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ABSTRACT

Objective: To measure anatomical factors particularly in relation to the lower pole calyceal anatomy of normal
healthy kidneys in our population in order to find their clinical significance.

Study Design: Observational / Cross-sectional study

Place and Duration of Study: This study was conducted at the: Department of Anatomy, Watim Dental College,
Rawat, Department of Urology, Shaafi International Hospital, Islamabad and Department of Radiology, Al-Nafees
Medical College & Hospital, Islamabad from July 2015 to April 2017.

Materials and Methods: 25 healthy kidney donors between 18 — 60 years aged, who were referred to the kidney
transplant service at Shaafi International Hospital, Islamabad having normal renal function, coming through ethical
and official processes of kidney donation, and submitting a written consent were included. A total of 50 kidneys
(from 25 IVU films) were available for the purpose of this study. The source of IVU films was from Radiology
department. The data was collected using predesigned, pretested Pro-forma. The parameters measured were Lower
Calyceal Infundibular Length (LCIL), Lower Calyceal Infundibular Width (LCIW) and Lower calyceal infundibulo
— ureteropelvic angle (LCIUPA). Obtained data was presented as range, mean * standard deviation, and percentage
(%) distribution. Microsoft Excel program version 2016 was used for statistical analysis.

Results: The mean age was 26.9 + 6.8 years (minimum age was 20 years and maximum age was 41years). The
mean LCIL was 26.9 = SD of 6.8 and mean LCIW was 8.6 + SD of 2.4. The mean LIUPA was 53.6 + SD of 23.3.
Conclusion: Measurement of lower calyceal anatomical factors is essential in order to identify favourable and
unfavourable factors in management of lower calyceal renal stones. Knowledge of these factors is of immense value
in deciding best method of treatment of lower calyceal stones in a patient for a successful outcome. Further studies
are needed in a 3 dimensional views of renal pelvicalyceal anatomy in order to reflect the data more accurately.
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INTRODUCTION Kidney stones are a common problem and can form in
any part of the renal collecting system but they are most

Renal collecting system comprises three major calyceal frequent in lower pole calyx.

systems namely upper, middle and lower calyces that  Although gravity was initially thought to be the main
arise from the renal pelvis each of which then are  factor in lower calyceal stone formation, but it does not
subdivided into three to five minor calyces.  explain, why a single stone forms on one side and not in
Morphology of renal collecting system has many  the other kidney in a same person, thus suggesting the
variations.  Although, the arrangement of renal possible role of lower calyceal special anatomical
collecting system are similar on both sides in an  factors also as a cause ®. In view of this, it is very
individual, at times there are variations on each side of logical to consider different pelvicalyceal properties as
a particular individual. the key factor in lateralization of the stone and also as a

risk factor for their formation 2.
Kidney stone treatment modalities have been
revolutionized recently with plethora of minimally
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of best possible procedure that results in complete
clearance of a kidney stone, requires detailed analysis
of pelvicalyceal anatomy of the involved kidney 2.
Intravenous Urography (IVU) is considered to be the
procedure of choice when anatomical details of the
pelvicalyceal anatomy is required 4 although other
studies have suggested the wuse of Computed
Tomographic Urography (CTU) with comparable
results °.

Review of the available literature revealed that studies
usually measured several anatomical factors such as
infundibular length, infundibular width, infundibulo -
ureteropelvic angle and lower pole ratio mostly for
lower pole calyx. These anatomical parameters are now
considered to have a significant impact on stone
formation and recurrence ¥ 5¢. In addition, an analysis
of these parameters would indicate the likely
effectiveness of a chosen method of treatment. Lower
calyceal infundibulo-pelvic angle is the most important
factor that can predict the stone clearance status after
extracorporeal shockwave lithotripsy in adults’ and
children®, although some studies are non-suggestive of
this factor®.

Although, some data for our population for
ultrasonographic assessment of renal size and cortical
thickness is available®, but few studies have been done
in the knowledge of detailed anatomy of pelvicalyceal
system in local settings® 2.

