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Abstract: The body roundness index (BRI) concept assumes that the human body's shape is an ellipse, which
combines height and waist circumference (WC). We aimed to investigate the effect of BRI on spinal anesthesia (SA)
sensory levels and hypotension in patients undergoing elective surgery. In this observational study, we
prospectively enrolled patients between 18-80 years old with the following characteristics: American Society of
Anesthesiologists (ASA) physical status I-III, who underwent single-shot SA using 15 mg 0.5% hyperbaric
bupivacaine at the L3-L4 intervertebral space for transurethral and lower limb surgery. The maximum sensory
blockade level at the 15th and 30th min, block regression time to the L2 level, hypotension, and bradycardia
occurrence were recorded. BRI, WC, and hip circumference (HC) were independent predictive factors for the
maximum sensory blockade level at 15 min (OR=65.7 95% CI: 1.304-3310, p=0.036; OR=0.733 95% CI: 0.558-0.963,
p=0.026; OR=1.065 95% CI: 1.001-1.133, p=0.047, respectively). Hypotension after SA was not associated with
anthropometric variables. BRI can be a new practical tool to predict the increased cephalic spread of local anesthetic
(LA) in patients undergoing SA.
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Viicut Yuvarlaklik Indeksinin Spinal Anestezi Blok Karakteristik
Ozellikleri Uzerine Etkileri

Ozet: Viicut yuvarlaklik indeksi (BRI), insan viicut seklinin boy ve bel gevresini birlestiren bir elips oldugu
varsayimina dayanir. Bu ¢alismada, elektif cerrahi geciren hastalarda BRI'nin spinal anestezi (SA) duyu seviyeleri
ve hipotansiyon iizerine etkisini arastirmay1 amagladik. Bu gozlemsel calismada, transiiretral ve alt ekstremite
cerrahisi i¢in L3-L4 intervertebral bosluktan, 15 mg %0.5 hiperbarik bupivakain kullarilarak, tek seferde spinal
anestezi uygulanan, Amerikan anestezi dernegine (ASA) gore fiziksel durumu I-III olan 18-80 yasindaki hastalar
prospektif olarak kaydedildi. On bes ve 30. dakikalarda maksimum duyusal blokaj seviyesi, blogun L2 seviyesine
gerileme siiresi, hipotansiyon, bradikardi olusumu kaydedildi. BRI, bel ve kalca ¢evresi parametreleri 15. dakikada
maksimum duyusal blokaj diizeyi icin bagimsiz predikte edici faktorler olarak bulundu (OR=65.7 %95 GA: 1.304-
3310, p=0.036; OR=0.733 %95 CI: 0.558-0.963, p=0.026; OR=1.065 %95 CI: 1.001-1.133, p=0.047; sirasiyla). SA sonrasi
hipotansiyon gelismesi ile antropometrik degiskenlerle iligkili bulunmadi. BRI, SA uygulanan hastalarda lokal
anesteziklerin artan sefalik yayilimini éngormek igin yeni bir pratik arag olarak kullarlabilir.
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INTRODUCTION
SA is a frequently used, simple, safe, and classical technique. It is crucial to obtain sufficient motor and
sensory blockade to provide suitable surgical conditions in the patient under whom SA is applied. While
a low spinal block may cause nausea due to surgical stimulation, a high cephalic spread may cause
upper extremity weakness, shortness of breath, nausea, or anxiety. However, in SA, it is impossible to
predict the cephalic spread of the LA drug injected into the cerebrospinal fluid (CSF). Therefore, factors
affecting sensory loss associated with SA are still a current area of research (Logan et al., 1986). To date,
studies investigated many factors potentially affect SA of cephalic spread levels (Pitkdnen, 1987;
Pitkanen et al., 1984; McCulloch et al., 1986, Greene, 1985; Stienstra et al., 1991; Liu et al., 2001). Two
significant factors affecting cephalic spread, lumbosacral, are CSF volume and pressure (Carpenter et

al., 1998; Hogan et al., 1996). However, this information has little practical value.

