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ABSTRACT

Background: Subarachnoid block (SAB), commonly known as spinal anaesthesia, is a
widely utilized regional anaesthetic technique for abdomen and lower limbs surgery. The
effectiveness and distribution of local anaesthetic agents administered via SAB are influenced
by a range of physiological and demographic factors, with body mass index (BMI) being a
significant contributor. Elevated BMI, particularly in obese individuals, has been associated
with changes in cerebrospinal fluid (CSF) volume and flow dynamics, which can alter the
spread, onset, and duration of the anaesthetic effect. These alterations may result in
unpredictable anaesthetic responses, underscoring the importance of assessing the role of

BMI in determining the characteristics and efficacy of spinal anaesthesia.

Aim: To compare the spread, onset, and recovery characteristics of local anaesthetic in spinal
anaesthesia between obese and non-obese patients undergoing elective lower abdominal

surgeries.

Material & Methods: A comparative study involving 110 patients aged 18 to 59 years and

classified as ASA physical status I-11 was conducted at R.L. Jalappa Hospital and Research

Centre. The participants were stratified into two groups based on body mass index (BMI):
Group 1 included patients with BMI <25 kg/m? (n=55), and Group 2 comprised those with
BMI >25 kg/m2? (n=55). Spinal anaesthesia was administered uniformly. Key anaesthetic
parameters—including the onset time of sensory and motor blockade, time to achieve
maximum block height, and duration of block recovery—were systematically recorded. Data
analysis was performed using SPSS version 26.0, with statistical significance set at a p-value

less than 0.05.




Results: Obese patients (Group 2) demonstrated a significantly longer onset time and
duration for both sensory and motor blocks compared to non-obese patients (p<0.05).
However, there was no significant difference in the duration of surgery or anaesthesia

between the two groups.

Conclusion: BMI significantly influences the pharmacodynamics of spinal anaesthesia.
Obese patients exhibit delayed onset and prolonged duration of spinal block, highlighting the

need for individualized anaesthetic dosing and monitoring to enhance patient safety and

efficacy of spinal anaesthesia in higher BMI populations.

Keywords: Spinal anaesthesia, Subarachnoid block, Body mass index, Obesity, Sensory

block, Motor block, Anaesthetic spread
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INTRODUCTION

Spinal anaesthesia, often referred to as a subarachnoid block (SAB), is a commonly
employed regional anaesthesia method for a range of surgical procedures. It is
especially prevalent in surgeries involving the lower abdomen, pelvis, and lower
limbs.*® “Numerous physiological and demographic parameters, including age,
weight, height, body mass index (BMI), and the patient's position after the injection,
influence the properties and efficacy of spinal anesthesia. BMI is one of these
variables that has drawn more attention lately, especially in light of the worldwide
obesity epidemic and its possible impact on the distribution and results of
anesthesia.”>*

“Obesity has been linked to an increased cephaloid (upward) spread of local
anaesthetic agents in the subarachnoid space, which can result in a higher level of
sensory blockade and a longer duration of anaesthesia.” This effect is mainly due to a
reduced cerebrospinal fluid (CSF) volume in obese individuals, caused by the
accumulation of epidural fat and the expansion of the epidural venous plexus. The
reduction in CSF volume may allow the anaesthetic to spread more extensively,
influencing both the onset and duration of spinal anaesthesia. These physiological
changes present a challenge for anaesthesiologists when determining the appropriate
dose of local anaesthetic, as improper dosing could lead to complications such as high

spinal block, excessive hypotension, and respiratory depression.”

Additionally, the distribution and metabolism of local anaesthetic drugs may vary

between obese and non-obese participants, potentially affecting the pharmacokinetics
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and pharmacodynamics of spinal anaesthesia. Increased intra-abdominal pressure in
obese individuals can also influence cerebrospinal fluid (CSF) dynamics, further
impacting the spread of anaesthesia. Recognizing these differences is essential for
optimizing anaesthetic management and ensuring patient safety, especially for

individuals with a high BMI.%’

Given these considerations, our study aims to investigate the correlation between
BMI, the sensory level achieved, and the duration of subarachnoid block in both
obese and non-obese individuals. By analyzing these relationships, we seek to provide
valuable insights into the effects of BMI on spinal anaesthesia, potentially
contributing to better dose adjustments and improved anaesthetic strategies for obese
patients. With the growing obesity epidemic, it is essential to refine spinal anaesthesia

techniques to accommaodate variations in body habitus and enhance patient outcomes.

“Present study aimed to compare the spread of given local anaesthetic by sub
arachnoid block in the patients undergoing lower abdomen surgeries in both obese

and non obese patients”.
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AIMS & OBJECTIVES

“To compare the spread of given local anaesthetic by sub arachnoid block in the

patients undergoing lower abdomen surgeries in both obese and non-obese patients.”
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REVIEW OF LITERATURE

Anaesthetic medications are injected directly into the intrathecal or subarachnoid
region, which includes cerebrospinal fluid (CSF), in a specific technique recognized
as spinal anesthesia. The brain and spinal cord are cushioned and nourished by this
transparent, clean fluid. Adults normally have a total CSF volume of 130-140 mL,
with constant turnover and circulation. Every day, the body generates around 500

milliliters of CSF to maintain its vital processes.

To enable accurate distribution of anesthetic drugs into the intrathecal (subarachnoid)
area, spinal anesthesia administration necessitates appropriate patient placement and a
comprehensive grasp of neuraxial anatomy. Five lumbar, twelve thoracic, seven
cervical, and five fused sacral vertebrae make up the human spine. The spinal cord is
housed in a hollow spinal canal formed by the sequential stacking of these vertebrae
joined by articulating joints and ligaments. Via lateral apertures between neighboring
vertebrae, spinal nerves leave the canal. The conus extends somewhat lower in
pediatric individuals and frequently stops around L3. The conus location ranges from
the middle third of T12 to the upper third of L3, with the average for adults being in
the lower third of L1. There are no discernible variations in this variance according to
age or sex; it follows a normal distribution. The dural sac, which contains

cerebrospinal fluid, typically extends down to the S2/S3 level.

“The L3/L4 or L4/LS intervertebral spaces are the suggested locations for spinal
needle insertion in order to reduce the risk of spinal cord injury. Because of

anatomical heterogeneity, using greater interspaces elevates the risk of damage to
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spinal cord, especially in obese individuals. The needle must pass through several
layers of tissue during spinal anesthesia, with the precise structures varying depending

on the method used.”®®

Accurately determining the degree of neural blockage during spinal anesthesia
requires knowledge of dermatomal anatomy. The efficacy of anesthesia for particular
surgical procedures depends on the degree of sensory blockage. To avoid pain from
peritoneal tension, especially during uterine manipulation, anesthetic coverage must

reach the T4 dermatome.

Indication

For a variety of surgeries below the neck, “neuraxial anesthesia considered as primary
or supplemental anesthetic approach. Particularly for treatments below the umbilicus,
spinal anesthetic is suitable since it is commonly used for surgeries affecting the

lower belly, pelvis, perineum, and lower extremities”.

