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ABSTRACT

Background: The type of anesthesia and intensity of pain experienced during surgery are
linked to the body’s stress response, as reflected in preoperative and postoperative glucose
levels. Objective: This comparative study aims to assess the hyperglycemic stress response
to cesarean sections performed under different types of anesthesia. Methods: This pro-
spective study included 302 participants, divided into two groups: a general anesthesia
group and a spinal anesthesia group. Our primary objective was to investigate the effects
of general versus spinal anesthesia on pregnant women undergoing cesarean section.
Secondarily, we aimed to assess the impact of other factors on the maternal and neonatal
stress response during surgery. Results: Both groups exhibited a significant proportional
increase in mean blood glucose levels after surgery. However, this increase was more pro-
nounced in the general anesthesia group than in the spinal anesthesia group. Therefore,
spinal anesthesia had a greater effect in attenuating the hyperglycemic response to sur-
geryduring cesarean section compared to general anesthesia. Maternal blood glucose lev-
els were significantly associated with steroid injection, type of anesthesia, and gestational
age. In contrast, neonatal blood glucose was significantly associated with gestational age,
APGAR score, maternal steroid injection, type of anesthesia, maternal age, and both pre-
operative and postoperative maternal blood glucose levels. Conclusion: Spinal anesthesia
was superior to general anesthesia in attenuating both maternal and neonatal hyperglyce-
mic responses during the cesarean section. This highlights the significant impact of anes-
thesia type on maternal and neonatal well-being.

Keywords: Neonates, General anesthesia, Spinal anesthesia, APGAR score.

1. BACKGROUND

Cesarean section (CS) rates are rising globally, with a recent World Health
Organization (1,,2). (WHO) study estimating that one-third of pregnancies
will be delivered by CS by 2030 (1). When performed for medically indi-
cated cases, CS is associated with reduced maternal and neonatal mortality.
Moreover, recent clinical data highlight significant differences in outcomes
based on the anesthetic technique used (2). Interestingly, the shift from gen-
eral anesthesia (GA) to neuraxial anesthesia has reduced anesthesia-related
maternal mortality by half (3).

There has been a great deal of interest in the potential beneficial effects of
preservation of glucose homeostasis and early avoidance of stress-induced
hyperglycemia in surgical patients by modification of the stress response.
Acute hyperglycemia, a typical feature of the metabolic response of the body
to surgery, has been showing a significantly compromise to immune function
and contributes to poor clinical outcome (4-7). The degree of this response
was shown to be proportionally related to the severity and length of the sur-
gical injury (8), and the magnitude of insulin resistance increased during sur-
gery according to the degree of surgical injury (9).
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It has long been recognized that the type of anesthetic
technique has an influence on hyperglycemic response
to surgery (10). During surgery, stress-induced hyper-
glycemia is more pronounced with inhalation anesthe-
sia.

In animals, earlier studies revealed that inhalational
anesthetics such as enflurane and halothane impaired
glucose tolerance in dogs and that was related to inhi-
bition of insulin secretion and decreased tissue insulin
sensitivity (4). In contrast, some studies have revealed
reduction in blood glucose and norepinephrine lev-
els when high-dose propofol infusion is used, thereby
reducing the hyperglycemic stress response to surgery
(11). Regarding anesthesia techniques, recent clinical
data revealed a greater increase in blood glucose when
CS were performed under GA compared to CS under
spinal anesthesia (SA) (12).

2. OBJECTIVE

In this study, we aim to investigate the effect of GA and
SA on pregnant women who are scheduled to undergo
CS. Also, this study aims to understand the effect of
other factors on the maternal stress response during CS.

3. MATERIALAND METHODS

This study was conducted at King Abdullah University
Hospital, a tertiary care center that is affiliated with the
Jordan University of Science and Technology, and Prin-
cess Badi'ah Hospital that is affiliated to the Ministry of
Health. After obtaining the institutional review approval,
we prospectively identified, assessed and followed those
pregnant women who were scheduled to undergo elec-
tive CS surgery between June 2019 and December 2019.
The following information were obtained: demographics
(e.g. age), obstetrical history (gestational age at delivery,
gravidity, parity, diabetes, number of gestations, steroid
injections, and the utilized medications in pregnancy),
and the presence of third trimester-urinary tract infec-
tion. In addition, the type of anesthesia was determined.
Moreover, the preoperative and postoperative blood
glucose levels were measured.

