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Main results

12 randomised controlled trials with 803 participants were ultimately included in the final
analysis. No significant differences were observed between the two positions in terms of the
incidence of hypotension(RR, 0.82; 95% CI, 0.58-1.16; P=0.26; P= 66%), lowest systolic
blood pressure(MD, -0.81; 95% Cl, -7.38-5.75; P=0.81; I* = 86%), the dose of ephedrine
(MD, -1.19; 95% ClI, -4.91-2.52; P=0.53; F = 83%), and number of parturients requiring
ephedrine(RR, 0.97; 95% Cl, 0.64—1.46; P=0.88; P= 74%). For the incidence of intrao-
perative nausea and vomiting, there was no statistical difference between the two positions.

Conclusion

Parturients undergoing elective cesarean section under spinal anesthesia in the sitting or
lateral position experienced similar incidence of hypotension, and there were no significant
differences between these two positions in terms of the amount of ephedrine administered
or the number of patients needing ephedrine. In both positions, the frequency of nausea and
vomiting was comparable. The ideal position for anesthesia can be chosen based on the
preferences and individual circumstances of the parturient and anesthesiologist.

Introduction

Spinal anesthesia is widely used in obstetrical and gynecological surgeries [1, 2], which can
provide perfect analgesic effect and rapid recovery. In cesarean sections, spinal anesthesia is
frequently utilized, which minimizes the risk of neonatal exposure to anesthesia and maternal
complications from general anesthesia. However, spinal anesthesia is associated with an
increase in the diffusion rate of local anesthetics as a result of the reduction in sympathetic
tone brought on by the local anesthetics and the compression of the subarachnoid space by the
gravid uterus. As a result, anesthesia during labor is frequently complicated by hypotension,
with a 50% incidence rate [3]. Unpleasant parturient symptoms such as nausea, vomiting, dys-
pnea, and cerebral hypoperfusion can be induced by transient hypotension. Persistent severe
hypotension may lead to a loss of consciousness, ischemia of vital organs, cardiovascular fail-
ure, and fetal acidosis due to uterine placental hypoperfusion [4]. Strategies for prevention and
treatment of hypotension usually include fluid infusion, administration of vasoactive drugs,
displacement of the uterus, compression of the lower extremities, and administration of low
concentrations of the anesthetic. However, these strategies cannot completely prevent hypo-
tension [5].

The sitting position is easier for puncture positioning than the lateral position [6], which is
the other commonly used position for spinal anesthesia puncture. However, the parturient
may have a negative experience in this position. Although the parturient may feel more at ease
in the lateral position, unilateral block is more likely to occur. The impact of these two postures
on maternal hemodynamic parameters is still debatable at present. Some studies reported that
maternal hemodynamics are more stable in the sitting than in the lateral position [7, 8], while
others showed the opposite results [9, 10]. Therefore, we conducted a systematic review and
meta-analysis of randomized controlled trials (RCTs) that investigated the effects of the pos-
tural position on the hemodynamics of women undergoing spinal anesthesia. Our study com-
pared the effects of the sitting and lateral postures on the incidence of maternal hypotension,
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intraoperative nausea and vomiting, lowest systolic blood pressure, amount of ephedrine used,
and the number of women needing ephedrine.

Methods

The protocol of this systematic review and meta-analysis was registered on PROSPERO(regis-
tration number:CRD42022380679) in December 2022. This meta-analysis was performed by
the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)
guidelines.

Information sources and search strategy

We meticulously searched PubMed, Embase, Cochrane library, and Web of Science databases
using a combination of relevant medical subject heading (MeSH) terms and text words includ-
ing sitting position, lateral position, cesarean section with the Boolean search terms ‘OR’ and
‘AND’ in accordance with the PRISMA guidelines [11] (S1 File). The databases were searched
until October 31, 2022, and we also manually searched for reference lists of eligible studies and
previous systematic reviews. We excluded observational studies, reviews, abstracts, case
reports, conferences and letters.

Eligibility criteria

Studies were included if the PICOS (population, intervention, comparison, outcomes, study
design) criteria were met: (a) Parturients at full-term gestation and presenting for elective
cesarean delivery; (b)Spinal anesthesia or combined spinal-epidural anesthesia in lateral posi-
tion; (c) Spinal anesthesia or combined spinal-epidural anesthesia in sitting position; (d) Main
outcomes: incidence of hypotension, lowest systolic blood pressure, dose of ephedrine, num-
ber of parturients who required ephedrine, the incidence of nausea and vomiting; (e) Included
studies were limited to RCTs. This study excluded emergency cesarean sections, and articles
published in languages other than English.

