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Heavy gravity combined with light gravity
local anesthetic in subarachnoid anesthesia
for cesarean section did not reduce the
incidence of intraoperative hypotension

in maternal women: a prospective cohort
study

Wei Qiao', Linlin Liu', Xiaoxiao Zhang', Kairui Liu' and Lingzhi Wang""

Abstract

Background Subarachnoid anesthesia is the primary anesthetic method for elective cesarean section surgery,
characterized by rapidly taking effect and reliable analgesia. However, subarachnoid anesthesia is prone to cause a
high block level, resulting in a high incidence of maternal hypotension. How to reduce the incidence of maternal
hypotension under subarachnoid anesthesia is a practical problem that needs to be solved urgently in clinical
practice.

Methods This prospective cohort study was performed at Nantong Maternal and Child Health Care Hospital in China
between January and July 2023. This study compared the incidence of hypotension in pregnant women undergoing
subarachnoid anesthesia during elective cesarean section in four groups, including group A (control group) with

10 mg of 10% glucose solution; Group B with 5 mg 10% glucose solution group; Group C with 4 mg 10% glucose
solution group; Group D with 2 mg 10% glucose solution group. Each group was given a dose of 10 mg Ropivacaine
with a concentration of 0.5% and a volume of 2 ml. The primary outcome was the incidence of maternal hypotension.
The secondary outcomes were the plane of anesthesia, abdominal wall muscle relaxation degree and the incidence
of adverse events.

Results Data from 74 (18, A group; 26, B group; 15, C group; 15, D group) participants were analyzed. Hyperbaric
combined with hypobaric local anesthetic in subarachnoid anesthesia for cesarean section did not reduce the
incidence of intraoperative hypotension in pregnant women (P=0.152). The plane of anesthesia gradually shifted
from T4 to T10 as the specific gravity of ropivacaine decreased (P<0.01). Satisfaction about abdominal wall muscle
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Hypotension

relaxation degree gradually decreased with the decrease of the specific gravity of ropivacaine (P=0.04). And the
incidence of adverse events gradually increased with the decrease of the specific gravity of ropivacaine (P=0.027).

Conclusions Hyperbaric combined with hypobaric local anesthetic in subarachnoid anesthesia for cesarean section
did not reduce the incidence of intraoperative hypotension in pregnant women.

Keywords Hyperbaric local anesthetic, Hypobaric local anesthetic, Subarachnoid anesthesia, Cesarean section,

Background

Caesarean section (CS) is one of the most frequently per-
formed operations worldwide, with 1 in 5 women (21.1%)
currently giving birth through this route [1]. Centroneur-
axial anesthesia is currently the best anesthesia method
for elective cesarean section, which can significantly
reduce the risk of aspiration and intubation failure, and
maternal mortality compared with general anesthesia [2].
It is undeniable that adequate preoperative assessment to
choose the best anesthesia strategy is very important [3].

Centroneuraxial anesthesia can be divided into sub-
arachnoid anesthesia and epidural anesthesia, between
which subarachnoid anesthesia has become the main-
stream anesthesia for elective cesarean section because
of its rapid onset and exact analgesic efficacy [4]. How-
ever, the upper plane of anesthesia is not easy to control
during subarachnoid anesthesia (often leads to too high
block plane), and the incidence of maternal hypotension
is high, which can easily lead to insufficient blood sup-
ply to the placenta, cause fetal distress and even increase
neonatal mortality [5]. How to reduce the incidence of
maternal hypotension in subarachnoid anesthesia is a
practical problem that needs to be solved urgently in
clinical practice, and it is also the largest research hotspot
in obstetric anesthesia at present.

Previous studies have shown vasoactive drugs and
repositioning to be the most effective methods for treat-
ing and preventing hypotension, but both approaches
have significant drawbacks [6, 7]. Some results have
shown that vasoactive drugs predispose to transient
hypertension and cause fetal lactic acidosis [8, 9]. There
are not many well conducted positioning studies. A
recent study showed that sitting for 5 min after spinal
anesthesia and then lying flat reduced the incidence of
maternal hypotension, but this requires more health care
workers and patients are at risk of falling out of bed [10].

In addition to the two recognized measures mentioned
above, we sometimes use fluid therapy and reducing the
dose of local anesthetic drugs to prevent or treat mater-
nal hypotension in our clinical work. However, there are
many controversies about these methods. Therefore, how
to control and adjust the anesthesia level and reduce the
incidence of maternal hypotension has become a new
research direction.

