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have challenged the efficacy of this approach.9 –14 In
addition, in many studies prophylactic ephedrine was
associated with lower umbilical cord pH,7,10,12,15–17 particularly when large doses (50 mg administered intramuscularly or 3– 4 mg/min administered intravenously)
were used.12,15
Despite earlier concerns that phenylephrine might
cause uteroplacental vasoconstriction,18 it was shown to
be safe using low doses in pregnant animals.19 More
recently, clinical trials have confirmed the effectiveness
of phenylephrine for treatment of hypotension in parturients undergoing scheduled cesarean delivery with epidural20 or spinal anesthesia5,21–24 and have found no
deleterious effects in these healthy pregnancies. However, phenylephrine used alone may be accompanied by
maternal bradycardia5,24 and does not benefit from widespread clinical experience, as does ephedrine. Thus,
phenylephrine has not yet become popular, particularly
for prophylactic use.5 Clinical experience suggests that
phenylephrine may be useful in addition to ephedrine
when the latter fails to correct hypotension.4,25 The
physiologic rationale for adding phenylephrine to
ephedrine is to increase the ␣/␤-agonist activity ratio.
This should help to better counteract spinal anesthesiainduced vasoplegia, which impedes venous return and
decreases cardiac output.
We thus designed a randomized double-blind study to
compare the effectiveness of infusions of ephedrine plus
phenylephrine versus ephedrine alone for preventing
spinal hypotension during scheduled cesarean delivery.
In addition, we measured umbilical cord blood pH and
Apgar scores to evaluate neonatal outcome after these
two vasopressor regimens.

Background: Because ephedrine infusion (2 mg/min) does
not adequately prevent spinal hypotension during cesarean
delivery, the authors investigated whether adding phenylephrine would improve its efficacy.
Methods: Thirty-nine parturients with American Society of
Anesthesiologists physical status I–II who were scheduled for
cesarean delivery received a crystalloid preload of 15 ml/kg.
Spinal anesthesia was performed using 11 mg hyperbaric bupivacaine, 2.5 g sufentanil, and 0.1 mg morphine. Maternal
heart rate and systolic blood pressure were measured at frequent intervals. A vasopressor infusion was started immediately
after spinal injection of either 2 mg/min ephedrine plus
10 g/min phenylephrine or 2 mg/min ephedrine alone. Treatments were assigned randomly in a double-blind fashion. The
infusion rate was adjusted according to systolic blood pressure
using a predefined algorithm. Hypotension, defined as systolic
blood pressure less than 100 mmHg and less than 80% of baseline, was treated with 6 mg ephedrine bolus doses.
Results: Hypotension occurred less frequently in the ephedrine–phenylephrine group than in the ephedrine-alone group:
37% versus 75% (P ⴝ 0.02). Ephedrine (36 ⴞ16 mg, mean ⴞ SD)
plus 178 ⴞ81 g phenylephrine was infused in former group,
whereas 54 ⴞ18 mg ephedrine was infused in the latter. Median
supplemental ephedrine requirements and nausea scores (0 –3)
were less in the ephedrine–phenylephrine group (0 vs. 12 mg,
P ⴝ 0.02; and 0 vs. 1.5, P ⴝ 0.01, respectively). Umbilical artery
pH values were significantly higher in the ephedrine–phenylephrine group than in the group that received ephedrine alone
(7.24 vs. 7.19). Apgar scores were similarly good in both groups.
Conclusion: Phenylephrine added to an infusion of ephedrine
halved the incidence of hypotension and increased umbilical
cord pH.

