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Abstract

Background: No satisfactory data of the kidney size and number of the kidney arteries exist in the literature.

Objectives: The aim of the study was to determine the correlation between the kidney projection area and number of renal arteries.
Material and Methods: Using planimetric measurements we evaluated the size of the kidney projection area of 465 kidneys, includ-
ing 247 (53%) male and 218 (47%) female, aged between 4 and 91 years (mean age: 58 + 18 years).

Results: The above-mentioned size ranged between 21.4 and 104.4 cm? (mean: 60.10 + 11.20 cm?). It significantly decreased with
the age of deceased patients (p = 0.001). It was significantly higher in the male, as compared to the female population (p = 0.001). The
side of the body had no influence on kidney size (p = 0.53) The size of the kidney projection area was significantly dependent on the
number of renal arteries (p = 0.0138), but the dependency between the size of the kidney projection area and maximum distance of
branching renal arteries correlated on the borderline of significance- r = 0.2 (p = 0.09).

Conclusions: The size of the kidney is significantly associated with the number of accessory renal arteries.
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Introduction

Dealing with the size of the kidney has certain importance considering clinical practice [1-4]. Casuistic case reports [5-7] and own

observations in everyday practice (Figure 3 and 4) proves that the size of the kidney depends on the number of renal arteries.

Glodny,, et al. [8] evaluated radiologically kidney size in 1040 adult patients, demonstrating that (among others) it also depends on the

number of kidney arteries. However, the authors did not enter deeper in the issue.

Determination of the size of the kidneys by means of radiological imaging methods [1,2,7,9-13] is associated with some inconsistencies,

arising from the fact that the kidney does not have a clear ellipsoidal shape [14,15]. This can do some trouble in comparative evaluation.

Based on the above - mentioned the most accurate comparison feature (in our opinion) is the projected area of the renal vascular mesh

(Figure 1 and 2). This feature was used in our studies.

Materials and Methods

Investigations were performed on 377 deceased aortonephrograms (754 kidneys) (Approval of the Bioethical Committee Nr 2/
BOPD/2017 DIL) All kidneys were subject to histopathological examinations. If clinical data mentioned a history of malignant neoplasm
or amyloidosis, and the microscopic examinations showed the presence of an inflammatory or neoplastic foci cases were excluded from

the study. In the end, the surface of projection area and its arterial vascularization were determined in 465 kidneys.
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The vasculorenal sample was excised “en bloc”. After ligation of all vessels, a 30% aqueous solution of barium sulfate was introduced
under pressure into the aorta, as to fill all afferent arterioles supplying the glomerulus. X-rays were performed on 35.6 x 35.6 cm cassettes,
containing reinforcement “Foton” films with a sensitivity of 125 CUK. Exposition was performed by means of a probe with a rated voltage
of 65 kV and 10 m A from a distance of 90 cm. After two weeks of fixation in a neutralized 10% solution of formalin, the anatomical sample
was subject to thorough investigation. As the value of reliable comparative studies we used the size of the projection area of the kidney
(Figure 1 and 2). The above-mentioned was determined on the basis of the planimeter, manufactured by PZO (average of two measure-
ments taken at an interval of one month by one person, H.S). The obtained results in square centimeters were subject to statistical analysis
(descriptive statistics, Student’s test, analysis of variance, correlation matrix and linear models were performed using Statistica software

version 10). P = 0.05 mean differences were considered as statistically significant.

Results

465 kidneys were subject to analysis, aged between 4 and 91 years (mean age: 58.49 + 18.12 years).

There were 247 (53.11%) male kidneys aged between 13 and 91 years, (mean age: 57.46 * 16.75 years), and 218 (46.89%) female
kidneys, aged between 4 and 87 years (mean age: 59.67 + 19.54 years) (p = 0.189).

The size of the projection area ranged between 21.36 cm? and 104.37cm? (mean: 60.12 + 11.15 cm?). The mean projection area on the
left side amounted to 59.8 + 11.04 cm? and 60.44 + 11.27 cm? on the right side (p = 0.53). Gender significantly differentiated the size of the
projection area. The above-mentioned was significantly greater in men, as compared to female kidneys. Considering men the projection
area ranged between 39.03 and 104.37cm? (mean: 62.87 + 11.21 cm?). In case of female kidneys it ranged between 21.36 and 92.23 cm?
(mean: 57.0 = 10.24 cm?) (p = 0.001). In women, both the left and right kidneys were smaller, as compared to male specimens (Table 1).
On the other hand, no statistically significant differences were observed considering the side of the body, between both sexes, although
the size on the right side exceeded that of the left (p = 0.65).

No Subject Men Women P
N % Kidney projection area N % Kidney projection area
Min Max x+SD Min Max x*SD
1 Total 247 | 53.10 | 39.03 | 104.37 | 62.87+11.21 | 218 | 469 | 21.36 | 92.23 | 57.00+10.24 | 0.0001

2. Left Kidney | 123 | 49.79 | 39.03 | 104.37 | 62.55+11.10 | 109 | 50.0 | 21.36 | 89.81 | 56.09 £ 10.16 | 0.0001
3. | RightKidney | 124 | 50.20 | 40.78 | 90.10 | 63.20+11.36 | 109 | 50.0 | 22.14 | 92.23 | 57.31+10.37 | 0.0001

Table 1: Kidney projection area in men and women (cm?).

Explanations: N= Number of kidneys, % = Percentage.

The size of the projection area was significantly associated with the number of renal arteries (Table 2 and 3 and diagram 1). The mean

projection area with one artery was 59.4 + 10.9 cm? while that with multiple renal arteries- 62.26 + 11.7 cm? (p = 0.0183).