The included group comprises any women who was
scheduled to undergo an elective CS with the American
Society of Anesthesiologists (ASA) physical status of I-
11, above the age of 18 years, and fasting time preoper-
atively between 8 and 12 hours. Women with diabetes
mellitus, chronic advanced renal disease, preeclampsia,
and psychiatric disorders were excluded. In addition, all
cases who was converted to GA from SA were excluded.
Moreover, any women with absolute contraindica-
tions for either the GA or SA were excluded. Women
with gestational diabetes were included in the study to
investigate and compare the effect of gestational diabe-
tes. Based on their choices, pregnant women were cat-
egorized into two groups: the GA group and SA group.
Written informed consent was obtained from all women.

Anesthetic setting

Consultant anesthesiologists and senior residents
carried out and supervised the conduction of anesthe-
sia. At the CS operating theater, two intravenous access
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sites were inserted. For all pregnant women in the study,
standard monitoring of blood pressure, three-lead elec-
trocardiogram, and pulse oximetry oxygen saturation
were conducted and continuously monitored during the
intraoperative and postoperative periods.

Spinal anesthesia

The SA was conducted under aseptic conditions, at
the level of L3-L4 or L4-L5 of the spinal column. SA was
performed with 2.3 ml of 0.5% heavy bupivacaine and
0.4 ml of 0.005% fentanyl using 25- or 27-gauge spinal
needles; 100% O2 was administered through a simple
face mask with a flow of 4 liters per minute.

General anesthesia

The GA started by breathing oxygen for 3 minutes
via a face mask. After that, anesthesia was induced
with 2-2.5 mg/kg propofol and 1.2 mg/kg rocuronium
to facilitate tracheal intubation using a regular 6.5-7.5
mm ID endotracheal tube. After delivery of the baby and
cutting the umbilical cord, 3 pg/kg fentanyl was given.
Before delivery of the baby, anesthesia was maintained
with 0.7% isoflurane in 50% oxygen and 50% nitrous
oxide, and after delivery and cutting the umbilical cord,
anesthesia was maintained with a propofol infusion at a
rate of 150 pug/kg/min and the inhaled anesthetic agents
were discontinued. ETCO2 was maintained between
30mmHg and 40mmHg throughout the surgery. At the
end of surgery, anesthetic maintenance was discontin-
ued, and reversal of the neuromuscular blockade con-
sisting of 2.5 mg of neostigmine and 1 mg of atropine
was given intravenously. The extubation of the trachea
was performed when the patient was breathing sponta-
neously with a good tidal volume, fully awake, and could
sustain head elevation for more than 5 seconds.

Obstetrical settings

The CS operations were performed by consultant
obstetricians. Upon arrival at the operating theater,
both groups received 750 mg of cefuroxime IV, 8 mg of
dexamethasone IV, 50 mg of ranitidine IV, and 10 mg
of metoclopramide IV before starting anesthesia. Foley's
catheter was inserted. The women were placed on an
external fetal monitor. After sterilization, Pfannenstiel
incision was performed. After that, lower-segment
transverse uterine incision was carried out. After the
fetus is delivered, the umbilical cord is doubly clamped
and cut.

After delivery of the baby, all women received 10 IU
oxytocin IV bolus and 20 IU oxytocin infusion over 1
hour. Both groups were given 2000—-3000 ml crystalloids
IV; half of the amount was 0.9% normal saline, and the
other half was Ringer’s lactate solution.

