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Objective: In Thailand, hypotension after spinal anesthesia for cesarean section is
routinely treated by ephedrine. As incidence of fetal acidosis reportedly increases resulting from
placental transfer, phenylephrine, an Ol1 agonist with less lipid solubility, becomes an alternative.
However, the potential development of serious bradycardia is a concern. The objectives were to
investigate the incidence of serious bradycardia, identify associated risk factors and other side

effects of phenylephrine.

Materials & Methods: This descriptive cross-sectional study was conducted from July 1,
2014 to March 15, 2015 on 509 parturients undergoing cesarean section under spinal anesthesia.
Predelivery hypotension was treated by intravenous (IV) phenylephrine 100 mcg and pretherapeutic
heart rate (pHR) was recorded. If serious bradycardia (HR < 60 bpm and hypotension or HR < 45
bpm) developed, atropine 0.6 mg was administered IV. Data were analyzed using multivariable

logistic regression.

Results & Discussion: Incidence of serious bradycardia was 11% (95% Cl: 8.0-14.0). A one
bpm increment increase in pHR reduced this incidence by 4% (adjusted OR: 0.96; 95% Cl: 0.94-0.98,
p<0.001; AuROC: 0.76). As compared to a pHR > 80 bpm, a pHR of 61-80 and < 60 bpm increased
the risk by 3.55 times and 12.81 times, respectively. Other risk factors were height, baseline DBP,

and anesthetic level at 1¥ minute. Benign and temporary abnormal ECG readings were also found.

Conclusion: Phenylephrine is an alternative vasopressor for antihypotensive treatment
during spinal anesthesia for cesarean section. It may induce benign bradycardia which
spontaneously recover. The incidence of therapeutic required bradycardia was higher in the
parturient who had lower heart rate. However, this can be effectively managed by intravenous

atropine. No abnormality of APGAR Scores which is associated with phenylephrine was shown.
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CHAPTER |

Introduction

1.1 Background and Rationale

Spinal anesthesia is commonly used for cesarean delivery because it avoids the risks of
general anesthesia related to difficult intubation and aspiration of gastric contents. It is frequently
associated with hypotension, which can have detrimental effects on the mother and neonate,
including nausea, vomiting, and dizziness in the mother, as well as decreased uteroplacental

blood flow resulting in impaired fetal oxygenation and fetal acidosis"”. The incidence of

(2) L (3)

hypotension in excess of 80% without prophylactic management. Cyna et al.” concluded in the
Cochrane Review that while interventions such as crystalloids, colloids, ephedrine, phenylephrine
or lower leg compression could reduce the incidence of hypotension but no single method

completely prevented hypotension during cesarean delivery.

The ideal vasopressor should maintain maternal cardiovascular stability and prevent
nausea and vomiting, but have little adverse effect on uteroplacental perfusion, therefore with
no resulting compromise to the fetus®. On the basis of better preservation of uteroplacental
circulation in animal models, ephedrine was historically considered the “gold standard”
vasopressor for the management of spinal anesthesia-induced hypotension(s’ ® However, studies
over the last 2 decades have suggested that fetal acid-base status might be improved if
phenylephrine or other alpha-adrenergic agonists were used during cesarean delivery instead of
ephedrine<7). A recent systematic review and cumulative meta—analysisw found that ephedrine use
was associated with lower pH and BE of the neonate and also found a significantly higher risk for
fetal acidosis with ephedrine than with phenylephrine. Comparing the maternal effects,
phenylephrine caused an increased risk for maternal bradycardia, with no differences for
hypotension or hypertension. Phenylephrine had both direct and indirect sympathomimetic
effects; it’s primarily functions as an alpha-adrenergic receptor agonist so it could increase blood
pressure. The indirect effect results from norepinephrine released from nerve terminals’ storage
sites. Unlike ephedrine, it lacked direct inotropic or chronotropic effects so it did not cause
tachycardia@). Phenylephrine had a rapid onset of arterial vasoconstriction and duration of action
was 15-20 minutes. It was metabolized at liver and eliminated via kidney (metabolites 80-86%).
Its half-life was 2-3 hours. Its indications were treatment of shock, drug-induced hypotension,
anesthesia and paroxysmal supraventricular tachycardia (SVT). Drug Interaction with monoamine
oxidase inhibitor (MAQI), tricyclic antidepressant (TCA), calcium channel blocker, ACE inhibitor and

benzodiazepine. Phenylephrine administration was associated with increased blood pressure with



bradycardia. Studies had consistently reported a slower heart rate with phenylephrine than with
ephedrine(lo’m. Using prophylactic phenylephrine infusions was associated with an overall slower
heart rate compared to treatment of hypotension with phenylephrine boluses™® ¥, The
incidence of serious bradycardia that required anticholinergic drug to correct it after receiving
phenylephrine intravenous bolus for treatment of spinal anesthesia-induced hypotension was
vary from 0-10% due to various definitions of serious bradycardiam’ 2 Anticholinergic drug could
easily correct serious bradycardia and no detrimental effect such as asystole occurred after using

10-19)

phenylephrine( .

Usually, the initial response to spinal anesthesia for elective cesarean delivery was an
increase in heart rate and a well-maintained or increased cardiac outputm’ A small proportion
of patients responded to spinal anesthesia with hypotension and bradycardia. This reflex effect

)% An extensive

was the relatively uncommon supine hypotensive syndrome of pregnancy (SHSP
review of SHSP found a wide range of case selections, clinical features, definitions, and degrees of
hypotension. Severe hypotension was reported in 2.5-20% of these patients(zl). The possible
reasons given for hypotension in these patients were either vena caval obstruction or a vagal
reflex bradycardia, which was a well-known phenomenon associated with poorly filled heart®?.
The event that was noted was a sudden decrease in heart rate, although often a gradual in heart
rate during stable anesthesia had proceded this . Caplan and colleagues’ suggestion was that

. . . . .24
immediate treatment of bradycardia or asystole under these circumstances was crucial®”.

Based on our review of the literature, no previous study has investigated factors
associated with phenylephrine-induced serious bradycardia. A specific point of interest centered
on maternal heart rate just before phenylephrine administration (hereafter referred to as pHR
(pretherapeutic heart rate)) and whether pHR is an explanatory factor that limits the safe use of

phenylephrine.

The primary objective of this descriptive cross-sectional study was to determine the
incidence of phenylephine-induced serious bradycardia. Secondary objectives include:
identification of risk factors associated with phenylephrine-induced serious bradycardia;
exploration of the potential diagnostic utility of identified risk factors; and, identification of other
side effects of phenylephrine use in the treatment of spinal anesthesia-induced hypotension

among patients undergoing cesarean section.



