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Abstract: Background: According to world health organization (WHO) blood
pressure is the force exerted by circulating blood against the walls of the body’s
arteries, the major blood vessels in the body. According to the WHO,
hypertension is a major risk factor for cardiovascular disease (CVD, excluding
congenital CVD) as well as renal impairment, peripheral vascular disease, and
blindness. Material and Method: This is a prospective, descriptive, cross
sectional and observational study. Department of Physiology, General Medicine
and Radiology, Index Medical College, Hospital and Research center Indore. A
curvilinear probe with transducer frequency of 2-8 MHz of a Sonoace X6
ultrasound machine was used. Each individual was laid supine on the couch with
the abdomen adequately exposed from upper abdomen to the symphysis pubis.
Result: The mean right renal cortical thickness in case group 1.5+0.32 cm and in
control group 1.4 + 0.38 cm. On the other hand, left renal cortical thickness in
case group 1.6+0.32 cm and in control group 1.4 + 0.37 cm. The mean right renal
volume in case group 82.58+ 1.47 cm and in control group 78.16+1.02 cm. The
left renal volume in case group 93.19+1.221 cm and in control group
79.27+0.91cm. Conclusion: The cortical size for both kidneys was greater in our
study group compared to cortical size in normotensive subjects. In agreement with
published studies, our study showed that renal volume is higher in the left than in
the right kidney for both sexes.
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According to world health organization (WHO) blood pressure is the
force exerted by circulating blood against the walls of the body’s arteries,
the major blood vessels in the body. !! Prevalence of Hypertension
according to WHO An estimated 1.28 billion adults aged 30-79 years

reproduction in any medium, provided the

original author and source are credited. worldwide have hypertension, most (two-thirds) living in low- and

middle-income countries. 2! In the year 2021 the prevalence of
hypertension in India was 16.32% among men and 11.56% among
women. Persons in the urban location (12.5%, 95% CI 12.25% to 12.80%) had a marginally higher prevalence than
persons in rural location (10.6%, 95% CI 10.50% to 10.78%). The proportion of population suffering from hypertension
varied greatly between states, with a prevalence of 8.2% in Kerala to 20.3% in Sikkim. [*!

Renal volume is an important parameter in clinical evaluation and management of patients with kidney diseases
such as congenital anomalies, renal cystic diseases, kidney stones, renal artery stenosis, recurrent urinary tract infections,
vesicoureteral reflux, chronic kidney disease, kidney tumors and kidney transplants both in the paediatric and adult
population.

New imaging modalities have achieved an increasingly important role in the clinical workup of kidney diseases.
They allow minimally invasive measurement of the kidney volume and the loss of functional parenchyma, as well as
renal blood flow (RBF) and glomerular filtration rate (GFR). ) Sonography is a standard low-cost modality and is easily
accessible. However, it is operator dependent, estimated volumes suffer from poor reproducibility and low accuracy, and
3D ultrasound equipment is not widely available. ®! CT provides precise measurements, also in 3D, but the patients are
exposed to ionized radiation and iodinated contrast agents, which may be contraindicated for use. ”! MRI may emerge as
a good alternative by acquiring high-resolution 3D images without radiation exposure. Generally, MRI provides good
tissue contrast that facilitates segmentation of the kidney and extraction of volumetric information from the images. 1!
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MATERIAL AND METHOD

This is a prospective, descriptive, cross sectional and
observational study. Department of Physiology, General
Medicine and Radiology, Index Medical College,
Hospital and Research center Indore.

Age 41-60 years of either gender hypertensive subjects
according to JNC VIII (Systolic BP >140mmHG and
Diastolic BP >90 mmHg) was inclusion criteria of
cases. Age 41-60 years of either gender normotensive
subjects according to JNC VIII and no renal diseases
was inclusion criteria of control. Patients with renal
tumours, kidney failure and hydronephrosis was
excluded. Pregnant and lactating women was excluded.

