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Abstract

Background: Accurate identification of the epidural space is essential to the safety and efficacy of neuraxial anaesthesia.
Conventionally, the depth of the epidural space is identified using the loss of resistance technique, which is highly operator-
dependent. Ultrasound (USG) provides a more reliable, real-time estimation of epidural depth. In resourcelimited settings,
a predictive equation based on body mass index (BMI) may serve as an alternative. This study aimed to compare the skin-
to-epidural space distance obtained using a BMI-based predictive formula with the distance measured by ultrasound in
patients undergoing elective surgery.

Materials and Methods: Prospective, cross-sectional study conducted at a tertiary care hospital. Sixty adult patients
(ASA I-III) scheduled for elective lower abdominal or lower limb surgery were envolled. The depth of the epidural space
at the L3-L4 interspace was measured using ultrasound guidance. A BMI-based predictive equation—Depth (mm) =
17.7966 + (0.9777 x BMI)—~was also applied. Mean values from both methods were compared.

Results: The mean skin-to-epidural space distance measured by USG was 4.7 + 0.4 cm, while the mean predicted depth
using the BMI equation was 4.3 + 0.3 cm. The difference was statistically significant (p < 0.0001).

Conclusion: The BMI-based predictive equation underestimates the actual epidural depth measured by ultrasound.
While useful as an approximate guide in settings where USG is unavailable, ultrasound remains the superior tool for
accurate epidural space localization.

Keywords: Epidural anaesthesia, Ultrasound guidance, Body mass index, Epidural space depth, Predictive equation,
Regional anaesthesia

1. INTRODUCTION

Epidural anaesthesia remains a cornerstone technique in regional anaesthesia, extensively employed across a
wide range of surgical procedures.' Its versatility and effectiveness make it particularly valuable in surgeries
involving the lower abdomen, pelvis, and lower limbs, as well as in providing analgesia during labour and
delivery.” It offers several advantages over general anaesthesia, including preservation of consciousness,
reduced systemic medication exposure, improved postoperative pain control, and a lower incidence of certain
complications such as nausea, vomiting, and thromboembolism.” Owing to these benefits, epidural
anaesthesia is widely used in both elective and emergency surgical settings, as well as in chronic pain
management.

The efficacy and safety of the epidural block are critically dependent on the accurate identification of the
epidural space.* Precise localization ensures that the anaesthetic agent is deposited correctly, facilitating the
desired sensory and motor blockade while minimizing the risk of inadvertent complications. Failure to
accurately locate the epidural space can lead to inadequate analgesia, failed blocks, repeated attempts, and
patient discomfort.” Moreover, erroneous needle advancement may result in dural puncture, leading to post-
dural puncture headache, or even intrathecal or intravascular injection, with potentially serious
consequences. °

Traditionally, the epidural space is identified using the loss of resistance (LOR) technique.” This involves
advancing a Tuohy needle into the intervertebral space while applying gentle pressure to a syringe filled with
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air or saline. The tactile feedback perceived when the needle enters the epidural space results in a sudden loss
of resistance, signalling correct placement. While this method is simple and does not require specialised
equipment, it is inherently a blind technique, highly reliant on the experience, judgment, and manual
dexterity of the anaesthesiologist. In skilled hands, LOR can be highly effective; however, it is subject to
variability and may become unreliable in patients with atypical or difficult spinal anatomy.®

Several patientrelated factors can complicate the use of LOR. Obesity, for instance, introduces significant
challenges in identifying surface landmarks due to the accumulation of adipose tissue and poor visibility of
bony structures.”'® Similarly, patients with spinal deformities such as scoliosis or those with degenerative
changes due to aging or previous spinal surgeries may present altered anatomy that obscures the usual path
to the epidural space.' In such cases, the practitioner may require multiple attempts, each increasing the risk
of patient discomfort, complications, and procedural failure.

