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Purpose: After a radical gastrectomy, patients may experience severe pain. Some studies have
reported that the use of propofol significantly reduced postoperative pain, while others have
argued that this effect was not significant. Thus, we aimed to assess whether anesthesia with
propofol could help to reduce pain after an open radical gastrectomy procedure.

Patients and methods: Sixty patients who were scheduled to undergo a laparotomy for
radical gastrectomy were randomly assigned to either the propofol or sevoflurane group (n=30
each). A target-controlled infusion of propofol or inhalation of sevoflurane, titrated to bispectral
index of 40-60, was maintained. All patients were administered a standardized multimodal
analgesic plan, including intraoperative dexmedetomidine, dexamethasone, and postoperative
flurbiprofen axetil, as well as patient-controlled fentanyl. Hemodynamics, pain scores, fentanyl
consumption, adverse events, and the incidence of chronic pain 1 month and 3 months following
hospital discharge were recorded.

Results: The intensity of postoperative pain was relatively low to moderate in all the patients.
The propofol group showed lower pain scores, at rest and while coughing, up to 48 h postopera-
tively compared to the sevoflurane group (P<0.05). Cumulative fentanyl consumption 0—24 h
after surgery was lower for the propofol group (364.4 £ 139.1 vs. 529.3 £237.9 png; P=0.002).
However, for fentanyl consumption 0—48 h, the difference between the two groups was not
significant (710.9 = 312.8 vs. 850.9 £ 292.0 pg; P=0.078). There were no differences in the
incidences of adverse events or chronic pain between the groups.

Conclusions: Overall, the multimodal analgesic approach reduced postoperative pain after an
open radical gastrectomy procedure in all patients anesthetized with either propofol or sevo-
flurane. Furthermore, our results indicated better analgesic outcome for the propofol group,
especially in the early postoperative period.

Keywords: anesthesia, propofol, sevoflurane, postoperative pain, gastrectomy, intravenous
anesthesia, inhalational anesthesia

Introduction
Despite recent advances, the management of postoperative pain remains a major chal-
lenge.!? Furthermore, acute postoperative pain has a strong correlation with the severity
and increased risk of chronic pain.? After a radical gastrectomy procedure, patients
often experience acute pain due to the upper abdominal incision and extensive surgical
manipulations. In our previous study, patients have reported moderate to severe pain
and need for high fentanyl consumption.*

The use of intraoperative general anesthetics, either injectable (propofol) or volatile
(sevoflurane), could influence peripheral nociception, thereby controlling postoperative
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pain. There are contrasting reports regarding the benefits of
propofol: while some studies noted a significant reduction
in postoperative pain,>® others suggest that this effect was
not significant.”!' In a recent meta-analysis, no significant
differences between propofol and inhalational anesthesia
(isoflurane, sevoflurane, and desflurane) were identified in
postoperative pain control, possibly due to substantial het-
erogeneity among the studies included.?

Therefore, the present study aimed to compare the
benefits of propofol and sevoflurane in postoperative pain
control and analgesic consumption in patients after a radical
gastrectomy. In addition, the study also reports the incidence
of chronic pain during a follow-up of 1 and 3 months after
discharge from hospital.

Patients and methods

Patients

The study has been registered at www.chictr.org.cn (ChiCTR-
IOR-15006472), and approval from the institutional review
board of the First Affiliated Hospital of Soochow University
(Approval No. 2015-225) was obtained. The adherence to the
updated guidelines for reporting parallel group randomized
trials according to CONSORT 2010 is ensured.

The study included patients (aged 18—65 years) with
American Society of Anesthesiologists (ASA) physical status
I-1I, who were scheduled to undergo an open radical gastrec-
tomy procedure, after obtaining written informed consent.
The exclusion criteria included uncontrolled hypertension,
ASAZIII, body mass index (BMI)>35 kg/m?, cardiopulmo-
nary disease, renal or liver disease, pregnancy, chronic pain,
current use of opioids, allergies to medications discussed
in this study, or need for reoperation. All patients received
instructions a priori regarding the use of patient-controlled
analgesia (PCA) and the verbal analog scale (VAS) for pain
assessment (0=no pain, 10=extreme pain).