A curvilinear probe with transducer frequency of 2—8
MHz of a Sonoace X6 ultrasound machine was used.
Each individual was laid supine on the couch with the
abdomen adequately exposed from upper abdomen to
the symphysis pubis.

Longitudinal, coronal, and transverse scans of the
kidneys were obtained in the supine, supine-oblique,
and prone positions. Renal dimensions including length,
width, anteroposterior thickness as well as renal cortical
thickness and renal parenchymal volume/echogenicity/
echotexture was assessed.

Cortical echogenicity was assessed using the supine
views only and graded as follows:

Grade 0 = normal, renal cortical echogenicity less than
the echotexture of the liver on the right and spleen on
the left.

Grade 1 = Renal cortical echogenicity equal to
echotexture of the liver on the right and spleen on the
left.

Grade 2 = Renal cortical echogenicity greater than
echotexture of the liver on the right and spleen on the
left but less than the renal sinus echo.

Grade 3 = Renal cortical echogenicity equal to the
renal sinus.

Using electronic calipers, the renal length (L) was taken
as the longest distance between the renal poles on the
longitudinal scan and the renal width (W) as the
maximum transverse diameter on the transverse scan.
The renal thickness or depth (D) was taken as the
average of the maximum distance between the anterior
and posterior walls of the midportion of the kidney in
the longitudinal and transverse scans (D1 and D2). The
kidney volume was obtained using the prolate ellipsoid
formula (L x W x D1 + D2/2 x (0.523). ]

Cortical thickness was assessed on a longitudinal scan
as the perpendicular distance from the base of a
pyramid to the renal capsule, 2 cm away from the renal
poles and at the midportion of the kidney.

The renal parenchymal volume was obtained by using
longitudinal and transverse scans. The maximum
longitudinal, transverse, and anteroposterior dimensions
of the kidney and the central sinus echo was obtained,
the ellipsoid formula was used to calculate the renal
volume and the volume of the central sinus echo,
respectively. The renal parenchymal volume is the
volume obtained by subtracting the volume of the
central sinus echo from the renal volume. All
measurements were done by one observer, the values
were measured three times, and the average value was
taken to reduce intraobserver errors.

Statistical analysis

The collected responses were converted into excel
sheets and converted into SPSS software version 25 for
analysis. The study used simple frequency distribution
and unpaired t-test for testing the framed hypothesis.

RESULT

In table 1, the age group of case in the study was 41 to
60 years. The mean age of case group was 51.02 years
with standard deviation of 4.29. The mean age of
control group was 49.21 years with standard deviation
of 4.83.

Table 1: Age Statistics of case and control group

(Age in years) Case Control
Mean 51.02 49.21
Std. Deviation 4.29 4.83
Minimum 41 41
Maximum 60 60

Table 2: Case and control group of Body Weight
Changes

Study Subjects | Weight (kg/m?) p- Value
Mean £SD

Case group 67.96 £ 8.92 <0.05

Control group 65.94 + 8.54 )

It is observed from Table 2 that; Mean Body Weight of
subject case and control group are 67.96 = 8.92 kg
(Mean+SD) and 65.94 + 8.543 kg respectively. This
difference in Body Weight between case and control
group is found to be statistically significant. (P value <
0.01).

Table 3: Case and Control Group of BMI Changes

Study Subjects | BMI (kg/m?) p- Value
Mean £SD

Case group 23.35+2.27 <0.05

Control group 22.01 +£2.20 )

It is observed from Table 3 that; case group Mean BMI
is 23.35 = 2.27 kg/m* (Mean+SD) and control group
Mean BMI is 22.01 + 2.20 kg/m?* (MeantSD). The
difference of these values shows statistically significant
reduction in BMI. (P value < 0.01).
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Table 4: Case and Control Group of WC Changes

Study Subjects | WC (cm) p- Value
Mean £SD

Case group 84.58 + 8.31 <0.05

Control group 82.99 + 8.98 )

It is observed from Table 4 that, Mean Waist-
Circumference is difference from case group of 84.58 +
8.31 cm and control of 82.99 + 8.98 cm. This difference
in Waist-Circumference is statistically significant. (P
value < 0.01).

