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Abstract

Introduction: hypotension and bradycardia are two un-
derlying and almost common complications caused by spinal
anesthesia in cases of elective cesarean section (CS). Sui-
table treatment of the complications is particularly important
to improve the conditions of patients. Hence, the aim of this
study is to compare the effect of intravenous administration
of epinephrine and ephedrine in the management of hypoten-
sion and bradycardia caused by CS spinal anesthesia.

Method: the study was done as a random clinical trial on 126
women under spinal anesthesia for elective CS, hospitalized
in Kamali Hospital, Karaj in 2020-21. The statistical samples
were classified into two ephedrine and epinephrine. Patients
systolic blood pressure, diastolic blood pressure, heart rate
and Apgar and VBG of the newborn were analyzed in two
study groups.

Results: The results showed that the mean value of diastolic
blood pressure, which was the same in the two groups at
the beginning, was significantly increased in the ephedrine
group compared to the epinephrine group from minute eight.

Mean systolic blood pressure, which was the same in the
two groups at the beginning, was significantly increased in
the ephedrine group compared to the epinephrine group in
minutes 8-16. However, they showed no significant differen-
ce in the rest of the evaluations. The mean value of heart
rate that was the same between the two groups at the begin-
ning was significantly increased in the ephedrine group in
minutes 10, 25, 35, and 45; although the two groups showed
no significant difference in other times assessed. The mean
value of PCO2 and HCO3 showed a significant difference
between the two groups, and both were higher in the ephe-
drine group.

Conclusion: Our results indicate that intravenous ephedrine
compared to intravenous epinephrine produces a higher in-
creasing the values blood pressure and heart rate in the ma-
nagement of hypotension and bradycardia caused by spinal
anesthesia in the cases of elective cesarean section.

Keywords: epinephrine, ephedrine, hypotension, bradycar-
dia, spinal anesthesia, elective cesarean section (CS).
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Resumen

Introduccién: la hipotension y la bradicardia son dos com-
plicaciones subyacentes y casi frecuentes provocadas por la
raquianestesia en los casos de cesarea electiva (SC). El tra-
tamiento adecuado de las complicaciones es muy importante
para mejorar las condiciones de los pacientes. Por lo tanto,
el objetivo de este estudio es comparar el efecto de la admi-
nistracion intravenosa de epinefrina y efedrina en el manejo
de la hipotension y bradicardia causadas por la anestesia es-
pinal con CS.

Método: el estudio se realiz6 como un ensayo clinico aleato-
rio en 126 mujeres bajo anestesia espinal para ceséarea elec-
tiva, hospitalizadas en el Hospital Kamali, Karaj en 2020-21.
Las muestras estadisticas se clasificaron en dos efedrina y
epinefrina. Se analizaron la presion arterial sistélica, la pre-
sion arterial diastolica, la frecuencia cardiaca de las pacientes
y el Apgar y VBG del recién nacido en dos grupos de estudio.

Resultados: Los resultados mostraron que la media de la
presion arterial diastolica, que fue igual al inicio en los dos
grupos primero, aument6 significativamente en el grupo de
efedrina en comparacion con el grupo de epinefrina desde
el minuto ocho. La presién arterial sistélica media, que fue la
misma en los dos grupos primero al inicio, aumento significa-
tivamente en el grupo de efedrina en comparacion con el gru-
po de epinefrina en el minuto 8-16. Sin embargo, no mostra-
ron diferencias significativas en el resto de las evaluaciones.
El valor medio de la frecuencia cardiaca que fue el mismo
entre los dos grupos al inicio y aument6 significativamente
en el grupo de efedrina en los minutos 10, 25, 35 y 45; aun-
que los dos grupos no mostraron diferencias significativas en
otros tiempos evaluados. El valor medio de PCO2 y HCO3
mostré una diferencia significativa entre los dos grupos, y
ambos fueron mas altos en el grupo de efedrina.

