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Evaluating the importance of different computed
tomography scan-based factors in predicting the

outcome of extracorporeal shock wave lithotripsy
for renal stones

Muhammad Wagqas', Imad-ud-din Saqib’, Muhammad Imran Jamil', Mohammad Ayaz Khan', Saeed Akhter'
'Department of Urology and ’Foundation Year Resident, Shifa International Hospital, Islamabad, Pakistan

Purpose: To evaluate the impact of various computed tomography scan-based parameters of renal stones on the outcome of ex-
tracorporeal shock wave lithotripsy (ESWL).

Materials and Methods: We conducted a retrospective study of patients who underwent ESWL for renal stones (sized 5-20 mm)
from January 2013 to December 2016. We evaluated body mass index, location of the stone, skin-to-stone distance (SSD), stone at-
tenuation value (SAV), stone diameter, Hounsfield density, stone area, and stone volume. Statistical analysis was done and signifi-
cance was confirmed by multivariate logistic regression analysis.

Results: Of the 203 patients 122 (60.1%) had successful clearance of the stone. The presence of a double J stenting, a lower pole
location, a higher SAV, higher Hounsfield density, larger stone area, larger stone diameter, and higher stone volume were negative
predictors of ESWL outcome. When these parameters were analyzed with multivariate logistic regression analysis, stone location,
SSD, and SAV were the only significant independent predictors of the outcome of ESWL.

Conclusions: Stone location, SSD, and SAV are reliable and strong predictors of ESWL outcome for the treatment of renal stones.

Keywords: Lithotripsy; Multidetector computed tomography; Nephrolithiasis; Treatment outcome

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted
non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

developing countries over the past few decades. This increase

INTRODUCTION

may be attributed to modern lifestyles, in particular the

Urinary stones, or urolithiasis, are one of the most com-
mon pathologies in human medical science [1,2]. Urinary
stones recur in two-thirds of patients within 20 years and
are estimated to affect 12% of men and 5% of women in
their lifetime [1]. The incidence rate of urinary stones
has been noted to be increasing in both developed and

increase in obesity [3]

As Pakistan is located in the “stone belt” region, the
incidence of urinary stones is high [2,4]. Stone disease
accounts for more than half of all patients in the outpatient
department and more than one-third of all urological
admissions in tertiary health care centers in Pakistan [4]
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The disease usually manifests in the fourth and fifth
decades of life. Stone location in the urinary tract can vary.
In developed countries, 97% of stones are located in the
kidney and ureter. Various management options exist for
urolithiasis, including a conservative approach, surgical
approaches, and extracorporeal shock wave lithotripsy
(ESWL), with the decision based on evaluation by a pro-
fessional medical team [1]

ESWL, after its introduction in 1980, revolutionized the
treatment of urinary stones owing to its noninvasive and
ambulatory nature along with the lack of requirement for
anesthesia [5] ESWL is considered as the first-line treatment
of urinary tract stones and the success rate is reported to be
80%—90% [1,6]

Imaging has an important role in urolithiasis and
aids not only in the initial diagnosis but also in planning
treatment and follow-up of patients with renal and ureteric
stones. Since the 1990s, noncontrast computed tomography
(NCCT) has become the gold standard imaging modality. Its
advantages are its high sensitivity and specificity (>95% and
>96%, respectively), availability, faster speed of acquisition,
avoidance of intravenous contrast, and the ability to exclude
other conditions that may mimic renal colic [3]. NCCT
not only provides information regarding urinary tract
abnormalities but is also helpful in determining the stone
location, size, shape, density, and skin-to-surface distance [6]

Multiple studies have evaluated imaging-based para-
meters and their effects on the success of ESWL with
varying results. In our study, we attempted to investigate
various radiological parameters determined by NCCT scan
and their ability to predict the outcome of ESWL for renal
stones.