Patient counseling is crucial before administration. In order to ensure that patients are
aware of the treatment, its indications, and what to anticipate during placement,
informed permission must be acquired. In order to reduce anxiety, conversations
should address the advantages, disadvantages, and substitute anesthetic possibilities.
Patients should be informed that until the block is removed, spinal anesthesia will
temporarily limit their range of motion in their lower extremities. Short-duration
operations are the best candidates for spinal anesthesia. General anesthesia is

frequently chosen for lengthy procedures or those that might impair respiratory
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function. A more seamless perioperative experience and better patient outcomes are

facilitated by appropriate patient selection and communication.

Subarachnoid space

“The dura mater, arachnoid mater, and pia mater are the three protective layers that
surround the brain and spinal cord. The outermost layer, known as the dura mater, is
a thick layer of connective tissue. The arachnoid mater, a thin, impermeable

membrane, is located underneath it. The pia mater, the deepest layer, is a vascular

510

membrane that envelops the brain and spinal cord tightly.

Disc . ,
Spinal cord

L2 Vertebral body
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Figure 1: Subarachnoid block
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Three clinically relevant areas are defined by these layers. “The epidural space is a
projected space in the brain between the dura mater and the skull, however it is a real
space in the spinal cord. The subdural space is located between the dura mater and
arachnoid mater, whereas the subarachnoid space, which lies between the arachnoid
and pia mater, contains cisterns, major blood arteries, and cerebrospinal fluid (CSF).
The cisterns, which vary in size according to the structure of the brain and spinal cord,
are larger CSF-filled pockets created when the arachnoid and pia mater separate.
These areas are essential for cushioning, CSF circulation, and central nervous system

protection.”

Structure and function

The subarachnoid space is located between the arachnoid mater on the exterior and
the pia mater on the inside. It is characterized by a network of tiny, fragile connective
tissue known as trabeculae, which link these two layers and give the area its unique
spiderweb-like appearance.  Cerebrospinal fluid (CSF) can flow through the
subarachnoid trabeculae's curtain-like structure with holes, which serve as supporting
pillars between the pia and arachnoid mater. Major cerebral blood arteries, in

addition to trabeculae, pierce the nerve tissue in this area.'

Throughout the central nervous system, the subarachnoid space's depth varies. “It
surrounds neurovascular systems, such as the cranial and spinal nerves, in sleeve-like
extensions, and ends where the pia and arachnoid mater unite with the perineurium of
the nerves. The arteries and veins of the central nervous system are also enclosed in
this region until they penetrate the nerve tissue and divide into arterioles and venules.

The pia mater adheres firmly to the brain's surface, following the contours of the gyri

Page 7



and sulci, whereas the arachnoid mater crosses across the cortical sulci to create
triangular holes filled with CSF.” The arachnoid and pia mater are not close together
at some points where the structure of the brain causes it to naturally slip away from
the skull.  Subarachnoid cisterns, which are naturally expanded CSF-filled
expansions, are the result of this. These cisterns have important clinical significance
and are essential for the transmission of cranial nerves and intracranial arteries.'?*?

In terms of function, CSF moves via the ventricular system and subarachnoid area.
With 150 mL in circulation at any given time, the choroid plexus secretes CSF mostly
at a rate of 0.3 mL/min. The remaining volume is found in the subarachnoid space,
whereas 25 mL is found in the ventricular system. Less CSF is also produced by the
ependymal lining of the ventricles and the dura mater of the spinal nerve roots. CSF
leaves the lateral ventricles and passes through the foramen of Monro to the third
ventricle before continuing on via the cerebral aqueduct to the fourth ventricle. It then
travels inferiorly around the spinal cord and superiorly over the cerebral cortex after

entering the subarachnoid space through the Luschka and Magendie foramina. ***°

Obesity

“The excessive or aberrant buildup of fat or adipose tissue in the body is known as
obesity, leading to significant health risks such as diabetes mellitus, cardiovascular
disease, hypertension, and hyperlipidemia. Over the past 50 years, obesity has
emerged as a major public health epidemic and is currently the second most common
cause of preventable death after smoking. Its etiology is complex and multifactorial,

requiring comprehensive and often lifelong treatment strategies. Even a modest
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weight loss of 5% to 10% can substantially improve health outcomes, quality of life,

and reduce the economic burden on both individuals and healthcare systems.”** 2

Pathophysiology

Obesity is a complicated illness that is associated with several health issues, such as
diabetes, sleep apnea, fatty liver disease, cardiovascular disease, and some types of
cancer. Its pathogenesis includes metabolic, hormonal, and genetic elements that
contribute to insulin resistance, systemic inflammation, and elevated cardiovascular
risk. One of the main hereditary causes of obesity has been shown to be the FTO
gene, although leptin resistance impairs the control of hunger normally. The release
of adipokines and free fatty acids by adipose tissue is crucial since these substances
worsen inflammation and metabolic disorders. Through changes in the renin-
angiotensin system, increased blood pressure, and fatty acid buildup in the heart,
obesity also affects cardiovascular function. “Furthermore, the distribution of body

fat, have a major impact on overall morbidity and cardiometabolic risk.”? %

To distinguish between people with varied risks, the idea of metabolic obesity
subtypes was established. Metabolically obese normal weight (MONW) is a
condition in which certain people with normal BMI have metabolic problems that are
usually seen in obese people. In contrast, those who are metabolically healthy obese
(MHO) do not have insulin resistance or dyslipidemia, although they do have a BMI
of greater than 30 kg/m2.2%%’

Because of their prothrombotic and pro-inflammatory properties, adipocytes raise the

risk of stroke. Adipocytes are the primary source of adipokines, which are cytokines
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that impact glucose and lipid metabolism and lead to persistent low-grade
inflammation. In obesity, inflammation is exacerbated by macrophages that invade
adipose tissue and generate more adipokines. Metabolic dysfunction is made worse
by visceral obese individuals' decreased levels of adiponectin, an adipokine that has

anti-inflammatory and insulin-sensitizing properties.?**®

Screening and Diagnosis of Obesity

“The body mass index (BMI) is the standard screening tool for obesity. It is

calculated using the formula”:

Weight in
kilogram

(Height in )2
meter

BMI =

BMI classifications:

e Underweight: <18.5 kg/m?

e Normal range: 18.5-24.9 kg/m?
e Overweight: 25-29.9 kg/m?

e Obese, Class I: 30—34.9 kg/m?

e Obese, Class IT: 35-39.9 kg/m?

e Obese, Class III (Severe/Morbid Obesity): >40 kg/m?

The WHO and NIH guidelines for Asian individuals define overweight as a BMI between 23 and

24.9 kg/m’ and obesity as a BMI >25 kg/m”’.
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Additional Anthropometric Measurements
Waist-to-hip ratio: A ratio >1.0 in men and >0.8 in women is significant and

suggests central obesity, which is associated with higher cardiovascular risks.

Waist circumference:
>102 cm (40 inches) for men
>88 cm (35 inches) for women

High waist circumference is a strong predictor of metabolic syndrome.