Using a computer-generated random table, patients
were assigned to either of the two study groups (propofol
or sevoflurane). All the procedures were performed by the
same surgical and anesthesia teams. Due to the crucial dif-
ferences between the anesthetic techniques, the attending
anesthesiologist was aware of the patient grouping. However,
postoperative observers and researchers responsible for data
extraction and analyses were blinded to patient grouping.

Protocol

Patients were prohibited from use of any medication prior to
the procedure. At the operating room, blood pressure, pulse
oximetry, electrocardiogram, and bispectral index (BIS)

were monitored for all patients. For arterial blood pressure
monitoring, an arterial line was introduced into the radial
artery, and for central venous pressure monitoring, a catheter
was introduced via the right subclavian vein.

To induce general anesthesia, propofol 2 mg/kg (Diprivan,
AstraZeneca, Italy) and fentanyl 3 pg/kg (RenFu Medicine,
China) were used. Cisatracurium 0.2 mg/kg (HengRui
Medicine) was administered for tracheal intubation and an
additional bolus of 0.1 mg/kg was used for intraoperative
muscle relaxation. Following intubation, the lungs were
mechanically ventilated with 80% oxygen in air to maintain
the end-tidal CO, at 30-40 mmHg. Patients in the propofol
group received a target-controlled infusion of propofol (2—4
pg/mL), and those in the sevoflurane group (HengRui Medi-
cine) received sevoflurane inhalation (1-3%). Anesthesia
depth was titrated to BIS 40—60. After anesthetic induction,
dexmedetomidine (1 pg/kg; HengRui Medicine) was admin-
istered slowly for 30 min.

Heart rate (HR) and mean arterial pressure (MAP) were
maintained within 20% of baseline values. If clinical signs
of inadequate analgesia were present, such as movement,
hypertension, or tachycardia, an additional dose of fentanyl
1 png/kg was administered. If hypotension (systolic arterial
pressure [SAP]<90 mmHg or MAP<65 mmHg) or brady-
cardia (HR<40 bpm) occurred, ephedrine 5 mg or atropine
0.5 mg was given.

All patients received dexamethasone 10 mg and ondan-
setron 8 mg at the end of surgery for prophylaxis of post-
operative nausea and vomiting (PONV). At skin closure, a
PCA containing fentanyl (20 pg/kg) in 100 mL saline was
started, with a background infusion of 1 mL/h and a bolus
dose of 2 mL for a lockout time of 10 min. Following extu-
bation, patients were transferred to a post-anesthesia care
unit (PACU) and monitored for 90 min. All patients received
flurbiprofen axetil 50 mg intraoperatively and every 12 h for
the next two days in the ward. All patients were encouraged
to self-administer fentanyl through the PCA device for pain
relief. An additional bolus of fentanyl 1 ug/kg was given
for rescue analgesia. No use of other opioids was permitted
throughout the study. Dosages of analgesics were standard-
ized for all the participants.

HR and MAP were recorded at seven time points: base-
line, skin closure, after extubation, PACU discharge, as well
asat 2,4, and 12 h postoperatively. Fentanyl use was recorded
at three time points: 4, 24, and 48 h postoperatively. VAS
scores at rest and while coughing were recorded at six time
points: extubation, PACU discharge, and at 4, 12, 24, and 48
h postoperatively.
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Patient demographics, duration of surgery, time to extuba-
tion, length of PACU stay, length of hospital stay, intraoperative
fentanyl administration, fluids infused, blood loss, urine output,
and ephedrine or atropine use were recorded. Postoperative
adverse events, including PONV, abdominal hemorrhage,
reoperation, and incision infection, were also recorded. Patients
were followed telephonically to enquire about the incidence
of chronic pain 1 and 3 months after discharge from hospital.

The primary outcome of interest for this study was post-
operative fentanyl use. The secondary outcomes were scoring
based on VAS, incidences of adverse events, and patients’
perception of chronic pain postoperatively.