MATERIALS AND METHODS

1. Patient selection

All patients diagnosed with urinary stones between
January 2013 and December 2016 who had undergone
ESWL were considered in the study. The exclusion criteria
were patients who had 1) ureteric stones, 2) stone size <5
mm or >20 mm, 3) multiple renal stones, 4) structural
urinary tract abnormalities, 5) an absolute contraindication
to ESWL such as pregnancy or coagulopathy, 6) undergone
a surgical procedure such as percutaneous nephrolithotomy
or endoscopic treatment before ESWL, 7) a solitary kidney,
and 8) not undergone an NCCT scan before the procedure
or had incomplete follow-up. The study was approved by the
Institutional Review Board and Ethical Committee of Shifa
International Hospital (approval number: 850-125-2017).
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2, Patient management

Prior to ESWL, each patient was assessed by a medical
history, physical examination, urinalysis, urine culture,
serum chemistry profile, coagulation profile, and NCCT.
None of the patients was prescribed prophylactic antibiotics
or analgesia before the procedure. ESWL was performed
by a dedicated physician. The number of shock waves and
energy settings were decided by the physician. A maximum
of 4,000 shock waves were administered at a maximum
power of 18 kV. During ESWL, pain was managed with
intravenous nalbuphine. The stones were fragmented under
fluoroscopic or ultrasound guidance.

During the procedure, the patient’s vital signs, including
pulse, blood pressure, and oxygen saturation, were moni-
tored. After the procedure, patients were prescribed
diclofenac sodium and tamsulosin to take at home. Patients
were followed up 2 weeks later by kidney, ureter, bladder
(KUB) X-ray, ultrasonography, or both. Treatment was
repeated if there was no or inadequate (stone fragment
>4 mm) fragmentation. Patients in whom no or poor stone
fragmentation was noted 40 days after the procedure were
considered failures.

3. Operational definitions

We used a multi-detector CT scanner (30 mm/120 kV/200
mAs, Aquilion One, Merge Health Care 2006 & 2010, Chicago,
IL, USA) for imaging and a Modulith SLX lithotripter
(4th generation; STORZ Medical Equipment, Tégerwilen,
Switzerland) for ESWL. All radiological parameters were
measured by a postgraduate resident. Maximum stone
diameter was measured in the image as the stone diameter
that yielded the highest value. Stone attenuation value (SAV)
was measured by creating three regions of interest in three
different views of the stone on the CT scan showing the
stone in the largest dimension. The average of three regions
of interest represented the mean Hounsfield unit (HU) for
that stone. Care was taken to not include soft tissue. Skin-
tostone distance (SSD) was measured as an average of the
distance between skin and stone at 0° 450°, and 900° on
NCCT. Stone area was measured by tracing the contour of
the inner edge of the stone (not including the surrounding
soft tissue) on the slice with maximum stone cross-sectional
area. This illustration was then used to automatically
calculate stone area. Stone volume was calculated by the
equation: L w. d 7. 0167 (7=314159), where [ is length, w is
width, and d is depth [7] Hounsfield density was measured
by dividing the HU by stone diameter. The outcome was
considered a success when there was no residual stone or
residual stone fragments less than 40 mm after 40 days of
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follow-up.

4. Statistical analysis

Patients were then divided into multiple groups based
on various parameters and the success rates of ESWL were
compared. Patients with stone diameter less than 10 mm
and stone diameter greater than 10 mm were divided into
separate groups. Then, three groups were made on the basis
of SAV <500 HU, 500 to 1,000 HU, and >500 HU. Another
parameter was SSD with one group having SSD <100
mm and the second group having SSD >100 mm. The last
parameter on the basis of which the patients were divided
into groups was stone volume: volume <500 mm® in one
group and >500 mm?® in the other group.

All statistical analyses were performed by using the
Student’s t-test, Pearson’s chisquare test, Mann Whitney U
test, and multivariate logistic regression analysis. Normality
of numerical data was tested with the Kolmogorov-
Smirnov test. Therefore, nonparametric analysis was used to

Table 1. General characteristics of the patients

CT scan-based parameters for renal stone outcome

determine the difference and association. Logistic regression
was used to calculate the crude odds ratio of all potential
independent factors on the outcome. Multivariate logistic
regression, with backward stepwise procedures, was used to
control for confounding variables and to calculate adjusted
odds ratios. SPSS ver. 160 (SPSS Inc, Chicago, IL, USA) was
used, and p-values less than 0.05 were considered statistically
significant.

RESULTS

Urinary stones were diagnosed in 3,060 patients, who
underwent ESWL treatment in the urology department
at Shifa International Hospital Islamabad. Among them,
1,346 patients had a NCCT scan done before the procedure.
The total number of patients fulfilling the study criteria
was 203. Table 1 describes the characteristics of the patient
population.

