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Subcutaneous wound infiltration of ketamine
is superior to bupivacaine in terms of pain
perception and opioid consumption after
cesarean section: a double-blinded randomized
placebo-controlled clinical trial
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Abstract. - OBJECTIVE: The aim of the
present study was to evaluate the analgesic effi-
ciency of SC ketamine, either alone or in combi-
nation with bupivacaine, following CS by means
of postoperative pain and opioid need.

PATIENTS AND METHODS: One hundred
and twenty women were allocated into 4 groups
in this prospective, double-blind, placebo-con-
trolled, randomized trial. Group K (Ketamine,
n=30) received SC 1 mg/kg ketamine. Group B
(Bupivacaine, n=30) received SC 20 mL bupiva-
caine 0.5%. Group KB (Ketamine+Bupivacaine,
n=30) received SC ketamine 1 mg/kg plus SC 20
mL bupivacaine 0.5%. Group P (Placebo, n=30)
received SC 30 mL 0.9% saline (placebo).

RESULTS: VAS scores at resting and on cough-
ing and analgesic consumptions were compared.
Visual analogue scale (VAS) pain scores at rest
and coughing, at 15 and 60 minutes, and 2, 6 and
12 hours, and total opioid necessity were mea-
sured. VAS scores at rest in Group P were high-
er than in Group KB at the 6™ hour, while lower
in Group K and Group KB than in Groups B or P
at the 12" hour. Patients receiving placebo had
higher coughing VAS scores than those receiv-
ing ketamine or ketamine+bupivacaine at 2", 6t
and 12" hours. Patients in Groups P and B re-
quired higher doses of morphine than those in
groups K or KB.

CONCLUSIONS: Subcutaneous ketamine, ei-
ther alone or in combination with bupivacaine,
provides a better postoperative pain relief and
reduces postoperative opioid consumption
when compared to use of bupivacaine alone.

Key Words:
Ketamin, Bupivacaine, Visual analogue scale, Ce-
serean section.

8860

Introduction

Cesarean section (CS) is the most commonly
performed surgery in the USA, with a reported'?
rate of 32.3% of all deliveries. The percent-
age has been dramatically increased all through
the world in recent years. However, the most
considerable concern of patients undergoing CS
is postoperative pain’, which might hinder the
bonding between the mother and the newborn
and initiation of early breastfeeding. Moreover,
delay in ambulation and discharge may result in a
delayed interval of hospitalization and enhanced
risk of thromboembolic complications. Conse-
quently, prompt and adequate postoperative pain
alleviation has obtained much interest in line with
the increasing CS rates. Though opioids are the
mainstay postoperative pain alleviation, various
approaches, including local anesthesia, have been
described for pain management after CS.

Local anesthetic agents are commonly used
through the subcutaneous (SC) route for alleviat-
ing postoperative pain®, both for pre- or post-in-
cisional neuronal blockade® and for pre- and
post-incisional wound infiltration®. Different in-
filtration methods are revealed’ to reduce pain
and lessen opioid demand after various surgi-
cal methods. Wound infiltration of analgesics
is widely used because it achieves similar pain
control compared to the intramuscular (IM) and
intravenous (IV) routes, as well as the fact that
clinicians could avoid side effects related to IM
or IV administrations®.

Ketamine inhibits the reuptake of noradren-
aline and 5-hydroxytryptamine, interrupts
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cholinergic transmission, and interacts with
N-methyl-D-aspartate (NMDA) receptor com-
plexes’. Ketamine has been used as postopera-
tive analgesic drug for pre-emptive analgesia'®!'.
In postoperative pain control, administration
of ketamine epidurally or intrathecally is ben-
eficial. It has been postulated' that ketamine
is very effective for pathological pain condi-
tions, in which receptor-controlled ion channels
had been initiated by a constant nociceptive
stimulus, not for pre-emptive analgesia. Recent
reports®*!® have concentrated on the local ket-
amine infiltration in various surgical procedures
including circumcision'®, appendectomy', ton-
sillectomy'*!¢, arthroplasty'” and cholecystec-
tomy'®. Though the clinical efficacy of various
local anesthetics’ instillation following CS!-!
and abdominal hysterectomy?? has been inves-
tigated"”??, wound infiltration of ketamine after
CS is quite limited in the literature*2*. The
ideal method of pain alleviation after cesarean
surgery remains elusive at this time. Previously
published reports®®232® demonstrated the effica-
cy of incisional infiltration after CS. The local
anesthetic infiltration to the surgical incision site
may allow the use of a decreased dose of opioids
and, thereby, reduce its adverse outcomes. Co-
chrane Database systematic review?’ also indi-
cated local analgesic infiltration to be of benefit
in cesarean section. Although various wound
infiltration techniques of local anesthetic agents
have been defined, there is a paucity of literature
reporting the SC infiltration of ketamine for ce-
sarean surgery.