Statistics
Sample size was calculated using PASS software (version
11.0.7; NCSS, Kaysville, UT, USA). Based on the sample
size arrived at for our previous study in which fentanyl 498 g
(SD 176 pg) was administered for the first 24 h after an open
radical gastrectomy procedure under sevoflurane anesthesia,*
it was estimated that it was necessary to enroll 26 patients
for the present study under each group to demonstrate a 25%
reduction in fentanyl consumption with an o value of 0.05
and 80% power. However, we enrolled 38 patients under
each group to account for the possibility of a 30% dropout.
Statistical analyses were performed using SPSS software
(version 19.0; IBM, Armonk, NY, USA). The Kolmogorov—
Smirnov test was used to evaluate the normal distribution of
continuous data. Normally distributed variables such as age,
BMI, duration of surgery, time to extubation, PACU stay, intra-
operative fentanyl use, fluids infused, blood loss, urine output,
MAP, HR, and cumulative fentanyl consumption were presented
as mean (SD) and compared using an independent samples
t-test. Non-normally distributed variables such as VAS scores,
ephedrine or atropine use, and need for rescue analgesics were
presented as median (interquartile range [IQR]) and compared
using a Mann—Whitney U-test or Friedman’s test. Gender, ASA
class, comorbidities, chronic pain, and adverse events were
compared using Pearson’s chi-squared test or Fisher’s exact
test. P-values <0.05 were considered statistically significant.

Results

Of 122 patients evaluated, 76 were identified to be eligible
and randomly assigned to two groups. Of those excluded from
the study, 42 failed to meet the inclusion criteria (34 due to
ASAZIII, SAP>180 mmHg, BMI>35 kg/m?, cardiopulmo-
nary disease, or chronic renal disease; 2 due to current use of
opioids; and 6 due to change in surgical approach or cancel-
lation of procedure) and 4 refused to enroll. After excluding

16 patients for various reasons, 60 patients remained till the
study end. In those who left the study prematurely, PCA
was terminated early in 3 patients, surgical procedures were
switched intraoperatively in 8 patients, 4 patients underwent
reoperation, and 1 patient died of postoperative hemorrhage
on the first postoperative day. Thirty patients in each group
remained in the final analyses (Figure 1).

Patient demographics and surgical characteristics are
shown in Table 1. The propofol group had lower HRs com-
pared to the sevoflurane group after extubation (76.9 £ 11.0
vs. 84.2 £ 16.0 beats/min, P=0.043; Figure 2). There were
no significant differences in HR or MAP between the groups
at any other time point.

For the propofol group, VAS scores at rest and while
coughing were significantly lower at all time points compared
to the sevoflurane group (P<0.05; Table 2, Figure 3). The
cumulative fentanyl consumption 0—24 h after surgery was
also lower for the propofol group compared to the sevoflurane
group (364.4+139.1 vs. 529.3 £237.9 pug; P=0.002; Table 3).
However, for fentanyl consumption 0—48 h, the difference
between groups was not significant (710.9 £ 312.8 vs. 850.9
+292.0 ug; P=0.078).

There were no differences in the use of rescue analge-
sia, length of hospital stays, adverse events, or chronic pain
between the propofol and sevoflurane groups (Table 3).

Discussion
Using a multimodal analgesic approach, this study reports
that pain was greatly reduced in all patients anesthetized
with either propofol or sevoflurane in a radical gastrectomy
procedure. Our results showed that propofol was able to bet-
ter reduce pain intensity and fentanyl usage in comparison
to sevoflurane, especially in the early postoperative period.
However, the incidence of chronic pain 1 month and 3 months
after discharge did not differ between the groups. To the best
of our knowledge, this present study was the first to report on
the analgesic effects of propofol on this patient population.
Whether propofol is superior over inhalation anesthetics
has remained a matter of much clinical debate. However, only
two systematic reviews, including one by our own group,
have been published to date.'>!* The first meta-analysis by
Qiu et al'? involving 14 trials suggested that a statistically
significant but marginal reduction in postoperative pain
scores at 24 h (mean difference of —0.134) was reported after
propofol use. In our meta-analysis, patients anesthetized with
propofol reported lower pain scores (from 0.48 at 30 min to
0.08 at 24 h postoperatively) and reduced opioid consump-
tion in the first 24 h (2.68 mg of morphine-equivalent) as
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Enrollment

Assessed for eligibility (n=122)

Excluded (n=46)
Not meeting inclusion criteria (n=42)

Patient refused (n=4)

Randomized (n=76)

