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A randomized comparative trial of combinational metods for preventing

post-spinal hypotension at elective cesarean deliye
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Abstract

BACKGROUND: Various methods have been applied to prevent matéypotension after spinal anesthesia for cenmarea
delivery. We compared the efficacy of three comtimeal methods in this regard in the current study.

METHODS: In this randomized comparative trial, 150 candidatf elective cesarean delivery under spinal hasist

were assigned to three groups: crystalloid prebratlileg bandage, colloid preload and leg bandageephedrine and
leg bandage. Maternal hemodynamic changes duringni@Otes after spinal injection and neonatal cooditvere

compared among the groups.

RESULTS: The cumulative incidence of hypotension was 5448p6and 36% in groups 1 to 3, respectively (p 48)0
Spinal injection to hypotension interval was sim#éanong the groups (p = 0.828). Heart rate in g®dwas significant-
ly lower at the most time measures after anesthoesigoared with the other two groups (p < 0.05 t@&0). Regarding
neonatal outcomes, the interval between the binththe first breath was longer and the Apgar sebmainute 1 was
lower in group 3 compared with the other groups 2001 and 0.038, respectively) but it was natictilly important.
Umbilical cord blood pH was similar among the thgeeups (p = 0.248).

CONCLUSIONS: Among the three studied methods, administratioepifedrine plus bandage of the lower extremities
was the most effective one in reducing the inciéencpost-spinal hypotension. The groups were fioicelly differ-
ent concerning the effect of treatment on newb@ailth.
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ypotension is the most common com-
leication following spinal anesthesia

for cesarean delivery.! In severe cases,
it can have detrimental effects on both mother
(unconsciousness and pulmonary aspiration)
and neonate (hypoxia, acidosis, and neurologi-
cal injury).2® Various preventive methods are
currently used to prevent or minimize hypo-
tension including left uterine displacement,
prophylactic ephedrine, crystalloid or colloid

preloading, and utilizing compression stocking
onto the lower extremities.?> Administration of
fluids before the administration of regional
anesthesia can maintain adequate volume after
the onset of sympathetic blockade. Administra-
tion of a large bolus of crystalloid may exacer-
bate the decrease in colloid osmotic pressure
that occurs during the first 6-12 hours postpar-
tum.* Also, it redistributes to other body com-
partments. Some physicians prefer to give a
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synthetic colloid for this purpose. However,
the solutions are expensive and may alter
blood rheology and platelet function, which
may result in increased blood lose. Leg wrap-
ping prevents pooling of a major portion of the
blood volume in the lower extremities, but the
incidence of hypotension was reduced only a
few percent by this method.* However, accord-
ing to systematic reviews and meta-analyses,
no single method could effectively eliminate
hypotension.35 In their systematic review,
Morgan et al. introduced colloid preloading
and leg wrapping as the most effective me-
thods> whereas Emmett et al. demonstrated
that the prophylactic administration of crystal-
loid or colloid solutions, ephedrine, or leg
wrapping could not reliably prevent hypoten-
sion.> According to a meta-analysis by Lee et
al., the efficacy of prophylactic ephedrine for
the prevention of hypotension is poor at small-
er doses, whereas at larger doses, the likelih-
ood of causing hypertension is more than that
of preventing hypotension with a minor de-
crease in umbilical arterial pH, as well. The
authors, therefore, did not recommend the rou-
tine administration of prophylactic ephedrine
in this regard.®

The degree of effectiveness of various pre-
ventive methods is controversial. There is no
established ideal technique, and there is a lack
of studies on neonatal outcome. Systematic re-
views recommended future researches to be
directed toward assessing a combination of the
beneficial interventions, but few reports are
available on the efficacy of combinational me-
thods’10 and more studies are needed in this
regard. The present study was performed to
compare the efficacy of three combinational
methods on prevention of hypotension follow-
ing spinal anesthesia in parturients under-
going elective cesarean delivery. Furthermore,
this study evaluated the effect of these me-
thods on neonatal outcome. The three combi-
national methods of the study were as follows:
crystalloid preload plus leg bandage, colloid
preload plus leg bandage and prophylactic
ephedrine plus leg bandage.
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Methods