Advanced Diagnostic Studies

For a more precise assessment of body composition and fat distribution, the following

tests may be used:

e Skinfold thickness measurement (triceps, biceps. subscapular, and suprailiac regions)

¢ Bioelectrical impedance analysis (BIA)

¢ Dual-energy X-ray absorptiometry (DEXA scan)

¢« Computed Tomography (CT) and Magnetic Resonance Imaging (MRI) to assess
visceral fat

¢ Air displacement plethysmography (BodPod)

+« Hydrostatic weighing (water displacement method)

Laboratory and Diagnostic Tests

To assess obesity-related comorbidities, laboratory tests may include:

Complete blood count (CBC)

Basic metabolic panel (BMP)
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Renal function tests

HbA1C

Liver function tests (LFTs)

Thyroid function tests (TSH, T3, T4)
Lipid profile

Urinalysis

Vitamin D levels

C-reactive protein (CRP)

Additional Evaluations for Associated Conditions

Electrocardiogram (ECG) — To evaluate for cardiovascular risk

Sleep study (Polysomnography) — If obstructive sleep apnea is suspected

These diagnostic tools help in assessing obesity-related risks and guiding treatment

plans.

Volume of Distribution and Clearance in Obesity

Previously thought to be just an excess of adipose tissue, obesity is now understood to
be a disorder associated with dysfunction of several organs. Knowledge of the
underlying pathophysiological alterations associated with obesity is necessary to
comprehend how it affects the pharmacokinetics (PK) and pharmacodynamics (PD) of

anesthetic drugs.?

“Total body weight (TBW), lean body weight (LBW), and fat mass all rise in obese
people. However, fat mass rises at a far faster pace than LBW, which results in a

lower LBW-to-TBW ratio, even if LBW is responsible for 20-40% of the TBW
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growth.”®*®" This increase in fat mass expands the volume of distribution for
lipophilic drugs. It could make sense to give obese people larger starting doses of a
medication because the loading dosage is mostly determined by the central volume of
distribution. “However, medication distribution is also influenced by variables such
tissue perfusion, cardiac output, and plasma protein binding. Obesity increases
cardiac output, which is strongly linked to LBW, but it has no discernible effect on
drug binding to albumin or a-acid glycoprotein.”*3*

Obesity's increased cardiac output improves blood supply to the liver and kidneys,
which may have an effect on medication metabolism. Furthermore, distinct fat
deposits have varied blood flow distributions; visceral and abdominal fat get less
perfusion than subcutaneous fat. Obesity often improves medication clearance, but
the precise metabolic route involved determines how it affects metabolism. Obese
people have lower clearance rates for drugs metabolized by cytochrome P450 3A4,
but those processed by CYP2D6, CYP1A2, CYP2E1, and CYP2C9 have higher

clearance rates than non-obese people.*>%

Effects of obesity on pharmacokinetics of anesthetic drugs

Changes in volume of distribution (\Vd), free-drug availability, and clearance are some
of the variables that affect drug pharmacokinetics in obese people. Reduced body
water, increased fat and lean body mass, increased cardiac output, and increased total
blood volume are the causes of these changes. Furthermore, obese people have lower
hepatic blood flow but higher renal blood flow and glomerular filtration rate, which

affects medication metabolism and excretion.*
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“Total body weight (TBW), lean body mass (LBM), body mass index (BMI), or ideal
body weight (IBW + 20%) can all be used to determine drug dose in obesity. Because
adipose tissue affects many anesthetic medications, their effects might last for a long
time.” Obese people have a higher Vd for lipophilic medications, such barbiturates
and benzodiazepines, which might cause them to be eliminated more slowly. These
medications should be dosed according to IBW or LBM when administered infusion,

whereas TBW should be used to determine a single intravenous dose.

IBW should be used to determine dosage for muscle relaxants such vecuronium,
rocuronium, and cisatracurium. Atracurium and succinylcholine, however, ought to

be given in accordance with TBW.

The chosen drug for induction is propofol, a highly lipophilic anesthetic with a quick
onset and brief duration. Continuous infusions should be dosed appropriately because
its Vd and clearance seem to be proportionate to TBW. Nonetheless, some research
indicates that LBM could be a more appropriate weight-based propofol dosage during
induction.*42

For opioids, fentanyl and sufentanil should be dosed according to TBW, while

remifentanil should be based on IBW.*3*

Due to their heightened sensitivity to general anesthetics, obese individuals,
particularly those with sleep apnea, should have their doses of most anesthetic drugs
decreased. To reduce hazards and maximize therapeutic effectiveness, careful dosage

is necessary.®*
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Various articles;

Kim HJ et al. (2015) evaluated obesity's independent association with spinal
anesthesia outcome in a prospective observational research. Furthermore, obese
individuals waited longer before reporting self-voiding and postoperative discomfort.
These results imply that bupivacaine dose and obesity have separate effects on the
results of spinal anesthesia, and that hyperbaric bupivacaine gives obese patients a
longer block. To validate these outcomes, more studies with morbidly obese

individuals receiving a fixed dosage of bupivacaine are required.*

In impact of BMI on sensorimotor block and vasopressor demand during spinal
anesthesia, Ngaka TC et al. (2016) conducted research. When measured by
temperature at 5 minutes or by touch at 5 or 25 minutes, there were no appreciable
variations in the median block height across groups. Group O experienced a delayed
return of touch sensation to T10 (152 vs. 132 min) and a longer mean surgical time
(49.1 vs. 39.4 min). Supplementing with analgesics was not necessary. These results
imply that a 10 mg dosage of bupivacaine is still suitable without the need for
reduction, even when morbid obesity causes a little increase in block height and a

longer duration of spinal anesthesia.*®

A research by Karaca B et al. (2016) evaluated the impact of anthropometric
measurements on the hemodynamics and features of spinal anesthetic blocks. 54% of
patients had hypotension; this condition was more common in individuals who were
shorter, had a wider circumference around their abdomen, had a higher BMI, had a
lower body surface area, or had a higher waist/hip ratio. Early preparedness against

likely side effects like bradycardia and hypotension is made possible by the use of
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simple anthropometric measurements to quantify sensory block characteristics and

predict the effects of spinal anesthesia.*’

A research by Lamon AM et al. (2017) evaluated the effect of BMI on high spinal
block. High spinal blocks occurred in 0.6% of the 5015 women analyzed (29 cases),
and there was a significant correlation between BMI and the likelihood of high block
(p = 0.025). These results imply that individuals with a BMI of 50 kg/m?2 are more
likely to experience high block at conventional spinal dosages of hyperbaric

bupivacaine (>10.5 mg).48

A research by She YJ et al. (2017) evaluated the distribution of spinal anesthesia for
cesarean sections and body height. These results show that a larger dose of intrathecal
ropivacaine raised the risk of hypotension in shorter individuals relative to taller

patients, while height had no effect on reactions to intermediate doses of the drug.*

A research by Wang H et al. (2018) evaluated the connection between spinal
anesthesia spread and BMI. Both gestational age (OR=1.894, p<0.001) and
ropivacaine dose (OR=1.453, p<0.001) were positively associated with the risk of
hypotension. “People in the normal BMI range need similar doses of ropivacaine for
spinal anesthesia. However, compared to patients who were not fat, greater dosages
were associated with a higher frequency and severity of hypotension in obese
patients.”50