PROPHYLACTIC intravenous ephedrine, given either in
small bolus doses or by infusion, has been recommended
to prevent hypotension after spinal anesthesia during
scheduled cesarean delivery.1– 8 However, recent studies
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Materials and Methods
After obtaining approval from review boards at both
centers and written informed consent from patients, we
enrolled 42 parturients scheduled for cesarean delivery
using spinal anesthesia. Inclusion criteria included age
18 yr or older, weight 90 kg or less, height 152 cm or
greater, American Society of Anesthesiologists physical
status I or II, and term singleton pregnancy. Parturients
with pregnancy-induced hypertension, cardiac disease,
diabetes, or fetal complications, and those in labor were
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excluded. Patients fasted overnight and were given
30 ml 0.3 M sodium citrate (plus 200 mg effervescent
cimetidine in the French center) orally on arrival to the
operating room. Oxygen was administered to all patients
via nasal catheters. Standard monitors included an electrocardiogram, noninvasive blood pressure device, and
pulse oximetry.
After an intravenous preload of 15 ml/kg lactated Ringer’s solution, spinal anesthesia was performed at the
L2–L3 or the L3–L4 interspace with the patient sitting,
using a 9-cm 25-gauge Whitacre spinal needle. After
clear, free flow of cerebrospinal fluid was obtained,
11 mg hyperbaric 0.5% bupivacaine, 2.5 g sufentanil,
and 0.1 mg morphine was injected through the spinal
needle. Patients were then immediately placed in the
recumbent position with left uterine displacement.
A prophylactic vasopressor intravenous infusion was
started at the end of spinal injection. Patients received
either ephedrine plus phenylephrine (E⫹P group) or
ephedrine alone (E group) at an initial rate of 2 mg/min
⫾ 10 g/min via an automated syringe (containing
60 mg ephedrine ⫾ 300 g phenylephrine in a total
volume of 20 ml saline started at 40 ml/h). The phenylephrine dosage was chosen taking into account the comparatives studies on phenylephrine versus ephedrine5,20 –24 and the series by Taylor and Tunstall.25 These
studies suggested a potency ratio of 40 –100 g phenylephrine to 6 mg ephedrine,5,20 –24 whereas a dose ratio
of only 30 g phenylephrine to 6 mg ephedrine should
be effective when combining the two drugs.25
The syringe was connected to the infusing intravenous
line (Ringer’s lactate solution, 250 ml/h) close to the
intravenous catheter to avoid equipment dead space.
Both the patient and the investigator were blinded to
group assignment. Study solutions were prepared by an
anesthesiologist or a nurse anesthetist not involved in
the patients’ care, according to the group indicated in
numbered, sealed, opaque envelopes. These envelopes
were prepared using a random table with stratification to
allocate the same number of patients to the two groups
within each center. One of the investigators (S. E. C.)
was present during the study period in both centers to
confirm comparability of routine procedures.
The primary outcome variable was the incidence of
hypotension, defined as systolic blood pressure (SBP)
less than 100 mmHg and less than 80% of baseline before
delivery. Baseline SBP and maternal heart rate were determined by the average of triplicate measurements obtained before preloading with lactated Ringer’s solution.
After spinal injection, SBP and maternal heart rate were
measured every minute for 10 min and every 2 min
thereafter until delivery. A predefined algorithm was
used to adjust the syringe rate according to SBP as
follows:
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The rate was maintained if SBP remained within 90 and
105% of baseline.
The rate was halved if SBP increased to between 105
and 120% of baseline.
The infusion was stopped if SBP increased to more
than 120% of baseline (and restarted at 40 ml/h or
80 ml/h if SBP decreased back to between 90 and 105%
of baseline or to ⬍ 90% of baseline, respectively).
The rate was doubled (up to 80 ml/h) if SBP decreased
to between 80 and 90% of baseline.
Hypotension (SBP ⬍ 100 mmHg and ⬍ 80% of baseline) was treated with 6 mg ephedrine bolus doses,
repeated as needed.

