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ABSTRACT

BACKGROUND

Subarachnoid block has been widely used for caesarean sections and is found to be
safe. Hypotension being the most common complication may adversely affect both
the mother and foetus. Different measures used to treat this hypotension include
preloading with crystalloids/colloids and treatment with vasopressors. The
standard choice of vasopressor agents such as ephedrine and phenylephrine is still
a controversial issue. It is therefore important to compare the efficacy of the two
drugs in the prevention and treatment of maternal hypotension after subarachnoid
block and particularly assess their effect on the foetus. The purpose of this study
was to assess and compare the foetal acid-base status and APGAR score following
administration of bolus dose of ephedrine or phenylephrine that was given
intravenously for maintenance of arterial blood pressure during lower segment
caesarean section (LSCS) under a subarachnoid block.

METHODS

100 parturients (18 to 35 years) scheduled for elective caesarean section under
subarachnoid block were selected and divided into two groups of 50 each. Group P
received 50 mcg i.v bolus of phenylephrine and Group E received 6 mg of ephedrine
IV bolus whenever the blood pressure dropped 20 % from baseline or systolic blood
pressure < 90 mmHg. Haemodynamic parameters were measured in all patients.
APGAR scores at 1 and 5 minutes following delivery of baby were assessed and cord
blood was obtained for acid-base status analysis immediately following delivery.

RESULTS

Hemodynamic parameters including heart rate, systolic blood pressure, diastolic
blood pressure, and mean arterial pressure did not show any significant difference
between the two groups, however, Group E showed higher heart rates. The
difference in umbilical artery pH (P-value < 0.001) and base excess (P-value =
0.004) was statistically significant with Group E showing lower pH and higher base
excess values than Group P. There was no statistically significant difference in
neonatal APGAR scores between the two groups.

CONCLUSIONS

Phenylephrine and ephedrine are equally efficient in managing hypotension during
subarachnoid block for caesarean delivery. Thus, either vasopressor can be used
although phenylephrine may be a better choice.
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BACKGROUND

Anaesthesia to a parturient requires the highest degree of
care as the anaesthesiologist has to look after two individuals,
the mother and the fetus.! Subarachnoid block has been
widely used for caesarean sections and has been found to be
efficacious and safe.2 Hypotension is the most common
complication of subarachnoid block in obstetric patients.3 Its
incidence has been reported to be 80 - 90 percent.*

Hypotension during spinal anaesthesia for caesarean
section is secondary to the sympathetic blockade, and it can
be harmful to both the foetus and the mother. The harmful
effects that can occur are a reduction in uterine and placental
blood flow, disruption of foetal oxygenation and foetal
acidosis, and maternal symptoms of reduced cardiac output.>
Other symptoms such as nausea, vomiting and altered
consciousness may also occur.t Prompt and effective
treatment is essential to prevent these effects.”8

Different measures used to treat hypotension include
preloading with colloids/crystalloids and the use of
vasopressors.® Vasopressors used for the treatment of
hypotension should have high efficacy and the ability to use
liberal doses to maintain maternal blood pressure near the
normal and have minimal effect on the fetus.10

Ephedrine, which has a strong beta-adrenergic and
weaker alpha-adrenergic effect has been traditionally
recommended in this situation, but its use has been
challenged owing to potential complications like
supraventricular tachycardia, tachyphylaxis and foetal
acidosis.!! Previous studies have reported that increased
blood pressure caused by ephedrine is related to the
preservation of uterine and placental blood flow, especially
because of its beta-adrenergic action.1213 However, other
studies have suggested that ephedrine can reduce umbilical
pH without affecting APGAR scores.14.15

Phenylephrine has been used for the prevention and
treatment of spinal-induced hypotension in caesarean
delivery. Phenylephrine is a potent direct-acting alpha-
agonist that can be used for the prevention and treatment of
maternal hypotension. Foetal acidosis has not been
demonstrated when phenylephrine is used liberally to
maintain maternal blood pressure and prevent symptoms.16

Standard choice of vasopressor agents such as ephedrine
and phenylephrine for treatment of spinal hypotension in
caesarean sections is still a controversial issue.l7 It is,
therefore important to compare the efficacy of the two drugs
in the prevention and treatment of maternal hypotension
during the spinal block to assess foetal changes using Apgar
score, and side effects of ephedrine and phenylephrine.