Table 5: Case and control group of WHR Changes

Study Subjects | WHR p- Value
Mean £SD

Case group 0.87 +0.03 <0.05

Control group 0.86 £0.03 )

It is observed from Table 5 that, Mean WHR is
difference in case group of 0.87 + 0.03 (Mean+SD) and
control group of 0.86 + 0.03 (MeantSD). This
difference in Waist to Hip ratio is statistically
significant. (P value <0.01).

Table 6: Case and Control Group of Pulse Rate
Changes

Study Subjects | Pulse Rate p- Value
(beats/minute)
Mean £SD
Case group 81.79 £ 5.04 <0.001
Control group 74.24 £4.99

It is observed from Table 6 that; the case group Mean
Pulse Rate is 81.79 £ 5.04 beats/min (Mean+SD) and
control group Mean Pulse Rate of 74.24 + 4.99
beats/min (Mean+SD). The difference in Pulse Rate is
statistically significant. (P value < 0.01).

Table 7: Case and Control Group of Right renal
Cortical thickness

Study Subjects | Right renal Cortical | p- Value
thickness (cm),
Mean £SD
Case group 1.5+0.32 <0.05
Control group 1.4+0.38 )

Furthermore, mean right renal cortical thickness in case
group 1.5+0.32 cm and in control group 1.4 + 0.38 cm
in table 7.

Table 8: Case and Control Group of Left renal
Cortical thickness

Study Subjects | Left renal Cortical | p- Value
thickness (cm),
Mean £SD
Case group 1.6 £0.32 <0.05
Control group 1.4+0.37 )

On the other hand, left renal cortical thickness in case
group 1.6+0.32 cm and in control group 1.4 + 0.37 cm
in table 8.

Table 9: Case and Control Group of Right renal
volume

Study Subjects | Right renal volume | p- Value
(cm®), Mean +SD

Case group 82.58+1.47 <0.001

Control group 78.16+1.02

Moreover, mean right renal volume in case group
82.58+ 1.47 cm and in control group 78.16+1.02 cm in
table 9.

Table 10: Case and Control Group of Left renal
volume

Study Subjects | Left renal volume | p- Value
(cm®), Mean+SD

Case group 93.19+1.22 <0.001

Control group 79.27+0.91

On the other hand, left renal volume in case group
93.19 + 1.221 cm and in control group 79.27+0.91cm in
table 10.

DISCUSSION

The assessment of renal disease using biochemical
assay is often carried out by the estimation of serum
electrolyte, urea and creatinine (E/U/Cr) in blood and
also through the determination of the amount
endogenous or exogenous substances present in urine
(urinalysis, 24 hours Creatinine or iohexol Clearance).
Renal function can also be determined from the GFR by
estimating endogenous creatinine clearance using the
Cockcroft Gault equation. [1%

Ultrasonography (US) has therefore become
the standard imaging modality in the investigation of
renal diseases because it is accurate, non-invasive, cost
effective, easily available, convenient and provides
excellent anatomical details. Ultrasonography requires
no special patient preparation neither does it require the
use of X-radiation or contrast agents which are
potentially harmful. [

In this study, the Mean age of the case group
subjects was 51.02+4.29 years (Mean+SD) and control
group subjects was 49.21+4.83 years. It is observed
from Table 3, that in case group Mean Body Weight
was 67.96 + 8.92 kg (Mean+SD) and control group was
65.94 + 8.54 kg. The difference in these values was
found statistically significant (P value < 0.01). That
means hypertension leads to significant weight increase.
Similarly, other studies have reported weight gain
during the Hypertension (Mansi KMS 2007). 12l A few
study sheds light on the renin-angiotensin system — the
hormone system that regulates blood pressure — may
also promote excess weight gain. Peripheral RAS
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activity is increased, there are high levels of the RAS
hormone angiotensin circulating in the rest of the body
it reduces resting metabolism, causing weight gain. [13]