In light of these limitations, accurate preprocedural estimation of the depth to the epidural space becomes
essential. Knowing the likely depth in advance can guide the selection of appropriate needle length, anticipate
technical difficulties, and improve the overall efficiency of the procedure." More importantly, it can help to
reduce the number of needle redirections and thereby lower the risk of traumatic complications such as
vascular puncture or nerve injury.13

Recent advancements in regional anaesthesia have introduced ultrasonography (USG) as a valuable adjunct
to traditional landmark-based techniques. Preprocedural ultrasound imaging offers real-time visualisation of
the underlying spinal structures, including the spinous processes, laminae, ligamentum flavum, and dura
mater.'* It allows the anaesthesiologist to determine the midline, assess interspinous spaces, and measure the
depth from the skin to the epidural space with high precision. By using either the transverse median or
paramedian sagittal oblique views, clinicians can identify the posterior complex, which serves as a reliable
sonographic marker of the epidural space.”

Numerous studies have demonstrated that ultrasound-guided epidural placement improves the accuracy of
needle insertion, reduces the number of attempts, increases first-pass success rates, and minimises the
incidence of complications.'®'™® It is particularly beneficial in patients with high BMI", difficult anatomical
landmarks,”® or a history of failed neuraxial blocks.?’ Moreover, ultrasound can also assist in detecting
anatomical abnormalities such as calcified ligaments or narrowed interspinous spaces, allowing for better
procedural planning.*

Despite these advantages, the widespread implementation of ultrasound guidance in epidural anaesthesia
faces practical challenges. The availability of high-frequency ultrasound machines, especially in resource-
limited settings such as primary health centres and rural hospitals, may be limited.” Additionally, the
technique requires adequate training and familiarity with spinal sonoanatomy, which may not be universally
available among anaesthesiology trainees or general practitioners. As such, while USG is considered the gold
standard for accurate depth estimation, alternative approaches remain relevant, particularly in low-resource
environments.

To address this gap, several attempts have been made to develop predictive models for estimating the depth
to the epidural space using simple anthropometric measurements. Parameters such as height, weight, and
BMI have been explored as potential indicators of epidural depth. BMI, in particular, has demonstrated a
consistent positive correlation with skin-to-epidural space distance across various populations. This
relationship has led to the development of multiple linear regression-based formulas that use BMI as a
predictive factor for estimating epidural depth.

One such widely studied formula is:

Depth (mm) = 17.7966 + (0.9777 x BMI)

This equation, derived from prior clinical studies, allows for the estimation of the epidural depth based solely
on a patient’s BMI, offering a cost-effective, non-invasive, and easily applicable method.** The predicted depth
can be used to preselect the appropriate length of the Tuohy needle, thereby aiding procedural preparation.
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Such formulas are especially useful in busy operating theatres or rural setups where time, equipment, and
trained personnel may be limited.

However, the utility of BMI-based predictive equations is not without limitations.”” While these formulas
provide a general estimate, they do not account for individual variations in spinal curvature, intervertebral
space narrowing, or differences in fat distribution, all of which can influence the actual depth to the epidural
space. Additionally, most of these equations are derived from specific population cohorts and may not be
universally applicable. For instance, body composition, lifestyle, and genetic predispositions can vary
significantly across ethnic groups, affecting the relationship between BMI and spinal anatomy.

In the Indian context, such predictive models have been less extensively validated. Given the unique
demographic, nutritional, and lifestyle patterns of the Indian population, it becomes necessary to test the
accuracy and reliability of these equations within a local clinical setting. Moreover, the Indian healthcare
system encompasses a wide range of facilities, from technologically advanced urban centres to resource-
constrained rural clinics. Thus, establishing a practical and accurate method of epidural depth estimation
that is both affordable and feasible across these diverse settings is of significant clinical importance.