This randomized, double blind clinical trial
was conducted in two university hospitals
(Beheshti and Shahid Sadoughi, in Isfahan and
Yazd cities, respectively, Iran) from summer
2005 to spring 2009. After obtaining approval
from the Ethics Committee of Isfahan Universi-
ty of Medical Sciences, we recruited singleton
parturients with American Society of Anesthe-
siologists (ASA) physical status I or II who
were scheduled for elective cesarean delivery
under spinal anesthesia. Written informed
consent was obtained from all parturients after
full explanations of the goals and procedures
of the study. Parturients without preexisting
systemic disease or pregnancy-induced hyper-
tension, preterm labor or signs of onset of la-
bor, known fetal abnormalities, or without con-
traindications to spinal anesthesia were in-
cluded in the study. Exclusion criteria were
any significant history of maternal medical or
obstetric illness and any fetal compromise
within the current pregnancy. The patient and
all staff involved in the study were blind to the
protocol used. Power analysis showed that a
sample size of 50 parturients per group would
have 80% power at the 5% significance level to
detect a difference of 30% in the incidence of
hypotension among the groups. The sampling
method was consecutive and eligible partu-
rients were randomized into the following
three groups using computer generated table
of random numbers:11

Group 1: Ringer's lactate (RL) solution (15
ml/kg) was infused in 30 minutes before spin-
al injection. Also, mid thigh-high lower ex-
tremities bandage (Cobel co, Iran) was per-
formed immediately after spinal injection.

Group 2: Prior to spinal injection, colloid
solution (Hemaxel, 7 mg/kg) was infused in 30
minutes and mid thigh-high lower extremities
bandage was performed immediately after
spinal injection.

Group 3: Immediately after spinal injection,
ephedrine (15 mg, IV, bolus) was infused in 45
seconds and also mid thigh-high bandage of
lower extremities was done.
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Spinal anesthesia was performed in all cas-
es in sitting position in L3-L4 or L4-L5 spaces.
The anesthesia was done with plain Marcaine
(0.5%, 2.7 ml) (Curasan Co., Iran) and dex-
trose solution (50%, 0.3 ml) using spinal
needle 25-gauge (pencil point, Braun, Mel-
sungen, Germany). Then, the parturient was
set to the left lateral position and after estab-
lishment of T4 block with pin prick test and
confirmation of anesthesia, cesarean section
was done. Oxytocin (20 IU in 1000 ml RL solu-
tion) was infused during one hour after deli-
very in order to retain the normal uteral tone.
Each parturient received 10 ml/kg RL solu-
tion during anesthesia.

From entering into the operating room to
discharging from the recovery room, all cases
were monitored by non-invasive blood pres-
sure monitoring, pulse oximetry, electrocardi-
ography, and bleeding and urine volumes. If
hypotension occurred, as defined by systolic
blood pressure (SBP) below 90 mmHg or
greater than 20% below baseline measures, res-
cue boluses of ephedrine (5 mg) were given
each five minutes until hypotension resolved.
The severity of nausea, as reported by partu-
rient, was assessed by a nurse who was blind
to the study on operation bed and also in re-
covery room by 100 mm Visual Analog Scale
(VAS) and defined as severe if exceeded 40
mm. In case of vomiting or severe nausea, dur-
ing operation atropine (0.5 mg, IV) and in re-
covery room metoclopramide (10 mg, IV) were
administered. SBP, diastolic blood pressure
(DBP), and heart rate (HR) of parturients were
recorded at the admission to operating room
(baseline), immediately after anesthesia (dis-
played as time 0), and minutes 3, 5, 15, 20, 25,
30, 35, and 60 after spinal injection. Time inter-
val between the spinal injection and occur-
rence of hypotension, prolongation of hypo-
tension (time that systolic blood pressure was
less than 20 percent of baseline blood pres-
sure), and the amount of rescue ephedrine
administered were recorded. Following the
delivery, the interval between neonatal birth
and first breath after delivery, Apgar scores at
min 1 and 5, umbilical cord blood pH (from
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umbilical artery isolated by proximal and dis-
tal clamp in a syringe washed with solution
included 1000 unit heparin per milliliter), and
neurologic and adaptive capacity score
(NACS) at 15 minutes, 2 hours, and 24 hours
after delivery were determined by a physician
who was blind to the procedure.