The effect of obesity on SA is controversial, and previous studies on this topic reported conflicting
results (McCulloch et al., 1986; Carvalho et al., 2011). Considering the effect of body measurements on
the spine as one or two dimensions can be a meaningful explanation for these conflicting results. In
2013, Thomas and colleagues defined the BRI, a new anthropometric index calculated using height,
weight, WC, and HC (Thomas et al., 2013). They used BRI to estimate the percentage of body fat and
evaluate health status (Thomas et al., 2013). Although BRI is an independent risk factor associated with
the maximum level of sensory block in pregnant women undergoing SA for cesarean section, it is still
unknown whether BRI is related to the spinal blockade's increased level in the general population
(Kozanhan et al., 2020). Therefore, we aimed to research the relationship between BRI and the

cephalicspread of SA and hypotension in patients scheduled for transurethral and lower limb surgery.

MATERIALS and METHODS
The Karatay University Ethics Committee (No. 2018/011) approved this single-center, prospective, and
observational study, conducted at the Konya Education and Research Hospital, Turkey. The study
followed the principles of the Declaration of Helsinki. Written informed consent was obtained from all

participants.

Inclusion Criteria
We enrolled American Society of Anesthesiologists (ASA) physical status I-III adult patients who
underwent single-shot SA in the sitting position using 15 mg bupivacaine at the L3-L4 intervertebral

level for transurethral and lower limb surgery.

Exclusion Criteria
Patients with deformities in the spinal column or a history of previous spinal surgery, failure of SA or
a need for additional intraoperative analgesia, heart disease, mental illnesses, and undergoing

emergency surgery were not in the study.

Design of the Study

Participants' weight (kilograms), height (meters), WC, and HC were measured in the ward before SA.
Body mass index (BMI) was calculated by dividing body weight by the square of height in meters
(kg/m?2). BRI was calculated according to a standardized formula defined by Thomas et al. (Thomas et
al,, 2013). SA was performed by an experienced anesthesiologist blinded to the participant's
anthropometric measurements. All patients received 8 ml/kg isotonic saline during the first 10 minutes

of SA. All patients were in the supine position throughout the surgery, and all assessments were
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performed in the supine position. During the surgery, the sensory blockade level was assessed every 2
min until 15 min after SA induction—every 5 min for another 15 min in midclavicular lines by a
pinprick. The level of SA at 15 minutes after intrathecal injection was the maximum sensory blockade
level. The time to reach the maximum sensory block level and peak sensory block degree at 30 min were
also recorded. After the surgery, the sensory blockade degree was evaluated every 5 minutes until
regression to the L2 level. Blood pressure and heart rate (HR) were recorded at 5-min intervals after
intrathecal injection during the surgery. Hypotension was described as a decrease in systolic (SAP) of
>20% of the baseline value or to <90 mmHg and was treated with intravenous ephedrine (5-10 mg).
Bradycardia was defined as a decrease in HR <60 beats/min and was treated with IV atropine 0.5 mg.

Sample Size Calculation

Pilot study data from 35 patients were used for sample size analysis. According to the maximum
sensorial block level at the 15th minute, patients were divided into two groups: T4 and above and below
T4. Based on the mean BRI value in the groups, Cohen’s d effect size was 0.580 in the t-test model in the
independent groups. At least 175 patients were needed to have a power of at least 95%, with a two-

sided a error of 5%, and a 10% dropout rate.

Statistical Analysis

SPSS version 22.0 was used for the statistical analysis (IBM). Continuous variables were provided as the
mean and standard deviation (SD), and comparisons were made using the independent samples
Student's t-test if the variables followed a normal distribution as determined by the Kolmogorov-
Smirnov test. When the data did not follow a normal distribution, Mann-Whitney U-test was used to
evaluate the data, and its median (inter-quartile range) was provided. The "Pearson Chi-square and
Fisher's Exact tests" were used in performing comparisons between categorical variables reported as
numbers and percentages. The area under the curve (AUC) from a receiver operating characteristic
(ROC) analysis was used to determine the best BRI cut-off points, as it maximizes the test's sensitivity
and specificity. The difference between the BRI > 5.11 and BRI <5.11 groups was analyzed using a t-test
for independent samples. Multiple logistic regression analysis examined the association between BRI,
BMI, weight, WC, HC, and T4, the maximum sensory block level. A p-value <0.05 was the threshold for

the statistical significance.