Conclusién: nuestros hallazgos indican que la efedrina in-
travenosa comparada con la epinefrina intravenosa produce
incrementos mayores de la presion arterial y frecuencia car-
diaca en el manejo de la hipotension y bradicardia causadas
por la raquianestesia en los casos de cesarea electiva.

Palabras clave: epinefrina, efedrina, hipotension, bradicar-
dia, anestesia espinal, cesarea electiva (CS).

Introduction

Caesarean section is one of the most performed major sur-
geries in obstetric practice, which now a day is significantly
increased compared to last decades. For example, the ce-
sarean rate in America and Australia includes 26.1% of all
deliveries®.

Over the decade, tendencies to use regional anesthesia to do
cesarean surgery are increased to reduce the complications
of mortality of mothers compared to general anesthesia 2,
although such anesthesia can also bring some complications
such as hypotension while a surgical operation is the most

common complication. The pressure on the Inferior vena cava
(IVC) in the pregnant uterus can cause decreased intrave-
nous return and ultimately, hypotension in the mother, which
is called sleep-related hypotension syndrome?®. On the other
hand, Spinal anesthesia is the preferred anesthetic method
for elective cesarean section in obstetric anesthesia practi-
ce. Cesarean sections (C.S.) normally require an anesthetic
block at T4 level, so hypotension is reported in up to 80% of
spinal anesthesia cases”.

Other complications caused by spinal anesthesia include
headache, nausea and vomiting, urinary retention, posto-
perative pain, and postoperative shivering®6. As anesthesia
in CS is needed to the level of dermatomes T4-T6 and as
the majority of roots of sympathetic nerves are inactivated
to this level, it is most likely to have hypotension after spi-
nal anesthesia. This is less likely in low-level anesthesia’.
Although 70 years have passed from the time that four cases
of cardiac arrest following undiagnosed hypotension in CS
under spinal anesthesia (1930), still no effective method is
proposed to meet the problem. Therefore, the ideal vasopres-
sor to reduce the hypotension caused by spinal anesthesia
for CS is the subject of this study. The drug should maintain
the maternal blood pressure and placental perfusion with the
least negative effects on the fetus®°.

Ephedrine as a non-catecholamine sympathetic compound,
not only has mainly indirect adrenergic receptor activity
through the release of norepinephrine, but also exerts weak
direct effects, and its sympathomimetic properties, which in
turn occur due to its stimulating action on a-, f1-, and B2-
adrenergic. This explains the comparatively slow onset and
long duration of action. Ephedrine typically increases heart
rate and contractility by cardiac B1-adrenergic receptor sti-
mulation. Ephedrine elimination half-life is two and a half
hours, and 70-80% of its compound are excreted from the
urine with no change. Ephedrine can enhance intravenous
blood pressure and has positive (+) inotrope effects. As it
never reduces the uterine blood flow, it has been applied in
some studies as a vasopressor to treat the hypotension of
pregnant women. The stimulating effects of ephedrine on 31
receptor causing increased cardiac output has made the drug
a suitable way to treat mid-hypotension, which comes with a
heart rate drop. However, there is more evidence showing
that ephedrine causes decreased pH in the fetus.

However, the mechanism of the action of epinephrine is
non-selective stimulation of sympathetic alpha and beta re-
ceptors??*3. Epinephrine is a sympathomimetic drug, which
has high affinity for a1-, 8 1- and B2-adrenergic receptors,
B2-effects predominate at low doses, while al-effects are
more significant at higher doses. Epinephrine relaxes the
bronchus smooth muscles cells through the stimulation of
32-adrenergic receptor and contracts the bronchial arteries
through the alpha-adrenergic receptors. As a result, it can eli-
minate bronchospasm, congestion, and bloating. Epinephri-
ne can affect the alpha-adrenergic receptors of the skin and
membranes and causes arterial contraction and ultimately,
reduces intake of regional anesthesia drug and increases its




effect. Epinephrine as a cardiac stimulant affects the beta re-
ceptors in the heart and causes positive inotropic and chro-
notropic effects. By this, epinephrine increase cardiac output,
increases the myocardia oxygen intake, contractile force, and
decreases cardiac adequacy. On the other hand, epinephrine
increases blood pressure!“.

