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ABSTRACT
Background: Spinal anesthesia is a widely used technique for cesarean delivery, but it often 
results in hypotension, bradycardia, and reduced cardiac output (CO). Atropine has a potent 
muscarinic receptor antagonist activity in the heart. It may be a good choice to prevent post- 
spinal bradycardia and minimize the marked CO reduction.
Methods: Sixty pregnant women between the ages of 18 and 40 who were ASA-PS II and 
planned for elective cesarean delivery were divided into two equal groups at random. Both 
groups received spinal anesthesia. Atropine group (I) (n = 30): patients received 0.01 mg/kg 
atropine, while control group (II) (n = 30): patients received the same volume of saline. CO 
measured by electrical cardiometry (EC) was the primary outcome where, heart rate (HR), mean 
blood pressure (MBP), stroke volume (SV), systemic vascular resistance (SVR), and neonatal 
outcomes were the secondary outcomes.
Results: CO after the intervention was higher in the atropine (group I) than in the control 
(group II). Also, CO reduction at 5 and 10 min following spinal anesthesia was less in the group 
I than in the group II. Except for baseline reading, HR was significantly higher in the atropine 
group versus the control group. MBP was higher in the atropine group than in the control 
group in all readings. SV and SVR were similar in both groups. Neonatal outcomes were 
equivalent in both groups.
Conclusion: Pre-spinal atropine was effective in preventing post-spinal bradycardia and mini-
mized CO reduction in patients undergoing elective cesarean delivery under spinal anesthesia.
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1. Introduction

Worldwide, there are an estimated 23 million cesarean 
deliveries performed each year, making it the most com-
mon obstetric surgical procedure [1]. Single-shot spinal 
anesthesia is the most frequently employed anesthetic 
method for cesarean delivery all over the world [2]. Spinal 
anesthesia is practically simpler to apply than epidural 
anesthesia because it results in a dense blockade quickly, 
minimizing the need for additional intravenous analgesics 
or switching to general anesthesia [3].

As only a small volume of local anesthetic is required to 
establish a functional spinal blockade, spinal anesthesia is 
linked with negligible maternal risk for systemic local 
anesthetic toxicity and with minimal drug transfer to the 
fetus [4].

A frequent adverse effect of spinal anesthesia is 
hypotension, which, if severe and prolonged, can 
impair uteroplacental perfusion and result in fetal cir-
culation hypo-perfusion, acidosis, and subsequent 
neonatal depression [5].

Strongly detrimental maternal outcomes from severe 
hypotension and bradycardia include disturbances in 
consciousness, pulmonary aspiration, apnea, and car-
diac arrest [6,7], and [8].

Heart rate HR, SV, and SVR all influence CO, which is 
necessary for adequate systemic perfusion. To ensure 
that cellular metabolic oxygen demand is met, 
a complex interaction between HR, blood flow, SVR, 
and MBP exists [9–11].

The anticholinergic drug atropine is a broad- 
spectrum muscarinic receptors antagonist. Five mus-
carinic receptors have been identified (M1-M5).M2 
receptors are expressed in the heart where their inhibi-
tion accelerates heart rate and nodal activity and 
increases atrial contractility. Atropine can treat brady-
cardia in both the mother and the fetus [12].

Also, atropine is used to minimize the muscarinic car-
diovascular side effects of cholinesterase inhibitors [13].

Based on the Electrical Velocimetry model, EC is 
a more recent technology that continuously and 
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non-invasively measures CO, SV, SVR, and other 
derived parameters [14,15].

The technique is based on evaluating the cyclic 
changes in the thoracic electrical bio-impedance 
throughout a cardiac cycle. Through the use of thor-
acic electrical bio-impedance (TEB), it is possible to 
calculate SV and subsequently CO by monitoring 
changes in the electrical conductivity of blood flow 
in the aortic arch. Nowadays, EC is reliable for per-
forming advanced CO monitoring in critically ill 
patients [16,17], obstetric patients receiving regional 
anesthesia [18], and monitoring during hemodialy-
sis [19].

This prospective, randomized study sought to 
demonstrate the effectiveness of pre-spinal atropine 
in improving post-spinal hemodynamics and minimiz-
ing CO reduction after Spinal anesthesia under contin-
uous monitoring by electrical cardiometry in patients 
undergoing cesarean delivery.

