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Abstract

Background: Spinal anesthesia is the most common anesthetic technique for cesarean delivery. Thus, hypotension
is associated with a reduction in uteroplacental flow which may induce fetal morbidity. Activation of the Bezold
Jarisch reflex (mediated by SHT3 receptors) can worsen hypotension and decrease cardiac output. We studied
the effect of ondansetron administration before spinal anesthesia on the trajectory of blood pressure during
cesarean delivery.

Methods: We conducted a retrospective chart review of all cesarean deliveries that occurred between April 1st
2020 and April 1st 2021 and included 85 pregnant women (43 with ondansetron and 42 in the control group).
Data were obtained from the electronic medical record database of the British Hospital of Buenos Aires. Socio-
demographic, obstetric, anesthetic and perioperative characteristics of patients were assessed.

Results: There were no significant differences in the trajectories of the change from baseline of mean arterial
blood pressure between ondansetron and control group (0.14% (95% CI: 0.06 to 0.21) per minute). This also
applied to heart rate (-0.10% per minute (95% CI: -0.19 to 0.01). The need of any infusion (phenylephrine or
atropine) comparing ondansetron to the reference group was 1.12 (95% CI: 0.68, 1.85). There were eight events
of shivering (16.3%) in the ondansetron exposed group and four events of shivering (8.5%) in the reference
group. APGAR values showed no clinical difference between groups.

Conclusions: In this single-center cohort study, we did not observe an effect of routine administration of
ondansetron before spinal anesthesia in cesarean section on improving arterial blood pressure or heart rate
throughout the procedure.
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Introduction

Spinal anesthesia is the most common anesthetic
technique for caesarean delivery, usually chosen
to avoid the risks of the general anesthesia'. The
adverse effect most frequently associated with spinal
anesthesia is hypotension originated by a decrease of
peripheric vascular resistance and cardiac preload.
Hypotension is associated with a decrease in cardiac
output and a reduction in uteroplacental flow which
may induce fetal morbidity’. In severe cases, can
lead to unconsciousness, pulmonary aspiration
and placental hypoperfusion with fetal hypoxia,
acidosis and neurologic injury'. Bradycardia can
occur secondary to sympathetic nerve blockade,
increase activation of baroreceptors or induction in

Bezold-Jarisch reflex (BJR)? a reflex that activates
mechanoreceptors in the ventricular walls leading
to vasodilatation, bradycardia, and hypotension’.
Serotonin may be an important factor in inducing
BJR® and pharmacological and animal studies®
suggest that the BJR can be prevented by blockade
of 5-HT3 receptor’.

Previous studies tried to demonstrate that
administration of ondansetron, a potent and
highly selective 5-HT3 receptor antagonist,
minutes before spinal anesthesia could attenuate
hypotension and bradycardia. While a few studies
showed that ondansetron administration might be
beneficial™’, most have shown evidence of little or
no protection'* . Small sample sizes, differences
in the administration of co-interventions (e.g.,
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pre-loading/co-loading fluids) and heterogeneity
in the definitions of hypotension might be some of
the causes for this discrepancy. To this day, clinical
guidelines do not include a recommendation in
cesarean section to use ondansetron as premedication
to avoid the decrease in cardiac output following
spinal anesthesia.

Because the incidence of hypotensive events
is very high in most observational settings and
the definition of hypotension is not consistent in
the literature>'*'*, we explored whether the use of
ondansetron modifies the trajectory of mean arterial
pressure and heart rate during the entire cesarean
section. While the majority of studies measured
the arterial pressure in intervals of five minutes, we
extracted data from anesthetic medical records every
two minutes to better characterize arterial pressure
trajectories. Secondarily, we evaluated the use of
vasopressors and/or atropine, the APGAR score,
and perioperatory shivering associated with the use
of ondansetron in comparison to a control group that
received treatment as usual.

