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Purpose: Treatment of spinal anesthesia-induced hypotension in patients with severe pre-
eclampsia assumes special concern as hypotension may further reduce placental perfusion.
Phenylephrine is still the first-line vasopressor for treating spinal anesthesia-induced hypo-
tension. However, the optimal dose of phenylephrine used as intravenous (IV) boluses in
patients with severe preeclampsia has not been clearly determined. We aim to calculate the
90% effective dose (EDgg) of phenylephrine as IV boluses for treating spinal anesthesia-
induced hypotension in patients with severe preeclampsia undergoing cesarean delivery.
Patients and Methods: Forty patients with severe preeclampsia were enrolled in this
prospective sequential allocation dose-finding trial. Using the biased coin up-and-down
(BCUD) method, all patients in our study received an IV bolus phenylephrine of either 40,
50, 60, 70, or 80 pug when the mean arterial pressure (MAP) decreased to less than 80% of
the baseline level and the EDgy was determined. The primary outcome was the success of the
assigned phenylephrine bolus to maintain the MAP at or above 80% of baseline value
between the induction of spinal anesthesia and delivery of the fetus. Secondary outcomes
included hypertension, nausea, vomiting, bradycardia, upper sensory level of anesthesia,
umbilical blood gases, and Apgar score. Estimating of the EDgy with 95% confidence
interval (CI) was achieved by isotonic regression method.

Results: The EDg, of phenylephrine was estimated as 62.00 pg (95% CI=50.00-67.40 ng)
using the isotonic regression method. No patients enrolled in our study experienced bradycardia
and those patients who developed hypertension were all observed at the dose level 70 pg.
Conclusion: For clinical practice, we recommend that phenylephrine 60 ug may be both
effective and safe for treatment of spinal anesthesia-induced hypotension in severe pree-
clampsia during cesarean delivery.

Keywords: phenylephrine, hypotension, preeclampsia, biased coin up-and-down method,
EDgg

Introduction

Considered as a critical contributor to maternal morbidity and mortality, preeclamp-
sia affects 3-5% of pregnancies.' Remarkably, as one of the characteristics of
severe preeclampsia, uteroplacental dysfunction results in severe neonatal adverse
outcomes, such as fetal growth restriction and oligohydramnios, especially when
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they experience hypotension during spinal anesthesia.”
Depressed Apgar scores and umbilical acidosis have
been confirmed as highly correlated with the duration
and severity of hypotension.’

The use of vasopressors in patients with severe pree-
clampsia is extraordinarily difficult and complex.
Phenylephrine, an a-1 agonist, is the first-line vasopressor
to treat spinal anesthesia-induced hypotension in severe
preeclampsia.’ Although a prophylactic phenylephrine
infusion seems to be superior to bolus administration for
preventing postspinal hypotension for healthy patients,*
intermittent IV boluses of phenylephrine may be a better
choice for treatment of spinal anesthesia-induced hypoten-
sion in severe preeclampsia as a prophylactic infusion of
phenylephrine may result in reactive hypertension and
bradycardia.” Previous studies seem to indicate that phe-
nylephrine 50-100 pg can effectively treat spinal anesthe-

.. . . 1
sia-induced hypotension in 8710

severe preeclampsia.
However, the optimal dosage of phenylephrine for treating
spinal anesthesia-induced hypotension in severe pree-
clampsia undergoing cesarean delivery has not been fully
determined.

The aim of our study was to determine the EDgy of
phenylephrine for treatment of spinal anesthesia-induced
hypotension in severe preeclampsia during elective cesar-

ean delivery using the BCUD method.""

Materials and Methods
Design and Study Subjects

This sequential allocation dose-finding study obtained
approval from the Ethical Committee of the Women’s
Hospital, Zhejiang University School of Medicine
(Hangzhou, China) (no. 20180010) and was registered at
Chinese Clinical Trials.gov (ChiCTR1800015805).

We recruited singleton pregnancy patients with severe
preeclampsia who were scheduled for cesarean delivery
under combined spinal-epidural anesthesia from April 23,
2018 to December 31, 2018. Written informed consent
was obtained from all patients before enrollment in our
study. Preeclampsia was identified by blood pressure
>140/90 mmHg at two time intervals at least 4 hours
apart, and a 24-hour proteinuria >300 mg or proteinuria
>1+ on a dipstick test. Severe preeclampsia was identified
as systolic blood pressure >160 mmHg and/or diastolic
blood pressure >110 mmHg, obtained on >2 separate occa-
sions with an interval of at least 4 hours, or patients had
symptoms such as thrombocytopenia (platelet count

