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ABSTRACT

Background: N-methyl-D-aspartate (NMDA) receptors are thought to be for pain memory, and
blocking them can help to reduce pain. We aimed to assess the preventive effects of small
doses of ketamine administered prior to the skin incision in abdominal surgery, to assess
analgesic efficacy and intra-operative and post-operative side effects.

Methods: 60 adult patients with ASA | and Il who were scheduled for abdominal surgery were
randomly divided into two groups in a prospective, double-blind study. Before the skin
incision, group K received 1 mg/kg ketamine intravenously, followed by a 0.12 mg/kg/h
ketamine infusion till the skin was closed. Instead of ketamine, group C received normal saline.
After extubation, both groups received morphine 5 mg IV. The visual analogue scale (VAS) was
used to measure analgesic effectiveness at rest and after exercise, as well as the duration to the
first analgesic and morphine intake in 24 h, and analyze changes in serum CRP and IL6 levels as
indicators of its impact. Also, side effects of opioid or ketamine have been recorded.

Results: Within 24 h, patients in the ketamine group had a significantly lower VAS score,
a longer time to the first analgesic (326.3 + 49.5 minutes), and lower morphine consumption
(6.9 £ 291 mg). Also, postoperative interleukin 6 and CRP showed significant difference
between the two groups (p < 0.05). In group K, no side effects were detectable.

Conclusion: Ketamine may be a promising drug in low doses that can limit and even prevent
worsened inflammation. It also resulted in decreased postoperative opioid use, decreased pain
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rating, earlier retains of bowel motility, and decreased incidence of side effects.

1. Introduction

Colorectal surgery is often associated with pain, com-
plications, high costs, and long hospital stay [1]. High
ileus rates, anastomosis, surgical site infection, and
readmission are factors that may lead to these associa-
tions [2].

The inflammatory response to surgery and trauma is
aided by cytokine secretion, which is triggered by the
stress response to surgery [3]. Furthermore, surgery-
induced peritoneal injury has been related to the
development of adhesions since it causes an inflam-
matory response [4].

For a variety of reasons, the IL-6 concentration in
the first six postoperative hours was chosen as
a representative result for the inflammatory response.
First, in several studies that provided data in the early
postoperative period, IL-6 was the most widely identi-
fied inflammatory biomarker. Second, it has anti-
inflammatory properties, and it has been suggested
that ketamine may be used as an anti-inflammatory
drug [4].

Ketamine is the most widely researched general
anesthetic in the quest for strategies to modulate the
systemic peri-operative cytokine response. Ketamine is
an anesthetic and analgesic with a high potency. In
adults, ketamine given intravenously during anesthe-
sia decreased postoperative pain severity for up to
48 h, delayed the time to first request analgesia, and
reduced total 24-h morphine consumption [5]. There is
evidence of a level | opioid-sparing benefit, as well as
evidence of level Il anti-hyperalgesia and opioid toler-
ance safety effects, as well as a reduction in persistent
postoperative pain, based on current ketamine recom-
mendations [6].

In patients undergoing cardiac surgery with cardio-
pulmonary bypass (CPB), off-pump heart surgery, hys-
terectomy, and abdominal surgery, the impact of
ketamine on peri-operative inflammatory responses
has been examined. Doses ranged from a single addi-
tional small dose to full narcotic doses of ketamine
with racemic drug or S - (+) — the more pharmacolo-
gically active ketamine. Ketamine has been discovered
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to have immune-modulating properties. Ketamine is
also claimed to be a unique, anti-inflammatory drug
that inhibits a systemic reaction without interfering
with local healing processes [7].

This study was showed to investigate the use of
small bolus dose of ketamine followed by continuous
infusion to prevent postoperative pain, reduce opioid
consumption after intestinal surgery and examine the
changes in serum CRP and IL6 levels as indicator of its
effect.

2. Patients and methods
2.1. Patients

This prospective randomized-controlled double-blind
study was accepted by the Medical Research Ethics
Committee, Faculty of Medicine, Assiut University,
Assiut, Egypt, (approval no: 17,200,147). It was regis-
tered at ClinicalTrials.gov (NCT03344393) and followed
Helsinki Declaration. This study was conducted at
General Surgery department from December 2017
to March 2019. We enrolled a total of 60 patients aged
18 to 60 years old with ASA status | or Il who were
undergoing elective intestinal surgery with operation
times ranging from 60 min to 180 min after obtaining
written informed consent from patients scheduled for
elective adult intestinal procedures under general
anesthesia.