In multiple studies, epinephrine has been investigated as a
vasopressor to treat hypotension as a result of local anesthe-
sia and spinal anesthesia and its useful effects have been
confirmed. Moreover, the long-lasting effect of Lidocaine is
due to addition of epinephrine'®¢. According to the signifi-
cance of the issue of reducing the complications including
bradycardia and hypotension caused by spinal anesthesia in
the women under elective CS with its suitable treatment; this
study aimed to investigate the effects of intravenous epine-
phrine and ephedrine for management of hypotension and
bradycardia caused by spinal anesthesia of elective CS pa-
tients in Kamali Hospital, Karaj in 2020-21.

Materials and method

This study is a double-blind clinical trial. The studied popula-
tion consists of the CS cases with hypotension and/or brady-
cardia, who were elective CS cases hospitalized in Kamali
Hospital, Karaj in 2020-21. The sample size consisted of 126
people (63 people per group), obtained using G-power soft-
ware (comparing two mean values in 2 groups) and concer-
ning the type one error, 5% and power of 80% (beta=20%)
and equal standard deviation of both groups (SD=2) for the
blood pressure of patients. The inclusion criteria were, elec-
tive CS candidate, consent to participate in the study, no
prohibition for spinal anesthesia, no background of hyper-
tension or cardiovascular disease, lack of allergy to medica-
tion, pregnant women in the age range of 20-40 attended in
ASAZ2 class, and gestational age of 36-40 weeks. Exclusion
criteria included lack of consent to participate in the study,
a contraindication for spinal anesthesia, or blood pressure
more than 140/90mm, and diagnosis of placenta diseases.
The conscious consent letter was obtained from the patients,
- and the Ethics Committee of Alborz University of Medical
I Sciences provided the ethics code and the permission of
- using intravenous epinephrine and ephedrine. Variables as-
sessed included demographic such as age, education, and
body mass index (BMI); and clinical variables included blood
pressure, heart rate. In addition, we measured clinical varia-
bles such as Apgar, and laboratory variables such as VBG
results. Samples were selected using convenience sampling
and were divided into two intervention and control groups
randomly using randomizing software. The first group recei-
ved intravenous epinephrine and the second group received
intravenous ephedrine. Before beginning the anesthesia pro-
cess and surgery, the patients were monitored in terms of
blood pressure and heart rate. Also, before the infusion of
the anesthesia drug, they received 500 cc ringer serum. In
sitting position, the anesthesia was applied in L3-L4 or L4-L5
region by spinal needle No. 25 and 15mg hyperbaric Marcain
Spinal Heavy anesthesia equivalent to 3cc of 0.5% Marcain
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in the subarachnoid space by one anesthesiologist and trying
once. Patients basal blood pressure and heart rate were
measure before anesthesia, and every 2 minutes and up to
20 min, and then every 5 min up to 45min after infusion of
an anesthesia drug. The pH ratio and Apgar were also mea-
sured for the fetus. In the ephedrine group, after beginning
spinal anesthesia, blood pressure dropped more than 20%,
and systolic blood pressure was reduced to less than 100
mmHg. 10mg intravenous ephedrine was prescribed until the
time that systolic blood pressure of the mother was above
100 mmHg*". In the epinephrine group, based on the study
conducted in 1997, the blood pressure drop was more than
20% and systolic blood pressure was below 100 mmHg and
a 4ug bolus epinephrine was applied until systolic blood pres-
sure of mother reached above 100 mmHg?.

Data we expressed as mean + SD, and analyzed using in-
dependent t-test, Chi-squared, and Mann Whitney test. Data
were considered significant at p<0,05.