RESULTS
Two hundred patients were first evaluated for eligibility in this study; however, 25 of them had at least
one of the following reasons: a history of prior spinal surgery (n=7), skin rash at the site of the injection
(n=1), antiplatelet agent application (n=8), and patients with no neuraxial block (n=9). The remaining
175 patients’ data were analyzed. Table 1 contains the data on the patient’s demographic and
anthropometric information and the outcomes of SA. The mean age of the participants was 51.2 + 18.8
years. The mean BMI and the mean BRI were 28.7 + 5.99 kg/m? and 5.20 + 1.40, respectively.

Table 1. Clinic, laboratory and demographic features of patients (n=175).

Mean and standart deviation or median

Characteristics (interquartile range) or number (%)
Age (year) 51.2+18.8
Man 116 (66.3 %
Gender Woman 59 ((33.7 %))
Weight (kg) 81+16
Height (cm) 168.2 +8.76
BMI (kg/m?) 28.7+5.99
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Waist Circumference (cm) 97.5+16.2

Hip Circumference (cm) 102 +13
Body Roundness Index (BRI) 5.20 + 1.40
1 75 (42.9 %)
ASA 2 66 (37.7 %)
3 34 (19.4 %)
Urology 60 (34.3 %)
Surgical type General surgery 26 (14.9%)
Orthopedics 89 (50.9 %)
Surgery time (min) 50.3+24.5
Th10 30 (1.1 %)
Th9 12 (6.9 %)
Th8 22 (12.6 %)
Th7 17 (9.7 %)
Sensorial Block at 15 min ﬁg ;3 8?? (2 ;
Th4 41 (23.4 %)
Th3 20 (11.4 %)
Th2 1 (0.6 %)
Thl 1 (0.6 %)
Th10 1 (0.6 %)
Th9 3 (1.7 %)
Th8 20 (11.4 %)
Th7 21 (12 %)
Sensorial Block At 30 min iﬁg ;? 8?? (Z ;
Th4 46 (26.3 %)
Th3 22 (12.6 %)
Th2 1 (0.6 %)
Thl 1 (0.6 %)
Peak sensorial block level at 15 min. (range) Th5 (3)
Peak sensorial block level at 30 min. (range) Th5 (3)
Time to achieve maximum sensorial block level (min) 13.64 + 6.11
Time to regression sensorial block to L2 level (min) 58.9 +16.8
Bradycardia, n (%) 7 (4 %)
Hypotension, n (%) 26 (14.9 %)
Ephedrine, n (%) 24 (13.7 %)
Nausea, n (%) 3 (1.7 %)
Shivering, n (%) 7 (4 %)

Data are mean and standart deviation, median (interquartile range) or number (%).
Th: Thoracic vertebrae, L:Lumbar vertebrae, BMI: Body mass index, ASA: American Society of Anesthesiologists.

The optimal cut-off value of 5.11 for BRI was obtained from the ROC analysis, calculating the area under
the curve levels of BRI in predicting obesity (Table 2, Fig. 1).

Table 2. Cut-off, sensitivity, specificity and area under curve levels of BRI in predicting obesity.

Characteristic Cut-off  Specifity (%) Sensitivity (%) AUC (95%CI) P value

Body Roundness Index (BRI) 5.11 81% 88% 0.907 (0.864-0.951) <0.001

Values of p <0.05 was marked bold.
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Figure 1. ROC curve of BRI in patients.

The demographic and anthropometric data of the participants and the outcomes of the spinal block
were compared for the groups regarding BRI (BRI <5.11 and BRI 2 5.11) (Table 3). Our results revealed

that the time needed to obtain the maximal sensory block level and the maximum sensory block level

at 15 and 30 min were similar in the groups (p=0.362, p=0.075, and p=0.087, respectively). However, the

time required to regress to the L2 level was significantly longer in the BRI> 5.11 group than in the BRI <

5.11 group (p=0.034). Additionally, hypotension and ephedrine consumption were significantly higher
in the BRI>5.11 group than in the BRI<5.11 group (p=0.037 and p=0.028). We did not observe differences

in the incidence of bradycardia among the groups.

Table 3. Clinic, laboratory and demographic features in BRI > 5.11and BRI <5.11 groups.

