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Abstract. - OBJECTIVE: Hypotension is a
common complication of spinal anesthesia for
cesarean delivery. Atropine is a vagus nerve
blocker that can antagonize vagus excitation to
mitigate the reflex bradycardia. We aimed to as-
sess the effect of methoxamine-atropine therapy
in treating spinal anesthesia hypotension for ce-
sarean section.

PATIENTS AND METHODS: This is a double-
blind randomized controlled study. Women un-
der spinal anesthesia for elective caesarean de-
livery received boluses of methoxamine 2 mg
alone (Group M, n = 40), or with addition of at-
ropine 0.1 mg (Group MA1, n = 40), atropine 0.2
mg (Group MA2, n = 40) or atropine 0.3 mg
(Group MAS3, n = 40) upon a maternal systolic
pressure = 80% of baseline. The primary end-
point was systolic blood pressure and the sec-
ondary endpoints were maternal heart rates, in-
stant neonatal heart rates, umbilical artery pH
and umbilical artery base excess.

RESULTS: Changes in systolic blood pressure
were similar among the four groups. The inci-
dences of bradycardia in groups M and MA1
were significantly higher than those in group
MA2 and MAS3. The fetal heart rates after delivery
in groups MA2 and MA3 were higher than those
in group M and MA1 but within the normal
range. The acid-base status had no difference in
the four groups.

CONCLUSIONS: Methoxamine-atropine com-
bination has a similar efficacy to methoxamine
alone but has an increased hemodynamic stabil-
ity and a less adverse effect occurrence.
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Introduction

Hypotension is a common complication of
spinal anesthesia for cesarean delivery and usual-
ly causes adverse effects to both maternal and fe-
tal health. Severe hypotension may cause mater-
nal nausea, vomiting and even circulatory arrest.
Hypotension also resulted in uteroplacental
blood flow decline, leading to fetal hypoxia, aci-
dosis, and even central nervous system damage'.
Hypotension is generally defined as a systolic
blood pressure decreased by 20%, initially be-
cause of the decline in sympathetic tone, and
then may be exacerbated by vena cava compres-
sion. At present, the treatment of hypotension
during spinal anesthesia for cesarean delivery
mainly relies on vasopressor drugs. For years,
ephedrine has been considered the preferred va-
sopressor drug in treatment of hypotension dur-
ing spinal anesthesia for cesarean delivery'™.
However, some studies® found that ephedrine
could easily pass through the placental barrier,
decrease fetal pH through stimulating fetal me-
tabolism, and even lead to the metabolic acido-
sis. In contrast, other studies have shown that o.-
receptor agonists are safe and effective in the
treatment of hypotension during spinal anesthe-
sia for cesarean delivery®, which could reduce
maternal nausea, vomiting and not cause fetal
acidosis’. However, the reflex bradycardia
caused by a-receptor agonist was one of the ma-
jor obstacles to its clinical application.

Though the application of vasopressors in the
treatment of hypotension during spinal anesthe-
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sia has been recognized, there is still no agree-
ment on the way, time and whether it should be
used alone or in combination. Therefore, we are
continually searching for better therapeutic op-
tions to treat spinal induced hypotension during
cesarean delivery.

In this study, we attempt to take advantage of
the pharmacological effects of atropine antago-
nizing heart vagus nerve excitation through com-
bining methoxamine with different doses of at-
ropine in the treatment of maternal hypotension
to mitigate the incidence and severity of reflex
bradycardia caused by methoxamine.

Patients and Methods

This study was approved by the Ethics Com-
mittee of Renmin Hospital, Hubei University of
Medicine and registered in the Chinese Clinical
Trial Registry (http://www.chictr.org.cn, regis-
tration number: ChiCTR-IOR-1500617). Written
consent was obtained from each patient.

Patients

A total of 198 ASAI-II women with singleton
pregnancies scheduled for elective caesarean de-
livery under spinal anesthesia were recruited in
this randomized and double-blind study. Patients
were excluded if they had pre-existing or preg-
nancy-induced hypertension, diabetes mellitus,
known cardiovascular or cerebrovascular dis-
ease, fetal abnormality, or contraindication to
spinal anesthesia. The patients that did not devel-
op hypotension (systolic blood pressure <80% of
baseline) and did not require vasopressors were
excluded from the study.