According to (Table 1), the mean value and SD of pH
(p=0.374) and PO2 (p=0.198) showed no significant statis-
tical difference between the two groups. Mean and SD of
PCO2 (p=0.001) between two groups based on independent
t-test showed significant statistical difference. Also, the mean
and SD of HCOS (p=0.004) showed significant difference bet-
ween the two groups based on the Mann-Whitney test, and
yet both groups are at a high level in the ephedrine group.

Table 1. Mean and SD of VBG indices in two study groups

Row Drug Mean Std. Deviation | P-Value

PH Epinephrine 7.33 0.07 0.374
Ephedrine 7.32 0.05
Epinephrine 42.74 8.15

PCO, Ephedrine 48.80 12.11 0.001
Epinephrine 22.43 3.69

HCO, Ephedrine 24.60 6.89 0.004
Epinephrine 28.65 10.69

PO, Ephedrine 32.54 18.25 0.198

According to (Table 2), the frequency distribution of Apgar
showed no significant difference between the two groups in
the first minute based on the Chi-squared test (p=0.204). Be-
sides, Apgar in the fifth minute was ten on ten in all items in
two groups.

Table 2. Mean and SD of Apgar in two study groups

Row Apgar 1 min
7.10 8.10 9.10 Total
. . 2 5 56 63
Epinephrine
Drug 3.2% 7.9% 88.9% | 100.0 %
) 0 9 54 63
Ephedrine
0% 143% | 85.7% | 100.0 %
P-Value 0.204




According to (Table 3), based on the independent t-test, the
mean value of diastolic blood pressure that was the same in

Table 4. Mean and SD of systolic blood pressure in
two study groups

early minutes (p>0.05) was increased significantly from the Std
eighth minute in the majority of cases in the ephedrine group | Row Drug Mean | boviation | P-Value
compared to the epinephrine group. Epinephrine 191,63 9.28
Baseline SBP 0.526
Table 3. Mean and SD of diastolic blood pressure in two study Ephedrine 122.30 7.90
groups
Epinephrine 110.59 14.74
ot R SBP 2 min 0.829
Row Drug Mean Std. Deviation | P-Value Ephedrine 111.41 14.80
Baseline | Epinephrine 74.8095 8.98540 0.665 Epinephrine 100.05 16.37
DBP Ephedrine 73.7619 9.49315 SBP 4 min 0.412
Ephedrine 104.19 18.43
) Epinephrine 63.1270 16.66316
DBP 2 min - 0.754 Epinephrine 101.19 17.47
Ephedrine 62.5397 13.56564 SBP 6 min 0.082
Epinephrine | 53.7937 15.01199 Ephedrine 119.71 | 129.34
DBP 4 min 0.185 ] ]
Ephedrine 55.8730 13.29988 Epinephrine 101.11 15.62
SBP 8 min 0.013
Epinephrine 52.1429 14.05044 Ephedrine 110.06 14.61
DBP 6 min 0.262
; : SBP 10 min 0.043
DBP 8 min Epinephrine 52.7937 14.50490 0.001 Ephedrine 110.62 14.70
Ephedrine 59.1905 13.96408
Epinephrine 103.10 12.63
Epinephrine 52.1111 12.52496 SBP 12 min 0.028
DBP 10 min 0.004 Ephedrine 112.51 14.13
Ephedrine 57.1746 15.17908 P
: : Epinephrine 105.00 14.30
Epinephrine 49.7937 11.70630 .
DBP 12 min 0.0001 SBP 14 min : 0.019
Ephedrine 54.4444 11.81685 Ephedrine 110.29 12.35
Epinephrine 49.6032 12.05838 Epinephrine 102.78 12.72
DBP 14 min 0.028 SBP 16 mi 0.013
Ephedrine | 54.7937 |  12.45270 ™ [ Ephedrine | 10056 | 13.10
DB 16 min Epinephrine 48.3016 11.09001 0.004 _ Epinephrine 103.00 11.41
Ephedrine 53.5079 12.03473 SBP 18 min 0.354
Ephedrine 107.02 11.60
Epinephrine 48.8730 13.20373
DBP 18 min 0.052 Epi hri 101. 11.4
Ephedrine | 51.0000 |  12.43045 SBP 20 min pinephrine | 101.00 8 | oiar
Epinephrine | 47.9683 10.70117 Ephedrine 105.51 10.96
DBP 20 min 0.026 - -
Ephedrine 50.9524 12.18596 Epinephrine 100.24 11.01
SBP 25 min 0.261
Epinephrine 47.4286 11.70706 Ephedrine 106.89 10.47
DBP 25 min 0.001
Ephedrine 49.7460 11.34072 Epinephrine 102.17 13.47
; ; SBP 30 min 0.128
Epinephrine 47.3968 12.63577
DBP 30 min pinep 0.050 Ephedrine 106.56 11.27
Ephedrine 50.6349 11.02388
Epinephrine 99.44 11.07
Epinephrine 48.4762 14.84203 SBP 35 min 0.153
DBP 35 min 0.0001 i
Ephedrine 51.9683 12.29997 Ephedrine 108.17 1080
Epinephrine | 49.9048 12.29702 _ Epinephrine | 101.75 11.86
DBP 40 min 0.0001 SBP 40 min : 0.132
Ephedrine 53.2698 12.61234 Ephedrine 109.62 9.85
Epinephrine | 52.0159 13.49730 Epinephrine | 102.57 10.67
DBP 45 min - 0.0001 SBP 45 min 0.092
Ephedrine 56.1111 13.58024 Ephedrine 110.62 14.31

