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Abstract

Background: Immune balance is mandatory for proper postoperative (PO) courses
and wound healing. Cesarean section is the commonest surgical procedure for
females. The choice of anesthetic procedure may affect the mother and fetal
outcomes.

Objectives: Evaluation of the impact of general (GA) versus spinal anesthesia (SA)
on parturient' cytokines' serum levels.

Patients and methods: 73 and 59 parturients received GA and SA, respectively. Fetal
APGAR scoring was determined at 1-min & 5-min PO. PO pain severity was
evaluated using the numeric rating scale and the duration of analgesia was calculated.
Blood samples (S1, S2, S3) were obtained for ELISA estimation of serum interleukins
and tumor necrosis factor-a (TNF-a). The study outcome is the effect of the anesthetic
procedure on serum cytokines levels.

Results: Cytokines' levels were significantly higher in S2 and S3 than in S1 samples
of all parturients with significantly higher levels in samples of GA patients.
Percentages of change in serum cytokines' levels were higher with GA than with SA.
Receiver operating characteristic (ROC) curve defined serum levels of TNF-a as the
most cytokine affected by the anesthetic procedure. APGAR scores were significantly
higher at 1-min and the duration of PO analgesia was significantly longer with SA.
Conclusion: SA can lessen the surgery-induced release of inflammatory cytokines,
while GA augments this effect. Moreover, neonatal and maternal outcomes were
superior with SA than with GA.
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Introduction

The recent WHO guidance in
2021 statement is a cesarean section
(CS) is essential only to improve
maternal and perinatal outcomes and
prevent or reduce mortality and
morbidity for the fetus and mother,
which may reach up to 10-15%.

The applied anesthetic
procedure may modulate the surgical
stress by increasing or decreasing
oxidative stress and release of
inflammatory cytokines according to
the applied procedure (Aremu et
al.,2020). Tissue injury per se can
activate  phagocytes to  produce
leukotriene B4, which increases the
production of chemokines and pro-
inflammatory cytokines (Salina et
al.,2020). Moreover, skin injury
provokes the secretion of cytokines
and growth factors necessary for local
immuno-protection and tissue repair
(Kanno et al.,2017).

Tumor necrosis factor (TNF)-a
is a potent pro-inflammatory cytokine
that plays a major role in the initiation
of the activation cascade of other
cytokines and growth factors (Tanabe
et al.,2010). Interleukins (IL) are
pleiotropic cytokines that may act as
inflammatory, anti-inflammatory, or
both actions and are secreted by a
variety of cells (Brocker et al.,2010).
Interleukin-6 (IL-6) and IL-1PB play a
major role in the acute phase response,
IL-6 is characterized by contradictory
functions according to the
pathophysiological base for its
increased release (Fietta et al.,2014),
while IL-1B plays an active role in the
pathogenesis of multiple pathological
conditions through the activation of
inflammasome (Liu et al.,2016).

Spinal anesthesia (SA) for CS
is nowadays a popular plan of
anesthesia because of its rapid onset
and high frequency of successful
blockade (Demilew et
al.,2019). However, maternal
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hypotension is its most frequent
complication (Alemayehu et
al.,2020). The study aimed to assess
the impact of the type of anesthesia on
surgical stress as manifested by the
serum levels of  inflammatory
cytokines in parturients undergoing
CS.

Patients and methods
Design: Comparative clinical trial

Setting: Departments of Anesthesia,
Pain and ICU and Medical
Biochemistry, Faculty of Medicine,
Benha University.

Inclusion criteria: Pregnant women
free of exclusion criteria and had
singleton fetuses and an indication for
CS and signed written informed
consent were enrolled in the study.
Exclusion criteria: Premature rupture
of membranes, preterm labor, fetal
distress necessitating rapid
intervention, gestational hypertensive
disorders, gestational or overt diabetes,
presence of acute inflammatory
reaction manifestations, maintenance
of immunosuppressive drugs, cancer,
renal and cardiac disorders, or
autoimmune disorders.

Ethical considerations: The
preliminary approval of the study
protocol by the Benha University
Ethical Committee was obtained in Oct
2020. All parturients assigned for
elective CS were clinically evaluated
by obstetricians for timing and
indication of CS, inclusion and
exclusion criteria. The study protocol
was discussed in full detail with each
parturient fulfilling the inclusion
criteria and those accepted to
participate in the study signed the
written consent. The final approval was
obtained after the end of case
collection in May 2022 by RC:
2.5.2022.

