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Abstract

Background: Ketamine or dexmedetomidine as an adjuvant to bupivacaine
in local wound infiltration attenuated postoperative stress response, especially

o ~ with ketamine in patients undergoing total abdominal hysterectomy. Objec-
versus Dexmedetomidine Added to Bupi- . . . . i
vacaine on Inflammatory Cytokines, a Ran-  tVES: Compare effect of local wound infiltration with ketamine or dexmede-
domized Clinical Trial. Open Journal of ~ tomidine added to bupivacaine to bupivacaine alone on inflammatory cyto-

Anesthesiology, 12, 261-277.

kine response after total abdominal hysterectomy. Methods: Sixty female pa-
https://doi.org/10.4236/0janes.2022.128024

tients with endometrial carcinoma underwent total abdominal hysterectomy
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with one of three; 40 ml of 0.25% bupivacaine alone (C Group) or with the
addition of 2 mg/kg ketamine (K Group) or 2 pg/kg dexmedetomidine (D
Group). After extubation, they were followed up for postoperative interleu-
kin 6 (IL6), IL1S, IL10, and TNF-a levels were assessed at baseline, pre-
infiltration, 6, and 24 h by blood samples obtained from each patient, hemo-
dynamic variables, analgesic profile and side effects. Results: Inflammatory
cytokines response was attenuated in K and D groups, evidenced by decreased
mean pro-inflammatory cytokines IL6, TNF-q, and increased anti-inflam-
matory IL10 at 6 and 24 h postoperatively compared to pre-infiltration levels
(p £ 0.01) with preservation of IL1J at its preoperative level (p > 0.05). At-
tenuation was more in K and D groups than in the C group and was highest
in the K group with decreased 1* request, total morphine consumption with-
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out serious side effect. Conclusion: Local wound infiltration with ketamine
or dexmedetomidine added to bupivacaine has a good postoperative analgesic
profile and attenuated cytokines inflammatory response more than bupiva-
caine alone after total abdominal hysterectomy, with highest attenuation in
ketamine group.
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1. Introduction

Oncology patients have immune function deficiency in which cellular immunity
is inhibited by the stimulation and anesthesia during the peri-operative period
due to (anesthetic techniques, operative trauma, stress response, pain, hypoten-
sion, hypothermia, blood transfusion, and hyperglycemia). Moreover, cellular
immunity is closely related to infections after surgery, wound healing, and espe-
cially tumor metastasis. [1]

Immune changes occurring peri-operatively are primarily a result of surgical
trauma and subsequent neuroendocrine responses, which play a central role in
mediating the effect of surgery on the immune system. [2] [3]

Adaptive immunity consists of two types, humoral and cellular immunity
which is linked to each other by a broad family of proteins called cytokines,
which play an important role in immune cell activation, regulation, and com-
munication. [4]

Interleukin-14 (IL1), IL6, and TNF-a are the primary pro-inflammatory cy-
tokines response to surgery. [3] The importance of IL6 as a reliable and particu-
larly sensitive biomarker of inflammatory activation and a predictor of subse-
quent organ dysfunction and death has been indicated in numerous studies. [5]
[6] IL10 is a potent anti-inflammatory cytokine that down-regulates the expres-
sion of Th1 cytokines. IL10 is capable of inhibiting the synthesis of pro-inflam-
matory cytokines like TNF-q, IL6, IL8, and IL18. [7]

Single-shot local anesthetic infiltration (LAI) is a commonly used method for
reducing postoperative pain. [8] [9] Regional anesthesia has the advantage of
preventing noxious stimuli from reaching the central nervous system and,
therefore, can attenuate the surgical stress response [10].

Ketamine or dexmedetomidine as an adjuvant to bupivacaine in local wound
infiltration attenuated postoperative stress response, especially with ketamine in
patients undergoing total abdominal hysterectomy. [11] Owing to the postoper-
ative stress attenuation effect of local wound infiltration of ketamine and dex-
medetomidine, we hypothesized that they attenuate the postoperative inflam-
matory cytokine response.

In this study, we aimed to compare the effect of local wound infiltration with
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ketamine or dexmedetomidine added to bupivacaine to bupivacaine alone on in-

flammatory cytokine response after total abdominal hysterectomy.