For each subject, the minimum and maximum SBP and
heart rate values observed before delivery were recorded. A back-up plan designed to treat several critical
situations (e.g., severe hypotension not responding to
ephedrine bolus doses, recurrent hypotension despite
cumulative ephedrine bolus doses in excess of 60 mg,
and extreme tachycardia or bradycardia not tolerated
clinically) allowed the anesthesiologist to administer epinephrine, additional phenylephrine, or atropine as
needed.
The upper level of sensory changes 20 min after spinal
injection was determined using an alcohol swab. Nausea
or vomiting occurring after spinal anesthesia and before
delivery was rated using a four-point scale (where 0 ⫽
none, 1 ⫽ mild nausea, 2 ⫽ nausea requiring treatment,
and 3 ⫽ vomiting). Nausea or vomiting with a score of 2
or 3 was treated with 10 –20 mg intravenous metoclopramide if unrelated to hypotension or not corrected by
ephedrine bolus doses alone.
Additional data collection included the time intervals
from spinal anesthesia to incision, from spinal anesthesia
to delivery, and from uterine incision to delivery, the
dose of vasopressor (ephedrine with or without phenylephrine) infused until delivery, venous and arterial umbilical cord pH values (obtained from a doubly clamped
segment of umbilical cord), neonatal Apgar scores, and
neonatal weight.
Data are expressed as mean ⫾ SD unless stated otherwise. Groups were compared for single parametric, ordinal, and nominal variables using an unpaired Student t
test, the Mann–Whitney U test, and the Fisher exact test,
respectively. Only hemodynamic values obtained before
delivery were included in analysis. Hemodynamic values
over time were compared using analysis of variance for
repeated measures, followed by Dunnett tests to assess
differences at each time versus time zero within each
group. A forward, stepwise regression analysis was performed to determine the association between venous or
arterial umbilical blood pH with the following five variables: duration of hypotension, total ephedrine dose,
time interval from spinal anesthesia to skin incision, time
from spinal anesthesia to delivery, and time from uterine
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Table 1. Demographic, Anesthetic, and Obstetric Data
Group

Age (yr)
Weight (kg)
Height (cm)
Gestational age (weeks)
Weight of neonate (g)
Upper sensory level*
SA to incision (min)
SA to delivery (min)
UI to delivery (s)

Ephedrine ⫹
Phenylephrine

Ephedrine

P

34 ⫾ 5
73 ⫾ 10
163 ⫾ 7
39 ⫾ 0.9
3,273 ⫾ 467
T2 (T6–C4)
16 ⫾ 5
28 ⫾ 6
113 ⫾ 72

33 ⫾ 5
76 ⫾ 8
165 ⫾ 5
39 ⫾ 0.7
3,437 ⫾ 448
T2 (T4–C4)
16 ⫾ 6
29 ⫾ 8
120 ⫾ 50

0.7
0.2
0.4
0.2
0.3
0.7
0.9
0.7
0.7

Data are mean ⫾ SD, except *: median (range).
SA ⫽ spinal anesthesia; UI ⫽ uterine incision.

incision to delivery. P ⬍ 0.05 was considered significant.
Sample size calculations indicated that including 37 patients in the study would result in an 80% power to
detect a decrease from 75 to 37.5% in the incidence of
hypotension at a significance level of 0.05.

Results
Three patients were excluded because of protocol
violations (two in the E⫹P group and one the E group),
so that data from 39 patients were available for analysis.
One patient in the E group became severely hypotensive
(systolic–mean– diastolic pressures: 54 – 43–31 mmHg;
heart rate: 80 beats/min) and almost fainted 7 min after
spinal injection. Two 15-mg bolus doses of intravenous
ephedrine were given 30 s apart and restored adequate
hemodynamic values within 2 min. However, recurrent
episodes of moderate hypotension occurred (SBP between 80 and 90 mmHg) despite additional ephedrine
bolus doses up to a total dose of 60 mg within 26 min of

