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Abstract

Background

Subarachnoid spread of local anesthetics is quite erratic and is determined by several factors. There is a
high predictive for the spread of spinal anaesthesia in terms of abdominal girth and vertebral column
length. Our study is designed to determine the effect of abdominal girth and vertebral column length with
cephalad spread of spinal anaesthesia for a given dose of 0.5% hyperbaric bupivacaine in Nepalese
patients.

Materials and Methods

In this prospective observational study, a total 100 patients of ASA PS I-ll, aged16-65 years and
undergoing lower extremity surgery under spinal anesthesia were enrolled. 2.8 mL of 0.5% hyperbaric
bupivacaine was injected intrathecally at L3-4 interspace in sitting position. Extent of sensory blockade
was assessed for 60 min. Simple linear regression, multiple linear regression and Pearson's correlation
coefficient analysis were performed to determine the correlation between patient variables viz
abdominal girth, vertebral column length, height, weight, body mass index and age and maximum
sensory block height.

Results

Abdominal girth and vertebral column length correlated significantly with the maximal sensory block
height after intrathecal administration of a fixed dose of 0.5% hyperbaric bupivacaine by all the three
statistical tools used.

Conclusion
Abdominal girth and vertebral column lengthcorrelate significantly with the maximal sensory block
height in Nepalese patients receiving a fixed dose subarachnoid block with 0.5% hyperbaric
bupivacaine
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Introduction

Spinal anaesthesia has wide range of clinical
applications for obstetrics, orthopaedic and
general surgery. Spinal anaesthesia has the
definitive advantage that profound nerve block
can be produced simply using direct injection of
small amount of local anaesthetics (LA) into
cerebrospinal fluid (CSF)[1,2].

The utmost challenge of this technique is to
maintain the spread of local anaesthetics into the
cerebrospinal fluid, thus providing acceptable
block for the surgery. As there are several factors
which determines the spread of local anaesthet-
ics in cerebrospinal fluid and is unpredictable
[3,4,5,6]. In order to determine the dose of
bupivacaine for spinal anaesthesia patient's age,
height, weight and body mass index (BMI) is
being clinically evaluated [7]. But as per previous
studies, these variables have lower predictive
value for spread of local anaesthetics in spinal
anaesthesia [8,-11]. Therefore, abdominal girth
(AG) and vertebral column length (VCL), by
some authors showed highly predictive in terms
of spread of given dose of bupivacaine for spinal
anaesthesia[7, 12].

People with different ethnic origin are likely to
have different anthropometric characteristics. So
far, we have not come across any report which
has attempted to find out the degree of correla-
tion between cephalad spread of LAinto CSF and
the VCL and/or AG.This study primarily aimed to
identify the specific correlation between AG,
VCLand maximum sensory block height after
given dosage of 0.5% hyperbaric bupivacaine for
spinal anaesthesia for lower limb surgery in
Nepalese subject. Secondarily, the correlation of
age, height, weight and BMI with spread of spinal
anaesthesia was also studied.

Materials and Methods

This is a prospective observational study con-
ducted for a period of one year from May 2023 to
April 2024 in Nobel Medical College Teaching
Hospital. Approval for the study was obtained
from the Institutional Review Committee (IRC).
Patients belonging to age group 16-65 years with
American Society of Anesthesiologists Physical
Status (ASA PS) | & Il undergoing lower limb
surgeries under spinal anaesthesiawere
included. The exclusion criteria were patient
refusal for consent, any contraindications for
spinal anaesthesia, ASA PS Il or more, and
history of spine surgery, diabetes spinal defor-
mity and pregnancy.

Sample size was estimated based on the finding
of a previous study by Zhou et.al. [7] expecting

%

Nepal Journals Online: www.nepjol.info

Official website: www.jonmc.info

similar correlation coefficient r=0.383, and
accepting a error of 5% and B error of 5%. Adding
20% for the non-respondance, a sample of 100
patients undergoing lower limb surgery under
spinal anaesthesia was taken.