2. Patients and Methods

The local ethics committee of South Egypt Cancer Institute, Assuit University,
Assuit, Egypt approved this randomized study. Written informed consent was
obtained from all participating patients. This study was registered at
https://www.clinicaltrials.gov/ with identifier No: NCT03164590.

Sixty female cancer patients with endometrial carcinoma, ASA class I-II with

ages 18 - 60 years, and weight 50 - 90 kg scheduled for total abdominal hyste-
rectomy with low midline vertical incision were included in the study. Patients
with known drug allergy to any of the study drugs, significant cardiac, respira-
tory, renal or hepatic diseases, coagulation disorders, and those with psychiatric
illnesses that would interfere with perception and assessment of pain were ex-
cluded.

Preoperatively, patients were taught how to evaluate their pain intensity using
the visual analog scale (VAS), scored from 0 - 10 (where 0 = no pain and 10 =
worst pain imaginable), and how to deal with patient-controlled analgesia (PCA)
device. Electrocardiogram (ECG), noninvasive blood pressure and pulse oxime-
try were applied upon arrival to the operative room. Then an intravenous line
was introduced, and a two ml blood sample was obtained from each patient to
assess baseline levels of inflammatory cytokines (IL 14 IL6, IL10, and TNF-a)
before induction of anesthesia.

No pre-medications were administered to patients of all groups. General
anesthesia was induced with intravenous fentanyl 1 pg/kg, propofol 2 mg/kg,
and rocuronium 0.6 mg/kg and maintained with sevoflurane in 50% oxygen/air
mixture and rocuronium 0.1 mg/ kg. Intravenous (IV) fluids were administered.
Towards the end of the surgery, another two ml blood sample was obtained from
each patient to assess the levels of inflammatory cytokines immediately before
wound infiltration. Local wound infiltration was performed intra-operatively
before skin closure by the surgeon who was blinded to the investigational drug
identity, which was prepared by the hospital clinical pharmacist in a sterile sy-
ringe. Patients were randomly assigned using an online research randomizer

(http://www.randomizer.org) into three groups (20 patients each):

Ketamine (K) group: 20 patients received local wound infiltration with 40 ml
of bupivacaine 0.25% + 2 mg/kg ketamine in two divided doses Ze. 20 ml on
each side of the incision line.

Dexmedetomidine (D) group: 20 patients received local wound infiltration
with 40 ml of bupivacaine 0.25% + 2 pg/kg dexmedetomidine in two divided
doses Ze., 20 ml on each side of the incision line.

Control (C) group: 20 patients received local wound infiltration with 40 ml
of bupivacaine 0.25% in two divided doses Z.e., 20 ml on each side of the incision

line.
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After wound closure and adequate reversal of muscle relaxant effect and ex-
tubation, all patients were transferred to the post-anesthesia care unit (PACU).
The postoperative patients’ heart rate, noninvasive arterial blood pressure, res-
piratory rate, and oxygen saturation were monitored for the first 24 hrs. Hypo-
tension, defined as a 15% decrease in the systolic blood pressure from baseline
(preoperative measurements), was treated with an intravenous bolus of ephe-
drine 0.1 mg/kg. Bradycardia, defined as a decrease in the heart rate of 20% or
more from baseline, was treated with intravenous atropine 0.01 mg/kg.

A blinded resident collected data; the presence and severity of pain at rest and
on movement (coughing) were assessed using a 10 cm visual analog scale (VAS).
If the VAS was > 3, rescue analgesia was started by 0.1 mg/kg IV morphine bo-
lus. Followed by patient-controlled analgesia (PCA), with a concentration of
morphine of 1 mg/ml (each button push delivers a bolus of 1 ml, with a
5-minute lockout interval, with no background infusion) continued for 24 hrs.
Two further blood samples (2 ml each) were obtained from each patient at 6 and
24 hrs postoperatively to assess inflammatory cytokines levels.

Side effects like nausea, vomiting, hypotension, bradycardia, chest pain, res-
piratory depression (respiratory rate below 8/minute), sedation, and psycholog-
ical complications (hallucination, dissociative effects, delirium) were recorded all
over the 24 h and treated accordingly. The duration of ICU and hospital stay
were also recorded. The four blood samples [baseline (before anesthesia induc-
tion), pre-infiltration, 6 and 24 h] were collected in plasma tubes containing
ethylenediamine-tetra-acetic (EDTA), centrifuged and stored at —20°C for as-
sessment of serum concentrations of cytokines (IL1/, IL6, IL10, and TNF-a) by a
blinded investigator. Human premixed Muti assayed serum cytokines-Analyte
Kit, Luminex Assay (LXSAH-10°% R&D systems, Minneapolis, MN, USA).