spinal injection. According to the back-up plan previously described, the anesthesiologist administered
100 g phenylephrine, which resolved hemodynamic
instability. The neonate in this case had one of the two
lowest umbilical cord pH values of the series (7.01) but
had normal Apgar scores (9 and 10 at 1 and 5 min,
respectively). Another patient (in the E⫹P group) had a
pronounced, but well tolerated, bradycardia (35 beats/min)
that resolved in less than 1 min after a single intravenous
injection of 0.5 mg atropine plus 12 mg ephedrine.
Newborn umbilical venous and arterial pH and Apgar
scores were normal in this case (7.46, 7.36, and 10 and
10, respectively).
Patient characteristics, gestational age, neonatal
weight, upper sensory level of anesthesia at 20 min, and
time intervals from spinal anesthesia to incision, from
spinal anesthesia to delivery, and from uterine incision to
delivery were comparable between the two groups (table 1). Baseline SBP and maternal heart rate (table 2)
were also comparable between the groups.
The incidence of hypotension was halved in the E⫹P
group when compared with the E group (37% vs. 75%,
P ⫽ 0.02; table 2). Minimum SBP values before delivery
were lower in the E group, but the difference failed to
reach statistical significance (P ⫽ 0.08). Hypotensive
episodes were brief and of similar cumulative duration in
both groups (table 2). In addition, SBP values after onset
of spinal anesthesia were not significantly different between the two groups (fig. 1); similar results were obtained for mean and diastolic blood pressure (data not
shown). Maximum SBP and minimum heart rate before
delivery also were comparable in both groups. In contrast, maximum heart rate before delivery was 15 beats/min
higher in the E group than in the E⫹P group (P ⫽ 0.02;
table 2). Furthermore, maternal heart rate after onset of
spinal anesthesia was significantly increased in the E

Table 2. Hemodynamic Data
Group
Ephedrine ⫹ Phenylephrine

Ephedrine

P

119 ⫾ 11
82 ⫾ 9
37
99 ⫾ 16
2.0 ⫾ 0.6
138 ⫾ 14
16
65 ⫾ 11
106 ⫾ 14
178 ⫾ 81
36 ⫾ 16
0 (0–30)
41 ⫾ 21
0 (0–2)

121 ⫾ 9
84 ⫾ 11
75*
90 ⫾ 13
2.6 ⫾ 0.5
143 ⫾ 14
25
69 ⫾ 10
121 ⫾ 21*
—
54 ⫾ 18*
12 (0–60)*
68 ⫾ 23*
1.5 (0–3)*

0.6
0.6
0.02
0.08
0.5
0.3
0.7
0.2
0.02
—
0.002
0.02
⬍ 0.001
0.01

Baseline SBP (mmHg)
Baseline heart rate (beats/min)
Incidence of hypotension (%)
Minimum SBP (mmHg)
Duration of hypotension† (min)
Maximum SBP (mmHg)
SBP ⬎ 120% of baseline (%)
Minimum heart rate (beats/min)
Maximum heart rate (beats/min)
Phenylephrine infused (g)
Ephedrine infused (mg)
Supplemental ephedrine‡ (mg)
Total ephedrine (mg)
Nausea‡ (0–3)
Data are mean ⫾ SD, except ‡: median (range).
* Significantly different from ephedrine ⫹ phenylephrine group.
SBP ⫽ systolic blood pressure.
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Table 3. Neonatal Outcome
Group

Umbilical venous
pH*
Umbilical arterial
pH‡
Apgar score at 1 min
Apgar score at 5 min

Ephedrine ⫹
Phenylephrine

Ephedrine

P

7.33 (7.18–7.46)

7.28† (7.11–7.38)

0.03

7.24 (7.12–7.36)

7.19† (7.01–7.37)

0.05

9 (7–10)
10 (9–10)

9 (8–10)
10 (9–10)

0.7
0.7

Values are median (range).

Fig. 1. Maternal systolic blood pressure (SBP) after onset of
spinal anesthesia. Vasopressor infusions (ephedrine [E] ⴞ
phenylephrine [P]) were started at the end of spinal injection
(time zero). Mean SBP values were not significantly different
between the two groups (P ⴝ 0.3). Data are mean values with
95% confidence intervals.

group from 3 to 6 min after spinal anesthesia (P ⬍ 0.05
vs. time zero), whereas it remained unchanged in the
E⫹P group (fig. 2). Significantly more ephedrine was
infused and more supplemental ephedrine was given in
the E group (table 2). Nausea scores were lower in the
E⫹P group (table 2), with 59% of patients in this group
completely free of symptoms versus only 30% of patients
in the E group.
Umbilical venous and arterial pH values were significantly higher in the E⫹P group (table 3). The incidence
of arterial pH less than 7.20 was 31% in the E⫹P group
and 63% in the E group (P ⫽ 0.09). However, Apgar
scores at 1 and 5 min were similar in both groups and
were never less than 7. Venous and arterial umbilical pH

