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Abstract

Purpuse The aim of this study was to analyze the anat-

omy of the inferior pole collecting system and the mid-

renal-zone classification in human endocasts applied to

flexible ureteroscopy.

Methods 170 three-dimensional polyester resin endocasts

of the kidney collecting system were obtained from 85 adult

cadavers. We divided the endocasts into four groups: A1—

kidney midzone (KM), drained by minor calices (mc) that

are dependent on the superior or the inferior caliceal groups;

A2—KM drained by crossed calices; B1—KM drained by a

major caliceal group independent of both the superior and

inferior groups; and B2—KM drained by mc entering

directly into the renal pelvis. We studied the number of

calices, the angle between the lower infundibulum and renal

pelvis and the angle between the lower infundibulum and

the inferior mc (LIICA). Means were statistically compared

using ANOVA and the unpaired T test (p\ 0.05).

Results We found 57 (33.53 %) endocasts of group A1;

23 (13.53 %) of group A2; 59 (34.71 %) of group B1; and

31 (18.23 %) of group B2. The inferior pole was drained

by four or more calices in 84 cases (49.41 %), distributed

into groups as follows: A1 = 35 cases (41.67 %); A2 = 18

(21.43 %); B1 = 22 (26.19 %); and B2 = 9 (10.71 %).

Perpendicular mc were observed in 15 cases (8.82 %). We

did not observe statistical differences between the LIICA in

the groups studied.

Conclusions Collector systems with kidney midzone

drained by minor calices that are dependent on the superior

or on the inferior caliceal groups presented at least two

restrictive anatomical features. The mid-renal-zone classi-

fication was predictive of anatomical risk factors for lower

pole ureteroscopy difficulties.
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Introduction

The use of flexible ureteroscopy (FUR) in treatment of intra-

renal stones has increased, especially for those located in the

inferior renal pole [8, 10]. The stone-free rate, regardless the

chosen treatment method, is directly related to anatomic

parameters [4, 9, 22]. The size of calculi is one of most

important factors for decision on the best treatment method

[5]. Stones wider than 20 mm are better treated with percu-

taneous surgery, while stones smaller than 10 mm show good

results when treated by flexible ureteroscopy (FUR) or extra-

corporeal shockwave lithotripsy (ESWL), and stones between

10 and 20 mm are treated with FUR with good results [5].

The spatial anatomy of the lower pole group of calices

influences the success rate of FUR [7, 12]. Patients with

unfavorable parameters show lower stone-free rates when

FUR was the method of choice [7, 12]. The three-dimen-

sional anatomy of the collector system is well known [23].

Previous studies have analyzed the inferior pole anatomy

applied to SWL and showed that multiple inferior pole

calices, with width smaller than 4 mm, along with the

angle between the renal pelvis and inferior infundibulum,

are the most influential factors for elimination of stone

fragments after ESWL [21, 22].
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The aim of this study was to analyze the three-dimen-

sional anatomy of the inferior pole collecting system and

the mid-renal-zone classification in human endocasts for

better application of flexible ureteroscopy for intrarenal

stone treatment.

Materials and methods

The present work received institutional review committee

approval. This study was carried out in accordance with the

ethical standards of the hospital’s institutional committee

on human experimentation.

We analyzed 170 three-dimensional polyester resin

endocasts of the kidney collecting system belonging to our

research unit. The endocasts were obtained from 85 fresh

adult cadavers whose genitourinary system presented no

macroscopically detectable pathologies. Kidneys with any

anomalies were excluded from the sample. The ureters

were dissected and injected with a yellow resin to obtain

three-dimensional endocasts, according to the technique

previously described [20, 23]. After polymerization of the

resin, kidney samples were placed in acid for corrosion of

organic matter, which yielded three-dimensional endocasts

of the collecting systems.