The primary outcome of the study was de-
fined as the incidence of hypotension. Second-
ary outcomes included changes in blood pres-
sure and HR, the incidence of bradycardia (HR
< 50 bpm), hypertension (SBP > 140 mm Hg or
> 20% of the baseline values), spinal injection
to hypotension interval, the prolongation of
hypotension, amount of rescue ephedrine ad-
ministered, nausea, vomiting, the interval be-
tween birth and first neonatal breath after de-
livery, umbilical cord pH, Apgar scores at min
1 and 5, and NACS. The incidence and timing
of hypotension were analyzed using Kaplan-
Meier survival analysis and comparison
among groups was performed with the log-
rank test. Survival time was defined as the
time from spinal injection to the first episode of
hypotension. GLM repeated measures with
Tukey procedure for post-hoc pairwise com-
parisons was used to test sequential measure-
ments of SBP and HR. ANOVA, with Tukey
for post-hoc pairwise comparisons was used
for comparing quantitative variables and chi-
Square and Kruskal-Wallis tests were used for
comparing qualitative and ordinal variables
and continuous variables without normal dis-
tribution among the groups. Data were ana-
lyzed in SPSS software for windows (version
16) and values of p < 0.05 were considered sta-
tistically significant.

Results
All parturients completed the study. The three
groups of the study were similar in demo-
graphic and baseline characteristics, though
there was a non-significant difference among
the groups regarding baseline SBP (p=0.061,
Table 1).

Changes in SBP during 60 minutes after the
spinal injection are shown in Figure 2. Analys-
es showed that changes in SBP were signify-
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Assessed for eligibility
(n= 150

v
Randomized (n= 150)

A 4 A 4 A 4
Allocated to group 1 Allocated to group 2 Allocated to group 3
(n=50 (n=50 (n=50
A\ 4 A 4 \4
Analyzed (n= 50) Analyzed (n= 50) Analyzed (n= 50)

Figure 1. Flow diagram of enrolled study patients.

Table 1. Baseline and surgical characteristics among the three groups

Crystalloid + Colloid + Ephedrine +
bandage bandage bandage b

Age (yr) 27.3+5.3 26.4+4.5 26.3+5.6 0.556*
Weight (kg) 79.5+12.3 78.6+10.1 76.7£14.4 0.505*
Gravity 2 (1-9) 2 (1-5) 2 (1-5) 0.508**
SBP (mmHg) 117.949.1 116.0+7.5 120.5+11.3 0.061*
DBP (mmHQ) 77.146.2 75.046.3 76.8+7.3 0.242*
Pulse rate (bpm) 96.848.3 98.0+10.2 101.649.1 (198
Surgery time (min) 45 48 42 p > 0.05
Total fluid (ml) during anesthesia 710 700 695 p > 0.05
Time from spinal till delivery (min) 8/5 9 9 p >0h
Skin incision to delivery (min) 5/5 6 5 p > 0.05
Uterine incision to delivery (Second) 30 32 35 0.65
Duration of pregnancy (week) 37 37/5 36/5 p > 0.05
Atropine dose (mg) 5 4/8 5/5 p > 0.05

SBP; Systolic Blood Pressure, DBP; Diastolic Bldvdssure
Data are shown as mean (SD) or median (range)

* ANOVA

** Kruskal-Wallis Test
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Figure 2. Systolic blood pressure changes during 60 minutes after spinal injection

Group 1: Crystalloid+leg bandage
Group 2: Colloid+leg bandage
Group 3: Ephedrine+leg bandage
p <0.001

cantly influenced by time (p < 0.001), but the
difference among the groups was not statisti-
cally significant in this regard (time % group; F
= 2.6, p = 0.074). In regard to HR, analyses
showed that changes in HR were significantly
influenced by time (p < 0.001) and the com-
bined effect of time and intervention type (time
x group; F = 52, p = 0.007). Post-hoc tests
showed that HR in group 3 was significantly
lower immediately after anesthesia (p < 0.05)
and at minutes 20 (p < 0.001), 25 (p < 0.001), 30
(p < 0.001), 35 (p < 0.05), and 60 (p = 0.001) af-
ter anesthesia compared with the other two
groups.

Primary and secondary maternal outcome
variables are summarized in Table 2. The
cumulative incidence of hypotension was
54%, 64%, and 36% in groups 1 to 3, respec-
tively (p = 0.018). Cumulative survival, pro-
portion of patients who did not become hy-
potensive during 60 minute monitoring after
spinal injection is presented in Figure 3. The
interval between spinal injection and occur-
rence of hypotension was not different
among the groups (p = 0.828). The differenc-

J Res Med Sci / September 2011; Vol 16, No 9.

es among groups in the continuation of hy-
potension was also not statistically signifi-
cant (p = 0.212).