Materials and Methods
Study design and data extraction

This study was conducted at British Hospital of
Buenos Aires, Argentina, a general Hospital with
an obstetric service with approximately 1100
deliveries per year and a cesarean delivery rate of
20%. The number of deliveries dropped around
20-30% in 2021 after the COVID-19 pandemic.
We conducted a retrospective chart review of all
cesarean deliveries that occurred between April
Ist, 2020 and April Ist, 2021 in our institution. The
institutional review board provided approval for this
study (protocol reference number: PRIISA CODE
BA: 6937), and it was developed in accordance
to the amended declaration of Helsinki. Included
patients belonged to a local health plan. All data
were obtained from the electronic medical record
database of the British Hospital of Buenos Aires.
In the operation room, we used DATEX OMEDA®
9100c that can record patient information every
minute or using other pre-determined interval. For
each cesarean delivery performed, we extracted
data included in the anesthetic record: preoperative
history and physical data, description of the
surgery, intraoperative physiologic and vital signs,
complications, medication, fluid administration, and
post-operative recovery room data.

In our institution the standard practice of cesarean
delivery anesthesia is based on the following
description. Medication is not administered
prior to spinal anesthesia except for prophylactic
antiemetics (ondansetron 4-6-8mg, metoclopramide
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10-20mg). Heart rate (HR), systolic blood pressure
(SBP), diastolic blood pressure (DBP), mean arterial
blood pressure (MAP), and oxygen saturation
(SpO.) is measured at 2 minutes intervals using a
noninva-sive electrocardiography monitor from
DATEX OMEDA. Mean SBP, DBP, MAP, HR,
and SpO, from three measurements before surgery
is considered as the baseline SBP, DBP, MAP, HR,
and SpO, levels. In our institution, no parturient
received oxygen during cesarean section. Before
spinal anesthesia, a standard venous catheter (16-
gauge or 18-gauge) is placed into the superficial
vein of the forearm, and physiological solution or
lactated Ringer’s solution is infused at a minimal
rate. With patients in the sitting position, spinal
anesthesia is performed at the L2-L3, L3-L4 or
L4-L5 with a 25G or 27G Whitacre needle. Lumbar
spaces are identified by palpation of the iliac crests
and the posterior superior iliac spines. Patients
received intrathecal dose between 2mL-3ml of a
hyperbaric 5Smg/mL bupivacaine solution and 15-25
pg of a 50 pg/mL fentanyl solution. Parturient are
placed in a supine position immediately after the
injections is completed. Co-loading of fluids is
administrated. Sensory block is assessed according
to loss of temperature sensation. Surgery is started
as soon as the T6 dermatome is anesthetized. All
hemodynamic parameters are recorded every 2
minutes. Hypotension, defined as a decrease from
baseline values below 90 mmHg in systolic blood
pressure is treated by an infusion of crystalloids
(100 mL) and phenylephrine bolus (25-50mg)
until restoration of baseline values. Bradycardia,
defined as a heart rate below 50 bpm, is treated with
atropine bolus (0.6-1mg). Oxytocin (3-5 IU in 100
ml physiological saline) is given as intravenous drip
after delivery.

Study population

We identified all consecutive pregnancies
undergoing cesarean deliveries with an indication
of spinal anesthesia between April 1st 2020 and
April 1st 2021 who (i) were American Society of
Anesthesiologists Physical Status (ASA) II, (ii) 18
to 55 years old, (iii) 28 to 42 weeks of gestation, and
(iv) Body Mass Index (BMI) between 18 and 38.
We excluded all patients who received ondansetron
before and after the five to ten minutes window of
administration prior spinal anesthesia. Also were
excluded parturient who underwent cesarean delivery
with general anesthesia or epidural anesthesia in
response to an emergency delivery; and patients
with a documentation of any of the following:
congestive heart failure, valvular heart disease and
hypertensive disorders (Eclampsia, Preeclampsia,
Chronic Hypertension with alfametyldopa).