As shown in Table 4, based on the independent t-test, the
mean value of systolic blood pressure, which was the same
in two groups in early minutes (p>0.05), was significantly
increased during minutes 8-16 in the ephedrine group com-
pared to epinephrine group (p<0.05). However, they showed
no significant difference in the rest of the time evaluated
(p>0.05).

According to (Table 5), based on the independent t-test, the
mean heart rate was the same in two groups in early minutes
(p>0.05); although it was increased in the ephedrine group
compared to epinephrine (p<0.05) in minutes 10, 25, 35, and
45. However, the two groups showed no significant difference
in other times (p>0.05).
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. .
Table 5. Mean and SD of heart rate in two study groups (in bpm)

Row Drug Mean | Std. Deviation | P-Value
Epinephrine | 93.49 13.59

Baseline HR 0.359
Ephedrine 95.90 15.73
Epinephrine | 100.59 16.98

HR 2 min 0.524
Ephedrine 102.52 17.00
Epinephrine | 99.73 19.16

HR 4 min 0.699
Ephedrine 101.05 19.03
Epinephrine | 94.30 19.43

HR 6 min 0.130
Ephedrine 99.90 21.76
Epinephrine | 93.67 19.28

HR 8 min 0.051
Ephedrine 100.14 17.62
Epinephrine | 94.84 16.66

HR 10 min 0.025
Ephedrine 101.46 16.14
Epinephrine | 96.30 14.72

HR 12 min 0.241
Ephedrine 99.52 15.96
Epinephrine | 95.17 14.76

HR 14 min 0.545
Ephedrine 96.75 14.29
Epinephrine | 95.56 15.21

HR 16 min 0.379
Ephedrine 97.79 13.19
Epinephrine 95.46 13.44

HR 18 min 0.262
Ephedrine 97.95 11.31
Epinephrine | 94.22 13.04

HR 20 min 0.056
Ephedrine 98.51 11.91
Epinephrine | 94.57 12.95

HR 25 min 0.048
Ephedrine 99.02 12.01
Epinephrine | 94.13 12.81

HR 30 min 0.430
Ephedrine 95.89 12.13
Epinephrine | 91.87 11.52

HR 35 min 0.018
Ephedrine 96.68 10.93
Epinephrine | 91.62 10.66

HR 40 min 0.235
Ephedrine 93.84 10.25
Epinephrine | 90.37 11.32

HR 45 min 0.044
Ephedrine 94.21 9.83

Previous evidence provided by Chan et al. (1997), indicate
that 64 women under CS whom received spinal anesthesia
in a protocol of two groups of 20 ml serum per kg, or 0.25mg
per kg ephedrine, have shown that 35% of participants in the
ephedrine group and 65% in the serum group showed hypo-
tension?®. Similarly, Vercauteren et al. (2000), demonstrated
that when 50 women of CS were exposed to spinal anesthe-
sia in a protocol of two groups of 50 mg ephedrine or normal
saline, the frequency of hypotension in the ephedrine group
was equal to 8% and 42% in the normal saline group®. Fur-
thermore, Desalu et al. (2005), in 60 cesarean section case
women received anesthesia in the frame of two groups of
ephedrine and normal saline serum, found that 40% of par-
ticipants in the ephedrine group and 70% in the normal saline
group suffered from hypotension?. All this finding are con-
sistent with the effectiveness of ephedrine observed in the
present study.

Manuchehrian et al. (2011) demonstrated the effect of dos-
ages of 10 and 20 mg intravenous ephedrine to prevent hy-
potension caused by spinal anesthesia in cesarean section,
and the reduction was more evident by the dosage of 20 mg