There was no significant difference among
the groups in cumulative incidence of hyper-
tension (p = 0.084). Only one parturient in
group 1 experienced bradycardia. The lowest
recorded SBP was different among the three
groups (p = 0.018); this value was lower in
group 2 compared with group 3 (p = 0.016).
The lowest recorded HR was also different
among the groups (p < 0.001); this value was
lower in group 3 compared with the other two
groups (p = 0.003 and < 0.001). There were not
significant differences in supplementary ephe-
drine requirement between groups 1 and 2,
which did not receive prophylactic ephedrine
(8.745.1 vs. 9.245.6, p = 0.641). Considering the
severity of nausea and the frequency of vomit-
ing, there were no significant differences
among the study groups (p > 0.05).

Regarding neonatal outcomes, the interval
between birth and first breath was longer in
group 3 compared with the other groups
(p < 0.001, Table 3). There was a significant
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Table 2. Comparison of primary and secondary maternal outcome variables
among the three groups

Crystalloid + Colloid + Ephedrine +
bandage bandage bandage P
Incidence of hypotension 27 (54%) 32 (64%) 18 (36%) 0.018*
Incidence of hypertension 6 (12%) 1 (2%) 3 (6%) 8a0
Bradycardia 1 (2%) 0 0 0.350*
Ir_1terva| between anesthe3|a and hypoten- 8.0+6.3 6.8+6.0 734105 0.656**
sion occurrence (min)
Continuity of hypotension (min) 3.0+2.7 2.843.5 8115 0.231**
Minimum recorded SBP (mmHg) 91.1+13.7 85.9+13.0 4933.5 0.018***
Minimum recorded HR (bpm) 86.1+11.2 84.4+9.2 77621 < 0.001***
Severity of nausea (VAS) 6.2+1.8 5.4+1.5 6.8+2.3 060***
Frequency of vomiting 2 (4%) 0 2 (4%) 0.358*
Data are shown as mean (SD)qpercent)
* Chi-Square Test
** Kruskal-Wallis Test
*** ANOVA
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Figure 3. Kaplan-Meier survival curves showing the proportion of patients who remained not hy-
potensive until 60 minutes after anesthesia

Group 1: Crystalloid+leg bandage
Group 2: Colloid+leg bandage
Group 3: Ephedrine+leg bandage
p =0.828
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Table 3. Comparison of neonatal outcome among the three groups

Crystalloid +

Colloid + Ephedrine +

bandage bandage bandage b

L”rtee;;’r?'(sgf)twee” birth -and first 35,61 5.5£9.4 10.949.2 < 0.001*
1 min Apgar score 8.7+0.5 8.91+0.4 8.5+1.2 0.038*
5 min Apgar score 9.9+0.3 9.9+0.1 9.8+0.3 0.287*
NACS 15 min 37.5+1.4 37.5+1.3 38.1+1.5 0.012*
NACS 2nd h 38.1+1.2 37.8+1.2 38.8+1.0 < 0.001*
NACS 24th h 39.1+0.8 38.7+0.9 39.2+0.6 0.034*
Umbilical cord blood pH 7.35+0.045 7.35+£0.038 7.84348 0.248**

NACS; Neurologic and Adaptive Capacity Score
Data are shown as mean (SD) or median (range)
* Kruskal-Wallis Test

** ANOVA

difference among the groups in Apgar scores
at minute 1 (p = 0.038). Apgar scores at
minute 1 were 7 or above in groups 1 and 2,
but one neonate in group 3 had Apgar score
of 1 at minute 1. No Apgar scores were below
7 at 5 min and there were no significant differ-
ences among the groups in Apgar scores at
minute 5. Groups were significantly different
in NACS of 15 minute and 2nd and 24th hours;
group 2 had lower scores compared with
group 3 at measured times (p = 0.007, < 0.001
and 0.010, respectively). Umbilical cord blood
pH was not below 7.2 in any case and no sig-
nificant difference was found among the three
groups in this regard (p = 0.248, Table 3).

Discussion

Considering the results of the present study,
none of the combinational methods were com-
pletely successful in the prevention of hypo-
tension. However, those who received ephe-
drine plus bandage (group 3) experienced bet-
ter maternal outcomes compared with those
who received crystalloid or colloid plus ban-
dage. Regarding the neonatal outcomes, those
who received ephedrine in their prophylactic
method (groups 3) experienced greater inter-
vals between the birth and the first breath and
lower Apgar scores at minute 1. Other differ-
ences among the groups in neonatal outcome,
though statistically significant, were not clini-
cally important.

J Res Med Sci / September 2011; Vol 16, No 9.