Spinal Anesthesia

During operation, standard monitoring with
non-invasive arterial pressure, electrocardiogra-
phy and pulse oximetry was established. Women
rested undisturbed in the supine position with left
uterine displacement for 5 min. After maternal
quiet, the maternal blood pressure and heart rate
were measured four times successively and the
average values of those four successive measured
blood pressure and heart rate were used as the
basis value. Then, an 18-gauge intravenous can-
nula was sited and each patient received a 10-
mL/kg i.v. infusion of hydroxyethyl starch
200/0.5 and sodium chloride injection over 30
min before spinal anesthesia. After prehydration,
the fluid infusion was continued at the minimal
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rate to maintain vein patency, regardless of any
maternal hemodynamic changes. With the patient
in the left lateral position, 2 ml of 0.5% hyper-
baric bupivacaine was injected intrathecally at
L3-4 via a 25-gauge spinal needle. Patients were
then immediately turned supine and positioned
with left uterine displacement. Heart rate and
blood pressure were monitored at 1-min intervals
since the induction of spinal anesthesia until de-
livery, and recorded before anesthesia (TO), at
the first hypotension after anesthesia (T1), and 1
(T2), 3 (T3),5 (T4), 10 (T5) and 20 (T6) minutes
after drug administration. Oxygen was delivered
at 4 L/min via a facemask until delivery. The
dermatomal level of anesthesia, assessed by loss
of pin prick discrimination, was recorded 5 and
15 min after induction of spinal anesthesia. The
tested sensitivity block for cold to T6 dermatome
was considered adequate for surgery.

Intervention

Women were randomly assigned to receive
one of four vasopressor solutions whenever ma-
ternal systolic blood pressure decreased to 80%
of the baseline or less. Group M received a 2-mL
bolus of methoxamine (containing methoxamine
2 mg), group MAI received a 2-mL bolus of
methoxamine + atropine (containing methoxam-
ine 2mg and atropine 0.1 mg), group MA?2 re-
ceived a 2-mL bolus of methoxamine + atropine
(containing methoxamine 2 mg and atropine 0.2
mg), and group MA3 received a 2-mL bolus of
methoxamine + atropine (containing methoxam-
ine 2 mg and atropine 0.3 mg). Additional bolus-
es were administered if the systolic blood pres-
sure remained at or below 80% of the baseline.
The methoxamine and atropine doses used in this
study were empirically selected based on our
clinical experience. Women were randomized by
computer-generated number allocation. The
study drugs were prepared in identical 10-ml sy-
ringes by an anesthesiologist not involved with
data collection. Atropine was administered in 0.3
mg whenever bradycardia (heart rate <60
beats/min) was associated with a systolic pres-
sure less than the baseline or if the heart rate was
< 50 beats/min irrespective of arterial pressure.
The incidence of maternal bradycardia (heart rate
< 50 beats/min) and reactive hypertension (an in-
crease in systolic blood pressure above baseline
by 20%) were recorded. The number of vaso-
pressor required, requirement for atropine and its
relation to vasopressor administration, were not-
ed. The time of spinal anesthesia induction, uter-
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ine incision and delivery were recorded. The in-
cidence of maternal nausea and vomiting was
recorded and the baby’s heart rates after delivery
were observed. Arterial blood samples were ob-
tained from a double-clamped segment of umbil-
ical cord and analyzed within 10 min of attain-
ment. Apgar scores at 1, 5 and 10 min were de-
termined by the attending pediatrician who was
unaware of group assignment. Time of onset of
sustained rhythmic respiration was noted. To al-
low for potential drop-outs, a total of 40 patients
per group with systolic pressure < 80% of base-
line were recruited. The outcome measures in-
cluded the incidence of maternal and neonatal
bradycardia, tachycardia, reactive hypertension,
nausea and vomiting, umbilical artery pH, and
Apgar scores.

Endpoints

The primary endpoint was systolic blood pres-
sure and the secondary endpoints were maternal
heart rates, instant neonatal heart rates, umbilical
artery pH and umbilical artery base excess.

Statistical Analysis

Results are expressed as means + SD or num-
ber (%) unless stated otherwise. Differences
among groups were compared using one-way
analysis of variance and the Bonferroni post-test,
the rates were compared using chi-square test.
The power was 80% and a result was considered
to be significant if the probability of a type-one
error was less than 0.05.

Results

A total 198 women, were enrolled in the
study; 38 did not develop hypotension (systolic
blood pressure <80% of baseline) and did not re-
quire vasopressors. A total of 160 women who
developed hypotension participated in the study
(Figure 1). There were no significant differences
in physical characteristics and baseline hemody-
namics data. Dermatomal sensory levels are pre-
sented in Table I. The mean induction-to-
delivery or uterine-to-delivery intervals in the
four groups were not significantly different.
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Figure 1. Flow diagram of the trial.
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Table I. Patient characteristics, upper level of sensory anesthesia, and surgical times.