Characteristics BRI<5.11 (n=95) BRI >5.11 (n=80) P
value
Age (year) 439+19.4 59.8+14.1 <0.001
Man 81 (85.3 %) 35 (43.7 %)
Gender Woman 14 (14.7 %) 45 (56.3 %) <0.001
Weight (kg) 7424124 89.1+16 <0.001
Height (cm) 172+ 8 164+7.5 <0.001
BMI (kg/m?2) 25+3.23 33.2+5.49 <0.001
Waist Circumference (cm) 86.5+9.9 110.5+£11.9 <0.001
Hip Circumference (cm) 93.9£8.2 111.7 £ 10.9 <0.001
1 60 (63.2 %) 15 (18.8 %)
ASA 2 26 (27.4 %) 40 (50 %) <0.001
3 9 (9.5 %) 25 (31.2 %)
Surgery time (min) 50.8 +26.1 49.7 +22.8 0.758
Peak sensorial block level at 15 min. (range) Th 6 (3) Th 5 (2) 0.075
Peak sensorial block level at 30 min.(range) Th5 (3) Th5 (2) 0.087
Time to achieve maximum sensorial block level (min) 13.3+5.96 14.1 £6.29 0.362
Time to regression sensorial block to T10 level (min) 56.4£16.7 62.8+16.6 0.034
Bradycardia 4 (42 %) 3 (3.8 %) 1
Hypotension 7 (8.8 %) 19 (20 %) 0.037
Ephedrine 6 (7.5 %) 18 (18.9 %) 0.028
Nausea 1(1.1 %) 2(2.5%) 0.593
Shivering 6 (6.3 %) 1(1.3 %) 0.127

Data are mean and standart deviation, median (interquartile range) or number (%). Th: Thoracic vertebrae, BMI: Body mass

index, ASA: American Society of Anesthesiologists. Values of p <0.05 was marked bold.
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Further multiple logistic regression analysis determined the relationship between the anthropometric
variables and maximum sensory block level (<T4) and hypotension. The BRI, WC and HC were
independently associated with maximum sensory block level (OR=65.7 95% CI: 1.304-3310, p=0.036;
OR=0.733 95% CI: 0.558-0.963, p=0.026; OR=1.065 95% CI: 1.001-1.133, p=0.047, respectively) (Table 4).

Table 4. Univariate and multivariate regression analyses of different variables of associated with
maximum sensory block level and hypotension in patients.

Maximum sensorial block level at 15 min (Th 4) Hypotension
Characteristics Univariate Multivariate Univariate

OR (95% CI) Valljue OR (95% CI) Vall’ue OR (95% CI) Vafl’ue
Age (year) 0.990 (0.974-1.006)  0.216 - - 1.006 (0.984-1.029)  0.581
Gender 1.509 (0.791-2.879)  0.212 - - 0.543(0.206-1.436)  0.219
Weight (kg) 1.031 (L011-1.053) 0.003 1.364(0.995-1.871) 0.054 0.990 (0.964-1.017)  0.466
Height (cm) 0.993 (0.959-1.029)  0.714 - - 1.028(0.980-1.078)  0.260
BMI (kg/m?2) 1.088 (1.031-1.148)  0.002 0.452 (0.191-1.069) 0.071  0.953 (0.883-1.028) 0.214
if;g(RO“nd“ess 1.349(1.075-1.692)  0.010  65.7 (1.304-3310)  0.036  0.859 (0.627-1.178)  0.345

Waist Circumference
(cm)
Hip Circumference
(cm)

Th: Thoracic vertebrae, BMI: Body mass index. Values of p <0.05 was marked bold.

1.029 (1.009-1.050)  0.005  0.733 (0.558-0.963)  0.026  0.994 (0.969-1.021)  0.677

1.049 (1.022-1.077)  <0.001 1.065 (1.001-1.133)  0.047 0.992 (0.960-1.025)  0.627

DISCUSSION and CONCLUSION
In the present prospective observational study, increased BRI, WC, and HC levels had an association
with a higher sensory blockade level at 15 min after SA. In the group of patients with BRI> 5.11, the
sensory ‘block regression to the L2 level was prolonged, and ephedrine consumption was also higher.
However, no association was present between hypotension following SA and any anthropometric

variables.

Obesity, an increasing public health problem worldwide, can be classified into two groups: abdominal
and peripheral obesity (Patel et al., 2013). BMI indicates general obesity; however, regional differences
in body fat ratio are not taken into account in BMI calculation. Moreover, although BMI and WC are the
most used anthropometric indicators, they cannot comprehensively distinguish visceral adipose
accumulation, particularly for non-obese individuals with normal BMI and WC. On the other hand, BRI
reflects both visceral adipose tissue and body adipose percentage; therefore, it can assess health status
(Rico-Martin et al., 2020).