3. Statistical Analysis

Our primary outcome measure was the IL6 level (pg/ml) in the first 24 h. Sec-
ondary outcome measures were the levels of inflammatory cytokines (IL 15
IL10, and TNF-a), visual analog scale at rest and movement (VASR-M), 1% re-
quest and total dose of morphine consumption incidence of side effects and ICU
stay.

Sample size calculations were based on data from previous literature on
changes on the levels of IL6 [12]. To detect a minimal difference of 1 SD in the
IL6 levels in between, and within the study groups, it was calculated that 18 pa-
tients per group were required for the study to have a of 80% and a type I error
of 0.05, using a confidence interval (CI) of 95%.

To compensate for dropouts, we recruited 20 patients in each group to ac-
count for random errors and additional comparisons.

All data were collected by Microsoft Excel program then analyzed with Statis-
tical Package for the Social Sciences software (SPSS®) version 17 (IBM, Chicago,

IL). Data were presented as number, percentage, mean (SD), median (range).
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Chi-Square test was used to compare qualitative variables as (ASA class and side
effects). One sample Kolmogorov-Smirnov normality test was used to test the
distribution of quantitative variables to select accordingly to the type of statistic-
al testing to use; parametric or nonparametric. The test showed that our data
were not normally distributed, and nonparametric tests were used for statistical
analysis. Kruskal-Wallis Test was used to compare the quantitative variables
between three groups, and further analysis was done by the Mann-Whitney test
to compare every two groups. Wilcoxon signed-rank test was used to compare
pre and post-follow-up in the same group. A P-value of < 0.05 was considered

statistically significant.

4. Results

The participating flow chart illustrated in (Figure 1). Regarding the demographic
data (age, weight, and ASA) of the enrolled patients, there was no significant
difference between the three studied groups (p > 0.05) (Table 1).

There was a significant decrease in mean IL6 level (pg/ml) in K group (81.07 +
52.18) and D group (93.97 + 61.26) respectively compared to C group (119.56 +
66.29) at 6 h; (p < 0.046), and at 24 hrs in K group (75.44 £ 53.86) and D group
(86.50 + 55.67) respectively compared to C group (125.88 + 74.99) (p < 0.034).
Also, in each group, there was a significant decrease when comparing 6 and 24
hrs time points postoperatively to the pre-infiltration levels in K, D, and C
groups (p < 0.009) but the lowest level was in K group (Table 2, Figure 2).

There was a significant difference in the mean levels of IL10 and TNF-a
(pg/ml) between the three groups when compared all together (p < 0.001) at 6
and 24 h postoperatively but not in IL15 (Table 2, Figure 3). Comparing the
IL10 levels at 6 and 24 h to the pre-infiltration levels, there was a significant in-
crease in K and D groups (p < 0.001) (Table 2, Figure 4).

There was a significant decrease in the TNF-a levels at 6 and 24 h in K, D and
C groups when compared to the pre-infiltration level and the lowest level was in
K group (p < 0.002) (Table 2, Figure 5).

There was a significant reduction in median VAS-R score in-group K starting
immediately postoperatively, at 2, 4, 6, 8 and 24 h compared to group C. In addi-
tion, there was a significant reduction in median VAS-R score in-group D start-
ing immediately postoperatively up to 8 h compared to group C (p < 0.05).
There was no significant difference between group K and group D in the median
postoperative VAS-R score at any time point (Figure 6).

Also median VAS-M score, there was a significant reduction in median VAS-M
in group K starting at 2 h postoperatively till 24 h compared to group C and a
significant reduction in median VAS-M in group D starting at 2 and 4 h post-
operative compared to group C with no significant differences between group K
and group D at any time point (Figure 7).

