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Abstract

:

Introduction: Renal lobulation (also known as fetal or embryonic lobulation) is a rare variation during development in which renal lobules have a visible anatomical space between them, and this can be seen in 0.5–4% of adults. Material and methods: this study was conducted on 54 human kidneys from patients who died due to causes unrelated to renal pathology which were fixed in a 10% formaldehyde solution and then carefully dissected. Results: The group with fetal lobulation (n = 16) was associated with a length M = 9.89 (SD = 0.6, p = 0.15). By comparison, the kidneys without lobulation (n = 38) were associated with a numerically longer length M = 10.29 (SD = 0.607, p = 0.098). To test the hypothesis that lobulation is associated with a statistically significant different length a Mann–Whitney test was performed, which indicated that the length of the kidneys is smaller in scase of lobulation U = 198, Z = −2.04, p = 0.04. Cross-tabulation also demonstrated that kidney lobulation may be influenced by the presence of polar arteries with r = 0.41 (p < 0.02). The likelihood ratio was 7.28, df 1, p = 0.003, with an odds ratio of 6.857 (CI 95% = 1.84–25.61). Logistic regression analysis demonstrated that kidneys with lobulation were 6.85 times more likely to have polar arteries than kidneys without lobulation. Conclusions: the data from our research indicate that even though no pathological conditions have been linked with lobulated kidneys, the incidence of vascular variations (specifically polar arteries) is higher when there is persistent fetal lobulation.
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1. Introduction


Developmental variations in kidney anatomy occupy a special place in fundamental and applied medical disciplines. In our time, the number of invasive and non-invasive procedures on the organs of the urinary system has significantly increased. This requires the training of specialists, including a detailed study of the anatomy of organs. The structure of the human body should be studied, taking into account age, sex and individual characteristics. Equally important is the anatomy, given the needs of the clinical disciplines where these specialists’ knowledge will be applied. The problem has increased significantly, given the progress in recent years in urology, nephrology, vascular surgery and oncology. The list and complexity of procedures has increased markedly, but the importance of fundamental disciplines for the implementation of complex surgical and diagnostic procedures has remained unchanged [1,2,3].



The development of medicine has led to the introduction, into wide practice, of modern methods for the diagnosis and treatment of kidney diseases. Many of these methods are based on a deep understanding of the normal anatomy and developmental patterns of the kidney. The preoperative assessment of variant anatomy using CT has become one of the fundamental research methods to avoid iatrogenic injuries and assess operative risk. Selective angiography of the kidneys and denervation of the renal arteries are becoming more widely used procedures for the treatment of acute and chronic conditions. Given the frequency of the occurrence of anomalies and variants in the development of the genitourinary system, the relevance of these procedures is higher than ever [2,4].



Renal lobulation (also known as fetal or embryonic lobulation) is a rare variation of development in which the renal lobules have a visible anatomical space between them. Renal lobulation appears at 18 weeks of embryogenesis and remains evident until the age of 3–5 years. After 3 to 5 years the cortex losses its lobulated appearance [5,6,7]. In a small percent of patients, the lobules tend to persist and are considered to be a benign variation. Fetal lobulation is considered to be rare in adult patients and can be seen in 0.5–4% of cases depending on the study and method that was used for its assessment [8,9].



There are three main types of kidney surface anatomy: normal (bean shaped), with fetal lobulation, and with a dromedary hump. All three variants are considered to be normal. However, kidneys with fetal lobulation and dromedary humps can sometimes be confused with pathological conditions such as tumors and nephrosclerosis [10,11,12]. Kidney lobulation may lead to unnecessary testing and subsequent clinical complications by masquerading as other lesions [13]. It is also present in some developmental anomalies. For instance, in Bardet–Biedl syndrome fetal lobulation is present in 12–84% of cases [14,15]. Therefore, there is a number of coincidental relationships between developmental variations of the kidney and other conditions.



The current study is an attempt to analyze factors that may lead to the lobulated appearance of the kidneys.




