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Abstract

Background: When performing spinal anesthesia for cesarean section, it is important to determine the appropriate anesthetic
dose as well as to predict the level of spinal anesthesia. In this study, it was hypothesized that some anthropometric measurements
may be related to maximum sensory block and hemodynamic changes.
Objectives: The aim of this study are to find maternal anthropometric values that are correlate with the level of spinal anesthesia.
Methods: Maternal anthropometric measurements, including height, weight, supine and standing abdominal circumference (AC),
and hip circumference, were recorded before spinal anesthesia for cesarean section. Spinal anesthesia was induced by administer-
ing 8 mg of 0.5% hyperbaric bupivacaine and 20 µg of fentanyl at the L3-L4 interspace. The level of sensory block was determined
using pin-prick at 1, 5, 10, and 15 minutes after spinal anesthesia. The sensory block level and hemodynamic adverse events were
analyzed in relationship to anthropometric measurements.
Results: The supine AC/height ratios significantly correlate with the maximal sensory block level at 5, 10, and 15 minutes after the
injection of spinal anesthetic (P = 0.001, P < 0.001 and P < 0.001, respectively). Further, there were significant correlations between
body mass index (BMI) and sensory block level at every assessment (P = 0.041, P = 0.002, P = 0.001 and P < 0.001, respectively). When
comparing the groups with and without hypotension, BMI, weight, and supine AC/height ratio were found to be significantly higher
in the group with hypotension (P = 0.002, P = 0.004 and P = 0.006, respectively).
Conclusions: We conclude that BMI and AC/height ratio correlate with the sensory block level of spinal anesthesia for cesarean
section.

Keywords: Anesthetics, Anthropometric Measurements, Bupivacaine, Cesarean Section, Fentanyl, Hemodynamics, Hypotension,
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1. Background

Spinal anesthesia is one of the most frequently used
anesthetic methods, along with general anesthesia, espe-
cially for cesarean section. The main reason of frequent use
is that it is associated with fewer airway-related complica-
tions compared to general anesthesia. In addition, the fe-
tus is not exposed to anesthetics, the mother can remem-
ber the experience, and it is excellent in managing pain af-
ter surgery (1, 2).

The factors affecting the level of spinal anesthesia in-
clude the patient’s height, weight, site of injection, and
pregnancy (3). In particular, the level of spinal anesthe-
sia increases even when the same dose of anesthetic is
administered due to increased intra-abdominal pressure

in the parturient (4). Moreover, increase in neural sensi-
tivity makes the parturient sensitive to local anesthetics
and changes in the lumber lordosis increase the physical
spread of the solution; hence, the same level of spinal anes-
thesia can be achieved with a small dose of anesthetics
compared to non-parturients (5, 6).

Therefore, when performing spinal anesthesia for ce-
sarean section, apart from selecting an appropriate anes-
thetic dosage, predicting the level of spinal anesthesia is
also important. For the prediction of the level of spinal
anesthesia, it is thought that the maternal anthropomet-
ric measurements have a significant influence, but there
are not many such studies yet, and the results are incon-
sistent.
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2. Objectives

Therefore, the aim of this study are to find out mater-
nal anthropometric values that are more correlate with the
level of sensory block than previous studies and to com-
pare that values with the occurrence of side effects.

3. Methods

This is an observational study, approved by the Insti-
tutional Review Board of Haeundae Paik Hospital (HPIRB-
2017-09-001-007). Patients were included who were un-
dergoing elective cesarean section, aged 20-40 years, and
over 36 weeks of singleton gestation. A total of 50 patients
were included. Informed consents were obtained from
all the patients the night before surgery. The exclusion
criteria were patient rejection, contraindication to spinal,
preeclampsia, eclampsia, twin pregnancy and failed spinal
anesthesia.