MATERIALS AND METHODS

In this cross-sectional study, 25 healthy kidney donors
who were referred to the kidney transplant service at
Shaafi International Hospital, Islamabad (July 2015
through April 2017) were included. Inclusion criteria
included were: Age 18-60 years, having normal renal
function, coming through ethical and official processes
of kidney donation, and submitting a written consent.
Exclusion criteria included poor image quality on VU,
kidneys with duplicated renal artery and vein, kidneys
with renal stones, kidneys having large cysts and pelvic
kidney. A total of 50 kidneys (from 25 IVVU films) were
included in this study.
The source of IVU films was from Radiology
department. The data was collected using predesigned,
pretested Pro-forma. The parameters measured were as
follows:
1. Lower Calyceal Infundibular Length (LCIL)
This length is the distance measured from the most
distal point at the bottom of the lower calyx to a
midpoint of the lower lip of the renal pelvis *.
2. Lower Calyceal Infundibular Width (LCIW)
This width was measured at the narrowest point
along the respective infundibular axis.
3. Lower calyceal infundibulo — ureteropelvic angle
(LCIUPA)

The infundibulo-ureteropelvic angle (IUPA) was
measured between infundibular and ureteropelvic
axes.
The 3 major radiographic features of the lower pole
calyx were easily measured on standard 1\VVU using a
ruler and protractor.
All the measurements were done according to the
method described by Elbahnasy et al. 1? (Fig. 1).
Obtained data is being presented as range, mean +
standard deviation, and percentage (%) distribution.
Microsoft Excel program version 2016 was used for
statistical analysis.

RESULTS

A total of 50 normal kidneys of healthy kidney donors
(from 25 IVU films) were studied. The mean age was
26.9 + 6.8 years (minimum age was 20 years and
maximum age was 41 years).

b. (LCIW)

Figure No.1: a. (LCIL) b (LCIW) C. (LCIUPA)

The result of all lower calyceal parameters observed are
shown in table.

The mean LCIL was 26.9 + SD of 6.8 and mean LCIW
was 8.6 + SD of 2.4. The mean LIUPA (as measured
according to Elbahnasy method) was 53.6 + SD of 23.3.

Table No.1: Analysis of variables of lower calyceal
anatomical factors

Variables | No of | Range Mean SD
kidneys

LCIL 50 104 -] 269 6.8
(mm) 45.8

LCIW 50 41 - 186 2.4
(mm) 16.6

LCIUPA |50 17 -129 | 53.6 23.3
(degree)

LCIL: Lower Calyceal Infundibular Length, LCIW:
Lower Calyceal Infundibular Width, LCIUPA: Lower
Calyceal Infundibulo Uretero Pelvic Angle

Frequency distribution of all three observed parameters
are described in graphs 1 — 3.

A majority of 33 kidney units (66%) had lower calyceal
infundibular length in the range of 20 — 30 mm as
depicted in graph 1.
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A total of 22 kidney units (44%) had lower calyceal
infundibular width in the range of 8 — 10 mm as shown
in graph 2.

A total of 32 kidney units (64%) had lower calyceal
infundibulo ureteropelvic angle in the range of 30 — 60
degree shown in graph 3.
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Graph No.1: Percentage distribution of LCIL
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Graph 2: Percentage distribution of LCIW
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Graph No.3: Percentage distribution of LCIUPA
DISCUSSION

The investigations of the relationship between
pelvicalyceal anatomical features and urolithiasis
started with the pioneering study of Sampaio &
Aragdo!. After that, several studies analysed the
pelvicalyceal factors although these studies were
generally interested in stone clearance of lower calyceal
stones after SWL rather than in its etiologic role®%*2, In
these studies, several anatomical factors, such as
infundibular length, width and infundibulopelvic angle
were measured and lower pole ratio was calculated on
intravenous urogram. Sampaio & Aragdo concluded

that an angle of less than 90-degrees between lower
pole infundibulum and pelvis, multiple calyces and a
calyceal width < 4 mm might lead to retention of
residual stones in lower calyceal group after
lithotripsy!. Similarly most studies agreed that the
calyceal anatomy was an important risk factor for lower
pole stone clearance after SWL®?, however opposite
opinions also exist °.