Of the total patients, 122 patients (60.1%) experienced

Variable Overall Success group Failure group p-value
Number of patients 203 122 (60.1) 81(39.9)
Age (y) 41.49+£14.30 40.56+14.39 42.90+14.14 0.252°
Gender 0.695°
Female 62 (30.5) 36 (58.1) 26 (41.9)
Male 141 (69.5) 86 (61.0) 55(39.0)
Laterality 0.625°
Left 106 (52.2) 62 (58.5) 44 (41.5)
Right 97 (47.8) 60 (61.9) 37(38.1)
Body mass index (kg/m?) 27.81£6.59 27.70£5.39 27.96+8.10 0.801°
Double J stenting 0.002°
Yes 41(20.2) 16 (39.0) 25(61.0)
No 162 (79.8) 106 (65.4) 56 (34.6)
Stone opacity 0.006°
Opaque 141 (69.5) 75(53.2) 66 (46.8)
Faint 37(18.2) 26 (70.3) 11(29.7)
Lucent 25(12.3) 21 (84.0) 4(16.0)
Location of stone 0.038°
Upper pole 27 (13.3) 6 (59.3) 11 (40.7)
Middle pole 45 (22.2) 3(73.3) 12 (26.7)
Lower pole 105 (51.7) 54(51.4) 51 (48.6)
Pelvis 26(12.8) 9(73.1) 7(26.9)
Lower pole stone 105 (51.7) 4(51.4) 51 (48.6) 0.009°
Non lower pole stone 98 (48.3) 68 (69.4) 30 (30.6)
Number of sessions 1.72+0.89 1.46+0.74 2.1+0.95 <0.001°
Number of shock waves 6,281.40+3,377.56 5,331.15+2,931.28 7,712.65+3,515.37 <0.001°
Peak shock wave energy (kV) 17.29+0.93 17.34+0.889 17.21+0.98 0.324°

Values are presented as number only, number (%), or meanzstandard deviation.

*:Chi-squared test. “Independent t-test.
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successful clearance of the stone. The patients consisted
of 141 men (69.5%) and 62 women (30.5%). The patients’
mean age was 4149+14.30 years. Forty-one patients (20.2%)
patients had double J (DdJ) stents in place when ESWL was
performed. The success rate was 39.0% (16/41) in those who
had DdJ stents in place, whereas it was 654% (106/162) in
those who did not have DdJ stents (p=0.002). Stone clearance
was 84.0%, 70.3%, and 532% for radiolucent, faintly radio-
opaque, and radio-opaque stones, respectively (p=0.006).
Lower pole stones had a lower stone clearance (51.4%)
compared with stones located in the pelvis, middle pole, and
upper pole (731%, 73.3%, and 59.3% respectively; p=0.038).

As shown in Table 2, the median stone diameter in
the success and failure groups was 939 mm and 1341 mm,
respectively (p<0.001). The median SAV of stones in the
success and failure groups was 60165 HU and 999.0 HU,
respectively (p=0.001), whereas the Hounsfield densities
were 6797 HU/mm and 73.77 HU/mm, respectively (p=0.008).
Median stone area and volume were significantly lower in
the success group (4659 mm® and 32363 mm®, respectively)
than in the failure group (81.81 mm® and 657.8 mm®,
respectively; p<0.001 in each group).

Analysis was then performed according to groups based
on the parameters mentioned earlier. The success rate

ICUROLOGY

in patients with a stone diameter <10 mm was 79.3% but
decreased to 45.7% in those with stone diameter >10 mm
(p<0.001). Regarding SAV, success rates were 93.8%, 62.7%,
and 245% in the groups with SAV <500 HU, 500 to 1,000
HU, and >1,000 HU, respectively (p<0.001). Those patients
with SSD <100 mm had a success rate of 71.4%, but this
decreased to 462% in those with SSD >100 mm (p<0.001). In
reference to stone volume, the success rate was 70.6% in the
group with stone volume <500 mm® compared with 452% in
the group with stone volume >500 mm? (p<0.001).

When multivariate analysis with logistic regression was
performed, SAV was the strongest predictive factor (odds
ratio, 1.004 [1.002-1.006}; p<0.001). SSD and stone location were
other parameters that showed correlation. Table 3 describes
the results of the multivariate analysis, and Table 4 details
the correlation of these parameters with the outcome of
ESWL.