Glucose measurement

For the women underwent GA, the blood glucose
concentration was obtained 5 minutes before induction
and 5 minutes after the surgery. For the SA group, the
glucose concentration was obtained 5 minutes before
the injection of the local anesthetic agent and 5 minutes
after the surgery. Blood glucose concentration was mea-
sured using a blood glucose monitoring kit with a lancet
device (Joycoo BG-102; Joycoo, Amman, Jordan). After
disinfecting with alcohol, swap the tips of the fingers of
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the nondominant hand pricked with a lancet | Variable Number [ Percent (%)
tip to measure the blood glucose concentra- Mean + SE
. Mother age (years) 31.0+.3
tion. Gestational diabetes 14 4.6
Statistical analysis Steroid Injection 111 36.8
Data were entered into a spreadsheet. Sta- | Gravidity
o ) 1 39 12.9
tistical analyses were performed using IBM |, 66 21.9
SPSS Statistics Software (v.21), 2012. Data |3 61 20.2
were presented as frequency distributions for ;1 gg gi
categorical variables and mean * standard |6 15 5.0
error of the mean for continuous variables. ; ?2 421.((;
Data was tested at a significance level 0£0.05%. | ¢ 6 20
Pearson x2 test was used to investigate the sig- }1 1 3
nificance of association between categorical Pi ity ! =
variables, while student’s t-test and ANOVA |o 51 16.9
were applied to examine the significance level ; 2(2) ;8'2
for continuous normally distributed variables. |3 55 182
The normality of the distribution of data was |4 33 10.9
tested using the Kolmogorov- Smirnov test. Z ;1 ?g
Kruskal- Walis and Mann-Whitney tests were |7 4 13
applied for the abnormally distributed con- SN YEpTaY v ! 3
h . L. umber of Miscarriages
tinuous variable. If a significant (P<0.05) rela- | g 69 67.0
tionship was found, then a posthoc residual |2 21 204
analysis for categorical variables and a Fisher’s i § ;g
least significant difference test for continuous |6 1 1
variables were applied to determine the exact |8 1 I
o . GBS 16 53
significance between groups for each variable. [ Nationality
Multiple linear and multiple logistic regres- | Jordanian 289 95.7
sion analyses were utilized to study the mul- ;3;52;‘1::;235 13 43
tiple effect of different variables. 1 290 96.0
2 8 2.6
4. R ESU LTS "3pre of anesthesia : 5
Patients’ characteristics GA 171 56.6
The study included 302 patients who satis- |34 131 434
R . . L. Gestational age (weeks) 374+ .1
fied the inclusion and exclusion criteria of the | Gestational age (days) 2633+ 7
study. The average age of mothers included in | Birth weight (gram) 3008.5+32.0
the study was 31 years (table 1), the major- |Mother  Sugar  before 934+ 1.1
. . . . delivery (mg/dL)
ity of patients in our sample were Jordanian ;% -~ sugar after 1003212
(95.7%). The number of patients with gesta- | delivery (mg/dL)

tional diabetes was 14 with a percentage of Tapje 1. General characteristics. Abbreviations: SE: standard error; GBS:

4.6%.

About 36.8% of patients in our sample had
received a steroid injection before delivery. As regards to
gravidity and parity, gravida 2 (21.9%) and para 1 (26.5%)
were most commonly encountered. Also, most women
(67%) has a history of single miscarriage. In addition,
5.3% of the women had Group B streptococcus positive
colonization or had a genitourinary infection of another
cause. Most patients had singleton pregnancy with a
percentage of 96%.

GA was more commonly utilized in Cesarean sec-
tions (56.6%) compared with SA (43.4%). The average
gestational age at time of delivery was 37.4 weeks and
the average birthweight of neonates was 3008.5 grams.
When it comes to maternal sugar, the average reading
before delivery was 93.4 mg/dL compared to 100.3 mg/
dL after delivery.

Differences GA and SA

It was found that the age of mothers is similar between
both groups. However, the results revealed that mothers
who had SA delivered at earlier gestational ages with a
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group-B streptococcus; GA: gestational age; SA: spinal anesthesia

mean gestational age for the SA group of 36.7 weeks and
for the GA group of 37.9 weeks (P = 0.000) (Table 2).

Regarding pre-operative maternal blood sugar, the
readings were significantly higher in women who
underwent GA in comparison with women who under-
went SA (100.8 mg/dL vs. 83.6 + 1.5, P = 0.000). Also,
the post-operative readings were significantly higher in
the GA group with a mean sugar level of 110.1 mg/dL
and a mean sugar level in the SA group of 87.7 mg/dL
(P = 0.000). Moreover, the perioperative difference in
the sugar level (postoperative-preoperative) was signifi-
cantly higher in the GA group.

