
PPuurrppoossee::  The objective of this systematic review was to assess the
effectiveness and safety of ephedrine compared with control when
given prophylactically to prevent hypotension during spinal anes-
thesia for Cesarean delivery.
SSoouurrccee::  Randomized, controlled trials obtained through MEDLINE,
EMBASE, the Cochrane Controlled Trials Registry, contact with leading
experts, and a reference list of published articles were analyzed. The
following keywords were utilized: spinal anesthesia, hypotension,
Cesarean section, pregnancy complications, pregnancy outcome, fetal
outcome, neonatal outcome, umbilical blood cord gases, vasopressor
and ephedrine. Clinical trials were considered if they compared pro-
phylactic ephedrine, given by any dose or route, vs control. 
PPrriinncciippaall  ffiinnddiinnggss::  The 14 clinical trials identified included data
from a total of 641 patients. Ephedrine was more effective than
control for preventing hypotension (relative risk [RR], 0.73; 95%
confidence interval [CI], 0.63 to 0.86). Most importantly, there was
no difference in the risk of fetal acidosis, defined as umbilical arteri-
al pH < 7.2 (RR, 1.36; 95% CI, 0.55 to 3.35) or the incidence of
low Apgar scores (< 7 or < 8) at one minute (RR, 0.77; 95% CI,
0.29 to 2.06) and five minutes (RR, 0.72; 95% CI, 0.24 to 2.19). 
CCoonncclluussiioonnss::  Prophylactic ephedrine is more effective than con-
trol for preventing hypotension during spinal anesthesia for elective
Cesarean delivery but a clinically relevant positive effect on neona-
tal outcome was not observed. Therefore, the routine use of pro-
phylactic ephedrine to prevent any adverse effects of maternal
hypotension following spinal anesthesia for Cesarean delivery is not
supported by the current systematic review.

Objectif : Évaluer l’efficacité et l’innocuité de l’éphédrine, comparée
à un témoin, administrée de manière prophylactique pour prévenir
l’hypotension pendant la rachianesthésie lors de l’accouchement par
Césarienne.

Source : Nous avons analysé des essais randomisés et contrôlés
obtenus de MEDLINE, EMBASE, l’Index Cochrane des essais ran-
domisés et contrôlés, personnes-ressources autorisées et une liste de
références d’articles publiés. Les mots clés ont été : spinal anesthesia,
hypotension, Cesarean section, pregnancy complications, pregnancy
outcome, fetal outcome, neonatal outcome, umbilical blood cord
gases, vasopressor et ephedrine. Nous n’avons considéré que les essais
cliniques qui comparaient l’éphédrine prophylactique à un témoin,
sans égard à la dose et à la voie d’administration.

Constatations principales : Les 14 essais cliniques retenus com-
portaient des données sur 641 patientes. L’éphédrine a été plus effi-
cace que le médicament témoin dans la prévention de l’hypotension
(risque relatif [RR], 0,73 ; intervalle de confiance [IC] de 95 %, 0,63
à 0,86). Le plus important est l’absence de différence de risque d’aci-
dose fœtale, définie par un pH de l’artère ombilicale < 7,2 (RR, 1,36
; IC de 95 %, 0,55 à 3,35) ou l’incidence d’indice d’Apgar < 7 ou <
8 à une minute (RR, 0,77 ; IC 95 %, 0,29 à 2,06) et à cinq minutes
(RR, 0,72 ; IC 95 %, 0,24 à 2,19).

Conclusion : L’administration préventive d’éphédrine agit plus effi-
cacement qu’un médicament témoin contre l’hypotension pendant la
rachianesthésie pour Césarienne, mais aucun effet positif de perti-
nence clinique sur l’évolution néonatale n’est observé. Notre revue sys-
tématique ne corrobore donc pas l’usage courant d’éphédrine
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prophylactique comme prévention de tout effet indésirable sur l’hy-
potension maternelle suivant la rachianesthésie pendant la césa-
rienne.

PINAL anesthesia offers a fast, profound, and
high quality sensory and motor block in
women undergoing Cesarean delivery.1 The
most common complication of spinal anes-

thesia for Cesarean delivery is hypotension, with a
reported incidence greater than 80%.2 Unfortunately,
the actual incidence of postsubarachnoid hypotension
in this patient population is difficult to ascertain due
primarily to a lack of a standard definition of maternal
hypotension. Maternal hypotension may have detri-
mental effects on uterine blood flow, fetal well-being
and ultimately neonatal outcome as measured by
umbilical artery pH and Apgar scores.3

Lateral uterine displacement and iv prehydration
are commonly used to prevent hypotension but these
have limited efficacy and a vasopressor drug is often
required.2,4 Although vasopressors unquestionably
have a role in the treatment of hypotension,2 their
prophylactic use is more controversial. Some studies
have shown no significant reduction of maternal
hypotension associated with the prophylactic use of
ephedrine when compared with control.5,6 In other
studies, women given ephedrine before or during
induction of spinal anesthesia had a lower incidence of
maternal hypotension compared with those not given
a vasopressor.1,4,7

To identify evidence-based recommendations for
clinical practice and further areas of research, we con-
ducted a systematic review of randomized controlled
trials (RCTs) of prophylactic vasopressor use in
obstetrics. Because the main drug that has been inves-
tigated in this context is ephedrine, other drugs were
excluded in this review. The purpose of the current
systematic review was to compare the effects and con-
sequences of ephedrine vs controls of placebo or no
ephedrine for the prevention of hypotension during
spinal anesthesia during Cesarean delivery.

MMaatteerriiaallss  aanndd  mmeetthhooddss
Systematic search
A systematic search of electronic databases (MED-
LINE 1966-May 2000, EMBASE 1988-May 2000,
Cochrane Controlled Trials Register) was performed.
Full reports of RCTs that examined the effect of
ephedrine compared with a control of either placebo
or no ephedrine for women at risk of maternal
hypotension during spinal anesthesia or combined

spinal-epidural anesthesia for Cesarean delivery were
included. The electronic search strategy included the
‘optimal sensitive search strategy’8 with the following
MeSH and textwords: “spinal anesthesia”, “hypoten-
sion”, “Cesarean section”, “pregnancy complications”,
“pregnancy outcome”, “fetal outcome”, “neonatal out-
come”, “umbilical blood cord gases”, “vasopressors” and
“ephedrine”. The main clinically important and reliable
measures of outcomes were maternal hypotension,
reactive hypertension, maternal heart rate, maternal
uterine circulation, nausea and/or vomiting and
neonatal outcomes (Apgar scores at one and five min-
utes, umbilical arterial and venous pH and standard
base excess). Ephedrine administered before, during
or immediately after induction of spinal anesthesia,
irrespective of dose or mode of administration was
considered in this systematic review. Additional
reports were identified from reference lists of retrieved
reports and review articles of hypotension during
spinal anesthesia and review articles of vasopressors.
Leading experts were contacted to seek further pub-
lished and unpublished trials. There was no language
restriction.

Data extraction
The selection of trials for inclusion in the systematic
review was performed independently by the reviewers
(A.L. and W.N.) after using the search strategy
described above. Trials were examined for duplicate
data. Data were abstracted independently by A.L. and
W.N. using a standardized data collection form. There
was no attempt to blind the reviewers (A.L. and W.N.)
to the authors or results of the relevant trials. Details
of anesthetic technique, study population, prehydra-
tion, uterine displacement and definition of maternal
hypotension were collected. Where appropriate, the
primary author of a RCT was contacted for clarifica-
tion of data. Discrepancies were resolved by discus-
sion, or advice was sought from a third party (T.G.). 

The quality of the eligible trials was assessed inde-
pendently. The level of allocation concealment,
defined as the process used to prevent the foreknowl-
edge of group assignment in a RCT, was graded as A
(adequate), B (unclear), or C (inadequate), as previ-
ously described.9 Blinding, losses to follow-up and
whether the authors did a sample size calculation
before trial commencement were recorded. The rea-
sons for trial exclusion from the review were recorded.