Patients with known history of significant hepatic,
renal, heart disease, autoimmune disease and any
known convulsive disorder, any psychiatric disorders,
chronic pain, pregnant females, regular use analgesics,
anti-depressants or opioids in previous 2 months, cor-
ticosteroid therapy, history of NMDA receptor antago-
nist treatment, morbid obesity (BMI > 95" percentile
for age), allergy to ketamine or morphine were
excluded from the study.

Randomization and blinding: According to
a computer-generated randomized number table, the
patients were randomly assigned to two groups (each
group number was 30). Group K (ketamine): 30
patients received intra-operative intravenous ketamine
infusion. Group C (control): 30 patients received intra-
operative intravenous normal saline infusion.

Loading drugs: Two 10-ml syringes, one filled with
1 mg/kg of ketamine and the other one filled with
10 ml 0.9% normal saline.

Infusion drugs: Two another 50-ml syringes, one
filled with ketamine in a concentration of 1 mg/ml
and the another one filled with 50 ml 0.9% normal
saline [8].

The preparation of syringes with drugs was carried
out by well-trained investigators who were not
involved in the data collection. The surgeon, patients,
the anesthesiologist, and the investigators who col-
lected data and interpreted the results were unaware
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of the intervention assignments. The study drug infu-
sions were prepared by an anesthesiologist based on
the weight of the patient pre-operatively with random
drug selection. All syringes were stored in opaque
envelopes numbered from 1 to 60. Accesses to the
envelope’s codes were only available to one anesthe-
siologist who packed the envelopes.

2.2, Anesthesia and monitoring

Preoperative assessment and evaluation of patients
participating in the study was done in the preoperative
anesthesia clinic. All patients included in the study
were informed about the procedure and were
instructed to report their pain through using the
Visual Analogue Score from 0 to 100; O represent-
ing no pain and 100 for the worst pain.

Study protocol was explained to the patients.
Patients were informed that they can stop participat-
ing in the study at any time without any loss of medical
service. Standard preoperative fasting strategies were
followed prior to the elective anesthesia procedure.

All patients were premedicated with IV midazolam
(1 mg) 45 min before surgery plus ondansetron (4 mg).
Routine monitoring including electrocardiography
(ECG), pulse oximetry (SpO,), and noninvasive blood
pressure (NIBP), end tidal CO, and temperature were
applied. General anesthesia was induced using fenta-
nyl (1 ug/kg) and propofol (2.5 mg/kg) and tracheal
intubation was facilitated using 0.5 mg/kg of atracur-
ium. Anesthesia was maintained with isoflurane in 50%
oxygen/air mixture, and the depth of anesthesia was
adjusted accordingly, aiming for a non-invasive mean
baseline arterial pressure of 80-120%. Controlled
mechanical ventilation was adjusted to maintain end-
tidal PCO, around 35 mmHg.

Before skin incision, both the groups received the
loading drug. A constant infusion rate of the drug was
started prior to skin incision which delivered at the rate
of 0.12 mg /kg/hour for all patients.

At the end of surgery, infusion drug was stopped,
anesthesia was discontinued, and residual neuromus-
cular blockade was antagonized with neostigmine
(0.05 mg/kg) and atropine (0.02 mg/kg).

If there was no postoperative airway compromise or
hemodynamic instability, the patient was transported
to the Post-Anesthetic Care Unit (PACU). Pain intensity
was assessed by VAS scores as none, mild, moderate, or
severe, the following cut points on the pain VAS have
been recommended: no pain (0-4 mm), mild pain(5-
44 mm), moderate pain (45-74 mm), and severe pain
(75-100 mm) [9] and Aldrete—Krolik recovery score [10]
were recorded every 10 min until an Aldrete score > 9
was achieved. Then, the patients were transported to
the ward.

Five mg morphine was given after extubation to
both groups. The patients were transferred to recovery
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room where IV paracetamol 1 g was administrated
every 6 h till the end of the study.

3. Assessment parameters

The following data were collected:

e Patients’ demographic and clinical data including
age, sex, weight, height, BMI, ASA, and duration of
anesthesia and surgery.

e Hemodynamic data were recorded intra-
operative every 15 min including (mean arterial
blood pressure, heart rate, arteria oxygen satura-
tion, end tidal carbon dioxide and cutaneous
body temperature). Also, postoperatively at 0, 2,
4,6,8, 12,24, 36, and 48 h.

e Post-operative pain scores in recovery room were
recorded at rest and movement at 2, 4, 6, 12, 24,
36, and 48 h after surgery. IV morphine 0.05 mg/
kg was given as top-up boluses for rescue analge-
sia, if VAS scores were >40.

e Serum CRP and IL6 was measured preoperatively
and 6 h postoperatively. Serum CRP was measured
using nephelometry done on Advia 1800 fully
automated analyzer of Siemens. Serum IL6 was
measured using enzyme-linked immune-sorbent
assay (ELISA) done by Sino-Gene-Clon Biotech kits.

e The degree of sedation was evaluated using
Modified Ramsay Sedation Scale at 2, 4, 6, 8, 12,
24, 36, and 48 h after the surgery.

