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Abstract: Purpose: Positioning of the patient during and after surgery can have significant implications on recovery.
Therefore, the purpose of the present study was to determine the influence of placing patients in a lateral decubitus
position for 15 min after combined use of hyperbaric and hypobaric ropivacaine and assess hemodynamic charac-
teristics during spinal anesthesia for caesarean section. Methods: One hundred-forty patients undergoing elective
cesarean delivery with combined use of hyperbaric and hypobaric ropivacaine were included in the present study.
Patients meeting inclusion criteria (134) were randomly allocated into Group A: immediately turned to the supine
position after induction of spinal anesthesia (n = 67) or Group B: maintained in a lateral decubitus position for 15
min before being turned to the supine position (n = 67). Primary endpoints of the study were to compare hemody-
namic characteristics and sensory blockade levels in the two groups, while a secondary endpoint was to observe
the incidence of complications. Results: Both groups showed similar effects of the combined anesthetic treatment.
Incidence of hypotension (43% vs 18%, P = 0.001), systolic AP < 90 mmHg (36% vs. 16%, P = 0.011), usage of
ephedrine (43% vs. 18%, P = 0.001) and the total dose of ephedrine [0 (0-24) vs O (0-18), P = 0.001] were signifi-
cantly higher in Group A compared to Group B. Group A had a higher incidence of nausea compared to Group B (25%
vs 7%, P = 0.005). Conclusions: Combined use of hyperbaric and hypobaric ropivacaine had satisfactory anesthetic
effects and a more stable hemodynamic characteristic than either drug used alone. Maintaining the patient in a
lateral decubitus position for 15 min can significantly decrease the incidence of hypotension.

Keywords: Spinal anesthesia, hyperbaric ropivacaine, hypobaric ropivacaine, caesarean section, lateral decubitus
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Introduction design could benefit the establishment of com-
pensatory mechanisms and decrease the inci-

Hypotension occurs in 50-70% of patients dence of hypotension. However, single treat-

receiving spinal anesthesia for caesarean sec-
tion, which is mainly caused by extensive sym-
pathetic nerve blockade following spinal anes-
thesia, and oppression of the uterus on the
inferior vena cava is another pathogenesis [1,
2]. This double effect leads to decreased blood
volume, causing reduced cardiac output. We
hypothesized that patients maintained in a lat-
eral decubitus position for 15 min before being
turned to a supine position after spinal anes-
thesia could avoid the synergistic effects of
sympathetic nerve blockade and compression
of the uterus on the inferior vena cava. This

ment with either a hypobaric or hyperbaric
anesthetic should not be chosen for patients
undergoing prolonged time in the lateral decu-
bitus position.

Isobaric anesthetics have been found to be
influenced by many uncontrollable factors,
which could lead to an unpredictability of the
level of sensory blockade [3]. Thus, in the pres-
ent study the combined use of hyperbaric and
hypobaric ropivacaine was hypothesized to
avoid sensory blockade with tilting the patient
to one side. The purpose of the present study
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was to observe the influence of a lateral decu-
bitus position for 15 min following combined
use of hyperbaric and hypobaric ropivacaine on
hemodynamic characteristics of spinal anes-
thesia used for caesarean section.

Materials and methods
Study design and subject allocation

All patients provided written informed consent
prior to study inclusion. One hundred-forty ASA
physical status | or Il patients (gestational age
> 37 weeks, singleton) undergoing elective
cesarean delivery under combined spinal-epi-
dural anesthesia were included in the study.
Exclusion criteria included age < 18 years or >
35 years, height < 150 cm or > 180 cm, weight
< 50 kg or > 100 kg, operation time > 60 min,
hypertension, multiple pregnancy, placenta
previa, cardiovascular and cerebrovascular dis-
eases, macrosomia, known abnormal fetal
development, or contraindications for intraspi-
nal anesthesia or signs of onset of labor.

All patients were fasted preoperatively for 8
hours and water deprived for more than 4
hours. The patients were maintained in a
supine position with a 15° left lateral tilt after
entering the operating room. Each patient was
rapidly administered 7 mL/kg of 6% hydroxy-
ethyl starch (200/0.5) within 10 min via a
16-gauge cannula placed in the forearm veins.
Infusion speed was then adjusted to 7 mL/
kgeh. Multifunctional monitoring was used to
measure blood pressure 5 mins following infu-
sion, and the mean value of three consecutive
detections was recorded.

Anesthetics used in this study consisted of two
parts (#1 and #2), which are shown as follows:
Syringe #1: 1 mL 0.5% hyperbaric ropivacaine,
composed of 0.5 mL 1% ropivacaine, 0.1 mL
0.0001% fentanyl and 0.4 mL 10% glucose;
Syringe #2: 1 mL 0.5% hypobaric ropivacaine,
composed of 0.5 mL 1% ropivacaine, 0.1 mL
0.0001% fentanyl and 0.4 mL sterile distilled
water.