Group M Group MAI1 Group MA2 Group MA3

(n = 40) (n = 40) (n = 40) (n = 40)
Age (year) 25.67+2.77 25.45 +2.90 25.20 £2.78 25.32+2.72
Weight (kg) 65 +4.80 64.8 £5.05 65.55 +4.27 65.15 +4.44
Height (cm) 159.97 +4.19 159.67 +4.34 159.45 +4.19 159.9 +4.23
Block height at 5 min (T) 5.52+0.87 5.3+0.68 537+0.74 5.32+0.69
Block height at 15 min (T) 4.37+0.70 442 +0.54 44+0.74 4.37 £0.66
Induction-delivery time (min) 8.27+1.93 8.7+1.92 8.6 +1.99 8.77 £ 1.81
Uterine incision-delivery time (s) 51+11 52+ 10 49+ 9 51+9

Data are expressed as mean + SD. There were no significant differences among the four groups.
Table II. Drugs consumption, hemodynamic changes and maternal symptoms.
Group M Group MA1 Group MA2  Group MA3
(n = 40) (n = 40) (n = 40) (n = 40)

Total number of required vasopressor blouses 1.32+0.52 1.30 £0.51 1.27 +0.50 1.25+0.43
Maximum systolic (mmHg) 110+38 111 £10 115+ 11%7 116 = 10%"
Minimum systolic (mmHg) 101 +8 102 +8 106 + 10 ** 106 + 10**
Heart rate < 50 beats/min 11 (27%) 9 (22.5%) 0 (0%)** 0 (0%)**
Heart rate < 60 beats/min 19 (47.5%) 17 (42.5%) 6 (15%)** 4 (10%)**
Heart rate > 100 beats/min 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Nausea or vomiting 4 (10%) 2 (5%) 3(7.5%) 2 (5%)

Data are expressed as number (%) or mean + SD. *p < 0.05 vs. group M. ’p <0.05 vs. group MAL.

Maternal hemodynamic data are summarized
in Table II. The time-course changes of systolic
blood pressure and heart rate are shown in Fig-
ures 2 and 3, respectively. As the time from in-
duction to delivery varied among patients, he-
modynamic changes were compared up to 20

min after drug administration, by which time all
women had delivered. At T2 and T3, the sys-
tolic blood pressures in groups MA2 and MA3
were higher than in group M and MA1 and had
no difference in other time points. All groups
have no reactive hypertension. The extent of the

Zysiolic blood pressura (mmHg)
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Figure 2. The systolic blood pressure. Data are shown as mean + SD. *p < 0.05 vs. group M. ’p < 0.05 vs. group MA1.
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Figure 3. The heart rate. Data are shown as mean + SD. *p < 0.05 vs. group M. ’p < 0.05 vs. group MA1.

heart rate declining in group M and MA1 was
significantly greater than in group MA2 and
MA3 at T2 and T3 time points respectively (p
<0.05), but showed no difference in other time
points. Following methoxamine administration,
all groups had different levels of decreased
heart rates. However, the incidence of bradycar-
dia had appeared 47.5% in group M and 42.5%
in group MA1, compared with 15% in group
MA?2 and 10% in group MA3, respectively.
Nausea and vomiting in four groups had no dif-
ferences.

Neonatal data are presented in Table III. In-
stant neonatal heart rates after delivery in group
M and MA1 were slower than in MA2 and MA3,
but at 5 min after delivery there were no signifi-
cant difference among the four groups

Table Ill. Neonatal data.

Discussion

The incidence of maternal hypotension was
high and most trials reported that the incidence
were over 50%%°. Despite the infusion of colloid
solution and the adjustment of body position that
could be used to prevent hypotension during
spinal anesthesia for cesarean section, there is still
a considerable part of hypotension that requires
vasopressor drugs. Although ephedrine almost did
not affect the uteroplacental blood flow and could
effectively restore hemodynamic parameters to the
previous level'!, compared to al-adrenergic re-
ceptor agonists, ephedrine could cause decreased
umbilical artery blood pH value”'>!3. In addition,
ephedrine also could cause increased cardiac load
due to maternal tachycardia.

Group M Group MA1 Group MA2 Group MA3

(n = 40) (n = 40) (n = 40) (n = 40)
Heart rate after delivery 116 £ 6 118+6 122 + 7%4 125 + 44
Heart rate at 5 min after delivery 126 £5 1255 125+4 126 £5
Apgar scores at 1 min 8.25+0.71 8.45 +0.60 8.60 +0.50 8.60 +0.50
Apgar scores at 5 min 9.90 +0.30 9.87 £0.33 9.92 £0.26 9.90 £ 0.30
Umbilical arterial pH 7.35+£0.28 7.35+0.29 7.35+£0.26 7.35+0.29
Umbilical arterial PO, (mmHg) 18.2 £0.66 18.27 £0.61 18.18 £0.56 18.18 £ 0.65
Umbilical arterial PCO, (mmHg) 42.54 +£0.85 42.53 £0.85 42.46 +£0.89 42.58 £0.88
Umbilical arterial Base excess (mEq/L) -1.53 +£0.07 -1.54 +0.07 -1.54 £0.07 -1.53 +0.07