This study was designed to compare the effect of
ephedrine and phenylephrine administration to treat
hypotension following subarachnoid block for caesarean
section on foetal acid-base status, APGAR score as well as
their adverse effects.

METHODS

Primary Outcome
1. Umbilical artery pH and base excess
2. APGAR scores at 1 and 5 minutes after birth
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Secondary Outcome

1. Maternal blood pressure and heart rate

2. Several episodes of hypotension and the number of
doses of vasopressor use.

3. Incidence of nausea, vomiting or any other complication.

This was a comparative study conducted on 100
parturient of 18 to 35 yrs. of age scheduled for caesarean
section under spinal anaesthesia in the Department of
Anaesthesiology at the Apollo hospital, Bangalore from 1st
July 2016 to 30 June 2017.

To calculate the sample size mean difference in pH was
considered.!8 Using the following formulal®

" ( Zi—a)2 +Z1—B)
UA — B

Where:
n is the sample size
o is standard deviation = 0.75
ais Typelerror=5 %
{3 is Type Il error, meaning 1-f is power = 20 %
i is expected mean (pA = 7.5 and pB = 7.2)
The calculated sample size was 98, rounded to 100. Each
group sample size consisted of 50.
Collected data were entered in excel and analysed using R
software version 3.2.2. Continuous variables were presented
as mean and standard deviation and categorical variables
were presented as count and percent. Two-way repeated-
measures ANOVA was done to compare the means of two
groups at various time points. Association between two
categorical variables was tested using the chi-square test. P <
0.05 was considered as statistically significant

The patients satisfying the inclusion criteria were
recruited during the study period.

Inclusion Criteria

1. Full-term singleton pregnant women undergoing
elective caesarean section under the subarachnoid block
(SAB).

2. The age group of 18 - 35 years.

3. Patients who gave informed, written, valid consent.

Exclusion Criteria
1. Parturients having contraindications to regional

anaesthesia.
2. Pregnancy induced hypertension (preeclampsia,
eclampsia), antepartum haemorrhage, foetal

malformations, placental abnormalities.

3. History of systemic disorders like cardiovascular
disease, severe anaemia, cerebrovascular disease,
autonomic dysfunction and neurological diseases.

4. Parturients on drugs that cause interactions with the
study drugs like tricyclic antidepressants and MAO
inhibitors, because phenylephrine is contraindicated in
these cases.

The first 100 parturients who fulfilled the inclusion

criteria were selected for the study and divided into two
groups patients receiving phenylephrine (Group P) and
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patients receiving ephedrine (Group E). Parturients with odd

numbers (e.g.; 1st, 3rd, 5th . and so on) were included in group

P, and those with even numbers (e.g.; 2nd, 4th, 6th ...and so on)

were included in group E.

Group P: received phenylephrine 50 mcg IV bolus

Group E: received ephedrine 6 mg IV bolus

e All patients who matched the inclusion criteria were
assessed by a pre-anaesthetic examination.

e Patients were explained about the procedure and
written informed consent was obtained.

e An IV line was established with 18G cannula and patients
were preloaded with Ringer lactate 10 ml / kg body
weight.

e Pre-medicated with Inj - ranitidine 50 mg IV, Inj -
ondansetron 4 mg IV 30 minutes before starting the
procedure.

e The patient’s basal parameters -Heart rate, oxygen
saturation, blood pressure and ECG were recorded.

e  Subarachnoid block was given by

e  Midline approach

e  Sitting / lateral position

e 25G — 27G lumbar puncture needle

e L3 - L4 intervertebral space

e 2.2mlof0.5 % bupivacaine (heavy)

e Patients were turned supine and a wedge was placed
below the right flank.

