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ABSTRACT 
 

OBJECTIVE: To compare the morphometric evaluation of lower pole calyceal anatomical factors between Intravenous Urogram and 
Three-Dimensional Helical Computed Tomography in healthy kidney donors in respect to their clinical importance.  
STUDY DESIGN: An observational/ cross-sectional study 
PLACE AND DURATION: At Islamabad Diagnostic Centre, Islamabad from 1st March 2016 to 30th May 2017. 
METHODOLOGY: Our patient population were selected potential kidney donors referred for Three-Dimensional Helical Computed 
Tomography. The features of lower pole calyces including Lower Calyceal Infundibular Length, Lower Calyceal Infundibular Width, 
and Lower Infundibulo-UreteroPelvic Angle between Intravenous Urogram and Three-Dimensional Helical Computed Tomography 
were measured using a ruler and a square for Intravenous Urogram images and three dimensional reconstruction for Helical 
Computed Tomography using workstation each by different investigator. The measured variables were compared individually. 
RESULTS: The mean age was 27.7 ± 7.6 years. The mean LCIL was 22.1 ± SD of 6.6 obtained from 3D-HCT while it was 26.9 ± SD of 
6.8 in case of IVU (P-value of < 0.05). The mean LCIW was 4.5 ± SD of 2.2 obtained from 3D-HCT while it was 8.6 ± SD of 2.4 as 
obtained by IVU (P-value of < 0.05). For LIUPA, an angle of 53.5 ± SD of 13.9 with 3D- HCT was obtained whereas in case of IVU, it 
was 53.6 ± SD of 23.3 which was not significant (P-value of 0.49). 
CONCLUSION: 3D HCT is more advantageous against IVU in analysing the morphometric features of the lower pole anatomical 
factors of the kidney and it more accurately displays the lower polar calyceal spatial anatomy. 
KEYWORDS: Kidney Donors, Intravenous Urogram, Spatial Anatomy, Lower Calyx, Morphometric, Computed Tomography. 
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INTRODUCTION 
 
 Pelvicalyceal system of a kidney is the conduit for the drainage 
of urine which comprises major and minor calyces joining to 
form renal pelvis by ducts called infundibula. The renal pelvis 

then leads to ureter at an angle. Morphological anatomy of the 
pelvicalyceal system of a kidney especially the lower calyx has 
been of interest particularly in suggesting it as a factor in 
formation of kidney stone, retention of stone fragments after 
Extracorporeal Shock Wave Lithotrispy (ESWL) and more 
recently in selecting the best possible treatment option for 
lower calyceal stone treatment after the availability of 
Retrograde IntraRenal Surgery (RIRS) as an option with the 
availability of flexible ureteroscope and laser stone 
fragmentation1-3 
Since the pioneer work of Sampiao and Aragao in 1995, 
numerous studies have been done to appraise the value of 
anatomical characteristics of the lower calyx of the kidney 
especially the Lower Calyceal Infundibulo-Pelvic angle (LCIPA), 
Lower Calyceal Infundibular Length (LCIL) and Lower Calyceal 
Infundibular Width (LCIW), particularly in assessing their role in 
retention of stone particles after ESWL 4-7. Since their original 
work, morphometric analysis based on the spatial anatomy of 
the layout of the lower pole, a lower polar infundibular length 
>30 mm, an infundibular width <5 mm and an infundibulo - 
pelvic angle (IPA) of <45 are deemed unfavourable for 
clearance of residual stone particles 8. In view of these 
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difficulties, RIRS has replaced ESWL as a procedure of choice in 
the management of lower pole calculi, especially in patients 
who has an unfavourable anatomy of the lower pole calyceal 
system 9. The precise information of this anatomical layout 
particularly of lower pole renal calyx is vital in planning for the 
percutaneous access, for introduction of flexible ureteroscope 
in lower pole calyces, and for indication and envisaging the 
outcome of ESWL in treatment of lower pole calyceal calculi.  
Intravenous Urography (IVU) used to be the gold standard in 
evaluation of the anatomical details of the renal pelvicalyceal 
system but it has its limitation as being two dimensional study, 
especially since the measurement of infundibular diameter 
may be incorrect. It has largely been replaced by Three-
Dimensional helical Computed Tomography (3D-HCT) 
Urography because of its superior delineation of precise 
anatomical details in multiple planes and in 3 dimensional 
views. Recent guidelines of European Association of Urology 
(EAU) also recommend preference of CT studying the 
pelvicalyceal anatomy 10.   
There are few studies that compare the morphometry of lower 
calyceal anatomical factors obtained by using IVU with 3D-HCT. 
A study has suggested 9 that in comparison of the values 
obtained by using IVU with those obtained by 3D-HCT, no 
statistically significant difference was found, however, some 
differences have been found in values of the parameters 
observed between IVU and 3D-HCT in our clinical practice.   
This is the first local study to our best knowledge that is 
comparing these two radiological modalities in evaluation of 
the morphometry of the anatomical features of the lower pole 
renal calyx. In view of this, the objective of our study was to 
compare the morphometric evaluation of lower pole calyceal 
anatomical factors between Intravenous Urogram and Three-
Dimensional Helical Computed Tomography in healthy kidney 
donors in respect to their clinical importance.  
 