In order to evaluate the relationship between BMI and spinal block spread in patients
undergoing spinal anesthesia for herniorrhaphy, Hosseinzadeh H et al. (2019) did a

research. Additionally, obese patients recovered from sensory and motor block more
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slowly than non-obese patients. The groups' blood pressure trends during surgery also
differed. These results suggest a relationship between spinal block time and body
mass index (BMI), with obese individuals reporting a longer duration of analgesia and

a faster start of maximal motor and sensory block.*

Elmeliegy M. et al. (2020) investigated how BMI affected the properties of anesthesia
and the need for vasopressors during spinal anesthesia. “The mean blood pressure
(MBP) of groups A and B were comparable, however group C did differ significantly
from the other two. Vasopressor requirements were much more in group C than in
groups A and B, although being comparable. Group C experienced a longer
anesthesia regression, which might be advantageous for lengthy surgical operations.
Parturients with a BMI < 45 kg/m? responded consistently to a single spinal dose of
12.5 mg hyperbaric bupivacaine; however, individuals with a BMI > 45 kg/m? should
exercise caution and modify their dosage.”52

A research by Poojitha K et al. (2021) evaluated the effect of central adiposity on the
transmission of spinal anesthesia. The CO group had two segments more sensory
blockage than the NCO group (p = 0.000). In the CO group, it took 4 minutes less to
obtain maximum sensory blockage and 2 minutes less to reach maximum motor
blockade (p = 0.000). However, the CO group experienced a 10-minute delay in the
reversal of motor blockage, as shown by the time to Bromage scale 0 (p = 0.001).
These results imply that a more widespread dissemination of spinal anesthesia is

linked to central adiposity.>

A research by Ekinci NA et al. (2022) evaluated the effect of the body roundness

index on spinal anesthetic block. Block regression time to L2, the occurence of
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bradycardia and hypotension, and the maximum sensory blockade levels at 15 and 30
minutes were all noted. Maximum sensory blockage at the 15th minute was shown to
be independently predicted by body roundness index (BRI), hip circumference, and
waist circumference (OR=65.7, p=0.036; OR=0.733, p=0.026; OR=1.065, p=0.047,
respectively). Anthropometric factors did not correlate with hypotension after spinal
anesthesia. In patients receiving spinal anesthesia, BRI could be a useful technique

for anticipating the increased cephalic distribution of local anesthetic.>*

A research by Gunkaya M et al. (2022) evaluated the impact of BMI and waist size on
the degree of spinal anesthesia. There were significant differences between groups I,
I1, and Il in the Bromage scale scores and the time required for the spinal block to
reach the T10 level. There were also notable differences in the amount of time
needed to reach the maximal upper dermatomal block level, with longer times being
linked to higher waist circumferences and BMIs. Additionally, there was statistically
significant diversity in waist circumference.  These results imply that waist

circumference and BMI are independent measures of the prevalence of obesity.

A research by Yadav V et al. (2024) evaluated the impact of BMI and waist-hip ratio
on the degree of sensory block in spinal anesthesia. 54% of patients had hypotension,
and this condition was more common in individuals with higher BMIs and waist-to-
hip ratios. Bradycardia was also more prevalent in participants with larger waist/hip
ratios and BMlIs. The time it took for the sensory block to reach the T4 dermatome
was positively correlated with height, weight, and BMI, and the maximal sensory
block level was positively correlated with BMI. Simple anthropometric measures can

be used to predict sensory block features and assist forecast the effects of spinal
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anesthesia, enabling early preparedness against anticipated adverse outcomes such as

bradycardia and hypotension.
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MATERIAL & METHOD

Study Design: Comparative study.
Study Duration: From May 2023 to October 2024.

Study Participants: “This study was conducted on patients undergoing spinal
anaesthesia for elective surgical procedures with local anaesthesia at R.L Jalappa
Hospital and Research Centre attached to SRI DEVARAJ URS MEDICAL

COLLEGE, TAMAKA, KOLAR.”
Sample size calculation:

Sample size was calculated as per Das et al., (2026) and the sample size formula is

given below

_2X (z1-aj2 — Zl_ﬁ)z X g2
= pE

n

In the present case,  z;_q/, = 2.58 at 1 % level of significance

z1_p = 1.28 at 90 % power
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Where n = minimum required sample size

Z1_q 2= The critical value (Table value) from a standard normal distribution that

the test stafistic must exceed in order to show a statistically significant

result at ‘o’ level of significance.
z1_p= Standard normal table value for the power of the test (1 — f8)

o = Standard deviation of the response variable (obtained from previous study

d = the effect size = the minimum clinically important difference that the

investigator wishes to detect.

investigator assumed a minimum difference of 0.5 hrs in mean time of recovery of

sensory block required would be clinically important to detect. So, d =0.5

“In the previous study by Hosseinzadeh et al.> 2019, mean time of recovery of
sensory block of obese group is 2.5 and that for 2.0 hours and so the difference in the
mean time of recovery of sensory block is 0.5 which is considered as minimum
difference of clinically important to detect. And so, d= 0.5. SD of two groups were
found to be 0.67 and 0.68. Hence, pooled SD computed is 0.675.”

ie. 0=0.675.

Then the minimum required sample size computed in each group is 54.31 = 55

Thus a total of 2 x 55 = 110 patients is required for the present study
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Inclusion Criteria

e Age 18 to 59 years
e Patients requiring spinal anesthesia for undergoing elective lower abdomen
surgeries.

e ASA1land?2.

Exclusion Criteria

Neuropathy diseases

Skin infection in location
Hypovolumia, circulatory shock
Allergy to bupivacaine

Diabetes mellitus
Coagulopathy, sepsis

Pregnant patients

Sampling Procedure:

The study will be started after Institutional Ethical Clearance (IEC) and Clinical Trials
Registry — India (CTRI)

Detailed history of the patient was taken.

Complete physical examination was done.

Routine investigations were checked.

Group 1 - Non Obese Group (BMI <25kg/m?)
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Group 2 - Obese Group (BMI>25kg/m?)

Parameters to be observed
Body mass index to be calculated by taking weight and height of the patient in pre
anaesthestic evaluation.
Bromage scale to be observed after giving spinal anaesthesia to know the level of
block reached.
After giving spinal anaesthesia sensory level achived should check by pinch or pin

prick method.
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STATISTICAL ANALYSIS

All the data were collected in proforma and entered in excel sheet. The data were analysed using
SPSS v26.0 operating on windows 10. The data were summarised as mean with standard deviation
and frequency with percentage. The data were represented in tables and figures, bar diagram and
pie chart. The mean difference were compared between the group using unpaired t-test and

categorical data using chi-square test. For all statistical purpose a p-value of <0.05 was considered

statistically significant.
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RESULTS

A total of 110 individuals were enrolled in the study, including 55 instances in groups
1 and 2. Groups 1 and 2 are non-obese (BMI <25 kg/m2) and obese (BMI >25

kg/m2), respectively.

Table 1: Mean age comparison between the groups

Group 1 Group 2

p-value

Mean SD Mean SD

Age 45.7 11.9 39.4 111 0.25

No significant difference in mean age.

Age

47
46
45
44
43
42
41
40
39
38
37
36

45.7

39.4

Group 1 Group 2

W Age

Figure 2: Mean age comparison between the groups
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Table 2: Distribution according to gender between the groups

Group 1 Group 2
Count N % Count N %
Female 13 23.6% 27 49.1%
Gender
Male 42 76.4% 28 50.9%

Gender distribution was comparable between the group, however there is male

preponderance in both the groups.

