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ABSTRACT  

Background: Spinal anaesthesia is widely preferred for elective caesarean 

sections due to its efficacy and safety. However, variability in block spread 

remains a concern, influenced by multiple maternal anthropometric parameters. 

Objectives: To evaluate the relationship between abdominal circumference 

(AC), vertebral column length (VCL), VCL/AC² ratio, and body mass index 

(BMI) with the cephalad spread of spinal anaesthesia in term parturients 

undergoing elective caesarean section. Materials and Methods: This 

prospective observational study included 196 term parturients. Measurements 

of AC, VCL, BMI, and VCL/AC² were recorded. A standardized spinal 

anaesthetic technique was followed. Sensory and motor block characteristics, 

hemodynamic changes, and complications were analysed using non-parametric 

statistical tools. Result: Greater AC and BMI were associated with faster 

sensory onset and higher block height. VCL and VCL/AC² correlated 

significantly with anaesthetic spread parameters. Age showed no significant 

association. Most participants tolerated anaesthesia well, with minimal 

complications. Conclusion: Abdominal circumference, BMI, and vertebral 

column length significantly affect the spread of spinal anaesthesia in term 

parturients. These variables may aid in predicting anaesthetic spread and 

tailoring dosage. 

 
 

 

INTRODUCTION 
 

The term “Spinal Anaesthesia” was introduced by 

Leonard Corning in 1885,[1] and remains the 

preferred technique for caesarean sections due to 

advantages such as minimal drug use, reduced airway 

manipulation, early mobilization, and shorter 

hospital stay.[2] The optimal sensory level for 

caesarean delivery is a bilateral block between T4 

and T6, assessed by pinprick2. However, the spread 

of spinal anaesthesia varies widely, potentially 

leading to inadequate block or hemodynamic 

instability.[3,4] Patient-specific factors such as age, 

height, weight, abdominal girth, BMI, and vertebral 

column length (VCL) have been studied for their 

influence on anaesthetic spread, but findings remain 

inconclusive.[5-8] Pregnancy-related anatomical and 

hormonal changes can alter cerebrospinal fluid 

dynamics, affecting drug distribution.[9,10] Abdominal 

circumference, in particular, reflects uterine size and 

intra-abdominal pressure, which may displace CSF 

and enhance cephalad spread.[11-13] Among proposed 

indices, the VCL/AC² ratio has emerged as a reliable 

predictor, as highlighted by Lee et al.[14] Additionally, 

gestational factors like pubic laxity and widened hip-

to-shoulder ratio may further influence anaesthetic 

spread15. Based on these observations, we conducted 

a prospective observational study to evaluate the 

correlation of abdominal circumference, vertebral 

column length, and BMI with spinal anaesthesia 

spread in term parturients. Secondary outcomes 

included block characteristics, incidence of 
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hypotension, vasopressor requirement, and 

associated side effects. 

 

MATERIALS AND METHODS 

 

This prospective observational study was conducted 

at Shri Guru Ram Rai Institute of Medical and Health 

Sciences, Dehradun, following approval from the 

Institutional Ethics Committee. Term parturients 

aged between 18 and 40 years, with a gestational age 

of 37 weeks or more, scheduled for elective caesarean 

section under spinal anaesthesia, were enrolled. The 

minimum required sample size was calculated to be 

196, considering an anticipated effect size of 0.15, a 

95% confidence level, and 80% power, with the study 

spanning 18 months. 

Patients with obstetric complications such as 

preeclampsia, known allergies to anaesthetic agents, 

coagulation abnormalities, systemic disorders 

including cardiovascular, renal or hepatic diseases, 

spinal deformities, or local infection at the lumbar 

puncture site were excluded. After obtaining written 

informed consent, all participants underwent pre-

anaesthetic evaluation and routine investigations, 

including CBC, renal profile, coagulation 

parameters, ECG, and relevant serological markers. 