Values are mean + SD. *p < 0.05 vs. group M. *p < 0.05 vs. group MAL.
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For a long time, due to the concern of utero-
placental vasoconstriction, o1-adrenergic recep-
tor agonists have had limited application in ob-
stetrics. However, a recent study’ found that the
normal dose of pure al-adrenergic receptor ago-
nist did not cause clinically significant reduction
of placental blood flow or perfusion. After the
sympathetic blockade by regional anesthesia,
blood was shunted between the mesenteric vas-
cular bed and the uteroplacental vasculature.
The vasoconstriction action of o.1-adrenergic re-
ceptor agonists has greater selectivity in the
mesenteric vascular bed than in the uteroplacen-
tal vasculature’. The contraction of the mesen-
teric vascular bed would increase venous return,
and the increased cardiac output would increase
uterine perfusion pressure'*. Comparative stud-
ies!>1? suggested that the application of a al-
adrenergic receptor agonist was associated with
better fetal acid-base status. The disadvantage of
pure ol-adrenergic receptor agonists is mainly
the reflex bradycardia, and that the maternal car-
diac output may be reduced with the bradycar-
dia. Although combinations of phenylephrine
and ephedrine would be beneficial to a more sta-
ble heart rate, it has also seen that as the propor-
tion of phenylephrine decreased and the propor-
tion of ephedrine increased, hemodynamic con-
trol was reduced, the incidence of maternal nau-
sea and vomiting was increased and fetal acid-
base status was less favorable!>*. Thus, seeking
some better methods of medication is still neces-
sary. As one of the al-adrenergic receptor ago-
nists, methoxamine is similar to phenylephrine
in the pharmacological effects and traits, but
currently its clinical application study was rare
and controversial. Mintzer et al*! found methox-
amine used in vitro in a human placental model
had no effect on the fetal arterial perfusion pres-
sure. However, in both animal and human ob-
stetric anesthesia, the use of methoxamine was
associated with significant, albeit transient in-
crease in uteroplacental resistance and flow?.
Therefore, we would need to study further the
application of methoxamine in obstetrics.

In our study, the systolic blood pressure in
four groups could rebound to near normal levels
1-3 minute after administration, but the heart
rates dropped to lower than 60 beats/min that re-
quired atropine to correct the heart rates in the
group M and MAT1 were significantly higher than
that in the group MA2 and MA3. This shows that
combining methoxamine with certain dose of at-
ropine had a more obvious superiority in mater-
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nal hemodynamic stability. Although the dura-
tion is short and 5 minutes after administration,
the heart rate basically recovered to the normal
level, the cardiac output may decrease with the
significant heart rate drop. In addition, the high
level of spinal anesthesia would block the car-
diac sympathetic nerve and cause the heart rate
to decrease and the force of contraction to disap-
pear. Therefore, the simple increasing vasocon-
striction could not effectively compensate the
cardiac output. Atropine can block the vagus
nerve and drive up the heart rate. Combining
methoxamine with atropine in spinal anesthesia
for cesarean delivery could take advantage of the
effect of atropine antagonizing vagus nerve exci-
tation to mitigate the incidence and severity of
methoxamine reflex bradycardia and would be
conducive to fetal well-being. Particularly, the
onset time of atropine is 0.5 to 1 minutes while
methoxamine is 1 to 3 minutes. Our previous
study had found that the drop of the heart rate
emerged prior to the significant ascend of blood
pressure caused by methoxamine. If the two
drugs are used simultaneously, atropine would
preventively block the reflex decreasing of the
heart rate, so that the hemodynamics may be
more stable.

We also compared the heart rates of newborns
in each group and the value of umbilical artery
acid-base balance and neonatal Apgar score. The
results showed that newborns’ heart rates in the
group M and MAT1 were slower than that in the
group MA2 and MA3, suggesting a certain dose
of atropine could prevent the heart rates of fetal
or neonatal drop caused by methoxamine. How-
ever, the neonatal umbilical arterial blood pH in
the four groups showed no significant difference,
suggesting that from the point of view of fetal
oxygen supply, the combination of methoxamine
with atropine is same as methoxamine.

Conclusions

Overall, we found that combining methoxam-
ine with atropine and methoxamine alone in the
treatment of hypotension during spinal anesthe-
sia for cesarean delivery had a similar efficacy,
but in comparison with methoxamine alone,
combining methoxamine with a certain dose of
atropine had more stable the maternal and neona-
tal hemodynamics and less adverse effects. Fur-
ther study is still needed to find out a better pro-
portion between methoxamine and atropine.
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