2. Materials and Methods


This study was conducted on 54 human kidneys, from patients who died due to causes unrelated to renal pathology, which were fixed in a 10% formaldehyde solution. After seven days of preservation in a formaldehyde solution the kidneys were dissected manually. The kidneys were considered to have fetal lobulation based on their surface anatomy (the presence of anatomical spaces between the lobules), as seen in Figure 1. Bean-shaped kidneys without surface lobulations were included in the second group (Figure 2). The data acquired during the study were analyzed statistically (Spearman’s correlation, cross-tabulation analysis, Mann–Whitney test and logistic regression). Spearman’s correlational analysis was used to determine the correlation between the presence of fetal lobulation and the length, width and number of major calyces. Cross-tabulation analysis was used to determine the associations between fetal lobulation, sex, kidney position (right or left), presence of any vascular variation (double arteries, early bi- or trifurcation), presence of polar arteries and the position of arteries in the renal sinus (vein–artery–pelvis or artery–vein–pelvis). A Mann–Whitney test was performed to test the hypothesis that lobulation is associated with a statistically significant difference in the length or width of the parenchyma.



The study was conducted according to the ethical laws of the institution and was approved by the ethics committee (19 August 2018 nr. 80/85).




3. Results


During our study, out of 54 kidneys 29.6% (16 cases) displayed fetal lobulation. The remaining 70.4% (38 cases) had a normal bean-shaped structure, including a dromedary hump that was seen in 20.3% of kidneys (11 cases). Descriptive statistics of the kidneys are presented in Table 1.



The group with fetal lobulation (n = 16) was associated with a length M = 9.89 (SD = 0.6, p = 0.15). By comparison, the kidneys without lobulation (n = 38) were associated with a numerically longer length M = 10.29 (SD = 0.607, p = 0.098) (Figure 3). To test the hypothesis that lobulation is associated with a statistically significant different length a Mann–Whitney test was performed, which indicated that the length of the kidneys is smaller in case of lobulation; U = 198, Z = −2.04, p = 0.04 (Figure 4).



Spearman’s correlation showed an r = −0.28 (p = 0.04) between the presence of renal lobulation and the length of the kidneys. There was no correlation between renal lobulation and width. This correlation is considered to be medium, thus, the relationship may be not that evident and other factors may be involved. Based on these results, the group with fetal lobulation was associated with a statistically significant shorter length than the group without fetal lobulation (Figure 3).



The association between the kidney lobulation and vascular variation was identified using a Chi-square test (ꭓ2 = 21.11, df = 1, p < 0.001) with no correction for continuity, which reduced the Chi-square test ꭓ2 value to 18.46; the result remaining significant (p < 0.001). Similarly, the Chi-square test of independence found the relationship between the polar arteries’ presence and fetal lobulation (ꭓ2 = 9.19, df = 1, p = 0.002) had an odds ratio of 6.857 (CI 95% = 1.84, 25.61). There was no relationship between fetal lobulation and the number of major calyces or sex.



A logistic regression was performed to ascertain the effects of polar arteries on the likelihood that kidneys have cortex lobulation (Step 1) and the effect of both polar arteries and length on the likelihood that kidneys have cortex lobulation (Step 2). In step 1, the logistic regression model was statistically significant, ꭓ2 = 8.73, df = 1, p = 0.003. The model explained 21.2% (Nagelkerke R2) of the variance in kidney lobulation and correctly classified 75.9% of cases. Kidneys with lobulation were 6.85 times more likely to have polar arteries than kidneys without lobulation (OR = 6.85; CI 95% = 1.84, 25.61). Width, sex, number of calyces, kidney side and the presence of vascular variations other than polar arteries did not influence the model and were excluded.



Sensibility and specificity (x% and y%, respectively) were analyzed based on the cut-off value 0.4 that was estimated after the classification plot analysis (Figure 5).



In step 2, the logistic regression model was statistically significant, ꭓ2 = 17.63, df = 2, p = <0.001. Determining the coefficient (Nagelkerke R2) of the model explained 39.6% of the variance in kidney lobulation and correctly classified 79.6% of cases. Kidneys with lobulation were 14.01 times more likely to have polar arteries than kidneys without lobulation when length was taken in consideration as a cofactor (OR = 16.87, CI 95% = 2.78, 70.56) (Table 2).