There was no significant difference in the number of
gestational diabetes patients between both groups. The
gravidity and parity did not affect the type of the utilized
anesthesia. Most patients who have GBS colonization or
ahistory of GUI underwent SA (10.7%) compared to 1.2%
who underwent GA (P = 0.000). The number of fetus did
not affect the type of anesthesia used. Higher number
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of patients who had a steroid injection before | Variable g?ﬂ/ ithin GA) ;P(i;al ithin spinal) p- Value
. ‘o wWithin o wWithin Spinal
delivery underwent SA (63.4%) compared t0 [ yioiher age (years) 30.5%.5 354 P NS
16.4% in the GA group (P = 0.000). (mean:SE)
Factors affecting neonatal blood sugar Gestational ~ age 379+.1 36.7+.2 0.0
Th 1 ionifi 1 . (weeks) (mean+SE)
e neonatal sugar was significantly associ- Gecudonal  age 266 %9 3600511 o0
ated with the gestational age, APGAR score, | (Days)
maternal steroid injection, type of anesthesia | Birth V:;i]::ght (gram) 3069 +40.4 2931.8£50.7 0.033
used, maternal age, and pre-operative and (1\1411;1];'5 : sugar 1008+ 14 615 00
post-operative maternal blood sugar (Table 3). | before  delivery
Neonates born to mothers who received (mg/dI:S)E
a steroid injection before delivery had neo- g[n::;li;s ! sugar 110116 7213 00
natal blood sugar mean of 67.4 + 1.9 mg/dL | after delivery
(P = 0.000). The mean neonatal blood sugar | (mg/dL)
was higher in the GA group as compared | rean:SE)
g group p Mother's 9.1+1.6 42413 0.02
to SA group (P = 0.000). As the mother age | perioperative
increases by 1 year the neonatal blood sugar | difference in sugar
. level (mg/dL)
falls 0.9 mg/dL with a SD of 0.2 (P = 0.000). As | (;ean:sE)
gestational age increases by 1 week, the neo- [ Gestational 6(3.5) 8(6.1) NS
natal blood sugar increases by 3.0 + 0.7 mg/ d(}‘:;’::;i
dL (P = 0000) MOfeOVer, a signiﬁcantly (P = 1 y 22 (12.9) 17 (13.0) NS
0.001) positive correlation was found between |2 37 (21.6) 29 (22.1)
ges.tational age when calculated by day, as ges- i g% 82;3 gz 8;;;
tational age increases by one day the neona- |5 25 (14.6) 12(9.2)
tal blood sugar increases by 0.4 mg/dL with g 28; Zgg‘?g
a SD of 0.1. Having hlgher APGAR score was 8 9 (5:3) 3 (2:3)
translated as lower neonatal blood sugar (P |9 3(L.8) 3(23)
= 0.000). Hig}}er maternal blood sugar was }; ?Eg:gg égg:gg
reflected with increased neonatal blood sugar [GBs/Gul 2(1.2) 14 (10.7) 0.0
(P = 0.()()()). Number of babies
Neonatal blood sugar levels were similar ; éﬁ_gg'z) éz(i_(:f‘l) NS
between babies born to diabetic and non-di- |3 1(0.6) 3(2.3)
abetic mothers. Maternal drug use of ASA, [SteroidInjection 28 (16.4) 83 (63:4) 0.0

methyldopa or thyroxine did not affect the
sugar level in babies. Having higher gravidity,
parity, or number of previous miscarriages
did not significantly affect the neonatal blood sugar.
Mothers who tested positive for GBS or had a previous
GUI did not significantly had babies with higher blood
sugar readings. The number of babies, history of NICU
admission and the neonatal birthweight as well were not
determining factors of neonatal blood sugar level.

5. DISCUSSION

In this study, we compared the effects of spinal and
general anesthesia on changes in blood glucose concen-
trations before and after CS in non-diabetic patients.
Although mean blood glucose concentrations showed
a significant proportional increase after surgery in both
groups, this effect was much more significant with GA
than with SA. Therefore, SA had a significant effect on
hyperglycemic response attenuation to surgery during
CS than GA.

Turina et al. (5) illustrated that short-term hypergly-
cemia is associated with increased mortality and risk
of infection in critically ill patients related to a signifi-
cant decrease in monocyte HLA-DR expression due to
hyperglycemia and hyperinsulinemia.