Statistical analysis
The main outcome was prevention of maternal
hypotension by ephedrine vs control. We used the spe-
cific definition of hypotension that was used in each
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individual trial and made no attempt at standardiza-
tion. Consequences associated with the use of
ephedrine that we assessed were reactive hypertension,
maternal heart rate, low Apgar scores (< 7 or < 8 as
defined by trial authors) and fetal acidosis which we
defined as umbilical arterial pH < 7.20).10 In RCTs 4,11

with more than one ephedrine treatment arm, we
combined the data from each treatment arm for
dichotomous outcomes (hypotension, hypertension,
nausea and/or vomiting and Apgar scores). For con-
tinuous data (umbilical arterial and venous pH and
standard base excess), the greatest ephedrine dose
treatment arm was used as it was not possible to com-
bine data from all ephedrine arms when only summa-
ry group means were reported.

The DerSimonian and Laird random-effects model
was used to combine data for both continuous and
dichotomous outcomes, because the treatment and
conditions in these studies were expected to be hetero-
geneous. This model incorporates both between-study
(different treatment effects) and within-study (sam-
pling error) variability.12 The pooled relative risk (RR)
and 95% confidence interval (95% CI) were calculated
for dichotomous data. The weighted mean difference
(WMD) method was used to pool continuous data.
Heterogeneity was analyzed using the Q-statistic with
a threshold for the P < 0.10. Where heterogeneity
(inter-study variation) was found, the studies that
seemed to be the major contributors to the hetero-
geneity were evaluated in an attempt to discover the
reasons. All meta-analyses were done using Arcus
Quickstat software (version 1.2; Addison Wesley
Longman Ltd, Cambridge, UK).

Sensitivity analyses for hypotension were done to
estimate the robustness of results according to alloca-
tion concealment (adequate vs unclear/inadequate),
blinding (double-blinding vs single-blinding) and
intervention type (ephedrine given before hypoten-
sion vs ephedrine given when a small decrease in arte-
rial pressure was detected). 

A funnel plot (plot of treatment effect against trial
precision) was used to detect bias in the meta-analysis
of prophylactic ephedrine trials on preventing
hypotension. In the presence of bias which will usual-
ly lead to an over-estimate of the treatment effect, the
funnel plot will be skewed and asymmetrical. The
degree of asymmetry was measured by Egger’s
method13 using EasyMa software (version 2000,
Michel Cucherat, Lyon, France). Sources of asymme-
try in funnel plots can be due to selection bias (publi-
cation bias, English language bias, citation bias,
multiple publication bias), true heterogeneity, data
irregularities, choice of effect measure and chance.13

To judge whether therapy was worthwhile for an
individual, the absolute magnitude of benefit was esti-
mated by calculating the numbers-needed-to-treat
(NNT). As a NNT derived from meta-analysis can be
sensitive to factors that change the baseline risk, a more
useful NNT was estimated by applying the pooled rela-
tive risk to a relevant baseline risk.14 We chose 80%2 as
the baseline risk to calculate a clinically useful NNT. 

RReessuullttss
Included and excluded trials
Nineteen articles were initially considered for inclu-
sion, but after consideration, six were excluded.
Reasons for exclusion were observational studies,15–17

use of general anesthesia,18 epidural anesthesia19 and
abstract of a conference meeting.20

There were 13 articles describing 14 RCTs of
ephedrine vs placebo or no ephedrine (n = 641;
Table). Trials were conducted between 1976 and
2001. There was one trial that had two vasopressor
arms (ephedrine, angiotensin) and a control arm.21

One study described two separate ephedrine dose-
response trials: iv bolus (trial 1) and continuous iv
infusion (trial 2).11 Multiple ephedrine groups were
used in several trials.4,5,11(trial 1, trial 2), 22

Ephedrine was given before hypotension developed
in 13 of 14 RCTs.1,4–7,11,21–26 The authors administered
ephedrine before spinal anesthesia in three trials,7,21,24

during induction of spinal anesthesia in one trial6 and
immediately after induction of spinal anesthesia in other
trials.1,4,5,11,22,23,25–27 In one trial, ephedrine was given
immediately after there was any decrease in arterial pres-
sure to less than the baseline.27 In all trials, “rescue”
doses of ephedrine were given if hypotension developed
(Table).

In all trials, the women were described as healthy or
were graded as ASA physical status I or II. There were
no reports of trials recruiting women undergoing
emergency Cesarean delivery, and therefore, we have
assumed that all trials included in this systematic
review involved women undergoing elective Cesarean
delivery. Drugs used for spinal anesthesia included
tetracaine,7,21,22 bupivacaine,5,6,27 and hyperbaric bupi-
vacaine.1,4,11,23–26 The combined spinal-epidural anes-
thesia technique was used in two trials.1,26 All trials
specified the use of uterine displacement. Iv fluid pre-
hydration was given in all trials except one in which
the ephedrine group was not given prehydration.25

There was adequate allocation concealment (A) in
four trials.1,4,5,26 Despite attempts to contact the pri-
mary author, we were uncertain whether randomiza-
tion occurred in the earliest trial7 but the groups
appeared comparable. All other trials were classified as

590 CANADIAN JOURNAL OF ANESTHESIA



Lee et al.: PROPHYLACTIC EPHEDRINE AND HYPOTENSION 591
T

A
B

L
E

C
ha

ra
ct

er
is

tic
s 

of
 in

cl
ud

ed
 t

ri
al

s

St
ud

y
M

et
ho

ds
Pa

rt
ic

ip
an

ts
A

ne
st

he
sia

In
te

rv
en

ti
on

O
ut

co
m

e

G
ut

sc
he

 (
19

76
)7

D
ou

bl
e-

bl
in

de
d,

17
 A

SA
 I

-I
I 

w
om

en
.

Pr
eh

yd
ra

tio
n 

cr
ys

ta
llo

id
E

ph
ed

ri
ne

 5
0 

m
g 

im
H

yp
ot

en
si

on
 (

SB
P 

< 
10

0
U

SA
? 

ra
nd

om
iz

ed
 t

ri
al

.
E

xc
lu

si
on

: n
o 

de
ta

ils
(m

ea
n 

84
4 

m
L

) 
iv

8
be

fo
re

 s
pi

na
l

m
m

H
g)

, h
yp

er
te

ns
io

n
N

o 
de

ta
ils

 a
bo

ut
gi

ve
n.

to
 2

5 
m

in
 b

ef
or

e
in

du
ct

io
n.

(n
o 

ex
ac

t 
de

fin
iti

on
),

w
ith

dr
aw

al
s.

 N
o

in
du

ct
io

n.
 L

ef
t

C
om

pa
ri

so
n:

 n
o 

in
te

rv
en

tio
n

na
us

ea
 a

nd
/

or
 v

om
iti

ng
,

sa
m

pl
e 

si
ze

 c
al

cu
la

tio
n.

la
te

ra
l t

ilt
 5

 t
o 

10
 

R
es

cu
e:

 1
0 

to
 2

0
A

pg
ar

 s
co

re
s.

de
gr

ee
s.

 T
et

ra
ca

in
e

m
g 

iv
ep

he
dr

in
e

9 
to

 1
0 

m
g.

w
he

n 
ne

ce
ss

ar
y

to
 m

ai
nt

ai
n 

SB
P

> 
10

0 
m

m
H

g.

K
an

g 
(1

98
2)

22
Si

ng
le

-b
lin

de
d,

44
 h

ea
lth

y 
re

pe
at

Pr
eh

yd
ra

tio
n 

15
E

ph
ed

ri
ne

 g
iv

en
 

H
yp

ot
en

si
on

 (
de

cr
ea

se
U

SA
ra

nd
om

iz
ed

 c
on

tr
ol

le
d

C
es

ar
ea

n 
de

liv
er

y,
m

L
·k

g–1
la

ct
at

ed
im

m
ed

ia
te

ly
 a

ft
er

SB
P 

> 
10

%
 o

f b
as

el
in

e
tr

ia
l. 

