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Introduction. Assessment of the fetal heart rate become
a routine manner and was found to be helpful in making
important clinical decisions. In the available literature there
are no any information about fetal heart rate in twin pregnan-
cy and it usefulness in predicting pregnancy outcome.
Objective. The aim of our study was to evaluate a range of
heart rates in the first trimester in twin pregnancy and the
influence of the rate of fetal heart on the outcome of the
pregnancy.
Material and methods. The study included 89 twin pregnan-
cies between 6 and 11 weeks of pregnancy (78 pregnancies
finished with good outcome and 11 with unfavorable outco-
me).
Results. The date shows that the heart rate of embryos / fetuses
in the first trimester of an uncomplicated twin pregnancy
progressively increases between 6 and 8 weeks of pregnancy
and then slows down in week 11. Our data shows that the rate
of fetal death in the first trimester of twin pregnancy increases
progressively with decreasing of the heart rate. In our study
none of the twins survived when the observed rate of the fetal
heart was less than 110 beats per minute and half of them died
when heart rate was between 110 and 120 beats per min.
Furthermore, the significant difference in the heart rates of a
set of twins was connected with a poor prognosis. In mono-
chorionic pregnancies with a significant difference in heart rate
(20 beats/min or more) despite a normal fetal heart rate (120
beats/min or more) TTTS syndrome was confirmed later in
pregnancy.
Conclusions. The heart rate in twin pregnancy more than 120
beats per minute is connected with a good prognosis, whe-
reas below 110 beats per minute with a poor prognosis.
Furthermore, the significant difference in fetal heart rate (20
beats/min or more) can be a marker of developing TTTS syn-
drome later in pregnancy.
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INTRODUCTION
In the past and nowadays the fetal heart rate
is being used as a confirmation of the embryo/
fetal life. Large group studies have reported
changes in the heart rate in early stage of pre-
gnancy [1-10]. Furthermore, miscarriages were
observed in pregnancies with abnormal fetal
heart rate [1-7,11]. Therefore assessment of the
fetal heart rate become a routine manner and
was found to be helpful in making important
clinical decisions. However in the available li-
terature there are no any information about
fetal heart rate in twin pregnancy.

AIM
The aim of our study was to evaluate range of
heart rate in first trimester in twin pregnancy
and influence of rate of fetal heart on pregnancy
outcome.

MATERIALS AND METHODS
The study was conducted in the Ultrasound Unit
in Healthcare Center in Kutno from 2010 to
2016. In the study were included 89 twin pre-
gnancies between 6 and 11 weeks of pregnan-
cy (78 pregnancies finished with good outco-
me and 11 with unfavorable outcome). All
pregnancies with risk factors (smoking, alcohol,
drug addiction) and complications (diabetes
mellitus, hypertension, anemia) were excluded
from the study

Measurements were obtained using ultraso-
und machine (B&K Medical 3535 and Voluson
730 PRO) with vaginal probe of 6.5 MHz fre-
quency. All pregnancies were calculated accor-
ding CRL measurement. The gestational age
was given in weeks according formula: 7 we-
eks = 7 weeks + 0/6 days. The heart rate was
performed using M-mode technique for each
twin separately.
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INTRODUCTION

Isolation of local anesthetics, with cocaine as the 
pioneering example, led to the creation of regional 
anesthesia. Spinal Anesthesia (SA) was the first regional 
anesthetic technique used, and the first operation utilizing 
the method was done in 1898 by German surgeon August 
Bier [1]. For most surgeries below the neck, neuraxial 
anesthesia is used either alone or in conjunction with 
general anesthetic. Surgical operations below the umbilicus 
benefit greatly from SA because of its ability to access 
the lower abdominal, pelvic, perineal, and lower limb 
regions [2].

Without medication prophylaxis, post-spinal anesthetic 
hypotension can occur in as many as 70% of women 
undergoing cesarean birth, making it one of the most 
prevalent concerns [3]. Nausea, vomiting, and maybe even 
harm to the fetus are all possible side effects of this. Taking 
preventative steps such as a fluid preload, a lateral tilt, or a 
dose of a vasoactive drug are all helpful [4]. EP is a popular 
choice among vasoactive medicines. EP's subtle onset of 
action and extended duration, however, make precise 
titration of blood pressure challenging [5]. EP crosses 
the placenta quickly, and it can cause fetal tachycardia to 
emerge out suddenly, which can lead to fetal acidosis [6].

Preventing post-spinal hypotension using NE, a 
powerful a-adrenergic receptor agonist with a moderate 
impact on the beta-adrenergic receptor, is a relatively 
new development. As a result, NE may be preferable to 
epinephrine for the purpose of maintaining parturient's 
blood pressure during cesarean delivery as it has fewer 
adverse effects on Heart Rate (HR) [7].

Although EP is routinely used as a vasopressor to 
counteract post spinal hypotension [5], there's been little 
research comparing it to NE. 

NE's quick onset and brief duration of effect make 
it more ideal for infusion [8], and a research showed 
that utilizing a bolus of NE to maintain parturients' 
blood pressure during cesarean delivery produced greater 
hemodynamic stability than using an EP bolus [9].