Distribution according to gender between the groups
45
40
35

30

42
27 28
25
20
15 13
: .
0

Female Male

(%]

B Groupl M Group?2

Figure 3: Distribution according to gender between the groups
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Table 3: Distribution according to ASA grade between the groups

Group 1 Group 2
Count N % Count N %
1 28 50.9% 29 52.7%
ASA 2 27 49.1% 23 41.8%
3 0 0.0% 3 5.5%

Also patients were comparable with ASA grade distribution between the group with

majority were in grade 1 and 2.

35

30

25
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Figure 4: ASA grade

ASA 3
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Table 4: Comparison of physical parameters between the groups

Group 1 Group 2
p-value
Mean SD Mean SD
Weight (kg) 60.3 10.1 82.0 11.9 0.05*
Height (cms) 161.1 215 158.7 7.5 0.44
BMI (kg/m?) 22.9 6.5 32.7 4.8 0.05*

The mean weight and BMI was found to be significantly higher in group 2 patients

compared to group 1 patients.(p<0.05)

Physical parameters between the groups

180

1611 1587
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Figure 5: Physical parameters
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Table 5: Comparison of the duration of surgery and anesthesia between the groups

Group 1 Group 2
p-value
Mean SD Mean SD
Duration of surgery (min) 87.9 46.1 87.5 42.5 0.91
Duration of anaesthesia (min) 108.0 | 415 | 123.1 | 475 0.08

There is no significant difference in mean duration of surgery and duration of

anesthesia between the group.(p>0.05)

Duration of surgery and anesthesia between the groups

140

123.1
120 108
100 87.9 87.5
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Figure 6: Duration of surgery and anesthesia between the groups
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Table 6: Comparison of the time to onset and time to maximum sensory block between

the groups
Group 1 Group 2
p-value
Mean SD Mean SD
Time to onset of sensory block (min) 1.5 8 2.8 1.7 0.01*
Time to maximum sensory block
) 2.5 1.0 3.7 1.7 0.01*
(min)

Compared to group 1 patients, who needed 1.5 and 2.5 minutes, respectively, group 2

patients needed 2.8 and 3.7 minutes, respectively, for the start and maximum of

sensory block. (p<0.05)

Time to onset and time to maximum sensory block

between the groups

3.5

N

[N

Time to onset of sensory block (min)
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2.5

1.5

0'5 .
0

Time to maximum sensory block (min)

Figure 7: Time to onset and time to maximum sensory block between the groups
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Table 7: Comparison of the time to onset and time to maximum motor block between

the groups
Group 1 Group 2
p-value
Mean | SD | Mean | SD
Time to onset of motor block (min) 2.1 1.0 2.9 15 0.01*
Time to maximum motor block (min) 2.5 1.2 3.4 1.6 0.01*

those in group 2 had significantly longer times to start and maximal motor block (2.9
and 3.4 minutes, respectively) than those in group 1 (2.1 and 2.5 minutes,

respectively). (p<0.05)

Comparison of the time to onset and time to
maximum motor block between the groups

35

34
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Figure 8: Comparison of the time to onset and time to maximum motor block between

the groups
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Table 8: Comparison of time for recovery from sensory and motor block between the

group

Group 1 Group 2

p-value
Mean | SD | Mean | SD

Time for recovery from sensory block

*
(hr) 2.3 .6 2.6 8 0.05

Time for recovery from motor block

*
(hour) 2.6 5 2.9 g 0.01

There is significant longer time for recovery from sensory and motor block in group 2
(2.6hr and 2.9hr respectively) patients compared to group 1 patients (2.3hr and 2.6hr
respectively).(p<0.05)

Comparison of time for recovery from sensory and
motor block between the group

35
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Figure 9: Comparison of time for recovery from sensory and motor block between the

group
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DISCUSSION

BMI has become a major focus in clinical research due to the global increase in
obesity and its potential effects on the distribution and outcomes of anaesthesia.
Obesity has been associated with an increased cephalad spread of local anaesthetic
agents within the subarachnoid space, largely due to a reduced cerebrospinal fluid
(CSF) volume in obese individuals, which results from the accumulation of epidural
fat and venous engorgement. As a result, anaesthetic agents may reach higher spinal
levels, raising the risk of complications such as high spinal block, hypotension, and
respiratory depression. These anatomical and physiological changes make dose
titration more challenging in obese patients, highlighting the need for a better

understanding of spinal anaesthesia pharmacokinetics in this population.

The onset and duration of anesthesia are also impacted by the altered
pharmacodynamics associated with obesity, which include elevated intra-abdominal
pressure and modifications in drug distribution. These factors must be carefully
considered during anaesthetic planning to ensure both safety and effectiveness.
Additionally, the spread of spinal anaesthesia is influenced by cerebrospinal fluid
(CSF) dynamics and patient positioning, which can differ significantly between obese

and non-obese individuals.

This study aims to compare the spread and duration of spinal anaesthesia in obese
versus non-obese patients undergoing lower abdominal surgeries. By analyzing the
relationship between BMI, sensory blockade level, and duration of anaesthesia, the

study seeks to optimize anaesthetic dosing strategies tailored to patient body habitus.
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With the growing prevalence of obesity, refining spinal anaesthesia techniques is

essential to improve perioperative care and outcomes in diverse patient populations.

“Present study included total of 110 patients with 55 cases in group 1 and 55 cases in
group 2. Group 1 - Non Obese Group (BMI <25kg/m?) & Group 2 - Obese Group
(BMI>25kg/m?). The mean age between the groups were comparable with mean age
of 45.7yr in group 1 and 39.4yrs in group 2.(p>0.05) Gender distribution was
comparable between the group, however there is male preponderance in both the
groups. Also patients were comparable with ASA grade distribution between the
group with majority were in grade 1 and 2. The mean weight and BMI was found to
be significantly higher in group 2 patients compared to group 1 patients.(p<0.05)
There is no significant difference in mean duration of surgery and duration of

anesthesia between the group.”(p>0.05)

In a similar research by Want H et al., the groups' mean height and age were similar.
When compared to the control group, the obese group's mean weight and BMI were

shown to be considerably greater.*

Body weight, height, and BMI varied considerably between the groups in the research
by Hosseinzadeh H et al. Additionally, the length of the anesthesia and the procedure
were similar.>® The study by Gunkaya M et al. also found that while there were no
significant differences between the groups in terms of age, gender, or ASA risk class,
there were significant disparities in waist circumference and BML.> In a related
research by Kim HJ et al., the distribution of the obese and non-obese by age group
and gender was similar. The obese group had a considerably higher mean weight and

BMI. The group's tourniquet time, surgical length, and ASA grade were similar.*
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“There is significant longer time required for the onset of sensory block and time to
maximum sensory block in group 2 (2.8mins and 3.7mins respectively) compared to
group 1 patients (1.5mins and 2.5mins respectively).(p<0.05) Similarly, significant
longer time to onset motor block and time to maximum motor block in group 2
(2.9mins and 3.4mins respectively) patients compared to group 1 patients (2.1mins

and 2.5mins respectively).”(p<0.05)