Fig. 2. Maternal heart rate (HR) after onset of spinal anesthesia.
Vasopressor infusions (ephedrine [E] ⴞ phenylephrine [P])
were started at the end of spinal injection (time zero). Maternal
HR was significantly lower in the group that received ephedrine
plus phenylephrine (P ⴝ 0.03); maternal HR remained unchanged in this group, whereas it increased in the group that
received ephedrine only from 3 to 6 min after spinal anesthesia
(P < 0.05 vs. time zero). Data are mean values with 95% confidence intervals. bpm ⴝ beats/min.
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* One missing value for umbilical venous pH (in ephedrine
group). † Significantly different from ephedrine ⫹ phenylephrine
group. ‡ Four missing values for umbilical arterial pH (one in ephedrine
group and three in ephedrine ⫹ phenylephrine group).

values were negatively correlated with the time interval
from spinal anesthesia to delivery (adjusted r ⫽ 0.58 and
0.57, respectively, P ⬍ 0.001 in both cases; figs. 3A and
3B). Venous pH was also negatively correlated with the
duration of hypotension (adjusted r ⫽ 0.47, P ⫽ 0.002),
and arterial pH was negatively correlated with total
ephedrine dose (adjusted r ⫽ 0.50, P ⫽ 0.001). Neither
the time interval from spinal anesthesia to skin incision
nor from uterine incision to delivery was correlated with
venous or arterial pH. Low venous (⬍ 7.20) and arterial
(⬍ 7.10) pH values were associated only with E-group
assignment and spinal anesthesia to delivery times longer
than 33 min (figs. 3A and 3B).

Discussion
Spinal anesthesia has become the preferred technique
for scheduled cesarean delivery because of the availability of fine-gauge pencil-point needles and the excellent
anesthesia obtained with the addition of spinal opioids
to hyperbaric bupivacaine.26 However, hypotension remains a major drawback with this technique, despite
maternal positioning to avoid aortocaval compression
and various other preventive measures, including crystalloid and colloid infusions.27 Since 1982, prophylactic
intravenous ephedrine administered either by infusion2,4,6,8 or bolus doses1,7 has been considered the gold
standard for preventing hypotension. However, other
studies have challenged the efficacy of this technique.
Olsen et al.9 concluded that although mean arterial
blood pressure tended to decrease less in parturients
who had received prophylactic intravenous ephedrine
(0.15-mg/kg bolus dose plus 0.4 mg · kg⫺1 · h⫺1), this did
not adequately prevent hypotension. King and Rosen11
reported that neither ephedrine bolus doses alone nor an
ephedrine bolus dose plus an infusion (10 mg bolus ⫾ 10
mg infused over 10 min) decreased the incidence of
hypotension, which remained at 60%. Tsen et al.14 similarly found that a 10-mg bolus of ephedrine did not
prevent hypotension (70% incidence). Ngan Kee et al.13
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Fig. 3. (A) Correlation between time from spinal anesthesia to
delivery and umbilical venous pH. The two variables were negatively correlated with adjusted r ⴝ 0.58 (P < 0.001). Low
venous pH values (< 7.20) were associated only with assignment to the ephedrine-only group and time from spinal anesthesia to delivery longer than 33 min. (B) Correlation between
time from spinal anesthesia to delivery and umbilical arterial
pH. The two variables were negatively correlated with adjusted
r ⴝ 0.57 (P < 0.001). Low arterial pH values (< 7.10) were
associated only with assignment to the ephedrine-only group
and time from spinal anesthesia to delivery longer than 33 min.
E ⴝ ephedrine; P ⴝ phenylephrine.