¢ The time at which the patient was given the first
dose of rescue analgesia was recorded.

e Number of doses of rescue analgesia needed in
the postoperative period were also recorded.

e Time of return of gastrointestinal motility using
bowel sounds.

e Satisfaction score was recorded using Likert
score: 1 = Strongly un-satisfied, 2 = moderate un-
satisfied, 3 = neutral, 4 = moderate satisfied,
5 = strongly satisfied [11].

e Patients were observed for any complications or
side effects like tachycardia, increase blood pres-
sure, confusion, hallucination, nausea and vomit-
ing were recorded.

4. Outcomes

Primary outcome was the analgesic effect of intra-
operative ketamine intravenous infusion presented
by total dose of morphine was consumed postopera-
tive. Secondary outcomes were the effect of ketamine
infusion on the level of postoperative serum IL6 and
CRP, pain score (during rest and movement) in the first
48 h using visual analogue score (VAS), time to the first
request for rescue analgesics, return of intestinal moti-
lity, sedation score, satisfaction of the patients and any
side effects happened.

5. Sample size

The primary endpoint of this study was the total
amount of morphine consumption. Based on previous
studies [8], a target sample size was calculated.
A power analysis estimated that a sample size of 25
patients in each group would have an 80% power at
0.05 level of significance to detect a difference of 1 hin
the total amount of morphine consumption between
the two groups. To compensate for patients’ dropout,
a total of 60 subjects were enrolled.

6. Statistical analysis

Distribution of baseline variables was assessed by the
Shapiro-Wilk test. Continuous variables were described
as mean (£SD) and were analyzed using the student
t-test and one-way analysis of variance (ANOVA) test
with post-hoc multiple comparisons. Nonparametric
data were presented as median (range) and were ana-
lyzed between the two groups using the Mann-
Whitney U-test. Categorical data were reported as
numbers and percentages and were analyzed using
the chi-square test or Fisher exact test. A P-value
<0.05 was considered statistically significant. All statis-
tical analyses were done using IBM SPSS statistics ver-
sion 20 (SPSS Inc, Chicago, IL, USA).

7. Results

Sixty-seven patients were assessed for eligibility. Six of
them did not meet the selection criteria, and one
patient refused to participate in the study. Sixty
patients (30 in each group) were enrolled in this
study (Figure 1).

The two groups were similar in age, sex, BMI, height,
weight, type, and duration of both surgery and anaes-
thesia; there were no significant intergroup differences
in these demographics (Table 1).

Hemodynamic vitals: No significant differences
were recorded among groups in the mean arterial
blood pressure, the mean heart rate or SPO,in all
time points (data not presented).

In the postoperative period: The VAS scores at
(rest and movement) were significantly lower in keta-
mine group. The difference in VAS scores of the two
groups becomes statistically significant at nearly all-
time intervals before 36 h with P< 0. 05. There was no
significance difference at 24 and 48 h (p>0.05).
Ketamine group had lower scores of VAS scores at
nearly all-time intervals (Figure 2(a,b))).

The rescue analgesia and analgesic consump-
tion: The total amount of postoperative morphine
consumption showed significance difference between
the two groups (p < 0.05) where the mean morphine
amount required as rescue analgesia in ketamine
group was 6.9 = 2.91 mg and in control group was
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Enrollment

Assessed for eligibility (n=67)

Excluded (n=7)
| Not meeting inclusion criteria (n=6)

"| Declined to participate (n=1)
Other reasons (n=0)

Randomized (n=60)

v [

Allocation ] v

Allocated to intervention (n=30)
+ Received allocated intervention (n= 30)
+ Did not receive allocated intervention (n=0)

Allocated to intervention (n= 30)
+ Received allocated intervention (n=30)
«+ Did not receive allocated intervention (n=0)

>

Follow-Up

~

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Lost to follow-up (n= 0)
Discontinued intervention (n=0)

Analysis

J

Analysed (n=30)

Excluded from analysis (n=0)

Figure 1. Flow diagram of the study patients.

Table 1. Demographic data in the two studied groups.