We divided the endocasts into four groups: A1—kidney

midzone (KM) drained by minor calices that are dependent

on the superior or on the inferior caliceal groups; A2—KM

drained by crossed calices, one draining into the superior

caliceal group and another draining into the inferior cal-

iceal group; B1—KM drained by a major caliceal group

independent both of the superior and inferior groups; and

B2—KM drained by minor calices entering directly into

the renal pelvis [23].

In the inferior pole, we studied the following: (a) num-

ber of minor calices; (b) width and length of the

infundibulum and the minor calices; (c) presence of per-

pendicular calices; (d) angle between the lower

infundibulum and renal pelvis (LIP), measured by Sam-

paio’s [22] and Elbahnasy’s method [4]; and (e) angle

between the lower infundibulum and the inferior minor

calices (LIICA). The measurements were made with the aid

of the Microsoft Powerpoint software [13], as shown in

Fig. 1. The data were analyzed using ANOVA and the

unpaired T test (p\ 0.05).

Results

We found 57 endocasts of group A1 (33.53 %); 23

(13.53 %) of group A2; 59 (34.71 %) of group B1; and

31 (18.23 %) of group B2. Figure 2 shows the

anatomical structures of the four groups studied. The

anatomical characteristics of the inferior pole, including

measurements of angles, calices and infundibulum, are

shown in Table 1.

The LIP measured by Elbahnasy’s method was[90� in
70 endocasts (29.42 %); B60� in 21 (12.35 %) and

between 61� and 90� in 120 (70.6 %). Among the 21

endocasts with LIP\60�, 4 (2.35 %) were of group A1, 2

(1.18 %) of group A2, 8 (4.7 %) of group B1 and 7

(4.12 %) from group B2, and no difference was noticed in

the distribution comparing the four groups (p = 0.8667).

There was only one endocasts with LIP\30� from group

B1. The LIP angle values were larger when measured by

Sampaio’s method: 123 endocasts (72.35 %) [90�; 45

(26.47 %) between 61� and 90�; and only two endocasts

(1.18 %)\60�. The frequencies of LIP distributed in each

group are shown in Table 2. Comparison of measurement

results of LIP angles by Sampaio’s and Elbahnasy’s

methods showed significant statistical difference

(p\ 0.0001 in groups A1, B1 and B2 and p = 0.0003 in

group A2).

The inferior pole was drained by four or more calices in

84 cases (49.41 %), distributed in groups as follows:

A1 = 35 cases (41.67 %); A2 = 18 (21.43 %); B1 = 22

(26.19 %); and B2 = 9 (10.71 %). In the remaining cases

(50.59 %), the inferior pole was drained by a single mid-

line caliceal infundibulum, receiving one to three fused

papillae.

In the 170 cases studied, the inferior renal pole was

drained by an average of 3.62 minor calices. The frequency

of calices in each group can be seen in Tables 1 and 3.

Perpendicular minor calices were observed in 15 cases

(8.82 %). The frequency by groups is shown in Table 1.

The spatial caliceal orientation study showed significant

difference of groups A1, B1, and B2, where lateral calices

were more frequent (p\ 0.0001) when compared to the

anterior and posterior caliceal orientation. In the group A2,

no spatial caliceal orientation was predominant

(p = 0.6295). For the anterior, lateral, and posterior cal-

iceal orientation between groups, differences could be

observed between groups A2 and B2 (p = 0.0378), with

predominantly anterior calices in the group A2. No dif-

ference was seen when lateral calices were studied

(p = 0.1487), but posterior calices analyses showed dif-

ferences between groups A1 and B2, groups A2 and B1,

and groups A2 and B2, with posterior calices more frequent

in group A.

The average infundibular length and width in the four

collecting renal system groups are shown in Table 1. No

infundibular width difference was observed between

groups (p = 0.1778). Infundibular length differences

between groups A1 and B1, groups A2 and B1, and groups

A2 and B2 (p = 0.0004) showed that, in general, type A

caliceal groups are longer than type B caliceal groups.
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The most inferior infundibular caliceal angle measure-

ment (LIICA 1) was significantly smaller in the group B than

in group A (p = 0.0002). There were no statistical differ-

ences between other LIICAmeasurements (from LIICA 2 to

LIICA 7). The average of all LIICA can be seen in Table 1.