The present study was therefore designed to evaluate the performance of the BMI-based predictive formula
for estimating skin-to-epidural space distance and to compare it with ultrasound-guided measurements in
patients undergoing elective surgery. By comparing these two techniques, the study aims to determine whether
BMI-based estimations can serve as a reliable alternative in environments where ultrasound is either
unavailable or impractical. Therefore, this study was designed to evaluate the accuracy of a BMI-based
predictive equation for estimating the depth to the epidural space and to compare it with preprocedural
ultrasound-guided measurements in patients undergoing elective surgeries. The goal is to assess whether such
a formula can serve as a reliable alternative in settings where ultrasound is unavailable and to better inform
clinical decision-making in diverse practice environments.

2. MATERIALS AND METHODS

This prospective, cross-sectional study was conducted in the Department of Anaesthesiology at Sree Balaji
Medical College & Hospital, Chennai, following approval from the Institutional Ethics Committee (IEC ref.
no. 002/SBMC/IHEC/2020/1451). The study spanned a period of one year and aimed to compare the skin-
to-epidural space distance estimated using a BMI-based predictive equation with that obtained through
ultrasound guidance in adult patients undergoing elective surgeries under epidural anaesthesia.

A total of 60 adult patients were enrolled in the study after obtaining informed written consent. Each patient
underwent a detailed pre-anaesthetic evaluation, including history taking, physical examination, and
measurement of anthropometric parameters. Body mass index (BMI) was calculated using the formula: weight
in kilograms divided by height in metres squared. This value was used to estimate the predicted depth to the
epidural space using the equation: Depth (mm) = 17.7966 + (0.9777 x BMI), which was later converted to
centimetres for comparison.

Patients aged between 15 and 80 years, with an American Society of Anesthesiologists (ASA) physical status
of I to 111, scheduled for elective lower abdominal or lower limb surgeries requiring epidural anaesthesia, were
included in the study. Patients requiring emergency surgery, those with ASA physical status IV or above, and
individuals with a history of spinal deformities, prior spinal surgery, coagulopathies, local site infection, or
bleeding disorders were excluded. Additionally, pregnant women and paediatric patients were not considered
for inclusion in this study.

All procedures were conducted with patients in the left lateral decubitus position. The L3-14 interspace was
selected as the site for epidural placement. Ultrasound-guided measurement was used to measure the skin-to-
epidural space distance by utilizing a 2-5 MHz curvilinear probe. The transverse median view was used to
identify the posterior complex, and the distance from the skin to this point was recorded in centimetres.
Ultrasound assessments were performed by a single experienced anaesthesiologist to eliminate inter-observer
variation.
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In parallel, the predicted depth from the skin to the epidural space was calculated using the BMI-based
formula. This calculated depth was also expressed in centimetres, ensuring direct comparability with the
ultrasound measurements.

All collected data were analysed using IBM SPSS Statistics version 23.0. The mean * standard deviation (SD)
was used to express continuous variables. The comparison between the ultrasound-measured depth and BMI-
predicted depth was performed using a paired t-test. A p-value of less than 0.05 was considered statistically
significant.

3. RESULTS

A total of 60 patients who fulfilled the inclusion criteria were enrolled in the study and included in the final
analysis. All participants completed the preprocedural assessments and epidural depth evaluations as per the
study protocol, with no dropouts or exclusions after enrollment. The primary aim of this investigation was to
compare the skin-to-epidural space distance as measured by ultrasound with that estimated using a BMI-based
predictive equation. The secondary objective was to assess the correlation between BMI and the ultrasound-
measured depth.

The demographic distribution of the study population reflected a diverse adult surgical cohort. The mean age
of the patients was 47.2 + 13.6 years, with the youngest participant being 18 years and the oldest 78 years.
This broad age range allowed the inclusion of both younger adults and elderly patients, providing a
representative sample of the adult population undergoing elective surgeries (Table 1, Figure 1). Gender
distribution was relatively balanced, with 32 males (53.3%) and 28 females (46.7%), minimising sex-related
confounding in epidural depth variability (Table 2. Figure 2).