A combined spinal-epidural procedure was per-
formed at the L2-3 interspace with the patient
maintained in a left lateral decubitus position.
Anesthetics in syringes #1 and #2 were suc-
cessively injected upwards when the needle
entered the subarachnoid space. The injection
speed of the anesthetics was 0.1 mL/s.
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The spinal anesthesia needle was withdrawn
and 3 cm of the epidural catheter was placed
into the epidural space. Subjects were random-
ized by a computer generated random number
table into two groups. Immediately following
spinal anesthesia, patients in Group A were
turned to the supine position with a left lateral
tilt of 15°. In contrast, patients in Group B were
maintained in a lateral decubitus position for
15 min before being turned to a supine position
with a left lateral tilt of 15°. The upper sensory
blockade level was checked every 1 min until
the beginning of the operation by assessing for
loss of pain sensation along the collarbone
midline using a 20-gauge sterilized needle. If
the T6 sensory blockade level was not achieved,
an epidural supplement of 2% lidocaine was
administered to maintain a T6 sensory level.

Hypotension was defined as systolic arterial
pressure (AP) < 90 mmHg or a decrease in sys-
tolic AP > 20% from baseline. When periopera-
tive systolic AP was decreased to this level, 6
mg ephedrine was administered every 2 min
until the systolic AP was maintained within nor-
mal range. Atropine (0.3 mg) was used to treat
bradycardia (heart rate < 50/min). Patients
who had an operation time > 60 min or an
insertion time of the epidural catheter > 3 min
were excluded from further study.

Hemodynamic data, upper sensory blockade
level, insertion time of the epidural catheter,
complete analgesia time [beginning of intrathe-
cal injection to a visual analogue scale (VAS) >
0], operation time, usage rate of ephedrine,
total dose of ephedrine in each patient and inci-
dence of complications (including nausea, vom-
iting, shivering and dizziness) were recorded.
Operative conditions were evaluated by a gyne-
cologist according to the adequacy of muscle
relaxation (O = poor, 1 = moderate, 2 = good, 3
= very good). Neonatal conditions were asse-
ssed using Apgar scores at 1 and 5 min.

Statistical analyses

Primary outcomes included hemodynamic cha-
racteristics such as incidences of hypotension,
systolic blood pressure < 90 mmHg and ephed-
rine usage, and the height of sensory block >
T2. Sample size was calculated according to
preliminary data. For example, to determine the
incidence of hypotension or usage rate of
ephedrine, a sample size of 56 patients per
group had a 80% power at the 5% significance
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Figure 1. Study flow diagram for 134 patients undergoing elective caesarean section under a combined spinal-

epidural procedure.

level. While considering the dropout rate (pre-
sumably 15%), 67 patients were enrolled in
each of the two groups. Secondary outcome
was the incidence of complications.

SPSS 17.0 software was used for statistical
analyses. Data were analyzed using the
Shapiro-Wilks test to determine distribution. If
normally distributed, the data are presented as
mean + SD and two independent groups were
compared using a Student’s t-test. Data distrib-
uted non-normally are presented as median
(min-max) and analyzed using a Mann-Whitney
U test. Categorical variables were analyzed
using a chi-square test, or Fisher’s exact test if
the number of subjects in any contingency table
cell was less than five. P < 0.05 was considered
statistically significant.

Results

One hundred-forty patients were assessed for
study eligibility; six patients did not meet inclu-
sion criteria (operation time > 60 min), and 134
patients were randomized with 67 in each
group (Figure 1).
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Baseline characteristics of the patients includ-
ing insertion time of the epidural catheter, oper-
ation time, operative condition evaluation and
complete analgesia time were not statistically
different between groups (Table 1). Hemo-
dynamic data from intrathecal injection to
shoulder delivery suggested that the incidenc-
es of hypotension (43% vs 18%, P = 0.001),
systolic AP < 90 mmHg (36% vs. 16%, P =
0.011), usage rate of ephedrine (43% vs 18%, P
= 0.001) and the total dose of ephedrine [0
(0-24) vs 0 (0-18), P = 0.001] were significantly
higher in Group A compared to Group B. The
number of patients with height of sensory
blockade > T2 in Group A was significantly
greater than those in Group B (45% vs. 8%, P <
0.001, Table 2). Neonatal characteristics were
also comparable (Table 3).

Group A had a higher incidence of nausea com-
pared to Group B (25% vs 7%, P = 0.005). There
were no statistical differences in the incidence
of other complications between the two groups
(Table 4). No supplemental anaesthetics were
administered into the epidural space or veins
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Table 1. Baseline characteristics of all patients meeting inclusion criteria

Group A (n =67) Group B (n=67) P value

Age (yr) 28 (18-41) 27 (18-37) 0.121
Height (cm) 162 (152-172) 160 (146-171) 0.142
Weight (kg) 73 (52-93) 74 (58-88) 0.679
Gestational age (wk) 38 (36-39) 38 (37-40) 0.104
Catheter insertion time (min) 2 (1-3) 2 (1-5) 0.122
Operation time (min) 37 (29-48) 39 (26-50) 0.290
Scores of operative conditions 2.7+0.46 2.6 +0.49 0.509
Complete analgesia time (min) 135+ 21 138 + 14 0.461
Baseline