Sample size: A previous comparative
study on the impacts of general versus
neuraxial anesthesia for CS on plasma
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cytokines' levels  included 35
parturients divided into two groups and
reported non-significant differences
between both anesthetic techniques
(Dermitzaki et al.,2009). This non-
significant  difference  could be
attributed to the small sample size;
thus, the current study was supposed to
have a significant difference when the
sample size per group was >55
parturient and if so, the study power
will be 85% with an a value of 0.05
and f3 value of 0.15
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Grouping: Parturients who fulfilled
the inclusion criteria (n=132) were
allowed to choose between receiving
general or spinal anesthesia according
to their preference after explanations of
the pros & cons of each procedure.
Seventy-three parturients preferred
general anesthesia (GA group) and
fifty-nine parturients preferred to
receive spinal anesthesia (SA group)
with comparable enrolment data to that
of patients enrolled in group GA
(Table 1, Fig. 1).

Table 1. Parturient data

Data Group GA (n=73) Group SA (n=59)
Age (years) 26.843.7 27+2.9
Weight (kg) 87+4.4 86.2+5
Height (cm) 169+2 168.7+1.5
Body mass index

(kg/m?) 30.5+1.7 30.3+1.8
Gestational age (weeks) 38.8+1.2 39+0.8
Operative time (min) 40.9+6.9 39.1+£7.1

Women eligible for
evaluation (n=151) Excluded (n=19)

Eligible

Enrolled

Categorization

Group GA (n=73)

Follow-up

¥
Group G (n=73)

5 were obese of grade IT
o 4 had preterm labor

4 had gestational diabetes
¥ 3 had =1 fetus

Women eligible for 2 had gestational hypertension
enrolment (n=132)

N

Group SA (n=59)

¥
Group 5 (n=59)

Fig. (1): Flow chart of the study

Methods
Anesthetic techniques: All parturients
were monitored non-invasively for
heart rate (HR), mean arterial pressure
(MAP), oxygen saturation (Spoz), and
fetal heart rate.
1. General anesthesia (GA)
All GA parturients were pre-
oxygenated for 3-5 min with 100%

O,. Propofol (2 mg/kg) was used
for induction of anesthesia and
rocuronium (0.6 mg/kg) was
injected intravenously to facilitate
tracheal intubation using cuffed
6.5-mm endotracheal tube.
Anesthesia was maintained with
isoflurane 1.2 MAC, top-up doses
of rocuronium if needed and
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fentanyl (1-2 pg/kg) was given
after fetal delivery. During
anesthesia tidal volume was set at
8 ml/kg and 12 breaths/min
respiratory rates. After skin
closure, neostigmine (0.05 mg/kg)
and atropine sulfate (0.01 mg/kg)
was given intravenously as a
reversal for muscle relaxation.

2. Spinal anesthesia
Patients of the SA group received
preload with 500 ml of lactated
Ringer's  solution. =~ With the
parturient in the sitting position, a
25-gauge spinal needle was
inserted at the level of Ls.5 or L;4
and 12.5 mg of bupivacaine 0.5%
was injected intrathecally. Then,
the parturient was turned to a
supine position.

Intraoperative and PO monitoring

- During the operative time,
hypothermia was prevented by the
use of pre-warmed  fluids,
adjustment of room temperature,
and the use of a warming blanket
if necessary. MAP was
continuously monitored to guard
against the drop in blood pressure;
hypotension was defined as a
decreased MAP by >20% of
preoperative pressure and was
treated with the rapid infusion of
lactated Ringer’s solution and
intravenous boluses of ephedrine.
Cephalosporin; 31 generation was
given as  prophylaxis after
induction of anesthesia and was
continued postoperatively to guard
against the development of
infection. Non-steroid anti-
inflammatory drugs were
prohibited for their suppressing
effect on inflammatory mediators.

