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Abstract 

Background: The spread of spinal anesthesia was influenced by many factors, and the effect of body height on 
spinal anesthesia is still arguable. This study aimed to explore the impact of height on the spread of spinal anesthesia 
and the stress response in parturients.

Methods: A total of ninety‑seven parturients were allocated into two groups according to their height: the shorter 
group (body height was shorter than 158 cm) and taller group (body height was taller than 165 cm). Spinal anesthe‑
sia was performed with the same amount of 12 mg plain ropivacaine in mothers of different heights. The primary 
outcome of the study was the success or failure of the spinal anesthesia. The secondary outcomes of the study were 
stress response, time to T6 sensory level, the incidence of hypotension, the satisfaction of abdominal muscle relaxa‑
tion and patient VAS scores.

Results: The rate of successful spinal anesthesia in the shorter group was significantly higher than that in the taller 
group (p = 0.02). The increase of maternal cortisol level in the shorter group was lower than that in the taller group at 
skin closure (p = 0.001). The incidence of hypotension (p = 0.013), time to T6 sensory block (p = 0.005), the quality of 
abdominal muscle relaxation (p <  0.001), and VAS values in stretching abdominal muscles and uterine exteriorization 
(p <  0.001) in the shorter group were significantly different from those in the taller group. Multivariate analysis showed 
that vertebral column length (p <  0.001), abdominal girth (p = 0.022), amniotic fluid index (p = 0.022) were signifi‑
cantly associated with successful spinal anesthesia.

Conclusions: It’s difficult to use a single factor to predict the spread of spinal anesthesia. Patient’s vertebral column 
length, amniotic fluid index and abdominal girth were the high determinant factors for predicting the spread of spinal 
anesthesia.

Trials registration: ChiCTR‑ ROC‑ 17012 030 (Chictr. org. cn), registered on 18/07/2017.
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Introduction
Spinal anesthesia is the preferred choice of anesthesia for 
cesarean section with its reliable and rapid effect. And 
it has many advantages over general anesthesia because 
it provides effective postoperative pain relief, keeps the 
parturients conscious of the delivery, and minimizes 
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the chance of maternal aspiration and difficult intuba-
tion. A large variable clinical dosage was used for spinal 
anesthesia in pregnant women with cesarean section [1]. 
Spinal injection of a local anesthetic usually produces 
unpredictable levels and durations of anesthesia. Higher 
cephalad spread of spinal anesthesia may lead to exces-
sive sympathetic nerve depression such as respiratory 
depression and severe hypotension in pregnant women. 
Maternal hypotension leads to a reduction in maternal 
and uteroplacental blood perfusion and develops the 
potential for fetal acidemia. Inadequate spread of spinal 
anesthesia may provide the stability of breathing and cir-
culation, but it may bring intraoperative pain and inad-
equate degree of anesthesia.

The spread of spinal anesthesia was influenced mainly 
by many factors including age [2], height [3, 4], weight [5, 
6], body mass index [7, 8], abdominal girth [9, 10], ver-
tebral column length [9, 11], the baricity of the injected 
solution [12, 13], patient position [13] and the volume of 
lumbosacral cerebrospinal fluid (CSF) [14, 15]. The vol-
ume of lumbar CSF is thought to be the most important 
factor for the extent of spinal anesthesia. The decrease 
in its volume leads to an increase in the concentration 
of local anesthetic, which produces a broader blockade. 
However, it’s impractical to measure the volume and 
pressure of lumbar CSF during perioperative period. 
Patient general characteristics such as body mass index, 
weight and height are often used to determine the spread 
of spinal anesthesia because they are easy to measure. 
Some studies suggest that the spread of spinal anesthe-
sia tends to increase with increasing weight and decrease 
linearly with height [16, 17], but more studies have taken 
the opposite view, suggesting that weight is indepen-
dently associated with the outcomes of spinal anesthesia 
[13, 18, 19]. And the effect of body height on spinal anes-
thesia is still arguable, with inconsistent results reported 
in the literature [3, 4, 9, 20–22]. Our previous study 
showed no significant difference in spinal ropivacaine 
dose requirement between taller and shorter pregnant 
women [21]. However, the limitation of this study was 
that the difference in average height between the taller 
and shorter groups was small, and this may influence 
the spinal dosage in pregnant women with more signifi-
cant height differences. Hence, it’s necessary to further 
explore the application of spinal anesthesia in the preg-
nant population with a more considerable average height 
difference.

Spinal ropivacaine has been effectively and safely used 
for obstetric patients, with some advantages such as 
lower central nervous and cardiac toxic potential. The 
aim of this study was to compare the effect of the same 
dose of spinal ropivacaine on the spread of spinal anes-
thesia and stress response in people of different heights, 

and also evaluate the determinant factors for predicting 
the spread of spinal anesthesia. We hypothesized that the 
spread of spinal anesthesia produced by the same dose of 
ropivacaine in shorter pregnant women was greater than 
that in taller pregnant women.