The current study examined intermittent injection 
of both medications, while most of the study focused 
on infusion, its not always available in resources limited 
countries like Iraq, and in addition the use of pump require 

Background: Ephedrine (EP) and Norepinephrine (NE) considered an 
option to maintain maternal blood pressure during Spinal Anesthesia 
(SA) since hypotension is considered a common consequence of SA. The 
aim of the current study is the assessment of the maternal and neonatal 
safety and efficacy of NE compared to ephedrine in treatment of SA 
induced hypotension in cesarian delivery.

Methods: A prospective, randomized comparative clinical study, that 
involved 100 participants, they were divided into two groups: Group N: 
received NE (10 μg/ml). Group E: received EP (5 mg/ml). The research 
was conducted at tertiary Teaching Hospital, and it lasted from February 
2021 until October 2022.

Results: Overall, the incidence of hypotension was significantly lower in 
NE group, and when assessed at various time periods (for 60 minutes), 
it was significant lower only at 10 minutes. The use of NE was associated 
with reduction in the risk of hypotension (OR: 0.439) compared to the 
use of EP. 

Conclusion: NE is an effective and safe vasopressor in preventing 
postanesthetic hypotension in SA for CS devilries, with less hypotensive 
episodes, better hemodynamic maternal effect, low incidence of nausea, 
and better neonatal umbilical cord blood gases compared to EP
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RESULTS
The mean fetal heart rate in the first trimester
of twin pregnancy with good outcome is pre-
sented in Table 1. The above data show that the
heart rate of embryos / fetuses in the first tri-
mester of uncomplicated twin pregnancy pro-
gressively increases between 6 and 8 weeks of
pregnancy, reaches the nadir of 170 beats per
minute in week 8 and then slows down to 150
beats per minute in week 11. The biggest dif-
ference in heart rate between a pair of twins
was found between 6 and 7 weeks of pregnan-
cy. Later in pregnancy, up to 11+6 weeks the
difference was similar and remained low.

Tab. 2. Fetal heart rate in the first
trimester of twin pregnancies with
unfavorable outcome

No. Gestational
age

(in weeks)

Heart rate
twin A / twin B

(beats/min)

The
difference
in heart

rate
between

twins
 (beats/

min.)

Type
of complications

1. 6+0 – 6+6 118/158 30 death of both
fetuses MCDA

2. 7+0 – 7+6 115/119 4 death of both
fetuses DCDA

3. 7+0 – 7+6 138/168 30 TTTS at 28 weeks
MCDA

4. 8+0 – 8+6 105/129 14 death of both
fetuses MCDA

5. 9+0 – 9+6 104/118 14 miscarriage DCDA

6. 10+0 – 10+6 95/109 13 death of both
fetuses MCMA

7. 10+0 – 10+6 0/24 24 death of both
fetuses MCMA

8. 9+0 – 9+6 124/146 22 TTTS at 28 weeks
MCDA

9. 7+0 – 7+6 98/106 8 death of both
fetuses MCDA

10. 7+0 – 7+6 115/124 9 miscarriage at 8
weeks MCD

11. 7+0 – 7+6 110/122 12 miscarriage at 10
weeks DCDA

TTTS – Twin-to-twin transfusion syndrome

Tab. 1. The mean fetal heart rate
and the difference in heart rate
between the pair of twins betwe-
en 6 and 11 weeks of uncomplica-
ted twin pregnancy

Group Gestational
age (weeks)

The mean
heart rate

(beats/min.)

Range
(beats/min)

The difference
in heart rate

between twins
(beats/min.)

1 (n=12) 6+0 – 6+6 141 125 - 158 11
2 (n=10) 7+0 – 7+6 140 115 - 169 11
3 (n=10) 8+0 – 8+6 170 164 - 176 6
4 (n=18) 9+0 – 9+6 165 136 - 179 6
5 (n=16) 10+0 – 10+6 160 146 - 176 5
6 (n=12) 11+0 – 11+6 150 136 - 164 6

Fetal heart rate in the first trimester of twin
pregnancies with unfavorable outcome is pre-
sented in Table 2.

In the case of intrauterine fetal demise of
both twins the heart rate was below 120 beats
per minute in at least one of the twins. Further-
more, we found that the difference in the he-
art rate is as important as the heart rate itself.
In pregnancies with high difference in heart rate
(20 or more beats/min) the outcome of the
pregnancy was unfavorable (death or TTTS
syndrome). In two cases with the fetal heart rate
more than 120 beats/min and high difference
in the heart rate, TTTS syndrome was observed
later in pregnancy.

training and additional cost to purchase and maintain 
them. Thus, the use of intermittent injection is attractive 
for its ease and low cost. The aim of the current study is 
the assessment of the maternal and neonatal safety and 
efficacy of NE compared to EP in treatment of SA induced 
hypotension in cesarian delivery. 

MATERIALS AND METHODS

Study design 

A prospective, randomized single blinded clinical study, 
which involved 100 participants, they were divided into 
two groups:

Group N: Received NE (10 μg/ml).

Group E: Received EP (5 mg/ml).

When the MAP dropped below 60 mmHg, an 
intervention was given. Hypotension was defined as a 
decline of >20 percent from the original value of MAP.

Study setting

The research was conducted at Habboubi Teaching 
Hospital in Nasiriyah Governate in Iraq, and it lasted from 
February 2021 until October 2022.

Study groups

EP Group: After giving them 1 mL of intravenous EP 
at a dosage of 5 mg/mL, their MAP levels were checked 
five minutes later. If the blood pressure has not yet reached 
60 mmHg, administer the same dose no more than three 
times at intervals of five minutes.