The discrimination analysis showed that the area under the ROC curve was 0.84 (95% CI 0.72, 0.96), which is significantly higher than 0.5 (p < 0.001) (Figure 6).



The model calibration being estimated as ꭓ2 = 16.5, df = 7, p = 0.21 can be interpreted as a research limitation because of its decreased model fit.




4. Discussion


The kidneys are the largest paired organ of all the organs of the retroperitoneal space, and are located in its upper section in the renal beds on both sides of the spine. Many authors describe the kidney as a paired, bean-shaped organ with a smooth surface in adults, more convex anteriorly, less convex posteriorly, with a convex lateral margin and a concave medial one. The concave, open, medial edge has a recess—the renal gate. Based on this, it is customary to distinguish the anterior and posterior surfaces of the kidney, the outer and inner edges, as well as the upper and lower poles. The renal gates pass into extensive depressions that protrude into the substance of the kidney and are called the renal sinus. In the renal sinus there are elements of the collecting system of the kidneys—the calyces and pelvis, as well as blood, lymphatic vessels, nerves and fatty tissue. Normally, the kidneys are supplied by one artery and drained by one vein [1,3].



Congenital variations of the kidney’s form are persistent fetal lobulation, a hypertrophied column of Bertin, and a dromedary hump. Other anomalies include: fusion anomalies (e.g., horseshoe kidney and pancake kidney); anomalies of the renal position (e.g., renal malrotation, simple renal ectopia, and crossed renal ectopia); renal number (e.g., renal agenesis and supernumerary kidney); and abnormalities in the development of the urinary collecting system (e.g., pyelocaliceal diverticulum, megacalycosis, ureteropelvic junction obstruction, duplex collecting system, megaureter, ectopic ureter and ureterocele) [16]. Of all of the abovementioned variations in developmental structural changes such as fetal lobulation, dromedary humps are relatively understudied. The three main types of kidney shape that are described in the literature are normal (bean-shaped), those with a dromedary hump and lobulated kidneys (fetal). Although the anatomy of the kidney is abundantly studied, the main focus is usually on its vascular supply, while its surface anatomy is often overlooked. There is limited information about the relationship between individual variations during development and later life outcomes.



Lobulated kidneys can be seen in animals, especially in aquatic and marine mammals [17]. Therefore, the lobulated appearance of the kidneys in children likely represents an embryological remnant. Nevertheless, it rarely occurs in adults and is seen more frequently in several pathologic conditions. It is frequently seen in Bardet–Biedl and Zellweger syndromes and may indicate a defect in renal maturation [18]. The lobulated appearance is the result of fetal lobulation that persists into adulthood and is caused by incomplete fusion of the developing renal lobules. It is important in imaging to distinguish between lobulation and scarring, which can occur from reflux and/or chronic infection.



Developmental anomalies of the kidneys in 50–60% of cases are associated with anomalies in other organs and systems. Anomalies of the cardiovascular system occur in 25% of cases, the gastrointestinal tract—18%, the central nervous system—10%, the skeleton—9%, the lungs—6%, the face—7%, the urinary system—4%, the diaphragm—2% and the eyes—1%. In approximately 47% of cases, anomalies are combined and involve several systems [19].



The idea that the kidney shape depends on its vasculature is not new and there have been multiple reports in the past (most of which are single case reports) [20,21,22,23,24].



One study described the bilateral malrotation of the kidney, bilateral lobulated kidneys and the open hilum of the kidney. The renal pelvis was present anterior to the renal vessels instead of in the posterior position. The right kidney was in a lower lumbar position and had three supplementary arteries and two veins [20].



In a study that involved 54 cases of double renal arteries supplying one kidney and originating from the aorta, multiple other variations in development were found, such as double renal veins, double ureter, the persistence of the fetal renal lobulation of the adult kidney and a genital artery originating from the supplementary renal artery [21].