CHAPTER Il

Literature reviews

2.1 Review of the Related Literatures

The literatures were searched through PubMed database in Clinical Queries tool and
Clinical Study Categories (categories: therapy and scope: board) using the keywords
“phenylephrine AND hypotension AND cesarean section” then were found 6 articles in systematic
reviews that all related to my interest. And there were found 81 articles in therapeutic study. This
searching method was done again in Scopus database, and the relevant articles were the same.
Then using the keywords “Supine hypotensive syndrome of pregnancy” through PubMed
database in Clinical Queries tool and Clinical Study Categories (categories: therapy and scope:

board), 1 article was found in systematic review and related to my interest.

Joupilla and colleagues (1984)* conducted a study on Subarachnoid blockade using
0.5% bupivacaine after a ‘preload’ of Ringer's lactate solution 1500-2000 ml intravenous in nine
patients undergoing elective Caesarean section. Ephedrine infusion 50 mg in 500 ml was
instituted at the first signs of maternal hypotension in seven patients. Although significant
decreases in mean maternal systolic, mean and diastolic arterial pressures were recorded, the
individual decreases in pressure were less than 30 mmHg in all except two patients. In general
placental blood flow did not change, although there was a marked increase in one patient with
toxaemia and a decrease in one woman with diabetes mellitus. The babies were unaffected at
delivery. Preventive measures, especially the ‘preload’ infusion, were important in the
maintenance of adequate placental perfusion in patients undergoing Caesarean section under

subarachnoid blockade.

Kinsella SM and colleages (2001)*” reviewed the articles and found that reflex
cardiovascular depression with vasodilation and bradycardia has been variously termed vasovagal
syncope, the Bezold-Jarisch reflex and neurocardiogenic syncope. The circulatory response
changes from the normal maintenance of arterial pressure to parasympathetic activation and
sympathetic inhibition, causing hypotension. This change was triggered by reduced cardiac venous
return as well as through affective mechanisms such as pain or fear. It was probably mediated in
part via afferent nerves from the heart, but also by various non-cardiac baroreceptors which
might become paradoxically active. This response might occur during regional anaesthesia,
haemorrhage or supine inferior vena cava compression in pregnancy; these factors were additive

when combined. In these circumstances hypotension might be more severe than that caused by



bradycardia alone, because of unappreciated vasodilation. Treatment included the restoration of
venous return and correction of absolute blood volume deficits. Ephedrine was the most logical
choice of single drug to correct the changes because of its combined action on the heart and

peripheral blood vessels. Epinephrine must be used early in established cardiac arrest, especially

after high regional anesthesia.

Saravanan S and colleages (2006)” conducted a study of equivalent dose of ephedrine
and phenylephrine in the prevention of post-spinal hypotension in cesarean section. The patients
were randomized into two groups. The first patient in Group A received 50 mg of ephedrine in
saline 0.9% w/v, 500 ml, at 999 mUl/h , the maximum rate possible on the pump and the first
patient in Group B received 500 mg of phenylephrine in saline 0.9% w/v, 500 ml, at the same
rate. The initial dose for dilution was an arbitrary choice. The dose of vasopressor in the saline
bag for every subsequent patient was established by the efficacy of the dose in preventing
hypotension in the previous patient according to the technique of up—down sequential
allocation. Minimum vasopressor dose for each drug was determined according to the Dixon-
Massey formula. The results were the minimum vasopressor dose in saline 500 ml was 532.9 mg
(95% Cl 506.0-559.8) for phenylephrine and 43.3 mg (95% Cl 39.2-47.3) for ephedrine. The
concentration needed for equivalence at an infusion rate of 999 ml/h was 1.07 mg/ml for
phenylephrine and 86.66 mg/ml for ephedrine. Mean (SD) dose used for phenylephrine was
496.45 (78.3) mg and for ephedrine 39.64 (6.33) mg. They concluded that the study
demonstrated a potency ratio of 81.2 (95% Cl 73.0-89.7) for equivalence between phenylephrine

and ephedrine in prevention of hypotension after spinal anaesthesia for cesarean section.

W.D. Ngan Kee and colleages (2008)"” conduted a randomised double-blinded
comparison of phenylephrine and ephedrine for maintaining blood pressure during spinal
anesthesia for non-elective caesarean section, they compared boluses of phenylephrine 100 mcg
with ephedrine 10 mg for treating hypotension (systolic blood pressure < 100 mmHg) in 204
patients having non-elective cesarean section under spinal anesthesia. Umbilical arterial (UA) and
venous (UV) pH and base excess were similar in both groups. In the ephedrine group, UA lactate
concentration was higher (median 2.6 [interquartile range 2.3-3.3] vs 2.4 [1.9-3.0] mmol/l), p =
0.002) and UV lactate concentration was higher (2.5 [2.2-3.2] vs 2.3 [1.9-2.8] mmol/), p = 0.016)
and more patients had nausea or vomiting (12.7% vs 3.9%, p = 0.02). Clinical neonatal outcome
was similar. Of the protocol-compliant patients (n = 148), UA PO2 and UV PO2 were lower in the
phenylephrine group although oxygen content was similar. They concluded that phenylephrine

and ephedrine are both suitable vasopressors for use in non-elective caesarean sections.



Dyer RA and colleagues (2009)™ conducted a study on hemodynamic effects of
ephedrine, phenylephrine, and the coadministration of phenylephrine with oxytocin during spinal
anesthesia for elective cesarean delivery. Forty-three patients were randomized to receive 80
mcg of phenylephrine or 10 mg of ephedrine. Both pulse waveform analysis and transthoracic
bioimpedance changes were used to estimate stroke volume in each patient. Hemodynamic
responses to spinal anesthesia and oxytocin were also recorded. A subgroup of 20 patients was
randomized to receive oxytocin compared with oxytocin plus 80 mcg of phenylephrine after
delivery. Mean CO and maximum absolute response in CO were significantly lower during 150
seconds after phenylephrine administration than after ephedrine (6.2 vs. 8.1 I/min, P < 0.001, and
5.2 vs. 9.0 UVmin, P < 0.0001, respectively for pulse waveform analysis, and 5.2 vs. 6.3 /min, P <
0.01 and 4.5 vs. 6.7 /min, P < 0.0001, respectively for bioimpedance changes). Cardiac output
(CO) changes correlated with heart rate changes. Coadministration of phenylephrine obtunded
oxytocin-induced decreases in systemic vascular resistance and increases in heart rate and CO.
Trends in CO change were similar using both pulse waveform analysis and transthoracic
bioimpedance monitor. The conclusion were bolus phenylephrine reduced maternal CO, and
decreased CO when compared with ephedrine during elective spinal anesthesia for cesarean
delivery. CO changes correlated with heart rate changes after vasopressor administration,
emphasizing the importance of heart rate as a surrogate indicator of CO. Coadministered

phenylephrine obtunded hemodynamic responses to oxytocin.