The process of hyperglycemia management puts the
patient in an increased risk of having a hypoglycemic
response which will result in developing the risks associ-
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Table 2. GA versus SA. Abbreviations: SE: standard error; GBS: group-B
streptococcus; GA: gestational age; SA: spinal anesthesia

ated with hypoglycemia, and thus avoidance of stress-in-
duced hyperglycemia is preferable for treating dysgly-
cemia (13). Other studies on isoflurane inhalational
anesthetic demonstrated an increase in the plasma glu-
cose concentration during anesthesia even without sur-
gical stress related to impairment of glucose tolerance
and stimulation of whole-body glucose production (4,
6, 14). Furthermore, the hyperglycemic stress response
in patients undergoing major abdominal surgery under
isoflurane GA could be related to an increase in endog-
enous glucose production accompanied by a decrease in
glucose utilization (4, 15). Tanaka et al. (16) stated that
there was a glucose intolerance and impairment of insu-
lin secretion and glucose utilization during sevoflurane
and isoflurane anesthesia in a dose-independent man-
ner. According to the results of a study by Cok et al. (17),
although isoflurane and propofol, both combined with
remifentanil, provided a clinically comparable insulin
and cortisol response to surgery in craniotomy opera-
tions, propofol attenuated the increase in plasma blood
glucose. This suggested that propofol may be preferred
over isoflurane when tight control of blood glucose is
desired.

With regards to neuraxial anesthesia such as epidural
or spinal block with local anesthetics, it leads to a block-
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age of both afferent input from the operative | Factors Neonatal Sugar (Mean | p-value
site to the central nervous system and the %E;me for interval variable
hypothalamic-pituitary axis and efferent auto- | Maternal DM 67.5% 6.4 NS
nomic neuronal pathways to the liver and adre- ]S)‘:JO;" Injection 674£19 0.000
nal medulla. Consequently, the adrenocortical meﬂg;yldopa 6355270 NS
and glycemic responses to surgery are greatly |ASA i 66.2+3.8
inhibited (7, 18). Another study by Kehlet (19) Z;tz:?;:t“ye 76272
showed that epidural blockade attenuated the [ 85.0%3.7 NS
hyperglycemic response during surgery, most |2 81.9+2.9
likely mediated through its inhibitory action i ;g:g ng
on the hypothalamic-pituitary-adrenal axis. |5 802+ 4.1
Some of the studies looking at glucose toler- g 22':&?65 5
ance tests during pelvic procedures illustrated |3 764552
that epidural block improved tissue glucose |9 71.8+88
uptake (20, 21). By contrast, other studies }; ?gfoi f 690
revealed that epidural block attenuated the | Parity
hyperglycemic response during surgery by (1) Sg-‘l‘ - ;2 NS
inhibiting hepatic glucose release rather than 5 749127
improving tissue glucose utilization (22, 23). |3 79.3+32
In a study by Lattermann et al. (7) it was con- ‘51 ;}3 i g'?
cluded that epidural blockade attenuated the [¢ 80.2+8.7
hyperglycemic response to abdominal surgery |7 81.5410.2
through modification of glucose production i,ﬁscamage 00200
without affecting glucose utilization. How- [ 81.5£29 NS
ever, it is still unclear whether the inhibitory ? 2;(: 3?
effect of the epidural block on the hypergly- [4 830170
cemic response during surgery was a conse- |6 60.0%0.0
quence of the improvement in tissue glucose f}BS or CUI ;gi'():sgo NS
uptake, a decrease in glucose production, or a | Number of babies
combination of both. In any case, it has been |1 79114 NS
. . - 2 758 £ 6.8
well recognized that epidural blockade witha [3 7635103
local anesthetic inhibits or even prevents the | NICU admissi 713+44 NS
endocrine and metabolic responses to surgery ggﬂal 22; i i:g 8:88
including hyperglycemia (7). An earlier study [Mother age 209+02 0.00
by Engquist et al. (24) showed that epidural | Gestational age (weeks) 3.0+0.7 0.00
blockade, established before the start of sur- cetational age (Days) 0420.1 0.001
) Birthweight 0.0+0.0 NS
gery, prevented the increase in plasma glu- [APGAR score 1 -63+ 1.1 0.00
cose and cortisol levels in response to surgery | APGAR score2 -9.6+17 0.00
X . R Mother  sugar  before | 0.6 + 0.1 0.00
in patients undergoing hysterectomy. A more | gelivery
recent study by Hadimioglu et al. (25) demon- | Mother sugar after delivery | 0.6+0.1 0.00
. . Difference between pre and | 0.1 £ 0.1 NS
strated that combined general and epidural post operative maternal
anesthesia, when compared with GA alone, | blood sugar
reduced inflammatory activation and insulin Table 3.