Methods
This study was approved by the Institutional Review 
Board of Guangzhou Women and Children’s Medical 
Center (IRB2013007), Guangzhou, China. The trial was 
registered prior to patient enrollment at chictr. org. cn 
(ChiCTR-ROC-17012030, registered on 18/07/2017). 
This study was conducted from August 2017 to July 2019 
in accordance to Good Clinical Practice guidelines and 
the Declaration of Helsinki for experiments involving 
humans. Written informed consent was obtained from 
all eligible parturients. Ninety-seven ASA physical status 
I or II parturients scheduled for elective cesarean delivery 
from 8 am to noon were recruited into the study. Exclu-
sion criteria included age younger than 18 years or older 
than 40 years, congenital anomaly, ruptured membranes, 
placenta praevia, cardiovascular, cerebrovascular or renal 
disease, bleeding disorders, infection at the site of injec-
tions, gestational age < 37 weeks, known abnormal fetal 
development, treatment with drugs known to influence 
anesthetic requirement or allergy and other conditions 
that were considered unsuitable for this study by the 
attending anesthesiologists. After enrolment, parturients 
were allocated into two groups according to their height: 
shorter group (Group S, body height was shorter than 
158 cm) and taller group (Group T, body height was taller 
than 165 cm). The cut-off point for body height was based 
on both the characteristics of parturients height param-
eters in Chinese city and our department’s data derived 
from our previous study [21, 23].

All parturients underwent preoperative fasting for 8 h 
and did not have any premedication. A 20-G IV catheter 
was placed in a peripheral vein in the parturient’s fore-
arm, and a loading infusion of lactated Ringer’s solution 
500 ml was administrated before spinal anesthesia. After 
entering the operating room, standard monitoring such 
as non-invasive blood pressure measurement, pulse oxi-
metry and electrocardiography was attached, the baseline 
was recorded. All patients received combined spinal-epi-
dural anesthesia in the left lateral position. Epidural/spi-
nal puncture were performed at the L3–4 interspace after 
the skin was infiltrated with 1% lidocaine, and the spinal 
component was performed using a 27 G pencil-point 
needle via a needle-through-needle technique. The spinal 
local solutions were prepared by mixing 1% plain ropiv-
acaine 1.2 mL (12 mg) with cerebrospinal fluid to make a 
total volume of 2.5 mL in all cases. The spinal solutions 
were injected into the subarachnoid space in 10 s. After 
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an epidural catheter was placed, the patient was posi-
tioned at a 15°left lateral tilt. Non-invasive arterial pres-
sure was monitored every 2 min for the first 20 min after 
spinal injection, and then every 5 min throughout sur-
gery. Surgery was started when the sensory block was 
higher than T6 dermatome level. Oxygen was adminis-
tered through a face mask at a flow rate of 3 L/min dur-
ing the operation. All spinal anesthesia procedures were 
operated by the same anesthesiologist. Then another 
anesthesiologist, who was blind to the group assignment 
and parturient’s measurements, was responsible for out-
come evaluations after completion of spinal anesthesia 
procedures.

The sensory level of spinal anesthesia was assessed 
bilaterally at the midclavicular line by pinprick test with 
2 min intervals for the first 20 min after drug adminis-
tration, and assessed at 25 min, and then assessed with 
15 min intervals until the completion of surgery. Onset 
time to T6 was defined as the time from the spinal 
injection to loss of pinprick sensation to T6 level. The 
time to reach bilateral sensory block at the T6 level was 
recorded. The highest sensory level of spinal block and 
dermatome level at both incision and surgery completion 
were collected. The quality of abdominal muscle relaxa-
tion was scaled by the surgeon after completion of sur-
gery as follow: 1 = excellent (muscles are very relaxed), 
2 = good (muscles are relaxed), 3 = neutral (disturbing, 
but acceptable muscle strain), 4 = unsatisfactory (mus-
cles are strain), 5 = poor (muscles are very strain, unac-
ceptable). The basic demographic parameters, including 
age, weight, height, parity, weight gain during preg-
nancy, times of previous cesarean, and gestational age 
were collected by an independent nurse on enrollment 
in the study. Neonate weight and Apgar scores at 1 min 
and 5 min were collected after delivery. The body mass 
index (BMI) value of each pregnant woman was calcu-
lated by the collected height and weight in the study. The 
amniotic fluid index was obtained from the color dop-
pler ultrasound within 3 days before the operation. If the 
pregnant woman did not have color doppler ultrasound 
within 3 days before the operation, this case was excluded 
from this study. The vertebral column length was defined 
from the sacral hiatus to the seventh cervical vertebra 
after the parturient was in the lateral position with their 
neck, back and legs flexed. The lowest and highest values 
of heart rate, systolic and diastolic blood pressure were 
all recorded. Visual analogue scale (VAS) score, which 
is from 0 (no pain) to 100 (the most severe pain), was 
used to assess the pain during the operation at four time 
points: skin incision, delivery, uterine exteriorization, 
and skin closure. The abdominal girth was measured at 
the level of the umbilicus in the supine position during 
the end of expiration by the same investigator. These data 

were not revealed to the anesthesiologist both perform-
ing the procedure and assessing spinal blocks.