The present study indicates that case group
Mean BMI was 23.35 + 2.27 kg/m? and control group
Mean BMI was 22.01 + 2.20 kg/m?. The difference in
these values was statistically significant (P value <
0.01), as evident from Table 4. That means
hypertension causes significant increase in BMI.
Mechanisms of hypertension-related increase in BMI
include insulin resistance, sodium retention, increased
sympathetic nervous system activity, activation of
renin—angiotensin—aldosterone, and altered vascular
function. This result is in line with the findings reported
by Ziaee V et al (2006). [

In the present study, it is evident from Table 5
that, case group Waist-Circumference of 84.58 + 8.31
cm (M+SD) and control group Waist-Circumference of
82.99 + 898 cm (M+£SD). This increase in Waist-
Circumference was found to be statistically significant.
The result is similar to that observed by Saleh SM
(2005). 151 However, few studies reported no change in
Waist-Circumference [Yucel A et al 2004]. [,
Although the biological mechanisms responsible for the
association between WC and cardiovascular
complications have been hypothesized including
genetic predisposition, activation of the sympathetic
nervous system, insulin resistance, and metabolic
products of intra-abdominal adipose tissue such as

inflammatory adipokines, angiotensinogen, or cortisol.
[17]

Also, there was significant increase in Waist to
Hip ratio (WHR) after hypertension as evident from
Table 6, where Mean WHR was difference from 0.87 +
0.03 to 0.86 + 0.03. Yucel A et al (2004) reported
change in WHR. ') Waist-Circumference and WHR are
the reflection of abdominal obesity. This region of fat
deposition provides a reasonable indication of the
accumulation of intra-abdominal (visceral) adipose
tissue. As there is progressive of fat depots during the
hypertension. [8]

Furthermore, mean right renal cortical
thickness in case group 1.5+0.32 cm and in control
group 1.4 + 0.38 cm. On the other hand, left renal
cortical thickness in case group 1.6+0.32 cm and in
control group 1.4 +0.37 cm. This is in agreement with a
study conducted by Habbal et al. (1998) ) The cortical
size in our study group for both sides are greater than
the cortical size in normoxic area. This variation is
reflection of the fact that short kidneys with stocky
infundibuli has thicker cortex than kidneys with
elongated spidery infundibula (Adibi, 2008). (2%

It is observed from this study, there is a
significant increase in Pulse Rate in case group. In case
group Mean Pulse, Rate was 81.79 + 5.04 beats/min and

control group Mean Pulse Rate was 74.24 + 4.998
beats/min. Similar result is reported by Mansi KSA
(2007). 211 The issues of heart rate increase and
hypertension control are magnified in patients with
kidney disease. Decreased renal function is associated
with elevated heart rate, hypertension, and significantly
increased risk for cardiovascular disease. In patients
with kidney disease, elevated heart rate is associated
with increased risk for cardiovascular disease. [2?!

Moreover, mean right renal volume in case
group 82.58+ 1.47 cm and in control group 78.16+1.02
cm. On the other hand, left renal volume in case group
93.19 + 1.22 cm and in control group 79.27+0.91 cm.
Our observation of increase in left renal volume is
supported by the findings of Athar S, Habib M (1994).
(23] Increased blood flow in the left renal artery may
result in a relatively increase in volume of the left
kidney. (24

CONCLUSION

The cortical size for both kidneys was greater in our
study group compared to cortical size in normotensive
subjects. In agreement with published studies, our study
showed that renal volume is higher in the left than in
the right kidney for both sexes. The female patients
have smaller kidney size compared to males.
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