<100,000/microliter), impaired liver function, progressive
renal insufficiency, pulmonary edema, or new-onset cere-
bral or visual disturbances.'? Patients were excluded if
they had any of the following: American Society of
Anesthesiologists (ASA) of III or higher, any contraindi-
cation to spinal anesthesia, active labor, age less than 18 or
greater than 45 years old, weight less than 50 or greater
than 100 kg, height less than 150 or greater than 180 cm,
umbilical cord prolapse, non-reassuring fetal heart tracing,
pulmonary edema, thrombocytopenia (platelet count
<100,000/microliter), HIV positive with AIDS-defining
disease, less than 28 weeks gestation, multiple pregnancy,
known allergy to phenylephrine, or patient refusal.

Study Protocol

According to the established protocols of our hospital,
antepartum treatment for severe preeclampsia is as fol-
lows: patients received 4 g magnesium sulphate intrave-
nously as a loading dose, followed by 1 g hourly, for acute
seizure prophylaxis. Continuous IV infusion of urapidil
50 mg or labetalol 50 mg to reduce systolic blood pressure
to less than 160 mmHg in the acute admission ward. If
gestational age on admission is more than 34 weeks and
there is either maternal or fetal indication for delivery,
cesarean section was conducted. If gestational age on
admission is less than 34 weeks and no indication for
urgent delivery, the patient is transferred to in-patient
management until an indication for delivery. They are
prescribed levamlodipine besylate 2.5 mg or nifedipine
20 mg orally once daily to reduce systolic blood pressure
to <160 mmHg in the ward. At 34 weeks gestation, elec-
tive cesarean section is performed by the attending obste-
trician. However, if gestational age on admission is more
than 34 weeks, elective cesarean section is conducted after
stabilization of the patients. Previous cesarean section is
also an indication for elective repeat cesarean section.

In the operating room, noninvasive monitoring includ-
ing electrocardiography, blood pressure, and pulse oxime-
try were established. IV access was established in the
lower forearm with an 18-gauge IV cannula and patency
of that was maintained using 500 mL lactated Ringer’s
solution at a minimal rate. Patients were given 1.5
g cefuroxime sodium intravenously before induction of
combined spinal-epidural anesthesia. Five minutes before
spinal anesthesia, baseline MAP was measured at rest in
the supine with left lateral position by averaging three
consecutive noninvasive blood pressure readings taken at
I-minute intervals with a difference of less than 10%.
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Epidural anesthesia was performed at the L1-2 interspace
with the patient in the left lateral position and local anes-
thetic was not given. Spinal anesthesia was then conducted
in the left lateral position using a 25-gauge Whitacre
spinal needle inserted at the L3—4 interspace. After con-
firming free outflow of cerebrospinal fluid, hyperbaric
ropivacaine 0.5% w/v (15 mg) was injected intrathecally
in a volume of 3 mL over 30 seconds. The patient was
then positioned supine with left lateral tilt and received
oxygen 3 L/min by facemask. All patients were anesthe-
tized by the same senior anesthesiologist who was blinded
to the dose of phenylephrine and did not participate in the
data collection. Loss of cold sensation up to the T6 der-
matome or above was considered adequate. If an adequate
sensory block was not obtained in 10 minutes, the patient
was excluded.

The phenylephrine doses ranged from 40-80 pg, and
the initial dose was 40 pg. The phenylephrine was pre-
pared by an anesthesia nurse who did not participate in the
patients’ management or the study’s data collecting. All of
the phenylephrine doses were diluted to a total volume of
10 mL and were labeled “study drug” in identical 10-mL
syringes by the anesthesia nurse to ensure blinding of the
senior anesthesiologist.

Based on the BCUD method, the dose varied by incre-
ments or decrements of 10 pg determined by the response of
the previous subject. The dose was considered a failure if the
dose did not restore the MAP at or above 80% of the base-
line value within 60 seconds and the dose for the subsequent
subject was stepped up. The dose was considered a success
if the subject responded to the current dose within 60 sec-
onds, and the dose for the subsequent subject was rando-
mized to the next lower dose with a probability of 1/9 or to
the same dose with a probability of 8/9. The dose of 40 pg
was set as the floor dose and 80 pg was set as the ceiling
dose. The same dose (40 pg) level would be administrated to
the subsequent subject if a success was achieved with the
floor dose (40 pg). Similarly, the same dose (80 pg) level
would be administrated to the next subject if a failure was
obtained with the ceiling dose (80 pg). In addition, if no
hypotension occurred between the induction of spinal
anesthesia and delivery of the fetus, the subject was with-
drawn and the same dose was assigned to the next subject.
Another anesthesiologist recorded the patient’s study num-
ber and determined the doses for subsequent patients who
did not participate in the drug preparation or the patients’

management to ensure blinding.

