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INTRODUCTION

Extracorporeal shock wave lithotripsy (ESWL) is an available 
option for the treatment of  renal stones.[1] ESWL is a 

minimally invasive procedure, with minimal side effects, 
and it does not necessitate general anesthesia.[2,3] The World 

Context: Extracorporeal shock wave lithotripsy (ESWL) has inferior results in the lower calyceal stones, 
especially in obese patients.
Aims: This study aimed at evaluating of the efficacy of extracorporeal shockwave lithotripsy, with modified 
position of the machine head in the treatment of single lower calyceal stones in obese patients.
Settings and Design: This was a prospective study (phase IV trial).
Subjects and Methods: We studied the anterior rotation of the shock wave machine head in obese patients 
for the treatment of lower calyx stones. From February 2015 to June 2019, 105 obese patients (body mass 
index [BMI] ≥35) having lower calyx stones (≤20 mm) underwent ESWL at our institute. The procedure 
was done in a supine position, and the head of the shock-wave machine was tilted anteriorly. ESWL was 
considered successful if the kidney was completely cleared of stones.
Statistical Analysis Used: The statistical methods used were descriptive statistics, mean, standard deviation 
frequency analysis, Chi-square test, unpaired t-test test, and Pearson correlations (r).
Results: The mean BMI of these patients was 39.71 ± 2.8 kg/m2, the mean stone size was 17.4 ± 2.1 mm, 
the mean stone density was 767.1 ± 193.4 Hounsfield unit, and the mean of skin to stone distance (SSD) 
was 145.4 ± 4.5 mm. ESWL was successful in 86 (81.9%) patients; 13 patients (12.4%) showed complete 
success after the first session, while 37 (35.2%), 25 (23.8%), and 11 (10.5%) patients showed success after the 
second, third, and fourth sessions, respectively. ESWL failed in 19 (19.1%) cases. The success rate decreased 
significantly with higher stone density and SSD (P < 0.001), with negative correlations (r values) of −0.871 
and −0.811, respectively.
Conclusions: Anterior rotation of the head of the shock wave machine is a suitable option for the treatment 
of lower calyceal stones in obese patients.
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Health Organization defines obesity according to the body 
mass index (BMI). Patients are considered obese if  their 
BMI is > 30 kg/m2 and morbidly obese if  40 or more,[4,5] and 
recent studies have shown that larger body size is linked to a 
higher risk of  urinary stones.[6] ESWL success rate is affected 
by the site, size, composition, and the density of  the stone, 
in addition to other factors, for example, BMI, lower calyx 
stones, and presence of  hydronephrosis.[7,8] Several problems 
are associated with the use of  ESWL in obese patients for 
the management of  renal stones. The main problem is the 
extreme difficulty of  focusing on the stone. Sometimes, the 
skin‑to‑stone distance (SSD) is far behind the focal length of  
the lithotripter, so the success rates decrease while increasing 
the risk to the adjacent organs.[9] The lower calyx stones have 
a low success rate with ESWL, and studies have reported 
that there is an inverse relationship between ESWL success 
rate and BMI.[9,10] Here, we attempted to study the effect of  
changing the position of  the head of  the shock wave machine 
anteriorly to facilitate the stone positioning in obese patients 
in lower calyceal stones.

SUBJECTS AND METHODS

This was a prospective study of  105 obese patients with 
lower calyceal stones. All patients were treated by ESWL in 
our urology department from February 2015 to June 2019.

Inclusion and exclusion criteria
•	 The inclusion criteria were BMI of  35 or more and 

single lower calyceal stone <20 mm in diameter
•	 The exclusion criteria were patients <18 years old; 

pregnant women; solitary kidney; closed neck of  
the lower calyx or narrow infundibulum; inclining 
infundibulum‑renal pelvic angle; radiolucent stones; 
patients with a distal ureteric obstruction or lower 
ureteric dilatation; patients with severe hydronephrosis; 
patients with stones larger than 20 mm (maximum 
diameter); previous history of  failed ESWL, cysteine 
stone, calcium oxalate monohydrate, or brushite 
stones; and bleeding disorders.

Ethical consideration
Ethical approval was obtained from the local ethical 
committee before the start of  this study. The study has 
been performed in accordance with the ethical standards 
as laid down in the 1964 Declaration of  Helsinki and its 
later amendments, or comparable ethical standards. The 
procedures and their possible complications were discussed 
with all patients, and informed consent was obtained from 
the subjects of  this study before the beginning of  the 
procedures. Patients’ confidentiality was respected and 
maintained throughout this study.

Procedures
All patients were subjected to routine pre‑ESWL 
investigations, including complete blood count, renal 
function tests, and coagulopathy profile. Computed 
tomography (CT) (with and without contrast) was done 
in all patients to measure the stone sizes, SSD, and density 
of  the stone (Hounsfield Unit [HU]).