Covariates

Demographic and clinical variables were age
(years), weight (kg), height (cm), and body
mass index (kg/m?). Obstetric data (indication
for caesarean delivery, gestational age, twin
pregnancy, urgent surgery), anesthetic technique:
(a) fluid administration (mL), (b) place of dural
puncture (i.e., second, third, fourth, fifth lumbar
space), (¢) intrathecal dose of bupivacaine (mL),
(d) fentanyl (pg), and (e) total intrathecal volume
administrated (mL). Finally, we recorded use and
dose of metoclopramide (10 or 20 mg), and time
of fasting (< six hours, six to eight hours, eight to
10 hours, 10 to 12 hours, > 12 hours).

Exposure

Our primary exposure of interest was ondansetron
use, defined as intravenous administration
five or 10 minutes before spinal anesthesia, as
premedication of nausea and vomiting. Dose of
ondansetron received (four, six or eight mg) was
also recorded.

Outcomes

The primary outcome was first event of
hypotension (defined as a systolic blood pressure
below 90 mmHg)'” and first event of bradycardia
(defined as a heart rate below 50 bpm)'’. As
secondary outcomes we explored the (i) use of
phenylephrine or atropine, (ii) presence of other
adverse effects (shivering, discomfort) and (iii)
APGAR scores (at one and five minutes).

Follow-up

Each patient was followed from the moment the
patient was connected to the monitors on the
operating room and the anesthesiologist started
recording the vital signs on the anesthetic record
before the spinal anesthesia was performed, until
the end of the surgery. We extracted information
every two minutes for analysis.

Statistical analysis

To compare baseline characteristics of those
receiving ondansetron and those not receiving
ondansetron, quantitative variables are presented as
mean and standard deviation or, in case of noticeably
skewed data, as the median and interquartile range.

A broad range of potential confounders and
proxies for confounders were considered, including
treatment indication (nausea and vomiting during
pregnancy, hyperemesis gravidarum), co-loading
fluid administration, fasting, age, BMI, intrathecal
dose of anesthetic, spinal block height, concomitant
medication use, maternal conditions (gestational
diabetes, hypothyroidism). We selected the included
covariates because they are potential risk factors
for the outcomes or potential proxies for such risk
factors.
We used a linear mixed-effects model with a
random intercept to model the change in mean
arterial pressure and heart rate during follow-up
as a function of treatment and also adjusted for the
potential confounders.

All analyses were conducted using R statistical
software version 3.4.4

Results

A total of 99 patients were assessed for eligibility
criteria. Of those, 85 were included in the present
analysis (Fig. 1). We exploited natural variations
in the prescribing pattern of ondansetron during
cesarean section. 43 patients received at least one
dose of ondansetron. Ondansetron-exposed and not
exposed individuals were very similar regarding
all measured characteristics, except for a higher
baseline heart rate in the ondansetron-exposed
individuals (Table I).

There were 17 hypotensive events in the
ondansetron-exposed individuals (39.5% of the
sample) and 15 events in the reference group
(35.7% of the sample). There were two bradycardic

99 patients for cesarean delivery

- One patient was excluded for lack in
data from anesthetic chart.

- Two patients were excluded for
nc line infusion.

-11 patients were excluded for
hypertensive disorders.

85 patients for cesarean delivery

43 patients with ondansetron

42 patients without ondansetron

Fig. 1 — Study participants.
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Table I. — Socio-demographic and perioperative base line characteristics of patients undergoing

cesarean section under spinal anesthesia.