All the patients were explained about the nature
of the study during the preoperative visit and
informed consent was obtained. All the patients
were kept fasting for 8-10 h before surgery. All
the patients were pre-medicated with diazepam
5-7.5 mgin the night before and two hours prior to
surgery. After thepatients entered the operating
room,height (defined as length from vertex to
heel) was measured. Weight of the patient was
either measured whenever possible or estimated
based on the patient's previously measured
weight. And the BMI was calculated. The patient
was placed in supine position, and at the level of
the umbilicus, the AG (in cm) was measured at
the end of expiration using measuring tape. VCL
(in cm) was measured from C7 vertebra (spinous
process) to sacral hiatus in lateral position.
Intravenous accesswasestablished, and Ring-
er's lactate 10 mL/kg was preloaded before
anaesthesia in all the patients. Baseline heart
rate (HR) and blood pressure (BP) were
recorded. Noninvasive BPwasrecorded every 5
min; electrocardiography (ECG) and pulse
oximetry (SpO,)were continuously monitored in
all the patients.

In the operation theatre, the patient was
explained about the technique of anaesthesia
and the cooperation required. The patient was
placed in sitting position with spinal column
flexion. The L3-4interspace was confirmed by
accepting that a line joining iliac crests approxi-
mated to L3-L4 interspace. A 25-gauge Quincke
spinal needle was insertedadopting standard-
midline approach, with the orifice pointing cepha-
lad. A fixed volume (2.8 mL) of 0.5%hyperbaric
bupivacaine solutionwasinjected intrathecally at
room temperature at aspeed of approximately 2
mL in 10 s after confirming free flow of CSF. After
the administration of bupivacaine, the patient
was placed in supine positionimmediately. The
spinalanaesthesia spread was assessed by loss
of pin prick sensation using a 23G hypodermic
needle at 5, 10, 20, 30, 45 and 60 min after
intrathecal injection in both mid-clavicular lines.
Temperature sensation was also assessed by
cold using an alcohol swab at the same time.
Patient's demographic data, diagnosis and
surgery to be performed were recorded. Intrao-
perative adverse events if any were noted.

The data collected was entered into Microsoft
excel sheet and exported to SPSS 11.5 version.
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Frequency, percentage, mean, standard devia-
tion, range were calculated to describe variables.
Karl-Pearson correlation coefficient was calcu-
lated to find association of the continuous vari-
ables. F-test was used to test the significance of
correlation. Simple linear regression and multiple
linear regression analysis were performed to
demonstrate the relationship between patient
variables and maximum level of sensory block.
Probability of significance was setat 5% level.

Results

The demographic parameters of the patients and
the maximal sensory block height achieved are
presentedintable 1.

Table 1: Patient variables and maximal sensory block
height

Number

Parameter )

Mean (SD)

Median (IQR) Range

*Age (years) 38.75(13.35) 39(27.5-48)  19-65 _
**Sex (male/ _ _ 74/26
female)
*AG (cm) 72.37(12.91) 715(64-86) 48110
*VCL (cm) 55.94 (1.5)  55(50-62) 42-72 _
*Height (m) 1.62 (0.07) 1.63 (1.56- 14218
1.66)
“Weight (kg) 60.70 (8.53) 60 (55-65) 38-85 _
“BMI (kgim3)  23.11(3.19) 2249 (21.1-  16.44-33.20
25.39)
*Maximal T5(T6-T4)  T2-T8 _
sensory block
height (thoracic
segment)

*Values are in mean (SD), median and range.
**Value is in number/percentage.

Simple linear regression analysis showed
significant positive correlation of AG (8=0.049,
p<0.001) and negative correlation VCL (B=-
0.035, p=0.027) of the patient with maximal
sensory block height(table 2).