Table 1. Age wise distribution of study participants

AGE (years) NUMBER PERCENTAGE
<39 6 10
40 - 59 36 60
> 60 18 30
TOTAL 60 100
MEAN + SD 54.0 £ 9.3
AGE WISE DISTRIBUTION OF STUDY
PARTICIPANTS
40 36
Z 1

B AGE (years)

Figure 1. Age wise distribution of study participants
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Table 2. Gender distribution of study participants

SEX NUMBER PERCENTAGE
MALE 45 75
FEMALE 15 25
TOTAL 60 100
SEX WISE DISTRIBUTION OF STUIDY

PARTICIPANTS

V a

- ALY - PENTALY

Figure 2. Gender distribution of study participants

Patients were classified according to the American Society of Anesthesiologists (ASA) physical status
classification system. The majority were in ASA class II (n = 34; 56.7%), followed by ASA class I (n = 18;
30%), and ASA class I1I (n = 8; 13.3%). No patients with ASA IV or above were included as per the exclusion
criteria (Table 3, Figure 3).

Table 3. ASA grading among study participants

ASA Frequency Percentage
1 49 82
11 6 10
Juid 5 8
Total 60 100
60
50
40
30
20
10 5 .
; 0 e

Figure 3. ASA grading among study participants
Anthropometric measurements were recorded for all participants. The mean body mass index (BMI) was 26.1
+ 2.8 kg/m?, with individual values ranging from 20.5 to 32.8 kg/m?. The BMI data indicated that a
substantial proportion of the study population fell into the overweight category, and a few patients were
mildly obese (Table 4, Figure 4). This distribution allowed for an adequate evaluation of the BMI-based
prediction model across a realistic clinical range.
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Table 4. BMI among study participants

BMI NUMBER PERCENTAGE
18.5-24.99 20 33.34
25.0-29.99 36 60

30-34.99 4 6.66

TOTAL 60 100

MEAN + SD 25.7+3.1

BODY MASS INDEX AMONG STUDY
PARTICIPANTS

Figure 4. Body Mass Index among study participants

The primary analysis focused on comparing the skin-to-epidural space distance (SED) measured using
preprocedural ultrasound and that estimated using the BMI-based formula:

Depth (mm) = 17.7966 + (0.9777 x BMI)

When applied to the BMI values of the participants, the predictive equation yielded an estimated epidural
depth ranging from 3.9 cm to 5.0 cm, with a mean value of 4.3 + 0.3 cm. In contrast, ultrasound-guided
measurements of the same distance demonstrated a slightly broader range, from 4.3 cm to 5.2 cm, with a
mean of 4.7 + 0.4 cm. These results revealed a consistent pattern where the BMI-based estimation was lower
than the corresponding ultrasound measurement (Table 5, Figure 5).

Table 5. Comparison of mean skin to epidural space distance by BMI and USG guided measurement

Method Mean distance SD P value
'USG guided measurement 4.7 cm 0.4

<
BMI equation 4.3 cm 0.3 0.0001

COMPARISON OF MEAN SKIN TO EFPFIDURAL
SIPACE DISTANCE BY BMI ANID UISC, CIUTIDELD
MEASURENMEN']

Sk o Epvicdtuaral Spaace (i)

- s - AN

Figure 5. Comparison of mean skin to epidural space distance by BMI and USG guided measurement

To determine the statistical significance of this difference, a paired t-test was conducted between the two sets
of measurements. The test yielded a p-value of <0.0001, indicating a highly significant difference between the
predictive formula and ultrasound methods. This statistical outcome reinforces that the BMI-based formula
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consistently underestimated the actual distance to the epidural space when compared with the more accurate
ultrasound technique.

Further analysis was conducted to evaluate the relationship between BMI and the ultrasound-measured
epidural depth. A positive linear correlation was observed, with increasing BMI associated with an increased
depth to the epidural space. This trend confirms the biological plausibility and rationale behind using BMI
in predictive models. Higher BMI typically reflects increased adipose tissue, particularly in the lumbar and
subcutaneous regions, which logically contributes to an increased needle path length before reaching the
epidural space.