Prakash S and colleagues (2010)*? conducted a study on maternal and neonatal effects
of bolus administration of ephedrine and phenylephrine during spinal anesthesia for cesarean
delivery: a randomised study. It was a randomised double-blind study, women received boluses
of either ephedrine 6 mg (group E; n=30) or phenylephrine 100 mcg (group P; n=30) whenever
maternal systolic pressure was less than 80% of baseline. The results were systolic pressure
changes were comparable in the two groups. There were no differences in the incidence of
bradycardia (group E: 0% vs. group P: 16.7%; P>0.05), nausea (group E: 13% vs. group: P 0,P>0.05)
and vomiting (group E: 3.3% vs. group P: 0; P>0.05). Umbilical artery (UA) pH (group E: 7.29 + 0.04
vs. group P: 7.32 + 0.04; P=0.01) and venous pH (group E: 7.34 + 0.04 vs. group P: 7.38 + 0.05;
P=0.002) were significant greater in group P than in group E. UA base excess was significantly less
in group E (-2.83 + 0.94 mEg/L) than in group P (-1.61 = 1.04 mEg/L; P<0.001). Apgar scores at 1, 5
and 10min and neurobehavioral scores at 2-4 h, 24 h and 48 h were similar in the two groups
(P>0.05). The conclusion were phenylephrine 100 mcg and ephedrine 6 mg had similar efficacy in
the treatment of maternal hypotension during spinal anesthesia for elective cesarean delivery.
Neonates in group P had significantly higher umbilical arterial pH and base excess values than

those in group E, which was consistent with other studies.



M. Veeser, et al. (2012)® conducted a systematic review and cumulative meta-analysis.
Hypotension, hypertension, and bradycardia of the mothers, fetal acidosis defined as a pH < 7.20,
and the continuous variables base excess (BE) and arterial pCO2 of the neonates were recorded.
The criteria for eligibility were fulfilled by 20 trials including 1069 patients. The relative risk of true
fetal acidosis was 5.29 (95%Cl 1.62 to 17.25) for ephedrine versus phenylephrine (P = 0.006). BE
values after ephedrine use were significantly lower than after phenylephrine (WMD -1.17; 95% CI -
2.01 to -0.33). Umbilical artery pCO2 did not differ. Mothers treated with ephedrine had a lower
risk for bradycardia (RR 0.17; 95%Cl 0.07 to 0.43; P = 0.004). No differences between vasopressors
were observed for hypotension and hypertension. They concluded that the result could clearly
demonstrate a decreased risk of fetal acidosis associated with phenylephrine use. In addition with
our findings for BE, this suggested a favorable effect of phenylephrine on fetal outcome

parameters. The mechanism of pH depression was not related to pCO2.

Ashraf S, et al.(2012)" reviewed highlights the effects of phenylephrine compared with
ephedrine on maternal hemodynamics (arterial blood pressure, heart rate, and cardiac output),
and occurrence of intraoperative nausea and vomiting. The impact of the administration of
phenylephrine as a bolus for the treatment of established hypotension compared with its
administration as a prophylactic infusion was discussed. This article also reviewed the impact of
phenylephrine compared with ephedrine on uteroplacental perfusion, and fetal outcomes such
as neonatal acid-base status and Apgar scores. The optimum dosing regimen for phenylephrine
administration was also discussed. The conclusion were both ephedrine and phenylephrine were
effective in managing spinal anesthesia-induced hypotension. Phenylephrine might be associated
with a lower incidence of intraoperative nausea vomiting (IONV), and higher umbilical artery pH
and base excess compared with ephedrine. However, the difference in pH was small and unlikely
to be clinically relevant in low-risk deliveries. Administration of phenylephrine as a prophylactic
infusion was more effective in reducing the incidence of hypotension and IONV compared with
bolus administration. However, phenylephrine use was associated with a decrease in maternal
cardiac output. The clinical significance of this reduction in healthy low-risk parturients was
unclear. Studies suggested that such changes do not appear to have any consequences in
healthy mothers. The optimum phenylephrine administration regimen was unclear. Studies
addressing the use of phenylephrine in high-risk pregnancies, such as those complicated by

placental insufficiency, preeclampsia, and growth restriction, were needed.

Fu-Qing Lin, et al (2012)* conducted an update meta-analysis. The medline, embase,

and the cochrane library electronic databases were searched using the medical subheading terms

” o« ” o«

or key words “ephedrine,” “phenylephrine,” “cesarean section,” “spinal anesthesia,”



” o«

“hypotension,” “combined spinal-epidural anesthesia,” and “randomized controlled trial. A total
number of 15 trials and 742 parturients under elective cesarean sections were analyzed. When
used to prevent hypotension, patients receiving ephedrine and phenylephrine did not differ
significantly in the incidence of hypotension (RR = 1.22; 95% Cl, 0.83 to 1.80), umbilical arterial pH
values (SMD = 0.38; 95% Cl 1.67 to 0.92) or venous pH values (SMD = 0.18; 95% Cl 0.44 to 0.07).
An administration routes did not affect the incidence of hypotension and umbilical blood pH
values. When used to treat hypotension, patients given ephedrine and phenylephrine had
comparable incidence of intra-operative hypotension (RR = 0.79; 95% Cl, 0.40 to 1.56), while
parturients receiving phenylephrine had neonates with higher umbilical arterial pH values (SMD =
1.32; 95% Cl 2.35 to 0.30) and venous pH values (SMD = 0.79; 95% ClI 1.09 to 0.49) than those
given ephedrine. The conclusions were prophylactic use of ephedrine and phenylephrine were
both effective in preventing maternal hypotension during cesarean section under spinal
anesthesia; phenylephrine was superior to ephedrine in treating hypotension, evidenced by

higher umbilical blood pH values.



CHAPTER IlI

Research methodology

3.1 Research Question
3.1.1 Primary research question

What is the incidence of phenylephrine-induced serious bradycardia in treatment of
spinal anesthesia-induced hypotension in parturients undergoing cesarean section?
3.1.2 Secondary research question

1. What are the risk factors associated with phenylephrine-induced serious bradycardia in
treatment of spinal anesthesia-induced hypotension in parturients undergoing cesarean section?

2. What are the other side effects of phenylephrine use in the treatment of spinal

anesthesia-induced hypotension among patients undergoing cesarean section?