The purpose of the present study was to eval-
uate the analgesic efficiency of SC ketamine,
either alone or in combination with bupivacaine,
following CS by means of postoperative pain and
opioid need.

Patients and Methods

Study Design

A prospective, placebo-controlled, dou-
ble-blind, randomized study was conducted
between June 2014 and May 2015 in our Ob-
stetrics and Gynecology Department. All pa-
tients signed an informed consent form and
consented to the study. This study was regis-
tered to Clinical Trials (NCT02515422, https:/
clinicaltrials.gov/).

Singleton pregnant women who had been
scheduled for elective cesarean delivery were

included in the study. Inclusion criteria includ-
ed singleton term pregnancies between 38-41%
weeks of gestation, age > 18 years, ASA physical
status I-I1, and the lack of any important obstetri-
cal problems. Exclusion criteria included multiple
pregnancies, active labor, obstetric difficulties,
intrauterine fetal deaths, unstable patients, clin-
ically significant medical or surgical situations
requiring special care or intraoperative complica-
tions which required extraordinary surgical pro-
cedures, special request for general anesthesia,
known allergy or sensitivity to drugs used in the
study, anxiety or depression throughout surgery,
any systemic diseases (renal or hepatic insuffi-
ciency, thyroid diseases, chronic hypertension,
epilepsy, psychiatric disorders, or intracranial
hypertension), or medications which may alter
the pain perception, history of opioid use, failure
to understand VAS. No participants received any
drugs that could change the perception of pain in
the last seven days prior to cesarean section. All
participants were informed of the operation by
the same physician who performed the cesarean
sections. The participants completed a question-
naire evaluating sociodemographic characteris-
tics and past medical history. The preoperative
examinations involved anesthesia counseling and
ultrasonic assessment. Afterwards, the pregnants
were randomly assigned into four groups using
a computer-aided random number chart with 35
patients in each group.

Patients, anesthetists, surgeon, and other
staff were blinded to the contents of the medi-
cations. As shown in Figure 1, Group K (Ket-
amine, n=30) received SC 1 mg/kg ketamine
(Ketalar®, Pfizer Drug Company, USA). Group
B (Bupivacaine, n=30) received SC 20 mL bu-
pivacaine 0.5% (Marcaine®, AstraZeneca Drug
Company, Turkey). Group KB (Ketamine+Bu-
pivacaine, n=30) received SC ketamine 1 mg/
kg plus SC 20 mL bupivacaine 0.5%. Group P
(Placebo, n=30) received SC 30 mL 0.9% saline
(placebo).

All procedures were carried out by the same
experienced surgeon, using the consistent oper-
ation technique to exclude additional variables.
The baseline arterial blood pressure, oxygen sat-
uration electrocardiogram, and heart rate were
monitored prior to anesthesia induction. Spinal
anesthesia was managed at the L3-4 or L4-5
interspinous level by a 25G spinal needle. Hyper-
baric bupivacaine 0.5% 8-10 mg with fentanyl 20
ug combined was injected intrathecally over 20 s
to accomplish a T4 sensorial block, and then the
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Assessed for eligibility (n=144)

Enrollment J

Excluded (n=12)

Allocated to Group K
(n=30)
Wound infiltration of

——» | Not meeting inclusion criteria (n=7)
Refused to participate (n=5)
Randomization
Allocated to Group B Allocated to Group KB Allocated to Group P
(n=30) Allocatlo (n=30) (n=30)
Wound infiltration of Wound infiltration of Wound infiltration of
Bupivacaine Ketamine + Bupivacaine Saline 0.9%