NE Group: They received a 10g/1mL intravenous 
bolus of NE, which was made as follows: from a 4 mg/2 ml 
vial, 1ml was taken and diluted with 20 ml of saline (100 
g/ml), and then 1ml was taken and diluted with 10 ml to 
produce the final solution with 10 g/ml. After two minutes, 
the MAP was assessed. The same dose should only be given 
a maximum of three times, separated by two minutes, if it 
has not yet reached 60 mmHg.

This procedure was repeated for every MAP that 
dropped below 60 mmHg while the patient was under 
anesthesia. If the MAP in either group did not reach 60 
mmHg after three injections, another strategy should have 
been used to raise it. A peripheral venous catheter was used 
to provide vasopressors.

Randomization

A computer-generated pattern was used to randomly 
assign patients in a 1:1 ratio to the NE group or EP group.

Sample size

Based on previous study in which EP at a dose of 5 – 
10 mg the incidence of post anaesthesia hypotension was 
11.4% [10], while for epinephrine it was 37.5% [11]. After 
performing sample size calculations at type I error 0.05 

and type II error 0.2 the calculated sample was 49 for each 
group, so we choose 50 for each group.

Inclusion criteria

• ASA I-II

• Age between 18 – 40 years

• Full-term pregnancy

• Elective caesarian surgery 

Exclusion criteria

• Lack of cooperation

• Patients refused to be included in the study

• Patients with spinal deformities

• Patients with height less than 150 cm 

• Morbid obesity (BMI ≥ 35 kg/m2)

• Coagulopathy, or on anticoagulation therapy

• History of allergies to any medication used in the 
study

Anesthetic procedure

Before administering anesthesia, baseline measures 
of the Heart Rate (HR) and non-invasive Systolic Blood 
Pressure (SBP) (measured at the upper left limb) were made 
five minutes apart. An IV catheter that had been inserted 
in the upper extremities was used to preload 10 mL/kg of 
lactated Ringer's solution prior to spinal injection, and 
the infusion rate was then decreased to a maintenance 
rate. SA was carried out in the appropriate lateral position 
by experienced anesthetists. After skin sterilisation and 
localized lidocaine injection at 2%.

In our trial, the drug was started to be administered 
at the moment of the spinal injection. Patients were 
placed supine with a 15° left lateral table tilt after SA. 
Prior to making an incision for surgery, the sixth thoracic 
dermatomal level was the lowest tolerable level according to 
bilateral pinprick testing of dermatomal levels of analgesia. 
SBP and HR were monitored for 30 minutes after spinal 
injection at intervals of every 2 minutes.

In patients with weak uterine contractions, an extra 
250 mg of carboprost tromethamine was administered 
intramuscularly in addition to the standard dosage of 
oxytocin (Syntocin®)—10 milliunits with direct infusion—
and 20 milliunits. A crystalloid solution in the amount 
of 500–1000 ml is given. The infant radiant warmer was 
instantly switched over to the newborns.

Preoperatively, all patients receiving regional anesthesia 
gave 0.02 mg/kg of intra-venous sedative with midazolam. 
SA was performed in the L3-L4 intervertebral area using 
a midline approach, a 25-gauge Quincke needle, and a 
downward-facing bevel. 2.0 mL (10 mg) of intrathecal 
penetration of the needle was verified with free flow of 
CSF by injecting 0.3 milliliters of hyperbaric bupivacaine 
per second for 60 seconds into the affected area [12]. For 
breakthrough pain 50 mg tramadol IV injection was used.
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Ethical consideration

The Iraqi Ministry of Health gave approval for this study 
(ID#: 270/31/5/2021; number: 0431570) [13]. Written 
consentient were taken from all those who participated in 
the study.

Statistical analysis

All analysis was carried out using Graph Pad prism 
9.01, for analyzing continuous variables (all followed 
normal distribution) independent t-test was used, for 
categorical variables chi square test used. Binary logistic 
regression used for risk assessment of hypotension and 
data reported as Odd Ratio (OR) and its 95% Confidence 
Interval (CI). Level of significance was 0.05 and all p-value 
was two tailed.

RESULTS

Demographic and maternal characteristics

The study included 100 participants, which were 
divided into two groups, the first group received EP (50 
patients), and the other group received NE (50 patients). 
There was no significant difference in age, BMI, gravida, 
and gestational age, as illustrated by Tab. 1.

Assessment of hemodynamic stability of 
the mothers 

There was no significant difference in Systolic Blood 
Pressure (SBP) at baseline and after 5 minutes, afterward 
SBP was significantly higher in NE at 10, 15, 30, and 60 

minutes, as illustrated by table S1 and Fig. 1. There was 
no significant difference in Diastolic Blood Pressure (DBP) 
from baseline till 60 minutes of follow-up, as illustrated by 
Tab. S2. and Fig. 2. Only after 15 minutes Mean arterial 
Blood Pressure (MBP) was significantly higher in NE, 
while at the rest of the time period no significant difference 
was observed, as illustrated by table S3 and Fig. 3. Heart 
rate was significantly lower in NE group from 5 minutes 
till the end of 60 minutes of follow-up, as illustrated by 
Tab. S4. and Fig. 4. There was no significant difference in 
SPO between both groups at all time periods, as illustrated 
by table S5.