N
o 

de
ta

ils
 a

bo
ut

m
ea

n 
ag

e 
30

 y
r.

R
in

ge
r’

s 
so

lu
tio

n
sp

in
al

 5
 m

g·
m

in
–1

in
fu

si
on

 g
ro

up
, d

ec
re

as
e

ra
nd

om
iz

at
io

n 
m

et
ho

d.
E

xc
lu

si
on

: n
o 

de
ta

ils
w

ith
in

 2
0 

m
in

 o
f

iv
in

fu
si

on
 fo

r 
2 

m
in

,
SB

P 
> 

20
%

 o
f b

as
el

in
e

U
nc

le
ar

 a
llo

ca
tio

n
gi

ve
n.

in
du

ct
io

n.
 L

ef
t 

la
te

ra
l

th
en

 a
dj

us
te

d 
to

bo
lu

s 
co

nt
ro

l g
ro

up
),

 r
ea

ct
iv

e
co

nc
ea

lm
en

t 
(B

).
 

til
t.

 T
et

ra
ca

in
e

ke
ep

 9
0%

 t
o 

10
0%

hy
pe

rt
en

si
on

 (
SB

P 
> 

1 
ba

se
lin

e)
, 

N
o 

de
ta

ils
 a

bo
ut

0.
5%

.
ba

se
lin

e 
SB

P.
na

us
ea

 a
nd

 v
om

iti
ng

,
w

ith
dr

aw
al

s.
 N

o 
A

no
th

er
 g

ro
up

 h
ad

A
pg

ar
 s

co
re

s,
 u

m
bi

lic
al

po
w

er
 c

al
cu

la
tio

n.
ep

he
dr

in
e 

20
 m

g
A

pg
ar

 s
co

re
s,

 u
m

bi
lic

al
iv

bo
lu

s 
w

he
n 

SB
P

st
an

da
rd

 b
as

e 
ex

ce
ss

.
< 

20
%

 b
as

el
in

e.
R

es
cu

e:
 e

ph
ed

ri
ne

10
 m

g 
iv

bo
lu

s 
w

he
n

ne
ce

ss
ar

y.

K
an

ga
s-

Sa
ar

el
a

Si
ng

le
-b

lin
de

d,
16

 h
ea

lth
y 

w
om

en
,

L
ef

t 
la

te
ra

l 1
5

15
 m

L
·k

g–1
R

in
ge

r’
s

H
yp

ot
en

so
in

 (
de

cr
ea

se
(1

99
0)

27
ra

nd
om

iz
ed

 c
on

tr
ol

le
d

m
ea

n 
ag

e 
28

 t
o 

30
 y

r.
de

gr
ee

 t
ilt

.
so

lu
tio

n 
fo

r 
20

 m
in

SB
P 

> 
30

%
 o

f b
as

el
in

e
Fi

nl
an

d
tr

ia
l. 

N
o 

de
ta

ils
 a

bo
ut

E
xc

lu
si

on
s:

 n
o 

de
ta

ils
B

up
iv

ac
ai

ne
 1

2.
5

be
fo

re
 s

pi
na

l a
nd

or
 <

 1
00

 m
m

H
g)

, n
au

se
a

ra
nd

om
iz

at
io

n 
m

et
ho

d.
gi

ve
n.

m
g.

ep
he

dr
in

e 
10

an
d 

vo
m

iti
ng

, A
pg

ar
U

nc
le

ar
 a

llo
ca

tio
n

m
g 

iv
in

cr
em

en
ts

 
sc

or
es

.
co

nc
ea

lm
en

t 
(B

).
as

 s
oo

n 
as

 a
ny

 fa
ll

N
o 

de
ta

ils
 a

bo
ut

fr
om

 b
as

el
in

e 
pr

es
su

re
.

w
ith

dr
aw

al
s.

 N
o

SB
P 

ke
pt

 w
ith

in
 9

0 
to

sa
m

pl
e 

si
ze

 c
al

cu
la

tio
n.

10
0%

 o
f b

as
el

in
e 

SB
P

C
om

pa
ri

so
n:

 R
in

ge
r’

s 
so

lu
tio

n 
20

 m
L

·k
g–1

N
o 

de
ta

ils
 a

bo
ut

 
re

sc
ue

 e
ph

ed
ri

ne
.

O
ls

en
 (

19
94

)23
Si

ng
le

-b
lin

de
d,

26
 h

ea
lth

y 
w

om
en

,
Pr

ed
yd

ra
tio

n 
75

0 
m

L
N

or
m

al
 s

al
in

e 
75

0
H

yp
ot

en
si

on
 (

no
t 

ex
ac

tly
D

en
m

ar
k

ra
nd

om
iz

ed
 c

on
tr

ol
le

d
m

ea
n 

ag
e 

30
 t

o 
31

 y
r.

sa
lin

e.
 R

ig
ht

 w
ed

ge
 1

5
m

L
 +

 5
00

 m
L

 fo
r

de
fin

ed
),

 n
au

se
a,

 v
om

iti
ng

 
tr

ia
l. 

N
o 

de
ta

ils
 a

bo
ut

E
xc

lu
si

on
s:

 n
o 

de
ta

ils
de

gr
ee

 t
ilt

. H
yp

er
ba

ri
c

15
 m

in
 (

ac
tu

al
 1

.6
 L

),
A

pg
ar

 s
co

re
s,

 u
m

bi
lic

al
ra

nd
om

iz
at

io
n 

m
et

ho
d.

gi
ve

n.
bu

pi
va

ca
in

e 
13

 m
g.

th
en

 e
ph

ed
ri

ne
 0

.1
5

ar
te

ri
al

 p
H

 a
nd

 s
ta

nd
ar

d



592 CANADIAN JOURNAL OF ANESTHESIA
T

A
B

L
E

- 
co

nt
in

ue
d

St
ud

y
M

et
ho

ds
Pa

rt
ic

ip
an

ts
A

ne
st

he
sia

In
te

rv
en

ti
on

O
ut

co
m

e

U
nc

le
ar

 a
llo

ca
tio

n
m

g·
kg

–1
iv

bo
lu

s,
ba

se
 e

xc
es

s.
C

on
ce

al
m

en
t 

(B
).

 T
w

o
fo

llo
w

ed
 b

y
w

ith
dr

aw
al

s 
du

e 
to

ep
he

dr
in

e 
0.

4
te

ch
ni

ca
l d

iff
ic

ul
tie

s 
m

g·
kg

–1
·h

r–1
in

fu
si

on
.

w
ith

 e
ph

ed
ri

ne
 in

fu
si

on
C

om
pa

ri
so

n:
 n

or
m

al
N

o 
sa

m
pl

e 
si

ze
 c

al
cu

la
tio

n
sa

lin
e 

75
0 

m
L

 +
 2

0
do

ne
.

m
L

·k
g–1

fo
r 

15
 m

in
(a

ct
ua

l 2
.5

 L
).

R
es

cu
e:

 e
ph

ed
ri

ne
 1

0
m

g 
iv

bo
lu

se
s 

ev
er

y 
m

in
if 

M
A

P 
> 

10
 m

m
H

g
be

lo
w

 b
as

el
in

e.

R
am

in
 (

19
94

)21
R

an
do

m
iz

ed
 c

on
tr

ol
le

d
20

 h
ea

lth
y 

re
pe

at
Pr

eh
yd

ra
tio

n 
2.

0 
L

E
ph

ed
ri

ne
 1

0 
H

yp
ot

en
si

on
 (

de
cr

ea
se

U
SA

tr
ia

l. 
N

o 
bl

in
di

ng
.

C
es

ar
ea

n 
de

liv
er

y.
la

ct
at

ed
 R

in
ge

r’
s 

m
g·

hr
–1

iv
in

fu
si

on
M

A
P 

> 
30

%
 o

f b
as

el
in

e)
,

N
o 

de
ta

ils
 a

bo
ut

E
xc

lu
si

on
s:

 la
bo

ur
,

so
lu

tio
n 

15
 t

o 
20

 m
in

to
 m

ai
nt

ai
n 

di
as

to
lic

na
us

ea
 a

nd
 v

om
iti

ng
,

ra
nd

om
iz

at
io

n 
m

et
ho

d.
hy

pe
rt

en
si

on
, d

ia
be

te
s,

be
fo

re
 in

du
ct

io
n.