3.2 Objectives:
3.2.1 Primary objective

To determine the incidence of phenylephrine-induced bradycardia in treatment of spinal

anesthesia-induced hypotension in parturients undergoing cesarean section.
3.2.2 Secondary objectives

1.To identify risk factors associated with phenylephrine-induced serious bradycardia;
exploration of the potential diagnostic utility of identified risk factors; for using phenylephrine in

treatment of spinal anesthesia-induced hypotension in parturients undergoing cesarean section.

2 To identify the other side effects of using phenylephrine in treatment of spinal

anesthesia-induced hypotension in parturients undergoing cesarean section.



3.3 Conceptual Framework

Speed of injection

Height of patient

Dose of local anesthetic drug

Vagal tone, Pain, Stress

v

Preterm, Post term, Low birth weight

. . e , S5
Spinal anesthesia »| Predelivery heart rate |« Treatment with Atropine
(Level of anesthesia) N/©
= : @ Treatment with Phenylephrine
» Predelivery blood pressure — ylep
SHSP @= ! (=) Increase vascular resistance, Uterine
o Uterine blood flow [«
> contraction, Drug induced eg. oxytocin

Volume depletion

(hemorrhage, dehydration) Y

Apgar |« Maternal status (nutrition, disease)

Keywords: phenylephrine, vagal tone, bradycardia, spinal anesthesia-induced hypotension and

supine hypotensive syndrome of pregnancy (SHSP).
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3.4 Operational Definition:
A. Serious bradycardia :

1. Heart rate (HR) < 60 /min + Systolic blood pressure (SBP) < 80 % of baseline or < 90 mmHg
2. Heart rate (HR) < 45 /min
B. Hypotension : SBP < 80% of baseline or < 90 mmHg.

C. Supine hypotensive syndrome of pregnancy (SHSP) : no definite definition
So this study used the definition of Orthostatic Hypotension (OH)*® instead ,that has been
formally defined by expert consensus as a fall in SBP of at least 20 mmHg and/or diastolic blood

pressure (DBP) of at least 10 mmHg when change from left lateral decubitus to supine position.

D. ASA Physical Status Classification System

Class | : A normal healthy patient.

Class Il : A patient with mild systemic disease.

Class Il : A patient with severe systemic disease.

Class IV: A patient with severe systemic disease that is a constant threat to life.
Class V : A moribund patient who is not expected to survive without the operation.

Class VI : A declared brain-dead patient whose organs are being removed for donor purposes.

E. Chronic hypertensionm)

: Hypertension (systolic blood pressure =140 mmHg or diastolic
blood pressure 290 mmHg) first detected before the 20th week of pregnancy or persist 212

weeks postpartum.

F. Gestational hypertension(m

: SBP 2140 mmHg and/or DBP =90 mmHg in a previously
normotensive pregnant woman who is 220 weeks of gestation and has no proteinuria or new
signs of end-organ dysfunction.

G. Preeclampsia(m : Hypertension + proteinuria.

(BP : SBP =140 mmHg and/or DBP 290 mmHg on two occasional at least two hours apart of 20
weeks gestational in a woman with previously normal BP.

: SBP 2160 mmHg and/or DBP =110 mmHg, hypertension can be confirmed
within a short interval (minutes) to facilitate timely antihypertensive therapy.)
Or in absence of proteinuria, new-onset of hypertension with new onset of the followings;
thrombocytopenia, renal insufficiency, impaired liver function, pulmonary edema, cerebral or
visual symptoms.

H. Preterm®: Gestation age less than 37 weeks.
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|. Postterm® : Gestation age greater than or equal 42 weeks.

J. Low birth weight : A live born infant with birth weight less than 2,500 ¢.

3.5 Research design: Descriptive cross-sectional study.

3.6 Research methodology:

3.6.1 Population and Sample

Target population: Pregnant women undergoing cesarean section under spinal anesthesia.

Study population: Eligible subjects include all consecutive pregnant women undergoing
cesarean section under spinal anesthesia in Chaoprayayomraj hospital, Suphanburi province and

King Chulalongkorn Memorial hospital.

3.6.2 Patient selection

Inclusion criteria:

- ASALI

- Age greater than or equal to 18 years old.

- Singleton baby.

- Gestational age greater than or equal to 37 weeks.

Exclusion criteria:

- Chronic hypertension, gestational hypertension or preeclampsia.

- Cardiovascular disease (ischemic heart disease, valvular heart disease, cardiac defect)
or cerebrovascular disease (stroke, cerebral aneurysm, cerebral arteriovenous

malformation)
- Complicated obstetrics (abruptio placentae, placenta previa)

- Known fetal abnormalities (intrauterine growth retardation(IUGR), fetal cardiac

disease)
- History use of monoamine oxidase inhibitor (MAQI).
- History use of other drugs that prolonged heart conduction(PR or QT interval)

- Contraindications to spinal anesthesia (coagulopathy, intracranial space occupying

lesion or patient refusal)



3.6.3 Sample size calculation

The sample size estimation was based on the data from the similar previous study'’

7% (p (1-p))

Where:

n is the size of sample;

Z is the z-statistics for the desired level of confidence;

p is the estimate of expected proportion with the variable of interest in the population;

d is the acceptable error (half width of the desired interval).

For a confidence level of 95%, QL was 0.05, ZOl/2 was 1.96, and d was 0.026

Accepted serious bradycardia from the similar previous study" found that 10% of the patients
developed serious bradycardia and received atropine.

This study used d = 0.026 and the total sample size was 509. Because it was suitable for the

number of sample size and the duration of data collection.

12
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3.6.4 Research protocol

Approval for this study was obtained from the Institutional Review Board of the Faculty
of Medicine, Chulalongkorn University, King Chulalongkorn Memorial Hospital and from
Chaoprayayomraj Hospital, Suphanburi Province, Thailand. The study protocol was registered in
the Thai Clinical Trials Registry (TCTR ID: TCTR20141017001) with the title Safety of Phenylephrine

in Antihypotensive Treatment during Spinal Anesthesia for Cesarean Section.

All patients gave written informed consent to participate in the study and data collection

was performed from 1 July 2014 to 15 March 2015.

Demographic data was obtained at the wards on the evening before the day of surgery.
A nurse anesthetist recorded the non-invasive blood pressure (NIBP) and heart rate (HR) of the
parturient at rest in a tranquil environment in 3 positions. Averaged systolic blood pressure (SBP),
diastolic blood pressure (DBP), and heart rate (HR) from 3 consecutive readings taken in the
supine position with left uterine displacement for 5 minutes before readings were taken were
defined as baseline values. The same measurements were repeated in the left lateral and supine
positions to determine supine hypotensive syndrome of pregnancy (SHSP). In emergency cases,
average NIBP and HR were recorded only in supine position with left uterine displacement due to

time limitation.