METHODOLOGY 
 

This observational cross sectional study was conducted at 
Islamabad Diagnostic Centre, Islamabad over a period of 
fourteen months from 1st March 2016 to 30th May 2017. It was 
endorsed by ethical review committee of institute. Patient 
consent form was not required since it was an observational 
study.  
We examined 54 renal collecting system units (27 CT scans) of 
male patients between ages 19 to 45 years, who were selected 
potential kidney donors referred for 3D –HCT. All patients who 
had normal renal functions and normal renal anatomical 
morphology were included whereas those patients who had 
allergy to the contrast medium as well as those whose records 
were inadequate for radiological analysis were excluded from 
the study.  
The source of CT scan films was from Islamabad Diagnostic 
Centre, Islamabad. The data was collected using predesigned, 
pretested Pro-forma. The data of IVU (50 renal units) was 
obtained from already published 11 study by the same author. 

Our study compared the findings regarding the following lower 
pole features: Lower Calyceal Infindibular Length (LCIL), Lower 
Calyceal Infundibular Width (LCIW) and Lower Infindibulo-
UreteroPelvic Angle (LIUPA) using the measurements obtained 
by IVU and 3D-HCT. The 3D-HCT examination was done using a 
standard technique of measurement in the same center. A 3D-
HCT GE Optima 660 128 slice CT scan Freedom Edition (with 
low radiation and high definition mode) and Seimens axiom 
Siroskop fluoroscopy machine was used for CT Urography. The 
measurements were performed using a ruler and a square for 
IVU images and 3D reconstruction for CTU using workstation 
each by different investigator. 
The parameters measured were as follows (Fig.1): 
1. Lower Calyx Infundibular Length (LCIL), a distance 

measured from the midpoint of the lower lip of the kidney 
pelvis to the most distal point at the bottom of the lower 
calyx. 

2. Lower Calyx Infundibular Width (LCIW), a measurement at 
the narrowest point along the respective axis of 
infundibulum. 

3. Lower infudibulo – ureteropelvic angle (LIUPA), an angle 
between ureteropelvic and infundibular axes of the lower 
pole of the kidney.   

A standard method used by Elbahnasy et al 12 was used in 
measurements of all of these parameters.  
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig-1: Infundibular length, width and Infundibulo-
ureteropelvic angle measurements of the lower pole 
 
IPA: infundibulo-ureteropelvic angle; IW: infundibular width; IL: 
infundibular length 8  

 

(Adopted from: Yan Xu, Jian-Lin Lyu. The value of three-
dimensional helical computed tomography for the retrograde 
flexible ureteronephroscopy in the treatment of lower pole 
calyx stones.   Chronic Dis Transl Med. 2016 April 6; 2 (1):42-
47.) 
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A 3 mm thick slices from the upper pole of the kidney to the 
base of bladder with helical reconstruction were obtained, 
providing 150 images for evaluation. After this preliminary 
study, 70% of the total amount of the intravenous iodinated 
contrast medium (Ultravist) was given, and subsequently after 
7.5 minutes, the rest of the 30% was administered. A similar 
technique was used to acquire the images, so that the contrast 
enhanced kidney parenchyma, kidney pelvis, ureter, and 
bladder, were obtained. A total volume of 1.5 to 2.0 ml/kg 
(mean, 100 mL) of contrast was used. 
Data analysis: Statistical analysis was conducted to compare all 
the three measured variables individually obtained by CTU with 
those obtained by IVU. Data was analysed using Special 
Package for Social Sciences (SPSS) version 23 for Windows. The 
results were presented as range, mean ± standard deviation, 
and percentage (%) distribution using paired sample Student’s 
t test (assuming equal variances) to separately compare the 
three variables. A P - value of < 0.05 was considered significant. 
 