In our present study the mean LCIL was 26.9 mm. It
varies from 10.4 — 45.8 mm and it was 20-30 mm in
66% (Graph no. 1). According to Fong Y.K. et al® and
Gupta N. P. et al*® the mean LCIL was 21.7 + 6.9 mm
in 60.8% & < 30 mm in 77% respectively. Both studies
concluded better stone clearance after Lithotripsy in
these kidneys. However, in a similar study, Madbouly
K. et al® found that the mean LCIL was 20.9 +/- 6.56
mm which had no impact on stone clearance after 3
months of lithotripsy.

In our study the mean LCIW was 8.6 mm. It varies
from 4.1 — 16.6 mm and it was 8 -10 mm in 44%
(Graph no. 2). According to Sampaio F. J. B. etal * and
Li-ping Xie et al*!, the LIW was greater than 4 mm in
60.3% and 67% respectively. Our present findings are
comparable with these studies. Similarly, Gupta N. P. et
al*® found that in 75% of cases the LIW was 5 mm or
more and the mean LIW was 6.75 mm.

The mean LCIUPA in our case was 53.6 degree and
majority (64 %) were between 30 — 60 degrees (Graph
no. 3). According to Zomorrodi A. et al', the mean
infundibulum-uretero-pelvic angle (IUPA) in control
subjects and in stone bearing study cases was 53.5 +/-
12.7 and 42.6 +/- 13.4, respectively. There was
significant correlation between decreased angle and
stone formation (P = or < 0.001). In another study by
Ahmed E.A. et al'®, the mean infundibulum-uretero-
pelvic angle (IUPA) was 52.3 degrees in stone bearing
kidney and 54 degrees in normal kidneys (P = 0.36). On
the other hand, Gokalp et al*®, compared 119 lower
calyceal stone forming kidneys with 40 healthy controls
and they concluded that lower pole ITUPA was not an
important factor for stone formation in lower calyx.
Similarly, Khan. M et al*’ found no significant effect of
lower pole IUP angle on stone free rate after lithotripsy
in their series. In another study, Nabi et al*® evaluated
100 consecutive patients with lower calyceal stones and
they found that lower pole IUPA was more acute in
74% of cases in stone-forming side than the normal
contralateral kidney. They concluded that IPA was a
significant risk factor for lower calyceal stones.
Interpretation of pelvicalyceal anatomy from two-
dimensional IVU is very difficult. A large series of
three-dimensional endocasts of the kidney collecting
system showed that the superior pole was drained by a
single calyceal infundibulum in 98% of cases where as
the inferior pole was drained by paired calices arranged
in two rows in 58% of cases and by a single calyceal
infundibulum in only 42% of cases'®%,
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Another important point on interpretation of
pelvicalyceal variations is the different measurement
techniques and interobserver variations. Proper
assessment of lower calyceal features seems to be a
particular problem because several authors described
different methods*2*3, A recent study showed that there
were high interobserver variations among different
techniques 2. We performed our measurements with
the method described by Elbahnasy et al.'%
Additionally, quality of the imaging also bears impact
on achieving reliable data.

The 3 major radiographic features of the lower pole
calix  (infundibulo  uretero-pelvic  angle, and
infundibular length and width) has a statistically
significant influence on stone clearance after ESWL. A
wide infundibulopelvic angle or short infundibular
length and broad infundibular width regardless of
infundibulopelvic angle are significant favourable
factors for stone clearance following ESWL'
Conversely, these factors have a cumulatively negative
effect on the stone clearance rate after ESWL when
they are all unfavourable. In flexible ureteroscopy,
particular anatomy of pelvicalyceal system may have a
negative impact when there is uniformly unfavourable
pelvicalyceal anatomy.

CONCLUSION

Our study was a sincere effort to measure lower
calyceal anatomical factors in a local population in
order to identify favourable and unfavourable lower
pole calyceal anatomical factors in comparison with
already published series. Knowledge of these lower
calyceal anatomical factors is of immense value in
deciding best method of treatment of lower calyceal
stones in a patient for a successful outcome.

We believe that the physician should consider these
anatomical features when suggesting ESWL to treat
calculi in the lower calyces. More detailed studies are
needed in a 3 dimensional views of renal pelvicalyceal
anatomy in order to reflect the data more accurately.
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