ephedrine?2. In the present study, desirable effects of ephed-
rine to maintain the blood pressure was cleared from the
eighth minute.

In the study conducted by Jabalameli et al. (2012), 150 ce-
sarean section cases were placed in three groups of serum
lactate, ephedrine, and combined group. The results showed
that there was no difference between study groups?; al-
though the present study showed a significant difference be-
tween groups with no combined group.

In the study of Bouchnak et al. (2012), 60 cases of cesarean
section were placed in two groups of receiving colloid and
crystalloid. It was found that 40% of samples in the colloid
group and 66% in the crystalloid group showed hypotension.
Also, the number of complications in the newborns and ABG
results showed no difference between the two groups?:. In the
present study, no difference was observed between groups in
terms of pH and PO2.

In the study of EI-Mekawy et al. (2012), 90 cesarean section
cases under spinal anesthesia were placed in three groups of
ephedrine, Voluven, and lactated ringer. The results showed
that the three groups were the same in terms of pH and
PCO2 levels®. However, in the present study, the pH of the
two groups was the same, and PCO2 was significantly differ-
ent between them.

Farsani et al. (2016) studied the effect of intravenous infu-
sion of phenylephrine and ephedrine in the treatment of hy-
potension caused by spinal anesthesia in orthopedic surgical
operations. The results showed that the prescription of phen-
ylephrine in the treatment of hypotension caused by spinal
anesthesia in orthopedic surgery of lower limbs is more suit-
able than ephedrine?. However, the present study showed
that ephedrine has better effects than epinephrine.



Conclusion

In general, according to the results obtained from this study,
it could be found that ephedrine can increase blood pressure
and heart rate more than epinephrine at the time of hypoten-
sion and bradycardia. Also, the blood pressure was the same
between the two groups up to the eighth minute from the time
of spinal anesthesia accomplishment. Hence, it could leave
no desirable effect on the fetus, and Apgar and the VBG of
the newborn were the same in both groups. Besides, the
difference of pressure in both groups 8 minutes after spinal
anesthesia was not significant, so that it had no undesirable
maternal effects. Also, Tachycardia caused by ephedrine was
not highly desirable in the ephedrine group compared to the
epinephrine group. According to the findings, in addition to
confirmation of using ephedrine in the management of hy-
potension and bradycardia caused by spinal anesthesia; the
suggestion is the clinical use of intravenous epinephrine as
an alternative with dosage more than the proposed dosage
instead of ephedrine for management of hypotension and bra-
dycardia caused by spinal anesthesia in cesarean sections
(CS). Besides, it is recommended to conduct other studies
with a larger sample size and higher dosage of epinephrine in
form of comparative intervention concerning distorting factors.
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