Study selection and data extraction

Two researchers (CW and YYX) independently screened and assessed the titles, abstracts, and
tull-text articles. Full-text copies of potentially relevant articles were obtained and reviewed for
eligibility. Disagreements were resolved through consensus, or if no consensus could be
reached, a third researcher (QYP) provided an opinion. Two researchers (CW and YYX)
extracted data independently and in duplicate using a pre-assigned standardized data sum-
mary sheet. A third reviewer (QYP) was responsible for adjudicating disagreements. We col-
lected data on trial characteristics, demographic data, intervention and control procedures,
and primary outcomes. Incomplete or missing data were requested by e-mail from the original
author.

Quality assessment

The quality of the included RCT's was assessed using the Revised Cochrane Risk of Bias 2.0
tool independently by two authors (CW and YYX). We used the tool to assess risk of bias
(RoB) in the following domains: randomization process, deviations from intended interven-
tions, missing outcome data, measurement of the outcome, and selection of the reported
result. We rated each domain as "low’, ’some concerns’ or "high’.
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Statistical methods

All extracted data were statistically analyzed using Review Manager 5.3 software (Cochrane
Collaboration, Oxford, UK). Mean difference (MD) with 95% confidence interval (CI) was
used to represent continuous variables (lowest systolic blood pressure and ephedrine dose).
Dichotomous variables (incidence of hypotension, number of patients requiring ephedrine,
and incidence of nausea and vomiting) were analyzed using relative risk (RR) with 95% CL
The 4 test and I value were used to measure heterogeneity, and heterogeneity was considered
present when I >50%. The random effects model was selected for studies with heterogeneity
(P<0.1 or I’ >50%), while the fixed effects model was selected for those without heterogeneity
(P>0.1 or I <50%). To investigate the source of heterogeneity, subgroup analysis was used.
We did not assess publication bias due to the fewer than 10 included studies for each outcome.

Results
Study selection

We initially searched 295 articles from the database and other sources, and excluded 145 arti-
cles that were duplicates. the full version of 21 were retrieved after screening and detailed selec-
tion. Finally, 803 participants from 12 studies [7-10, 12-19] were included in this meta-

analysis. The flow chart of study selection was shown in Fig 1.

Study characteristics

The details of the study characteristics were shown in Table 1. Spinal anesthesia was performed
in 5 studies [9, 12, 13, 17, 19], combined spinal-epidural anesthesia was performed in 7 studies

[8, 10, 14-18]. A total of 803 participants were enrolled, 415 patients from lateral position

group, 388 patients from sitting group. All of the included studies were randomly grouped.
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Fig 1. PRISMA flow chart of the meta-analysis.
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Table 1. Characteristics of included studies.

Author/year No. Total | country | Centre | Age (L/S) Type of Puncture Spinal anaesthesia drugs analgesia Main
(L/S) anesthesia site levels outcomes
Coppejans et al, [8] 28/28 Belgium | Single | 32+4/31+4 CSE L4/ Las hyperbaric bupivacaine 6.6mg | Ts OOO®G
2006 +3.3 ug Sufentanil
Inglis et al, [12] 1995 18/20 Britain | single 29/28 SA L,s 0.5% hyperbaric bupivacaine Te/ Ty [0]8]6)
2.5ml
Manouchehrian et al, 53/52 Iran single | 30+6/31+5 SA Liy 0.5% hyperbaric bupivacaine Ts [0]0]I6]016}
[9] 2021 (2ml) + 2.5ug sufentanil
Obasuyi et al, [13] 50/50 Africa | single | 31+4/32+4 SA Lsy 0.5% plain bupivacaine 2ml or Te [0]6]6]6)
2013 2.4ml
Okucu et al, [14] 2021 50/50 Turkey | single 31+4.8/ CSE Ly3/Lsy 0.5% isobaric bupivacaine 1.8 ml | Ty QOOO®®
31.7+4.7
Patel et al, [15] 1993 24/24 London | single | 33.9/34.3 CSE L,s 0.5% hyperbaric bupivacaine Ty [0]6]6]6]6)
2ml
Russell et al, [16] 2002 30/30 UK Single 33+3.4/ CSE Lsy 0.5% hyperbaric bupivacaine Ts [©]0I6]6)
33.5+4.9 2.5ml + 12.5 pg fentanyl
Simin et al, [7] 2018 38/38 Palestine | Single | 28.7+5.8/ SA Lsy/Lys 0.5% hyperbaric bupivacaine T, OOG®
30.8+5.5 2ml +15ug fentanyl
Tanetal, [17] 2014 30/30 Turkey | Single | 32+4.6/ CSE L;4/Ls4 | 0.5% heavy bupivacaine 2ml Te OO®®
32.1+4.5 +20 pg fentanyl
Xu et al, [18] 2016 59/29 China | Single | 30+4/31+4 CSE Ly 0.5% hypobaric ropivacaine Te ODREO®O®®
2.5ml
Yun et al, [10] 1998 10/12 America | Single | 33.1+2.8/ CSE Lys/Lsy 0.75% hyperbaric bupivacaine T, [0]8]O]0]6)
33.6+4.5 12mg + 10 pg fentanyl
Prakash et al, [19] 2013 25/25 India | single | 26.6+4.2/ SA Lsy 0.5% hyperbaric bupivacaine Ts ®®®
25+2.7 2ml