In the research by Wang H et al., after receiving a 15 mg dosage of ropivacaine,
During spinal anesthesia, Group L experienced more mean arterial pressure (MAP)
fluctuations, a higher incidence of hypotension, and a greater requirement for
ephedrine dosages.  The risk of hypotension was strongly correlated with both
gestational age (OR=1.894, p<0.001) and ropivacaine dosage (OR=1.453, p<0.001).
For spinal anesthesia, people with normal BMIs require comparable dosages of
ropivacaine. However, compared to patients who were not fat, greater dosages were

associated with a higher frequency and severity of hypotension in obese patients.>

According to a research by Poojitha K et al., the CO group needed 4 minutes less to
obtain maximum sensory blockage and 2 minutes less to accomplish maximum motor
blockade (p = 0.000). However, the CO group experienced a 10-minute delay in the
reversal of motor blockage, as shown by the time to Bromage scale 0 (p = 0.001).
These results imply that a more widespread dissemination of spinal anesthesia is

linked to central adiposity.>

There is significant longer time for recovery from sensory and motor block in group 2
(2.6hr and 2.9hr respectively) patients compared to group 1 patients (2.3hr and 2.6hr

respectively).(p<0.05)
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Similar to the current study by Kim HJ et al., the results indicate that hyperbaric
bupivacaine gives fat people a longer block and that the effects of bupivacaine dose
and obesity separately affect the results of spinal anesthesia. To validate these
outcomes, more studies with morbidly obese individuals receiving a fixed dosage of

bupivacaine are required.*®

In the study by Gunkaya M et al., the amount of time needed to reach the maximal
upper dermatomal block level varied greatly, with longer times being linked to higher
waist circumferences and BMIs. Furthermore, the variation in waist circumference
was statistically significant. These findings suggest that BMI and waist
circumference are separate indicators of the prevalence of obesity.>® Yadav V. et al.,
as reported in The time it took for the sensory block to reach the T4 dermatome was
positively correlated with height, weight, and BMI, and the maximal sensory block
level was positively correlated with BMI. Simple anthropometric measures can be
used to predict sensory block features and assist forecast the effects of spinal
anesthesia, enabling early preparedness against anticipated adverse outcomes such as

bradycardia and hypotension.?

Recommendations

Individualized Dosing for Obese Patients: Given the significantly longer onset and
recovery times of both sensory and motor blocks observed in patients with higher
BMI, it is advisable to consider BMI as a key parameter when determining the dose
and concentration of local anaesthetic agents for subarachnoid block. Tailored dosing

may help achieve optimal anaesthetic effect while minimizing complications.
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Preoperative BMI Assessment: Routine preoperative evaluation should include BMI
measurement, as it is a crucial predictor of altered anaesthetic spread and
pharmacodynamics. ldentifying obese patients preoperatively can guide anaesthetic

planning and resource allocation.

Prolonged Onset Anticipation: Clinicians should anticipate delayed onset of both
sensory and motor blocks in obese patients. This knowledge can prevent premature
surgical starts and reduce intraoperative anaesthetic supplementation, thereby

improving patient safety and surgical conditions.

Extended Monitoring for Recovery: Since obese patients demonstrated prolonged
recovery times from spinal anaesthesia, extended postoperative monitoring is
recommended. This is particularly important to manage delayed motor function return

and ensure safe ambulation and discharge, especially in day-care settings.

Caution Against Standard Dosing in Obese Patients: Standard spinal anaesthetic
doses may result in unpredictable or excessive spread in obese individuals due to
reduced CSF volume. Anaesthesiologists should exercise caution and consider lower
or adjusted dosing protocols for high-BMI patients to prevent high spinal blocks and

associated complications.

Further Research and Protocol Development: Larger multicentric studies are
encouraged to develop BMI-based dosing guidelines for subarachnoid blocks.
Incorporating patient-specific variables into standard protocols will enhance the safety

and effectiveness of regional anaesthesia in the obese population.
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SUMMARY



SUMMARY

There were 110 patients in the current research, with 55 instances in groups 1 and 2.
Groups 1 and 2 are non-obese (BMI <25 kg/m2) and obese (BMI >25 kg/m2),
respectively.

The groups' mean ages were similar between group 45.7 years (group 1) 39.4 years
(group 2). (p>0.05)

Although there is a male majority in both groups, the gender distribution was
comparable. Additionally, the patients’ ASA grade distribution was consistent
throughout the sample, with the majority falling into grades 1 and 2.

The mean length of anesthesia and operation does not significantly differ across the
groups. (p>0.05)

“Compared to group 1 patients, who needed 1.5 and 2.5 minutes, respectively, group
2 patients needed 2.8 and 3.7 minutes, respectively, for the start and maximum of
sensory block.” (p<0.05)

Patients in group 2 had a noticeably longer time to beginning motor block and time to
maximal motor block (2.9 and 3.4 minutes, respectively) than patients in group 1 (2.1
and 2.5 minutes, respectively). (p<0.05)

Patients in group 2 took much longer to recover from sensory and motor block (2.6
and 2.9 hours, respectively) than patients in group 1 (2.3 and 2.6 hours, respectively).

(p<0.05)
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CONCLUSION



CONCLUSION

The findings showed that obesity had a substantial impact on the dynamics of spinal
anesthesia, even when the length of the surgery and anesthesia did not differ
considerably. Compared to non-obese patients (Group 1), obese patients (Group 2)
showed a substantially delayed start of both sensory and motor blocks, as well as a
longer time to attain maximal block levels. Furthermore, the fat group's recovery
from sensory and motor block took longer, suggesting that the local anesthetic had a

longer-lasting impact.

These results imply that elevated BMI modifies the pharmacodynamics and
dissemination of local anesthetics in the subarachnoid area. Obesity-related
physiological and anatomical alterations, such as altered CSF fluid dynamics or
increased epidural fat, may be the cause of the delayed onset and prolonged duration

seen in obese individuals.

In conclusion, the start, peak, and recovery aspects of subarachnoid block are
considerably influenced by body mass index. This highlights how crucial it is to take
BMI into account when preoperatively planning procedures in order to guarantee the
best possible dosage and monitoring, improving the safety and efficacy of spinal

anesthesia in obese patients.
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ANNEXURE

PROFORMA

STUDY: BODY MASS INDEX AND SPREAD OF LOCAL ANAESTHETIC IN

SUB ARACHNOID BLOCK:A COMPARITIVE STUDY

Investigators: Dr.KIRAN/

Dr THUMMALA SUSMITHA

1. Name of the patient: 2. Age/Sex: 3. Ward:
4. IP No: 5. ASA grade:
6.Height: 7.Weight: 8.BMI:

 Diagnosis:

e Surgery:

1.PATIENT PARAMETERS
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PARAMETERS

OBESE PATIENTS(n=55)

NORMAL WEIGHT

PATIENTS(n=55)

AGE(years)

WEIGHT(kg)

HEIGHT(cm)

Duration of

surgery(min)

Duration of

anaesthesia(min)
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2.BLOCKADE CHARACTERISTICS

OBESE PATIENTS(n=55)

NORMAL WEIGHT

PATIENTS(n=55)

Time to onset of sensory

block(min)

Time to maximum

sensory block(min)

Time for recovery from

sensory block(hour)

Time to onset of motor

block(min)

Time to maximum motor

block(min)

Time for recovery from

motor block(hour)
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PATIENT INFORMATION SHEET

Study: BODY MASS INDEX AND SPREAD OF LOCAL ANAESTHETIC IN

SUB ARACHNOID BLOCK:AN COMPARITIVE STUDY

Investigators:Dr. Kiran.N/ Dr Thummala susmitha

Study location: R.L.Jalappa Hospital and Research Center attached to Sri Devaraj

Medical College, Tamaka, Kolar.