Several reports describe diamond-shaped, discoid-shaped, pyramidal kidneys and in all of the cases there were either additional vessels or a variation in the development of the single vessel [22,23,24].



In another case report, the right kidney was pyramidal in shape and the hilum was directed anteriorly. In this case, the right renal vessels were twisted against each other and could explain the unusual shape of the organ [24].



In an autopsy case of an 87-year-old woman, the left kidney was found to be diamond-shaped and situated lower than usual. The hilum of this kidney was larger and facing anteriorly. Four accessory arteries supplied the organ and it was drained by one ordinary and one supernumerary vein [22]. In another case report, a discoid-shaped ectopic kidney located in front of the right common iliac artery was observed in a 71-year-old Japanese man [23].



Therefore, there are several reports that show that lobulated kidneys and vascular anomalies have obvious links. The exact mechanism of this is still debated but it is probably linked to hemodynamic changes in the kidneys. It is important to mention that these changes are also often seen in some pathological conditions. Further studies may show whether this condition can affect the people’s health or whether it really is benign. Variations or anomalies of shape are usually associated with variations in the arterial supply. However, it is worth mentioning that arterial variations are more common than venous [2,4]. The number of accessory renal veins is also smaller, while in rare instances there can be up to seven renal arteries [4,25,26]. This may partially explain the reason why we did not find any association with venous anomalies. The arterial supply of the internal organs is characterized by a high degree of variation in origin, trajectory, and branching patterns [27]. This is especially true for the kidneys, which have accessory renal arteries in 18.2–23.1% of cases [28,29]. In rare cases the kidney may have up to seven renal arteries, and multiple renal arteries are often seen in other congenital anomalies [21,26,30]. Changes in the vascular supply and drainage may have hemodynamic consequences leading to the persistence of fetal lobulation. Logistic regression analysis demonstrated that that kidneys with surface lobulation were 6.85 times more likely to have polar arteries than kidneys without lobulation. This relationship was more evident when length was taken in consideration as a cofactor (lobulated kidneys were 14.01 times more likely to have polar arteries than kidneys without lobulation).



There are little data on renal lobulation in adults. This is due to the fact that kidney lobulation is seen only in 0.5–4% of adults [8,9]. Favorito and coworkers evaluated fetal lobulation in 108 kidneys obtained from human fetuses and found that renal clefts have great variation, weak correlation and no tendency to decrease during the second gestational trimester [31]. Lorenz and coworkers assessed kidney anatomy and diseases in 1997 potential donors and encountered fetal lobulation in only 0.5% of cases (CI 95%, 0.2–0.9). There was no difference in the incidence of lobulation between males and females [9]. Harrison and coworkers analyzed 166 renal arteriograms and found that 4% of kidneys had kidney lobulation [8]. Our study demonstrated a higher incidence of kidney lobulation (29.6%). Due to the small group size this finding is likely accidental and does not allow us to extrapolate the results to a larger population. Nevertheless, it allowed us to analyze two group of kidneys (with and without lobulation), demonstrating that there is a high prevalence of arterial variations (particularly with accessory arteries and polar arteries).



The major limitation of the current study is the small number of cases. Fetal lobulation is considered rare and it is difficult to collect a large group of specimens. The strength of this study is that this is, to our knowledge, the first study to assess the possible reasons for persistent fetal lobulation in adults.




5. Conclusions


The data from our research indicate that even though no pathological conditions have been linked with lobulated kidneys, the incidence of vascular variations (specifically polar arteries) is higher when there is persistent fetal lobulation. Therefore, this condition could be caused by hemodynamic changes inside the organ. Due to the small number of evaluated cases, further evaluation of this condition may provide additional data. However, this is difficult due to its low incidence in the adult population. Kidneys with fetal lobulation also tend to be smaller. The proposed model requires validation and completion to determine a coefficient value of 0.8.
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Figure 1. Kidneys with lobulated appearance. 1—right kidney; 2—left kidney; 3—inferior vena cava; 4—aorta, 5—accessory renal vein, 6—accessory renal artery. 
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Figure 2. Bean-shaped kidneys. 1—right kidney; 2—left kidney; 3—inferior vena cava; 4—aorta. 
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Figure 3. Comparison of length between groups (asterisk and circles indicates outliers). 
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Figure 4. Comparison of means (blue indicates kidneys with no surface lobulation, red indicates presence of surface lobules). 
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Figure 5. Classification plot analysis. 
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Figure 6. ROC curve. 
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Table 1. Descriptive statistics.
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Lobulation