e  Supplemental oxygen 5 Its / min was given through a
face mask till the delivery of the baby.

e Heartrate and BP were monitored after every minute for
the first 10 minutes and thereafter every 3 minutes.

e In patients who developed hypotension, defined as, fall
in BP = 20 % of the basal value / < 90 mmHg of systolic
BP or presence of symptoms of hypotension like nausea,
vomiting and dizziness, received either intravenous
ephedrine 6 mg or phenylephrine 50 mcg based on the
group allocation.

e If there was no increase in BP, then a repeat dose of the
same drug was given after 1 minute.

e If patients developed bradycardia, defined as HR < 50
bpm and symptomatic, then Inj. atropine 0.6 mg IV was
given.

e Atdelivery, 1 ml of the cord blood was obtained and sent
for blood gas analysis.

e Neonatal status was assessed by Apgar score following
delivery.

Parameters Observed

e  Baseline heart rate and BP.

¢  Time of intrathecal injection.

e Level of sensory block at 5 min assessed by pinprick
method.

e  BP and heart rate measured after SAB every min for 10
min, and every 3 min thereafter.

e  Time after SAB at which hypotension developed.

e Incidence of bradycardia was noted.

e The number of bolus doses of study drug given.

e  Apgar scores at 1 min and 5 min as assessed by the
attending paediatrician.

] Evolution Med Dent Sci / eISSN - 2278-4802, pISSN - 2278-4748 / Vol. 10 / Issue 44 / Nov. 30, 2021

Original Research Article

e Immediately after delivery cord blood was obtained for
acid-base status analysis.

RESULTS

In our study, there was no significant difference in age
distribution between the two groups. In group P, 43 patients
out of 50 had no comorbidities, 3 patients had
hypothyroidism, 2 had gestational diabetes, 1 had both
hypothyroidism and gestational diabetes, and 1 patient was
asthmatic. In group E, 34 patients out of 50 had no
comorbidities, 12 patients had hypothyroidism, 3 had
gestational diabetes, and 1 patient was asthmatic.

The mean pH in group P was 7.4 + / - 0.04, while the
mean pH in group E was 7.3 + / - 0.07 and the difference in
pH between the two groups was statistically significant with
P value < 0.001. The mean base excess in group P was - 1.9 +
/ - 1.47, and the mean base excess in group E was - 4.3 + / -
2.56. The difference in base excess between the two groups
was statistically significant with P value < 0.001 (Table 1).

Group p
P E T Df Value
N Mean SD N Mean SD
pH 50 7.4 004 50 73 0.07 3.98 98 <0.001

Base excess 50 -1.9 147 50 -43 256 581 98 <0.001

Table 1. The Difference in pH and Base Excess

The mean Apgar score in group P at 1 minute after birth
was 7.3 + / - 0.45, and for group E was 7.3 + / - 0.50. At 5
minutes after birth, the mean Apgar score in group P was 9.0
+ /- 0.40, and for group E was 8.9 + / - 0.53. The difference in
Apgar scores between the two groups at 1 minute (P Value =
0.999), and at 5 minutes (P Value = 0.060) was not
statistically significant (Figure 1).

APGAR Score

[
(=]
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m AT 5MIN
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Figure 1. Apgar Scores

The difference between the baseline heart rates between
the two groups was statistically insignificant. However, there
was a statistically significant difference in heart rates
between the two groups after receiving the subarachnoid
block and vasopressor agent. Administration of ephedrine
resulted in a higher heart rate response compared to the
phenylephrine group (Figure 2).
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Mean Heart Rate for various time points
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Figure 2. Mean Heart Rate

The two groups were compared in terms of systolic blood
pressure and there was no statistically significant difference
in systolic blood pressure between the two groups. The
diastolic blood pressures in the two groups were comparable
throughout the study period. There was no difference in
terms of mean arterial pressure between the two groups
during the study period, and at the time of delivery of the
baby, the mean arterial pressure was within 10 % from the
baseline (Figure 3).