On the day of surgery, participants were kept fasting 

and an intravenous cannula was secured with 

preloading of Ringer Lactate at 10 mL/kg over 30 

minutes. Anthropometric measurements were 

recorded by a separate anaesthesiologist not involved 

in the administration of anaesthesia. Weight was 

recorded in kilograms and height in meters to 

calculate BMI. Abdominal circumference was 

measured at the umbilical level in the supine position 

at end-expiration, while vertebral column length was 

recorded from C7 to the sacral hiatus in the sitting 

position. The VCL/AC² ratio was calculated 

accordingly. 

Spinal anaesthesia was administered in the operating 

room under strict asepsis using a 25G Quincke’s 

needle at the L3–L4 interspace, and 2.4 mL of 

intrathecal drug was injected following confirmation 

of free CSF flow. Sensory block was assessed along 

the mid-axillary line at one-minute intervals until T10 

was reached, with the highest level recorded at 20 

minutes. Duration was defined from onset at T10 to 

regression to S2. Motor block was evaluated based on 

time to complete paralysis and full recovery. 

Data were entered into Microsoft Excel and analysed 

using SPSS version 21.0. Shapiro-Wilk test revealed 

non-normal distribution of the data, leading to the 

application of non-parametric tests. Chi-square test 

was used for categorical variables, while Kruskal-

Wallis and Friedman tests were applied for inter- and 

intra-group comparisons respectively. A p-value of 

less than 0.05 was considered statistically significant. 

 

RESULTS 

 

The present study assessed the effect of abdominal 

girth, vertebral column length (VCL), and body mass 

index (BMI) on the spread of spinal anaesthesia in 

term parturients undergoing elective caesarean 

section. Most participants were aged 25–30 years, 

with a mean age of 28.43 years. Controlled 

gestational diabetes was present in 28.57% of cases. 

The majority had normal (32.1%) or overweight 

(28.1%) BMI, with a mean of 25.96 ± 2.54 (Table 1). 

Mean gestational age was 38.47 weeks. Average 

VCL and AC were 55.44 cm and 102.12 cm, 

respectively. Sensory block onset occurred at 1.46 

minutes and motor block at 2.00 minutes. Mean 

duration of motor block was 150.63 minutes and 

sensory block was 100.03 minutes (Table 2). 

Hemodynamic parameters declined initially post 

spinal anaesthesia but returned to baseline within 60–

90 minutes. Oxygen saturation remained stable, 

indicating good anaesthetic tolerance (Table 3). 
 

Table 1: Demographic, Comorbidity, and BMI Profile of Study Participants 

Category Subgroup Frequency (n) Percentage (%) Mean ± SD 

Age Group 

18–25 years 37 18.9 

 

28.43 ± 4.72 

25–30 years 74 37.8 

30–35 years 40 20.4 

35–40 years 45 23.0 

Comorbidities 
Controlled GDM 56 28.57   

 - No Comorbidities 140 71.43 

BMI Category 

Underweight 36 18.4 

 

25.96 ± 2.54 

Normal 63 32.1 

Overweight 55 28.1 

Obese 42 21.4 

 

Table 2: Gestational, Anatomical, and Anaesthetic Block Characteristics 

Parameter Mean ± SD 

Gestational Age (weeks) 38.47 ± 1.95 

Vertebral Column Length (VCL, in cm) 55.44 ± 1.66 

Abdominal Circumference (AC, in cm) 102.12 ± 6.71 

VCL/AC² Ratio 0.0052 ± 0.001 

Onset of Sensory Block (T10, in min) 1.46 ± 0.62 

Onset of Motor Block (in min) 2.00 ± 0.87 

Maximum Height of Sensory Block 3.00 ± 0.38 

Time to Reach Max Sensory Block (min) 5.81 ± 0.68 

Time to Reach T4 Level (min) 5.53 ± 1.31 
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Duration of Motor Block (min) 150.63 ± 11.91 

Duration of Sensory Block (min) 100.03 ± 9.99 

 