resistance responses to the stress of the renal
transplantation procedure and that inhibition

of stress responses had a beneficial effect on length of
stay in hospital postoperatively. As a summary for the
previously mentioned studies, epidural anesthesia atten-
uates the hyperglycemic response during surgery. Our
study looked at SA, a different neuraxial technique,
and confirmed the results of those earlier studies as SA
resulted in effects comparable to epidural anesthesia
with attenuation of the hyperglycemic response to sur-
gery.

Hyperglycemia in patients with diabetes who undergo
surgery is associated with an increased rate of surgical
site infection (SSI), myocardial infarction, stroke, and
death (26-40). Hyperglycemia also occurs in up to two
thirds of surgical patients who are not known to have
diabetes, and its effect has not been well characterized
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in surgical patients without diabetes (NDM) (41). Recent
observational studies have demonstrated an increased
risk of complications associated with hyperglycemia in
NDM patients when compared with DM patients. Kwon
et al (42) found that NDM patients who had perioper-
ative hyperglycemia had nearly twice the risk of infec-
tions, re-operative interventions, and in-hospital deaths
as DM patients and hyperglycemia. Frisch et al (43)
found an increased risk of 30-day mortality associated
with hyperglycemia for NDM patients when compared
with those with diabetes.

These recent studies suggest that a disease known
for complications related to hyperglycemia may have
a lower risk of postsurgical complications in the set-
ting of hyperglycemia than in people without diabetes.
There are several possible mechanisms to explain this
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observation. The higher rate of complications among
NDM patients may reflect a more extreme inflamma-
tory and stress response that causes a NDM patient to
have the same level of hyperglycemia as a DM patient.
This increased stress level may be the reason for the
increased rate of complications in NDM patients, with
hyperglycemia serving as a marker rather than a cause
of the problem. Second, the increased risk of complica-
tions in NDM patients may be the result of under-diag-
nosis of diabetes that is revealed in the surgical setting.
Third, it may reflect under-treatment of perioperative
hyperglycemia with insulin in NDM patients. It is also
possible that the lower risk of adverse events among DM
patients who have postoperative diabetes is indicative
of insulin being poorly tolerated in patients who have
not previously been exposed to it. Finally, the lower risk
may reflect a form of adaptation associated with more
chronic exposure to hyperglycemia.

Understanding the mechanism by which NDM
patients have an increased risk of complications has
important implications for quality improvement activi-
ties related to preoperative assessment of diabetes status
and management of postoperative hyperglycemia. To
evaluate this paradox and explore possible mechanisms,
we undertook an observational study of the association
between perioperative hyperglycemia, insulin use, and
adverse events in a statewide surgical cohort.

As we mentioned previously, SA is the most com-
mon technique used to provide anesthesia for patients
undergoing elective CS due to the lower risk of maternal
and fetal complications associated with it compared to
GA. The results of our study favor the use of SA in the
obstetric population since SA facilitates glycemic con-
trol in the perioperative period. This might be of a great
beneficial outcome in reducing the incidence of previ-
ously mentioned complications associated with hyper-
glycemia and other maternal and fetal complications.
Therefore, these added benefits of SA over GA should
be conveyed to patients during patient counseling about
cesarean sections.

6. CONCLUSION

According to this study, there was a significant pro-
portional increase in mean blood glucose concentra-
tions from glucose-check timing with both GA and SA.
The effect of GA on blood glucose concentrations was
significantly greater than the effect of SA, which indi-
cates that the hormonal stress response is much greater
in GA than in SA.

Ethical Approval: The JUST Institutional Review Board (IRB)
and research committee approved the study's ethical con-
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