Table 2: Simple linear regression of patient's variables
with maximal sensory block height

Description & coefficient (SE) 95% ClI p-value
Abdominal girth (cm) 0.049 (0.0079) 0.033t00.065  <0.001
Vertebral column -0.035(0.0158) ~ -0.067 to 0.004  0.027
length (cm)

BMI (kg/m?) 0.146 (0.0358) 0.075t00.217  <0.001
Weight (kg) 0.035 (0.0138) 0.007t0 0.062  0.013
Height (m) -3.03 (1.673) 6.3510 0.28 0.73
Age (years) 0.009 (0.009) -0.008t00.027 0.27

The scatter plot of maximal sensory block height
against the vertebral column length and abdomi-
nal girth is shown in figure 1 and figure 2 respec-
tively.
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Figure 1: Relationship between vertebral column
length and maximum sensory block height
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Figure 2: Relationship between abdominal girth and
maximum sensory block height

Multiple linear regression analysis demonstrated
significant correlation of the maximal sensory
block height achieved with abdominal girth and
vertebral column length. Correlation coefficient,
95% Cl and p value calculated by multiple
regression analysis are shownin table 3.

Table 3: Multiple linear regression of patient variables
with maximal sensory block height

Variables & coefficient (S.E.) 95% CI p-value
AG (cm) 0.050 (0.0085) 0.033 to 0.067 <0.001
VCL (cm) -0.055 (0.018) -0.9110-0.019 0.003
Age (years)  0.005 (0.0075) -0.0089t0 0.020  0.428
Height (m) 15.02 (10.238) -5.309t035.359  0.146
Weight (kg) ~ -0.163 (0.133) -0.428 t0 0.102 0.225
BMI (kg/m2)  0.489 (0.349) -0.205to 1.183 0.165
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Pearson's correlation coefficients were calcu-
lated to show the interrelationship between
patient's variables and maximal sensory block
height (table 4).

Table 4: Pearson's correlation of patients' variables
with maximal sensory block height

Pearson’s correlation

Patients’ variable coefficient (c) p-value

Age (years) 0.109 0.27

AG (cm) 0.532 <0.001
VCL (cm) -0.221 0.02
Height (m) -0.180 0.07
Weight (kg) 0.247 0.013

BMI (kg/m2) 0.382 0.0001

Discussion

In this study we found significant correlation of
patient's AG and VCL with the maximal sensory
block height after spinal anaesthesia. Simple
linear regression analysis showed significant
correlation of weight and BMI of the patient with
cephalad spread of spinal anaesthesia (p<0.05).
Pearson's correlation analysis demonstrated
significant correlation of the patient's AG, VCL,
weight and BMI with the cephalad spread of
spinal anaesthesia.

Increase in intra-abdominal pressure has been
found to result in decreased lumbosacral CSF
volume and is likely to produce more extensive
neuraxial blockade through diminished dilution of
local anaesthetic [13].Greater AG has been
shown to be associated with a more notable
increase in the intra-abdominal pressure which
causes distension of the epidural veins thereby
reduce the CSF volume by compressing the CSF
space[14, 15].

Hartwell et al. in their study demonstrated
significant correlation between VCL measured
from C7 to the level of the iliac crest (r=0.32, p =
0.025) and to the sacral hiatus (r = 0.38, p =
0.006) and the level of sensory block height after
the subarachnoid administration of 12 mg
hyperbaric bupivacaine in term pregnant patients
[16].0ur study also showed similar finding i.e.,
significant correlation between the VCL and
maximal sensory block height. Simple linear
regression and multiple linear regression analy-
ses showed significant negative relationship
between VCL and maximal sensory block height
with respective regression coefficient (3 =-0.035,
95% CI -0.067 to -0.004, p = 0.02 and 3=-0.055,
95% CI -0.91 to -0.019, p=0.003). A significant
negative relationship between VCL and maximal
sensory block height was also observed in
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Pearson's correlation analysis (c=-0.221,
p=0.02). Zhou et al. have also reported similar
findings of linear regression analysis showing
strong correlation between AG and 0.5% plain
bupivacaine dose (r = -0.827 for T12, r = -0.806
for T10; both p < 0.0001) [7].Although not
included in our primary objectives we also
assessed the correlation of maximal sensory
block height with patient's age using simple linear
regression analysis and multiple linear regres-
sion analysis. We did not find any significant
correlation between age of the patient and the
maximal sensory block height after spinal
anaesthesia (p >0.05). This finding in our study
differs from the findings of the study by Cameron
et al. which demonstrated a positive correlation
(r=0.5) between age and level of sensory block
after giving 4 mL of 0.5% plain bupivacaine in 33
patients [17]. Pitkanen et al. also demonstrated a
correlation (r=0.227) between age and level of
sensory block in their study of 124 patients [9].
The difference in our and their findings may have
resulted from the difference in several factors
such as the age group studied, the preparation
and volume of drug used, demographic and
anthropometric differences of subjects etc.
Greene has suggested an association between
patient's height and the maximum level of
sensory blockade after spinal anaesthesia but
our study failed to show significant correlation
between these two factors (3=-3.03, p= 0.073)
[4]. In contrast to our study, Pitkanen demon-
strated higher cephalad spread of spinal anaes-
thesia in shorter than normal individual after
giving 3 mL of 0.5% isobaric bupivacaine in 90
patients [18]. Though minimum effective doses of
bupivacaine based on the height (0.06 mg/cm
height) has been suggested for caesarean
section, no correlation between height and level
of sensory blockade was shown in term
parturient [19,20,21].The explanation given for
the results is that the difference in height between
adult is more due to length of the lower limb long
bones, than the spine. The role of patient height
in determining sensory level of anaesthesia may
be clinically more important when spinal anaes-
thesiais used in children.