 L
ef

t
B

P 
0 

to
 1

0 
m

m
H

g 
A

pg
ar

 s
co

re
s,

 u
m

bi
lic

al
 

U
nc

le
ar

 a
llo

ca
tio

n
pl

at
el

et
 c

ou
nt

s 
< 

la
te

ra
l t

ilt
 1

5 
de

gr
ee

.
ab

ov
e 

ba
se

lin
e

ar
te

ri
al

 a
nd

 v
en

ou
s 

pH
 

co
nc

ea
lm

en
t 

(B
).

 N
o

10
0,

00
0/

m
m

3 ,
T

et
ra

ca
in

e 
8 

to
 9

 m
g.

be
fo

re
 in

du
ct

io
n 

of
an

d 
st

an
da

rd
 b

as
e

sa
m

pl
e 

si
ze

 c
al

cu
la

tio
n

pr
ol

on
ge

d 
pr

ot
hr

om
bi

n
sp

in
al

 a
ne

st
he

si
a.

ex
ce

ss
.

do
ne

.
or

 p
ar

tia
l t

hr
om

bo
pl

as
tin

C
on

tr
ol

: n
o 

in
te

rv
en

tio
n

tim
e,

 fe
ta

l d
is

tr
es

s,
R

es
cu

e:
 e

ph
ed

ri
ne

 i
v

ca
rd

ia
c 

or
 p

ul
m

on
ar

y
bo

lu
se

s 
w

he
n 

ne
ce

ss
ar

y.
di

se
as

e,
 a

ny
 m

ed
ic

al
ill

ne
ss

, o
r 

a 
kn

ow
n

hi
st

or
y 

of
 d

ru
g 

ab
us

e.

C
ha

n 
(1

99
7)

25
Si

ng
le

-b
lin

de
d,

46
 h

ea
lth

y 
w

om
en

,
L

ef
t 

la
te

ra
l 1

5 
de

gr
ee

E
ph

ed
ri

ne
 0

.2
5 

m
g·

kg
–1

H
yp

ot
en

si
on

 (
de

cr
ea

se
H

on
g 

K
on

g
ra

nd
om

iz
ed

 c
on

tr
ol

le
d

m
ea

n 
ag

e 
31

 t
o 

32
 y

r.
til

te
d 

po
si

tio
n.

iv
in

fu
si

on
 o

ve
r 

3 
m

in
SB

P 
> 

20
%

 o
f b

as
el

in
e)

,
tr

ia
l. 

N
o 

de
ta

ils
 a

bo
ut

E
xc

lu
si

on
s:

 n
o 

de
ta

ils
H

yp
er

ba
ri

c 
bu

pi
va

ca
in

e
im

m
ed

ia
te

ly
 a

ft
er

 s
pi

na
l

m
at

er
na

l u
te

ri
ne

ra
nd

om
iz

at
io

n 
m

ed
ho

d.
gi

ve
n.

11
.5

 m
g 

an
d 

m
or

ph
in

e
in

du
ct

io
n.

ci
rc

ul
at

io
n,

 n
au

se
a 

an
d

U
nc

le
ar

 a
llo

ca
tio

n
0.

25
 m

g.
C

om
pa

ri
so

n:
 H

ar
tm

an
n’

s
vo

m
iti

ng
, A

pg
ar

 s
co

re
s

co
nc

ea
lm

en
t 

(B
).

 N
o

so
lu

tio
n 

20
 m

L
·k

g–1
ov

er
um

bi
lic

al
 a

rt
er

ia
l a

nd
de

ta
ils

 a
bo

ut
 w

ith
dr

aw
al

10
 t

o 
15

 m
in

 im
m

ed
ia

te
ly

ve
no

us
 p

H
 a

nd
 s

ta
nd

ar
d

of
 p

at
ie

nt
s.

 N
o 

sa
m

pl
e

be
fo

re
 s

pi
na

l a
ne

st
he

si
a.

ba
se

 e
xc

es
s.

si
ze

 c
al

cu
la

tio
n 

do
ne

.
R

es
cu

e:
 e

ph
ed

ri
ne

 6
 m

g
iv

bo
lu

s 
ev

er
y 

m
in

 a
nd

in
cr

ea
se

 i
v

flu
id

 in
fu

si
on

ra
te

.

W
eb

b 
(1

99
8)

24
R

an
do

m
iz

ed
, d

ou
bl

e-
40

 w
om

en
. E

xc
lu

si
on

s:
Pr

eh
yd

ra
to

in
 5

00
 m

L
E

ph
ed

ri
ne

 3
7.

5 
m

g 
im

5
H

yp
ot

en
si

on
 (

SB
P 

<
So

ut
h 

A
fr

ic
a

bl
in

de
d,

 p
la

ce
bo

-
ob

es
ity

 r
es

ul
tin

g 
in

R
in

ge
rs

’ l
ac

ta
te

to
 1

4 
m

in
 b

ef
or

e 
sp

in
al

10
0 

m
m

H
g 

or
 d

ec
re

as
e

co
nt

ro
lle

d 
tr

ia
l. 

N
o

im
pa

lp
ab

le
 lu

m
ba

r
ov

er
 1

5 
to

 2
0 

m
in

.
an

es
th

es
ia

.
> 

30
%

 o
f b

as
el

in
e)

,
de

ta
ils

 o
f r

an
do

m
iz

at
io

n
sp

in
es

, h
yp

er
te

ns
io

n
U

te
ri

ne
 d

is
pl

ac
em

en
t

C
om

pa
ri

so
n:

 n
or

m
al

 
re

ac
tiv

e 
hy

pe
rt

en
si

on



Lee et al.: PROPHYLACTIC EPHEDRINE AND HYPOTENSION 593
T

A
B

L
E

- 
co

nt
in

ue
d

St
ud

y
M

et
ho

ds
Pa

rt
ic

ip
an

ts
A

ne
st

he
sia

In
te

rv
en

ti
on

O
ut

co
m

e

m
et

ho
d.

 U
nc

le
ar

(B
P 

> 
15

0/
90

),
(d

et
ai

ls
 n

ot
 g

iv
en

).
sa

lin
e 

im
in

je
ct

io
n.

(i
nc

re
as

e 
> 

30
%

 o
f

al
lo

ca
tio

n 
co

nc
ea

lm
en

t
co

nv
en

tio
na

l
H

yp
er

ba
ri

c 
bu

pi
va

ca
in

e
R

es
cu

e:
 e

ph
ed

ri
ne

 5
 m

g
ba

se
lin

e)
, t

ac
hy

ca
rd

ia
,

(B
).

 N
o 

de
ta

ils
 a

bo
ut

co
nt

ra
in

di
ca

tio
ns

 t
o

11
 t

o 
25

 m
g.

iv
bo

lu
s 

ev
er

y 
m

in
. a

nd
A

pg
ar

 s
co

re
s,

 u
m

bi
lic

al
w

ith
dr

aw
al

 o
f p

at
ie

nt
s.

sp
in

al
 a

ne
st

he
si

a
in

cr
ea

se
 fl

ui
d 

in
fu

si
on

 r
at

e.
ve

no
us

 p
H

.
N

o 
sa

m
pl

e 
si

ze
(c

oa
gu

lo
pa

th
y,

 s
ep

si
s

ca
lc

ul
at

io
n 

do
ne

.
hy

po
vo

le
m

ia
).