PCA morphine consumption was significantly reduced in group K 5 mg (5 -

20 mg) and group D 10mg (5 - 15 mg) compared to group C 15 mg (5 - 20 mg)
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v

e Not meeting inclusion
criteria (n = 8)

1 e Decline to participate

Randomized (n = 60)

4

Ketamine group (K group) Dexmetedomidine group (D group) Bupivacaine group (C group)
e Allocated for intervention (n = 20) e Allocated for intervention (n = 20) e Allocated for intervention (n = 20)
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(n=0) (n=0)

Follow up

Completed the study (n = 20)

Discontinue the intervention (0)

Lost to follow up (0)

Analysis

Analyzed (20)

Excluded from analysis (0)

Figure 1. Patients flow diagram.
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Lost to follow up (0)

Lost to follow up (0)
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Excluded from analysis (0) Excluded from analysis (0)

with no significant difference between K and D groups (p = 0.441) (Table 3).
Time to the first request of rescue analgesia was significantly prolonged in group
K6 (2 -12) h) and group D 6 (2 - 12) h compared to group C4 (2-8h) (p <
0.026) (Table 3).

The mean postoperative duration of ICU stay was in K group (1.10 £ 0.31
days), D group (1.15 £ 0.37 days) and C group (1.35 £ 0.59 days) and the hospit-
al stay were in K group (3.80 * 0.52 days), D group (3.85 £ 0.59 days) and C
group (4.05 + 0.22 days) with no significant differences (p > 0.05).

Three patients (15.0%) had nausea in group C compared to two (10%) in K
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Figure 2. Changes in the level of interleukins (IL6) in (pg/mL) during the 24 hrs post-
operatively. Group K: ketamine group; Group D: dexmetedomidine; Group C: control
group. Data are presented as mean and SDj; the number marked on the column was the
standard deviation; After 6 or 24 hours indicates 6 and 24 hours after local infiltration
postoperatively; baseline, before induction of anesthesia; Pre-infiltration: just before local
infiltration and after induction of anesthesia.
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Figure 3. Changes in the level of interleukins (IL1/) in (pg/mL) during the 24 hrs post-
operatively. Group K: ketamine group; Group D: dexmetedomidine; Group C: control
group. Data are presented as mean and SD; the number marked on the column was the
standard deviation; After 6 or 24 hours indicates 6 and 24 hours after local infiltration
postoperatively; baseline, before induction of anesthesia; Pre-infiltration: just before local
infiltration and after induction of anesthesia.

group and 1 (5.0%) in D group. Vomiting occurred in 2 (10%) patients in both C
and K groups while only in 1 (5.0%) patient in D group. Only one patient had
hypotension in group D. No significant differences observed in the incidence of

the other side effects including sedation between the three studied groups.
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Figure 4. Changes in the level of interleukins (IL10) in (pg/mL) during the 24 hrs post-
operatively. Group K: ketamine group; Group D: dexmetedomidine; Group C: control
group. Data are presented as mean and SD; the number marked on the column was the
standard deviation; After 6 or 24 hours indicates 6 and 24 hours after local infiltration
postoperatively; baseline, before induction of anesthesia; Pre-infiltration: just before local
infiltration and after induction of anesthesia.
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Figure 5. Changes in the level of interleukins (TNFa) in (pg/mL) during the 24 hrs post-
operatively. Group K: ketamine group; Group D: dexmetedomidine; Group C: control
group. Data are presented as mean and SD; the number marked on the column was the
standard deviation; After 6 or 24 hours indicates 6 and 24 hours after local infiltration
postoperatively; baseline, before induction of anesthesia; Pre-infiltration: just before local
infiltration and after induction of anesthesia.

5. Discussion

We compared the effect of local wound infiltration of bupivacaine alone or bu-
pivacaine mixed with ketamine or dexmedetomidine on the inflammatory re-
sponse following total abdominal hysterectomy. The inflammatory response was

reduced, evidenced by a decrease in the proinflammatory cytokines (IL6 and
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Figure 6. Visual analogue scale at rest between the three studied groups (VAS-R) in the
24 hours postoperatively after local wound infiltration with the studied medication.
Group K: ketamine group; Group D: dexmetedomidine; Group C: control group. (I)
Whisper indicated standarddeviation. *indicated significant difference between groups.
Bl: base line value before anesthesia induction.
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Figure 7. Visual analogue scale at movement between the three studied groups (VAS-M)
in the 24 hours postoperatively after local wound infiltration with the studied medication.
Group K: ketamine group; Group D: dexmetedomidine; Group C: control group. (I)
Whisper indicated standard deviation. *indicated significant difference between groups.
Bl: base line value before anesthesia induction.

DOI: 10.4236/0janes.2022.128024 269 Open Journal of Anesthesiology


https://doi.org/10.4236/ojanes.2022.128024

F. A. El Sherif et al.

Table 1. Demographic data of the studied groups.