Extracorporeal shock wave lithotripsy
Routine pre‑ESWL preparation was done. ESWL was 
performed using Dornier compact delta 2 under local 
anesthesia (local xylocaine gel 4%) and parenteral analgesia 
for pain control. Patients were placed in a supine position. 
All ESWL procedures were done by a single urologist (first 
author). The adjustment of  the stone position was made 
using the C‑arm. The head of  the machine was rotated 
anteriorly to localize the stone. The localization of  the 
stone was done in two planes: anteroposterior and 30°. 
The shock wave power and rate were applied according 
to the recommended table of  the machine. All patients 
received post‑ESWL medication in the form of  antibiotic 
prophylaxis (ciprofloxacin 500 mg tablets) twice daily for 
3 days, once daily alpha‑blocker (Tamsulosin 0.4 mg), and 
an analgesic (intramuscular sodium diclophenate 75 mg), 
when needed. All patients were instructed to receive plenty 
of  oral fluids and increase physical activity after the session. 
Follow‑up of  the patients was done after 3 weeks using a 
nonenhanced CT scan to assess the success of  the ESWL.

Treatment outcomes
ESWL was considered successful if  the kidney was 
completely cleared of  stones. The maximum number of  
allowed ESWL sessions was four.

Statistical analysis
We used the Statistical Package for the Social Sciences (SPSS; 
version 21, SPSS Inc., IBM, USA) for the analysis. The 
statistical methods used were descriptive statistics, frequency 
analysis, Chi‑square test, unpaired t‑test test, and Pearson 
correlations (r). The results were expressed as the number of  
patients (n), mean, standard deviation, and range (max‑min). 
P < 0.05 was considered statistically significant.

RESULTS

The study was completed on 105 patients: 54 males (51.4%) 
and 51 females (48.6%). Their mean age was 43 (27–60 years) 
years. The mean BMI was 39.7 kg/m (35–46). The 
mean stone size was 17.4 mm (12–20). The mean stone 
density was 767.1 HU (500–1250). The mean SSD was 
145.4 mm (140–155) [Table 1]. The success rate was 
81.9% (n = 86). The success rate was higher among 
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females (88.2%) than males (75.9%), with no statistically 
significant difference (P = 0.102). After the first session, 
13 (12.4%) patients showed complete success, while 
37 (35.2%), 25 (23.8%), and 11 (10.5%) patients showed 
success after the second, third, and fourth sessions, 
respectively. Failed cases (n = 19) were treated by 
percutaneous nephrolithotomy (three cases) and flexible 
ureteroscopy (16 cases) [Table 2]. The success rate 
decreased significantly with increasing density of  the stone 
and SSD (P < 0.001, r = −0.871 and − 0.811, respectively). 
There was no correlation between the stone size and the 
success rate (r = −0.076) [Tables 3 and 4]. Complications 
occurred in 16 (15.2%) patients; renal colic occurred in 8 
of  16 (50%) patients who responded well to antispasmodic 
and strong analgesia, fever occurred in three of  16 (18.7%) 

patients, prolonged hematuria (≥4 days) occurred in four 
of  16 (25%) patients, and steinstrasse in one patient.

DISCUSSION

The European Association of  Urology guidelines 
recommend ESWL for the treatment of  lower calyceal 
stones when conditions are favorable.[11] Multiple studies 
have reported that patients’ age, stone size and density, 
SSD, and BMI affect ESWL outcomes.[8‑10] However, 
here, we report that there was no correlation between 
the success rate of  this technique and stone size in 
stones <2 cm (r = −0.076). In addition, there were 
weak correlations between the success rate and age and 
gender (r = −0.110 and 0.160, respectively). Several 
studies have reported the effect of  the stone density on 
the success rate of  ESWL. Pareek et al.[8] and Wang et al.[12] 
have reported that a renal stone density >900 HU highly 
predicts ESWL failure. Gupta et al.[13] concluded that 77% 
of  patients with a stone density >750 HU and a stone 
diameter >1.1 cm needed more than three sessions of  
ESWL. Although we had a different category – obese 
patients – the success rate of  ESWL by the anterior head 
rotation technique in our study was 81.9%, and failure 
occurred with 19.1%, which is in line with the results of  
Massoud et al.,[14] and the previous studies report a failure 
rate of  5%–20%. Moreover, our study proves that the 
success rate decreased significantly with the density of  
the stone (P < 0.001), with a strong negative correlation 
between stone density and the success rate (r = −0.871). 
In high stone density patients (500–1000 HU), ESWL is 
expected to be an ideal treatment; however, this does not 
apply in obese patients (BMI > 30). El‑Nahas et al.[15] and 
Massoud et al.[14] concluded that patients with a BMI >30 
have a lower success rate of  ESWL, especially if  the stone 
density was >500 HU. However, other studies concluded 
that the effect of  BMI is linked to SSD, which correlates 
with the shock wave path in the body.[8] Moreover, Cho 
et al.[16] have reported that a 10 cm SSD is a positive 
predictor of  success following ESWL. For that reason, we 
attempted to overcome this limitation by decreasing the 
SSD through the anterior rotation technique. We could 
adjust the stone position using the C‑arm and locate the 
stone in two planes anteroposterior and 30° by rotating 
the head of  the machine during the ESWL procedure 
for all patients. Our success rate decreased significantly 