Assessment of incidence of hypotension 
and need for rescue therapy

Overall, the incidence of hypotension was significantly 
lower in NE group, and when assessed at various time 
periods, it was significant lower only at 10 minutes, 
as illustrated by table S6. The use of NE was associated 
with reduction in the risk of hypotension (OR: 0.439) 
compared to the use of EP, which indicate that NE reduce 
the risk of hypotension by 56.1% (absolute relative risk 
reduction=1.0-0.439 × 100%), as illustrated by Tab. 2.

There was no significant difference in the need for 
rescue analgesia between both groups, as illustrated by 
Tab. S7.

Neonatal outcomes

There was no significant difference in mean APPGAR 
score after both 1 and 5 minutes of neonatal delivery. 
All neonatal arterial blood gases did not show significant 

Tab. 1. Assessment of 
demographic and maternal 
characteristics.

Variables Ephedrine Norepinephrine p-value

Number 50 50 -

Age (y), mean ± SD 28.22 ± 6.31 30.46  ± 6.20 0.076

BMI (kg/m2), mean ± SD 28.47  ± 3.85 28.68 ± 4.19 0.795

Gravida, n (%)

Primigravida  16 (32.0%) 13 (26.0%)
0.509

Pluripara 34 (68.0%) 37 (74.0%)

Gestational age (weeks), 
mean ± SD 38.30 ± 0.95 38.16 ± 1.08 0.493

SD: Standard Deviation, y: year, n: number 

Fig. 1. Assessment of Systolic Blood Pres-
sure (SBP) (mmHg).
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RESULTS
The mean fetal heart rate in the first trimester
of twin pregnancy with good outcome is pre-
sented in Table 1. The above data show that the
heart rate of embryos / fetuses in the first tri-
mester of uncomplicated twin pregnancy pro-
gressively increases between 6 and 8 weeks of
pregnancy, reaches the nadir of 170 beats per
minute in week 8 and then slows down to 150
beats per minute in week 11. The biggest dif-
ference in heart rate between a pair of twins
was found between 6 and 7 weeks of pregnan-
cy. Later in pregnancy, up to 11+6 weeks the
difference was similar and remained low.

Tab. 2. Fetal heart rate in the first
trimester of twin pregnancies with
unfavorable outcome

No. Gestational
age

(in weeks)

Heart rate
twin A / twin B

(beats/min)

The
difference
in heart

rate
between

twins
 (beats/

min.)

Type
of complications

1. 6+0 – 6+6 118/158 30 death of both
fetuses MCDA

2. 7+0 – 7+6 115/119 4 death of both
fetuses DCDA

3. 7+0 – 7+6 138/168 30 TTTS at 28 weeks
MCDA

4. 8+0 – 8+6 105/129 14 death of both
fetuses MCDA

5. 9+0 – 9+6 104/118 14 miscarriage DCDA

6. 10+0 – 10+6 95/109 13 death of both
fetuses MCMA

7. 10+0 – 10+6 0/24 24 death of both
fetuses MCMA

8. 9+0 – 9+6 124/146 22 TTTS at 28 weeks
MCDA

9. 7+0 – 7+6 98/106 8 death of both
fetuses MCDA

10. 7+0 – 7+6 115/124 9 miscarriage at 8
weeks MCD

11. 7+0 – 7+6 110/122 12 miscarriage at 10
weeks DCDA

TTTS – Twin-to-twin transfusion syndrome

Tab. 1. The mean fetal heart rate
and the difference in heart rate
between the pair of twins betwe-
en 6 and 11 weeks of uncomplica-
ted twin pregnancy

Group Gestational
age (weeks)

The mean
heart rate

(beats/min.)

Range
(beats/min)

The difference
in heart rate

between twins
(beats/min.)

1 (n=12) 6+0 – 6+6 141 125 - 158 11
2 (n=10) 7+0 – 7+6 140 115 - 169 11
3 (n=10) 8+0 – 8+6 170 164 - 176 6
4 (n=18) 9+0 – 9+6 165 136 - 179 6
5 (n=16) 10+0 – 10+6 160 146 - 176 5
6 (n=12) 11+0 – 11+6 150 136 - 164 6

Fetal heart rate in the first trimester of twin
pregnancies with unfavorable outcome is pre-
sented in Table 2.

In the case of intrauterine fetal demise of
both twins the heart rate was below 120 beats
per minute in at least one of the twins. Further-
more, we found that the difference in the he-
art rate is as important as the heart rate itself.
In pregnancies with high difference in heart rate
(20 or more beats/min) the outcome of the
pregnancy was unfavorable (death or TTTS
syndrome). In two cases with the fetal heart rate
more than 120 beats/min and high difference
in the heart rate, TTTS syndrome was observed
later in pregnancy.

Tab. 2. Effect of medication 
of risk of hypotension.

Variables OR 95%CI p-value

Use of NE vs. EP 0.439 0.196 – 0.984 0.046

OR: Odd Ratio, CI: Confidence Interval 

Fig. 2. Assessment of Diastolic Blood Pres-
sure (DBP) (mmHg).

Tab. 3. Assessment of 
neonatal and arterial blood 
gases of the neonate.