On the day of surgery, fluid preload of 0.9% NaCl solution 10 ml/kg IV was given over a
15-20 minute period before performing spinal anesthesia. After standard monitoring instruments
were applied, parturient was positioned in the left lateral position and spinal anesthesia was
performed with a 27-gauge Quincke spinal needle at the L2 to L3 or L3 to L4 vertebral
interspace. After confirmation of free flow of cerebrospinal fluid, 2.2 to 2.4 ml of 0.5% hyperbaric
bupivacaine were adjusted according to the parturient’s height and 0.2 mg of preservative free
morphine were injected intrathecally. The patient was then positioned in the supine position with

left uterine displacement at 15°.

One-minute automatic interval NIBP, HR, and SpO, were monitored immediately after
administration of spinal medication (defined as Time 0), with continuous monitoring until the
baby was delivered. Oxygen 6 L/min was given via face mask from induction of spinal anesthesia
until delivery. Dermatomal level of anesthesia was assessed by loss of cold sensation
discrimination at 1° and 5" minute after administration of spinal anesthesia. Sensory block to T5

level was determined as adequate anesthesia for cesarean section.

Incidence of hypotension (SBP < 80% of baseline or < 90mmHg), reactive hypertension

(SBP > 120%), and serious bradycardia (HR < 60 bpm and hypotension or HR < 45 bpm) were
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recorded. If hypotension occurred, phenylephrine 100 mcg/1 ml was administered via
intravenous bolus. Patient pHR was recorded immediately preceding administration of
phenylephrine. Additional phenylephrine doses were given every 1 minute if hypotension
persisted. Serious bradycardia was treated by atropine 0.6 mg IV with doses repeated every 2
minutes, as needed. An external pacemaker was prepared and ready for use if serious

bradycardia did not respond to maximum dose of atropine (3 mg).

After delivery, oxytocin 20 units in 0.9% NaCl 1000 ml was given via intravenous infusion.
Cases with heart block, arrhythmia, and/or cardiac arrest were recorded and prompt treatment
was given. The following times were recorded: administration of spinal anesthesia, skin incision,
uterine incision, baby delivery. Baby birth weight, and Apgar scores at 1% and 5™ minute were

also recorded.



3.6.5 Data collection

Type of data and collection time
1. Demographic data and baseline variables (preoperative period)
: be evaluated after participant was enrolled and signed the informed consent.
: continuous data were
- Age
- Body weight
= Height
- Gestation age

- Baseline NIBP (mmHg) and HR (beat per minute) in supine , lateral and supine position

with left uterine displacement 15°
: categorical data were
- ASA physical status

- Indication of cesarean section (oligohydramnios, cephalopelvic disproportion (CPD),
previous cesarean section, premature rupture of membrane (PROM), breech

presentation, decrease fetal movement and others.)
- Supine hypotensive syndrome of pregnancy
2. Relevant data pertaining to anesthesia and surgery (intraoperative period)
: continuous data were
- Time interval from spinal anesthesia to skin incision
- Time interval from spinal anesthesia to Uterine incision

- Time interval from spinal anesthesia to Baby delivery

: categorical data was

- Anesthetic level at 1% and 5" minute
3. Baby characteristics (postoperative period)
: continuous data was

- Birth weight
: categorical data were

- Apgar score at 1" and 5" minute

4. Primary outcome variable (intraoperative period)

15
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: categorical data was

- serious bradycardia
5. Secondary outcome variable

1. Factors associated with phenylephrine-induced serious bradycardia.

- pretherapeutic heart rate (intraoperative period)

- all variables in demographic data, baseline characteristic and relevant data pertaining to

anesthesia and surgery.

2. Other side effects of phenylephrine administration

- heart block

- premature ventricular contraction
- premature atrial contraction

- persistent bradycardia

- asystole

- others



3.6.6 Method of measurement

Case record form:
1. Demographic data and baseline variables
: continuous data
- Agein year.
- Body weight in kilogram.
- Height in centimeter.
- Gestation age in week.
- Baseline NIBP in mmHg and HR in beat per minute.
: categorical data
- ASA physical status in | or Il.

- Indication of cesarean section (oligohydramnios, cephalopelvic disproportion (CPD),
previous cesarean section, premature rupture of membrane (PROM), breech

presentation, decrease fetal movement and others) in frequency.
- Supine hypotensive syndrome of pregnancy in yes or no.
2. Relevant data pertaining to anesthesia and surgery
: continuous data
- Time interval from spinal anesthesia to skin incision in minute.
- Time interval from spinal anesthesia to Uterine incision in minute.
- Time interval from spinal anesthesia to Baby delivery in minute.

: categorical data

- Anesthetic level at 1 and 5" minute in L5 to C1 dermatomal level.

3. Baby characteristics

: continuous data
- Birth weight in gram.

: categorical data

- Apgar score at 1" and 5" minute in 0 - 10 points.

4. Primary outcome variable
: categorical data

- serious bradycardia in yes or no.

17
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5. Secondary outcome variable

1. Factors associated with phenylephrine-induced serious bradycardia.

- pretherapeutic heart rate in beat per minute,

- all variables in demographic data, baseline characteristic and relevant data pertaining to

anesthesia and surgery.

2. Other side effects of phenylephrine administration in yes or no.

- heart block

- premature ventricular contraction
- premature atrial contraction

- persistent bradycardia

- asystole

- others



3.6.7 Study flow chart

Eligible pregnant women
undergoing elective cesarean
section under spinal anesthesia

I

At ward
(one day before surgery)

Record BP and HR to determine
: Baseline BP & HR

: Supine hypotensive syndrome of pregnancy

|

In Operating Room

Monitoring :NIBP, HR, SpO2

Fluid preload, O; 6 I/min

Perform spinal anesthesia

Supine position with left uterine
displacement 15°

il

Record BP, HR ¢ 1min

-
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SBP

Hypotension :
SBP < 80%baseline or < 80 mmHg

No hypotension :
SBP = 80%baseline or 2 90 mmHg

|
Record Pretherapeutic HR

A

Until no hypotension

Phenylephrine 100 mcg iv bolus

Serious bradycardia :
HR < 60 /min + hypotension or
HR < 45 /min

Repeat doses g 1 min

h 4

No serious bradycardia

Atropine 0.6 mg iv bolus

Repeat doses g 2 min
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3.6.8 Data Analysis

Part 1: Demographic data, baseline hemodynamics, relevant data pertaining to anesthesia,

surgery, and neonatal characteristics

- Continuous data were presented with mean (SD) or median (IQR) and analyzed using

unpaired t-test or Mann-Whitney U test, where appropriate for assumption.

- categorical data were presented with number(n) and percentage(%) and analyzed using

chi square or Fisher exact test, where appropriate for assumption.
- Alevel of significant is p-value < 0.05.