K
in

g 
(1

99
8)

5
R

an
do

m
iz

ed
, d

ou
bl

e-
30

 h
ea

lth
y 

w
om

en
,

Pr
eh

yd
ra

tio
n 

15
 m

L
·k

g–1
E

ph
ed

ri
ne

 1
0 

m
g 

bo
lu

s
H

yp
ot

en
si

on
 (

de
cr

ea
se

U
SA

bl
in

de
d,

 p
la

ce
bo

-
m

ea
n 

ag
e 

27
 t

o 
32

 y
r.

no
rm

al
 s

al
in

e 
ov

er
w

ith
in

 1
 m

in
 a

ft
er

SB
P 

> 
20

%
 o

f b
as

el
in

e)
,

co
nt

ro
lle

d 
tr

ia
l. 

A
de

qu
at

e
E

xc
lu

si
on

s:
 h

is
to

ry
 o

f
10

 m
in

 b
ef

or
e 

sp
in

al
in

du
ct

io
n 

of
 s

pi
na

l
A

pg
ar

 s
co

re
s.

al
lo

ca
tio

n 
co

nc
ea

lm
en

t
hy

pe
rt

en
si

on
, 

an
es

th
es

ia
.

an
es

th
es

ia
.

(A
).

 N
o 

de
ta

ils
 a

bo
ut

pr
ee

cl
am

ps
ia

, p
re

te
rm

B
up

iv
ac

ai
ne

 1
2 

m
g

A
no

th
er

 g
ro

up
 h

ad
w

ith
dr

aw
al

 o
f p

at
ie

nt
s.

la
bo

ur
, j

uv
en

ile
 o

ns
et

an
d 

fe
nt

an
yl

 1
0 

µg
.

ep
he

dr
in

e 
20

 m
g

N
o 

sa
m

pl
e 

si
ze

di
ab

et
es

, c
oc

ai
ne

 o
r

L
ef

t 
ut

er
in

e
in

fu
si

on
 o

ve
r 

12
 m

in
ca

lc
ul

at
io

n 
do

ne
.

m
et

ha
m

ph
et

am
in

e 
us

e,
di

sp
la

ce
m

en
t.

w
ith

in
 1

 m
in

 a
ft

er
ca

rd
ia

c 
di

se
as

e,
 o

r 
th

os
e

in
du

ct
io

n 
of

 s
pi

na
l

in
 w

ho
m

 r
eg

io
na

l
an

es
th

es
ia

.
an

es
th

es
ia

 w
as

C
om

pa
ri

so
n:

 n
or

m
al

 s
al

in
e.

in
ap

pr
op

ri
at

e.
R

es
cu

e:
 e

ph
ed

ri
ne

 1
0 

m
g

iv
w

he
n 

ne
ce

ss
ar

y.

C
ar

va
lh

o
R

an
do

m
iz

ed
 c

on
tr

ol
le

d
80

 h
ea

lth
y 

w
om

en
,

Pr
eh

yd
ra

tio
n 

10
T

hr
ee

 e
ph

ed
ri

ne
 i

v
bo

lu
s

H
yp

ot
en

si
on

 (
de

cr
ea

se
(2

00
0)

11
tr

ia
l. 

N
o 

de
ta

ils
 a

bo
ut

m
ea

n 
ag

e 
27

 t
o 

29
 y

r.
m

L
·k

g–1
la

ct
at

ed
gr

ou
ps

 (
5 

m
g,

 1
0 

m
g,

SB
P 

> 
20

%
 o

f b
as

el
in

e)
,

ra
nd

om
iz

at
io

n 
m

et
ho

d.
E

xc
lu

si
on

s:
 n

o 
de

ta
ils

R
in

ge
r’

s 
so

lu
tio

n.
15

 m
g)

 a
ft

er
 in

du
ct

io
n

re
ac

tiv
e 

hy
pe

rt
en

si
on

St
ud

y 
1

U
nc

le
ar

 a
llo

ca
tio

n
gi

ve
n.

W
ed

ge
 u

te
ri

ne
of

 s
pi

na
l a

ne
st

he
si

a.
(i

nc
re

as
e 

SB
P 

> 
20

%
B

ra
zi

l
co

nc
ea

lm
en

t 
(B

).
 N

o
di

sp
la

ce
m

en
t.

C
om

pa
ri

so
n:

 n
o 

of
 b

as
el

in
e)

, n
au

se
a,

bl
in

di
ng

.  
N

o 
de

ta
ils

 
H

yp
er

ba
ri

c 
bu

pi
va

ca
in

e
ep

he
dr

in
e 

iv
bo

lu
s.

vo
m

iti
ng

, A
pg

ar
 s

co
re

s,
ab

ou
t 

w
ith

dr
aw

al
12

.5
 m

g 
an

d 
m

or
ph

in
e

R
es

cu
e:

 e
ph

ed
ri

ne
 5

 m
g

um
bi

lic
al

 a
rt

er
ia

l p
H

.
of

 p
at

ie
nt

s.
 N

o 
sa

m
pl

e
25

 µ
g.

iv
bo

lu
s 

w
he

n 
ne

ce
ss

ar
y.

si
ze

s 
ca

lc
ul

at
io

n 
do

ne
.

C
ar

va
lh

o
R

an
do

m
iz

ed
 c

on
tr

ol
le

d
10

0 
he

al
th

y 
w

om
en

,
Pr

eh
yd

ra
tio

n 
10

Fo
ur

 e
ph

ed
ri

ne
 in

fu
si

on
H

yp
ot

en
si

on
 (

de
cr

ea
se

(2
00

0)
11

tr
ia

l. 
N

o 
de

ta
ils

 a
bo

ut
m

ea
n 

ag
e 

27
 t

o 
30

 y
r.

m
L

·k
g–1

la
ct

at
ed

gr
ou

ps
 (

0.
5 

m
g·

m
in

–1
,

SB
P 

> 
20

%
 o

f b
as

el
in

e)
,

ra
nd

om
iz

at
io

n 
m

et
ho

d.
E

xc
lu

si
on

s:
 n

o 
de

ta
ils

R
in

ge
r’

s 
so

lu
tio

n.
1 

m
g·

m
in

–1
, 2

 m
g·

m
in

–1
re

ac
tiv

e 
hy

pe
rt

en
si

on
St

ud
y 

2
U

nc
le

ar
 a

llo
ca

tio
n

gi
ve

n.
W

ed
ge

 u
te

ri
ne

in
fu

si
on

, 4
 m

g·
m

in
–1

.
(i

nc
re

as
e 

SB
P 

> 
20

%
 o

f
B

ra
zi

l
co

nc
ea

lm
en

t 
(B

).
di

sp
la

ce
m

en
t.

C
om

pa
ri

so
n:

 n
o

ba
se

lin
e)

, n
au

se
a,

 
N

o 
bl

in
di

ng
. N

o
H

yp
er

ba
ri

c 
bu

pi
va

ca
in

e
ep

he
dr

in
e 

in
fu

si
on

.
vo

m
iti

ng
, A

pg
ar

 s
co

re
s,

de
ta

ils
 a

bo
ut

 w
ith

dr
aw

al
12

.5
 m

g 
an

d 
m

or
ph

in
e

R
es

cu
e:

 e
ph

ed
ri

ne
um

bi
lic

al
 a

rt
er

ia
l p

H
.

of
 p

at
ie

nt
s.

 N
o 

sa
m

pl
e

25
 µ

g.
5 

m
g 

iv
bo

lu
s 

w
he

n
si

ze
 c

al
cu

la
tio

n 
do

ne
.

ne
ce

ss
ar

y.
N

ga
n 

K
ee

D
ou

bl
e-

bl
in

de
d,

80
 w

om
en

, A
SA

 I
/

II
Pr

eh
yd

ra
tio

n 
20

T
hr

ee
 e

ph
ed

ri
ne

 i
v

bo
lu

s
H

yp
ot

en
si

on
 (

de
cr

ea
se

(2
00

0)
4

ra
nd

om
iz

ed
, p

la
ce

bo
m

ea
n 

ag
e 

31
 t

o 
33

 y
r.

m
L

·k
g–1

la
ct

at
ed

gr
ou

ps
 (

10
 m

g,
 2

0 
m

g,
SA

P 
> 

20
%

 o
f b

as
el

in
e

H
on

g 
K

on
g

co
nt

ro
lle

d 
tr

ia
l.