Time Ephedrine Norepinephrine p-value

Number 50 50 -

1 minute 8.12 ± 0.82 7.84 ± 0.84 0.096

5 minutes 9.04 ± 0.83 9.08 ± 0.72 0.798

pH 7.33 ± 0.02 7.38 ± 0.02 <0.001

HCO3 (mEq/liter) 23.60 ± 1.11 23.94 ± 1.11 0.129

PaO2 (mm Hg) 25.2 ± 2.7 25.3 ± 2.8 0.822

PaCO2 (mm Hg) 40.52 ± 3.06 39.56 ± 2.88 0.108

SpO2 (%) 94.74 ± 1.59 94.52 ± 1.51 0.468

Fig. 3. Assessment of Mean arterial Blood 
Pressure (MBP) (mmHg).

Tab. 4. Comparison of 
adverse effects.

Time Ephedrine Norepinephrine p-value

Number 50 50 -

Nausea 17 (34.0%) 8 (16.0%) 0.038

Vomiting 10 (20.0%) 4 (8.0%) 0.084

Shivering 6 (12.0%) 2 (4.0%) 0.269

Headache 4 (8.0%) 5 (10.0%) 0.999
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difference between both NE and EP, as illustrated by 
Tab. 3.

Adverse effect

Nausea was significantly lower in NE compared to 
EP, while no significant difference between both groups 
in the incidence of vomiting, shivering, and head-ache, as 
illustrated by Tab. 4.

DISCUSSION

Main results hypotension and 
hemodynamic stability 

In the present study the incidence of postanesthetic 
hypotension was significantly lower in women received 
NE compared to EP (34%, vs. 54%, p-value=0.044), 
with absolute risk reduction of 56.1% in the incidence of 
hypotension, this covers the incidence at any time period. 
In more detailed assessment after 10 minutes the incidence 
of hypotension was significantly lower in NE compared to 
EP (30, vs. 52%, p-value=0.025). For the rest of the time 
periods there were no significant difference between both 
groups, despite the incidence of hypotension is lower in NE 
in most of the time periods. In this study, we chose these 
five times (5, 10, 15, 30, and 60 minutes) when the blood 
flow is usually unstable, this instability after SA was started 
is related to the systemic vascular resistance went down, but 
the cardiac output, heart rate, and stroke volume all went 
up by a small amount [8].

In term of hemodynamic stability, systolic blood 
pressure was significantly higher in NE compared to EP 
(at 10, 15, 30, and 60 minutes), diastolic blood pressure 
was not different between both groups at all time periods, 
mean blood pressure was significantly higher in NE 
compared to EP (at 10 and 15 minutes). Heart rate was 
significantly lower in NE compared to EP. This indicates 
that NE offer better safety profile compared to EP, which 
is added to its better outcome to prevent hypotension in 
post-SA procedures. In terms of need for rescue analgesia, 
there was no significant difference between both NE and 
EP in that aspect, of notice the numerical value was lower 

in NE compared to EP (12% vs. 6%, p-value=0.487), 
however it did not reach a statistical significance. In 2015, 
Ngan Kee, et al. were the first to conclude that NE was 
used to preserve blood pressure constant throughout the 
experiment during SA during cesarean deliveries. By using 
computer-controlled infusion, they showed that NE raised 
the heart rate and cardiac output more than phenylephrine 
did but had the same effect on lowering blood pressure 
[14]. 

In Hassani, et al. study, a RCT (Randomized Clinical 
Trial), done in Iran, 56 hypertensive patients were 
divided into two groups (each 28 patients) according to 
antihypertensive drug (either NE or EP) all patients received 
SA (SA) and were followed up prospectively. The incidence 
of hypotension was significantly lower in NE compared to 
EP, MAP was significantly higher in NE compared to EP, 
HR was significantly lower in NE compared to EP, and 
the number of rescue boluses of vasopressors during the 
SA was significantly lower in NE compared to EP [15]. 
These findings were in agreement with the current study. In 
Wang, et al. study that examined the bolus doses of NE (4 
μg) and EP (4 mg) for hypotension prevention in CS, they 
found that HR was significantly higher in NE [16].

The hypotensive impact of SA after cesarean birth was 
studied by Ali Elnabtity and colleagues, who compared 
intravenous boluses of EP and NE as a treatment. They 
demonstrated that NE was superior to EP in terms of 
maintaining blood flow in the uterine artery and maternal 
blood pressure. Additionally, NE was associated with fewer 
episodes of hypotension and hypertension, as well as a lower 
incidence of bradycardia and tachycardia. Furthermore, it 
needed a lower total number of boluses [9]. Which is in 
agreement with the current study? A study by Abd Elraziq, 
et al., SBP was significantly higher in NE compared to 
EP at 2 and 4 minutes afterwards till 1 hour of follow-up 
no significant difference was found, HR was significantly 
lower in NE compared to EP at 4-, 6-, 8-, and 10-minutes 
afterwards till 1 hour of follow-up no significant difference 
was found [17]. In Fan, et al. study, that examined 0.05 
mg•kg-1•min-1 NE infusion for 30 minutes, compared to 
0.15 mg/kg EP bolus, in 190 CS women hypotension 
was lower in NE compared to EP (29.5% vs. 44.9%, 

Fig. 4. Assessment of heart rate (beat/min-
ute).
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RESULTS
The mean fetal heart rate in the first trimester
of twin pregnancy with good outcome is pre-
sented in Table 1. The above data show that the
heart rate of embryos / fetuses in the first tri-
mester of uncomplicated twin pregnancy pro-
gressively increases between 6 and 8 weeks of
pregnancy, reaches the nadir of 170 beats per
minute in week 8 and then slows down to 150
beats per minute in week 11. The biggest dif-
ference in heart rate between a pair of twins
was found between 6 and 7 weeks of pregnan-
cy. Later in pregnancy, up to 11+6 weeks the
difference was similar and remained low.