Part 2: Variables associated with serious bradycardia

Analyzed by univariable logistic regression, presented as crude odds ratio with 95%
confidence interval and select the variable of p < 0.05 to put in the model of multivariable

logistic regression and presented as adjusted odd ratio with 95% confidence interval and p-value.

A level of significant is p-value < 0.05

Analyses were performed by using Stata version 12 (Copyright 1985-2011 StataCorp LP)
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3.6.9 Ethical consideration

1. Pregnant women and baby were the vulnerable subject. So at ward, one day before
surgery the protocol was explained to these parturients with her family and an overnight of time
was given for their decision and informed consent before study enrollment. However, they could
withdraw from this study at anytime according to the principal of respect for persons in Belmont
report.

2. Spinal anesthesia was the standard method for cesarean section and phenylephrine
was declared a vasopressor of choice for antihypotensive treatment during spinal anesthesia for
cesarean section because of a favorable effect on fetal metabolism. Phenylephrine-induce
maternal bradycardia can be easily corrected with atropine. Closed monitoring and prompt
treatment were important for taking care of maternal safety and fetal well-being according to the
principal of beneficence in Belmont report.

3. Parturients were recruited into this study with the same inclusion and exclusion criteria
according to the principal of justice in Belmont report.

4. The research proposal must be approved by the ethical committee of Faculty of
Medicine, Chulalongkorn University and Chaoprayayomraj hospital, Suphanburi province before

starting the study.

5. There were lots of personal data and the other information, all data would be kept in
a personal investigator’s computer. Passwords were required to access the data. The Results of

were presented in general, not as individual data.

6. No conflict of interest of this study.
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CHAPTER IV

Results

For a total of 509 participants, 150 parturients were recruited at King Chulalongkorn
Memorial Hospital and 359 parturients were recruited at Chaoprayayomraj Hospital during the
study period. Incidence of phenylephrine-induced serious bradycardia was 11% (n=56, 95% Cl
8.0-14.0). Incidence of bradycardia (HR < 60 bpm) was 28.9% (n=147, 95% Cl 24.9-32.8). Four
patients had pHR < 60 bpm (bpm results: 58, 57, 56, 54) while phenylephrine was being given for
treatment of hypotension. One patient (pHR 57 bpm) developed serious bradycardia and
received atropine 0.6 mg IV bolus for rescue treatment. Demographic data are shown in Table 1.
Comparing between the serious bradycardia and no serious bradycardia groups, there was a
statistically significant difference in height between the two groups. No statistically significant
difference was found in age, body weight, GA, ASA, indication and the incidence of SHSP between
the serious bradycardia and no serious bradycardia groups (7.3% and 5.5%, respectively and p-

value 0.72)

Table 1 Demographic data

Serious bradycardia group No serious bradycardia group

Variables (n=56) (n=453) p-value

Mean/Median Sd/IQR Mean/Median Sd/IQR

Age (yr) 30.4 6.5 29.4 59 0.24°
Body weight (kg) 68.4 10.9 72.2 13.2 0.05%
Height (cm) 156.4 6.1 158.2 5.9 0.01°
Gestation age (wk) 38 38-39 38 38-38 0.53°
ASA status n (%) 56 (100) 451 (99.6) 0.38"
| 56 (100) 438 (97.1)
Il - 13 (2.9)
Indication n (%) 56 (100) 449 (99.1) 0.05°
Oligohydramnios 5(8.9) 50 (11.1)
CPD 23 (41.1) 192 (42.8)

Previous ¢/s 26 (46.4) 189 (42.1)
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PROM 2 (3.6) 0
Breech 0 15 (3.3)
SHSP n (%) 41 (73.2) 364 (80.5) 0.72°
yes 3(7.3) 20 (5.5)
no 38 (92.7) 344 (94.5)

a=unpaired t-test; b=Mann-Whitney U test; c=Fisher exact test; d=Chi square test

Baseline hemodynamics, intraoperative HR changes, administered phenylephrine doses,
relevant data pertaining to anesthesia and surgery, and neonatal outcome are presented in Table
2. All were analyzed by using Mann-Whitney U test. There were statistically significant differences
in baseline DBP, baseline HR, pHR, anesthetic level at 1°" minute, duration of induction-to-uterine
incision, and induction-to-delivery between the serious bradycardia and no serious bradycardia
groups. The dose range of phenylephrine administration among all study subjects was 100-700
mcg, with no statistically significant differences between the two groups. Incidence of HR < 60
bpm before phenylephrine administration was 3.57% and 0.44% in the serious and no serious
bradycardia groups, respectively (p=0.06). The neonatal characteristics was with in normal limit

and no statistically significant differences between the two groups.

Table 2 Baseline hemodynamics, relevant data pertaining to anesthesia, surgery, and neonatal

characteristics.

Serious bradycardia group  No serious bradycardia

Variables (n=56) group (n=453) p-value
Median IQR Median IQR

Baseline SBP (mmHg) 120 110-125.3 119 111-128.7 0.37

Baseline DBP (mmHg) 70 62.7-75 73.3 67-80.7 0.002

Baseline HR (bpm) 82.9 74-89 86.3 80.3-95 0.003

Pretherapeutic HR 79.5 67-95.5 95 82-113 <0.001

(bpm)

HR difference at 1 13 6-27 12 5-22 0.27

minute after

phenylephrine

administration
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Total amount of 200 100-200 100 100-200 0.14

phenylephrine (mcg)

Relevant data pertaining to anesthesia and surgery

Anesthetic level

(dermatome)
at 1% min T6 T4-T10 T8 T6-T10 <0.001
at 5™ min Ta T4-Ta Ta T3-Ta 0.27

Incision interval (min)

Induction - skin 4 3-5 4 3-5 0.70
Induction - uterine 8 6-11 7 6-9 0.03
Induction - delivery 9 8-13 9 7-10 0.01
Neonatal

characteristics

Apgar score

at 1° min 9 9-9 9 9-9 0.67
at 5™ min 10 10-10 10 10-10 0.48
Birth weight (g) 3040  2810-3265 3130 2905-3410 0.05

Univariable logistic regression showed association between serious bradycardia and the
following factors: pHR, height, baseline DBP, anesthetic level at 1*" minute, and baseline HR
(p<0.05) (Table 3). No multicollinearity (VIF: 1.00-1.41) was found among these factors.
Multivariable logistic regression demonstrated that pHR was significantly associated with serious
bradycardia after adjusting for height, baseline DBP, and anesthetic level at 1* minute (adjusted
OR 0.96, 95% Cl 0.94-0.98, p<0.001, AUROC 0.76). A one bpm increment increase in pHR reduced
the incidence of serious bradycardia by 4%. This result demonstrated that pHR is the predictor of

serious bradycardia after phenylephrine administration in acceptable level®.