The primary outcome of the study was the success or 
failure of the spinal anesthesia. Successful anesthesia 
was defined as a bilateral sensory level to pinprick to T6 
level within 15 min and no additional epidural local anes-
thetic required during surgery. When the T6 sensory 
level was not reached within 15 min after spinal injec-
tion, or when the parturient requested additional analge-
sia during surgery, or when VAS score was greater than 
40 mm, epidural anesthesia with 2% lidocaine 5 ml was 
used to enhance intraoperative pain control and repeated 
as required. The secondary outcomes of the study were 
stress response, time to T6 sensory level, the incidence 
of hypotension, the satisfaction of abdominal muscle 
relaxation, patient VAS scores at skin incision, stretching 
abdominal muscles, uterine exteriorization, and skin clo-
sure. Side effects included nausea and vomiting, hypoten-
sion, bradycardia, shivering, and others.

Hypotension was defined as systolic blood pressure 
lower than 90 mmHg or a decrease larger than 30% from 
baseline and was treated with intravenous ephedrine 
6 mg. Bradycardia was defined as heart rate lower than 50 
beats/min and treat with 0.5 mg atropine intravenously. 
The baseline heart rate and arterial blood pressure were 
measured by calculating the average values of three con-
secutive readings at 2 min intervals. Stress hormones 
responses were assessed by determining plasma epineph-
rine, norepinephrine, dopamine and cortisol via enzyme 
immunoassay. Blood samples were collected from lower 
limb vein of the parturients at the following intervals: 
before skin incision and skin closure. Blood samples were 
also collected from the umbilical vein to measure stress 
response at delivery.

Statistical analysis
All results are expressed as mean (SD) or median (range) 
as appropriate. Statistical analyses were determined 
using SPSS version 25.0 for Windows (Chicago, IL). With 
a type one error of 5% and a power of 90%, 86 subjects 
were required to detect a difference in the incidence of 
successful spinal anesthesia with a significance level of 
0.05. This hypothesis was based on the data from our 
pilot study, in which there was a 25% difference in the 
success rate of spinal anesthesia between shorter and 
taller groups (65% in taller group and 90% in shorter 
group). While considering the dropout rate of about 5%, 
the final sample size was determined to be 90 subjects. 
Data were assessed for normal distribution of variance 
using the Shapiro-Wilks test. Means were assessed by one 
way analysis of variance. Medians and non-normally dis-
tributed means were assessed by Mann-Whitney U test. 
Incidence data were analyzed by the chi-squared test or 
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Fisher’s exact test. A binary logistic regression was used 
to determine the correlation of successful spinal anes-
thesia and patient’s characteristics. A p-value < 0.05 were 
considered statistically significant.

Results
A total of 90 recruited parturients completed the study 
without any protocol violations. Seven patients were 
excluded. Two patients were excluded because of failed 
spinal anesthesia, two patients were excluded due to 
hemolysis in blood samples, and three were excluded 
because they declined to participate in the study (Fig. 1). 
The characteristics of neonates and parturients were 
presented in Table 1. There were no baseline differences 
between the groups regarding age, parity, number of 

pregnancy, gestation week, duration of surgery, Apgar 
scores at 1 and 5 min, and neonatal weight. However, the 
demographic data including height, weight, BMI, verte-
bral column length, abdominal girth, amniotic fluid index 
and weight gain in the shorter group were significant dif-
ference compared with these in the taller group.

Forty out of 45 patients experienced successful spi-
nal anesthesia in the shorter group, and thirty one 
out of 45 patients had successful spinal anesthesia in 
the taller group. There was a significant difference in 
the rate of successful spinal anesthesia between the 
shorter and taller groups (p = 0.02). The incidence 
of hypotension (p = 0.013), time to T6 sensory block 
(p = 0.005), the effect and quality of abdominal mus-
cle relaxation (p <   0.001), and the VAS values in both 

Fig. 1 Flow diagram outlining the study procedure
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stretching abdominal muscles and uterine exterioriza-
tion (p <  0.001) in the shorter group were significantly 
different from those in the taller group, which are sum-
marized in Table  2. In the multivariate model with 
successful spinal anesthesia as the outcome, vertebral 
column length (p <  0.001), abdominal girth (p = 0.022), 
amniotic fluid index (p = 0.022) were significantly 
associated with successful spinal anesthesia, whereas 
height, weight, BMI and weight gain were not related 
(Table 3).

Hemodynamic data was presented in Fig. 2. There were 
no differences between the shorter and taller groups 

concerning the basal level of heart rate, systolic pressure 
and diastolic pressure. The minimum values of diastolic 
(p = 0.013) and systolic (p = 0.039) pressure in the taller 
group were significantly higher than those in the shorter 
group. The median dose of administered ephedrine in 
the shorter group was larger than that in the taller group 
(p = 0.035).