Tab. 2. Fetal heart rate in the first
trimester of twin pregnancies with
unfavorable outcome

No. Gestational
age

(in weeks)

Heart rate
twin A / twin B

(beats/min)

The
difference
in heart

rate
between

twins
 (beats/

min.)

Type
of complications

1. 6+0 – 6+6 118/158 30 death of both
fetuses MCDA

2. 7+0 – 7+6 115/119 4 death of both
fetuses DCDA

3. 7+0 – 7+6 138/168 30 TTTS at 28 weeks
MCDA

4. 8+0 – 8+6 105/129 14 death of both
fetuses MCDA

5. 9+0 – 9+6 104/118 14 miscarriage DCDA

6. 10+0 – 10+6 95/109 13 death of both
fetuses MCMA

7. 10+0 – 10+6 0/24 24 death of both
fetuses MCMA

8. 9+0 – 9+6 124/146 22 TTTS at 28 weeks
MCDA

9. 7+0 – 7+6 98/106 8 death of both
fetuses MCDA

10. 7+0 – 7+6 115/124 9 miscarriage at 8
weeks MCD

11. 7+0 – 7+6 110/122 12 miscarriage at 10
weeks DCDA

TTTS – Twin-to-twin transfusion syndrome

Tab. 1. The mean fetal heart rate
and the difference in heart rate
between the pair of twins betwe-
en 6 and 11 weeks of uncomplica-
ted twin pregnancy

Group Gestational
age (weeks)

The mean
heart rate

(beats/min.)

Range
(beats/min)

The difference
in heart rate

between twins
(beats/min.)

1 (n=12) 6+0 – 6+6 141 125 - 158 11
2 (n=10) 7+0 – 7+6 140 115 - 169 11
3 (n=10) 8+0 – 8+6 170 164 - 176 6
4 (n=18) 9+0 – 9+6 165 136 - 179 6
5 (n=16) 10+0 – 10+6 160 146 - 176 5
6 (n=12) 11+0 – 11+6 150 136 - 164 6

Fetal heart rate in the first trimester of twin
pregnancies with unfavorable outcome is pre-
sented in Table 2.

In the case of intrauterine fetal demise of
both twins the heart rate was below 120 beats
per minute in at least one of the twins. Further-
more, we found that the difference in the he-
art rate is as important as the heart rate itself.
In pregnancies with high difference in heart rate
(20 or more beats/min) the outcome of the
pregnancy was unfavorable (death or TTTS
syndrome). In two cases with the fetal heart rate
more than 120 beats/min and high difference
in the heart rate, TTTS syndrome was observed
later in pregnancy.

with 0.51, P-value=0.034), SBP decrease was significantly 
higher in EP compared to NE, incidence of tachycardia 
was significantly in EP [18]. Which is in agreement 
with the current study? Another study shown that NE 
is efficient in maintaining systolic blood pressure with a 
drop in heart rate, which is beneficial for individuals who 
suffer from coronary artery disease [19]. EP stimulates the 
sympathetic nervous system and has potent inotropic and 
chronotropic effects on the heart. Its action might be either 
directly (by acting as an agonist for alpha or beta receptors) 
or indirectly (catecholamine, namely NE release). It lowers 
afterload, raises cardiac output, raises blood pressure and 
heart rate, and produces modest arteriolar constriction 
[9]. The vasoconstrictive impact of EP is reduced with 
continued use of the drug. It have slow onset of action 
[9]. EP has been linked to an increased risk of tachycardia, 
tachyphylaxis, and hypertension [20]. NE has both beta- 
and alpha-adrenergic effects (weak beta-adrenergic and 
potent alpha -adrenergic receptor agonist [9]), which could 
lead to a higher heart rate and cardiac output than EP 
and a lower chance of bradycardia [8]. It causes an arterial 
and venous vasoconstriction and improves venous return 
and cardiac preload [9]. Several studies were in agreement 
with the current study findings; in which NE offer better 
hemodynamic control than EP. 

Because anesthesiologists typically use lumbar 
anesthesia to diffuse local anesthetics in order to achieve 
spinal nerve block during cesarean section, this practice can 
cause hypotension manifestations like decreased cardiac 
blood volume and vascular dilation in the anesthesia area. 
This is an urgent problem that needs to be solved in the field 
of obstetrics and gynecology [21]. In a study by Huang, et 
al., that examine pregnant women that undergone CS with 
SA, two groups EP (40 women) and NE (40 women). They 
reported no significant differences in heart rate, while the 
SBP and DBP were significantly higher in NE compared 
to EP. Which is to the contrary to our findings in which no 
significant difference in SBP and DBP for both groups (this 
could be explained by the mode of use of NE in which both 
used as intermittent in our study while for Huang, et al. 
they used continues infusion for NE) [22]. NE is a strong 
-receptor agonist that has a clear effect on skin, mucosal, 
and glomerular blood vessels by making them constrict. 
Overall, if blood pressure is too high, it can stimulate the 
vagus nerve reflexively, like EP, and slow the heart rate. It 
can also cause tissues to not get enough blood, which can 
cause hypoxia and acidosis [23]. In Vallejo, et al. study, an 
open label randomized trial, they examined the prophylactic 
use of both NE and EP in CS delivery, they found no 
significant difference in hemodynamic parameters (HR, 
BP, and cardiac output) and number of recure vasopressors 
medication [24]. In this study the authors used a fixed-rate 
infusion which is a different approach than used by [14] 
which used a computer-controlled closed-loop feedback 
system to administer and titrate the vasopressors with CO 
as the primary outcome, and in the current study and [9] 
which used an intermittent bolus injection for controlling 
hypotension. These different led to different doses used for 
various studies. Also, in the [9, 14] an estimate of a potency 