2. Materials and methods

2.1. Study design

The study protocol had a code number (FMASU 
R216/2022) after being approved by the research 
ethics committee of the Faculty of Medicine at Ain 
Shams University, the protocol was then registered 
on ClinicalTrials.gov under the registration number 
NCT05658380. This prospective, single-center, ran-
domized, double-blinded, controlled study enrolled 
60 pregnant patients who were listed to undergo 
elective cesarean delivery under spinal anesthesia 
after obtaining informed consent. The study was 
carried out at the obstetrics and gynecology hos-
pital, Ain Shams University.

2.2. Recruitment

Patients who were full term, aged 18 to 40 yrs. 
with a body mass index (BMI) less than 30 kg/m2, 
American Society of Anesthesiologists Physical 
Status (ASA-PS) II was involved in the study. 
Exclusion criteria included patients with BMI ≥30  
kg/m2, ASA-PS > II, polyhydramnios, abnormalities 
in coagulation, injection site infection, low fixed 
cardiac output states (stenotic valvular heart dis-
ease and hypertrophic obstructive cardiomyopa-
thy), cardiac arrhythmias or heart block, disorders 
associated with hypertension during pregnancy as 
preeclampsia and eclampsia, thyrotoxicosis, cere-
brovascular diseases, or had fetal malformation. 
Patients were also excluded if they refused to par-
ticipate in the study, or had a hypersensitivity, 
allergy, or contraindications to the studied drugs.

2.3. Randomization and blinding

Computer-generated lists and a closed-envelope 
approach were used to randomly assign patients to 
one of the following groups in a 1:1 ratio: (30 patients 
each).atropine group (I) (n = 30): patients received 0.01  
mg/kg intravenous atropine in 5 ml normal saline 0.9% 
before induction of spinal anesthesia. Control group (II) 
(n = 30): patients received the same volume of normal 
saline 0.9% before induction of spinal anesthesia.

An obstetric anesthesiologist who was unaware of 
the study’s protocol prepared the study drugs. The 
group allocations were concealed from the patients, 
surgeons, and research personnel who recruited parti-
cipants and gathered trial data.

2.4. Anesthetic management

2.4.1. Study procedures
Pre-anesthesia consultation was done that reviewed 
the maternal health and anesthetic history, important 
obstetric history, laboratory investigations, allergies, 
and baseline blood pressure and HR measurements. 
Physical examination of an airway, heart, and chest 
reliable with the (ASA-PS) guidelines was done.

In the operating room, insertion of functional intra-
venous access (18-gauge) was done and then lactated 
Ringer’s solution was infused to all patients as a (co- 
load). Patients were turned to the supine position with 
a 15º left lateral tilt, basic monitoring consisting of 
maternal pulse oximetry (Spo2), electrocardiography 
(ECG), and noninvasive blood pressure (NIBP) was 
applied, and electrical cardiometry with 4 ECG electro-
des (2 in the lateral side of the neck and 2 in the lateral 
chest wall) (ICON; Cardiotronic, Inc, LaJolla, CA92307; 
Osypka Medical Gmbh; Berlin, Germany) was applied. 
Baseline line measurements including HR, MBP, SV, CO, 
and SVR were reported.

Before induction of spinal anesthesia, Group I received 
0.01 mg/kg of intravenous atropine in 5 ml of normal 
saline 0.9%, while Group II received the same volume of 
normal saline 0.9% as a control group. Under complete 
aseptic conditions, spinal anesthesia was performed at 
the L3–L4 interspace, while patients were in the sitting 
position, using the paramedian approach, a 27-gauge, 
noncutting, pencil-point, spinal needles (Penecan® 
BRAUN, Germany), was used to perform the block.

After documenting free droplets of cerebrospinal 
fluid, 10 mg hyperbaric bupivacaine plus 20 μg fenta-
nyl was injected into the subarachnoid space. Patients 
were returned to the supine position with a 15 º left 
lateral tilt and 10 º head up. Hemodynamic parameters 
(HR, MBP) and electrical cardiometry-derived measures 
(CO, SV, and SVR) were recorded at specific times, 
baseline (T1), 5 minutes after injection of intervention 
drugs (T2), 5 minutes after spinal anesthesia (T3),), 10  
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minutes after spinal anesthesia (T4),5 minutes after 
delivery (T5), and at the end of surgery (T6).