There were no significant differences between the 
shorter and taller groups concerning the basal level of 
plasma epinephrine, norepinephrine, dopamine and 
cortisol (Fig. 3). For maternal cortisol levels, the shorter 
group had an increase to 122% of the pre-incision value 
at end of surgery, and the taller group had an increase to 
146% of pre-value at skin closure; and maternal cortisol 
level in shorter group was lower than that in taller group 
at skin closure (p = 0.001). The cortisol level in cord 
blood was significantly lower than that in venous blood. 
There was no difference between the shorter and taller 
groups in postoperative epinephrine, norepinephrine and 
dopamine in both maternal venous and cord blood.

Discussion
In this prospective observational study, a comparison 
of the parameters related to spinal anesthesia in preg-
nant women grouped by short and tall body height was 
performed to determine the effect of body height on 
the outcome of spinal anesthesia. The incidence of suc-
cessful spinal anesthesia and hypotension was signifi-
cantly higher in shorter patients. Onset time to T6 level 
in shorter patients was significantly faster compared 
with taller patients. The effect and quality of abdomi-
nal muscle relaxation and VAS values in both stretching 
abdominal muscles and uterine exteriorization in the 
shorter group were greater than those in the taller group. 
A decrease in stress hormone levels in the shorter group 
was significantly induced compared with taller group.

Surgical stress response induces a predictable cascade 
of metabolic, immunologic and endocrine responses 
through activation of somatic and sympathetic nervous 
systems. The level of plasma cortisol increases with the 
intensity of stress, so it was usually used as a marker 
of stress response [24]. Pain relief could suppress the 
release of stress hormones during surgery [25]. Spinal 
and epidural anesthesia have been shown to reduce the 
maternal stress response during cesarean section com-
pared with general anesthesia [26, 27]. In the present 
study, our results indicated that the increase of mater-
nal cortisol level in the taller group was significantly 
greater than that in the shorter group at end of surgery. 
And this suggested that patients in shorter group had 
better pain control and fewer stress response induced 
by surgical trauma than those in the taller group. 
Although maternal stress response was affected, the 

Table 1 Patient characteristics and clinical parameters

Values are mean ± SD or number. Group S: shorter group; Group T: taller group

items Group S Group T P values

Number of pregnancy 2.3 ± 1.0 2.4 ± 0.8 0.429

Parity 0.9 ± 0.5 0.9 ± 0.6 0.861

Age (years) 33.2 ± 3.9 32.7 ± 4.9 0.584

Weight (kg) 63.7 ± 8.0 72.7 ± 6.8 <  0.001

Height (cm) 153.1 ± 3.5 169.5 ± 2.1 <  0.001

Body mass index (kg/m2) 27.2 ± 3.1 25.3 ± 2.3 0.002

Vertebral column length (cm) 60.7 ± 3.0 68.0 ± 3.4 <  0.001

Gestation (wk) 38.4 ± 0.8 38.5 ± 0.8 0.793

Abdominal girth (cm) 96.1 ± 5.1 98.0 ± 5.0 0.09

Amniotic fluid index (mm) 150.4 ± 44.2 137.3 ± 25.2 0.09

Weight gain (kg) 12.6 ± 3.5 14.5 ± 3.8 0.017

Duration of surgery (min) 42.5 ± 13.4 41.8 ± 13.2 0.813

Apgar score at 1 min 9.5 ± 0.5 9.5 ± 0.5 0.701

Apgar score at 5 min 9.9 ± 0.3 9.9 ± 0.3 0.508

Neonatal weight (kg) 3.2 ± 0.5 3.3 ± 0.4 0.113

Dermatome level at incision T5 T5 0.767

Highest level of block T3 T4 0.002

Dermatome level at surgery 
completion

T7 T7 0.755

Table 2 Characteristics of spinal anesthesia and adverse events

Values are mean ± SD or number (%). Group S: shorter group; Group T: taller 
group

Items Group S Group T P values

Time to T6 sensory block (min) 6.6 ± 2.1 8.0 ± 2.3 0.005

Successful spinal anesthesia (n) 40 (89) 31 (69) 0.02

Hypotension (n) 23 (51) 12 (27) 0.013

Abdominal muscles tone scores 2.1 ± 1.0 3.0 ± 1.0 <  0.001

VAS values

 Skin incision 1.4 ± 0.5 1.5 ± 0.6 0.700

 Stretching abdominal muscles 2.3 ± 1.1 3.2 ± 1.1 <  0.001

 Uterine exteriorization 2.2 ± 0.6 3.0 ± 0.8 <  0.001

 Skin closure 1.6 ± 0.5 1.6 ± 0.5 0.685

Nausea and vomiting (n) 19 (42) 16 (36) 0.333

Ephedrine requirement (mg) 3.5 ± 3.7 2.0 ± 3.5 0.035
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stress response in the fetus was not influenced by the 
use of spinal anesthesia in pregnant women with differ-
ent body height in our study. This is similar to previous 
findings that fetal stress response is not affected by the 
type of anesthesia [27].