There are two important factors in adjusting the anes-
thetic level: patient position and anesthetic specific grav-
ity [11]. Centroneuraxial anesthesia drugs can be divided
into isobaric, hypobaric and hyperbaric according to
different specific gravity [12]. Among them, 10% glu-
cose is added to the hyperbaric spinal anesthesia fluid,
which is easier to combine with the spinal nerve, reach
the required anesthesia level faster, and obtain a satis-
factory muscle relaxation effect [13]. In clinical work,
we have found that the weight of gravity is often caused
by the high level of anesthesia, which leads to maternal
hypotension.

Theoretically, the method of combining hyperbaric
with hypobaric, under the premise that the total dose
of subarachnoid anesthesia drug remains unchanged,
can improve the cephalad movement of local anesthetic
drugs, thereby reducing the occurrence of maternal
hypotension during surgery. This technique has never
been tried before. Therefore, this study aimed to explore
whether hyperbaric combined with hypobaric local anes-
thetic in subarachnoid anesthesia for cesarean section
could reduce the incidence of intraoperative hypotension
in pregnant women.

Methods

Study design

This prospective cohort study was performed at Nan-
tong Maternal and Child Health Care Hospital in China
between January and July 2023. This study compared the
incidence of hypotension in pregnant women undergoing
subarachnoid anesthesia during elective cesarean section
in different gravity of ropivacaine.

Participants
Pregnant women who visited to Nantong Maternal and
Child Health Care Hospital for elective cesarean sec-
tion were enrolled. Inclusion and exclusion criteria were
evaluated by means of in-person interviews and medi-
cal record review. According to the research objectives,
subject characteristics, ethical principles, safety and sta-
tistical requirements, and aims to ensure the scientific,
effectiveness and ethics of clinical trials, we developed
inclusion and exclusion criteria.

The inclusion criteria included pregnant women meet-
ing criteria for cesarean section and anesthesia, those
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aged between 20 and 37 years, those with gestational
ages ranging from 31 to 41 weeks, those exhibiting nor-
mal mental state and cognitive function; and those with
American Society of Anesthesiologists classification I
or II. The exclusion criteria included pregnant women
with peripheral neurological diseases, those vital organ
dysfunction or injury, those reproductive organ malfor-
mations, those severe pregnancy complications, or those
lacking clinical data due to various reasons.

Trial design

Pregnant women were randomly assigned to four groups:
group A (control group) with 10 mg of 10% glucose solu-
tion; Group B with 5 mg 10% glucose solution group;
Group C with 4 mg 10% glucose solution group; Group
D with 2 mg 10% glucose solution group. Each group was
given a dose of 10 mg Ropivacaine with a concentration
of 0.5% and a volume of 2 ml.

All patients underwent anesthesia administered by the
same anesthesiologist at our hospital. Upon arrival in
the operating room, pregnant women received oxygen
inhalation at a rate of 3 L/min and underwent continu-
ous monitoring of electrocardiogram, blood pressure,
and arterial oxygen saturation. Lactated Ringer’s solution
was rapidly administered via upper-limb venous access.
The next step involved positioning the patient in the left
lateral position with their head horizontal neither up nor
down and hold this position until the subarachnoid anes-
thesia was done for lumbar puncture at the L3-4 level,
and then lying flat. Administration of anesthesia followed
once cerebrospinal fluid outflow became visibly appar-
ent to the naked eye, and according to the result of ran-
domization, different gravity of ropivacaine were given.
Monitor pregnant women’s vital signs closely, including
blood pressure, plane of anesthesia, degree of abdominal
wall muscle relaxation, other adverse events, and provid-
ing corresponding clinical management promptly. The
timing of measurements is from the time when the par-
ticipant or her trustee or guardian sign the completed
informed consent form to the end of the operation.

Outcomes

The primary outcome was the incidence of maternal
hypotension, defined as systolic blood pressure less than

Table 1 Baseline characteristics of pregnant women

GroupA GroupB GroupC GroupD P

(n=18) (n=26) (n=15) (n=15) value
Age (y) 31.28 29.73 31.07 2867 0.262
Weight (Kg) 74.36 7525 7502 76.37 0.959
Height (cm) 160.92 161.54 160.80 163.93 0.282
Plane of 1/17/0/0  8/12/6/0  0/3/12/0  1/1/11/2  <0.01
Anesthesia
(T4/6/8/10)
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90 mmHg, and/or diastolic blood pressure less than 60
mmHg. The secondary outcomes were the plane of anes-
thesia, abdominal wall muscle relaxation degree and the
incidence of adverse events. Monitored variables and
adverse events were collected by observers during the
procedure.