All patients’ height, weight, pre-pregnancy weight,
body mass index (BMI), gestational weeks, and ultrasound
fetal weight were recorded. One researcher measured the
abdominal circumference (AC) at the height of the umbili-
cus in the standing and supine positions and the hip cir-
cumference (HC) at the protruding part of the buttocks in
the standing. In the operating room, blood pressure, pulse
oximetry and electrocardiography were monitored, and
the patients were infused rapidly with 500 ml of balanced
solution. While infusing the solution, patients were asked
to turn to the left lateral decubitus position. Spinal anes-
thesia was performed at the L3/4 level with a 24G. Whitacre
needle by the median approach. We injected a mixture
of 0.5% hyperbaric bupivacaine (Bupivacaine HCl®, Hana
Pharm, South Korea) 8 mg and fentanyl 20 µg. After spinal
anesthesia, the patients were returned to the supine posi-
tion, and the bed was tilted to the left side for uterine dis-
placement. We recorded the blood pressure and heart rate
at 1-minute intervals for 5 minutes, followed by 2-minute
intervals for 10 minutes.

Hypotension was defined as a mean blood pressure
lower than 65 mmHg or a decrease of more than 30% from
the baseline blood pressure. A bolus of phenylephrine 0.05
mg was administered when hypotension occurred. A bolus
of atropine 0.5 mg was administered when the heart rate
was less than 50 bpm without hypotension. Sensory block-
ade level was monitored using a pinprick test at 1, 5, 10, and
15 minutes after spinal anesthesia.

Sample size was based on a previous study. Primary
outcome was determined as the relationship between
anthropometric measurements and sensory block after
spinal anesthesia. Based on the study by Baysal et al. (7),
the correlation coefficient was expected to be 0.4. A power

analysis (a = 0.05, b = 0.20) showed that a total of 46 pa-
tients would be required; considering 10% of dropout, 50
patients were enrolled.

All statistical analyses were performed using SPSS
Statistics 25.0 (IBM Corporation, Armonk, NY), and p values
less than 0.05 were considered statistically significant. The
data are presented as frequency with a noted percentage
for categorical variables and mean ± standard deviation
for continuous variables. The Spearman correlation coef-
ficient was used to determine the association between the
anthropometric measurements and level of sensory block.
The differences in other characteristics were compared us-
ing the chi-squared test or Fisher’s exact test for categorical
variables, and independent t-test or Mann-Whitney U test
for continuous variables, as appropriate.

4. Results

No patients were excluded out of the 50 participants
enrolled in this study. Age, anthropometric values, gesta-
tional weeks, and fetal body weight are shown in Table 1.

Table 1. Demographic Data and Anthropometric Data of Patients

Variables Mean ± SD

Age (y) 34.2 ± 4.0

Height (cm) 162.1 ± 6.3

BMI before pregnant (kg/cm2) 22.9 ± 3.8

BMI after pregnant (kg/cm2) 27.6 ± 3.6

Fetal gestational age (week) 37.9 ± 0.7

Baby body weight (g) 2944.4 ± 379.7

AC (standing) (cm) 104.9 ± 6.9

AC (supine) (cm) 102.7 ± 6.5

HC (cm) 104.1 ± 7.3

Abbreviations: AC, abdominal circumference; BMI, body mass index; HC, hip
circumference.

On analyzing the correlation between the patients’ an-
thropometric values and the level of spinal anesthesia, it
was found that the greater the supine AC, the higher the
level of spinal anesthesia reached at 5, 10, and 15 minutes
after the injection of spinal anesthetic (P < 0.05). Further,
supine AC per height and standing AC per height were cor-
related with the level of spinal anesthesia at 5, 10, and 15
minutes after the injection (P < 0.05). The BMI was cor-
related with the level of spinal anesthesia at all measure-
ment points (P < 0.05), and the correlation co-efficiency at
15 minutes after spinal anesthesia was also the greatest (r =
0.51, P < 0.001) (Table 2). There was no correlation between
AC per HC and the level of spinal anesthesia.

2 Anesth Pain Med. 2021; 11(5):e118627.



Kim H et al.