Control (n=42) Ondansetron (n=43)
Age, years (standard deviation) 33.95 (4.94) 34.70 (5.72)
BMI 2991 (7.07) 30.56 (5.80)
Gestational Age 39.08 (1.13) 38.27 (2.16)
Medical Record
Seizures 0 (0.0) 2 (18.2)
IV Fertilization 0(0.0) 19.1)
Antiphospholipid Syndrome 0 (0.0) 109.1)
Hypothyroidism 4 (50.0) 5(45.5)
Panic Attack 0(0.0) 19.1)
Asthma 1(12.5) 0(0.0)
Gestational Diabetes/Diabetes 2 (25.0) 19.1)
Cerebrovascular Accident 1(12.5) 0(0.0)
Urgent/Emergent cesarean section 17 (40.5) 9 (20.9)
Surgical determination
Failure to progress during labor 10 (25.0) 6 (14.3)
Previous Cesarean section 16 (40.0) 19 (45.2)
Pelvic presentation delivery 5(10.0) 6 (14.3)
Patient decision 5(10.0) 224
Others* 6 (15) 10 (23.8)
Bolus Phenylephrine (mean, SD) 2.2 (2.6) 3.14.2)
Bolus Atropine (mean, SD) 0.1 (0.2) 0.2 (0.4)
SBP (mmHg) 133.07 (13.00) 133.07 (13.39)
DBP (mmHg) 74.88 (9.41) 75.84 (12.91)
MBP (mmHg) 98.07 (10.08) 98.95 (11.63)
HR (beat/min) 86.71 (16.92) 89.74 (12.01)
Spo2 98.15 (0.91) 98.10 (0.82)
Bupivacaine Dose Spinal Anesthesia 10.55 (0.94) 10.79 (1.17)
Fasting
< 6hs 3(7.1) 3(7.0)
6 to 8 hs 12 (28.6) 6 (14.0)
8 to 10 hs 15 (35.7) 27 (62.8)
10 to 12 hs 5(11.9) 4(9.3)
> 12hs 7 (16.7) 3(7.0)
SBP: systolic blood pressure; DBP: diastolic blood pressure; MBP: mean blood pressure; Spo2: oxygen satura-
tion. Others*: Oligohydramnios, Seizures, Fetal Bradycardia, Myomectomy, Twin pregnancy, Fetal growth
restriction, Vasa Previa, Uncontrolled Pain, Fetal Macrosomia.

events in the ondansetron-exposed patients (4.1%)
and four events in the reference group (8.5%) by the
end of the follow-up period.

Analysis of trajectories

The trajectories of the change from baseline of
mean arterial blood pressure and heart rate during
follow-up are shown in Fig. 2. After adjusting for
all measured variables, in the linear mixed-effects
model treatment with ondansetron was associated
with an overall change in mean arterial blood
pressure of 0.14% (95% CI: 0.06 to 0.21) per minute
and an overall change in heart rate of -0.10% per
minute (95% CI: -0.19 to 0.01).

Secondary outcomes

There were eight patients that received an
atropine bolus (16.3%) and 34 patients that were
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given phenylephrine (69%) in the ondansetron-
exposed patients, while three patients received an
atropine bolus (6.4%) and 31 patients were given
phenylephrine (66.0%) in the reference group by
the end of follow-up. The adjusted risk ratio for the
administration of any bolus comparing ondansetron
to the reference group was 1.12 (95% CI: 0.68,
1.85). There were eight events of shivering (16.3%)
in the ondansetron exposed group and four events
of shivering (8.5%) in the reference group. Finally,
the median APGAR score in the ondansetron-treated
patients was 10 (SD: 0.4) and 10 (SD: 0.3) in the
reference group.

Discussion
In our study, we found that premedication with

ondansetron did not meaningfully alter the incidence
of hypotension, as compared to standard-of-care.
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Fig. 2 — Unadjusted trajectories of mean blood arterial pressure during cesarean section.

The longitudinal trajectory of the mean arterial
pressure throughout the cesarean section was similar
in both groups. Similarly, we found little evidence
that ondansetron prevented bradycardia: the
analysis of the heart rate trajectory showed virtually
identical curves in both groups. Similarly, we found
no differences in the risk of requiring atropine or
phenylephrine administration between both groups.

This study sheds light on the available evidence
on this topic to this date. Prior studies have explored
the use of ondansetron on the risk of incident
hypotension and bradycardia and reported that this
medication does not provide clinical benefit'*".
Meta-analysis performed by Chengmao Zhou et
al." with 21 randomized controlled trials found
no statistically difference in hypotensive events
between groups. However, these studies suffered
from a non-uniform definition of hypotension. Here,
we complemented these prior studies by evaluating
whether this medication significantly altered the
entire trajectory of arterial pressure and heart rate
during cesarean section, a more relevant outcome
for patients and clinicians. Our analysis using linear
mixed effects model found very little evidence to
support a difference in the trajectories of arterial
blood pressure or heart rate between groups.