Sample size estimation

The sample size was calculated using PASS 11.0 statistical
software. In our preliminary clinical trial, the incidence
of maternal hypotension in group A (control group)
with 10 mg of 10% glucose solution was approximately
18%. According to our previous clinical experience, we
assumed that the intervention group will have a reduce
the incidence of maternal hypotension from 18 to 9%.
The sample size was calculated assuming a power of 1-
B of 0.80, a level of 5%, and a dropout of 5%. Thus, the
required sample size was determined to be 74 in total.

Statistical analysis

All statistical analyses were performed using SPSS soft-
ware version 26 (IBM SPSS Statistics, Armonk, NY, USA)
[14]. Categorical variables were expressed as frequencies
and percentages [n (%)], while continuous variables were
presented as mean +standard deviation (X + s). Group
comparisons for categorical variables were conducted
using the chi-square test (x), while variance analysis sup-
plemented with the LSD intra- group test was employed
for continuous variables, with significance determined
at a P<0.05. This careful statistical approach facilitated
a robust evaluation of the data and provided meaning-
ful insights into the outcomes of the study. The adverse
events were compared between the two groups using the
chi-square or Fisher’s exact probability test. The adverse
events and adverse reactions were expressed as frequency
and percentage.

Results

A total of 74 pregnant women were enrolled. Among
them, 18 in the group A (control group), 26 in the group
B, 15 in the group C, 15 in the group D. They were
included in the intention-to-treat analysis.

General characteristics

Table 1 shows the pregnant women’s baseline charac-
teristics. The pregnant women’s characteristics for four
groups, including age, weight, height and the plane of
anesthesia (Table 1).

Primary study outcome

Hyperbaric combined with hypobaric local anesthetic
in subarachnoid anesthesia for cesarean section did not
reduce the incidence of intraoperative hypotension in
pregnant women. The incidence rates of hypotension
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were 16.7% (3/18),15.4% (4/26), 0% (0/15) and 0% (0/15)
in the four groups, respectively (P=0.152, Fig. 1), and the
confidence intervals were 95%.

Secondary study outcomes

The plane of anesthesia gradually shifted from T4 to T10
as the specific gravity of ropivacaine decreased (P<0.01,
Table 1). Satisfaction about abdominal wall muscle relax-
ation degree gradually decreased with the decrease of the
specific gravity of ropivacaine (P=0.04, Table 2). And the
incidence of adverse events gradually increased with the
decrease of the specific gravity of ropivacaine (P=0.027,
Table 3). Analysis of the usage of additional anesthetics
among the four groups revealed that the dosage admin-
istered in group A was the lowest, while that in group D
was the highest (P<0.01, Table 3). In groups B, C, and D,
there was a significant decrease in the rate of vasopres-
sor utilization, indicating that reducing the proportion of
Ropivacaine is more favorable for maintaining the blood
pressure stability of pregnant women during cesarean
section (P<0.01, Table 3).

Discussion

To the best of our knowledge, this is the first clinical trial
exploring that if hyperbaric combined with hypobaric
local anesthetic in subarachnoid anesthesia for cesar-
ean section could reduce the incidence of intraoperative
hypotension in pregnant women.

Cesarean section is becoming more prevalent in clini-
cal practice, particularly with the implementation of the
third-child policy in China [15]. Cesarean section pro-
cedures demand detailed attention to anesthesia and
analgesia protocols. Determining the most precise and
effective dosage of different specific gravity of Ropiva-
caine holds significant implications for ensuring the
safety of both pregnant women and newborns. In this
study, the efficacy of four different specific gravity of
Ropivacaine in cesarean section was analyzed, providing
valuable insights for future clinical medication guidance.
The aim was to evaluate the outcomes resulting from the
application of these doses. The objective was to furnish
clinicians with a dependable reference to enhance anes-
thesia protocols for Cesarean section procedures.

Subarachnoid anesthesia drugs can be divided into iso-
baric, hypobaric and hyperbaric according to different
specific gravity. If the same anesthetic is used, the dose
is week, the same part is punctured, the injection speed
is constant, the needle tip is oblique and the direction is
facing the same side, the hyperbaric fluid flows to the low
level, and the hypobaric fluid flows to the high flow, and
the body position is adjusted within 10 min after injec-
tion, and a satisfactory anesthesia plane can generally be
obtained. However, the isobaric is easily affected by the
volume, density, and temperature of the cerebrospinal
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Fig. 1 Rates of hypotension in four groups