Ketamine

,, l

No participants were
lost to follow-up

No participants were
lost to follow-up

No participants were
excluded from analysis

No participants were
excluded from analysis

Follow-up

Analysis

\4

No participants were
lost to follow-up

No participants were
lost to follow-up

No participants were
excluded from analysis

No participants were
excluded from analysis

Figure 1. Flowchart of the study.

surgery was consented to continue. There were
four separate syringes for four different treatment
groups labeled G1, G2, G3, and G4 represent-
ing each study group. Following the completion
of operations, patients were transferred to the
anesthesia recovery room, where they received
routine postoperative care. Pain management af-
ter cesarean section was achieved through a
patient-controlled IV analgesia device releasing
morphine.

During the postoperative period, pain as-
sessments were documented using a standard
10-cm VAS, throughout the postoperative 15
and 60 minutes, 2, 6 and 12 hours, by the pa-
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tients grading the pain from 0 (no pain at all)
to 10 (worst pain) at rest and on coughing by
an anesthetist blinded to study groups. If VAS
score was > 4, 75 mg diclofenac sodium (Dik-
loron®, Deva Drug Company, Istanbul, Tur-
key) was injected intramuscularly. The total
diclofenac sodium dose did not exceed 150 mg
in 24 hours. Total morphine consumption in
PCA was also recorded.

The groups were compared by means of basal
and provoked VAS scores and postoperative opi-
oid consumption. The primary outcome of this
study was postoperative opioid consumption, and
the secondary outcome was VAS scores.
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Statistical Analysis

Data were analyzed using the IBM Statistical
Package for Social Sciences v.18 (SPSS Inc.,
Chicago, IL, USA). A normal distribution of the
quantitative data was checked using the Shap-
iro-Wilk’s test. The variance homogeneity as-
sumption was tested with Levene’s test. Paramet-
ric tests (Independent-samples #-test and post-hoc
Tukey test) were applied to data of normal distri-
bution, and non-parametric tests (Mann—Whiney
U-test and Kruskal-Wallis® test) were applied to
data of questionably normal distribution. Bon-
ferroni post-hoc analysis was used for multiple
comparison tests. The results for all items were
expressed as mean+SD, assessed within a 95%
reliance and at a level of p=0.05 significance.
While determining sample size, reference values
were received from the study by Honarmand et
al" and found that minimum of 30 patients were
needed in each group for significant difference
between groups for 80% power at type I error of
0.05. Analyses were performed by G-Power 3.1.7
(Heinrich Heine Universitdt Diisseldorf, Diissel-
dorf, Germany).

Results

A total of 144 pregnant women were screened
prior to the recruitment. Twenty-four women
were excluded due to the following reasons: 5
refused to participate, 7 did not meet the inclu-
sion criteria (2 were at the age <18, and 5 were
preterm births), and 12 were excluded (4 multi-
ple pregnancies, 3 acute fetal distress, 3 general
anesthesia, 1 epilepsy patient and 1 inability to
score VAS). A total of 120 pregnant women were
involved in the study, each group consisted of 30
patients. The flow chart diagram of the study is
shown in Figure 1. As for the demographic char-
acteristics, the studied groups did not differ from
each other, as presented in Table I.

Table I. Demographic and clinical characteristics of the groups

Resting VAS scores at 15, 60 minutes, and
2-hour time intervals were not significantly dif-
ferent, whereas they were significantly different
at 6 and 12 hours among the groups (»p=0.039 and
<0.001, respectively) (Table II). Bonferroni cor-
rection revealed that the mean resting VAS score
in Group P was significantly higher than Group
KB at the 6" hour interval, while resting VAS
score in Group K was lower than that in groups
B and P at the 12 hour. Additionally, the mean
VAS score was lower in group KB than in groups
B or P at the 12"-hour interval.