Our results contrast those published by Owczuk
et al.’, Sahoo et al.® Heesen et al.’ and Aksoy
et al.”.This discrepancy can be explained by
many factors: Owczuk et al. administered spinal
anesthesia at a dose higher than usual: 4 ml of
bupivacaine 0,5% intrathecal which can lead to a
more profound hypotension. Sahoo et al. reported
hypotensive events only from minutes 14 to 35. The
meta-analysis by Heesen et al.” of 10 randomized

controlled trials reported high heterogeneity, a high
risk of publication bias, heterogeneity in spinal
anesthesia and fluid management techniques, as
well as variations in hypotension and bradycardia
definitions.

Our study has several strengths. First, we
adjusted a wide range of potential confounders
including demographical, clinical, obstetrical, and
surgical variables that are usually not recorded in
most observational studies. Adjusting for all those
potential covariates allowed us to make conclusions
with more comparable groups. Secondly, by
measuring blood pressure every two minutes and
measuring all potential co-interventions we were
able to compare our results with the rest of published
literature. We detected an overall incidence of
hypotension after spinal anesthesia of 38% (32
patients of the 85 total sample). These results were
in contrast with other studies'*'* reporting incidence
as high as 70-80%. The wide difference in these
results can be attributed to the lack of a unified
definition of hypotension in cesarean section.
Some authors defined hypotension as a systolic
arterial pressure <100mmHg"", change > 20%""
or >25% 10 from baseline; or change of MAP
from baseline >25%4 or >20%"2, or diastolic blood
pressure < 60 mmHg*'. Other source of discrepancy
that we were able to assess was the presence of
co-loading of fluids during cesarean section to
treat a decrease in preload, or the time of fasting.
The different doses of bupivacaine intrathecal can
also explain the difference in overall hypotension
and bradycardia rates. We assume that our finding
of 38% of hypotensive events (lower than studies
reported above) is because of the administration of
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intravenous coloading fluid and lower intrathecal
doses of bupivacaine 0,5% (10-12mg) than usually
described in other studies. These actions can decrease
hypotensive events22. Finally, our statistical model
provides a more clinically relevant result for the
association between ondansetron and arterial blood
pressure and heart rate by comparing the entire
trajectory of these variables during cesarean section,
rather than comparing the proportion of patients
who experienced the definition of hypotension or
not (which varies widely from study to study).

However, this study has some limitations. First,
we use fentanyl in our spinal anesthesia to improve
anesthetic management. Intrathecal opioids may
affect the mechanism of ondansetron in the central
nervous system, but we administered a lower dose
than recommended (< 25mcg). Second, we did
not monitor invasive arterial blood pressure that
shows a precisely variation in arterial pressure.
Consequently, we decided to measure every two
minutes after spinal anesthesia to record changes in
blood pressure that could be missed using usual care
(every five minutes). Third, when the anesthesiologist
notices that blood pressure is dropping rapidly from
baseline, usually does not wait until the definition of
hypotension is met to start a phenylephrine infusion
and that decision can underestimate the overall risk
of hypotension, if this practice is not consistent in
different settings. Fourth, this is an observational
study and there is not a placebo control or blinding
in the anesthesiologist. Finally, our sample size was
probably modest for a study focused on adverse
effects. Because of the retrospective design the
timing and dose of ondansetron administration were
not standardized which may have an influence on
hemodynamic stability.

In conclusion, our study suggests that the routine
administration of ondansetron given five minutes
before spinal anesthesia in cesarean section in
parturient has no impact on improving arterial
blood pressure or heart rate throughout the cesarean
section. More studies with larger sample size are
required to clarify this issue.
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