BRI values range from 1 to 16, and generally, more elliptical individuals tend to have larger values
(Thomas et al., 2013; Chang et al,, 2015). One possible mechanism of our results may be related to
decreased CSF volume within the patient group with BRI> 5.11. CSF volume is lower in obese patients
due to increased intra-abdominal pressure or epidural adipose tissue (Hogan et al., 1996; Taivainen et
al., 1990; Robinson, 1949). In a patient with a large BRI, elevated intra-abdominal pressure due to
increased abdominal adipose content may obstruct the inferior vena cava, increase blood flow from the
lumbar vertebral plexus, and result in enlargement in the extradural veins. If an extradural vein is
enlarged, a decrease in CSF volume is generally anticipated. Then, if the same volume of LA is injected
in a patient with a lower CSF volume, a higher cephalic spread of LA should be expected. Even though
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we did not assess the CSF volume, this mechanism may have caused more cephalic spread and
prolonged regression of the level of the spinal block observed in this study. The demonstration of
increased diffusion of radiopaque material in CSF due to abdominal compression seen with

myelography is in line with this mechanism (Barclay et al., 1948).

The baricity of an LA agent is a significant factor in determining spread within the CSF. McCulloch et
al. investigated the cephalic spread of SA in obese patients with isobaric bupivacaine. They found a
positive correlation between the height of the spinal block and obesity (McCulloch et al., 1986).
However, isobaric LA was associated with increased variability at the block level (McCulloch et al.,
1986; Carpenter et al., 1998). Carvalho et al. assessed whether obese parturients require less spinal LA
for cesarean delivery. They reported that hyperbaric bupivacaine's median dose for successful
anesthesia in morbidly obese parturients was similar to that in nonobese parturients (Carvalho et al.,
2011). This study evaluated clinical results using hyperbaric Marcaine due to its frequent preference in

our clinical practice in our hospital. Clinical outcomes with hypobaric LA need to be investigated.

The effect of obesity on SA outcomes is still controversial, and there is no clear clarity on how to adjust
LA doses in obese patients. However, if SA lasts for shorter, the operation time causes anesthesia failure.
In contrast, SA that extends beyond the operation time may cause bladder dysfunction and discomfort
in patients and extended hospital stays. We observed a longer regression time in the sensory block in
the BRI= 5.11 patient group. However, patients were not evaluated for bladder dysfunction or time to
discharge. Taivainen et al. compared obese patients with normal BMI using 3 ml of plain 0.5%
bupivacaine for SA and reported more extensive cephalad spread of sensory block in patients with
increased BMI than in patients with normal BMI (Taivainen et al., 1990). Similarly, Pitkanen found that
with 3 ml of isobaric bupivacaine, patients with above-normal BMI had a higher cephalad spread of
anesthesia. Additionally, with hyperbaric bupivacaine, shorter individuals developed higher levels of
anesthesia (Pitkanen, 1987). This study assessed the sensory blockage levels, hypotension, and block
regression time in patients administered a fixed dose of LA. Future studies should re-evaluate clinical
results with different doses of LA, and create practical dosage formulas for dose adjustment in patients
with high BRI values.

Although BRI's predictive value in maximum sensory block levels after SA in patients undergoing
cesarean section was investigated, the present study is the first to evaluate this in a nonobstetric
population (Kozanhan et al., 2020). The cut-off value we reached for BRI in this study coincides with
the cut-off value previously determined in the Turkish population (Solak et al., 2018). The BRI has
shown promising results for clinical use, but future studies should investigate the optimal cut-off value

for each population of different ethnicities and races.

There are several limitations to this study. First, we cannot conclude with certainty that a higher BRI
directly affects the outcome of SA related to a smaller CSF volume; hence, we did not assess the CSF
volume. Second, defining the location of the interspinous space with USG minimizes the number of
attempts and is beneficial for a successful spinal block with fewer side effects. However, the
interspinous interval was determined by traditional methods because our current conditions were not
suitable. In this study, although the sex and age distribution was predominantly female and over middle
age, they did not affect the multivariate analysis. However, future studies should have a more

homogeneous population.

In conclusion, BRI can be used as a new practical index to evaluate the increased cephalic spread of LAs
in patients undergoing SA.
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