Beside maternal cortisol, our results showed that 
patients in the shorter group had more satisfactory 
anesthesia including higher incidence of successful spi-
nal anesthesia, greater abdominal muscle relaxation 
and better pain control in both stretching abdominal 
muscles and uterine exteriorization. To the best of our 
knowledge, there has been no study comparing the effect 
of spinal anesthesia in terms of only maternal height 
during cesarean section. Some previous similar studies 
have shown that small dose local anesthetics adjusted 
according to height and weight can provide satisfactory 
spinal anesthesia [3, 22]. Patient’s height was identi-
fied to be a risk factor for maternal hypotension [3, 4]. 
Also, the shorter group was associated with faster onset 

time to T6 level and a higher incidence of hypotension. 
And this suggested that the shorter group has a faster 
spread of spinal anesthesia, which were similar to some 
studies and different from Norris report [1, 4, 20, 21]. 
However, in addition to height, there were significant 
differences in weight, body mass index, vertebral column 
length, abdominal girth, amniotic fluid index and weight 
gain among the basic parameters of patients in the two 
groups grouped by height in our study. Therefore, the 
higher rate of successful spinal anesthesia, faster reach-
ing T6 level, better abdominal muscle relaxation and 
lower stress response in the shorter group could not 
be attributed solely to height. We intended to use only 
one variable and divide patients into two groups based 
on their height in our study. However, taller patients are 
more likely to be heavier and have longer spines than 
shorter patients. It is almost impossible for all param-
eters other than height to be similar in the two groups 
grouped by height in practice. Further exploration with 

Table 3 Factors associated with the success of spinal anesthesia

Values are Odds Ratio (95% confidence intervals)

Variables Univariate analysis Multivariate analysis

Odds ratio (95% CI) P Odds ratio (95% CI) P

Vertebral column length 0.77 (0.66–0.89) < 0.001 0.73 (0.61–0.85) < 0.001

Abdominal girth 1.13 (1.00–1.28) 0.049 1.25 (1.03–1.52) 0.022

Amniotic fluid index 1.03 (1.01–1.05) 0.007 1.03 (1.01–1.06) 0.022

Height 0.88 (0.81–0.96) 0.003 0.97 (0.83–1.15) 0.74

Weight 0.92 (0.85–0.98) 0.011 1.48 (0.46–4.82) 0.511

Body mass index 1.00 (0.83–1.20) 0.99 0.82 (0.62–1.08) 0.152

Weight gain 1.00 (0.87–1.14) 0.97 1.10 (0.87–1.39) 0.422

Fig. 2 Hemodynamic data including heart rate and blood pressure in both groups. There were no differences between the shorter and taller 
groups concerning the basal level of heart rate, systolic pressure and diastolic pressure. Compared with Group S, * p = 0.039, # p = 0.013. Group S: 
shorter group; Group T: taller group
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multivariate analysis in our study showed that verte-
bral column length, amniotic fluid index and abdominal 
girth, but not height, were significantly associated with 
spinal anesthesia success.

In this study, the success rate of spinal anesthesia was 
69 and 89% in taller and shorter groups, respectively. 
In addition to vertebral column length, amniotic fluid 
index, abdominal girth and the volume of lumbar cer-
ebrospinal fluid, there are many other factors that 
affect the success rate of spinal anesthesia in preg-
nant women. In this study, plain ropivacaine was used 
for spinal injection in mothers of different heights. As 
reported by Fettes et al. hyperbaric solutions of ropiv-
acaine by addition of glucose produced greater spinal 
block and onset time than plain solutions of ropiv-
acaine in patients with spinal anesthesia [12]. The dose 
of ropivacaine was also an important factor, and the 
12 mg ropivacaine used in this study was smaller than 
the 15 mg reported by Fettes et al. However, the 12 mg 
dose of ropivacaine is the usual dose of spinal solu-
tions in our department, which can provide satisfactory 

analgesia and smooth hemodynamics for most preg-
nant women. In addition, the size of spinal anesthesia 
needles and the different criteria which define the suc-
cess of spinal anesthesia also affect the success rate of 
spinal anesthesia [28].

The volume of lumbosacral CSF has been revealed as 
the major determinant for the spinal spread and dura-
tion. Larger abdominal girth is positively associated with 
an increase in intra-abdominal pressure which could 
decrease the lumbosacral CSF volume and extent spread 
of spinal anesthesia [29]. Zhou et al. found that there was 
a strong correlation between abdominal girth and lum-
bosacral CSF volume measured by magnetic resonance 
imaging [30]. It has been showed that abdominal girth was 
correlated with maximal spread of spinal anesthesia [31]. 
Some previous studies have been consistent with our view 
that abdominal girth could be an easy observable factor in 
predicting the spread of spinal anesthesia [9, 11, 19]. Ver-
tebral column length was another key determinant of the 
spread of spinal anesthesia, and this result was consistent 
with most other studies [9, 11, 19, 32, 33]. Hocking and 