CSE: combined spinal with epidural; SA: spinal anesthesia; @ Hemodynamics, @ Vasopressor doses, ®Block characteristics, @ Apgar score, ®Nausea/vomiting,

®Vasopressor requirements.

https://doi.org/10.1371/journal.pone.0303256.t001

Risk of bias summary

The quality of the included RCTs was assessed using the Revised Cochrane Risk of Bias 2.0
tool [20], The risk of bias of the included studies was shown in Fig 2. From the Cochrane Risk
of Bias assessment, 2 RCT's [9, 13] were classified as having a low risk, 9 RCTs [7, 8, 12, 14-16,
17-19]were classified as having ‘some concerns’, and 1study [10] was classified as having a

high risk. Fig 3 summaries the risk of bias assessments on the five domains of each study.

Overall Bias |

Selection of the reported result |

Measurement of the outcome

Mising cutcome data |
Deviaticns from intended interventions |

Randomization process |

10

m Low risk

20 30 40 50 €0

Some concerns M High risk

Fig 2. Risk of bias assessment using the cochrane risk of bias 2.0 tool.
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Incidence of hypotension

In both the sitting and lateral positions, maternal hypotension was observed in seven trials [7-
9, 13, 15, 18, 19], and there was no between-group difference (RR, 0.82; 95% CI, 0.58-1.16;

P =0.26; I’ = 66%) (Fig 4). Subgroup analysis showed that there was no significant difference
between the two groups for the incidence of hypotension when bupivacaine was used alone
(RR, 1.03; 95% CI, 0.42-2.51; P = 0.95; I’ = 77%) or when bupivacaine combined with opioid
analgesics used (RR, 0.9; 95% CI, 0.55-1.46; P = 0.66; I* = 67%) (S1 Fig). The meta-analytic
results of the effect of the two postures on the incidence of hypotension were robust according
to the results of the sensitivity analysis (S2 Fig).

Lowest systolic blood pressure

The results of five RCT's [7-9, 13, 18] comparing the maternal lowest systolic blood pressure
following spinal anesthesia in the two positions did not differ statistically (MD, -0.81; 95% CI,

from intended interventions
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Fig 3. Risk of bias assessments on the five domains of each study.

https://doi.org/10.1371/journal.pone.0303256.g003
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Study or Subgroup

Coppejans et al 2006
Manouchehrian et al 2021
Obasuyietal 2013

Patel et al 1993

Prakash etal 2013
Siminetal 2018

Xu etal 2016

Total (95% Cl)
Total events

Heterogeneity: Tau*=0.13; Chi*=17.71,df= 6 (P = 0.007); F= 66%
Test for overall effect. Z=1.12 (P = 0.26)

Lateral Sitting Risk Ratio Risk Ratio
Events Total Events Total Weight M-H. Random, 95% CI M-H, Random, 95% CI
11 28 5 28 8.9% 2.20[0.88, 5.51) l
25 53 30 52 18.9% 0.82[0.57,1.18] i
17 50 28 50 16.9% 0.61 [0.38, 0.96) ==
11 24 3 24 6.6% 3.67[1.17,11.52) e
g 29 11 29 11.2% 0.73[0.34,1.54) |
19 38 29 38 19.0% 0.66 [0.46, 0.94) ==
23 59 21 29 18.4% 0.54 [0.36, 0.80) ==
281 250 100.0% 0.82[0.58, 1.16] <>
114 12¢ . . . .
0.05 02 5 20

Favours [Lateral] Favours [Sitting]

Fig 4. Forest plot of the incidence of hypotension.

https://doi.org/10.1371/journal.pone.0303256.9004

-7.38-5.75; P = 0.81; I = 86%) (Fig 5). The results of the sensitivity analysis revealed that the
meta-analytic findings on the effect of the two anesthetic positions on the the lowest blood
pressure values were robust (53 Fig).