Allocation
Allocated to propofol group (n=38) Allocated to sevoflurane group (n=38)
Received allocated intervention (n=30) Received allocated intervention (n=30)
Did not receive allocated intervention (n=0) Did not receive allocated intervention (n=0)
Follow-up
Lost to follow-up (n=8) Lost to follow-up (n=8)
Discontinued intervention (n=2) Discontinued intervention (n=1)
Surgical approach switched (n=5) Surgical approach switched (n=3)
Re-operation (n=1) Re-operation (n=3)
Death (n=1)
Analysis

Analyzed (n=30)

Excluded from analysis (n=0)

Figure 1 CONSORT flow diagram.

compared to those anesthetized with inhalational anesthetics.
However, our results were affected by substantial heterogene-
ity, suggesting that further adequately sized, randomized, and
controlled studies are needed to establish clinical relevance.

Propofol is a short-acting anesthetic agent used intrave-
nously for sedation.!*!> For improved PONV prophylaxis,
propofol is preferred over inhalation anesthetics.'*""” In addi-
tion to its anesthetic and anti-emetic effects, anti-nociceptive
effects of propofol are well known.?*? In a group of healthy
volunteers for whom acute pain was induced by intracuta-
neous electrical stimulation, the use of propofol lowered
pain scores by 38% and reduced areas of hyperalgesia and

Analyzed (n=30)

Excluded from analysis (n=0)

allodynia.?® However, there was an abrupt loss in analgesic
effects after infusion was stopped. Propofol reduced pain
and dorsal horn responses to noxious stimulation in rats and
goats in a dose-dependent manner.?'?? A systemic delivery
of propofol would cause anti-nociceptive effects due to the
activation of gamma-aminobutyric acid type A receptors, and
its anti-oxidant and anti-inflammatory effects.?*> Adverse
interactions between propofol and other drugs, including
opioid analgesics, have also been reported.?¢?’

Sevoflurane has comparable analgesic properties as well.
At an optimal concentration of 0.8%, it has been recom-
mended for sedation during labor pain.? However, inhalation

submit your manuscript

1250

Dove

Journal of Pain Research 2018:11


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Propofol vs. sevoflurane for pain after radical gastrectomy

Table | Demographics and surgical characteristics

Parameters Propofol (n=30) Sevoflurane (n=30) P-values
Gender (male/female) 7/23 10/20 0.390
Age (years) 543+9.4 53.0+93 0.593
BMI (kg/m’) 22.6+33 22,6 + 34 0.963
AsAQmM 3z oo Is15 0.605
Comorbidity (n, %)
Hypertension 12 (40%) 6 (20%) 0.091
Diabetes mellitus 3 (10%) 5 (16.7%) 0.706
..... COPD _0(0%) 133% 1.000
Duration of surgery (min) 1625+ 35.5 155.7 + 30.3 0.430
Time to extubation (min) 423+ 146 380+ 15.7 0.279
PACU stay (min) 57.4 £20.9 544+213 0.580
Intraoperative fentanyl (ug) 61331629 588.3 +92.6 0.226
Intraoperative cisatracurium (mg) 29.8+6.2 275+58 0.143
Fluid infused (mL) 1,030.0 + 186.0 1,088.3 +225.8 0.279
Blood loss (mL) 211.0+ 1444 188.3 £73.9 0.447
Urine output (mL) 388.3 £ 202.9 381.7 £ 186.8 0.895
Ephedrine use (n) 0 (0-1) I (0-1) 0.232
Atropine use (n) 0 (0-0) 0 (0-0) 0.981
Note: Data are presented as total number (%), mean * standard deviation, or median (interquartile range).
Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; PACU, post-anesthesia care unit.
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Figure 2 (A) Heart rate and (B) mean arterial pressure.
Notes: Data are presented as mean * SD. *P<0.05 between groups.
Abbreviation: PACU, post-anesthesia care unit.
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Table 2 VAS pain scores
Propofol (n=30) Sevoflurane (n=30) P-values

After extubation At rest 1 (0-1) 1.5 (1-4) 0.001*
R With coughing 2 (1-2.25) 252525 ) ) 0.002*
PACU discharge At rest 1 (0-1) 3(14) 0.001*
R With coughing 2(1-3) 4(2-¢) ) ) ) 0.001*
4 h after surgery At rest 0 (0-1) I (1-3) 0.001*
R With coughing 1 (1-2) 32 ) ) ) 0.001*
12 h after surgery At rest 0.5 (0-1.25) I (1-3) 0.005*
R With coughing 2 (1-2.25) 32 ) ) ) 0.001*
24 h after surgery At rest 0 (0-1) 1 (0-2) 0.010*
R With coughing 2 (1-2.25) - 2(2-3) ) ) ) 0.028*
48 h after surgery At rest 0 (0-0) 0 (0-1) 0.010%

With coughing 1 (0.75-2) 2 (1-3) 0.018*

Notes: Data are presented as median (interquartile range). *P<0.05 indicates significant differences.