Fig. 3 Stress responses in both groups. There were no significant differences between the shorter and taller groups concerning the basal level of 
plasma epinephrine, norepinephrine, dopamine and cortisol. Compared with Group S, # p = 0.001. Group S: shorter group; Group T: taller group
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Wildsmith suggested that the difference in height between 
adults is mainly the difference in the length of the lower 
limbs, rather than the difference in vertebral column 
length [13]. A survey on the height of Chinese pregnant 
women divided the subjects into three different body 
height groups. The results showed that there was a corre-
lation between body height and vertebral column length, 
but the correlation coefficient of each group was small. 
And there was no significant difference in vertebral col-
umn length among the three different body height groups 
[34]. In this study, we enlarged the body height difference 
between the two groups to 16.4 cm, while the difference 
in vertebral column length was 7.3 cm. Interestingly, our 
results showed that a 7.3 difference in vertebral column 
length, but not a 16.4 cm difference in body height, was 
an important factor affecting the spread of spinal anes-
thesia. Importantly, vertebral column length is considered 
to be positively correlated with lumbosacral CSF volume, 
thereby affecting the concentration of local anesthetics to 
change the degree of spinal anesthesia [30].

Amniotic fluid index is another important indicator of 
affecting spinal anesthesia success in our study. During 
pregnancy, amniotic fluid surrounds the fetus and pro-
vides a protective and supportive environment for fetal 
growth and development. Amniotic fluid index, which 
is summarized as the four-quadrant sum technique, is 
the most commonly employed techniques for measur-
ing amniotic fluid volume [35, 36]. The normal amniotic 
fluid index is between 8 and 25 cm, and amniotic fluid 
index more than 25 was defined as polyhydramnios [36]. 
There was a positive correlation between uterine size and 
amniotic fluid volume, and thus a positive correlation 
between high amniotic fluid index and uterine volume 
[37, 38]. The enlarged gravid uterus constricts the infe-
rior vena cava, causing epidural venous plexus to dilate 
and subsequently reduce the lumbar cerebrospinal fluid 
[39–41]. These could explain the higher success rate of 
spinal anesthesia in the shorter group with higher amni-
otic fluid index.

There were two limitations in the present study. First, 
the lumbosacral CSF volume can be estimated by mag-
netic resonance examination, the correlation between 
lumbosacral CSF volume and three determinant fac-
tors (vertebral column length, amniotic fluid index 
and abdominal girth) were not evaluated in our study. 
Some previous studies have found a positive correla-
tion between two determinant factors (vertebral col-
umn length and abdominal girth) and lumbosacral CSF 
volume [30]. Further studies should be performed to 
determine the correlation between amniotic fluid index 
and lumbosacral CSF volume. Second, the combination 
of spinal and epidural anesthesia was used in our study, 
which may partly influence the outcomes.

Conclusions
This study suggested that it’s difficult to use a single 
factor to predict the spread of spinal anesthesia. Our 
results indicated that the combination of patient’s ver-
tebral column length, amniotic fluid index and abdomi-
nal girth, but not height, were the critical determinant 
factors for predicting the spread of spinal anesthesia. 
Patients with shorter vertebral column length, larger 
amniotic fluid index and abdominal girth have greater 
cephalad spread after spinal ropivacaine injection.

Abbreviations
CSF: Cerebrospinal fluid; BMI: Body mass index; VAS: Visual analogue scale.

Acknowledgements
We would like to thank all the medical staff at the department of Anesthesiol‑
ogy and Perioperative Medicine in Guangzhou Women and Children’s Medical 
Centre.

Authors’ contributions
All authors have read and approved the manuscript. SYJ: Study design, data 
analysis, writing paper, manuscript revision. LWX: Study design, data analysis, 
writing paper. OXX: Study design, data collection. LHH: Study design, data 
collection. LDX: Study design, data collection, data analysis. WLY: Study design, 
data collection, manuscript revision.

Funding
This study was supported by Guangzhou Institute of Pediatrics, Guangzhou 
Women and Children’s Medical Centre, Guangzhou, China (No. YIP‑2019‑062).

Availability of data and materials
The datasets are not publicly available, but available from the corresponding 
author on reasonable request.

Declarations

Ethics approval and consent to participate
Ethical approval for Institutional Review Board of Guangzhou Women and 
Children’s Medical Center (IRB2013007) and registered in the Chinese Clinical 
Trial Registry (ChiCTR‑ROC‑17012030, registered on 18/07/2017) prior to 
patient enrollment. Written informed consent was obtained from the parents 
or legal guardians of each paediatric patient in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 20 August 2021   Accepted: 17 November 2021

References
 1. Van de Velde M. Low‑dose spinal anesthesia for cesarean section 

to prevent spinal‑induced hypotension. Curr Opin Anaesthesiol. 
2019;32(3):268–70.

 2. Chen M, Chen C, Ke Q. The effect of age on the median effective dose 
(ED50) of intrathecally administered plain bupivacaine for motor block. 
Anesth Analg. 2014;118(4):863–8.

 3. Harten JM, Boyne I, Hannah P, Varveris D, Brown A. Effects of a height 
and weight adjusted dose of local anaesthetic for spinal anaesthesia 
for elective caesarean section. Anaesthesia. 2005;60(4):348–53.