reported an 80 – 85% incidence of hypotension despite
prophylactic 10- or 20-mg bolus doses of ephedrine.
Only parturients randomized to receive the largest
ephedrine bolus dose (30 mg) experienced a lower incidence of hypotension (35%), but this dose caused
frequent reactive hypertension.
Our study confirms that hypotension remains a common complication during scheduled cesarean delivery
performed with spinal anesthesia, despite prophylactic
intravenous ephedrine infusion. In an attempt to ameliorate this problem, alternative vasopressors with enhanced vasoconstrictive properties have been studied.
Prophylactic angiotensin II infusion performed better
than prophylactic ephedrine infusion; however, it is
Anesthesiology, V 95, No 3, Sep 2001
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neither recommended nor available for clinical use in
this circumstance.28,29 Pure ␣-agonist vasopressors initially were considered contraindicated in obstetrics, because early experimental studies reported a substantial
decrease in uteroplacental blood flow linked to their
vasoconstrictive properties.18,30,31 However, doses used
in these studies were much higher than those needed
clinically in humans, although they were appropriate to
the species studied to restore spinal anesthesia–induced
hypotension. In addition, a more recent experimental
study suggested that pregnancy is associated with an
attenuated uterine vascular response to phenylephrine.19 Clinical studies in women undergoing scheduled
cesarean delivery have confirmed that small (40 –100 g)
bolus doses of phenylephrine used to counteract hypotension during epidural20 or spinal anesthesia21–24 were
effective and as safe as ephedrine bolus doses for the
mother and the neonate.
Although treatment of hypotension with phenylephrine appears useful, administering it alone for prophylaxis has proved disappointing.5 Because rescue phenylephrine bolus doses appear effective when ephedrine
alone fails to correct hypotension,4,25 we hypothesized
that prophylactic infusion of the two drugs together
should be more effective than ephedrine alone. We
found that, compared with ephedrine alone, the ephedrine–phenylephrine combination decreased the incidence of hypotension by approximately 50%, abolished
maternal tachycardia, decreased the frequency of nausea, and improved venous and arterial umbilical pH. The
lack of significant difference between the E⫹P and E
groups in SBP measurements (fig. 1), minimum SBP, and
duration of hypotension (table 2), despite a favorable
trend, probably reflects the prompt and effective treatment of hypotension with rescue ephedrine bolus doses
in both groups. It is also noteworthy that the addition of
phenylephrine to prophylactic ephedrine did not increase the risk of reactive hypertension (as shown by
maximal SBP and percentage of SBP higher than 120% of
baseline, table 2).
Ramanathan et al.20 suggested that intravenous bolus
doses of ephedrine and phenylephrine restored blood
pressure similarly during epidural anesthesia for cesarean delivery by producing a comparable increase in
preload only. However, Thomas et al.24 found that, although ephedrine and phenylephrine restored blood
pressure to comparable levels by causing similar increases in cardiac output, heart rate was lower with
phenylephrine. As cardiac output is the product of heart
rate and stroke volume, this suggests that phenylephrine
restored a greater stroke volume than ephedrine. Because phenylephrine (but not ephedrine) is virtually
devoid of ␤-inotropic effect, the better stroke volume
produced by phenylephrine probably reflects a much
better preload than with ephedrine, i.e., a better control
of venous pooling caused by venoconstriction. Further
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studies are needed to specifically address these
mechanisms.
One concern with phenylephrine is that it may cause
bradycardia. However, this occurred frequently in only
one study in the literature in which the median dose
used was high (600 g).24 The bradycardia responded to
atropine treatment and was unrelated to hypertensive
response. Because the sensory block reached T2–T4
levels in the study patients, the investigators proposed
cardiac sympathetic denervation as the most likely
mechanism for the bradycardia. An ephedrine–phenylephrine combination should help prevent bradycardia in
this circumstance, because the ␤-mimetic effect of
ephedrine should counteract this tendency. Except in
one instance, bradycardia was not observed in the E⫹P
group in the current study, as reflected both in figure 2 and
in table 2 (by minimum maternal heart rate). In contrast,
the addition of phenylephrine completely abolished the
tachycardia observed with prophylactic ephedrine alone
(fig. 2). Thus, we believe the phenylephrine/ephedrine