In our study, MAP, heart rate (HR), and pulse oximetry
were measured at 1-minute intervals for ten readings after
intrathecal injection until delivery, followed by 2-minute
intervals until the end of the operation. Hypotension was
defined as a MAP decreased to <80% of the baseline value
during the period between the induction of spinal anesthe-
sia and delivery of the fetus. If hypotension occurred
during the study period, a 10-mL bolus containing
assigned phenylephrine dose was administrated by the
senior anesthesiologist. If MAP was not restored to 80%
of the baseline within 60 seconds, phenylephrine 50-100
ng or ephedrine 5-10 mg was given as appropriate, as per
standard practice. If bradycardia (defined as a HR <50
beats per minute) was associated with hypotension, ephe-
drine 5-10 mg was administered and atropine 0.5 mg was
given for persisting bradycardia. If a maximum dose of
either phenylephrine 300 pg or ephedrine 45 mg was used,
an alternative vasopressor (norepinephrine) could be admi-
nistered. If hypertension (defined as a MAP >120% of the
baseline value) occurred, a vasodilator (urapidil) could be
given if necessary. Our study ended after the delivery of
the fetus. The treatment after completion of the study was
at the discretion of the senior anesthesiologist. As per
standard practice, after delivery of the fetus, a segment
of the umbilical cord was obtained for blood gas assess-
ment of the umbilical artery and vein. A bolus of Oxytocin
1 U was injected intravenously over 10 seconds as
a loading dose followed by 9 U/hour as per standard
practice in our hospital.

The primary outcome of the study was the success of
the assigned bolus dose of phenylephrine to maintain the
MAP at or above 80% of baseline value during the study
period. Secondary outcomes included hypertension, nau-
sea, vomiting, bradycardia, upper sensory level of anesthe-
sia, umbilical blood gases and Apgar score. Additional
data including maternal demographics and neonatal out-
comes were also collected.

Statistical Analysis

We used the BCUD method to determine the EDqg, of pheny-
lephrine. For ethical reasons, when we determine a dose of
adrug in a clinical trial, we would like to obtain a best estimate
with the smallest sample, which was done by the BCUD
method."" However, the accurate estimation of the sample
size is difficult because of the unknown and nonindependent
data distribution."® Simulation studies indicate that enrolling
20-40 patients could provide stable estimates.'" In our study,
we chose the maximum sample size of 40 patients.
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The EDyq means that the success occurred in 90% of the
patients by using the assigned dose of phenylephrine and it
was estimated using an isotonic regression method. An iso-
tonic regression estimate was shown to perform well or even
better than other estimators.'"'* It is a linearly interpolated

09 (xi41 — X;) + x;, where x; = max (x; :

estimate: U3 = =
pi <0.9) and ;i‘iﬁjthe adjusted success rate at dose
x;,i=1,2,3, ...,k calculated by the pooled-adjacent-
violators algorithm (PAVA).'" The PAVA algorithm was
<

pJ—

used to get an adjusted rate p; = {p} < p; <, ...
the
, Pkt may not be increased. The 95% CI was

Py} because observed rate of p;

{plapZa

calculated using the biased correction method based on

Success

2,000 bootstrap replications of U3.'"%'> These replications
were obtained from a bootstrap data set with BCUD method
and 40 samples, supposing that the true dose—response rate
at each dose level is pf, i= 1,2,3,...,k estimated based
on the original data, and then we estimated U3*the isotonic
based on the
Additionally, the patient demographics and the second out-

regression  estimator, bootstrap  data.

comes were analyzed descriptively.

Results

One hundred and forty-two patients undergoing combined
spinal-epidural anesthesia scheduled for elective cesarean
section were screened for eligibility from April 23, 2018 to
December 31, 2018 (Figure 1). One hundred and two
subjects were withdrawn because of the following reasons:
not meeting inclusion criteria (n=25), declining to partici-
pate (n=10), inadequate spinal block (n=7), and not devel-
oping hypotension (n=60).

Forty patients with severe preeclampsia enrolled in our
study experienced hypotension and received assigned phe-
nylephrine. The demographics, including age, weight,
height, body mass index, gestational age, gestation, pro-
duction, baseline MAP, and baseline HR of the 40 patients
are shown in Table 1.