PO evaluation

1. The fetal outcome was evaluated
using the APGAR scoring system
at 1-min & 5-min after delivery on
a 10-point scale (Boyle.,1993).
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2. The intensity of PO pain was
assessed using a 0-10 point
numeric rating scale (NRS)
(Fairbank et al.,1980), at the time
of PACU transfer and every 30-
min throughout 4-hr PO. Duration
of analgesia was calculated from
theater discharge till the 1* request
of PO analgesia that was provided
as a pethidine (0.5-1 mg/kg)
injection and several requests for
PO analgesia were also recorded.

Laboratory Investigations

Three blood samples (S1-3)
were collected before induction of
anesthesia, at end of the surgery, and
24-hr  postoperative (PO) for
estimation of serum levels of serum IL-
1B, IL-6, and TNF-a using ELISA Kkits
(Abcam Inc., San Francisco, USA,
catalog no. ab46052, ab187013, and
ab46087, respectively) and were read
using a 96 well microplate ELISA
reader (Dynatech. MR 7000):
The study outcome is the change in
serum cytokines' levels in S2 and S3
samples in comparison S1 samples
according to the applied anesthetic
procedure.
Statistical analysis

The obtained results were
analyzed by SPSSfor Windows
statistical package (Version 22, 2015;
IBM, Armonk, USA) using the One-
way ANOVA test, paired t-test, and
Chi-square test (X2 test). The ROC
curve analysis was performed to
determine which cytokine could be
seriously affected by the applied
anesthetic procedure. P value <0.05
was considered statistically significant.

Results

Operative time was non-
significantly longer in the GA group.
APGAR score at 1-min  was
significantly (P=0.012) higher in the
SA group, but the 5-min APGAR score
was significantly higher than the 1-min
score in both groups with a non-
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significant inter-group difference. Five
neonates required admission to NICU;
4 in group GA, but only one in group
SA with a non-significant difference in
favor of SA group SA. Thirty-five
(59.3%) parturients in the SA group
did not require PO analgesia till the
time of discharge, and 24 parturient
(40.7%) required it once. On contrary,
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54 parturients (74%) in the GA group
required PO analgesia two times, and
19 parturients (26%) required it once
with a significantly (P<0.001) higher
difference between both  groups.
Duration of PO analgesia was
significantly (P<0.001) longer in
patients of the SA group compared to
patients of the GA group (Table 2).

Table 2. PO maternal and neonatal data of both groups

Data Group GA Group SA
Operative time (min) 40.1+7.3 38.2+6.2
APGAR score 1-min 8.3%1.5 8.9+1.3*
S5-min 9.5+0.8+ 9.7+0.6+
Number of requests of PO 0 0 35(59.3%) &
analgesia 1 19 (26%) 24 (40.7%)
2 54 (74%) 0
Postoperative duration of analgesia (min) 71.5+23.8 230+14.4%

* and I: indicates a significant difference between both groups at P<0.05 and <0.001, respectively; f: indicates a
significant difference between 1-min and 5-min APGAR score at p<0.001

Pain scores till 90-min PO were
zero for all patients of the SA group
and then increased gradually for
patients who requested PO analgesia.
On the other hand, in patients of the
GA group pain increased gradually
since the end of surgery and peaked at

60-min PO whenever all patients
received PO analgesia and plateaued at
NRS score of two till 210 min, and
patients who requested the second
injection showed decreased pain score
(Fig. 2).

—o—Group GA —+—Group SA

/\

NRS pain score

VAR /{

0 +—1s T £t T £t T fl

T0 30-min  60-min  90-min 120-min 150-min 180-min 210-min 240-min

Fig. 2: Postoperative NRS pain score of parturient of both groups

Estimated serum cytokines'
levels in S1 samples showed non-
significant ~ (P=0.828)  differences

between patients of both groups.
However, estimated levels of the three
cytokines increased significantly in S2
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and S3 samples compared to levels
estimated in the S1 sample with
significantly higher levels in S3
samples than in S2 samples of all
patients.