E
xc

lu
si

on
s:

 p
re

ex
is

tin
g

R
in

ge
r’

s 
so

lu
tio

n
30

 m
g)

 g
iv

en
 1

 m
in

an
d 

< 
10

0 
m

m
H

g)
,

R
an

do
m

iz
at

io
n 

by
or

 p
re

gn
an

cy
 in

du
ce

d
gi

ve
n 

fo
r 

10
 t

o 
15

af
te

r 
in

du
ct

io
n 

of
 s

pi
na

l
re

ac
tiv

e 
hy

pe
rt

en
si

on



594 CANADIAN JOURNAL OF ANESTHESIA
T

A
B

L
E

- 
co

nt
in

ue
d

St
ud

y
M

et
ho

ds
Pa

rt
ic

ip
an

ts
A

ne
st

he
sia

In
te

rv
en

ti
on

O
ut

co
m

e

co
de

d,
 o

pa
qu

e,
hy

pe
rt

en
si

on
, k

no
w

n
m

in
. L

ef
t 

la
te

ra
l t

ilt
.

an
es

th
es

ia
.

(i
nc

re
as

e 
SA

P 
> 

20
%

 o
f

sh
uf

fle
d 

en
ve

lo
pe

s.
ca

rd
io

va
sc

ul
ar

 o
r

H
yp

er
ba

ri
c 

bu
pi

va
ca

in
e

C
om

pa
ri

so
n:

 n
or

m
al

ba
se

lin
e)

, n
au

se
a 

or
A

llo
ca

tio
n 

co
nc

ea
lm

en
t

ce
re

br
ov

as
cu

la
r 

di
se

as
e,

10
 m

g 
an

d 
fe

nt
an

yl
sa

lin
e 

iv
bo

lu
s.

vo
m

iti
ng

, A
pg

ar
 s

co
re

s,
ad

eq
ua

te
 (

A
).

 N
o 

pa
tie

nt
s

co
nt

ra
in

di
ca

tio
ns

 t
o

15
 µ

g.
R

es
cu

e:
 e

ph
ed

ri
ne

um
bi

lic
al

 a
rt

er
ia

l a
nd

w
ith

dr
ew

 fr
om

 s
tu

dy
.

sp
in

al
 a

ne
st

he
si

a.
10

 m
g 

iv
bo

lu
s 

ev
er

y
ve

no
us

 p
H

.
Sa

m
pl

e 
si

ze
 c

al
cu

la
tio

n
m

in
 w

he
n 

ne
ce

ss
ar

y.
do

ne
.

V
er

ca
ut

er
en

D
ou

bl
e-

bl
in

de
d,

 p
la

ce
bo

48
 w

om
en

, m
ea

n 
ag

e
Pr

eh
yd

ra
tio

n 
1.

0 
L

E
ph

ed
ri

ne
 5

 m
g 

iv
bo

lu
s.

H
yp

ot
en

si
on

 (
SB

P 
<

(2
00

0)
1

co
nt

ro
lle

d 
tr

ia
l. 

A
llo

ca
tio

n
29

 t
o 

30
 y

r 
un

de
rg

oi
ng

la
ct

at
ed

 R
in

ge
r’

s
C

om
pa

ri
so

n:
 n

or
m

al
10

0 
m

m
H

g 
or

 d
ec

re
as

e
B

el
gi

um
co

nc
ea

lm
en

t 
ad

eq
ua

te
co

m
bi

ne
d 

sp
in

al
-

so
lu

tio
n 

an
d 

0.
5 

L
 

sa
lin

e 
iv

bo
lu

s.
> 

30
%

 b
as

el
in

e)
,

(A
).

 O
ne

 w
ith

dr
ew

 d
ue

ep
id

ur
al

 a
ne

st
he

si
a.

hy
dr

ox
ye

th
yl

st
ar

ch
R

es
cu

e:
 e

ph
ed

ri
ne

 5
 m

g
br

ad
yc

ar
di

a 
(d

ec
re

as
e

to
 c

om
bi

ne
d

E
xc

lu
si

on
s:

 s
em

i-
6%

. L
ef

t 
la

te
ra

l t
ilt

iv
bo

lu
s 

w
he

n
H

R
 >

 3
0%

 o
f b

as
el

in
e)

,
sp

in
al

-e
pi

du
ra

l t
ec

hn
ic

al
ur

ge
nt

 C
es

ar
ea

n 
de

liv
er

y
15

 d
eg

re
e.

 H
yp

er
ba

ri
c

ne
ce

ss
ar

y.
na

us
ea

 o
r 

vo
m

iti
ng

,
di

ff
ic

ul
ty

 a
nd

 o
ne

C
es

ar
ea

n 
de

liv
er

y,
bu

pi
va

ca
in

e 
6.

6 
m

g
A

pg
ar

 s
co

re
s,

 u
m

bi
lic

al
w

ith
dr

ew
 d

ue
 t

o
ac

tiv
e 

la
bo

ur
,

w
ith

 s
ul

fe
nt

an
il 

3.
3 

µg
.

ar
te

ri
al

 a
nd

 v
en

ou
s 

pH
.

in
ad

eq
ua

te
 c

om
bi

ne
d

ge
st

at
io

na
l a

ge
 <

sp
in

al
-e

pi
du

ra
l

37
 w

ee
ks

, i
ni

tia
l S

B
P

an
es

th
es

ia
. N

o 
sa

m
pl

e
> 

15
0 

m
m

H
g.

si
ze

 c
al

cu
la

tio
n 

do
ne

.

T
se

n 
(2

00
0)

6
D

ou
bl

e-
bl

in
de

d,
40

 w
om

en
, m

ea
n 

ag
e

Pr
eh

yd
ra

tio
n 

10
E

ph
ed

ri
ne

 1
0 

m
g 

iv
H

yp
ot

en
si

on
 (

20
%

U
SA

pl
ac

eb
o 

co
nt

ro
lle

d 
tr

ia
l.

32
 t

o 
35

 y
r

m
L

·k
g 

la
ct

at
ed

bo
lu

s 
gi

ve
n 

w
ith

de
cr

ea
se

 in
 M

A
P)

,
U

nc
le

ar
 a

llo
ca

tio
n

un
de

rg
oi

ng
 s

pi
na

l
R

in
ge

r’
s 

so
lu

ct
io

n
sp

in
al

 a
ne

st
he

si
a.

hy
pe

rt
en

si
on

 (
no

t
co

nc
ea

lm
en

t 
(B

).
an

es
th

es
ia

.
ov

er
 1

5 
m

in
. L

ef
t

C
om

pa
ri

so
n:

 n
or

m
al

de
fin

ed
),

 t
ac

hy
ca

rd
ia

 
N

o 
de

ta
ils

 a
bo

ut
E

xc
lu

si
on

s:
 c

ar
di

ac
,

la
te

ra
l t

ilt
 b

y 
w

ed
ge

.
sa

lin
e 

iv
bo

lu
s.

(n
ot

 d
ef

in
ed

),
 A

pg
ar

w
ith

dr
aw

al
s.

 S
am

pl
e

pu
lm

on
ar

y,
 r

en
al

 o
r

B
up

iv
ac

ai
ne

 1
2 

m
g

R
es

cu
e:

 e
ph

ed
ri

ne
 1

0
sc

or
es

.
si

ze
 c

al
cu

la
tio

n 
do

ne
.

ot
he

r 
sy

st
em

at
ic

w
ith

 fe
nt

an
yl

 1
0 

µg
.

m
g 

iv
bo

lu
s 

w
he

n
di

se
as

es
, h

is
to

ry
 o

f
ne

ce
ss

ar
y.

m
ed

ic
at

io
ns

 t
ha

t 
w

ou
ld

al
te

r 
he

m
od

yn
am

ic
re

sp
on

se
.