The doses of phenylephrine assigned to the patients who
developed hypotension ranged from 40-70 pg based on the
BCUD method (Figure 2). Failures were recorded in all dose
levels except for 70 pg and the dose of 80 pg was not used
because of the adequate responses based on the biased coin
design. The observed success rate for each phenylephrine

Assessed for eli

gibility (n=142)

Excluded(n=102)
-Not meeting inclusion criteria(n=25)
-Declined to participate(n=10)

A,

-Inadequate spinal block(n=7)
-Not developing hypotension(n=60)

A

Start wi

Allocated to receive phenylephrine(n=40)

th 40ug

A

Adjust dose depending on the r

esponse of the previous patient

Decrease by 10ug

with a probability of 1/9
or keep the same dose
with a probability of 8/9

Success

Increase by 10ug Failure

A

Excluded from analysis(n=0)

P

Included in analysis(n=40)

Figure | Flow chart of patient recruitment.
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Table | Demographics of Patients Receiving Assigned

Phenylephrine
Variable N=40
Age (years) 34.4+4.5
Weight (kg) 74.249.2
Height (cm) 159.3+4.9
Body mass index (kg/m?) 29.2+3.4
Gestational age (weeks) 36.4+2.6
Baseline mean arterial pressure (mmHg) 124.7+11.1
Baseline heart rate (beats/min) 88.9+15.2
Gestation (n) 2.0 (1.0-3.0)
Production (n) 0 (0-1.0)

Notes: Gestation (n) and Production (n) are represented as median (interquartile
range), others are represented as meanSD.
Abbreviations: N, number; SD, standard deviation.

dose level and PAVA-adjusted response rates are shown in
Table 2. By using isotonic regression methods, the EDgq of
phenylephrine was estimated as 62.00 pg (95% CI=50.00—
67.40), obtained by the biased correction method.

The data of the maternal and neonatal outcomes are
presented in Table 3. No patients who received the
assigned phenylephrine boluses developed bradycardia.
Of the four patients (10%) who experienced hypertension,
all received the assigned phenylephrine dose of 70 pg.
Of the six patients (15%) who observed nausea, four and
two received phenylephrine bolus doses of <60 pg and
>60 pg. Apgar scores at 1 minute and 5 minutes were
observed at 9 or above, except one patient who received
a dose of 70 pg. The patient’s Apgar score at 1 minute was
5. Umbilical artery blood gas was obtained from 12 sub-
jects. The PH ranged from 7.25 to 7.37, no umbilical

100+
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”moooooco\ /oo
/

/

40 e00ced

Phenylephrine Dose (ng)

0 5 10 15 20 25 30 35 40 45
Parturient Sequence Number
Figure 2 The parturient sequence and the response. The allocated dose levels are

40, 50, 60, and 70 pg based on the biased coin up-and-down design.
Notes: o, effective dose; o, ineffective dose.

acidosis was observed. Above all, no severe adverse out-
comes among both mothers and infants were found.

Discussion

In the present study, we conducted a sequential allocation
dose-finding trial to determine the EDgy of phenylephrine
IV boluses for treatment of spinal anesthesia-induced hypo-
tension in severe preeclampsia during cesarean delivery.
Using isotonic regression methods, we found that the esti-
mated EDg, of phenylephrine was approximately 62.00 pg
(95% CI=50.00-67.40), estimated by the biased correction
method based on the bootstrap data. Previous studies sug-
gested that phenylephrine 50-100 pg can effectively main-
tain MAP without severe adverse events.® '°

Obviously, compared with previous studies for healthy
patients, the EDgg of phenylephrine is lower in patients
with severe preeclampsia. One study estimated the EDgq of
a phenylephrine bolus to prevent spinal anesthesia-induced
hypotension in healthy patients to be 147 pg.'® Using the
continual reassessment method, Liu et al'” found that
approximately phenylephrine 100 pg was enough to
reverse spinal anesthesia-induced hypotension.

Two main factors contributed to the difference of opti-
mal dosage of phenylephrine between healthy patients and
patients with severe preeclampsia. First, in contrast to
healthy patients, patients with severe preeclampsia com-
monly carry a smaller fetus which may decrease the risk of
aortocaval compression. Fetal weight and aortocaval com-
pression have been suggested to be correlated with the low
incidence of hypotension.'® Second, the diffuse endothe-
lial dysfunction in preeclampsia results in decreased synth-
esis of wvasodilators and increased sensitivity to
vasoconstrictors, which may lead to a small phenylephrine
dose requirement for treating hypotension under spinal
anesthesia in patients with severe preeclampsia.'®°