Table 3: Distribution of Study Participants as per Hemodynamic Parameters Over Time 

Time (min) HR (Mean ± SD) SBP (Mean ± SD) DBP (Mean ± SD) MAP (Mean ± SD) SpO₂ (Mean ± SD) 

0 87.7 ± 9.3 132.3 ± 13.4 76.8 ± 8.7 95.3 ± 10.2 98.0 ± 1.5 

2.5 82.8 ± 8.7 123.1 ± 12.9 75.2 ± 8.4 91.2 ± 9.9 97.8 ± 1.5 

5 78.3 ± 8.9 109.0 ± 12.5 74.0 ± 8.0 85.7 ± 9.5 97.5 ± 1.5 

7.5 73.2 ± 8.2 102.8 ± 12.1 68.0 ± 7.8 79.6 ± 9.2 96.9 ± 1.5 

10 73.2 ± 9.1 97.5 ± 11.8 61.5 ± 7.6 73.5 ± 8.8 96.3 ± 1.5 

20 75.1 ± 8.7 99.0 ± 12.6 62.5 ± 7.7 74.7 ± 9.0 95.8 ± 1.5 

30 76.3 ± 9.2 104.5 ± 12.3 64.8 ± 8.0 78.0 ± 9.3 95.5 ± 1.5 

40 78.6 ± 8.8 109.8 ± 12.7 65.0 ± 8.3 79.9 ± 9.6 96.0 ± 1.5 

50 80.5 ± 8.6 113.0 ± 13.0 67.0 ± 8.5 82.3 ± 9.8 96.5 ± 1.5 

60 82.6 ± 9.5 116.5 ± 13.2 70.5 ± 8.6 85.8 ± 10.0 97.0 ± 1.5 

70 84.8 ± 8.7 118.7 ± 13.3 70.8 ± 8.7 86.8 ± 10.2 97.3 ± 1.5 

80 85.9 ± 9.1 121.5 ± 13.5 71.0 ± 8.8 87.8 ± 10.3 97.7 ± 1.5 

90 86.4 ± 9.4 123.4 ± 13.6 72.2 ± 8.9 89.3 ± 10.4 98.0 ± 1.5 

 

Table 4: Correlation between Characteristics of Sensory and Motor Block and Demographic Variables 

Parameter Age Height Weight BMI 

Onset of sensory block (T10) 
-0.45  

(p=0.001) 

-0.38  

(p=0.003) 

-0.30  

(p=0.005) 

-0.28  

(p=0.006) 

Maximum height of sensory block 
0.40  
(p=0.002) 

0.45  
(p=0.002) 

-0.32  
(p=0.003) 

0.38  
(p=0.002) 

Time to reach max sensory block 
0.35  

(p=0.005) 

-0.40  

(p=0.004) 

0.50  

(p=0.001) 

-0.44  

(p=0.003) 

Time to reach T4 level 
-0.38  
(p=0.003) 

0.42  
(p=0.002) 

0.48  
(p=0.002) 

-0.41  
(p=0.004) 

Onset of motor block 
-0.42  

(p=0.001) 

-0.39  

(p=0.003) 

-0.35  

(p=0.004) 

0.36  

(p=0.002) 

Duration of motor blockage 
-0.50  
(p=0.002) 

-0.41  
(p=0.004) 

0.40  
(p=0.002) 

0.42  
(p=0.001) 

 

Abdominal circumference (AC) showed strong 

correlation with rapid and higher cephalad spread of 

anaesthesia. Greater AC was linked to faster onset, 

higher block height, and quicker reach to T4 level. 

VCL had a significant negative correlation with time 

to T4 level, suggesting faster spread in longer spines. 

VCL/AC² also showed significant associations, 

confirming its value as a predictive ratio for 

anaesthetic spread (Table 5).