Details — In this study patients undergoing elective spinal anaesthesia will be divided

into two groups

Group 1 - obese group (BMI > 25kg/m?)

Group 2- non obese group(BMI<25kg/m? )

This study aims to compare spread of given Local Anaesthetic by subarachnoid block
in patients undergoing lower abdominal surgeries depending on their body mass
index, patient and the attenders will be completely explained about the procedure.One
group with obese patients and other group with non obese group is equally divided
and after giving spinal anaesthesia motor block and sensory blockade parameters are
compared and recorded .There will be no risk involved in the study as it is an
observational study.Participant will not have any financial expenses and will not get

any monetary benefits for participating in the study
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Please read the information and discuss it with your family members. You can ask
any question regarding the study. If you agree to participate in the study, then relevant
information and history will be taken. This information collected will be used only for

dissertation and publication.

All information collected from you will be kept confidential and will not be disclosed
to any outsider. Your identity will not be revealed. There is no compulsion to agree to
this study. The care you will get will not change if you don’t wish to participate. You
are required to sign/ provide a thumb impression only if you voluntarily agree to

participate in this study.

For further information contact

Dr Thummala susmitha

Post graduate in Anaesthesiology, SDUMC Kolar

Mobile no: 9550576434
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INFORMED CONSENT FORM

BODY MASS INDEX AND SPREAD OF LOCAL ANAESTHETIC IN

SUBARACHNOID BLOCK:AN COMPARITIVE STUDY

Date:

l, aged ,after being

explained about the purpose of the study and the risks and complications of the

procedure.

hereby give my valid written informed consent without any force or prejudice for
using BODY MASS INDEX AND SPREAD OF LOCAL ANAESTHETIC IN SUB
ARACHNOID BLOCK: AN OBSERVATIONAL STUDY. The nature and risks
involved have been explained to me to my satisfaction. | have explained in detail
about the study being conducted. | have read the patient information sheet and | have
had the opportunity to ask any question. Any question that | have asked, have been
answered to my satisfaction. | consent voluntarily to participate as a participant in this
research. | hereby give consent to provide my history, undergo physical examination,
undergo the procedure, undergo investigations and provide its results and documents
etc. to the doctor / institute etc. All the data may be published or used for any
dissertation/publication. 1 will not hold the doctors / institute etc. responsible for any
untoward consequences during the procedure / study. I am aware that there won't be

any monetary benefits for taking part in this study.
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A copy of this Informed Consent Form and Patient Information Sheet has been

provided to the participant

(Signature & Name of Pt. Attendant) (Signature/Thumb impression & Name

of Patient/Guardian) (Relation with patient)

Witness 1:

Witness 2:

(Signature &Name of principal investigator /doctor)
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20 | Non- 3| M 68 | 170 |235|45|60 |1 |2 |1. |2 |2 |2
Obese | 6 5

21 Non- 3| M 68 | 170 {23550 |60 | 2 | 2. |2 |2 |2 |2
Obese | 3 5 1

22 Non- 5| M 68 | 170 {23580 |90 |1 |2 |2 |2 | 2|2
Obese | 5 5

23 | Non- 4 | F 58 (151 (254 (18|19 |1 |2 |2 |2 | 2]2
Obese | 1 0|0 5

24 | Non- 4 | F 5, (161 (212 (19|20 1|2 |2 |2 | 2]2
Obese | O 0|0 5

25 | Non- 5| M 58 (160 |227 (12|13 |1 |1 |2 |2 | 2]2
Obese | 9 0|0 1

26 | Non- 5| M 65 (173 (217|900 (10| 1|2 |2 |2 |2]2
Obese | 2 0 5

27 Non- 5| M 72 177 | 23 |80 |90 |1 |2 |2 |2 |2]2
Obese | 1 5

28 | Non- 4 | F 57 148 | 25 (1211411 |2 |3 |2 |23
Obese | 6 0| 0|5

29 | Non- 6 | F 70 168 | 248 |60 |80 2|3 (2. (2|23
Obese | 4 5

30 | Non- 5| F 48 | 152 1208|6080 |2 |2. |3 2|23
Obese | 4 5

31 Non- 5| F 50 | 142 {248 |18 |19 (1. (2. |3 |2 |2 |3
Obese | 5 0|0 (5|5

32 Non- 4 |M 72 | 168 255701902 |2 |1 |2 |2 |2
Obese | 5 6

33| Non- 5| M 56 | 164 {208 |60|80 | 1|2 |3 |2|2]3
Obese | 9

34 Non- 51 M 44 163 | 16 (16|17 |1 |1. 1.1 |23
Obese | 9 0|0 5|6

35| Non- 4 | M 60 | 168 {21360 |70 1 |2 |2 |2 | 2|2
Obese | 9 5

36 | Non- 4 | M 62 | 160 {242 40|50 |2 |2.|2. |1 |2]2
Obese | 3 5|5 5

37 Non- 5| M 70 169 | 245|118 |19 2 |3 (2.2 |23
Obese | 2 0|0 6

38 | Non- 2 | M 50 (170 {173 |14 |15 |1 |2 |2. |2 | 2|3
Obese | O 0|0 5 5

39 | Non- 5| M 47 | 162 (17960 (701 |2 |2 |2 |2 ]2
Obese | 4 5

40 | Non- 4 | M 50 (152 (216 |60 |70 |2 |3 |2 |1 |2]2
Obese | 4 5

41 Non- 6 | M 67 (168 237 (12|13 |1 |2 |2 |2 | 2]2
Obese | 2 0|0 5

42 Non- 5| M 82 (173|214 (12|13 |1 |2 |2 |2 | 2]2
Obese | 7 0|0 5

43 | Non- 4 | F 45 | 160 | 176 |14 |18 |4.|6.| 4 | 4. |5. ]| 3.
Obese | 5 0|0 (8|1 5|15 |5

44 | Non- 4 | M 70 [ 170 {242 (10|12 |2 |3. |3 |4 | 4|3
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Obese | 2 0|0 5 5

45 | Non- 2 | M 52 | 164 | 19.3 |80 | 10 3.3 |4.]4|3.

Obese | 1 0 5 5 5

46 | Non- 4 | M 67 | 170 | 23.2 | 60 | 10 4. 1 4 4. | 4 | 3.