ratio of 20:1 was used, while in [24] they used potency 
ratio of 2:1. Last this Vallejo, et al. defined hypotension 
as the requirement for rescue bolus intervention, which is 
different from our study >20% reduction from the initial 
value of MAP[24]. EP is a drug that is often used to prevent 
and treat low blood pressure after lumbar anesthesia for 
a cesarean section. It can relax smooth bronchial muscles 
and stimulate the central nervous system, which causes the 
coronary arteries and cerebrovascular system to expand and 
the cardiac output to rise [25].

Neonatal outcome 

SA is the method of choice for a planned CS, but it 
causes low blood pressure in the vast majority of women 
if nothing is done to stop it. Spinal hypotension in this 
situation can cause a decrease in blood flow to the uterus 
and placenta, fetal acidosis, and, in rare cases, a collapse 
of the heart and lungs [26]. In the present study the pH 
of neonatal was significantly lower in EP compared to NE 
(7.33 ± 0.02 vs. 7.38 ± 0.02), while the rest of Neonatal 
umbilical blood gas (NUBG) did not show significant 
difference between both EP and NE (HCO3, PaO2, 
PCO2, and SpO2). APGAR score was not statistically 
different between EP and NE at both 1 and 5 minutes. 
APGAR score showed no significant differ-ence indicating 
both drugs showed stable effect on maternal circulation 
to similar extant, which could explain the low rates of 
maternal adverse effect and similar rate between both 
groups. Ripolles, et al. report that hypotension following 
lumbar anesthesia can produce bradycardia in infants, as 
well as the chest tightness, dyspnea, nausea, and vomiting 
characteristic with puerpera, and hypoxia in the respiratory 
center [27]. In Fan, et al. study there was no difference in 
Apgar scores (1 and 5 minutes) and umbilical arterial blood 
gas analysis, PO2, and PCO2 between the two groups [18]. 
Chen, et al. examined three different doses of NE (5, 10, 
and 15 𝜇g/kg/h) that was given as infusion to pregnant 
women undergone CS and compare them to normal saline 
infusion (serve as control). The proportion of hypotension 
participants was significantly reduced in the NE groups 
(37.9%, 20%, and 25%, respectively) compared to that 
in the control group (86.7%). No significant difference 
in pH (7.33, 7.33, and 7.33 respectively), no significant 
differences in PO2 (24.3, 24.7, and 24.3 respectively), 
no significant differences in PCO2 (48.3, 50.2, and 48.3 
respectively), no significant differences in HCO3 (20.2, 
19.8, 21, and 19.6 respectively) [8]. This finding in 
agreement of our results in which NE stabilized neonatal 
blood gases and prevent acidosis. In Wang, et al. study, 
no significant difference in APGAR score, neonatal PO2, 
and PCO2. While pH (7.31 vs. 7.32), and HCO3 (24.1 
vs. 22.2) was significantly different in EP compared to 
NE respectively [16]. In Huang, et al., they reported that 
APGAR score at birth (1 minute) was significantly lower in 
NE compared to EP (8.78 ± 0.32 vs. 8.86 ± 0.33), but later 
after 5 minutes no significant difference was noted (8.98 ± 
0.34 vs. 9.05 ± 0.35) [22]. 

PCO2 and PO2 showed no significant difference 
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between both medications, while pH was significantly 
higher in NE compared to EP (7.48 ± 0.10 vs. 7.42 ± 0.07) 
and SpO2 was significantly lower in NE compared to EP 
(91.74 ± 1.02, vs. 92.28 ± 1.14) [22]. Loubert, et al. [14] 
have showed that NE can promote uterine vasoconstriction 
through placenta, reduce fetal blood supply, and aggravate 
the hypoxic and ischemic state after birth [28]. In Vallejo, 
et al. study, an open label randomized trial, they found no 
significant difference in neonatal outcomes (APGAR score, 
pH, PCO2, PO2, and HCO3) [24]. Oxytocin is the first 
uterotonic used to stop bleeding after birth. But it can 
cause temporary low blood pressure (a drop of about 28 
mmHg for 5 minutes) and cause the heart rate and cardiac 
output to go up, which can make the hemodynamics 
unstable [29]. Several studies reported that SBP, MBP, and 
SVR decreased and CO and HR increased after oxytocin 
administration [8]. But the effect of NE administration 
seems to ameliorate the effect of oxytocin and stabilize the 
hemodynamic fluctuations of the women [8]. Which is 
consistent with the current study, NE has both beta- and 
alpha-adrenergic effects, which could lead to a higher heart 
rate and cardiac output than EP and a lower chance of 
bradycardia [30].