Figure 4. Adverse Effects
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Figure 3. Mean Arterial Pressure

The number of drug doses administered in the two
groups of patients to maintain blood pressure was similar.
Around 52 % of the patients in the phenylephrine group and
42 % in the ephedrine group needed two rescue doses to
maintain blood pressure. One patient in each group needed
six doses to sustain normal blood pressure.

Only one patient in group P developed bradycardia (heart
rate 52 bpm) with hypotension 67 / 32 mmHg, 3 minutes
after subarachnoid block, and was given injection atropine
0.6 mg intravenously which improved the heart rate, without
causing any adverse consequences. The difference in the
incidence of nausea and vomiting after subarachnoid block
between the two groups was not statistically significant,
p-value 0.674. In group E, 11 patients developed nausea,
during the intraoperative period out of which 3 had vomiting,
whereas, in group P, 8 patients developed nausea during the
intraoperative period out of which 2 patients had vomiting
(Figure 4).
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DISCUSSION

Spinal anaesthesia is the most preferred anaesthetic
technique for caesarean sections. The common and troubling
problem with spinal anaesthesia in gravid parturients is
hypotension, and if persistent can endanger the life of both
mother and child. Various studies and systematic reviews
have compared phenylephrine and ephedrine for the
management of post-spinal hypotension during caesarean
sections. We evaluated the efficacy of these vasopressors and
their effects on the new-born.

We observed that there was a significant difference in
umbilical artery pH and base excess between the
phenylephrine and ephedrine groups. Phenylephrine group
showed higher pH values 7.40+ / - 0.04 than ephedrine group
7.30+ / - 0.07 (P < 0.001) and phenylephrine group showed
lower base excess values - 1.9+ / - 1.47 than ephedrine group
-4.3+ /-2.56 (P <0.001). A similar observation was reported
by Saravan et al.!? In their study, umbilical arterial blood gas
analysis showed that pH was significantly higher for
phenylephrine group 7.30+ / - 0.06 compared with ephedrine
group 7.25+ / - 0.09 (P = 0.01), and standard base excess was
significantly lesser for phenylephrine group - 0.2+ / - 2.02
than ephedrine group - 1.59+ / - 2.67 (P = 0.03). Another
study by Simin et al.20 also showed lower umbilical artery pH
in the ephedrine group in comparison to the phenylephrine
group, but the difference was not statistically significant (P =
0.12). Further, other umbilical artery parameters were also
not different between the two groups. Prakash et al.4 also
showed in their study that umbilical artery pH (P = 0.01) and
base excess (P < 0.001) were significantly different in the
ephedrine group than in the phenylephrine group. Our
results are similar to these studies.

In our study, the neonatal outcome was shown to be
similar between the two groups. Apgar scores at one minute
(P = 0.999) and five minutes (P = 0.060) were comparable
between the phenylephrine and ephedrine groups. Simin et
al.20 in their study showed no difference in Apgar scores at
one minute (P = 0.22) and five minutes (0.15), thus showing
results similar to our study. Our results are in agreement with
most of the studies.*21.22.18

In a study, Thomas et al.7 also showed higher umbilical
artery pH in the phenylephrine group than ephedrine group
and on this basis supported the use of phenylephrine for
maintenance of maternal arterial pressure during spinal
anaesthesia for elective caesarean section. However, in our
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study, we have also observed neonatal Apgar scores at 1- and
5-minutes following delivery, which does not show a
significant difference between the two groups. Hence, as per
our study, both drugs are equally effective for the
management of post-spinal hypotension in undergoing
elective caesarean section.