Group K
(n =20)
Mean * SD
Age (years) 48.85 + 4.70
Weight (kg) 72.65 * 8.44
ASA score:
ASAT 8 (40.0%)
ASATI 12 (60.0%)

Group D
(n =20)
Mean + SD
48.20 + 4.86
73.40 + 8.08

9 (45.0%)
11 (55.0%)

Group C
(n =20) P-value! P-value?
Mean + SD
48.60 = 5.08 0.894 0.644
73.50 + 8.08 0.926 0.818
10 (50.0%) 0.817 0.749

10 (50.0%)

P-value?

0.817
0.684

0.525

P-valuet

0.796
0.914

0.752

Data presented mean + SD and No (%): ASA (American Society of Anesthesiologist). Group K: ketamine group; Group D: dex-

metedomidine; Group C: control group. P-value': p value comparing the three groups all together. P-value®: p value comparing

group K to group D. P-value’: p value comparing group K to group C. P-value*: p value comparing group D to group C.

Table 2. Changes in the level of interleukins (pg/mL) (IL14, IL6, IL10 and TNF-a) during the 24 hrs postoperatively.

Group K Group D Group C
(n =20) (n =20) (n=20) P-value! P-value? P-value* P-valuet
Mean £ SD Mean £ SD Mean £ SD
Baseline 3.46 £ 3.11 3.61 £2.87 3.33 £3.02 0.798 0.735 0.797 0.482
Pre-infiltration 3.75 £ 2.65 3.26 £ 2.50 3.28 £2.86 0.401 0.304 0.213 0.725
— After 6 h 3.61 £3.01 3.37+£2.44 3.23+£2.92 0.655 0.968 0.516 0.351
= P-value® 0.185 0.490 0.122
After 24 h 3.40 £ 2.55 3.35+2.55 3.35+3.01 0.798 0.808 0.473 0.745
P-value 0.051 0.872 0.432
Baseline 1.34 £ 0.20 1.33 £0.18 1.36 £ 0.26 0.986 0.892 0.935 0.892
Pre-infiltration 138.58 £ 92.07 134.73 £ 75.35 138.26 + 74.42 0.987 0.914 0.946 0.882
© After 6 h 81.07 £ 52.18 93.97 £ 61.26 119.56 + 66.29 0.125 0.499 0.028* 0.046*
= P-value® 0.000* 0.000* 0.000*
After 24 h 75.44 + 53.86 86.50 + 55.67 125.88 + 74.99 0.032* 0.337 0.013* 0.034*
P-value 0.000* 0.000* 0.009*
Baseline 1.78 £ 0.89 1.90 £ 0.97 1.78 £ 1.04 0.779 0.675 0.715 0.507
Pre-infiltration 10.24 + 8.84 11.01 £8.94 10.21 + 8.96 0.863 0.715 0.871 0.598
S After 6 h 35.93 + 14.07 2217 £17.71 8.48 + 8.33 0.000* 0.001* 0.000* 0.000*
dl P-value® 0.000* 0.001* 0.015*
After 24 h 40.95 £ 10.90 23.86 £ 11.22 8.02 +7.04 0.000* 0.000* 0.000* 0.000*
P-value 0.000* 0.001* 0.008*
Baseline 49.37 £ 38.71 49.25 £ 37.92 47.31 £ 38.27 0.922 0.892 0.705 0.776
Pre-infiltration 111.16 £ 46.16 106.47 + 48.27 106.15 + 47.89 0.926 0.725 0.745 0.989
E After 6 h 65.05 + 38.15 77.33 £27.59 92.17 £ 21.09 0.018* 0.044* 0.011* 0.032*
= P-value’® 0.002* 0.000* 0.000*
After 24 h 54.31 + 32.81 69.25 + 37.88 90.97 + 32.37 0.003* 0.058 0.002* 0.025*
P-value 0.000* 0.000* 0.000*

Data presented mean + SD Group K: ketamine group. Group D: dexmetedomidine group. Group C: control group. P-value': p

value comparing the three groups all together. P-value*: p value comparing group K to group D. P-value®: p value comparing

group K to group C. P-value*: p value comparing group D to group C. P-value: p value comparing level at 6 hrs to the

pre-infiltration level. P-value’: p value comparing level at 24 hrs to the pre-infiltration level. *Significant P-value.
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Table 3. Total postoperative morphine consumption (mg) and first request of rescue analgesia (hr) in the 24 hours postoperatively

after local wound infiltration with the studied medication.