RESULTS 
 

The records of 54 normal heathy kidney donors (obtained from 
27 CTU films) were analysed. The mean age was 27.7 ± 7.6 
years (minimum age was 19 years and maximum age was 45 
years). The mean LCIL was 22.1 ± SD of 6.6 obtained from 3D-
HCT while it was 26.9 ± SD of 6.8 in case of IVU (P-value of 
0.0002).The mean LCIW was 4.5 ± SD of 2.2 obtained from 3D-
HCT while it was 8.6 ± SD of 2.4 as obtained by IVU (P-value of 
0.0002). For LIUPA, we obtained an angle of 53.5 ± SD of 13.9 
with 3D- HCT whereas in case of IVU, it was 53.6 ± SD of 23.3 
(P-value of 0.49). The obtained results are represented in Table 
I.  
Table-I: Comparison of Lower Calyceal anatomical features 
between 3D-HCT and IVU (N=54) 
VARIABLES 

3D-HCT IVU 
P-

VALUE 

 
MEAN ± SD RANGE 

MEAN ± 
SD 

RANGE  

LCIL (mm) 
22.1 ± 6.6 

11.6 – 
45.8 

26.9 ± 6.8 10.4 – 45.8 0.0002 

LCIW (mm) 4.5 ± 2.2 2.0 – 9.8 8.6 ± 2.4 4.1 – 16.6 0.0002 

LIUPA 
(degree) 

53.5 ± 13.9 13 – 80 
53.6 ± 
23.3 

17 – 129 0.49 

 
3D-HCT: 3 Dimensional helical Computed Tomography, IVU: 
Intravenous Urography, LCIL: Lower Calyx Infundibular Length, 
LCIW: Lower Calyx Infundibular Width, LIUPA: Lower calyx 
Infudibulo-Uretero-Pelvic Angle 
A comparison of each of the variables measured by 3D-HCT 
and IVU are shown in Figures (2-4). 
 

DISCUSSION 
 
A detailed knowledge of morphology of lower calyx of kidney is 
essential in formulating a best possible form of treatment 
which ensures complete clearance of stone fragments after the 
procedure. Multiple treatment options are available lower pole 

calyceal calculi such as ESWL, PCNL and more recently RIRS 13. 
Until recently, ESWL was considered to be the best non-
invasive treatment options for the small lower calyceal stones, 
but high incidence of residual fragments with poor clearance 
lead to finding an alternate treatment for these calculi 14.  
Recent guidelines of European Association of Urology (EAU) 
also recommends the use of endoscopic procedures for lower 
calyceal stones. Lately, RIRS has emerged as standard of 
treatment in lower calyceal calculi especially in those calyces 
with unfavourable morphological anatomy 15.  
Morphological anatomical factors of lower calyx of a kidney 
that determine the success of treatment includes Infundibular 
length, Infundibular width and Infundibulo-ureteropelvic angle. 
Sampaio et al, in a landmark study first described the effect of 
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Fig-2:  Comparison of LCIL between IVU and 3D-HCT (N=54) 

Fig-3: Comparison of LCIW between IVU and 3D-HCT (N=54) 
 

