was observed
between groups regarding postoperative complications and
the length of the hospital stay. PCEA is a safe technique that
could improve short-term outcomes after gastrectomy for GC.
However, older patients were more likely to have a risk of seri-
ous hypotension and epidural malfunction when PCEA was
applied. In our opinion, epidural analgesia is a valid option
for postoperative analgesia to improve short-term outcomes
that can be used for patients undergoing gastrectomy after
individual risk assessment.
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