Ephedrine increments (3–6 mg) were used to treat 
post-spinal hypotension, which is defined as MBP less 
than 80% baseline measurement.

The primary outcome was the changes in the car-
diac output values at the specific time measurements. 
Values of HR, MBP, SV, SVR, and neonatal outcomes 
were the secondary outcomes.

2.4.2. Sample size calculation and Statistical meth-
ods. The G*Power program version 3.1.0 was used to 
determine the necessary sample size. Findings from 
a prior study [20], revealed that the control group’s 
cardiac output during spinal anesthesia was 5.43 1. We 
estimated the sample size (effect size, d = 0.8) to iden-
tify a 15% difference in cardiac output between the 
control and atropine groups. With 80% power and 
a type I error of 0.05, a sample size of 26 cases in 
each group is required. For a total of 60 instances, we 
included 30 cases in each group to account for 
dropouts.

The statistical package for social sciences (SPSS) 
software from IBM Corp., Chicago, USA 2013, version 
22.0 was used for data management and analysis. 

Following the Shapiro-Wilk test for normality, indepen-
dent t-tests were used to compare quantitative nor-
mally distributed variables that are expressed as mean 
SD (standard deviation). The chi-square test is used to 
compare qualitative variables expressed as a number 
or percentage, and Fisher’s exact test was used for 
variables with small expected numbers. If a p-value is 
less than 0.050, it was considered significant; other-
wise, it was not.

3. Results

For the study’s eligibility requirements, 74 pregnant 
patients underwent screening. Five patients did not 
want to participate, and nine patients were excluded 
because they did not meet the inclusion criteria. 
Following enrollment and informed consent, 60 patients 
were included in the study. In two groups of 30 patients 
each, they were randomly divided. (Figure 1).

In terms of patients’ characteristics (age, BMI, 
weight, height, and ASA-PS), type of cesarean, induc-
tion delivery time, and duration of operation, there 
were no significant differences between the studied 
groups (Table 1).

Regarding hemodynamic parameters, no significant 
statistical differences between the study groups 

Figure 1. Flow chart of the studied cases.

Table 1. Demographic and operative characteristics of the study groups.

Variables
Group I 

(Total=30)
Group II 

(Total=30) p-value

Age (years), Mean±SD 27.5±5.0 29.1±5.4 ^.239
Weight (kg), Mean±SD 66.8±3.8 67.2±4.2 ^.687
Height(cm) 172.1±5.0 171.9±5.3 ^.861
BMI (kg/m2), Mean±SD 22.6±1.0 22.8±1.0 ^.456
The cesarean section number, (n, %) First 12 (4.0%) 11 (36.7%) #0.791

Repeated 18 (6.0%) 19 (63.3%)
Gestational age (weeks), Mean±SD 38.9±.6 38.8±.6 ^.412
Induction-delivery time (min.), Mean±SD 18.1±3.2 17.9±2.7 ^.828
Operation duration (min.), Mean±SD 83.2±13.9 81.7±13.7 ^.676

BMI: Body mass index. ^Independent t-test. #Chi square test
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regarding baseline HR, then it became significantly 
higher in the atropine group from T2 to T6. No signifi-
cant statistical differences between the study groups 
regarding baseline and T1 mean blood pressure, and 
then it became significantly higher in the atropine 
group from T3 to T6. Total Ephedrine consumption in 
every patient was significantly lower in the atropine 
group. (Table 2)(Figure 2)

Also, all patients in group II was given ephedrine in 
one and repeated doses starting with 3-6 mg per each 

dose, while 18 patients in group I required ephedrine 
and only single dose was given.

Electrical cardiometry-derived measures showed 
no significant statistical differences between the 
study groups regarding baseline CO, then it became 
significantly higher in the atropine group after 
intervention (T2) then the reduction in the CO was 
significantly less in the atropine group than the 
control group at (T3 and T4), at (T5 and T6) the 
increase in the cardiac output was more significant 

Table 2. Comparison regarding heart rate, mean blood pressure, and total ephedrine consumption.