Fig-4: Comparison of LIUPA between IVU and 3D-HCT (N=54) 
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these anatomical features on poor evacuation of stone 
fragments following ESWL 2. Sampaio method defines 
Infundibulo-pelvic angle (IPA) as the angle between the outer 
border of kidney pelvis and the lower calyx infundibular 
inferior border. On the other hand according to Elbahnasy’s 
method, this angle is the line between the central axis of lower 
calyceal infundibulum and the longitudinal ureteropelvic axis 
(LIUPA) 12.  
Based on last 20 years studies, researchers have identified 
Infundibulo-Pelvic Angle of <45º, an Infundibular Length >30 
mm, an Infundibular Width  <5 mm as unfavourable anatomical 
morphological features for clearance of stone particles from 
lower pole calyx 16. In most of the studies, the lower calyceal 
anatomical factors were classically studied using Intravenous 
Urogram (IVU) 2, 12, 16. However, IVU as the imaging modality of 
choice, is gradually being replaced in daily clinical practice by 
Computerized Tomography (CT), since this is more commonly 
used for the diagnosis of kidney stones, and because of the 
availability of three dimensional imaging, the CT gives 
additional information simultaneously.  In the literature, there 
are limited studies done to analyse the morphology of the 
lower pole renal calyceal anatomy using 3D-HCT 17-19. Present 
study thus compared 3D-HCT versus IVU in the measurement 
of these anatomical factors in order to suggest which one is 
better.  
In our study the mean LCIL as measured on 3D-HCT is 22.1 mm. 
It ranges from 11.6 – 45.8 mm and it was 20-30 mm in 48.1% 
as shown in Fig 2. As compared with IVU measurements, the 
mean LCIL obtained by 3D-HCT was highly significant with a p 
value of 0.0002 (P - value < 0.05). This finding is in contrast to 
the findings by Yan Xu et al, who could not get any statistically 
important variation in a similar comparative study 20. However, 
in a study by Sampaio et al, a trend of an increased in values 
measured by IVU was observed because of an image 
enlargement in IVU. This caused variable distance from the 
object to the focus 21. This image distortion is not observed in 
3D-HCT which thus could explain the lower value of ICIL 
obtained by 3D-HCT as compared to IVU. 
In case of LCIW obtained on 3D-HCT, the mean was 4.5 mm. It 
varies from 2.0 to 9.8 mm and it was 2 – 4 mm in 55%.  The 
mean LCIW observed in 3D-HCT was lower than the values 
obtained by IVU which was highly significant with a p value of 
0.0002 (P - value < 0.05). This could be explained by the fact 
that abdominal compression applied during IVU can lead to 
variable Infundibular Width as suggested by some author 14.  
Moreover, the patient state of hydration as well as even small 
changes in position at the time of getting the images in IVU, 
may affect the results. 
The mean LCIUPA measured on 3D – HCT in our present study 
was 53.5º and majority (55 %) were between 40 – 60 degrees. 
These observed values were slightly lower than the 
measurements observed on IVU, but this was insignificant 
statistically with p value of 0.49. This variation may have 
occurred because of limitation of this study in having different 
observers for 3D-HCT and IVU films.  
A study reported that in comparison of measurements of lower 
calyceal infundibulo-pelvic angle as obtained by 3D-HCT with 

those obtained from IVU, no statistically significant difference 
was observed22. In clinical practice, however, it has been found 
that some differences does exist as when diagnostic flexible 
ureteroscopy was performed, on preoperative IVU, an IPA of 
<30º was measured, but the same angle is often greater than 
30º during operating flexible ureteroscopy. The entry of lower 
pole calyx with flexible ureteroscope is not that difficult. These 
authors find that only 19% of reported IPA of <30º measured 
on IVU were similar to the category of same size using 3D-HCT, 
as against 81% which were elevated to 40-50º on 3D-HCT. 
The definition of IPA also varies with the method applied for its 
measurements. In the literature, four different methods have 
been described for measuring this angle 23. In our study, one 
method as described by Elbahansay et al 12, was used for 
measurements in both 3D-HCT films and IVU films for 
comparison purposes.  
Inaccuracy in obtaining measurements from IVU may be 
explained by the fact that the kidneys are retroperitoneal 
structures, lying obliquely on the posterior abdominal wall with 
the long axis parallel to the outer border of Psoas major in a 
slightly rotated position. Since the radiograph obtained from 
IVU are 2 dimensional, it gives a minified view of the kidney 
width, whereas, CT gives a 3 dimensional view that more 
accurately provide details of the pelvicalyceal system of the 
kidneys. Thus CT gives more accurate measurements of these 
anatomical factors.  
Presently, in evaluation of the patients presenting with urinary 
stone disease, plain CT scans have become the method of 
choice, because of its accuracy and acquisition of images in 
minimal time 24, 25. A 3D-HCT scan not only provides 
information about the kidney stones, but also gives better 
assessment of anatomical parameters that will help in the 
achieving the best treatment plan 25. Without increasing the 
evaluation time, it can improve the orientation of the LIUPA by 
displaying the lower pole calyceal system along its longitudinal 
axis 26. Important complimentary information about axial 
images can be provided by coronal images reformations 
obtained by 3D-HCT which will improve the estimation of 
LIUPA, LCIL and LCIW. This is helpful especially in those cases of 
acute pelvicalyceal angle as well as long and narrow calyceal 
infundibulum which are oriented in the vertical plane. 
Moreover, the coronal view obtained by 3D-HCT scans enables 
us to see the kidney, ureter, and bladder simultaneously in a 
plane that is parallel to these organs 22. 
 

CONCLUSION 
 

3D HCT is more advantageous against IVU in analysing the 
morphometric features of the lower pole anatomical factors of 
the kidney and it more accurately displays the lower polar 
calyceal spatial anatomy.  
 

RECOMMENDATIONS 
 

 Further prospective studies involving the same observer and 
same parameters in normal healthy kidneys in comparison 
with the lower pole stone bearing kidneys in 3D-HCT are 
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