Table 3 Univariable and multivariable logistic regression evaluating factors associated with

phenylephrine-induced serious bradycardia.

Crude OR (95% () p-value  Adjusted OR (95% Cl) p-value
PHR 0.96 (0.95 - 0.98) <0.001 0.96 (0.94 - 0.98)* <0.001
Height 0.94 (0.90 - 0.99) 0.014 0.94 (0.89 - 0.98) 0.015
Baseline DBP 0.95(0.93 - 0.98) 0.002 0.97 (0.94 - 0.99) 0.03
Anesthetic 1.18 (1.07 - 1.29) 0.001 1.13(1.02 - 1.23) 0.02
level at 1° min
Baseline HR 0.96 (0.93 - 0.99) 0.03 0.98 (0.95 - 1.01)** 0.285

*Adjusted for height, baseline DBP, and anesthetic level at 1°" min
**Adjusted for pHR, height, baseline DBP, and anesthetic level at 1*" min

Incidence of serious bradycardia in various ranges of 5 bpm pHR intervals also
demonstrated association, which confirmed the results from multivariable logistic regression
analysis (Chart 1, Table 4). Incidence of serious bradycardia in parturients with pHR greater than
80 (about 10%) was the half that of patients with pHR in the range of 61-80 bpm (about 20%).
Patients in the pHR range equal to or below 60 bpm showed a higher incidence of up to 50%
(Table 4). In a comparison between incidence in the pHR > 80 bpm range and the other two
ranges, incidence of serious bradycardia increased to 3.55 times (95% Cl 1.81-6.93) and 12.81
times (95% Cl 4.40-37.30) in the 61-80 bpm range and < 60 bpm range, respectively.
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Figure 1 Incidence of serious bradycardia (%) and number of serious and no serious bradycardia

patients in 5-minute pHR intervals

Number of patients
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pHR interval (bpm)

Table 4 Univariable and multivariable logistic regression evaluating the association between pHR

(interval) and phenylephrine-induced serious bradycardia

Crude OR (95% ClI) p-value  Adjusted OR (95% Cl) p-value
pHR > 80 bpm
pHR 61-80 bpm 2.42(1.34-4.36) 0.003 3.55(1.81-6.93) * <0.001
pHR < 60 bpm 9.45 (3.58-24.96) <0.001 12.81 (4.40-37.30) * <0.001

*Adjusted for height, baseline DBP, and anesthetic level at 1° min

Incidence of reactive hypertension (RHT) was 5.7% (n=29, 95% Cl 3.68-7.71). There were
15, 10, 4 cases developed RHT after total 100, 200 and 300 mcgs of phenylephrine
administration, respectively. The parturients who received 400 to 700 mcgs of phenylephrine did
not develop RHT. There was a statistically significantly higher incidence in the serious bradycardia
group than in the no serious bradycardia group (16.07% and 4.42%, respectively; p=0.002). This
difference was associated with and attributable to the administration of atropine. However, no
clinically significant differences in hypertensive crisis symptoms were found between the two

groups.
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The number and incidence of atrioventricular block (AVB) was 7 and 1.38% (95% Cl 0.4-
2.8), respectively. Four cases were 1% degree AVB and 3 cases were 2" degree AVB (Mobitz I).
One AVB case showed asymptomatic ECG change to sinus bradycardia with junctional rhythm and
then to Mobitz I. Duration of this abnormality lasted 1-2 minutes and then returned to normal
sinus rhythm after IV administration of 0.6 mg atropine. The other 6 cases developed within

minutes and then spontaneously returned to normal.

One case of supraventricular tachycardia was found. After 1 minute of phenylephrine
administration, the patient developed one premature ventricular contraction and one premature
atrial contraction. After 2 minutes of phenylephrine administration, supraventricular tachycardia
(117 bpm) developed, but spontaneously resolved within 10 seconds without any hypoperfusion
symptoms. During the study, no external pacemaker was used and no severe abnormal ECG or

cardiac arrest occurred.

Table 5. Intraoperative side effects of phenylephrine administration

Variables All subjects (n=509)
N (%)

Reactive hypertension 29 (5.7)

AV block 7 (1.38)

1% degree 4 (0.79)

2" degree (Mobitz I) 3 (0.59)
Premature ventricular contraction 3 (0.59)
Premature atrial contraction 7 (1.38)
Sinus arrhythmia 6 (1.19)

Supraventricular tachycardia 1 (0.19)
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CHAPTER V

Discussion

The ideal vasopressor for antihypotensive treatment during cesarean section would be
one that is effective and easy to use, has rapid onset, short duration of action, easy titration, has
prophylactic use, and absent of any adverse maternal or fetal impactm). Despite evidence in
favor of phenylephrine as a superior antihypotensive treatment option, there remains widespread
variation in choice, dosing and method of administration of vasopressors(”. Previously, both
ephedrine and phenylephrine were recommended as equally efficacious vasopressors in obstetric
anesthesia (The United Kingdom National Institute for Health and Care Excellence Guidelines) e,
As a consequence of improved fetal acid-base status, the ASA Task Force on Obstetric Anesthesia

and Canadian guidelines declared phenylephrine preferable to ephedrinem).

According to a previous study, different initial phenylephrine bolus doses of 100, 125,
and 150 mcg did not significantly differ in efficacy in the treatment of post-spinal hypotension in
patients undergoing elective caesarean deliverym). The authors used 100 mcg intravenous bolus
titration, given that blood pressure can be stabilized within the first 6 minutes and method of
administration is practical and simple and does not involve the set-up of a syringe pump(w.
Therapeutic indication was considered, because some studies reported a higher incidence of
hypertension and bradycardia after prophylactic administration®. Some evidence showed a
decrease in cardiac output after phenylephrine that was correlated with reduced heart rate,

emphasizing the importance of heart rate as a surrogate indicator of cardiac outputm).

This study found the incidence of phenylephrine-induced serious bradycardia that
required atropine for treatment to be 11%, which was similar to that of a previous report(m and
there were the same method of phenylephrine administration, intravenous bolus that might be
cause sudden increased vasoconstriction in peripheral artery and cause reflex serious bradycardia.