Time
Group I 

(Total=30)
Group II 

(Total=30) ^p-value

Relative effect 
(Atropine relative to control)

Mean±SE 95% CI

Heart rate (beat/min.), Mean±SD
Baseline (T1) 95.9±3.4 96.5±2.3 0.399 −0.6±0.7 −2.1–0.9
5 minutes after intervention (T2) 114.1±3.5 96.3±2.6 <0.001* 17.8±0.8 16.2–19.4
5 minutes after spinal (T3) 86.0±2.7 73.1±6.4 <0.001* 12.9±1.3 10.3–15.4
10 minutes after spinal (T4) 86.8±3.2 70.9±5.5 <0.001* 15.9±1.2 13.6–18.2
5 minutes after delivery (T5) 117.9±3.4 98.6±2.9 <0.001* 19.3±0.8 17.7–20.9
At the end (T6) 114.7±3.2 95.4±3.0 <0.001* 19.3±0.8 17.7–20.9
Bradycardia (n, %) 0 (0.0%) 6 (20.0%) §0.024* NA NA

Mean Blood Pressure (mmHg), Mean±SD
Baseline (T1) 92.7±7.1 91.8±6.0 0.626 0.8±1.7 −2.6–4.2
5 minutes after intervention (T2) 92.4±7.0 91.5±5.7 0.615 0.8±1.6 −2.5–4.1
5 minutes after spinal (T3) 80.1±6.0 69.8±5.4 <0.001* 10.3±1.5 7.4–13.3
10 minutes after spinal (T4) 86.1±6.0 75.1±5.3 <0.001* 11.1±1.5 8.1–14.0
5 minutes after delivery (T5) 92.3±6.1 84.2±5.5 <0.001* 8.0±1.5 5.0–11.0
At the end (T6) 95.4±6.3 87.5±5.6 <0.001* 8.0±1.5 4.9–11.1

Ephedrine consumption, Mean±SD
Total Ephedrine dose (mg) 5.9±2.0 18.3±5.1 <0.001* −12.4±1.0 −14.4–-10.4

^Independent t-test. §Fisher’s Exact test. NA: Not applicable. SE: Standard error. CI: Confidence interval. *Significant.

A                                                              B

C                                                              D

Figure 2. HR, MBP, SV and CO changes during specific times A-HR, B – MBP, C-SV, D-CO.
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in the atropine group than the control group. 
(Table 3)(Figure 2)

There were no significant readings in both groups 
as regards SV (Figure 2) and SVR at all times of mea-
surement (Table 3).

4. Discussion

The findings of the current study show that pre-spinal 
intravenous atropine was associated with less reduc-
tion in CO after induction of spinal anesthesia till fetal 
delivery compared with saline. Also, post-spinal HR 
was higher after administration of atropine without 
bradycardia, unlike the control group with more inci-
dence of bradycardia. In our study, SV and SVR were 
similar in both groups; the reduction in MBP was less in 
the atropine group compared with the control group. 
Compared to the atropine group, the control group 
consumed more total intraoperative ephedrine.

These findings support our hypothesis that the use 
of pre-spinal atropine, which has muscarinic receptor 
antagonist activity on the heart, can produce positive 
chronotropic effects with a compensatory increase in 

CO that could counteract the decrease in CO caused by 
supine hypotensive syndrome [21].

In parturients who have undergone spinal anesthe-
sia, a decrease in SVR, MBP, and HR are typical hemo-
dynamic changes, particularly if inferior vena cava 
obstruction is still present [22]. Bradycardia can 
develop via one of two speculated mechanisms: either 
blocking sympathetic cardiac accelerator fibers (T1-T5) 
or decreasing venous return through a reflex mechan-
ism. When the cardiac accelerator sympathetic fibers 
are blocked, the heart’s vagal input takes over and the 
HR drops sharply. This bradycardia, along with a drop 
in MBP and SVR, can lead to cardiac arrest very 
quickly [23].

After spinal anesthesia, hypotension can occur for 
two different reasons: first, increased blood pooling in 
capacitance vessels reduces venous return and CO, 
and second, dilated resistance arterioles reduce SVR. 
In our study, pre-spinal atropine could prevent the 
post-spinal reduction in heart rate but it did not pre-
vent hypotension to occur. However, the degree of 
reduction in MBP was significantly less in the atropine 
group.