A
yo

ri
nd

e 
(2

00
1)

26
D

ou
bl

e-
bl

in
de

d,
54

 w
om

en
, m

ea
n 

ag
e

Pr
eh

yd
ra

tio
n 

50
0 

m
L

E
ph

ed
ri

ne
 4

5 
m

g 
im

H
yp

ot
en

si
on

 (
> 

25
%

U
K

pl
ac

eb
o 

co
nt

ro
lle

d 
tr

ia
l.

30
 t

o 
31

 y
r 

un
de

rg
oi

ng
la

ct
at

ed
 R

in
ge

r’
s

gi
ve

n 
im

m
ed

ia
te

ly
de

cr
ea

se
 in

 M
A

P)
,

A
de

qu
at

e 
al

lo
ca

tio
n

co
m

bi
ne

d 
sp

in
al

-
so

lu
tio

n.
 L

ef
t 

la
te

ra
l

af
te

r 
sp

in
al

 a
ne

st
he

si
a.

hy
pe

rt
en

tio
n 

(>
 2

5%
co

nc
ea

lm
en

t 
(A

).
ep

id
ur

al
 a

ne
st

he
si

a
15

 d
eg

re
e 

til
te

d
C

om
pa

ri
so

n:
 n

or
m

al
in

cr
ea

se
 in

 M
A

P)
,

N
o 

w
ith

dr
aw

al
s.

fo
r 

el
ec

tiv
e 

C
es

ar
ea

n
po

si
tio

n.
 H

yp
er

ba
ri

c
sa

lin
e 

im
in

je
ct

io
n.

br
ad

yc
ar

id
a 

(H
R

 <
 6

0)
,

Sa
m

pl
e 

si
ze

 c
al

cu
la

tio
n

de
liv

er
y.

 E
xc

lu
si

on
:

11
 m

g 
bu

pi
va

ca
in

e
R

es
cu

e:
 e

ph
ed

ri
ne

 6
 m

g
A

pg
ar

 s
co

re
s,

 u
m

bi
lic

al
do

ne
.

kn
ow

n 
hy

pe
rt

en
si

ve
w

ith
 fe

nt
an

yl
 2

0 
µg

.
iv

bo
lu

s 
w

he
n 

ne
ce

ss
ar

y
ve

no
us

 p
H

.
pa

tie
nt

s,
 r

es
tin

g 
ar

te
ri

al
if 

pa
tie

nt
 b

ec
am

e
pr

es
su

re
 >

 1
60

/
90

 m
m

H
g.

hy
po

te
ns

iv
e 

or
 r

ep
or

te
d

na
us

ea
, v

om
iti

ng
 o

r
di

zz
in

es
s.

A
SA

 =
 A

m
er

ic
an

 S
oc

ie
ty

 o
f A

ne
st

he
si

ol
og

is
ts

 p
hy

si
ca

l s
ta

tu
s;

 H
R

 =
 h

ea
rt

 r
at

e;
 M

A
P 

= 
m

ea
n 

ar
te

ri
al

 p
re

ss
ur

e;
 S

A
P 

= 
sy

st
ol

ic
 a

rt
er

ia
l p

re
ss

ur
e;

 S
B

P 
= 

sy
st

ol
ic

 b
lo

od
 p

re
ss

ur
e.



having unclear allocation concealment (B) because the
randomization procedure was not described. There
was double-blinding in seven trials.1,4–7,24,26 There was
no blinding in three trials.21,11 (trial 1, trial 2) All other tri-
als were single-blinded. Details about withdrawals
from the trial were given in three trials.1,4,23 Sample
size calculations were done in three recent trials.4,6,26

MMaatteerrnnaall  oouuttccoommeess
Hypotension
Of the 14 trials included in this review, 12 had sufficient
data for a meta-analysis of ephedrine to prevent
hypotension. One trial was excluded because there was
no specific definition for hypotension.23 Another trial
was excluded because different definitions of hypoten-
sion were used in the ephedrine and control groups.22

There were several definitions of hypotension used
within two trials.1,25 In these trials we accepted the def-
inition as a decrease of systolic blood pressure (SBP) >
20% from baseline25 and a SBP < 100 mmHg.1

The mean baseline risk of hypotension in the con-
trol group was 69% (95% CI, 63% to 75%) in the 11
trials. Disregarding the dose of ephedrine used, data
pooled from 12 trials (n = 571) were homogeneous
(Q statistic = 13.94, df = 11, P = 0.24) and showed
that ephedrine was more effective for preventing
hypotension than control (RR, 0.73; 95% CI, 0.63 to
0.86; Figure 1). There was no evidence of bias in this
meta-analysis as shown by the symmetry in the funnel
plot (intercept = 0.53, 90% CI, -0.48 to 1.54, P =
0.41; Figure 2).

Sensitivity analysis performed after excluding
Gutsche’s trial7 because of uncertainty about random-
ization showed that the overall summary effect size was
robust (RR, 0.74; 95% CI, 0.65 to 0.85). Another sen-
sitivity analysis performed after exclusion of the trial by
Kangas-Saarela et al.27 in which ephedrine was not
given unless there was any decrease in arterial pressure
to less than the baseline, showed that the overall RR
was 0.73 (95% CI, 0.61 to 0.86). Kangas-Saarela et
al.27showed that there was no difference between giv-
ing ephedrine or fluid intervention for the prevention
of hypotension (RR,1.00; 95% CI, 0.37 to 2.73).

The level of allocation concealment did not affect
the overall summary effect size. In restricting the meta-
analysis to only trials that had adequate allocation con-
cealment 1,4,5,26 the overall RR was 0.69 (95% CI, 0.58
to 0.83) with no evidence of heterogeneity (Q statistic
= 2.04, df = 3, P = 0.56). In trials where allocation con-
cealment was unclear,6,7,11,21,24,25,27 the overall RR was
0.76 (95% CI, 0.59 to 0.99) with no evidence of het-
erogeneity (Q statistic = 11.50; df = 7; P = 0.12). 

Meta-analysis of double-blinded studies1,4–7,24,26

showed that ephedrine was significantly associated
with a smaller risk of hypotension compared with con-
trol (RR, 0.70; 95% CI, 0.57 to 0.87). In contrast,
this association was not significant in single-and open-
blinded studies (RR, 0.79; 95% CI, 0.58 to
1.08).11(trial 1, trial 2), 21,25,27 
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FIGURE 1 Meta-analysis of trials. The effect of prophylactic
ephedrine vs control on hypotension. Data are relative risk with
95% confidence intervals.

FIGURE 2 Funnel plot for 12 randomized controlled trials of
prophylactic ephedrine vs control on hypotension.



Hypertension
The authors of eight trials recorded data on reactive
hypertension.4,6,7,11 (trial 1, trial 2), 22,24,26 Although hyper-
tension was defined specifically in many trials, it was
not standardized. Gutsche7 and Tsen6 reported a nil
incidence of hypertension in both ephedrine and con-
trol groups without giving a specific definition. When
we restricted the analysis to trials in which specific def-
initions of reactive hypertension were given,4,11 (trial 1,

trial 2), 22,24,26 there was no evidence that ephedrine was
associated with reactive hypertension (RR, 1.63; 95%
CI, 0.93 to 2.84). 

Abnormal maternal heart rate
Maternal tachycardia was defined in one trial24 as heart
rate > 120 and there was no difference in the inci-
dence between ephedrine (14/20) and placebo
(13/20) groups. Maternal bradycardia was defined in
one trial by Vercauteren et al.1 as heart rate < 30% of
baseline; in this trial the incidence of bradycardia was
small in both ephedrine (0/24) and placebo (1/24)
groups. In another trial,26 bradycardia (heart rate < 60
beats·min–1) did not occur in either ephedrine or
placebo groups. Combining these two trials showed
that ephedrine was not associated with bradycardia
(RR, 0.52; 95% CI, 0.04 to 5.96).

Nausea and vomiting
There was no difference in the incidence of nausea (RR,
0.82; 95% CI, 0.57 to 1.18),1,11(trial 1, trial 2),23 vomiting
(RR, 0.73; 95% CI, 0.35 to 1.52)1,11 (trial 1, trial 2),23 or
nausea and vomiting (RR, 0.71; 95% CI, 0.37 to
1.37)4,7,21,22,25,27 between the ephedrine and control
groups.