Discussion

Previous knowledge of the anatomy of the renal collector

system is important to plan FUR. Previous studies have

shown that three-dimensional helical computerized

tomography and excretory urography are very accurate to

analyze the anatomical parameters of the inferior renal

pole, as is measurement of the LIP angle and the width,

amount and spatial orientation of the inferior pole calices

[3, 6, 17].

Inferior pole stones can be treated with SWL, FUR, and

percutaneous nephrolitotripsy [18]. Anatomical aspects of

the inferior renal pole, especially caliceal distribution, LIP,

infundibular length and calice width, are determinant for

the success of each treatment modality [1, 16]. A recent

study with 145 patients with complex stones treated with

FUR showed that the lowest success rate (83 %) occurred

in calculi located in the inferior renal pole [2].

Size and volume of calices are also limiting factors for

FUR success, regardless of location [11]. FUR success

rates for renal stones smaller than 20 mm are higher than in

SWL and have similar complication rates [5, 10, 14].

Geavlete [7] showed that LIP \30� and straight

infundibulum are the major limiting factors for FUR suc-

cess in inferior renal pole stones. Jessen [12] performed

111 FUR procedures in patients with inferior renal pole

stones and noticed that the only parameter that altered

stone-free rates after FUR was infundibular length. In this

study, the author measured retrograde pielographies,

according to Elbahnasy’s method [4].

Resorlu [19] conducted a study involving 67 patients

with inferior renal pole stones submitted to FUR. Mea-

surements of collecting renal system in pre-operative

Fig. 1 Example of

measurement of angles

performed in this study with a

computer program (12). a The

figure shows an endocast of

group A1. The angle between

the lower infundibulum and

renal pelvis (LIP) are measured.

b The figure also shows an

endocast of group A1. The angle

between the lower infundibulum

and the inferior minor calices

(LIICA) are measured
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excretory urography were performed also using Elbah-

nasy’s method [4]. The author observed that LIP equal to

45�, infundibular length equal to 30 mm and width of

5 mm are cut-offs to discriminate between favorable and

unfavorable parameters.

According to Elbahnasy [4], the following factors are

considered favorable to elimination of calculi from the

inferior pole: LIP [70�, infundibular length B3 mm and

infundibular width[5 mm. In contrast, LIP\70�,
infundibular length[3 cm and infundibular width B5 mm

are considered unfavorable factors. Different cut-offs were

recommended by Sampaio [21], who considered LIP

angle\90� and infundibular width\4 mm to be inhibiting

factors for evacuation of stone fragments.

Knoll [15] conducted a study with 40 patients compar-

ing different methods to study the anatomy of the inferior

renal pole and observed a significant difference in the

results depending on individual experience of the physician

responsible for measurements, corroborating the need for

well-defined anatomical parameters to help surgeons dur-

ing FUR.

All 170 endocasts of this study were made with polye-

ster resin (Resapol T-208). This resin hardens without

contraction, allowing precise parameter measurements.

LIP is one of the most important factors for successful

FUR results, although there is controversy about the limit

considered unfavorable, varying from\30� to\90�,
depending on the study [4, 5, 7, 8, 10, 22, 23]. Of the three-

Fig. 2 Classification of renal

collector system types.

a Endocast of group A1—

kidney midzone (KM) drained

by minor calices that are

dependent on the superior or on

the inferior caliceal groups;

b Endocast of group A2—KM

drained by crossed calices, one

draining into the superior

caliceal group and another

draining into the inferior

caliceal group; c Endocast of

group B1—KM drained by a

major caliceal group

independent both of the superior

and inferior groups; and

d Endocast of group B2—KM

drained by minor calices

entering directly into the renal

pelvis
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dimensional endocasts in this sample, according to