Group K Group D Group C P-value!  P-value?  P-value*  P-value?
First request:
Mean + SD 6.71 £ 4.00 6.06 £ 3.40 3.70x 1.75 0.026* 0.711 0.020* 0.021*
Median (Range) 6(2-12) 6(2-12) 4(2-8)
Total morphine dose:
Mean + SD 7.94 +4.70 8.33£3.43 14.00 + 3.48 0.000* 0.441 0.000* 0.000*
Median (Range) 5(5-20) 10 (5 - 15) 15 (5 - 20)

Group K: ketamine group; Group D: dexmetedomidine; Group C: control group. P-value': p value comparing the three groups all

together. P-value*: p value comparing group K to group D. P-value®: p value comparing group K to group C. P-value*: p value

comparing group D to group C.

TNF-a) and an increase in the anti-inflammatory cytokines (IL10) with the pre-
servation of IL1/ production at its preoperative level. The reduction was more
evident in the ketamine group than in other groups without the development of
significant side effects.

Wound infiltration with local anesthetics is a simple, effective, and cheap me-
thod of providing adequate postoperative analgesia without significant side ef-
fects. Wound infiltration seems not only to provide analgesia in lower abdomin-
al surgery it might reduce the up-regulation of peripheral nociceptors that ma-
nifests as increased sensitivity to pain [13]. Moreover, it has been suggested that
regional anesthetic techniques can reduce postoperative stress response. [14]
Local wound infiltration with ketamine or dexmedetomidine added to bupiva-
caine had an opioid-sparing effect, delayed the first request of rescue analgesia,
and attenuated the postoperative stress response especially with ketamine in pa-
tients undergoing total abdominal hysterectomy [11]. It may be logical to think
that a reduction in stress response through better analgesia by using regional
anesthetic techniques may reduce inflammation.

To the best of our knowledge, the effect of locally infiltrated ketamine or
dexmedetomidine as adjuvants in wound infiltration on postoperative inflam-
matory response is not yet explored. In our study, the plasma levels of IL6,
TNF-aq, and IL10 increased markedly at the end of surgery just before wound in-
filtration compared to their baselines. The addition of ketamine or DEX de-
creased the elevation of IL6 and TNF-a with increased IL10 at six and 24 hrs
postoperatively more than using bupivacaine alone. This highlights the local ef-
fect of ketamine or DEX on postoperative inflammatory response and the im-
mune system in this group of already immunocompromised patients.

IL-6 is the “gold index,” reflecting surgical stress, which plays an an-
ti-inflammatory and proinflammatory role. [15] by activating the hypothalam-
ic-pituitary-adrenocortical axis system in the process of stress reaction and im-
mune response. [16] IL6 is a main proinflammatory cytokine produced as early

as 2 - 4 h after tissue damage. Circulating IL6 levels appear to be proportional to

DOI: 10.4236/0janes.2022.128024

271 Open Journal of Anesthesiology


https://doi.org/10.4236/ojanes.2022.128024

F. A. El Sherif et al.

the extent of tissue injury during operation. [17] In particular, elevations of IL6
levels have been correlated with the subsequent development of postoperative
complications. [18]

Those enforced the importance of IL6 than other cytokines and were chosen
as our primary outcome.

Ketamine seems to exert a beneficial effect on the post-surgical immune re-
sponse via several mechanisms, acting as an analgesic; it causes alleviation of
pain, which by itself is a promoter of proinflammatory cytokine production. [19]
Peripheral analgesic effect of ketamine may be easily explained by blocking of
sodium and potassium currents in peripheral nerves. [20]

The analgesic effects of ketamine are generally believed to be mediated
through the blockade of phencyclidine binding site of NMDA receptors of the
nociceptive neurons. However, ketamine has also been reported to interact with
opioid, monoamine, cholinergic, purinergic, and adenosine receptor systems.
(21]

Ketamine, similar to local anesthetics, possesses anti-inflammatory effects
without affecting local healing processes (blunting neutrophil activation but
sparing endothelial production of cytokines) [22]. This is mediated by its effect
on G-protein-coupled-receptor signaling, specifically Gg down regulation. [23]
Moreover, a list of proposed mechanisms mediates the anti-inflammatory effects
of ketamine including; inhibition of nuclear factor-kB and activator protein [24],
inhibition of proinflammatory cytokine production (IL6 and TNFa) [25], inhibi-
tion of neutrophil functions [26], the release of adenosine [27], blockade of
large-conductance KCa channels on microglia (BK channels), or inhibition of
nitric oxide production in macrophages [28]. Ketamine also downregulates the
proinflammatory enzymes cyclooxygenase 2 and inducible nitric oxide synthase
and preserves the expression of the anti-inflammatory, heme-oxygenase-1 [29].