Abbreviations: PACU, post-anesthesia care unit; VAS, verbal analog scale.

A

VAS scores at rest (0—10)

Extubation PACU 4 h

VAS scores with coughing (0-10)
N

Time point

Extubation PACU 4h

Figure 3 VAS scores for pain (A) at rest and (B) with coughing.

Time point

Notes: Data are presented as median (interquartile range). *P<0.05 between groups.
Abbreviations: PACU, post-anesthesia care unit; VAS, verbal analog scale.

Propofol

Sevoflurane

24 h 48 h

Propofol

Sevoflurane
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Table 3 Postoperative fentanyl consumption and other variables

Propofol (n=30) Sevoflurane (n=30) P-values
Cumulative fentanyl consumption (ug)

0-24 h after surgery 364.4 = 139.1 529.3 £2379 0.002*

0-48 h after surgery 7109 £3128 850.9 +£292.0 0.078
K analges|cs i I(I—Z) R 2(|_3) ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, o
Hospital stay (days) 88+27 9.5+2.7 0.301
Riveres avants %) ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

PONV 2 (6.7%) 4 (13.3%) 0.671

Abdominal hemorrhage 1 (3.3%) 1 (3.3%) 1.000

Incision infection 1 (3.3%) 0 (0%) 1.000

Reoperation I (3.3%) 3 (10%) 0.612

Moralty (. N 1 c ) N X<
Chronic pain (n, %)

| month after discharge 3 (10%) 2 (6.7%) 1.000

3 months after discharge I (3.3%) I (3.3%) 1.000

Notes: Data are presented as total number (%), mean = standard deviation, or median (interquartile range). *P<0.05 indicates significant differences.

Abbreviation: PONV, post-operative nausea and vomiting.

anesthetics have been reported to have hyperalgesic effects at
aminimum alveolar concentration of 0.1, which may account
for increased pain perception.” The effects of volatile anes-
thetics may be moderated by the modulation of serotonin
(5-HT3) receptor-mediated currents and by central adrenergic
and cholinergic transmission.3*2

Our multimodal analgesic approach involving a combina-
tion of fentanyl, dexmedetomidine, dexamethasone, and non-
steroidal anti-inflammatory drugs is thus proved to be effective
in controlling pain in patients after a radical gastrectomy. We
used intraoperative dexmedetomidine based on our previous
finding that it could reduce pain and analgesic requirements
after various surgical procedures.?33* In the present study,
lower pain scores were reported after radical gastrectomy
in patients anesthetized with either propofol or sevoflurane.

Limitations

This study has several limitations. First, a multimodal analge-
sic approach was used, and hence complex drug interactions
among analgesics could have resulted in improved results
than each of the anesthetics might have demonstrated individ-
ually. Second, the study considered only those patients who
underwent radical gastrectomy, and so the findings cannot be
generalized to other types of surgeries. Third, an optimal dose
of propofol either alone or as a multimodal analgesic was
not reported by this study. Fourth, due to its relatively small
sample size, the study may have had potential bias. The study
did not have significant power to detect differences between
the groups over a long term postoperatively, including chronic
pain. Lastly, although a reduction in postoperative pain and
fentanyl consumption was noted for the propofol group as

compared to the sevoflurane group, we caution that clinical
differences may not be as much as statistical differences.

Conclusion

In this single-center study, pain after an open radical gastrec-
tomy procedure was significantly reduced in all patients anes-
thetized with either propofol or sevoflurane. Furthermore, our
results indicated better analgesic outcome for the propofol
group especially in the early postoperative period. However,
due to the limitation in the enrollment of participants to this
study, more evidence is required to further establish power
for our results.
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