Ephedrine is a mixed alpha and beta-agonist with
predominant beta action and is thought to preserve
uteroplacental blood flow.13 However, its use results in a
lower umbilical artery pH than phenylephrine during
caesarean section.23 It has been suggested that foetal beta-
adrenergic stimulation from ephedrine could be the cause of
increased foetal acidosis.!® The stimulation of beta-
adrenergic receptors increases oxygen demand and
anaerobic metabolism in the foetus. Ephedrine is more lipid-
soluble than phenylephrine resulting in  greater
transplacental transfer. Moreover, the early metabolism and
redistribution of ephedrine in the foetus occur to a lesser
extent than that of phenylephrine.l> Consequently, despite
increasing foetal oxygen supply, ephedrine results in
increased foetal lactate concentration and decreased foetal
pH.18 Although phenylephrine has been shown to result in
better foetal acid-base status, there is no evidence of any
difference in the overall clinical outcome of the neonate.

We also observed that phenylephrine is as effective as
ephedrine when used in incremental bolus injections for
maintenance of blood pressure following spinal anaesthesia
in parturients undergoing caesarean section. Simin et al.20 in
their study used phenylephrine and ephedrine in bolus doses
of 100 mcg and 5 mg respectively and found no statistically
significant difference in systolic blood pressure value at the
same times between the two groups. In another study, Nazir
et al.22 used initial bolus doses of 100 mcg of phenylephrine
and 10 mg of ephedrine at the time of subarachnoid block
followed by rescue doses of 50 mcg phenylephrine and 5 mg
ephedrine as required. They observed that the blood
pressure response to either drug was equivocal between the
two groups. The results of our study are consistent with these
studies. Our results are also in accordance with the study by
Adigun et al.2* who observed that both the vasopressors
effectively restored both systolic and diastolic blood
pressure. However, the results of a study by Magalhaes et al.14
are not in accordance with our results. In their study, the
incidence of hypotension was 70 % in the ephedrine group
and 93 % in the phenylephrine group, showing a statistically
significant difference in the incidence of hypotension. Most
other study results are in agreement with the results of our
study.

Our study showed higher mean heart rates following
ephedrine  administration as compared with the
phenylephrine group. One patient in the phenylephrine group
developed bradycardia which responded to atropine without
any adverse consequences. In a study by Mohta et al.18 the
incidence of  tachycardia following vasopressor
administration was significantly higher in patients receiving
ephedrine, whereas a greater incidence of bradycardia was
seen in those receiving phenylephrine. A study by Gunda et
al.25 also suggests that the incidence of tachycardia is higher
in the ephedrine group compared to the phenylephrine
group. The study conducted by Nazir et al.22 also found that
maternal bradycardia occurred more frequently with
phenylephrine than with ephedrine. This is explained by an
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increase in blood pressure that may lead to reactive
bradycardia which is responsive to treatment with atropine.
Our results are similar to the above studies. However,
bradycardia was not clinically and statistically significant in
our patients who received phenylephrine. However, in the
study by Thomas et al.7 11 out of 19 women required
atropine for treatment of bradycardia in the phenylephrine
group compared to 2 out of 19 women in the ephedrine
group, thus showing a significant difference in the incidence
of bradycardia.

Our study did not show a significant difference in the
incidence of nausea and vomiting between ephedrine or
phenylephrine for treating hypotension. These results are
consistent with those of Mohta et al.l8, Simin et al.20 and
Prakash et al“.

CONCLUSIONS

We conclude from this study that in managing spinal induced
hypotension for caesarean section, use of ephedrine showed
a higher incidence of foetal acidosis in terms of lower mean
umbilical artery pH and higher mean base excess values
compared to that of phenylephrine. Both ephedrine and
phenylephrine are equally effective in treating hypotension
after spinal anaesthesia. Apgar score remained equally good
in both the groups. Thus, either vasopressor can be used
although phenylephrine can be a better choice in cases with
foetal compromise or maternal tachycardia.

Limitations of the Study

In our study, only elective cases were taken and patients with
pregnancy-induced hypertension were excluded from the
study. There was an increased incidence of foetal distress and
foetal acidosis in these patients and phenylephrine could be a
better choice for controlling hypotension after subarachnoid
block for which further studies need to be done.

Data sharing statement provided by the authors is available with the
full text of this article at jemds.com.

Financial or other competing interests: None.

Disclosure forms provided by the authors are available with the full
text of this article at jemds.com.
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