Group K Group C  p-value
Age (ys) 474+65 442+71 0.074
Sex M/F 21/9 16/14 0.288
Weight (kg) 76672 791+73 0.182
Height(cm) 171273 1747 £6.7 0.058
BMI 26.1+£21 260+3.2 0877
ASA I/l 13/17 10/20 0.596
Anesthesia duration min 1577 £25 1649 +25 0.272
Surgery duration min 137.6 £24 1446 +24 0278

Type of surgery 9 10 0.864
® |eft hemicolectomy 8 7
® Right hemicolectomy 8 6
® Small intestine  resection 5 7

anastomosis
® Small intestine bypass

Data were presented as mean + SD, numbers of patients.
*P < 0.05 was considered significant.

13.5 = 7.95 mg. There was significant difference
(p < 0.05) between the two groups regarding time of
first analgesic request 326.3 + 49.5 min in ketamine
group and 176.17 + 40 min in control group. As regard
number of opioid doses, patients in ketamine group
received 1.6 = 0.72 while patients in control group
received to 2.9 £ 1.5; with significant difference
between both groups (Table 2). The postoperative
rescue analgesia was administered with IV morphine
injection bolus 0.05 mg/kg as required or whenever
the VAS score was >40 over a period of 48 h.

GIT motility: Regarding postoperative return of GIT
motility showed significance difference between the
two studied groups (p < 0.05) (Table 2).

Analysed (n=30)

Excluded from analysis (n=0)

7.1. Patients’ satisfaction

Patients’ satisfaction was assessed using Likert scale;
the satisfaction score was adequate (very satisfied,
satisfied, neutral) in 87% of the ketamine group as
compared with 60% in the control group (P = 0.018)
(Figure 3).

Inflammatory responses: Perioperative inflamma-
tory responses were comparable between the keta-
mine and control groups. Serum IL-6 levels before
surgery were similar between the two groups
(P = 0.940). After surgery, IL-6 levels were significantly
higher than the baseline values in both groups.
Postoperative interleukin 6 showed significance differ-
ence between the two groups (p < 0.05).

Similarly, CRP levels increased after surgery in both
groups compared with baseline values. Postoperative
CRP showed significance difference between the two
groups (p < 0.05) (Table 3).

7.2. Sedation and side effects

There was no significant difference in postoperative
sedation score between groups (p>0.05). Only five
patients in group K and three patients in group C had
nausea but vomiting occurred in only one patient in
each group that required treatment.

Transient tachycardia, confusion, hallucination, and
drowsiness were found, but no active intervention was
performed, and it was self-limiting. The difference was
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Figure 2. (a) Visual analogue scale at rest between the two studied groups (b) (VAS) at movement between the two studied

groups.

not statistically significant (p>0.05). No other side
effects were observed in post-operative period in
both groups.

7.3. Discussion

The current study demonstrates the analgesic effect of
1 mg/kg ketamine (IV) bolus before skin incision fol-
lowed by intra-operative (IV) 0.12 mg/kg infusion in
patients underwent intestinal surgeries. In contrast to
group C, there was a decrease in overall postoperative
morphine intake, a delay in the first request for rescue
analgesia, and a decrease in postoperative pain scores
up to 48 h postoperatively in the K group.
Furthermore, as compared to group C, group K had
a lower surgical inflammatory response, less side

effects, and higher patient satisfaction than the control
group.

In accordance with Jouguelet-Lacoste et al., several
conclusions can be drawn regarding the use of low-
dose intravenous ketamine infusions, as the benefits of
ketamine are primarily to reduce opioid use more than
reduce pain levels, as ours lead to a reduction in pain
intensity for up to 12 h after the surgery and less
resulted in opioid use [12].

Several studies have demonstrated the analgesic
efficacy of ketamine given peri-operatively during the
acute postoperative time [13,14]. The analgesic bene-
fits of ketamine have been described in a systematic
study, especially in operations with high levels of post-
operative pain [14], and when combined with mor-
phine to lower morphine consumption [15].
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Figure 3. Postoperative satisfaction score in the two studied groups.

Table 3. Pre- and postoperative interleukin 6 and CRP level in the two studied groups.

Group K Group C P- value
Baseline interleukin 6 (ng/ml) 52+16 53+17 0.940
Postoperative interleukin 6 (ng/ml) 6.7 £ 2.1 87+28 0.004*
Baseline CRP (mg/l) 84 t4.1 6.7 £ 4.1 0.105
Postoperative CRP (mg/l) 413+£278 67.1 £ 55.6 0.026*

Data were presented as mean + SD.
*P < 0.05 was considered significant.
Independent t-test was used to compare the mean differences.