Though multiple linear correlation analysis in our
study failed to show significant correlation
(p>0.05), simple linear regression analysis
showed significant positive relation of level of
sensory block height with BMI (B =0.146, 95%ClI
0.075 to 0.217, p<0.001) and weight (B =0.035,
95%CI 0.007 to 0.062 p=0.013) of patients.
Wefound a significant positive correlation of
maximal sensory block height with BMI (c=0.382,
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p<0.001) and weight (c=0.247, p=0.013)in
Pearson's correlation analysis also. This finding
is supported by the finding of the previous study
conducted by McCulloch and Littlewood in which
there were strong correlation between weight
and BMI of patient and level of sensory blockade
after giving 4 mL of 0.5% plain bupivacaine in 50
patients undergoing cystoscopic procedure
under spinal anaesthesia [10]. Pargger et al.
also demonstrated significant correlation
between BMI and level of sensory blockade
(r=0.25, P<0.05) following subarachnoid injec-
tion of 18 mg of 0.5% plain bupivacaine in 100
patients [11]. Tuominenet al. also reported more
extensive cephalad spread of sensory block in
patients with increased BMI compared with
normal BMI after intra-thecal administration of 3
mL of 0.5% plain bupivacaine [8].

Positive relationship between obesity and the
level of sensory blockade after spinal anaesthe-
sia has been demonstrated in different studies [5,
7,10, 22].The precise mechanism by which BMI
affects the spread of spinal block is unclear.
However, CSF volume appears to be one of the
important factors. The reduced CSF volume in
obese patients is believed to be the result of
increased intra-abdominal pressure orincreased
epidural fat or inferior venacava occlusion
leading to distension of epidural vein [23].

Our findings are well supported by the findings of
the study conducted by Zhou et al. in which,
linear regression analysis showed significant
univariate correlation among weight, height, BMI,
abdominal girth, vertebral column length and the
spread of spinal anesthesia (all P<0.039)
[12].Like in our study, multiple regression analy-
sis in their study also showed AG and the VCL to
be the key determinants for spinal anesthesia
spread (both P <0.0001).

Conclusion

In conclusion, our study showed the significant
correlation of AG and VCL with maximal sensory
block height in Nepalese subject studied. Signifi-
cant positive correlation exists between BMI and
maximal sensory block height. So based on this
study it is suggested that lesser dose of 0.5%
hyperbaric bupivacaine is needed in patient with
higher AG and BMI and lowerVCL.

Limitation

This study has some limitations. We included
only patients between 16 to 65 years of age of
ASA PS | and Il. So, the correlation of patients'
variables with level of sensory block in extreme of
age is yet to be studied. As all the patients were
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posted for lower limb surgery, it was difficult to
take the exact weight of some patients. This may
be source of bias in the result.
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