 

Table 5: Correlation of AC, VCL, VCL/AC2, and Cephalad Spread of Spinal Anaesthesia 

Correction values 
Onset of sensory 

block 

Maximum sensory 

block height 

Time to reach max 

sensory block 

Time to reach 

T4 level 

AC and Cephalad Spread  
r-value -0.797 0.961 -0.648 0.83 

p-value 0.028 0.033 0.003 0.025 

VCL and Cephalad 

Spread  

 C7–SH C7–SH C7–SH C7–SH 

r-value -0.359 0.629 0.166 -0.975 

p-value 0.043 0.014 0.037 0.004 

VCL/AC² and Cephalad 

Spread  

r-value 0.182 0.409 0.463 -0.681 

p-value 0.02 0.026 0.018 0.042 

 

 
Figure 1: Shows that complications were minimal: 

12.2% experienced hypotension and 2.6% bradycardia; 

85.2% had no adverse events, showing high safety of 

spinal anaesthesia. 

 

DISCUSSION 
 

In our study, the mean age of participants was 28.43 

years, with the majority in the 25–30 age group. Most 

had no comorbidities (71.43%), and 28.57% had 

controlled gestational diabetes. The mean BMI was 

25.96 ± 2.54, indicating a predominantly overweight 

population. The mean VCL was 55.44 ± 1.66 cm, and 

AC was 102.12 ± 6.71 cm. The calculated VCL/AC² 

ratio was 0.0052. The mean onset of sensory and 

motor blocks were 1.46 and 2.00 minutes 

respectively. Hemodynamic variables showed an 

initial dip post spinal injection but stabilized within 

an hour. Only 12.2% developed hypotension and 

2.6% bradycardia, indicating minimal complications. 

A significant correlation was found between the 
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spread of spinal anaesthesia and BMI, height, weight, 

VCL, AC, and VCL/AC². Age had no significant 

effect. Bayal PK et al. similarly found weight, height, 

and BMI to be significant predictors of block spread 

but not age.[16] Ni TT et al. and Wei CN et al. 

supported the association with height and weight, 

although Wei found correlation only with 

height.[17,18] Seyhan TO et al. observed a significant 

correlation with weight alone.[19] In contrast, Ekeløf 

NP et al. and Norris MC found no significant 

relationship between block spread and 

anthropometric variables, including BMI, height, and 

weight.[20,21] AC showed strong correlation with 

faster onset, higher sensory level, and quicker reach 

to T4 level. Similar findings were reported by Bayal 

PK et al., who found a strong negative correlation 

between AC and time to T4.[16] Wei CN et al. and Lee 

YH et al. reported variable outcomes, with Wei 

showing greater correlation with VCL than AC in 

pregnant women, while Lee found no significant 

association with AC.[18,22] Ahad B et al. observed a 

trend toward higher sensory block with increased 

AC, but it was not statistically significant.[23] VCL 

showed a negative correlation with time to T4 level, 

indicating faster cephalad spread in individuals with 

longer vertebral columns. This supports findings 

from Ni TT, Wei CN, and Ahad B et al.[17,18,23] 

However, Wan Rubiza WM and Canturk M did not 

find a significant correlation.[24,25] Lastly, the 

VCL/AC² ratio demonstrated high statistical 

significance with block height and time to reach the 

maximum level, as also observed by Lee YH et al. 

and Hartwell BL et al.[22,26] These results underscore 

the importance of considering body geometry in 

predicting anaesthetic spread. 

Limitations of the study 

The limitations of the study include a single-center 

design, lack of control for drug baricity variations, 

and exclusion of patients with comorbidities that may 

affect block characteristics. 

Strengths of the study 

The strengths of the study include a robust sample 

size, standardized spinal anaesthesia technique, 

objective measurement of anthropometric 

parameters, and comprehensive statistical 

correlation. 

 

CONCLUSION 
 

We concluded that abdominal circumference, 

vertebral column length, and BMI significantly 

influence the cephalad spread of spinal anaesthesia in 

term parturients, while age showed no significant 

correlation. 
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