Page 9 of 9She et al. BMC Anesthesiology          (2021) 21:298  

 4. Huang B, Huang Q, Hai C, Zheng Z, Li Y, Zhang Z. Height‑based dosing 
algorithm of bupivacaine in spinal anaesthesia for decreasing maternal 
hypotensio n in caesarean section without prophylactic fluid preloading 
and vasopressors: study protocol for a randomised controlled non‑inferi‑
ority trial. BMJ Open. 2019;9(5):e024912.

 5. Fu F, Xiao F, Chen W, Yang M, Zhou Y, Ngan Kee WD, et al. A randomised 
double‑blind dose‑response study of weight‑adjusted infusions of norep‑
inephrine for preventing hypotension during combined spinal‑epidural 
anaesthesia for caesarean delivery. Br J Anaesth. 2020;124(3):e108–14.

 6. Xiao F, Shen B, Xu WP, Feng Y, Ngan Kee WD, Chen XZ. Dose‑response 
study of 4 weight‑based phenylephrine infusion regimens for preventing 
hypotension during cesarean delivery under combined spinal‑epidural 
anesthesia. Anesth Analg. 2020;130(1):187–93.

 7. Ngaka TC, Coetzee JF, Dyer RA. The influence of body mass index on sen‑
sorimotor block and vasopressor requirement during spinal anesthesia 
for elective cesarean delivery. Anesth Analg. 2016;123(6):1527–34.

 8. Lamon AM, Einhorn LM, Cooter M, Habib AS. The impact of body mass 
index on the risk of high spinal block in parturients undergoing cesarean 
del ivery: a retrospective cohort study. J Anesth. 2017;31(4):552–8.

 9. Wei CN, Zhang YF, Xia F, Wang LZ, Zhou QH. Abdominal girth, vertebral 
column length and spread of intrathecal hyperbaric bupivacaine in the 
term parturient. Int J Obstet Anesth. 2017;31:63–7.

 10. Kuok CH, Huang CH, Tsai PS, Ko YP, Lee WS, Hsu YW, et al. Preoperative 
measurement of maternal abdominal circumference relates the initial 
sensory block level of spinal anesthesia for cesarean section: an observa‑
tional study. Taiwan J Obstet Gynecol. 2016;55(6):810–4.

 11. Ni TT, Zhou Y, Yong AC, Wang L, Zhou QH. Intra‑abdominal pressure, 
vertebral column length, and spread of spinal anesthesia in parturi‑
ents undergoing cesarean section: an observational study. PLoS One. 
2018;13(4):e0195137.

 12. Fettes PD, Hocking G, Peterson MK, Luck JF, Wildsmith JA. Comparison of 
plain and hyperbaric solutions of ropivacaine for spinal anaesthesia. Br J 
Anaesth. 2005;94(1):107–11.

 13. Hocking G, Wildsmith JA. Intrathecal drug spread. Br J Anaesth. 
2004;93(4):568–78.

 14. Higuchi H, Hirata J, Adachi Y, Kazama T. Influence of lumbosacral cerebro‑
spinal fluid density, velocity, and volume on extent and duration of plain 
bupivacaine spinal anesthesia. Anesthesiology. 2004;100(1):106–14.

 15. Chang JE, Kim H, Oh Y, Hwang JY. Correlation of the lumbar dural 
sac dimension with the spread of spinal anesthesia in elderly female 
patients: a prospective observational study. Acta Anaesthesiol Scand. 
2021;65(1):116–22.

 16. Van de Velde M, Van Schoubroeck D, Jani J, Teunkens A, Missant C, 
Deprest J. Combined spinal‑epidural anesthesia for cesarean delivery: 
dose‑dependent effects of hyperbaric bupivacaine on maternal hemody‑
namics. Anesth Analg. 2006;103(1):187–90.

 17. Danelli G, Zangrillo A, Nucera D, Giorgi E, Fanelli G, Senatore R, et al. The 
minimum effective dose of 0.5% hyperbaric spinal bupivacaine for cesar‑
ean section. Minerva Anestesiol. 2001;67(7–8):573–7.

 18. Kim HJ, Kim WH, Lim HW, Kim JA, Kim DK, Shin BS, et al. Obesity is inde‑
pendently associated with spinal anesthesia outcomes: a prospective 
observational study. PLoS One. 2015;10(4):e0124264.

 19. Zhou QH, Xiao WP, Shen YY. Abdominal girth, vertebral column length, 
and spread of spinal anesthesia in 30 minutes after plain bupivacaine 5 
mg/mL. Anesth Analg. 2014;119(1):203–6.

 20. Norris MC. Height, weight, and the spread of subarachnoid hyperbaric 
bupivacaine in the term parturient. Anesth Analg. 1988;67(6):555–8.

 21. She YJ, Zheng X, Zhao BS, Zeng MT, Tan YH, Song XR. Body height and 
the spread of spinal anaesthesia for caesarean section: a prospective 
controlled trial. Acta Anaesthesiol Scand. 2017;61(7):824–31.