Estimated serum levels of
TNF-o were significantly (P<0.001)
higher in S2 than S1 samples of all
patients with significantly (P<0.001)
lower ATNF-a (S2-S1%) in patients of
SA than in the GA group. Levels of
TNF-o estimated in the S3 sample
were increased significantly than S1
levels and were significantly higher in
S3 samples than S2 samples of SA
patients, but were decreased
significantly in S3 than S2 samples of
GA patients. However, estimated
serum levels of TNF-o were still
significantly (P=0.001) higher in S3
samples of GA than in SA patients, but
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significantly better in favor of GA. On
contrary, serum levels of IL-6 were
progressively increased in each sample
than the preceding one in all patients,
but with non-significantly lower in S2
(P=0.316) and S3 (P=0.872) samples
of patients of SA than in GA groups.
The calculated AIL-6 (S2-S1%) was
significantly (P<0.001) lower, while
AIL-6 (S3-S2%) was significantly
(P=0.024) higher in samples of patients
of SA than samples of patients of GA
groups. Serum levels of IL-1B were
also increased progressively in samples
of all patients but were significantly
(P<0.001) lower in S2 and S3 samples
of SA than GA patients with
significantly (P<0.001) lower AIL-18
(S2-S1%),  but  non-significantly
(P=0.758) lower AIL-1B (S3-S2%)
samples of SA than GA patients

the ATNF-a (S3-S2%) (Table 3).
Table 3. Mean levels of studied cytokines estimated in parturient of both groups
Parameters Group GA Group SA
S1 440.51 4.2+0.68
S2 6.56+1.1F 5+0.767*
ATNF-a (S2-
(]lglfn% S1%) 37.6212.1 165%
S3 5.9£17% 5.4+0.711*
ATNF-a (S3-
S2%) 17.73£7.1 17.5+3.9*
S1 8.66+2.64 9.3+3.81
IL-6 S2 14.7+4.5% 13.3+4.857
(ng/ml) AIL-6 (S2-S1) 40.3+8.4 30.74£8.7*
S3 17.83+4.57+1 17.3£5.2+1
AIL-6 (S3-S2) 18.45+7.4 24.4+6.1%*
S1 4.63+1.66 4.43+1.63
IL-1p S2 5.72+1.56% S+1.7*
(ng/ml) AIL-1f (S2-S1) 20.7+10.7 11.74£9.4%
S3 6.17+1.57+ 5.34£1.7311*
AIL-1p (S3-S2) 7.73+£3.59 6.86+3.2

*: Significant difference between both groups; T: Significant difference versus S1 sample; i:

Significant difference versus S2 sample

ROC curve analysis showed
that serum levels of the studied
cytokines are seriously affected by the
type of anesthesia as shown in figure 3.
However, TNF-a levels are the most
affected by the type of anesthesia with

significantly higher AUC difference
compared to AUC for IL-6 and IL-1,
but the AUC difference between IL-6
and IL-1B was non-significant (Table
4 and Fig.3)
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Sensitivity
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= = ATNF-u (S2-51%)
— AILS6 (52-51%)
===AIL-1p (S2-S1)
— Reference Line

0.0 0.2

0.4

0.6 0.8 1.0

1 - Specificity
Fig. 3. ROC curve analysis for the relation between type of anesthesia and percentage of
change (S2-S1) in serum inflammatory cytokines' levels

Table 4. ROC curve analysis for the relation between type of anesthesia and
change of serum inflammatory cytokines' levels

ROC curve analysis

Variables AUC SE P 95% C1
TNF-a 0.933 0.025 <0.001 0.884-0.982
IL-6 0.789 0.040 <0.001 0.721-0.876
IL-1B 0.774 0.043 <0.001 0.689-0.859
Paired-sample area difference under the ROC Curves

AUC difference | SE difference P 95% C1
TNF-a vs. IL-6 -0.135 0.255 0.006 [-0.231]-[-0.038]
TNF-a vs. IL-1B -0.159 -0.261 0.001 [-0.256]-[-0.061]
IL-6 vs. IL-1B -0.024 0.287 0.647 [-0.128]-[-0.080]

Discussion

The detected higher levels in
samples of patients GA group than in
samples of patients in the SA group
illustrated the effect of the type of
anesthesia on immune balance and run
in line with the results of previous
comparative studies between GA and
SA (Aremu etal.,2020; Jafarzadeh et

triggering changes in cytokine release
in the direction of inflammation after
detecting perioperative reduction of
serum levels of IL-12 and TNF-a for
48-hr after opioid-free anesthesia than
after opioid-based GA (Titon et
al.,2021). Another study accused
surgery per se depending on the
detection of increased expression of

al.,2020; Ganjifard et al.,2021; IL-6 mRNA levels before the end of
Vosoughian et al.,2021). the surgery, but these expression levels

The pathogenesis of GA- were significantly decreased at 48 h
associated higher levels of after major surgery under opioid-based

inflammatory cytokines is still a matter
of debate; one study accused opioids of

GA and continued postoperatively on
opioid analgesia, this study attributed
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this to the significant reduction of
DNA  methylation secondary to
decreased levels of levels DNA
methyltransferase-1 and 3 as a
response to surgical stress rather than
to opiate exposure (Caputi et
al.,2021).