Elbahnasy’s method, LIP was\60� in only in only 21

(12 %), of which 71.42 % were group B endocasts. LIP

values\45� were observed in six cases (3.52 %), pre-

dominantly from group B collecting system, including

three from group B1 and two from group B2. The

Table 1 Average of measurements performed in inferior renal pole from 170 endocasts

Measurements Group A1 Group A2 Group B1 Group B2

LIP (mean ± SD) (Elbahnasy’s method) 88.6 ± 19.46 91.74 ± 18.15 79.47 ± 15.46 70.45 ± 15.28

LIP (mean ± SD) (Sampaio’s method) 108.4 ± 17.76 112.2 ± 17.05 97.34 ± 15.55 93.19 ± 17.59

Infundibular length (mean ± SD) 2.92 ± 0.49 3.09 ± 0.45 2.67 ± 0.5 2.63 ± 0.49

Mc (mean ± SD) 4 ± 1.25 4.52 ± 1.12 3.22 ± 0.91 3.03 ± 0.95

Pc (n) 6 1 6 2

Mc diameter (mean ± SD) 0.89 ± 0.26 1.01 ± 0.22 0.92 ± 0.28 0.85 ± 0.3

LIICA 1 (-) 64.49 ± 25.84 (-) 78.17 ± 26.93 (-) 50.42 ± 27.46 (-) 54.22 ± 29.39

LIICA 2 (-) 16.14 ± 29.88 (-) 21.39 ± 27.64 1.05 ± 29.16 0.65 ± 21.53

LIICA 3 10.11 ± 31.05 7.04 ± 28.61 15.10 ± 20.44 19.71 ± 27.82

LIICA 4 21.94 ± 35.70 14.78 ± 24.48 32.68 ± 17.87 22.22 ± 17.94

LIICA 5 37.75 ± 33.93 35.75 ± 29.26 36.00 ± 14.72 (-) 49

LIICA 6 48.13 ± 39.82 36.25 ± 35.33 0 58

LIICA 7 0 63 0 0

All measurements are shown in centimeters and angles in degrees

A1 kidney midzone (KM) drained by minor calices (Mc) that are dependent on the superior or on the inferior caliceal groups, A2 KM drained by

crossed calices, one draining into the superior caliceal group and another draining into the inferior caliceal group, B1 KM drained by a major

caliceal group independent both of the superior and inferior groups, B2 KM drained by Mc entering directly into the renal pelvis, LIP angle

between the lower infundibulum and renal pelvis, LIICA angle between the lower infundibulum and the inferior minor calices, Pc perpendicular

calices, SD standard deviation

Table 2 Angle measurements

between the lower infundibulum

and renal pelvis (LIP) in all four

collecting renal system types,

by Sampaio’s and Elbahnasy’s

methods

Group LIP (Sampaio’s method) LIP (Elbahnasy’s method)

\60� 61�–90� [90� \60� 61�–90� [90�

A1 0 (0 %) 11 (6.47 %) 46 (27.06 %) 4 (2.35 %) 31 (18.23 %) 22 (12.94 %)

A2 0 (0 %) 2 (1.18 %) 21 (12.35 %) 2 (1.18 %) 7 (4.12 %) 14 (8.24 %)

B1 2 (1.18 %) 13 (7.65 %) 44 (25.88 %) 8 (4.70 %) 39 (22.94 %) 12 (7.06 %)

B2 0 (0 %) 19 (11.17 %) 12 (7.06 %) 7 (4.12 %) 22 (12.94 %) 2 (1.18 %)

Total 2 (1.18 %) 45 (26.47 %) 123 (72.35 %) 21 (12.35 %) 99 (58.23 %) 50 (29.42 %)