Dose of ephedrine

Nine RCTs [7-10, 12-16] reported the use of ephedrine in the two positions, and there was no
significant difference between the two positions (MD, -1.19; 95% CI, -4.91-2.52; P = 0.53; P=
83%) (Fig 6). Subgroup analysis revealed that the dose of ephedrine in sitting position group
was much lower than that in lateral position group when bupivacaine was used alone (MD,
2.33;95% CI, 1.27-3.38; P<0.0001; I* = 0%), but it did not differ between groups when bupiva-
caine combined with opioid analgesics used(MD, -7.69; 95% CI, -16.52-1.14; P = 0.09; I’ =
86%) (S4 Fig). The sensitivity analysis showed that, the result was not changed when omitting
any study (S5 Fig).

Number of parturients who required ephedrine

The number of parturients who needed vasopressor support following spinal anesthesia in the
two positions was recorded in 6 studies [8, 13, 14, 16, 18, 19], and the results showed no statis-
tically significant difference (RR, 0.97; 95% CI, 0.64-1.46; P = 0.88; P = 74%) (Fig 7). Subgroup
analysis revealed that the number of parturients who required ephedrine rescue did not differ
between the two groups when bupivacaine was used alone (RR, 0.96; 95% CI, 0.65-1.43;

P =0.85; I = 0%), but it was significant higher in the lateral position group when bupivacaine
combined with opioid analgesics used. (RR, 1.37; 95% CI, 1.09-1.73; P = 0.008; P =0%) (S6
Fig). The sensitivity analysis showed that, the result was not changed when omitting any study
(S7 Fig).

Mean Difference Mean Difference
R Q5% Random. 95%

v, Banaon

M
13

Coppejans etal 2006 28 P -13.00(22.95,-3.05)

Manouchehrian etal 2021 9468 175 53 9383 1657 52 195% 0851567,7.37)
Obasuyi ¢tal 2013 992 89 50 954 123 50 220% 380(0.41,801)
Simin e1312018 7383 101 38 8053 772 38 220% -6.70(1090,-250)
Xu etal 2016 90 1" 59 82 12 29 21.0% 8.00(281,13.19)
Total (95% C) 228 197 100.0% -0.81(.7.38,5.75)

Heterogenety. Tau"= 46.48, Ch* = 28,65, df = 4 (P < 0.00001), #= 86%

Test for overall effect Z= 0.24 (P = 0.81) 320 25 o 23 2

Favours Lateral] Favours [Siming)
Fig 5. Forest plot of meta-analysis of lowest systolic blood pressure.

https://doi.org/10.1371/journal.pone.0303256.g005
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Lateral Sitting Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Coppejans et al 2006 145 124 28 8 44 28 14.5% 6.50 [1.63,11.37) =
Inglis et al 1995 149 33 18 118 48 20 17.7% 3.10[0.50,5.70]
Manouchehrian etal 2021 11.51 1099 53 16.92 11.94 52 15.2% -5.41[-9.80,-1.02) ==
Obasuyietal 2013 § 1) 50 5 0 50 Not estimable
Okucu etal 2021 234 23 47 1.3 34 47 19.0% 210[0.93,3.27) i
Patel etal 1993 31.4 89 24 272 124 24 127% 4.20[-1.91,10.31]
Russell et al 2002 141 103 30 208 147 30 123% -6.80[-13.22,-0.38)
Simin etal 2018 1052 311 38 36.84 589 38 2.7% -26.32[-47.50,-5.14]
Yun etal 1998 17 12 10 38 18 12 6.0% -21.00[-33.61,-8.39)
Total (95% ClI) 298 301 100.0% -1.19[-4.91, 2.52]

Heterogeneity: Tau®= 18.62; Chi*= 41.90, df= 7 (P < 0.00001); F= 83% ; T

Pl = 50 .25 0 25 50
Test for overall effect: Z= 0.63 (P =0.53) Favours [Lateral] Favours [Sitting]