 22. Siddiqui KM, Ali MA, Ullah H. Comparison of spinal anesthesia dosage 
based on height and weight versus height alone in patients undergoing 
elective cesarean section. Korean J Anesthesiol. 2016;69(2):143–8.

 23. Hou X, Liu Y, Lu H, Ma X, Hu C, Bao Y, et al. Ten‑year changes in the preva‑
lence of overweight, obesity and central obesity among the Chinese 
adults in urban Shanghai, 1998‑2007 ‑ comparison of two cross‑sectional 
surveys. BMC Public Health. 2013;13:1064.

 24. Dindia L, Faught E, Leonenko Z, Thomas R, Vijayan MM. Rapid corti‑
sol signaling in response to acute stress involves changes in plasma 
membrane order in rainbow trout liver. Am J Physiol Endocrinol Metab. 
2013;304(11):E1157–66.

 25. Klasen JA, Opitz SA, Melzer C, Thiel A, Hempelmann G. Intraarticular, 
epidural, and intravenous analgesia after total knee arthroplasty. Acta 
Anaesthesiol Scand. 1999;43(10):1021–6.

 26. Loughran PG, Moore J, Dundee JW. Maternal stress response associated 
with caesarean delivery under general and epidural anaesthesia. Br J 
Obstet Gynaecol. 1986;93(9):943–9.

 27. Namba Y, Smith JB, Fox GS, Challis JR. Plasma cortisol concentrations dur‑
ing caesarean section. Br J Anaesth. 1980;52(10):1027–32.

 28. Schwagmeier R, Schmidt A, Nolte H. The effect of injection speed and 
needle gauge on the spread of sensory blockade in spinal anesthesia. 
Reg Anaesth. 1990;13(7):148–52.

 29. Hogan QH, Prost R, Kulier A, Taylor ML, Liu S, Mark L. Magnetic resonance 
imaging of cerebrospinal fluid volume and the influence of body habitus 
and abdominal pressure. Anesthesiology. 1996;84(6):1341–9.

 30. Zhou QH, Shen C, Chen G. Abdominal girth and dorso‑sacral distance 
can be used to estimate lumbosacral cerebral fluid volume. Acta Anaes‑
thesiol Scand. 2018;62(2):234–41.

 31. Lee YH, Wang YC, Wang ML, Lin PL, Huang CH, Huang HH. Relationship of 
abdominal circumference and trunk length with spinal anesthesia level in 
the term parturient. J Anesth. 2014;28(2):202–5.

 32. Zhou QH, Zhu B, Wei CN, Yan M. Abdominal girth and vertebral column 
length can adjust spinal anesthesia for lower limb surgery, a prospective, 
observational study. BMC Anesthesiol. 2016;16:22.

 33. Hartwell BL, Aglio LS, Hauch MA, Datta S. Vertebral column length and 
spread of hyperbaric subarachnoid bupivacaine in the term parturient. 
Reg Anesth. 1991;16(1):17–9.

 34. Lin IS, Lee CL, Wu JL, Wang CF, Liu CG, Lee YT. Comparison of body height 
and vertebral column length in Chinese parturients. Ma zui xue za zhi. 
1992;30(1):21–5.

 35. Nabhan AF, Abdelmoula YA. Amniotic fluid index versus single deepest 
vertical pocket as a screening test for preventing adverse pregnancy 
outcome. Cochrane Database Syst Rev. 2008;2008(3):Cd006593.

 36. Nash P. Amniotic fluid index. Neonatal Netw. 2013;32(1):46–9.
 37. Nakago S, Kato H, Shibata T, Nishijima K, Kotsuji F. Minimizing abdomi‑

nal incision for transverse uterine fundal incision by aspiration of 
amniotic fluid and reduction of uterine size. J Obstet Gynaecol Res. 
2021;47(3):900–3.

 38. Hernández‑Herrera RJ, Ochoa‑Torres M, Salazar‑García D, Solis‑Estrada 
B. Amniotic fluid index accuracy in mid‑trimester. Fetal Diagn Ther. 
2009;26(1):6–9.

 39. Hirabayashi Y, Shimizu R, Fukuda H, Saitoh K, Igarashi T. Soft tissue 
anatomy within the vertebral canal in pregnant women. Br J Anaesth. 
1996;77(2):153–6.

 40. Hirabayashi Y, Shimizu R, Fukuda H, Saitoh K, Igarashi T. Effects of the 
pregnant uterus on the extradural venous plexus in the supine and 
lateral positions, as determined by magnetic resonance imaging. Br J 
Anaesth. 1997;78(3):317–9.

 41. Takiguchi T, Yamaguchi S, Tezuka M, Furukawa N, Kitajima T. Compression 
of the subarachnoid space by the engorged epidural venous plexus in 
pregnant women. Anesthesiology. 2006;105(4):848–51.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	The impact of height on the spread of spinal anesthesia and stress response in parturients undergoing caesarean section: a prospective observational study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Trials registration: 

	Introduction
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