Obese | 5 0 4 1 5

47 Non- 3| F 50 | 165 | 18.4 |30 | 12 3.14 |5 |5 |3

Obese | 2 0 5 15|65

48 | Non- 5| M 47 | 162 | 179 | 60 | 70 2 122 |2]2

Obese | 4 5

49 | Non- 4 | M 50 | 152 | 21.6 |60 | 70 312122

Obese | 4 5

50 | Non- 6 | M 67 | 168 | 23.7 | 12 | 13 212|222

Obese | 2 0|0 5

51 Non- 5| M 82 | 173 | 214 |12 | 13 212|222
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52 Non- 5| M 47 | 162 | 17.9 | 60 | 70 212|222
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53 | Non- 4 | M 50 | 152 | 21.6 | 60 | 70 3121122

Obese | 4 5

54 | Non- 6 | M 67 | 168 | 23.7 | 12 | 13 212|222

Obese | 2 0|0 5

55 | Non- 5| M 82 | 173 | 214 |12 | 13 2 122 |2]2

Obese | 7 0|0 5

56| Obese | 3 | F 82 | 160 | 32 |12 |20 3122 |32

4 0|0 2

57 | Obese | 2 | M 72 | 162 | 27.4 | 14 | 15 3./12.12 (1313
4 0|0 519

58 | Obese | 3 | F 58 | 145 | 27.6 | 45 | 55 2 122 |2]2

3 5

59| Obese | 5| M 70 | 150 | 31.1 |60 | 70 2 122 |2]2

6 5

60 | Obese | 4 | F 70 | 163 | 26.3 | 18 | 19 4 13|3]3]3.

5 0|0 5

61| Obese | 2 | F 74 | 150 | 329 |90 | 10 2 122 |2]2

4 0 5

62 | Obese | 6 | M 85 | 164 | 31.6 | 45 | 90 1.2 2|2 ]|2

5 5 51|15

63| Obese | 2 | M 74 | 165 | 27.2 | 45 | 90 412|561

8 5

64 | Obese | 2 | M 82 | 165 |30.1|15 | 18 513 ]2 |53
6 0|0 5

65| Obese | 3 | F 105 | 157 | 42.6 | 30 | 60 711|442
4 5

66 | Obese | 2 | M 69 | 160 | 27 | 60 | 80 2 1|1 |2]|2

3 5|5 5

67 | Obese | 3 | F 74 | 156 | 30.4 | 80 | 10 312112 |2]2

6 0 5

68 | Obese | 2 | F 88 | 166 | 31.9 | 30 | 40 311222
3 5
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69 | Obese | 3 | F 83 | 160 | 32.4 | 90 | 10 2|2 2 | 2.
5 0 5
70 | Obese | 4 |M 72 | 162 | 27.4 |80 | 90 2|2 2 | 2.
6 5
71| Obese | 3 | F 100 | 160 | 39.1 | 15| 18 4 12 5|2
9 00 5 1
72 | Obese | 4 | F 65 | 154 | 274 | 12 | 15 2. | 3 1|2
0 010 5 5
73| Obese | 4 |M 82 | 162 | 31.2 | 45 | 60 2. | 2 2 | 2
9 5
74| Obese | 2 | F 61 | 150 | 27.1 | 40 | 60 2 | 2. 2 | 2
9 5
75| Obese | 3 |M 96 | 180 | 29.6 | 15 | 17 2 |3 2 | 2.
0 010 7
76 | Obese | 3 |M 68 | 149 | 30.6 | 60 | 70 2 |3 313
3
77 | Obese | 3 |M 72 | 150 | 32 | 45|60 4|2 4 | 2.
5 5
78 | Obese | 2 | F 106 | 154 | 44.7 | 12 | 14 413 3|2
8 010 7
79 | Obese | 4 | F 80 | 174 | 298 | 17 | 18 3|2 2 | 2.
6 00 5
80| Obese | 4 | M 75 | 164 | 279 |18 | 20 313 2 | 3.
3 00 5
81| Obese | 2 | F 75 | 162 | 28.6 | 40 | 45 2 | 1. 2 | 2
4 5
82| Obese | 3 | F 70 | 159 | 27.7 |12 | 13 3|2 3|2
7 00 5 5
83| Obese | 4 | F 64 | 150 | 28.4 | 13 | 15 2. | 4 2 | 3
4 00 4 5
84 | Obese | 6 | M 84 | 173 | 28113 | 14 2 | 2 2 | 2.
2 0] 0 5
85| Obese | 4 | F 80 | 153 | 342 | 10 | 12 1. ]2 2 | 3.
5 010 3|6 5
86| Obese | 5| F 90 | 150 | 40 |60 | 15 2. | 2. 2 | 2.
2 0 315 1
87| Obese |4 | M 80 | 150 | 356 | 12 | 20 3. 4 2. | 4
8 010 5 5
88| Obese |4 | M 80 | 160 | 31.6 | 90 | 16 4 | 3. 2. | 3.
0 0 5 5|5
89| Obese | 5| F 75 | 158 | 30 | 10| 15 3. | 2. 2. | 3.
4 010 5|1 5|5
90 | Obese | 3 | F 72 | 160 | 29.3 | 60 | 16 3|2 1. ]2
2 0 512
91| Obese | 4 | M 67 | 152 | 29 |50 | 10 4. | 2. 4 | 3.
0 0 411 5
92 | Obese | 2 |M 100 | 160 | 39.1 | 10 | 20 3.] 4 3.| 4
5 010 5 6
93 | Obese | 2 |M 73 | 162 | 278 | 12 | 15 3.] 4 3.| 4
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1 01085 6
94 | Obese | 2 |M 98 | 168 | 34740106 |6.]2.| 6 | 6 |2
3 0 1)1 7
95| Obese | 4 | F 82 | 142 {407 |56 |90 | 6 | 7 |3.| 5|5 |4
8 5 5
96 | Obese | 3 |M 92 | 154 | 388 |9 (18| 5 |6. 2. |3 |3 |3
2 0 1)1 1|5
97 | Obese | 2 |M 102 | 162 {389 |54 |10 2 (3. |3. |3 3. | 4
5 0 5|5 6
98 | Obese | 3 | F 97 1160 {379 |55 (10| 6 |7 |3.|5 |5 |4
6 0 5 5
99 | Obese | 5 | M 78 | 161 |305(35(60| 5|5 |1 |5 5 |2
4 6 5|1
10 | Obese | 2 |M 90 | 170 |311(60 (12| 3 |3. 2. |4 |4 |3
0 9 0 5|6 5
10 | Obese | 3 | F 89 | 167 |319 |70 (12 | 4. |5 3. |4 (5 |4
1 0 0|8 5|5]5
10 | Obese | 5 | F 92 | 149 |414 |50 (10| 2 (3. ]2 |3 |4 |3
2 0 0 5|1 5
10 | Obese | 4 |M 100 | 158 | 40.1 |80 |10 | 6 | 6. | 2. | 5. | 5. | 2
3 2 0 111357
10 | Obese | 5 | F 76 | 152 {32950 (12| 5 (6.2 |5 |5 |3
4 6 0 111 5|5
10 | Obese | 3 |M 82 | 162 |312|60(10| 8 |8 |1 |8 |8]|2
5 8 0 5 1
10 | Obese | 5 |M 95 | 150 {413 |12 |16 |3 |6. |4 |3 |4 |4
6 4 010 1
10 | Obese | 5 | F 90 | 165 |331|45|60| 6 |7 |1 |5 |63
7 3 6|1 5
10 | Obese | 4 | F 90 | 154 {379 |12 |20 3 |4. |4 |4 |5 |4
8 2 010 3 515
10 | Obese | 3 |M 95 | 164 |335|16 (18| 2 |3 3. |3 |4 |3
9 8 010 5 5
11| Obese | 3 | M 89 | 160 {348 |12 |16 |4.|2. |3. |5 |5 |4
0 2 0/]0 8|65 5
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