Due to the high affinity of ketamine in the NMDA
receptor, it has been noted that the interaction of
ketamine with the NMDA receptor is more selective
with the low dose [16].

We found that the morphine consumption regard-
ing total doses and number of doses was less in keta-
mine infusion group, and the use of the low dose of
ketamine infusion was associated with no side effects.

Anesthesia and surgery are associated with
a weakening of the immune system expressed as an
overactive pro-inflammatory immune response and
suppression of cellular immunity that may affect the
course of the postoperative period. The addition of
anesthetic agents capable of ameliorating changes in
immune function perioperative may have a positive
effect on patients’ recovery. In our study, perioperative
ketamine infusion attenuated the inflammatory
response to anesthesia and surgery.

In our study giving ketamine infusion before skin
incision and the start of surgery resulted in decreased
the cytokines response to surgery by decreasing the
production of CRP due to activation of nuclear factor
kappa B in liver cells and decreased the postoperative
increase of serum IL-6 level.

Since IL-6 plays an important role in regulating both
cellular and humoral inflammatory responses, the ability
of ketamine, observed in the present study, to weaken its
secretion in the postoperative phase is an additional con-
tribution to the avoidance of postoperative
complications.

Ketamine can have positive effects on the post-
operative immune response through a variety of
mechanisms. First, it acts as an analgesic and relieves
pain, which in itself stimulates pro-inflammatory cyto-
kine production and suppresses IL-2 secretion.
Therefore, it can be useful in administering preventive

Table 2. Time to first request, total consumption of postoperative rescue analgesia, number of opioid doses and return of GIT

motility.
Group K Group C P- value
1** analgesic request min 326.3 £49.5 176.17 + 40 0.000*
Total dose morphine (mg) 6.9 + 291 13.5 + 7.95 0.000*
Number of doses 1.6 +£0.72 29+ 15 0.000*
Return of GIT motility (hr) 268 £ 5.5 30.7 £ 4.4 0.004*

Data were presented as mean + SD, median (range).
*P < 0.05 was considered significant.
Independent t-test was used to compare the mean differences.
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analgesia by suppressing inflammation [17]. Second,
the direct suppressive effect of ketamine on pro-
inflammatory cytokine production by PBMCs was
shown in the present study. In addition, ketamine has
an anti-inflammatory effect by inhibiting the reactivity
of leukocytes and suppressing the increased produc-
tion of superoxide anions by neutrophils [18].

Also, our results in accordance with that of Abbas
et al., who concluded that ketamine (0.25 mg/kg) pre-
treatment may reduce inflammatory response (IL-6, IL-
10 and CRP) to surgical trauma and can prevent the
host’s auto destruction by secondary damage to tis-
sues/organs that were not originally affected by the
surgery; Reducing inflammation also reduces the post-
operative pain and analgesics required [19]. In our
study, there was no significant statistical difference
between both groups. And this is in agreement of [20].

In agreement with our results, Nesher et al.
reported that IV-PCA with a subanesthetic dose of
ketamine and morphine following transthoracic
lung and heart surgery resulted in lower pain
scores, morphine consumption, and incidence of
nausea-vomiting without increasing side effects [21].

Also, in accordance with this study, Zakine et al.
compared ketamine infusion during the intraopera-
tive period alone with that for the perioperative
period (intraoperative plus postoperative, 48 h).
The authors demonstrated that low-dose ketamine
improved postoperative analgesia, reduced mor-
phine consumption and incidence of nausea [22].

Remerand and colleagues demonstrated that an
IV bolus at the beginning of surgery followed by
a 24 h infusion decreased morphine consumption
in patients undergoing total hip arthroplasty [23].
Also, Akhavanakbari et al. showed that adding
ketamine to morphine in IV-PCA reduced pain
score and morphine consumption [24]. All these
studies come in agreement with our results.

In agreement with our results, many studies stated
that there were no differences in the incidence of
adverse events (nausea, vomiting, sedation, and psy-
chomimetic events) when ketamine was given com-
pared to placebo [25,26].

In accordance with this study, Zoumprouli et al.
explained the early retain of intestinal motility in keta-
mine, by the decreased amount of postoperative analge-
sics consumption in this group compared by the
other [27].

7.3.1. Limitation

Limitation to our study might be the small sample size,
the less frequent and type of cytokines assessed. The
shorter duration of follow-up to the attenuation to the
cytokines in the postoperative period.

8. Conclusion

In conclusion, ketamine, at low doses, is perhaps
a promising drug that can limit and even prevent
increased inflammation. It also led to reduced post-
operative opioid consumption, reduced pain score,
earlier retains of intestinal motility and decreased inci-
dences of adverse effects.
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