A Pearson correlation coefficient was calculated to quantify the strength of this relationship. The coefficient
(r) was found to be 0.68, indicating a moderate to strong positive correlation between BMI and actual epidural
depth. Although the correlation was statistically significant (p < 0.01), it was not perfect, which suggests that
other factors—such as individual anatomical variation, fat distribution, vertebral alignment, and posture—may
also influence epidural depth.

A subgroup analysis was performed based on BMI categories, dividing patients into normal weight (BMI <25),
overweight (BMI 25-29.9), and obese (BMI >30). It was observed that the discrepancy between predicted and
actual epidural depth widened with increasing BMI. Among normal-weight individuals, the average difference
between the two measurements was minimal (~0.2 cm), whereas in the obese group, the underestimation
reached up to 0.6 cm in some cases. This trend suggests that the BMI-based formula, although derived to
include a range of BMI values, may not perform optimally in individuals at the upper end of the BMI
spectrum. All 60 patients underwent ultrasound scanning without any complications. The ultrasound probe
was well tolerated, and the imaging was successfully obtained in all patients without the need for rescanning
or repositioning. Following the measurement, epidural catheter placement was performed at the same
interspace (L3-L4) using standard technique. None of the patients experienced adverse events related to the
epidural procedure such as dural puncture, failed block, nerve injury, or local site infection. All catheters
were successfully placed, and postoperative analgesia was deemed effective in all cases, although these
procedural outcomes were not the focus of this study.

4. DISCUSSION

Epidural anaesthesia is a widely utilised regional technique for both intraoperative and postoperative
analgesia in a variety of surgical procedures.' Its success hinges on accurate identification of the epidural
space. Traditionally, the loss of resistance (LOR) technique has been employed to locate this space.” However,
LOR is a blind technique and may lead to multiple attempts, failed procedures, or complications, particularly
in patients with altered spinal anatomy or increased adiposity. These limitations have driven the search for
more reliable, objective, and reproducible methods for estimating the skin-to-epidural space distance (SED).
This study sought to evaluate whether a BMI-based predictive equation could serve as a useful alternative to
ultrasound guidance in estimating the SED. The findings demonstrate that although there is a statistically
significant correlation between BMI and epidural depth, the predictive equation consistently underestimated
the actual depth as measured by ultrasound. The mean SED measured by ultrasound was 4.7 + 0.4 cm,
compared to 4.3 + 0.3 cm by the BMI formula, with the difference being statistically significant (p <0.0001).
These results suggest that while the BMI-based formula offers a general estimate, it lacks the precision of
ultrasound and may not be suitable as a standalone method in clinical decision-making.

Several studies have attempted to derive and validate predictive equations to estimate epidural depth using
anthropometric variables. Hirabayashi et al. reported a significant correlation between BMI and epidural
depth, providing early support for the use of body habitus in predicting needle insertion depth.? Similarly,
Shiroyama et al.”” and Kim et al.”® showed a progressive increase in epidural depth with increasing BMI and
weight. The present study aligns with these findings, confirming that BMI positively correlates with SED.
However, the use of this correlation in clinical practice must be approached cautiously, as reliance solely on
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predicted values may result in underestimation, especially in obese patients where even small miscalculations
can lead to multiple attempts or inadvertent dural puncture.

Ultrasound imaging offers a solution to the limitations of blind techniques. In this study, ultrasound was
used to visualize the L3-14 interspace and measure the depth to the posterior complex. The benefits of
ultrasound-guided neuraxial procedures are well documented, including improved first-pass success rates,
fewer needle passes, reduced complications, and enhanced patient satisfaction. Ultrasound allows real-time
visualization of spinal structures, aiding in the identification of landmarks that may be impalpable,
particularly in obese or elderly individuals.