Table 2 Abdominal wall muscle relaxation degree of four

groups
Group A GroupB GroupC GroupD P
(n=18) (n=26) (n=15) (n=15)  value
Satisfied 16 (88.89) 22 (84.67) 12(80.00) 6(40.00) 0.04
Fair 1 (5.56) 2(769) 2(1333) 4(2667) 0241
Dissatisfied 1(5.56) 2(7.69) 1(667) 5(3333) 0047
Table 3 Adverse events in four groups
Group GroupB Group GroupD P
A (n=26) C (n=15)  value
(n=18) (n=15)
Additional 1(556) 11(4231) 1(667) 12(80.00) <0.01
Anesthetics
Rate of Vasoactive 12 7(2692) 2(1333) 4(26.67) <001
Drugs Use (66.67)
Adverse Reaction 0 (0.00) 3(11.54)  1(667) 5(33.33) 0.027

fluid, and the sensory impediment boiling plane is unpre-
dictable [16, 17]. Compared with hyperbaric, the
hypobaric has a wide range of diffusion and poor control-
lability [18]. Compared with the addition of 10% sugar
to the hyperbaric spinal anesthesia solution, it is easier
to bind to the spinal nerve, reach the required anesthe-
sia level faster, and obtain satisfactory muscle relaxation
effect, so the hyperbaric spinal anesthesia solution has
become the most used spinal anesthesia drug in clinical.
However, in clinical work, we have found that the weight
of gravity is often caused by the high level of anesthesia,
which leads to maternal hypotension [13].

Theoretically, the method of combining hyperbaric
with hypobaric, under the premise that the total dose of
spinal anesthesia drug remains unchanged, can improve
the cephalad movement of local anesthetic drugs, thereby
reducing the occurrence of maternal hypotension during
surgery. However, our results suggested that hyperbaric
combined with hypobaric local anesthetic in subarach-
noid anesthesia for cesarean section did not reduce the
incidence of intraoperative hypotension in pregnant
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women. We consider that this may have something to do
with the fact that our sample size was too small, as the
number of hypotensive women during caesarean section
was none in both group C and group D.

However, large doses of Ropivacaine have the poten-
tial to induce surgical anesthetic effects, whereas smaller
doses may result in a sensory block accompanied by
localized, non-progressive motor nerve block [19]. Con-
sequently, an increase in the proportion of Ropivacaine
naturally enhances its anesthetic efficacy. Analysis of the
usage of additional anesthetics among the four groups
revealed that the dosage administered in group A was
the lowest, while that in group D was the highest, thereby
reinforcing the above-mentioned observation.

In groups B, C, and D, there was a significant decrease
in the rate of vasopressor utilization, indicating that
reducing the proportion of Ropivacaine is more favorable
for maintaining the blood pressure stability of pregnant
women during caesarean section. Besides, a2-agonists
seem to increase the time to first rescue analgesia and
to prolong the duration of sensory block when used as
adjuvants to local anesthetic in cesarean section patients.
Also, a2-agonists may reduce the incidence of shivering
and nausea or vomiting [20].

Tang et al. [21] also observed a lower incidence of
hypotension in pregnant women following a reduction
in the proportion of Ropivacaine, which aligns with our
findings. We consider that this phenomenon occurs
because Ropivacaine initially moves from the puncture
site towards the cephalad side (from L3 to T6) when
the hyperbaric anesthetic solution is administered. Sub-
sequently, the hypobaric Ropivacaine moves from the
puncture site towards the caudal side, thereby reducing
the dose of local anesthetic shifting towards the cephalad
side. This reduction in anesthesia level ultimately con-
tributes to the decrease in the incidence of perioperative
hypotension [22].

The increase in adverse reactions observed in group D
is attributed to the low proportion of Ropivacaine, result-
ing in a higher concentration of anesthetic drugs migrat-
ing towards the caudal side post-injection, thus failing to
achieve the desired nerve block. This hypothesis is sup-
ported by the lower satisfaction rate of abdominal wall
muscle relaxation in group D compared to the other
three groups.

This study also has certain limitations. First, this was
a prospective cohort study and has a small sample size
and the groups contribution was uneven, which night
cause potential bias. Second, the trial is not interna-
tional, and the participating institution of our experi-
ment only has Nantong Maternal and Child Health Care
Hospital in China. Third, only pregnant women with
American Society of Anesthesiologists grades I-II were
included in this trial, and those with American Society
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of Anesthesiologists grades III-IV were excluded. Thus,
further studies including maternal women with larger
sample size and randomized controlled multicenter and
higher American Society of Anesthesiologists classifi-
cations are needed [23]. Improving these limitations in
future research will enhance the understanding of opti-
mal anesthesia protocols and their implications for preg-
nant health.

Conclusions

Hyperbaric combined with hypobaric local anesthetic
in subarachnoid anesthesia for cesarean section did not
reduce the incidence of intraoperative hypotension in
pregnant women.
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