We chose the BCUD method to determine the EDggq
of phenylephrine for two main considerations. First,
compared with the up-and-down method, the BCUD
method allows the researchers to choose the interested
quantile effect dose, such as 90%,'® which may have
more clinical significance. Because of the low inci-
dence of severe preeclampsia, we would like to use
as few subjects as possible and be as accurate as
possible by using the BCUD method. Second, the ran-
dom grouping method would result in some patients
receiving doses that are suboptimal while others
receive high doses, which may cause reactive hyperten-

sion or even more severe adverse effects.
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Table 2 Response Rates Observed and Adjusted by PAVA Approach

Phenylephrine Dose (ug) | Number of Successes

Number of Subjects

Response Rate (Observed) | Response Rate (PAVA)

40 5 6
50 | 2
60 14 16
70 16 16

0.83 0.75
0.50 0.75
0.88 0.88
1.00 1.00

Note: Data are represented as number.
Abbreviation: PAVA, pooled-adjacent-violators algorithm.

MAP was selected to determine hypotension for several
reasons. First, it can reflect changes in both systolic blood
pressure (SBP) and diastolic blood pressure (DBP),?! which
is usually used in studies of patients with severe
preeclampsia.”**** Second, MAP is the physiologic driving
force driving blood flow to organs and tissues rather than
SBP,** while hypotension eventually leads to organ and
hypoperfusion.  Third, output (CO)
(CO = MAP/systemic vascular resistance (SVR)) is a better
predictor of uteroplacental perfusion.”>® When SVR is con-
stant, MAP could represent CO.

Secondary outcomes in our study were acceptable. The

tissue cardiac

unwanted reactive hypertension (10%), which has been

reported in previous studies when using prophylactic

Table 3 Maternal and Neonatal Outcomes

Outcome Data
Maternal Outcome
Nausea 6 (15)
Vomiting 1 (2.5)
Bradycardia 0 (0)
Tachycardia I (2.5)
Hypertension 4 (10)
Neonatal Outcome
Apgar scores at | minute <7 1 (2.5)
Apgar scores at 5 minutes <7 0 (0)
Umbilical Vein Blood Gas
PH 7.33£0.35
PCO, (mmHg) 46.8+6.6
PO, (mmHg) 22.7+10.3
Base excess (mEq/L) —1.1£14
Umbilical Artery Blood Gas
PH 7.31x0.04
PCO, (mmHg) 52.8+5.0
PO, (mmHg) 13.8+4.9
Base excess (mEq/L) -0.7£1.7

Notes: Maternal outcome and Apgar scores are represented as number (%),
others are represented as mean+SD.
Abbreviations: PAVA, pooled-adjacent-violators algorithm; n, number.

vasopressor infusions for preventing hypotension,>’ >’

was observed in patients who received the assigned phe-
nylephrine dose of 70 pg. In clinical practice, especially in
patients with severe preeclampsia, hypertension may cause
lethal outcomes, such as cerebral hemorrhage, heart fail-
ure, pulmonary edema, or kidney failure. Bradycardia was
not observed, while the propensity of phenylephrine to
induce bradycardia has caused concerns, especially in
patients with fetal compromise.'® In addition, no fetal
acidosis happened in our study.

Several limitations in our study should be considered.
First, we used MAP to determine whether the dose was
“success” or “failure” rather than CO, while phenylephrine
mainly reduced maternal CO.*® CO monitor is invasive
and expensive, which is not commonly available for clin-
ical practice. Second, we calculated the EDgq in patients
with preeclampsia but did not compare it with healthy
patients. Third, we chose the BCUD method to determine
the EDg rather than the random grouping method. This is
based on a concern that reactive hypertension may occur
in the high dose level groups. Last, we did not calculate
the 95% effective dose, which may be more clinically
relevant.

Conclusion

In summary, the EDg, of phenylephrine for treatment of spinal
anesthesia-induced hypotension during cesarean delivery is
approximately 62.00 pg (95% CI=50.00—67.40). For clinical
practice, we recommend that phenylephrine 60 pg may be safe
to treat hypotension under spinal anesthesia during cesarean
delivery in severe preeclampsia. Further studies are warranted
to calculate the EDyg in preeclamptic patients and healthy
patients.

Abbreviations

EDyy, the 90% effective dose; BCUD, biased coin up-and-
down; MAP, mean arterial pressure; IV, intravenous; CI, con-
fidence interval; ASA, American Society of Anesthesiologists;
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SBP, systolic blood pressure; DBP, diastolic blood pressure;
HR, heart rate; CO, Cardiac output; PAVA, pooled-adjacent-
violators algorithm; SVR, systemic vascular resistance.
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