Table 2. Correlations Between Patient Measurements and the Dermatome Level of Sensorial Block 1, 5, 10 and 15 Minutes After Spinal Anesthesia

1 Minute 5 Minutes 10 Minutes 15 Minutes

r a P Value r P Value r P Value r P Value

Height (cm) - 0.01 0.951 - 0.18 0.211 - 0.33 0.021 b - 0.33 0.019 b

Weight before pregnancy (kg) 0.34 0.016b 0.378 0.007 b 0.34 0.017 b 0.38 0.009 b

Weight after pregnancy (kg) 0.23 0.107 0.26 0.064 0.22 0.121 0.26 0.069

BMI (kg/m2) 0.29 0.041 b 0.428 0.002 b 0.46 0.001 b 0.51 < 0.001 b

HC (cm) 0.08 0.591 0.28 0.047 b 0.22 0.122 0.23 0.114

AC (standing) (cm) 0.15 0.309 0.29 0.038 b 0.22 0.128 0.22 0.134

AC (supine) (cm) 0.16 0.259 0.36 0.009 b 0.31 0.029 b 0.29 0.041 b

AC (standing): height ratio 0.17 0.233 0.38 0.007 b 0.40 0.004 b 0.39 0.005 b

AC (supine): height ratio 0.15 0.284 0.44 0.001 b 0.49 < 0.001 b 0.49 < 0.001 b

AC (standing): HC ratio 0.06 0.664 - 0.01 0.928 - 0.08 0.574 - 0.12 0.399

AC (supine): HC ratio 0.03 0.853 0.04 0.776 0.10 0.471 - 0.03 0.828

Abbreviations: AC, abdominal circumference; BMI, body mass index; HC, hip circumference.
a r: Spearman correlation coefficient.
bP ≤ 0.05 means statistically significant.

The most frequent highest level of spinal anesthesia
was at the T4 dermatome (24%). Among all the subjects, the
highest level of spinal anesthesia was at the T2 dermatome,
and the lowest level of spinal anesthesia was at the T10 der-
matome.

Hypotension was observed in 26 patients (52%). When
comparing the anthropometric measurements between
groups with and without hypotension, current weight,
pre-pregnancy weight, BMI, HC, supine AC, and supine AC
per height were significantly higher in the group without
hypotension (Table 3).

5. Discussion

The purpose of this study was to find out whether the
parturients’ physical characteristics were related to the
level of spinal anesthesia. There were several studies that
compared the characteristics of the parturient and the
level of spinal anesthesia, but no consistent results were
obtained. Norris (8) compared the level of spinal anesthe-
sia and height, weight, and height of the vertebral column,
but no variables showed significant correlation. Another
study reported that the maximum level of spinal anesthe-
sia was positively correlated with AC, BMI, and weight and
negatively correlated with height, body surface area, and
AC/HC ratio (7). Many anthropometric values were used to
reveal the correlation with the level of spinal anesthesia
in the current study. The results showed that supine AC,
supine AC/height ratio, and standing AC/height ratio were
correlated with the level of spinal anesthesia at 5, 10, and 15

minutes after the injection of anesthetic, and BMI and pre-
pregnancy body weight were positively correlated with the
level of spinal anesthesia in all sections.

Among the many factors that affect the level of spinal
anesthesia are factors related to patient characteristics
including age, height, weight and intra-abdominal pres-
sure (9). Patient characteristics that can change with the
progress of pregnancy are weight and intra-abdominal
pressure. Based on the literature reports indicating that
the level of spinal anesthesia was higher in mothers with
twins than in those with a single fetus, it would be expected
that there would be a correlation between the degree of
weight gain and the level of spinal anesthesia (10). How-
ever, Ekelof et al. (11) reported that weight gain was not
related with the level of spinal anesthesia, and the same
result was obtained in this study. It is known that the
weight gain after pregnancy is about 11-15 kg in normal-
weight women; however, this also varies greatly between
individuals. In addition, weight gain during pregnancy
is affected by a number of factors, such as the weight of
the fetus, the amount of amniotic fluid, and the volume
of plasma. Therefore, it seems unreasonable to use sim-
ple weight gain as a factor for predicting the level of spinal
anesthesia, since the maternal body composition may vary
even with the same weight gain.