The reported significant
differences between GA and SA
regarding the percentages of change in
serum cytokines' levels in successive
samples indicated the beneficial effect
of SA for control of the release of pro-
inflammatory  cytokines and for
minimizing the immune milieu
deregulation.  Similarly,  previous
studies documented that combined
spinal/general anesthesia (Wada et
al.,2007) or SA alone (Koksoy et
al.,2013) could preserve the T helper
I/T helper 2 balances more than GA
alone.

In support of the suppressive
effect of SA on cytokines' release, the
reported increase of serum IL-6 levels
at 24-hr PO after SA, while levels were
decreased after GA, despite being still
higher than after SA. Following this
finding, recent studies reported
increased serum IL-6 during and after
surgery under GA, while only after
surgery in patients received adjuvant
blocks (Matas et al.,2021; Bloc et
al.,2021).

The detected higher serum
levels of inflammatory cytokines at the
end of surgery manifested the effect of
surgery on patients' immune milieu and
support the results of the earlier animal
models that reported increased levels
of TNF-a at 30 min after wounding,
peaked at 1-hr after injury, the rebound
of levels till 48 h after wounding, and
levels were inclined thereafter (Wang
and Ding.,2003) and the in-vitro
studies that detected time-dependent
increased expression of IL-1p mRNA
(Bai et al.,2008), IL-6 and TNF-a
mRNA (Takamiya et al.,2009) using
real-time fluorescent quantitative PCR.
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These findings regarding the
effect of surgical trauma on serum
cytokines' levels could be attributed to
the multiplicity of cells of origin of
these  cytokines, by  epidermal
keratinocytes, dermal fibroblasts, and
macrophages (Zubair et al.,2012),
myoblasts (Pillon et al.,2013), or
through the initial infiltration of
macrophages in the muscle tissue
(Tominaga et al.,2019). The
pleiotropic nature of these cytokines
could be another explanation, where in
vitro studies detected a regulatory role
of the sensor component of the
inflammasome, on IL-1B production,
which stimulates the production of
keratinocyte-derived chemokine that in
association with macrophage
inflammatory protein lo lead to the
release  of  other inflammatory
cytokines within the wound area and
surrounding tissues (Hu et al.,2010).
Conclusion

Surgical stress is a strongly
induced deregulated immune balance
in the inflammatory direction. Spinal
anesthesia can lessen the release of
inflammatory cytokines, while GA
augments the effect of surgical stress
resulting in significantly higher serum
levels compared to the use of SA.
Moreover, neonatal and maternal
outcomes were superior to SA.
Limitation

Estimation of serum anti-
inflammatory cytokines' levels would
help to evaluate the extent of the
disturbance in an immune milieu in
parturient undergoing CS under
general or spinal anesthesia.
Acknowledgment

The author acknowledged staff
members of the private centers of
Obstetrics for provision of parturient
clinical data and help with the study
completion.

431



Khashaba et al (2023)

References

Alemayehu TY, Berhe
Y, Getnet H, Molallign M
(2020). Hemodynamic changes
after spinal anesthesia in
preeclamptic patients
undergoing cesarean section at
a tertiary referral center in
Ethiopia: a prospective cohort
study. Patient Saf Surg,
14:9. Doi: 10.1186/s13037-
020-00234-w.

Aremu P, Ajayi A, Ben-Azu
B, Orewole O, Umukoro S
(2020). Spinal and general
anesthesia produces differential
effects on oxidative stress and
inflammatory  cytokines in
orthopedic ~ patients.  Drug
Metab Pers Ther, Doi:
10.1515/dmdi-2020-0134.