Coughing VAS scores at the 15" and 60""-min-
ute intervals were comparable (p=0.238 and
0.209, respectively); at the 2, 6™ and 12%-
hour controls, there were significant differences
among study groups (p=0.013, 0.040 and <0.001,
respectively). With reference to the results of
Bonferroni correction, patients receiving pla-
cebo had significantly higher coughing VAS
scores at 2™ hour than those receiving ketamine
or ketamine+bupivacaine. Similarly, patients re-
ceiving placebo had significantly higher cough-
ing VAS scores at the 6™ hour than those re-
ceiving ketamine+bupivacaine. At the 12" hour,
coughing VAS scores of patients administered
ketamine or ketamine-+bupivacaine were signifi-
cantly lower than that of patients administered
bupivacaine or placebo. Postoperative resting
and coughing VAS scores are shown in Figures
2 and 3, respectively, with the respective mean
and standard deviation values. Also, the total
VAS scores were higher in the group P than in
the groups K and KB.

Additional analgesic requirements did not sig-
nificantly differ among study groups (p=0.088)
(Table II). However, total morphine consump-
tion was significantly different among the groups
(p<0.001). Accordingly, group P necessitated
higher doses of opioids than those in groups K or
KB. Also, group B necessitated higher doses of
opioids than groups K or KB.

Group K (n = 30)

Group B (n = 30)

Group KB (n = 30) Group P (n = 30) P

Age 28.83 £5.75 28.97 +5.08
BMI 28.79 £3.20 29.04 + 3.31
Gravidity 2.53 +1.07 277+ 1.30
Parity 240+ 1.07 2.63+1.16
Gestational age 39.03 £ 1.19 39.13 £ 1.17

28.60 + 4.46 28.27 £ 6.02 0.961*
29.07 +4.76 28.97 +3.58 0.992*
273 +£0.98 2.63 +1.33 0.869°
2.47+0.73 2.33+1.12 0.708°
39.07 £ 0.69 39.13+£0.78 0.972°

All data were expressed as mean + standard deviation (SD). *One Way ANOVA (with Bonferroni corrected); "Kruskal-Wallis’
test (Mann-Whitney U test for post-hoc analysis). p < 0.05 was considered statistically significant.
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Table Il. Demographic and clinical characteristics of the groups

Group K Group B Group KB Group P
(n = 30) (n = 30) (n = 30) (n = 30) P
Resting VAS scores
15 minutes 0.07 +0.37 0.20 + 0.66 0.30 £ 0.88 0.50 +0.97 0.162
60 minutes 0.97 + 1.47 1.40 +£2.40 0.93 +1.28 1.27 £ 1.64 0.676
2 hours 1.93 £1.96 1.87 £ 1.55 1.60 +1.43 2.43 +1.63 0.270
6 hours 2.23+£1.52 217+ 1.72 1.67 £1.35* 2.83+1.56 0.039
12 hours 0.70 + 1.18° 217+ 1.78 0.83 +£ 1.05 1.93+1.31 <0.001
Coughing VAS scores
15 minutes 0.13+£0.73 0.37+1.10 0.50 £ 1.57 0.80 + 1.52 0.238
60 minutes .13+ 1.76 1.83 £2.56 1.23 +1.48 2.03+1.87 0.209
2 hours 2.23+222 2.90+1.82 217+178 3.57+1.50 0.013
6 hours 2.80 = 1.67 2.90+ 1.86 233+ 1.49* 3.57+1.55 0.040
12 hours 1.00 + 1.44° 297 +1.65 1.23 +£1.30 273 +1.23 <0.001
Total VAS scores 13.20 +9.00 18.77 £ 11.80 12.80+8.93 21.67 £9.70° 0.001
Total morphine consumption 9.03 +£3.16 12.51+4.32 8.46 +3.60 15.09£3.82¢  <0.001
Additional analgesic require 0.40 +0.56 0.53+0.68 0.30 +0.47 0.67 +0.61 0.088

All data were expressed as mean + standard deviation (SD). *p < 0.05 vs. Group P ; °p < 0.05 vs. Group B and Group P; °p < 0.05
vs. Group K and Group KB. VAS: visual analog scale. p < 0.05 was considered statistically significant.

Discussion dominal surgical procedures. Jha et al*® compared

the surgical site infiltrations of bupivacaine with

Intraincisional ketamine administration, either ketamine and defined that ketamine was stronger
alone or in combination with bupivacaine, has than bupivacaine for additional analgesic needs,
been proposed for various abdominal or extra-ab- still sleep, and timely continuation of feeding.