Uterine vasculature
The uterine vasculature was assessed in a subgroup of
patients (n = 11) in one trial using Doppler ultrasound.25

There was no difference in the uterine artery pulsatility
index between ephedrine and fluid control groups.25

Neonatal outcomes
APGAR SCORES

The Apgar scores were recorded at one minute and five
minutes in all trials. A low Apgar score at one minute
was defined as < 7 in all trials except Webb (1998)24 and
Kang (1982)22 in which it was defined as < 8. With the
exception of one trial,1 all neonates had an Apgar score
at one minute above the threshold. There was no dif-
ference between ephedrine and control groups in the
incidence of low Apgar score at one minute (RR, 0.77;
95% CI, 0.29 to 2.06). A low Apgar score at five min-
utes was defined as < 8 in three trials,1,7,24 and in all

other trials it was defined as < 7. No neonates had low
Apgar score at five minutes. The overall effect size sug-
gested that there was no difference in low Apgar score
at five minutes between ephedrine and control groups
(RR, 0.72; 95% CI, 0.24 to 2.19).

Umbilical pH and fetal acidosis
The authors reported umbilical arterial pH in eight tri-
als1,4,11 (trial 1, trial 2), 21–23,25 (n = 301) but these trials were
heterogeneous (Q statistic = 15.99, df = 7, P = 0.03).
The mean umbilical arterial pH in the control groups
ranged from 7.2325 to 7.29.1,23 The incidence of fetal
acidosis (umbilical arterial pH < 7.2) was available in
six trials (n = 350).1,4,11 (trial 1, trial 2), 21,23 There was no
difference in the risk of fetal acidosis between
ephedrine and control groups (RR, 1.36; 95% CI, 0.55
to 3.35). Seven trials1,4,21,22,24–26 (n = 292) reported
umbilical venous pH. However, these trials were het-
erogeneous (Q statistic = 18.60, df = 6, P < 0.01). 

Standard base excess
Four trials 21–23,25 (n = 136) showed that there was no
significant difference between ephedrine and control
for arterial standard base excess (WMD = -0.85, 95%
CI = -2.32 to 0.61). The range of arterial standard
base excess in the placebo or control groups was -1.8
21 to -5.9.25 Three trials21,22,25 (n = 110) were hetero-
geneous (Q statistic = 6.91, df = 2, P = 0.03) when
venous standard base excess was analyzed.

DDiissccuussssiioonn
The current systematic review has shown that prophy-
lactic ephedrine was more effective than control for
preventing hypotension in healthy parturients under-
going spinal anesthesia for elective Cesarean delivery.
However, this effect did not translate into a significant
reduction in nausea and/or vomiting or any difference
in neonatal outcome.

To apply the results of this meta-analysis to a clinical
setting so that anesthesiologists can judge whether pro-
phylactic ephedrine is worthwhile for an individual, we
calculated the NNT. If our results were applied to a
baseline risk of 80%,2 the NNT would be 4.6 (95% CI,
3.4 to 8.9) meaning that for every 100 women who
receive ephedrine, 22 (95% CI, 11 to 30) will not devel-
op hypotension who would have done so had they not
received ephedrine. Therefore, the overall benefit of
prophylactic ephedrine for the prevention of maternal
hypotension during spinal anesthesia is small; this
implies that clinical practice may be better focused on
treatment after hypotension has occurred.

There was wide variation in the ephedrine regimens
used in the trials included in our review. This most
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likely reflects regional differences in practice around
the world and between individual anesthesiologists. It
is important to note that our meta-analysis did not
discriminate between doses, precise timing or routes
of administration of ephedrine. Meta-regression,28 a
statistical technique to assess whether specific factors
(such as timing and routes of administration of
ephedrine) influence the overall treatment effect was
not carried out because of the small number of trials
available in this systematic review. 

As there was no standardized dose of ephedrine used
across trials, this systematic review did not answer the
question about what dose should be used to prevent
maternal hypotension. Intuitively, one would expect
that all investigators would have given an adequate and
effective prophylactic dose of ephedrine. Although
ephedrine has a small benefit, this may be due to an
inadequate dose of ephedrine used in some trials or that
ephedrine has limited effectiveness. 

Therefore, to determine the relative effects of dose,
timing and route of ephedrine administration, it is nec-
essary to refer to the results of individual RCTs. For
example, in a previous dose-finding RCT, we found
that the efficacy of prophylactic ephedrine for the pre-
vention of hypotension, when given as an iv bolus one
minute after intrathecal injection, was dose-dependent.4
Furthermore, our meta-analysis was limited to
ephedrine as there was insufficient data on other vaso-
pressors given prophylactically at the time we per-
formed the search for RCTs. However, we note that a
recent RCT showed that prophylactic im phenylephrine
4 mg was associated with a twofold decrease in devel-
oping hypotension compared with control (RR = 2.00,
95% CI, 1.10 to 3.57).26 These findings suggest that
further work to determine the optimal technique of
prophylactic ephedrine administration and trials of
other prophylactic vasopressors are warranted.

The efficacy of crystalloid bolus in the management
of hypotension associated with spinal anesthesia for
Cesarean delivery has been examined.29,30 In a non-
blinded study that used a sequential analysis design, a
preload of 20 mL·kg–1 lactated Ringer’s solution
reduced the incidence of hypotension from 71% to
55% but did not affect neonatal outcome or ephedrine
requirement.29 After this, a randomized blinded trial
showed no beneficial effect of 1000 mL crystalloid.30

In this systematic review, only one trial compared pro-
phylactic ephedrine infusion with fluid preloading.25

Although the incidence of moderate hypotension 
(20% reduction in SBP) was similar, there was a lower
incidence of severe hypotension (30% reduction in
SBP) in the ephedrine group (35%) compared with
the fluid group (65%).25 The reason why crystalloid

bolus has only limited efficacy can be attributed to its
rapid redistribution out of the intravascular space,
which results in a relatively small augmentation of cir-
culating volume.

There was no association between the use of
ephedrine and fetal acidosis in our review. This is in
contrast with the observational study by Shearer16

who reported a significant association, with a three-
fold greater incidence of fetal acidosis in the ephedrine
group compared with control (no ephedrine). The
authors postulated that the decreased uteroplacental
perfusion that results from hypotension may be fur-
ther compromised by the α-agonist vasoconstricting
properties of ephedrine,16 but this had not been con-
firmed by studies that have assessed uterine vascular
resistance using Doppler ultrasound.25,31 Nonetheless,
further studies are required to confirm the safety and
efficacy of prophylactic ephedrine in cases where there
is compromised uteroplacental blood flow.

There are several limitations to the present systemat-
ic review. As there was no standard definition of
hypotension in this systematic review, we chose to rely
upon the definition of hypotension given by the authors
of each trial. Therefore, there is some degree of clinical
heterogeneity between trials. The quality of trials
included in this systematic review was fair, with four tri-
als that had both adequate allocation concealment and
double-blinding. Compared with trials that have ade-
quate allocation concealment or are double-blinded,
trials with unclear allocation concealment or are not
double-blinded are associated with a larger treatment
effect (41% and 17% respectively).9 However, our sensi-
tivity analyses showed that quality of the trials did not
appear to influence the overall treatment effect. Finally,
some caution is needed in interpreting the results of this
meta-analysis which is based on results of many small
trials as subsequent large trials have disagreed with
meta-analyses 10% to 23% of the time.32 Nevertheless,
in the absence of a large multi-centered trial on this
issue, the best strategy for appraising the available evi-
dence is the use of meta-analysis. We believe that the
findings from this systematic review are robust, as there
was no evidence of bias from the funnel plot.

In summary, there is evidence that prophylactic
ephedrine has limited efficacy for the prevention of
hypotension during spinal anesthesia for Cesarean deliv-
ery. The optimal route, dose and timing are undeter-
mined and we found no evidence that ephedrine was
associated with improved neonatal outcome. 
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