Fig 6. Forest plot of total dose of ephedrine (mg).
https://doi.org/10.1371/journal.pone.0303256.g006

Incidence of nausea and vomiting

The incidence of nausea and vomiting in the two positions was compared in 9 trials [7, 8, 10,
13-18], and the findings revealed no statistically significant difference (RR, 1.02; 95% CI, 0.59-
1.76; P = 0.94; I = 67%) (Fig 8). Subgroup analysis showed no difference in the incidence of
nausea and vomiting between the groups when bupivacaine used alone (RR, 0.99; 95% CI,
0.29-3.38; P = 0.99; I = 72%) or when bupivacaine combined with opioid analgesics used (RR,
1.34; 95% CI, 0.74-2.6; P = 0.34; I = 52%) (S8 Fig).The results of the sensitivity analysis on the
incidence of nausea and vomiting in the two positions were robust (S9 Fig).

Discussion

To our knowledge, this meta-analysis is the first to assess how the administration of spinal
anesthesia in the sitting and lateral positions affects maternal hemodynamics as well as intrao-
perative nausea and vomiting. The two positions were evaluated in a total of 12 RCT's with 803
participants. According to the meta-analytic findings, there was no statistically significant dif-
ference between the two positions in terms of the incidence of hypotension and nausea and
vomiting, lowest systolic blood pressure, amount of ephedrine administered, and number of
parturients requiring ephedrine during elective cesarean section.

Incidence of hypotension and lowest systolic blood pressure

After spinal anesthesia, the sympathetic block brought on by the rapid cephalad diffusion of
the local anesthetic may contribute to maternal hypotension. Different body positions may
affect maternal hemodynamics because the posture of the parturient affects how quickly the
local anesthetics diffuse in the cerebrospinal fluid [21]. The sitting and lateral positions are the
two commonly used positions for spinal anesthesia. Studies have shown that in the sitting posi-
tion, the hyperbaric local anesthetic spreads more caudally due to the effect of gravity [22],

Lateral Sitting Risk Ratio Risk Ratio
1dy or Subgrou i Total its Total Weight M-H, Random, 95% CI M.H, Randorn % Cl

Coppejans et al 2006 16 28 10 28 16.7% 1.60(0.89, 2.89) =
Obasuyi etal 2013 3 50 5 50 66% 0.60(0.15, 2.38) — —
Okucu etal 2021 20 47 17 47 184% 1.18(0.71,1.95) e oo
Prakash etal 2013 8 25 1" 25 142% 0.73(0.35,1.50] R |
Russell etal 2002 28 30 21 30 233% 1.33(1.04,1.72) e
Xu etal 2016 23 59 21 29 208% 0.54 (0.36, 0.80) .
Total (95% CI) 239 209 100.0% 0.97 [0.64, 1.46] >
Total events 98 85
Heterogeneity: Tau*= 0.17; Chi*= 19.05, df= 5 (P = 0.002); F= 74% ° =05 042 5 250

Testfor overall effect: Z= 0.15 (P = 0.88) Favours [Lateral] Favours [Sitting]

Fig 7. Forest plot of ephedrine requirement.

https://doi.org/10.1371/journal.pone.0303256.g007
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Experimental Control Risk Ratio Risk Ratio
Study or Subqroup. Events _ Total Events Total Weight M.H, Random, 95% Cl M-H, Random, 95% CI
Coppejans et al 2006 16 28 1" 28 168% 1.45(0.83,2.59) S
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while in the lateral position it spreads more cephaladly [23]. So, the level of block is higher in
the lateral position when hyperbaric local anesthetics are used, and the likelihood of hypoten-
sion is increased. Coppejans et al [8] found that during spinal anesthesia with hyperbaric bupi-
vacaine, parturients in the lateral position had a higher level of block and a higher incidence of
hypotension compared to those in sitting position. However, Yun et al [10] discovered that
parturients in the sitting position experienced a more sustained decline in blood pressure.
According to a study by Hwang et al [21], the hemodynamics of parturients were more stable,
and the dose of vasoactive medications was lower in the lateral position. Our meta-analysis
found no statistically significant difference between the two positions with regard to the inci-
dence of maternal hypotension and the lowest systolic blood pressure.