A1 endocast with kidney midzone (KM) drained by minor calices (Mc) that are dependent on the superior

or on the inferior caliceal groups, A2 KM drained by crossed calices, one draining into the superior caliceal

group and another draining into the inferior caliceal group, B1 KM drained by a major caliceal group

independent both of the superior and inferior groups, and B2 KM drained by Mc entering directly into the

renal pelvis

Table 3 Number of minor calices (Mc) and the frequency in each collecting renal system type

Group 1 Mc 2 Mc 3 Mc 4 Mc 5 Mc 6 Mc 7 Mc 4 a 7 Mc

A1 1 (0.59 %) 4 (2.35 %) 17 (10 %) 15 (8.82 %) 13 (7.65 %) 6 (3.53 %) 1 (0.59 %) 35 (41.67 %)

A2 0 0 5 (2.94 %) 6 (3.53 %) 8 (4.71 %) 3 (1.77 %) 1 (0.59 %) 18 (21.43 %)

B1 2 (1.18 %) 9 (5.29 %) 26 (15.29 %) 18 (10.59 %) 4 (2.35 %) 0 0 22 (26.19 %)

B2 0 10 (5.88 %) 12 (7.06 %) 8 (4.71 %) 0 1 (0.59 %) 0 9 (10.71 %)

Total 3 (1.77 %) 23 (13.52 %) 60 (35.29 %) 47 (27.65 %) 25 (14.71 %) 10 (5.89 %) 2 (1.18 %)

A1 endocast where the kidney midzone (KM) is drained by minor calices (Mc) that are dependent on the superior or on the inferior caliceal

groups, A2 KM drained by crossed calices, one draining into the superior caliceal group and another draining into the inferior caliceal group, B1

KM drained by a major caliceal group independent both of the superior and inferior groups, B2 KM drained by Mc entering directly into the renal

pelvis
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remaining endocast was in group A1. LIP\30� occurred in
only one case. Considering measurements according to

Sampaio’s method, there were only two cases (1.18 %)

with LIP\60�, both from group B1, and there were no

endocasts with LIP\45�.
The presence of multiple calices can cause additional

inferior renal pole treatment difficulties [21, 22]. In our

sample, the inferior renal pole was drained by four or more

calices in 84 cases (49.41 %), in which 41 % were from

group A1 and 26 % from group B1. There was a statistical

difference in the number of inferior pole calices between

group A and group B endocasts (p\ 0.0001), with

prevalence of group A.

Perpendicular minor calices (PC) can be superimposed

on other structures, making radiographic visualization

difficult [23]. Additional treatment difficulty can also be

posed by the presence of PC stones for ESWL or FUR.

Perpendicular minor calices were observed in less than

10 % of our sample, including six cases (40 %) belonging

to group A1 and six cases (40 %) to group B1.

Long infundibular length ([3 cm) and narrow width

(\5 mm) lead to lower FUR success rates [4]. In our

sample, no statistical differences were found in inferior

caliceal width among the four groups, but the infundibular

length was longer in endocasts belonging to group A.

Group A2 endocasts showed length greater than 3 cm.

The majority of unfavorable LIP angle endocasts were

observed in the group B, regardless of using Elbahnasy’s or

Sampaio’s method. Group A endocasts showed more

numerous and longer inferior calices.

For the first time, tridimensional inferior renal pole

anatomic parameters in each of the four collecting renal

system groups were analyzed, to help surgeons perform

FUR. The major limitation of the study was the impossi-

bility of having previously performed FUR in endocasts to

confirm the caliceal accessibility with a flexible

ureteroscope.

Conclusion

Accurate knowledge of the spatial anatomy of the lower

pole is of utmost importance during FUR. Collector sys-

tems with kidney midzone drained by minor calices that are

dependent on the superior or on the inferior caliceal groups

presented at least two restrictive anatomical features. The

mid-renal-zone classification was predictive of anatomical

risk factors for lower pole ureteroscopy difficulties.
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