No Subject Kidney with only one artery Kidney with multiple arteries P
N Kidney projection area N Kidney projection area
Min Max x+SD Min Max x+SD
1 Total 351 21.36 92.23 59.40£10.90 | 114 36.60 104.37 62.26 +11.70 | 0.0183
2. Left kidney | 169 21.36 89.42 58.37£10.43 | 63 36.60 104.37 63.64 £11.76 0.001
3. | Rightkidney | 182 22.14 92.23 60.41+11.21 | 51 41.84 89.81 60.56 £ 11.53 0.935

Table 2: Kidney projection area with only one artery and with multiple arteries (cm?).

Explanations: N = Number of kidneys, % = Percentage.
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Number of arteries | Number of kidneys | Mean kidney area (cm?) | Standard deviation | Standard Error
1 351 59.43 10.88 0.58
2 97 61.65 11.95 1.21
3 15 65.06 10.45 2.70
4 2 70.72 5.13 3.63
Overall 465 60.12 11.15 0.52

Table 3: Parameters of Kidney projection area by number of arteries.
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Diagram 1: Plot of kidney projection area by number of arteries.

With age the size of the projection area was subject to significant reduction (p = 0.001).

The curve of the above-mentioned in case of one artery and multiple arteries was presented in diagram 2.
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Diagram 2: Correlation between age and kidney projection area with one and multiple arteries.
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During the following stage, we evaluated the dependency between the size of the projection area, and distance between distal renal
arteries, branching of the aorta. The greater the distance between the two, the greater the kidneys (Figure 2-4). Considering the 74 mul-
tiple artery kidneys, the minimum projection area was 36.6 cm?, while the maximum-104.37 cm? (mean: 63.76 + 11.67 cm?). However, the
minimum distance between the distal arteries branching of the aorta amounted to 0.1cm, while the maximum- 9.5 cm (mean: 2.86 + 2.85

cm). The correlation r factor amounted to 0.2 (p = 0.09). Diagram 3 presented the regression curve.
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Diagram 3: Correlation between kidney projection area and renal multiple arteries distance.
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Figure 1: Aorto-nephrogram with bilateral single artery.
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Figure 2: Aorto-nephrogram with three arteries on the right(arrow) and one on the left side(arrowhead).
The right kidney projection area greater than the left one.

86

Figure 4: Vasculorenal sample (anterior-posterior view). Three arteries on the right (arrow) and two on the left side (arrowhead).
Right kidney greater than the left one.
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Discussion

Kasiske and Umen showed that the human physique is the most important determinant, considering the size of the kidneys and its

glomerulus [16].

During fetal evolution, kidneys grow symmetrically from each trimester, regardless gender [17]. However, in children [18,19], as well
as adults, the left kidney was significantly larger than the right one [9,10]. According to Tarzamni,, et al. [13], the left kidney was slightly
longer than the right one. Our own observations and others [1,20] were of different opinion. In trisomy 13 there was a tendency for the

left kidney to be lighter, and the right heavier, but in case of other trisomy disorders this was not observed [21].

However, when comparing the size of the projection area of the kidney angiogram, considering one and multiple arteries, the left
kidney proved to be significantly greater. In our previous studies, we showed that the presence of multiple arteries was observed more
often on the left side of the body [22]. This might be responsible for the observations deduced by the above-mentioned authors, who

demonstrated greater left kidney size.

According to Emamiam., et al. [10], the left kidney is greater, because the spleen is smaller than the liver, which creates more space
for its development, as well as because the left renal artery is shorter and more straight, as opposed to the right artery. The latter favors

greater blood inflow and kidney growth.
Interesting studies concern research on the size of the kidney and patient age.

Our studies showed that the projection area was significantly decreased in older patients. Akpinar, et al. [9] also demonstrated that
the length of the kidney significantly decreased with age, as well as the kidney shape changed with age. It became wider and thicker [10].
There is a possibility that atherosclerosis plays an important role in the pathogenesis of age-associated changes, considering renal struc-

ture and function [23].

On the other hand, considering large correlation studies, age had no impact on kidney weight if BSA was taken into account. Increases

in BSA are accompanied by a proportional increase in renal size and function [16].

In children up to 15 years of age no kidney size differences were observed, in relation to gender (sex) [19], but in 665 healthy adult
volunteers, the mean kidney volume was greater in men, as compared to female patients [10]. Our own studies showed that the kidney
projection area was significantly greater in the male population. It is hard to tell where these differences come from. Perhaps the more

frequent incidence of multiple arteries in men might be responsible for the above-mentioned [22].

Finally, clinical aspects should be taken into account. It is worth to remember that Raman., et al. [3] observed no relationship between

arterial pressure and kidney size in 188 healthy volunteers.
The kidney volume derived from CT scans can help predict the GFR value in kidney donors with normal renal function [1].

Considering 156 patients the left kidney was collected for transplantation in 94% of cases [12]. However, anatomical variations in
renal arteries dictate the choice of the right kidney instead, and in 24% of cases, it was procured [24]. In the presence of two equivalent
kidneys the right was generally preferred, because it was smaller, more accessible then the left kidney, lower in the abdomen, and during
pregnancy, more prone to hydronephrosis and pyelonephritis [25]. Thus, authors leave the better with the donor, and the smaller of the

two kidneys is used for donation [2].

Conclusions

The size of the kidney projection area was influenced by kidney gender and age of deceased patients. A significant relationship be-
tween the projection area and number of renal arteries was observed, especially, on the left side. The kidneys with multiple arteries also

showed a certain relationship, although insignificant considering the distance of renal arteries branching from the aorta.
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