Intrathecal opioids can enhance the block from spinal anesthesia. The subgroup analysis in
our meta-analysis showed that there was no significant difference between the sitting and lat-
eral positions when bupivacaine was used alone or bupivacaine used combined with opioids.
We thought the heterogeneity mainly came from the differences in the interval of blood pres-
sure monitoring, the time of epidural catheter insertion, the speed of administration, the dose
of local anesthetics, and other factors. For example, Obasuyi et al [13] recorded the blood pres-
sure every 1 min for the first 10 min, every 3 min for the next 20 min, and every 5 min thereaf-
ter. However, blood pressure was taken by Okucu et al [14] every minute from the start of
anesthesia until delivery and then every 5 min until the end of the procedure. In addition,
there is no accepted definition of hypotension following spinal anesthesia for cesarean section.
Fifteen distinct definitions of hypotension was reported by Klohr et al [24], the different vari-
ous criteria for hypotension may be a cause of heterogeneity as well.

Dose of ephedrine and number of parturients requiring it

The use of a vasoactive agent is the main prevention and treatment strategy for hypotension
after spinal anesthesia [25]. Ephedrine is the preferred vasoactive agent in obstetric anesthesia.
According to the meta-analyses published in 2002 by Lee et al [26] and Lin et al [27], parturi-
ents who were given ephedrine showed lower pH values in their newborns’ cord blood. There-
fore, it is important to identify ways to decrease the prevalence of maternal hypotension and
use of ephedrine. Some researchers have studied the use of ephedrine in parturients after spi-
nal anesthesia in different positions. According to Russell et al [16], the amount of ephedrine
required in parturients following the administration of hyperbaric bupivacaine in the sitting
spinal anesthesia position was higher than when it was given in the lateral position. However,
Tan et al. [17] reported that the ephedrine dose in parturients was similar in the two positions.
Our meta-analysis found no statistically significant difference in ephedrine requirement
between the two positions. According to the subgroup analysis, the dose of ephedrine was
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considerably lower in parturients anesthetized in the sitting position compared to the lateral
position when bupivacaine was alone used. This is consistent with the findings of a study by
Inglis [12] and may be caused by the higher level of block in the lateral position, which may
lead to a more significant drop in blood pressure and a greater need for ephedrine. The num-
ber of parturients who required ephedrine was higher in the lateral position group and the
ephedrine dose was similar in both groups when using bupivacaine combined with opioids.
Intrathecal opioids may reduce the need for local anesthetics and lessen the degree of sympa-
thetic blockade, which may affect the ephedrine dose in lateral position. Further research is
required to verify these findings due to the individual differences in the maternal response to
ephedrine and the varying standards for hypotension used in trials.

Nausea and vomiting

Intraoperative nausea and vomiting is a common complication in parturients after spinal anes-
thesia [28]. Although hypotension is the primary causative factor, other potential causes
include vagal hyperactivity, visceral pain, and intravenous opioid supplementation. According
to previous studies, methods for treating hypotension are less likely to alleviate nausea and
vomiting than those for preventing it [29]. Study have shown that the incidence of nausea and
vomiting in parturients under anesthesia in the lateral position was higher than that in the sit-
ting position [5]. This may be due to a higher prevalence of nausea and vomiting brought on
by the secondary maternal hypotension induced by the fast sympathetic blockade in the lateral
than in the sitting position. Our meta-analysis explored the effect of spinal anesthesia on the
severity of hypotension in two different positions in parturients and also compared its effect
on intraoperative nausea and vomiting, the differences were not statistically significant.

Our meta-analysis has several limitations. First, the included participants were all parturi-
ents who had elective cesarean sections, and there was a lack of comparison with the emer-
gency cases. Second, the included RCT's were not double-blinded. Third, large heterogeneity
existed in the included studies. Fourth, the sample size of included studies were small, only 803
participants from 12 studies were included, especially for the subgroup analyses. Multicenter
RCTs with large sample sizes are needed in the future.

Conclusion

In summary, our meta-analysis shows that the incidence of hypotension, the lowest systolic
blood pressure, dose of ephedrine used, and number of parturients who required ephedrine
were similar between patients undergoing elective cesarean section and receiving spinal anes-
thesia in the sitting or lateral positions. There was also no difference in the incidence of nausea
and vomiting between the two positions. The appropriate position can be selected according
to the preference of the parturient and anesthesiologist, or the physical condition of the partu-
rient. Further research is required to verify these findings due to the high heterogeneity and
small sample sizes of the included studies.
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