Table 1: Descriptive statistics for age, sex, stone size, body 
mass index, density, and skin-to-stone distance

Mean±SD Range

Age 43.7±8.3 27‑60
Height (cm) 169.1±11.2 148‑190
Weight (kg) 113.9±13.4 86‑141
BMI (kg/m2) 39.7±2.8 35‑46
Stone size (mm) 17.4±2.1 12‑20
Density (HU) 767.1±193.4 500‑1250
SSD (mm) 145.4±4.5 140‑155

SD: Standard deviation, BMI: Body mass index, SSD: Skin‑to‑stone 
distance, HU: Hounsfield unit

Table 2: Success rate among gender and sessions
Success (%) Failed (%) Total (%) P

Gender
Male 41 (75.9) 13 (24.1) 54 (100) 0.102
Female 45 (88.2) 6 (11.8) 51 (100)

Sessions
First session 13 (15.1) 0 13 (12.4) <0.001
Second session 37 (43) 0 37 (35.2)
Third session 25 (29.1) 0 25 (23.8)
Fourth session 11 (12.8) 0 11 (10.5)
PNL 0 3 (15.8) 3 (2.9)
Flexible URS 0 16 (84.2) 16 (15.2)

PNL: Percutaneous nephrolithotomy, URS: Ureteroscopy

Table 4: Pearson correlation (r) between success rate and age, sex, stone size, density, and skin-to-stone distance
Correlation Age Gender Stone size/mm Density/HU SSD/mm

Pearson correlation (r) −0.110 0.160 −0.076 −0.871 −0.811
Coefficient Weak negative Weak positive Zero Strong negative Strong negative
Significance (two tailed) 0.264 0.103 0.438 <0.001 <0.001

SSD: Skin‑to‑stone distance, HU: Hounsfield unit

Table 3: Success among age, stone size, density, and 
skin-to-stone distance

Success Failed P
Mean±SD Range Mean±SD Range

Age 43.3±8.4 27‑60 45.7±8.1 30‑59 0.264
Stone size (mm) 17.4±2.1 12‑20 17.8±2.1 14‑20 0.438
Density (HU) 688.4±98.7 500‑950 1123.7±78.8 1000‑1250 <0.001
SSD (mm) 144.2±2.4 140‑153 149.1±2.1 146‑155 <0.001

SD: Standard deviation, SSD: Skin‑to‑stone distance, HU: Hounsfield unit
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with SSD (P < 0.001), and there was a strong negative 
correlation between SSD and the success rate (r = −0.811). 
ESWL is considered to be a noninvasive approach.[7] At 
the same time, other authors have concluded that, when 
using flexible ureteroscopy, the stone‑free rates were similar 
among obese and nonobese patients without referral to 
the morbidly obese patients.[5,17] However, these studies 
provided little information about the intra‑ and postsurgical 
anesthesia complications rates in obese patients. Martov 
et al.[18] concluded that ESWL, flexible ureteroscopy, 
and Percutaneous Nephro‑Lithotomy (PNL) have equal 
outcomes for the treatment of  single lower calyceal stone 
without referral to obese patients. Moreover, Mezentsev[19] 
reported that in obese patients, ESWL shock wave using 
the ordinary method had a success rate of  just 60%. In our 
study of  105 patients, the success rate was similar among 
obese and morbidly obese patients, achieving success in 
86 (81.9%) cases. In the current study, we proved that 
ESWL is a good treatment option for obese and morbidly 
obese patients with lower calyceal stones in the supine 
position. In addition, adjustment of  the stone position 
using the C‑arm and localization of  the stone by rotating 
the head of  the machine anteriorly could be made. The high 
success rate (81.9%) in our study might be related to the 
experience of  the operator (grade 4 level of  evidence).[11] 
Moreover, this outcome is directly related to the patients’ 
selection criteria. The only drawback of  the inclusion 
criteria was the long SSD, so we used the head rotation 
technique to decrease this distance.

Limitations of this study
Although previous studies have reported inferior results with 
ESWL in obese patients, our study was a noncomparative 
study. Moreover, only 105 patients completed the study, 
and a larger number should be included in further studies 
to eliminate type II statistical error.

CONCLUSIONS

Anterior rotation of  the head of  the shock wave machine 
is a suitable and safe option for the treatment of  single 
lower calyceal stones in obese patients when conditions 
allow. With this technique, ESWL treatment outcomes are 
independent of  the stone size in stones <2 cm, while it is 
inversely dependent on SSD and stone density.
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