Bai R, Wan L, Shi M (2008).
The time-dependent
expressions of IL-1beta, COX-
2, MCP-1 mRNA in skin
wounds of rabbits. Forensic Sci
Int, 175(2-3):193-7.

Bloc S, Perot B, Gibert
H, Koune J, Burg Y, Leclerc
D,et al. (2021). Efficacy of
parasternal block to decrease
intraoperative opioid use in
coronary artery bypass surgery
via sternotomy: a randomized
controlled trial. Reg Anesth
Pain Med, 46(8):671-678. Doi:
10.1136/rapm-2020-102207.

Boyle R (1993). Caesarean
section anesthesia and the
Apgar score. Aust N Z J Obstet
Gynaecol, 33(3):282-4. Doi:
10.1111/5.1479-
828x.1993.tb02087 .x.

Brocker C, Thompson D,
Matsumoto A, Nebert W,
Vasiliou A\
(2010). Evolutionary
divergence and functions of the

SVU-1LIMS, 6(1):424-434

human interleukin (IL) gene
family. Hum. Genom,5 30-55.
10.1186/1479-7364-5-1-30.

Caputi F, Carboni L, Rullo
L, Alessandrini I, Balzani
E, Melotti R, et al. (2021). An
Exploratory Pilot Study of
Changes in Global DNA
Methylation in Patients
Undergoing  Major  Breast
Surgery Under Opioid-Based
General  Anesthesia.  Front
Pharmacol, 12:733577. Doi:
10.3389/fphar.2021.733577.

Demilew BC, Getu D, Tesfaw
D, Taye MG (2019).
Assessment of satisfaction and
associated factors of parturients
who  underwent  cesarean
section with spinal anesthesia
at the General Hospital,
Ethiopia; 2019. Ann Med Surg
(Lond), 65:102282. Doi:
10.1016/j.amsu.2021.102282.

Dermitzaki E, Staikou
C, Petropoulos G, Rizos
D, Siafaka I, Fassoulaki A
(2009). A randomized study of
maternal serum cytokine levels
following cesarean section
under general or neuraxial
anesthesia. Int J Obstet Anesth,
18(1):33-7. Doi:
10.1016/j.1j0a.2008.07.005.

Fairbank JC, Couper ],
Davies JB, O'Brien JP (1980).
The Oswestry low back pain
disability questionnaire.
Physiotherapy, 66(8):271-273.

Fietta P, Costa E, Delsante G
(2014). Interleukins (ILs), a
fascinating family of cytokines.
Part I: ILs from IL-1 to IL-19.
Theor Biol Forum, 107(1-
2):13-45.

Ganjifard M, Kouzegaran S,
Abdi R, Naseri M, Allahyari

432



Khashaba et al (2023)

E, Sabertanha A, et al (2021).
The Comparison of
Inflammatory Cytokines
between Spinal and General
Anesthesia following Changes
in Ischemic Reperfusion due to
Tourniquet during Lower Limb
Surgery. Adv Orthop. 2021;
2021:2027421. Doi:
10.1155/2021/2027421.

Hu Y, Liang D, Li X, Liu HH,
Zhang X, Zheng M, et al.
(2010). The role of interleukin-
1 in wound biology. Part I:
Murine in silico and in vitro
experimental analysis. Anesth
Analg, 111(6):1525-33.

Jafarzadeh A, Hadavi
M, Hasanshahi G, Rezaeian
M, Vazirinejad R, Sarkoohi
A,et al. (2020). Effect of
Different Anesthetic
Techniques on Cytokine Gene
Expression in Patients who
Underwent Elective Cesarean
Section. Iran J Allergy Asthma
Immunol, 19(6):640-646. Doi:
10.18502/ijaai.v19i6.4933.

Kanno E, Kawakami
K, Tanno H, Suzuki A, Sato
N, Masaki A,et al. (2017).
Contribution  of  CARD9-
mediated signaling to wound
healing in the skin. Exp
Dermatol, 26(11):1097-
1104. Doi: 10.1111/exd.13389.

Koksoy S, Sahin Z, Karsli
B(2013). Comparison of the
effects of desflurane and
bupivacaine on Thl and Th2
responses. Clin Lab, 59(11-
12):1215-20. Doi:
10.7754/clin.1ab.2013.120413.