In accordance with us, Dale et al [21] concluded that intraoperative ketamine
significantly inhibited the early postoperative IL6 inflammatory response during
major surgery. Beilin et al [30] also reported that the addition of IV 0.15 mg/kg
ketamine reduced the secretion of the proinflammatory cytokines IL6 and
TNF-a in the early postoperative period up to 4 hrs. Remarkably, in our study,
inflammatory response attenuation lasted for up to 24 hrs probably because the
higher ketamine dose we used (2 mg/kg), despite the different route of adminis-
tration.

In addition, Kawasaki et al [31] reported that ketamine suppressed TNF-a
and IL6 in whole human blood and directly suppressed proinflammatory cyto-
kine production. Ketamine reduced IL6 and increased IL10 but not TNEF-a after
coronary arteries bypass grafting and may facilitate the production of an-
ti-inflammatory mediators, as reported by Welters et al. [32]

The local analgesic effect of dexmedetomidine is caused by enhancement of
the hyperpolarization-activated cation current, which prevents the nerve from
returning from a hyperpolarized state to resting membrane potential for subse-
quent firing [33].
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In our study, local wound infiltration of 2 ugkg DEX at the end of surgery
reduced the levels of the proinflammatory cytokines IL6, TNF-q, and increased
anti-inflammatory IL10 with preservation of IL1/ at its preoperative level more
than using bupivacaine alone, but to a lesser extent than ketamine.

DEX has suppressing effects of inflammatory mediators via
a2-adrenoceptor-mediated mechanism and necrosis factor kB (NF«kB) this inhi-
bition mechanism is responsible for the production of TNFa and IL6 (34). Re-
cently, it has been demonstrated that DEX has the ability to activate phagocyto-
sis [35].

In addition, DEX suppresses the sympathetic and stimulates the parasympa-
thetic nervous systems [36] Stimulating the vagus nerve has an anti-inflammatory
response [37] by suppressing peripheral cytokine release via macrophage nico-
tinic receptors and the cholinergic anti-inflammatory pathway. Therefore, DEX
has beneficial roles for immune-compromised patients because of its effect on
innate immunity activation and anti-inflammatory responses. [34]

Studying the effects of dexmedetomidine and a2-adrenergic receptor agonists
on cytokines [38] [39] revealed that they modulate lipopolysaccharide-induced
TNF-a production on macrophages [40]. Taniguchi ef al. [41] showed that dex-
medetomidine had an inhibitory effect on cytokine responses in endotoxemia.
Memis et al [42] found that dexmedetomidine infusion decreased cytokine
production in sepsis and suggested a modulator effect of dexmedetomidine on
cytokine production by macrophages and monocytes. Also, Tasdogan et al. [43]
reported that dexmedetomidine infusion of one pg/kg over 10 minutes followed
by a maintenance dose of 0.2 - 2.5 pg/kg/hr at the 24th hrs decreases TNF-a and
IL6 levels up to 24th and 48th hrs. This means that high doses and long infusion
time are required to achieve the same effect on the cytokine response. The local
site of administration of dexmedetomidine is the main reason for the absence of
side effects associated with its systemic use.

Our study might be limited by the short period of measuring inflammatory
cytokines, and we recommend further researches measuring them for several
postoperative days. In addition, despite the absence of systemic side effects like
hypotension, bradycardia, and sedation, we think that this study is limited by a
lack of measurement of serum levels of ketamine and dexmedetomidine, to rule

out, confidently, their possible systemic effects.

6. Conclusion

Local wound infiltration with either ketamine or DEX added to bupivacaine has
a good postoperative analgesic profile and attenuated inflammatory response
compared to bupivacaine alone after total abdominal hysterectomy, with more

attenuation in the ketamine group.
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