ratio we used is appropriate and would not recommend
increasing it unless further studies demonstrated additional
benefit. In addition to the lower incidence of hypotension
and nausea in the E⫹P group, the lack of tachycardia is an
important benefit of the combination in parturients because of their increased susceptibility to supraventricular
tachycardia.32
Apgar scores were similar in the groups and never less
than 7, although the incidence of arterial pH less than
7.20 was greater than desired. However, this is not new
information. Several studies have reported a surprisingly
high incidence of acidosis (not accompanied by neonatal
depression) after spinal anesthesia for cesarean delivery.13,33,34 In addition, umbilical venous and arterial pH
values were significantly greater in the E⫹P group compared with the E group (table 3). This agrees with several clinical studies that have reported higher umbilical
arterial pH with phenylephrine compared with ephedrine.21,23,24 These findings are also consistent with the
minimal, or lack of, change in uterine pulsatility index
and umbilical pulsatility index reported in parturients
after phenylephrine administration.22,24 Thomas et al.24
noted that umbilical arterial pH was normal even in three
parturients who received a total dose of 1,000 g phenylephrine (pH values were 7.33, 7.30, and 7.25). Considered together, these results contradict the experimental
data suggesting that phenylephrine dramatically decreases uteroplacental blood flow.18,35 As Rout et al.17
pointed out, most of the older experimental data were
obtained in animals with nonhemochorial placentas and
may not be directly relevant to humans.
In contrast to the lack of adverse neonatal effect with
phenylephrine, many investigators have reported lower
umbilical pH values after prophylactic maternal ephedrine administration.7,10,12,15–17 This was most evident
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when large ephedrine doses (ⱖ 50 mg administered
intramuscularly or 3– 4 mg/min administered intravenously) were used12,15 and when no crystalloid preload
was administered.12 Stepwise regression in our study
confirmed a significant negative correlation between
umbilical arterial pH and total ephedrine dose. LaPorta et
al.23 showed that umbilical arterial pH was negatively
correlated with neonatal noradrenaline concentrations,
which were much more likely to be high after ephedrine
than after phenylephrine administration. They also demonstrated that high neonatal noradrenaline concentrations were related to direct fetal secretion likely induced
by ephedrine transferred from the mother to the fetus.16
Therefore, it is possible that we might not have observed
a better acid-base status in the E⫹P group, but rather a
worse acid-base status in the E group because of a higher
total ephedrine dose requirement. Another mechanism
might be a prolonged period of decreased maternal cardiac output occurring before delivery. This is suggested
by the correlation we found between the time from
spinal anesthesia to delivery and both umbilical arterial
and venous pH (figs. 3A and 3B). Indeed, Robson et al.33
found that umbilical arterial pH correlated well with
maternal cardiac output (but not with blood pressure
itself). If, as previously discussed, the ephedrine–
phenylephrine combination not only decreased the incidence of hypotension but also better preserved maternal
cardiac output, this could explain why low venous
(⬍ 7.20) and arterial (⬍ 7.10) pH values in the current
study were associated only with E-group assignment and
prolonged time from spinal anesthesia to delivery.
We acknowledge that, despite a 50% decrease in the
incidence of hypotension with our ephedrine–phenylephrine regimen, hypotension was still too frequent
(37%). Figure 1 suggests that more sustained prophylaxis
should be provided during the first 5 min after spinal
anesthesia. This might be achieved either with a higher
initial rate or an initial bolus of the combination, but
with limitation of the total dose to avoid reactive hypertension. Alternatively, moderate volumes of a supplemental colloid preload might prove useful.27,36
In summary, hypotension during spinal anesthesia for
scheduled cesarean delivery remains a common complication despite prophylactic intravenous ephedrine infusion. We demonstrated that the addition of phenylephrine to an ephedrine infusion halved the incidence of
hypotension, abolished tachycardia, and reduced nausea
and vomiting. In addition, it was associated with higher
venous and arterial umbilical pH values in healthy patients with uncomplicated pregnancies. Although neonatal benefit might be even more pronounced with this
drug combination in situations with decreased fetal reserve, additional studies are needed to specifically address this issue.
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