	
Absent

	
Present






	
Length, cm

	
Mean (SD)

	
10.29 (0.61)

	
9.89 (0.6)




	
Median (IQR)

	
10 (1)

	
10 (1)




	
Width, cm

	
Mean (SD)

	
5.14

	
5.16




	
Median (IQR)

	
5 (1)

	
5 (1)




	
Vascular anomalies

	
Absent

	
Count (%)

	
26 (66.7)

	
13 (33.3)




	
95% CI

	
51.1, 79.9

	
20.1, 48.9




	
Present

	
Count (%)

	
12 (80.0)

	
3 (20.0)




	
95% CI

	
55.6, 94.0

	
6.0, 44.4




	
Number of major calyces

	
Two

	
Count (%)

	
13 (34.2)

	
2 (12.5)




	
95% CI

	
20.7, 50.0

	
2.7, 34.4




	
Three

	
Count (%)

	
17 (44.7)

	
12 (75.0)




	
95% CI

	
29.8, 60.4

	
50.9, 90.9




	
Four

	
Count (%)

	
8 (21.1)

	
2 (12.5)




	
95% CI

	
10.5, 35.8

	
2.7, 34.4




	
Sex

	
Female

	
Count (%)

	
14 (73.7)

	
5 (26.3)




	
95% CI

	
51.6, 89.2

	
10.8, 48.4




	
Male

	
Count (%)

	
24 (68.6)

	
11 (31.4)




	
95% CI

	
52.2, 82.0

	
18.0, 47.8




	
Polar artery

	
Absent

	
Count (%)

	
32 (82.1)

	
7 (17.9)




	
95% CI

	
68.0, 91.6

	
8.4, 32.0




	
Present

	
Count (%)

	
6 (40.0)

	
9 (60.0)




	
95% CI

	
18.8, 64.7

	
35.3, 81.2




	
Position of the anatomical structures (vein, artery, pelvis)

	
Abnormal

	
Count (%)

	
19 (70.4)

	
8 (29.6)




	
95% CI

	
51.8, 84.9

	
15.1, 48.2




	
Normal

	
Count (%)

	
19 (70.4)

	
8 (29.6)




	
95% CI

	
51.8, 84.9

	
15.1, 48.2




	
Kidney

	
Right

	
Count (%)

	
15 (65.2)

	
8 (34.8)




	
95% CI

	
44.9, 82.0

	
18.0, 55.1




	
Left

	
Count (%)

	
23 (74.2)

	
8 (25.8)




	
95% CI

	
57.1, 87.0

	
13.0, 42.9











 





Table 2. Logistic regression between kidney lobulation, polar arteries and length.






Table 2. Logistic regression between kidney lobulation, polar arteries and length.





	
Variables in the Equation




	

	
B

	
S.E.

	
Wald

	
df

	
Sig.

	
Exp(B)

	
95% C.I. for EXP(B)




	
Lower

	
Upper






	
Step 1

	
Polar artery

	
1.93

	
0.67

	
8.2

	
1

	
0.004

	
6.86

	
1.84

	
25.61




	
Constant

	
−1.52

	
0.42

	
13.27

	
1

	
<0.001

	
0.22

	

	




	
Step 2

	
Kidney length

	
−1.85

	
0.7

	
6.92

	
1

	
0.009

	
0.16

	
0.04

	
0.62




	
Polar artery

	
2.64

	
0.83

	
10.24

	
1

	
0.001

	
14.01

	
2.78

	
70.56




	
Constant

	
16.87

	
6.92

	
5.94

	
1

	
0.015

	
21,153,792.17
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