DISCUSSION

Much effort is being put into investigating the
various parameters that may aid in the decision for the
management of urinary stones [8]. We analyzed some of
these parameters with regard to their impact on renal stones

Table 2. Effect of different variables on the outcome of extracorporeal shock wave lithotripsy

Variable Overall Success group Failure group p-value®

Skin-to-stone distance (mm) 0.001
Median (IQR) 96.33 (31.0) 90.65 (28.77) 104.33 (29.39)
Mean=SD 93.46+24.04 91.15+24.16 96.94+23.56

Stone attenuation value (HU) 0.001
Median (IQR) 758.76 (498.34) 601.65 (398.74) 999.0 (462.52)
Mean+SD 796.37+328.77 647.76+£256.34 1,020.20+298.55

Hounsfield density (HU/mm) 0.008
Median (IQR) 69.51(37.70) 67.97 (36.95) 73.77 (43.55)
Mean+SD 73.77+33.87 67.95+30.79 82.53+36.52

Stone diameter (mm) <0.001
Median (IQR) 11.01 (6.60) 9.39 (5.75) 13.41(8.62)
Mean+SD 11.77+4.58 10.62+5.09 14.77+6.60

Stone depth (mm) <0.001
Median (IQR) 8.65 (4.60) 8.19(3.99) 9.97 (6.08)
Mean+SD 9.51+4.14 10.47+3.96 13.72+4.78

Stone area (mm?) <0.001
Median (IQR) 58.20 (68.40) 46.59 (51.10) 81.81(79.84)
Mean+SD 69.44+50.96 58.53+46.62 85.87+53.07

Stone volume (mm?) <0.001
Median (IQR) 397.31(807.73) 323.63 (499.45) 657.8 (1,294.34)
Mean+SD 755.99+1,015.12 515.44+628.05 1,118.31+1,335.74

IQR, interquartile range; HU, Hounsfield unit.
“:Mann Whitney U test.
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Table 3. Results of the multivariate logistic regression analysis

CT scan-based parameters for renal stone outcome

95% confidence interval

Variable p-value 0Odds ratio

Lower Upper
Body mass index 0.392 0.971 0.908 1.038
Stone location 0.013 2.681 1.229 5.845
DJ stenting 0.359 0.638 0.244 1.668
Stone opacity 0.873 1.052 0.563 1.969
Skin-to-stone distance 0.001 1.036 1.014 1.059
Stone diameter 0.147 1.160 0.949 1.417
Stone attenuation value <0.001 1.004 1.002 1.006
Mean Hounsfield density 0.744 1.003 0.985 1.021
Stone area 0.196 0.992 0.979 1.004
Stone volume 0.381 1.000 1.000 1.001

Reference values: Stone location, lower pole stones; double J (DJ) stenting, absence of DJ stenting; stone opacity, radiolucency; skin-to-stone dis-
tance <100 mm; stone diameter <10 mm; stone attenuation value <500 Hounsfield unit (HU); mean Hounsfield density <76 HU/mm; stone volume

<500 mm”.

Table 4. Correlation of variable groups with the outcome of extracorporeal shock wave lithotripsy

Variable group Success Failure p-value®
Stone attenuation value (HU) <0.001
<500 (n=48) 45(93.8) 3(6.3)
500-1,000 (n=102) 64 (62.7) 38(37.3)
>1,000 (n=53) 13 (24.5) 40 (75.5)
Skin-to-stone distance (mm) <0.001
<100 (n=112) 80 (71.4) 32(28.6)
>100 (n=91) 42 (46.2) 49 (53.8)
Stone diameter (mm) <0.001
5-10 (n=87) 69 (79.3) 18 (20.7)
10-20 (n=116) 53(45.7) 63 (54.3)
Stone volume (mm’) <0.001
<500 (n=119) 84 (70.6) 35(29.4)
>500 (n=84) 38(45.2) 46 (54.8)
Hounsfield density (HU/mm) 0.020
<76 (n=125) 83 (66.4) 42 (33.6)
>76 (n=78) 39 (50.0) 39 (50.0)

Values are presented as number (%).
HU, Hounsfield unit.
*Chi-square test.

in patients undergoing ESWL.