15 min 60 min

W Ketamine M Bupivacaine

2 hours 6 hours 12 hours

m Keramine+bupivacaine M Placebo

Figure 2. Postoperative resting VAS score. Mean and standard deviation values.
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15 min 60 min 2 hours

M Ketamine M Bupivacaine

6 hours

1 Keramine+bupivacaine

12 hours

M Placebo

Figure 3. Postoperative coughing VAS score. Mean and standard deviation values.

Tan et al'* compared SC ketamine and saline in
patients undergoing circumcision surgery and
suggested that preincisional SC ketamine could
overwhelm postoperative pain. Wound infiltra-
tion of ketamine for abdominal surgeries has also
been described by a set of reports. Tverskoy et
al® concluded that adding ketamine enhanced the
duration of infiltration anesthesia and analgesia in
patients undergoing both uni- or bilateral hernior-
rhaphy. Grace et al** reported promising results of
low-dose ketamine with a local anesthetic agent
without compromise of analgesia, emergence, or
satisfaction in patients undergoing postpartum
tubal ligation. Honarmand et al"* compared SC
and IV ketamine given 15 minutes before appen-
dectomy and reported that both administration
routes reduced the postoperative pain and the
amount of opioid use. Safavi et al'® assessed the
effectiveness of ketamine administration on post-
operative pain relief after open cholecystectomy
and concluded that both SC and IV use of ket-
amine before surgery provided adjunct analgesia
during postoperative 24 hours. However, SC use
of ketamine for CS has been reported by only
two previously published articles, which were
different in study design and the method of ad-
ministration from our study®***.

We compared the wound infiltrations of ket-
amine and bupivacaine, either alone or in com-
bination, and with placebo. In the present study,
both resting and coughing VAS scores were
found to be significantly lower in patients admin-
istered wound infiltration of ketamine at 6™ and
12" hour control points. The VAS scores at earlier
postoperative periods were comparable between
the groups at rest and on coughing. Moreover,
total postoperative morphine use was significant-
ly decreased in Ketamine and Ketamine+Bupi-
vacaine groups when compared to Bupivacaine
and Control groups; although additional analgesic
requirements did not differ among study groups.
At this point, using PCA morphine due to ethical
concerns, which allowed patients to use morphine
to get their VAS scores down, to relieve the post-
operative pain, might have resulted in similar
VAS scores at earlier time periods between the
groups and this could be considered as a treat-
ment bias.

Zohar et al*®* compared groups that were ad-
ministered SC bupivacaine and bupivacaine+ket-
amine through a PCA device. In contrast to our
results, VAS scores, at either rest or on coughing,
were similar at all time intervals, and total post-
operative morphine consumptions were compara-
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ble between the groups; hence, they reported that
adding ketamine to local anesthetic in patients
receiving regional anesthesia did not present any
benefit for opioid need. Bahaeen et al** compared
SC ketamine administration before and after skin
incision with a control group and concluded
that patients who were given ketamine before or
after CS had decreased pain intensity and low-
ered analgesic need than the placebo. Although
Honarmand et al"* reported that VAS scores of pa-
tients receiving ketamine, either IV or SC, before
appendectomy were significantly lower than that
of patients receiving saline solution, at all-time
intervals, VAS scores in our study, did not differ
amongst study groups at early time intervals.
However, only VAS scores of the 6™ and 12"
hour at resting and 2"-, 6"-, and 12®-hour VAS
scores on coughing were lower in patients taking
SC ketamine alone or together with bupivacaine.
Accordingly, we may conclude that SC wound
infiltration of ketamine is an efficacious method
in relieving delayed, not acute, postoperative pain
after CS.

Conclusions

We propose that wound infiltration of ket-
amine, either alone or with bupivacaine, offers
better postoperative pain control and reduces
postoperative opioid consumption when com-
pared to the use of bupivacaine alone. However,
further studies examining the pharmacodynam-
ics and pharmacokinetic characteristics and the
side-effect profile of wound infiltration ketamine
in cesarean patients are required.
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