Local anesthetic solution can be added to limit the area 
of local anesthesia and make it last longer. This reduces 
the amount of anesthetic used during a cesarean section, 
making sure that the mother and baby are even safer 
and easing the central neurological symptoms after the 
operation [31].

Adverse reactions

In the present study nausea was significantly higher in 
EP compared to NE groups, while no significant difference 
in other maternal side effects was noticed. This is related to 
the lower efficacy of EP to prevent hypotension compared 
to NE, and the high incidence of nausea is systemic reaction 
to high hypotension rate in EP. It is widely established that 
a vasopressor should be titrated to maintain blood pressure 
at or close to baseline levels in order to reduce maternal 
symptoms (nausea and vomiting) and fetal acidosis [32], 
thus explain why NE showed lower incidence of nausea 
compared to EP. In Abd Elraziq, et al. no significant 
difference in the incidence of nausea and vomiting between 
NE and EP [17]. In Vallejo, et al. study, the rate of emesis 
was significantly higher in EP compared to NE (26.3, vs. 
16.3%), while nausea, and was not statistically significant 
[24]. This higher rate of emesis is attributed to patients 
who received intrathecal preservative free morphine 0.2 
mg and fentanyl 20 μg for postoperative analgesia, while 
in the present study IV tramadol was used [24]. In Fan, 
et al. study the incidence of nausea and vomiting was 
significantly lower in NE (OR: 0.28, 95% CI: 0.11–0.70, 
P=0.004) [18]. In Wang, et al. study the incidence of 
nausea and vomiting was significantly higher EP compared 
to NE (20% vs. 5.4%) while no significant difference in 
shivering (5.5% vs. 7.1%) [16,33,34].

CONCLUSION

NE is an effective and safe vasopressor in preventing 
postanesthetic hypotension in SA for CS devilries, with less 
hypotensive episodes, better hemodynamic maternal effect, 
low incidence of nausea, and better neonatal umbilical cord 
blood gases compared to EP.
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RESULTS
The mean fetal heart rate in the first trimester
of twin pregnancy with good outcome is pre-
sented in Table 1. The above data show that the
heart rate of embryos / fetuses in the first tri-
mester of uncomplicated twin pregnancy pro-
gressively increases between 6 and 8 weeks of
pregnancy, reaches the nadir of 170 beats per
minute in week 8 and then slows down to 150
beats per minute in week 11. The biggest dif-
ference in heart rate between a pair of twins
was found between 6 and 7 weeks of pregnan-
cy. Later in pregnancy, up to 11+6 weeks the
difference was similar and remained low.

Tab. 2. Fetal heart rate in the first
trimester of twin pregnancies with
unfavorable outcome

No. Gestational
age

(in weeks)

Heart rate
twin A / twin B

(beats/min)

The
difference
in heart

rate
between

twins
 (beats/

min.)

Type
of complications

1. 6+0 – 6+6 118/158 30 death of both
fetuses MCDA

2. 7+0 – 7+6 115/119 4 death of both
fetuses DCDA

3. 7+0 – 7+6 138/168 30 TTTS at 28 weeks
MCDA

4. 8+0 – 8+6 105/129 14 death of both
fetuses MCDA

5. 9+0 – 9+6 104/118 14 miscarriage DCDA

6. 10+0 – 10+6 95/109 13 death of both
fetuses MCMA

7. 10+0 – 10+6 0/24 24 death of both
fetuses MCMA

8. 9+0 – 9+6 124/146 22 TTTS at 28 weeks
MCDA

9. 7+0 – 7+6 98/106 8 death of both
fetuses MCDA

10. 7+0 – 7+6 115/124 9 miscarriage at 8
weeks MCD

11. 7+0 – 7+6 110/122 12 miscarriage at 10
weeks DCDA

TTTS – Twin-to-twin transfusion syndrome

Tab. 1. The mean fetal heart rate
and the difference in heart rate
between the pair of twins betwe-
en 6 and 11 weeks of uncomplica-
ted twin pregnancy

Group Gestational
age (weeks)

The mean
heart rate

(beats/min.)

Range
(beats/min)

The difference
in heart rate

between twins
(beats/min.)

1 (n=12) 6+0 – 6+6 141 125 - 158 11
2 (n=10) 7+0 – 7+6 140 115 - 169 11
3 (n=10) 8+0 – 8+6 170 164 - 176 6
4 (n=18) 9+0 – 9+6 165 136 - 179 6
5 (n=16) 10+0 – 10+6 160 146 - 176 5
6 (n=12) 11+0 – 11+6 150 136 - 164 6

Fetal heart rate in the first trimester of twin
pregnancies with unfavorable outcome is pre-
sented in Table 2.

In the case of intrauterine fetal demise of
both twins the heart rate was below 120 beats
per minute in at least one of the twins. Further-
more, we found that the difference in the he-
art rate is as important as the heart rate itself.
In pregnancies with high difference in heart rate
(20 or more beats/min) the outcome of the
pregnancy was unfavorable (death or TTTS
syndrome). In two cases with the fetal heart rate
more than 120 beats/min and high difference
in the heart rate, TTTS syndrome was observed
later in pregnancy.
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