Liu S,Li Q,Zhang M, Mao-
Ying Q,Hu L, Wu G,et al.
(2016). Curcumin ameliorates
neuropathic pain by down-
regulating spinal IL-IB via

SVU-1LIMS, 6(1):424-434

suppressing astroglial NALP1
inflammasome and JAK2-
STAT3 signaling. Sci Rep ,
6:28956. Doi:
10.1038/srep28956.

Matas M, SotoSek V, Kozmar
A, Liki¢ R, Mrak G, Nagy
B,et al. (2021). Effect of
adjunctive lidocaine-based
scalp block and laryngotracheal
local anesthesia vs general
anesthesia only on plasma and
cerebrospinal fluid pro-
inflammatory cytokine
concentrations in patients with
cerebral aneurysm: a
randomized controlled
trial.Croat Med J, 62(4):338-
346. Doi:
10.3325/cmj.2021.62.338.

Pillon NJ, Bilan PJ, Fink LN,
Klip A (2013). Cross-talk
between skeletal muscle and
immune cells: muscle-derived
mediators and metabolic
implications. Am. J. Physiol.
Endocrinol. Metab, 304 E453—
E465.

Salina AG, Brandt
S, Klopfenstein N, Blackman
A, Bazzano J, Sa-Nunes A, et
al.(2020). Leukotriene
B 4 licenses inflammasome
activation to enhance skin host
defense. Proc Natl Acad Sci U
S A, 117(48):30619-
30627. Doi:
10.1073/pnas.2002732117.

Takamiya M, Biwasaka H,
Saigusa K, Nakayashiki N,
Aoki Y (2009). Wound age
estimation by simultaneous
detection of 9 cytokines in
human dermal wounds with a
multiplex bead-based
immunoassay: an estimative
method  using  outsourced

433



Khashaba et al (2023)

examinations. Leg Med
(Tokyo), 11(4):186-90.

Tanabe K, Matsushima-
Nishiwaki R, Yamaguchi
S, Iida H, Dohi S, Kozawa O
(2010). Mechanisms of tumor

Necrosis factor-a-induced
interleukin-6 ~ synthesis  in
glioma cells. J

Neuroinflammation, 7:16. Doi:
10.1186/1742-2094-7-16.

Titon O, Titon J,Da Silva
J, Ferreira M, Garbim
M, Rech D,et al. (2021).
Influence of exogenous opioids
on the acute inflammatory
response in the perioperative
period of oncological surgery: a
clinical study. Braz ]
Anesthesiol, S0104-
0014(21)00362-6. Doi:
10.1016/j.bjane.2021.09.011.

Tominaga T, Ma S, Saitou K,
Suzuki K (2019). Glucose
Ingestion Inhibits Endurance

Exercise-Induced IL-6
Producing Macrophage
Infiltration in Mice
Muscle. Nutrients, 11:1496.
10.3390/nu11071496
Vosoughian M, Dahi
M, Dabir S, Moshari

M, Tabashi S, Mosavi Z
(2021). Effects of General
Anesthesia ~ Versus  Spinal
Anesthesia on Serum Cytokine

Release After Cesarean
Section: A Randomized
Clinical Trial. Anesth Pain
Med, 11(2):e111272. Doi:

10.5812/aapm.111272.

Wada H, Seki S, Takahashi
T, Kawarabayashi N, Higuchi
H,Habu Y,et al. (2007).
Combined spinal and general
anesthesia  attenuates  liver
metastasis by preserving
TH1/TH2 cytokine balance.

SVU-1LIMS, 6(1):424-434

Anesthesiology,  106(3):499-
506. Doi:  10.1097/00000542-
200703000-00014.

Wang HJ, Ding YC (2003).
An analysis of ELISA on the
time-related expression of IL-2
and TNF-alpha during the
healing process of the wound in
rat skin. Fa Yi Xue Za Zhi.,
19(1):10-2.

WHO statement on cesarean
section rates. [cited 2021].

Zubair M, Malik A, Ahmad J
(2012). Plasma adiponectin,
IL-6, hsCRP, and TNF-a levels
in subject with diabetic foot
and their correlation with
clinical variables in a North
Indian tertiary care hospital.
Indian J Endocrinol
Metab,16(5):769-76.

434