Other studies'"*®

using intravenous bolus method of phenylephrine for antihypotensive
treatment showed higher incidence of bradycardia (30-50%) so the further study of gradually
injection of phenylephrine within 30-60 seconds is of interest. In addition, lower pHR increased
the incidence of serious bradycardia. Lower height, baseline DBP, and higher anesthetic level after
1 minute of spinal anesthesia also increased incidence. These findings might result from rapid
sympathetic blockade. However in clinical setting, median height was 156.4 cms and 158.2 cms in
serious bradycardia group and no serious bradycardia group, respectively and median height of

baseline DBP was 70 mmHg and 73.3 mmHg in serious bradycardia group and no serious

bradycardia group, respectively that had no clinically significant differences. The results show the
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association and direction of the pHR interval to predict the risk of serious bradycardia, which may
help to guide physician clinical judgement when using phenylephrine. This study also supports
some clinical protocols regarding the recommended use of phenylephrine in the presence of

7 Because of the small number of the patient with

maternal tachycardia (heart rate > 110 bpm)
SHSP (n=3 in serious bradycardia group and n=20 in no serious bradycardia group) caused under
power to show the difference between two groups so the further study with larger sample size is
required to find the association between SHSP and phenylephrine-induced serious bradycardia.

38-40. . .
) and a reflex increase in

Bradycardia was mediated via the non-vagal component(
vagal activityml). The non-vagal component is characterized as a consequence of reduced
sympathetic activity. Increasing arterial blood pressure from phenylephrine caused a baroreflex-

“2%% 3and anesthetized rabbits®.

mediated inhibition of sympathetic nerve activity in conscious
This action would reduce the release of endogenous noradrenaline and adrenaline, thus reducing
stimulation of B1-adrenoceptors on SA nodal cells and resulting in a lowered HR“Y. This might
be the main mechanism in this setting. Some reports described an association between
phenylephrine and torsade de pointes (TdP)*. Furthermore, bradycardia is a risk factor for the

development of (TdP), but TdP was not found in this study.

Abnormal ECGs showed benign AVB, premature atrial contraction, premature ventricular
contraction, sinus arrhythmia, and short run SVT. These findings agreed with the literature, which
describes events that occur over a short period of time and then spontaneously recover®. An
excess of vagotonia resulting from the higher site of the block might cause Mobitz | from AV node
blockade. The likelihood of development of complete AVB is very low*”. Lai FM et al. reported
ventricular bigeminy and suggested that this was most probably a stretch-induced ventricular

“) n addition to the

arrhythmia due to increased ventricular afterload caused by phenylephrine
direct effect of Q-1 adrenergic activity, a previous study reported that phenylephrine also has [B-
adrenergic effects like tachycardia and supraventricular arrhythmia when administered at high

a9
doses™.

Incidence of reactive hypertension (RHT) was found to be dose dependent, ranging from
25% to 82% in prophylactic phenylephrine infusions of 25, 50, 75, and 100 mcg/min. The
administration of glycopyrrolate for management of bradycardia may also have contributed to
incidence of reactive hypertensionw. George et al.?? found no RHT in an up-down determination
of the ED90 study of phenylephrine in the treatment of spinal anesthesia-induced hypotension.
Of note, the initial dose of phenylephrine in the George et al. study (100 mcg) was the same as

the amount used in our study. This study showed the incidence of RHT was not phenylephrine-

dose dependent. The result showed higher incidence of reactive hypertension (SBP > 20%
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baseline) in the serious bradycardia group might be attributable to effect of atropine
administration, but none of these patients presented with any symptoms of hypertensive crisis.
The authors recommend careful observation of phenylephrine-induced bradycardia, as opposed

to early treatment by atropine.

To protect both mother and baby, all parturients with serious bradycardia received
atropine 0.6 mg intravenous bolus. This emphasizes the importance of careful monitoring of
patients and early management of side effects®”. This protocol may facilitate the prevention of

advanced heart block.
Limitations

This study demonstrated the possible diagnostic utility of pHR to predict serious
bradycardia after phenylephrine administration. However, further study is required to identify the

optimal cut-off point of pHR for the safe use of phenylephrine.
What is already known on this topic :

Phenylephrine induces serious bradycardia. No severe adverse events can normally be

expected from phenylephrine administration.
What this study adds :

Higher pHR reduces the incidence of serious bradycardia. If pHR is >80 bpm, incidence of
serious bradycardia is less than 10%. If pHR is 61-80 bpm, incidence of serious bradycardia
increases 3.55 times. In cases where pHR is < 60 bpm, incidence of serious bradycardia increases

12.81 times.

Lower height, baseline DBP, and higher anesthetic level at 1% minute increase the

incidence of serious bradycardia.
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CHAPTOR VI

Conclusion

Phenylephrine is an alternative vasopressor for antihypotensive treatment during spinal
anesthesia for cesarean section. It may induce benign bradycardia, which is temporary. The
incidence of bradycardia where treatment was necessary, was higher in parturients with lower
heart rates. However, this can be effectively treated by intravenous atropine. Higher
pretherapeutic heart rates were found to be associated with reduced risks of serious bradycardia ;
pretherapeutic heart rate between 61 and 80 bpm showed three times greater the risk of serious
bradycardia than those over 80 bpm, while those below 60 bpm raised the stakes to twelve

times.

Furthermore, other abnormal ECGs were benign and spontaneously recovered. No

abnormality of Apgar score which was associated with phenylephrine was shown.
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APPENDIX

Information sheet for research participant
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Case Record Form
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At ward or OR

Supine with left lateral tilt 15

degree

Systolic(mmHg)

Diastolic(mmmHg)

HR(bpm)

1

Average

SBP +/- 20% baseline = lower limit ......cccccc...... mmHg , upper imit ................

Left lateral position

1

Average

Supine position

1

Average

Supine hypotensive syndrome of pregnancy (SHSP) =
Left lateral SBP - supine SBP > 20 mmHg or

Left lateral DBP- supine DBP > 10 mmHg

Yes O

No O




Dermatomal anesthetic level by alcohol test (loss of cold sensation discrimination)
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Time(min)

Level

1

Time

Finish SAB(SAB)

Skin incision(SI)

Uterine incision(UI)

Baby delivery(BD)

Total

min

After SAB to baby delivery (lower limit SBP

mmHg give Phenylephrine 100 mcg iv bolus)

Time

Systolic
(mmHg)

Diastolic

(mmHg)

Sp0O2
(%)

Phenyl

ephrine

Atropine

Si7Ul
/BD
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14

15

16

17

After delivery : event of hypotension / hypertensio

n /bradycardia (<60)/tachycardia(>100)

Event Time Systolic Diastolic HR(bpm) | SpO2 Treatment
(mmHg) (mmHg) (%)

1 -

2 -

3 o

a R

5 -

Baby

Apgar Imin ..o, Apgar 5min .c.ooceeveenncenns

Birth weight .....ccccocevenee. g
Intraoperative Postoperative

Nausea yes  no yes  no

Vomiting yes  no yes  no

Headache yes  no yes  no
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