The normal intra-abdominal pressure is about 0-5
mmHg, but it is increased to more than 10 mmHg in par-
turients. If there is a relationship between AC and intra-
abdominal pressure, it can be used as a predictor of the
level of spinal anesthesia, but Malbrain et al. (12) failed
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Table 3. Comparisons of Patient Measurements With and Without Hypotension

Hypotension (n = 26), Mean ± SD No hypotension (n = 24), Mean ± SD P Value

Height (cm) 161.8 ± 6.6 162.5 ± 6.1 0.717

Weight before pregnancy (kg) 63.8 ± 11.2 56.1 ± 5.9 0.004 a

Weight after pregnancy (kg) 76.3 ± 10.2 68.3 ± 7.2 0.003 a

BMI (kg/m2) 24.4 ± 4.4 21.3 ± 2.1 0.002 a

HC (cm) 106.9 ± 6.6 100.9 ± 6.8 0.003 a

AC (standing) (cm) 106.4 ± 6.6 103.1 ± 6.8 0.087

AC (supine) (cm) 105.1 ± 6.8 100.1 ± 5.2 0.006 a

AC (standing): height ratio 0.659 ± .048 0.635 ± 0.034 0.066

AC (supine): height ratio 0.650 ± .046 0.617 ± 0.034 0.006 a

AC (standing): HC ratio 0.996 ± .040 1.02 ± .065 0.071

AC (supine): HC ratio 0.983 ± .037 0.995 ± .060 0.417

Abbreviations: AC, abdominal circumference; BMI, body mass index; HC, hip circumference
aP ≤ 0.05 means statistically significant.

to demonstrate this relationship and hence, AC cannot
be used as a predictor. And this was consistent with this
study. Baysal et al. (7) reported that higher the AC/HC ra-
tio, the higher the level of spinal anesthesia, but the cur-
rent study showed no such correlation. This is assumed
to be the result of the difference in BMI of the parturients
in the two studies. They reported that the mean BMI was
30.1 ± 2.1 at the time of surgery, but in the current study,
the mean BMI was 27.6 ± 3.6. The waist/hip ratio is sig-
nificant in obesity, and it has been reported that a higher
waist/hip ratio is related to central obesity and the inci-
dence of metabolic syndrome (13, 14). Considering that
obese patients showed a higher intra-abdominal pressure
than normal-weight patients (15), although Baysal et al. did
not provide pre-pregnancy BMI, it is assumed to have been
higher than that in this study.

It is well known that obesity is associated with the level
of spinal anesthesia. This contributes not only to an in-
crease in intra-abdominal pressure, but also to a narrow-
ing of the epidural space due to the accumulation of fat
and an increase in plasma volume (16). According to a pre-
vious meta-analysis, not only the BMI and the AC/hip ra-
tio, but also the AC/height ratio were strong predictors of
the occurrence of metabolic syndrome due to obesity (17).
In the current study, the pre-pregnancy weight, BMI, and
AC/height ratio showed positive correlations, suggesting
that the anthropometric values related to obesity are par-
ticularly related to the level of spinal anesthesia.

One of the common complications associated with
spinal anesthesia is hypotension. Hypotension occurs as
a result of the sympathetic block, and the higher the level
of spinal anesthesia, the more likely is its occurrence (18).

In particular, there are many studies which report that ma-
ternal hypotension in cesarean section occurs in 25% or
more cases, although there are differences depending on
the study (19-21). In the current study, even with intra-
venous solution, hypotension of less than 70% of baseline
blood pressure occurred in 52% of patients. Comparing an-
thropometric measurements in groups with and without
hypotension, pre-pregnancy weight, current weight, BMI,
and supine AC/height ratio were significantly higher in
groups with hypotension. Therefore, in the case of parturi-
ents, the more weight they gain, the greater the chances of
hypotension, even if the same dose of anesthetic is admin-
istered.

There are some limitations to the present study. First,
the same dose of local anesthetic was used for all patients.
There are several studies which showed that the use of a
local anesthetic dose corrected for height or weight had
fewer side effects (22, 23). In the current study, neither
the mother nor the fetus experienced any serious side ef-
fects due to hypotension, but it is presumed that using the
corrected doses would further reduce the incidence of hy-
potension. Second, in predicting the level of spinal anes-
thesia, we failed to find an anthropometric value that is su-
perior to the BMI. If we try more combinations of anthro-
pometric values, we may find a variable with a stronger cor-
relation.

In conclusion, BMI and AC/height ratio were found to
be correlated the level of spinal anesthesia at 5, 10, and 15
minutes after the injection of spinal anesthetic. And the
correlation coefficient between BMI and maximum seonry
blokc level was the greatest. It would be clinically useful
if the level of spinal anesthesia could be predicted and the
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incidence of side effects could be reduced with only simple
body measurements in parturients undergoing caesarean
section with spinal anesthesia.
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