Limited studies have been carried out on
the effectiveness of combinational treatments
in preventing hypotension following spinal
anesthesia in cesarean delivery. In the study by
Riley and colleagues, the prevalence of hypo-
tension occurrence was 45% in parturients who
received Hetastarch solution plus RL solution,
compared with 85% of the control group which
received RL solution.® Another study by Math-
ru et al. demonstrated that adding albumin to
RL solution significantly reduced the frequen-
cy and severity of hypotension.” Moreover,
rapid infusion of crystalloid solution plus phe-
nylephrine (100 micg/min) proved to be more
effective in reducing the frequency of hypoten-
sion that their slow infusion.l® Results of
another study demonstrated that prophylactic
administration of ephedrine in combination
with Hetastarch and RL solution compared
with the combination treatment which used
placebo instead of ephedrine in mentioned re-
gimen, decreased the occurrence rate of hypo-
tension from 58% to 25%. Moreover, only 8%
of the parturients who received ephedrine ex-
perienced severe hypotension (SBP < 90
mmHg), while 42% of the control group expe-
rienced severe hypotension.?

In our study, 51.3% of all cases who re-
ceived bandage experienced hypotension. Ad-
sumelli et al. reported that using leg compres-
sion device solely reduced the frequency of
hypotension occurrence from 92% to 52%.12
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Some other studies indicated that leg wrap-
ping significantly reduced the frequency of
hypotension, even equal to that of phenyleph-
rine.315 Qur results, however, implied that
combinational treatment of crystalloid/colloid
solution plus leg bandage did not have signifi-
cant prophylactic effect on the occurrence of
hypotension. Although in one study, colloids
were more effective than crystalloids for pre-
vention of hypotension (cyna), balanced salt
solutions remained the preferred volume ex-
pander in the United States. Also, another
study evaluated the efficacy of crystalloid and
colloid preload in patients receiving spinal
anesthesia for elective cesarean section. Al-
though the incidence of hypotension was low-
er in patients who received 1 L of hydroxye-
thyl starch solution, the authors concluded that
the augmentation of blood volume with pre-
loading, regardless of the fluid used, must be
large enough to result in a significant increase
in cardiac output for effective prevention of
hypotension.?

The observed difference can be due to the
amount of administered solutions, more rapid
administration, and also using a different type
of bandage (Esmarch’s bandage).

Evidence has shown that ephedrine has ef-
fects on cardiac beta receptors indirectly,
which lead to sinus node stimulation and con-
sequently preventing decrease in heart rate
following spinal anesthesia. In some cases, this
led to increase in heart rate.’® Prophylactic
ephedrine has been shown to prevent brady-
cardia in previous studies.’” However, the re-
sults of our study showed that prophylactic
ephedrine without crystalloid/colloid solution
is not effective in preventing the decrease in
HR after spinal anesthesia. In our study, the
groups were not significantly different in the
relative frequency of nausea, vomiting, the se-
verity of nausea, and the frequency of adminis-
tration of atropine or metoclopramide. This
was in agreement with the results of some pre-
vious studies.l” However, relative frequency of
post-operation nausea and vomiting was 30%
to 46%, which was higher than that in other
studies.
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In our study, newborns of the three groups
were different, considering the interval be-
tween the birth and the first breath, Apgar
score at minute 1 and NACS at 15 minute and
2nd and 24t hours. Shearer et al. reported fetal
acidosis following the administration of
prophylactic ephedrine,’” but we did not find
significant effects of ephedrine on umbilical
cord blood pH. The observed effects of ephe-
drine on neonatal outcomes (Apgar score) in
our study were reported in previous studies
too. Hughes et al. showed that ephedrine even
with high dosage had no deleterious effects on
fetal well being or neonatal outcome in pa-
tients undergoing cesarean section with epi-
dural anesthesia.’8 It is suggested that small
doses of IV ephedrine given to the mother to
prevent hypotension during spinal anesthesia
have short-lived effects on the neonate’s cen-
tral nervous system, which will be detected in
the spectral EEG, but not in neurobehavioral
tests.19 Also, it has been shown that there was
no true fetal acidosis (i.e., umbilical arterial
blood PH<7.2) with ephedrine.# Although our
results indicated that newborns were different
in some variables, all were in an acceptable
range and we believe that these differences
were not of clinical importance.

Conclusion

In conclusion, employing all mentioned com-
bination treatments reduced the rate of hypo-
tension occurrence following spinal anesthe-
sia in parturients undergoing cesarean deli-
very; the rate was lower than the reported
rates in most of the previous literatures.
Among the three studied methods, adminis-
tration of ephedrine plus bandage of the low-
er extremities was the most effective one in
reducing the incidence of hypotension. The
groups were not clinically different concern-
ing the effect of treatment on newborn health,
and maternal post-operational nausea or vo-
miting.
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