Table 3. Comparison regarding cardiac output, systemic vascular resistance, and stroke volume.

Time
Group I 

(Total=30)
Group II 

(Total=30) ^p-value

Relative effect 
(Atropine relative to control)

Mean±SE 95% CI

Stroke volume (mL), Mean±SD
Baseline (T1) 82.5±7.5 83.0±9.0 0.840 -0.4±2.1 -4.7–3.8
5 minutes after intervention (T2) 83.3±7.7 83.7±9.0 0.854 -0.4±2.2 -4.7–3.9
5 minutes after spinal (T3) 62.6±5.0 63.3±5.8 0.621 -0.7±1.4 -3.5–2.1
10 minutes after spinal (T4) 60.4±5.1 61.0±5.9 0.692 -0.6±1.4 -3.4–2.3
5 minutes after delivery (T5) 99.2±5.5 99.3±5.8 0.927 -0.1±1.5 -3.0–2.8
At the end (T6) 101.6±5.6 102.0±5.7 0.784 -0.4±1.5 -3.3–2.5

Systemic Vascular Resistance (dyn/cm2), Mean±SD
Baseline (T1) 816.8±72.8 806.4±64.5 0.563 10.3±17.8 -25.2–45.9
5 minutes after intervention (T2) 819.4±72.9 808.2±65.7 0.534 11.2±17.9 -24.7–47.1
5 minutes after spinal (T3) 665.0±17.3 663.2±15.1 0.664 1.8±4.2 -6.6–10.2
10 minutes after spinal (T4) 684.0±23.1 679.8±24.4 0.500 4.2±6.1 -8.1–16.5
5minutes after delivery (T5) 700.4±25.1 690.5±27.7 0.153 9.9±6.8 -3.8–23.5
At the end (T6) 678.3±25.8 669.3±26.7 0.190 9.0±6.8 -4.6–22.6

Cardiac Output (mL/min.), Mean±SD
Baseline (T1) 7.9±0.8 8.0±0.8 0.662 -0.1±0.2 -0.5–0.3
5 minutes after intervention (T2) 9.5±0.9 8.1±0.8 <0.001* 1.4±0.2 1.0–1.9
5 minutes after spinal (T3) 5.4±0.4 4.7±0.4 <0.001* 0.6±0.1 0.4–0.9
10 minutes after spinal (T4) 5.2±0.4 4.4±0.3 <0.001* 0.9±0.1 0.7–1.1
5 minutes after delivery (T5) 11.7±0.6 9.8±0.6 <0.001* 1.9±0.2 1.6–2.2
At the end (T6) 11.6±0.6 9.7±0.6 <0.001* 1.9±0.2 1.6–2.2

^Independent t-test. SE: Standard error. CI: Confidence interval. *Significant. 
There was no significant difference between the two groups regarding APGAR score at 1 and 5 min. also, umbilical artery ABG values were equivalent in 

both groups. (Table 4).

Table 4. Comparison regarding neonatal APGAR score and umbilical artery ABGs.

Variables
Group I 

(Total=30)
Group II 

(Total=30) ^p-value

Relative effect 
(Atropine relative to control)

Mean±SE 95% CI

APGAR 1 7.5±0.9 7.7±0.7 0.343 −0.2±0.2 −0.6–0.2
APGAR 5 9.0±0.6 9.1±0.4 0.445 −0.1±0.1 −0.4–0.2
PH 7.32±0.00 7.32±0.01 0.779 0.00±0.00 0.00–0.00
Base deficit 0.77±0.06 0.78±0.07 0.430 −0.01±0.02 −0.05–0.02
Bicarbonate level 22.8±0.4 23.0±0.4 0.056 −0.2±0.1 −0.4–0.0

^Independent t-test. SE: Standard error. CI: Confidence interval.
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Our findings are consistent with an experimental 
study by Akhtar et al showing that MBP is better pre-
served with the use of prophylactic pre-spinal atropine 
10 μ g/kg compared with saline [24].

Another non-obstetric study by Lim et al. showed 
the benefit of prophylactic IV atropine given before 
spinal anesthesia with an increase in HR in a dose- 
dependent manner and decreased the need to use 
vasopressors for significant hypotension [25].