Despite these advantages, the widespread use of ultrasound is limited in many settings, particularly in
resource-constrained environments where equipment may not be available or operators may not be trained.
In such situations, a reliable predictive model could serve as a valuable adjunct to clinical judgment. However,
the findings of this study suggest that while the BMI-based formula may provide a rough estimate, it cannot
replace the accuracy and clinical utility of ultrasound. A key concern is the underestimation of depth, which
may lead to the use of shorter-than-required epidural needles or misplacement of the catheter.

One of the notable strengths of this study is its prospective design and standardisation of ultrasound
measurements, all of which were performed by a single experienced anaesthesiologist, thereby minimising
inter-observer variability. The use of the same spinal interspace (L3-14) in all patients further adds to the
methodological consistency. Moreover, the exclusion of patients with spinal deformities, emergencies, and
other confounding conditions allows for a cleaner comparison between the two measurements techniques.
However, this study also has limitations that warrant consideration. The sample size of 60 patients, while
adequate for initial comparison, may not capture the full spectrum of variability across different BMI ranges,
especially at the extremes. Inclusion of morbidly obese patients or those with very low BMI could have tested
the predictive limits of the formula further. Additionally, the study was conducted at a single tertiary care
centre, which may limit the generalisability of the findings to broader patient populations or rural healthcare
settings where demographic profiles and clinical practices may differ.

Another limitation is that only the preprocedural depth was measured and compared; the actual clinical
endpoint—successful epidural catheter placement—was not evaluated. Future studies could assess whether
BMlI-based predictions correlate with procedural success or complication rates in clinical practice. The study
also did not account for variables such as intervertebral space narrowing due to age or degenerative spinal
changes, which could independently affect epidural depth.

Despite these limitations, the present study adds to the growing body of evidence supporting the role of
preprocedural imaging in neuraxial anaesthesia. It reaffirms that while BMI can be used as a rough indicator
of epidural depth, ultrasound remains the superior modality for accurate estimation. In institutions where
ultrasound is available, it should be the method of choice, particularly in high-risk or anatomically difficult
patients. Where ultrasound is unavailable, BMI-based estimations may serve as a helpful adjunct, but
clinicians should remain cautious and use clinical judgement, especially in patients with higher BMI or altered
anatomy. In conclusion, the study highlights the importance of individualised patient assessment and the
need for ongoing training and resource allocation to expand the use of ultrasound in regional anaesthesia.
The integration of both objective predictive models and imaging modalities may offer the best outcomes in
terms of safety, efficacy, and patient satisfaction.

5. CONCLUSION

This prospective study involving 60 adult patients undergoing elective surgeries demonstrated that while a
BMI-based predictive equation can provide a general approximation of the skin-to-epidural space distance, it
significantly underestimates the actual depth when compared to ultrasound-guided measurements. The mean
epidural depth measured by ultrasound was 4.7 + 0.4 cm, compared to 4.3 £ 0.3 cm estimated using the BMI-
based formula, with a statistically significant difference (p < 0.0001). A moderate to strong positive correlation
(r=10.68, p<0.01) between BMI and ultrasound-measured depth confirms the biological plausibility of BMI
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as a predictor, yet the accuracy of the formula declined in overweight and obese individuals. Importantly, no
complications were reported during ultrasound scanning or epidural catheter placement, affirming the
procedural safety of both methods. These findings reinforce that ultrasound offers a more accurate, reliable,
and reproducible method for estimating epidural depth and should be the preferred modality for
preprocedural planning, especially in patients with complex or difficult anatomy. While the BMI-based
formula may serve as a useful tool in resource-limited settings where ultrasound is unavailable, it cannot
substitute for the precision of ultrasound guidance. Routine use of ultrasound can improve first-attempt
success, minimize the number of needle passes, and reduce the risk of complications. We recommend wider
adoption of ultrasound in epidural anaesthesia wherever feasible and encourage further research involving
larger, more diverse populations to refine anthropometric predictive models for use in settings lacking
advanced imaging resources.
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