In 1994, Lingeman et al. [9] demonstrated that clearance
of stones in the lower pole calyx by ESWL was lower than
the clearance of stones in other calyces. Further studies
emphasized this finding, with one study showing a success
rate of 69% for lower pole stones compared with 90%,
87%, 85%, and 84% for stones in the renal pelvis, middle
calyx, upper ureter, and upper calyx, respectively [10],
and another study showing a 25% success rate for stones
in the lower pole compared with 40% for stones in the
other poles [11] This difference may be attributable to the
narrow infundibulopelvic angle resulting in the incomplete

Investig Clin Urol 2018;59:25-31.

clearance of stone fragments [12]

These studies were followed by efforts by Mostafavi et
al. [13] in 1998, Motley et al. [14] in 2001, Patel et al. [15] in
2009, and Spettel et al. [16] in 2013 to use SAVs, in HU, as a
reliable parameter for determining stone composition and
density that would in turn affect the success rate of ESWL.
In 2005, Gupta et al. [17] and Pareek et al. [8] concluded that
with an increase in stone density, the requirement for shock
wave energy increases. Furthermore, in 2013, Hameed et al.
[18] reported similar results and concluded that stones having
HU >1,350 require increased shock wave energy. Other
studies have contested this value, although with a similar
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conclusion that the increase in stone density is associated
with an increase in shock wave energy requirement [19-21]

In 2014, Massoud et al. [10] furthered this effort by
categorizing patients with upper urinary tract stones into
three groups, <5600 HU, 500 to 1,000 HU, and >1,000 HU, with
success rates of 100%, 95.7%, and 44.6%, respectively, while
defining the cutoff value of 9565 HU. Some studies even
suggested the use of HU density as a better indicator than
the HU value alone, especially with regard to differences
in radiodensities among urinary stones [14] Similarly, stone
size, stone area, and stone volume have also been reported
in various studies to affect the outcome, with decreases in
these values being directly associated with improved success
rates [22-24]

In 2012, Park et al. [6] described SSD as the only
significant factor predicting the ESWL success rate and
reasoned that with increases in the SSD, shock waves would
have to travel a greater distance and penetrate through
excess body fat, causing energy levels to decrease and
resulting in lower stone fragmentation capability. A similar
correlation was reported in multiple other studies [5,12,25].
Badran et al. [26] went on to suggest that shock waves lose
their energy by 10% to 20% for every 6-cm penetration.
Perks et al. [27] defined 90 mm as the threshold value for
SSD beyond which the success rate decreases.

Our study confirmed the validity of the parameters
suggested in these previous studies. Stone clearance for
lower pole stones was only 514% compared with 731% for
renal pelvis stones and 73.3% for midpole stones. Patients
having SAVs less than 500 HU were much more likely to
have stone clearance (93.8%), while those having values
greater than 1,000 HU were much less likely to experience
successful outcomes (245%), even with an increasing number
of shock waves. Multivariate analysis did prove a correlation
between the SAV and success rate, with an odds ratio of 1004
(95% confidence interval [CI], 1.002 to 1.006; p<0.001).

While there was a difference in the success rate when
HU density was analyzed, multivariate analysis failed
to show any significance in the difference. Similarly,
correlation was also noted between the stone burden (in
terms of stone size or diameter, stone area, and stone
volume) and the success rate. However, this again failed to
show any significance in the multivariate analysis. This
may be attributable to the homogeneity of stone size within
our study population resulting in a type I error.

For analyzing the correlation of the success rate with
SSD, we defined 100 mm as the cutoff value as used by Park
et al. [6] A success rate of 714% was noted in patients having
SSD less than 100 mm in contrast to 46.2% in those with
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SSD greater than 100 mm. Multivariate analysis confirmed
this significance, resulting in an odds ratio of 1.036 (95% CI,
1014 to 1.059; p=0.001). Moreover, SSD was noted to be 9065
mm in the success group compared with 10433 mm in the
failure group, which favors the cutoff value suggested by
Perks et al. [27]

The retrospective nature of our study was a disadvantage
that we tried to overcome by multivariate analysis as best
we could. Similarly, many of the patients did not have
an NCCT scan done in the follow-up period. However,
ultrasonography or KUB X-ray was done, which might
have been reliable enough considering that no recurrence
in symptoms or abnormal findings were detected in the
imaging.

We also did not consider factors not relating to the
NCCT scan that might affect the success rate of ESWL, such
as complications. Pain, a complication of the procedure, has
been shown to affect the success rate for ESWL [28], as have
other complications that may reduce patient compliance,
resulting in difficulty targeting the stones.

CONCLUSIONS

Better patient selection is paramount to improving
the outcome of ESWL. The stone parameters measured by
NCCT scan are simple, readily available, reproducible, and
predictive. Renal stone location, SAV, and SSD were shown
to be independent predictors of ESWL outcome and useful
tools for planning the treatment of renal stones. These
parameters should be considered when making decisions
regarding the use of ESWL.
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