Also, another study conducted by Ahn et al revealed 
that pre-spinal atropine reduces the incidence of bra-
dycardia in patients with dexmedetomidine sedation. 
Also, MBP showed a significant increase in patients 
when pre-spinal atropine was given [26].

In our study, we discovered that the MBP reduction 
following spinal anesthesia was significantly less in the 
atropine group. Additionally, in the atropine group, 
significantly less ephedrine was required overall to 
normalize maternal MBP.

In their investigation of the anticholinergic medica-
tion glycopyrrolate for maintaining MBP following 
spinal anesthesia for cesarean delivery, Ure et al. dis-
covered that pre-spinal glycopyrrolate reduced the 
need for overall ephedrine [27]. Also, Nagan et al con-
cluded that pre- spinal glycopyrrolate in a dose of 4  
mg/kg increased both maternal

HR and CO and decreased phenylephrine dose [28]. 
In contrast to our findings, Yentis et al. discovered that 
prophylactic glycopyrrolate administration did not 
affect the amount of ephedrine required or the severity 
of hypotension [29]. This discrepancy may be due to 
different methodology and glycopyrrolate doses.

Electrical cardiometry EC was used in our study to 
measure CO non-invasively. When compared to the 
control group, the reduction of CO following pre- 
spinal atropine administration was considerably less. 
Both groups experienced similar SV and SVR changes 
following spinal anesthesia. Atropine’s beneficial 
chronotropic effect was primarily responsible for the 
atropine group’s lesser CO reduction.

According to the current research, the atropine 
group experienced higher levels of HR and CO in all 
measurements following spinal anesthesia. According 
to earlier research, there is a significant correlation 
between changes in HR and CO [30].

Atropine is the most widely used anticholinergic 
drug because it is inexpensive and readily available. 
However, in the atropine group, self-limited negative 
effects like dry mouth, a feeling of rapid heartbeats, 
and facial flushing were reported.

In our study, to lessen aortocaval compression, all 
patients were placed in the supine position with the left 
uterine tilted 15° and the head raised 10° until delivery. In 
a prior study, Lee et al. measured CO, SV, and SVR in 
parturients with four levels of left uterine tilt (0°, 7.5°, 15°, 
and 90°), demonstrating that a left uterine tilt of at least 
15° effectively reduced aortocaval compression [31].

On the other hand, Sonnino et al. revealed that, 
under continuous hemodynamic monitoring, CO did 
not significantly change after the removal of the left 
uterine displacement throughout spinal anesthesia for 
cesarean delivery [32].

Most research on maternal hemodynamics has 
focused on MBP. This parameter is utilized frequently 
because it is trustworthy and simple to reproduce. 
Non-invasive CO monitoring devices are expensive 
and hard to come by, and CO measurements are not 
frequently taken during elective cesarean deliveries. 
Contrary to blood pressure, which may or may not 
accurately reflect fetal perfusion, changes in peripheral 
resistance that occur during pregnancy make CO 
a better indicator of fetal perfusion [33].

Neonatal outcomes were equivalent in both groups 
regarding Apgar score at 1 and 5 minutes and umbili-
cal artery blood gases for PH, base deficit, and bicar-
bonate level.

There may be some limitations to our study. First, 
the study cannot be generalized to all patients 
scheduled for cesarean delivery because the exclu-
sion criteria involved a wide range of patients, parti-
cularly cardiac patients whose cardiac conditions 
could not tolerate atropine-induced tachycardia. 
Secondly, electrical velocimetry was used to measure 
CO. This method, which has been approved for use in 
pregnant patients, allows for continuous CO monitor-
ing. The technique’s dependence on an estimation of 
the electrical impedance in the aortic arch, which is 
established using an algorithm based on the 
patient’s height and weight, is, however, 
a disadvantage. When detecting the absolute values, 
this technique carries the risk of bias and errors. We 
made an effort to get around this by relating derived 
parameters to baseline readings. Our study’s failure 
to continue past the operative period is an additional 
limitation.

5. Conclusion

According to our findings, in parturients having an 
elective cesarean section, pre-spinal atropine in com-
bination with left uterine tilt was more effective than 
control at preventing maternal bradycardia, minimiz-
ing the reduction of CO, and reducing the total amount 
of intraoperative ephedrine needed.
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