Systolic AP (mmHg) 130 + 10 128 + 11 0.209

Diastolic AP (mmHg) 62+ 9 63+ 10 0.632

Mean AP (mmHg) 86+8 85+7 0.377

HR (beats/min) 83+ 10 81+11 0.619
Values presented as mean + SD or median (min-max).
Table 2. Hemodynamic data and blockade characteristics of the patients
Beginning of induction to delivery Group A (n =67) Group B (n =67) P value
Incidence of hypotension (%) 29 (43%) 12 (18%) 0.001
Systolic blood pressure < 90 mmHg 24 (36%) 11 (16%) 0.011
Usage rate of ephedrine (%) 29 (43%) 12 (18%) 0.001
Total dose of ephedrine (mg) 0 (0-24) 0 (0-18) 0.001
Height of sensory block > T2 30 (45%) 5 (8%) <0.001

Values presented as n (%) or median (min-max).

Table 3. Neonatal characteristics
Group A(n=67) Group B (n=67) Pvalue

Apgar at 1 min 9 (7-10) 9 (7-10) 0.895
Apgar at 5 min 10 (8-10) 10 (9-10) 0.117
Birth weight (kg)  3.31 (2.5-4.2) 3.26 (2.4-4.2) 0.511
Values presented as mean + SD or median (min-max).
Table 4. Incidence of patient complications

Group A (n=67) Group B(n=67) P Value
Nausea 17 (25%) 5 (7%) 0.005
Vomiting 4 (6%) 2 (3%) 0.680
Shivering 34 (51%) 29 (43%) 0.387
Dizziness 0 (0%) 0 (0%) -
Sleepiness 0 (0%) 0 (0%) -

Values presented as n (%).

being turned to a supine position follow-
ing spinal anesthesia (Group B) had
decreased incidence of hypotension and
usage rate of ephedrine. This could be
due to the fact that the lateral decubitus
position for 15 min avoids the synergistic
effect of sympathetic nerve blockade
and oppression of the uterus on the infe-
rior vena cava following spinal anesthe-
sia. The effective blood volume could be
redistributed during this time and lead to
a decreased incidence of hypotension
and nausea. This method significantly
alleviated the severe hemodynamic
changes induced by rapid onset of spinal
anesthesia.

Previous studies showed that vasoactive
agents and body position changes are

perioperatively in both groups and no patients
had a perioperative VAS > 0.

Discussion

In the present study, patients maintained in a
lateral decubitus position for 15 min before
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the most effective methods to prevent or treat
hypotension during caesarean section, and
new progress was mainly reported from the
studies on body position changes [3-10]. The
incidence of hypotension decreased by 20%
and the number of ephedrine usage decreased
by 25% in patients maintained in a sitting posi-
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tion for 5 min before being turned to a supine
position after the induction of spinal anesthe-
sia compared with those immediately turned to
the supine position [6, 11]. However, spinal
anesthesia should be performed in a sitting
position and maintained for 5 min, which is not
comfortable for patients (compared to a lateral
decubitus position). At least two people are
needed to place the patient in the supine posi-
tion after sitting for 5 min. Therefore, we
induced spinal anesthesia in the lateral decubi-
tus position and maintained the position for 15
min until turning them to a supine position. This
time was determined because previous studies
indicated that hemodynamic changes were
most severe at 15 min following spinal anes-
thesia [12-14]. In addition, the level of anesthe-
sia is usually fixed 15 min after spinal anesthe-
sia [15, 16].

Studies have shown that the spread of spinal
anesthetics in the subarachnoid space is influ-
enced by many uncontrollable factors, which
could lead to an unpredictability of the level of
sensory blockade. One important reason is that
cerebrospinal fluid is not only affected by gen-
der and pregnancy, but also has unique physi-
cal properties including capacity, density and
temperature [17-22]. Thus, it is difficult to pre-
pare an isobaric solution with a density equal to
the cerebrospinal fluid of the patient. For this
reason, we used hyperbaric combined with
hypobaric ropivacaine treatment. Half dose of
hyperbaric and the other half of hypobaric solu-
tions were administered successively into the
intrathecal space. In this condition, the initial
half dose of the hyperbaric solution may spread
inferiorly, and the second half dose of the hypo-
baric solution may move superiorly. Therefore,
the solutions spread uniformly to the left and
right side of the patients, which avoid the level
of anesthesia tilting to one side.

Vasopressors are usually given as an intrave-
nous bolus and continuous infusion with con-
stant speed in caesarean section following spi-
nal anesthesia [23]. This mode of administration
might lead to a risk of transient hypertension
and is particularly dangerous for patients with
preeclampsia. It is worthy to ascertain whether
maintaining patients in a lateral decubitus posi-
tion for 15 min is beneficial for receiving con-
tinuous and constant infusions of vasopres-
sors, which could avoid the use of single bolus,
and decrease the incidence of transient hy-
pertension.
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In conclusion, the combined use of hyperbaric
and hypobaric ropivacaine has satisfactory
anesthetic effects and maintaining patients in
a lateral decubitus position for 15 min can sig-
nificantly decrease the incidence of hypo-
tension.
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