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Abstract
The predictors of treatment outcome after emergency extracorporeal shockwave lithotripsy (SWL) are not well character-
ized. Therefore, based on a large prospective cohort, we aimed to develop and validate a nomogram for predicting treatment 
outcome after emergency SWL in patients with symptomatic ureteral stones. The development cohort included 358 patients 
with symptomatic ureteral stones who underwent emergency SWL between June 2020 and August 2021 in our hospital. One 
hundred and twenty-nine patients with symptomatic ureteral stones participated in the validation cohort from September 2021 
to April 2022. The data were prospectively recorded. The backward stepwise selection was applied using the likelihood ratio 
test with Akaike’s information criterion as the stopping rule. The efficacy of this predictive model was assessed concern-
ing its clinical usefulness, calibration, and discrimination. Finally, 15.6% (56/358) of patients in the development cohort 
and 14.0% (18/129) of those in the validation cohort suffered from stone-free failure after emergency SWL. We identified 
four predictors for stone-free failure: stone size, stone density, skin to stone distance (SSD), and degree of hydronephrosis. 
This model showed good discrimination with an area under the receiver operating characteristic (AUROC) curves of 0.935 
(0.899–0.971) and good calibration (P = 0.059). The decision curve analysis showed that the model was clinically valuable. 
In this large prospective cohort, we found that stone size, stone density, SSD, and degree of hydronephrosis were predictors 
of treatment outcome after emergency SWL. This nomogram will be helpful in preoperative risk stratification to provide 
individualized treatment recommendations for each patient. Furthermore, early identification and appropriate management 
of patients may increase the success rate of emergency SWL during the COVID-19 pandemic.

Keywords Extracorporeal shockwave lithotripsy · Ureteral stone · Predictive model · COVID-19

These two authors (Lvwen Zhang and Jia Li) contribute equally to 
this work.

 * Zhenhua Li 
 lizhenhuacmu@163.com

 * Song Bai 
 baisongcmu81@163.com

 Lvwen Zhang 
 zhanglw_0409@163.com

 Jia Li 
 lijiacmu@163.com

 Chunyu Pan 
 panchunyu81@163.com

 Yunhong Zhan 
 zhanyunhong81@163.com

1 Department of Urology, Shengjing Hospital 
of China Medical University, 36 Sanhao Street, 
Shenyang, Liaoning 110004, People’s Republic of China

2 Department of Urology, Institute of Urology and Anhui 
Province Key Laboratory of Genitourinary Diseases, The 
First Affiliated Hospital of Anhui Medical University, Hefei, 
Anhui, China

http://crossmark.crossref.org/dialog/?doi=10.1007/s00240-022-01401-7&domain=pdf
http://orcid.org/0000-0002-5965-3829
http://orcid.org/0000-0002-2605-8337
http://orcid.org/0000-0002-4693-3434
http://orcid.org/0000-0001-5163-2508
http://orcid.org/0000-0002-6073-145X


 Urolithiasis (2023) 51:26

1 3

26 Page 2 of 9

Introduction

Urolithiasis is one of the most prevalent urological dis-
eases. It is estimated that about 13% of the population 
will be affected by urinary stones during their lifetime [1, 
2]. The upper urinary tract stone is the most common site. 
A large proportion of patients with ureteral stones might 
experience acute renal colic, severe infection, and renal 
function impairment; if it is not appropriately managed, 
patients may suffer more severe consequences, and thereby 
require intervention.

Emergency extracorporeal shockwave lithotripsy 
(SWL) is an essential strategy for symptomatic ureteral 
stones and is widely preferred as a safe means of man-
aging acute renal colic. It is also highly accepted for its 
ease of management and low cost [3]. Compared to SWL, 
medicine, indwelling double-J tube, or nephrostomy might 
only rapidly relieve symptoms such as pain but not directly 
deal with the stone [4, 5]. Only three studies with small 
sample sizes assessed the effectiveness of emergency 
SWL for ureteral calculi during acute renal colic. Panah 
et al. retrospectively reported the results after emergency 
SWL of 97 patients presenting with their first episode of 
ureteral colic; 73.2% (71) patients experienced stone free 
after emergency SWL, and stone size and Hounsfield units 
are important factors in predicting success [6]. Likewise, 
Kurkar et al. prospectively studied 86 patients with per-
sistent renal colic and single ureteral stone, the stone-free 
rate after emergency SWL were 44.2%. Lower stone den-
sity was the single predictor of successful stone clearance 
[7]. Ghalayini et al. aimed to assess the efficacy of SWL 
for ureteral calculi during acute renal colic; they retro-
spectively analyzed 108 patients from 2002 to 2007. They 
confirmed that the complete fragmentation rate after a sin-
gle emergency SWL session was 52%, and stone size was 
the only predictive factor for retreatment [8]. The conclu-
sions addressing this issue are inconsistent, and none of 
the studies have been validated. In addition, several poten-
tial risk factors, such as hydronephrosis and skin to stone 
distance (SSD) which might affect the treatment outcome, 
have not been explored [9, 10]. It is worth noting that 
nearly half to one-third of patients suffered from failure 
after emergency SWL; therefore, exploring the predictors 
of treatment outcome of emergency SWL in patients with 
symptomatic ureteral stones is necessary.

It is widely acknowledged that the COVID-19 pandemic 
had a significant impact on healthcare services around the 
globe. COVID-19 is a contagious viral infection, primarily 
infecting the pulmonary system with respiratory symp-
toms. Droplets and close contact are the main routes of 
transmission, thus creating significant risk to those pre-
sent in the operating room during procedures involving 

general anesthesia and endotracheal intubation. There-
fore, the question remains for urologists regarding how to 
treat ureteral stones during the COVID-19 pandemic most 
safely. Emergency SWL has more benefits in reducing the 
need for general anesthesia, airway manipulation, and 
body fluid exposure than ureteroscopic lithotripsy (URS) 
as an ambulatory intervention [11].

Establishing a nomogram based on the predictive model 
is accepted as a reliable tool for predicting risk by analyzing 
and illustrating significant predictors of critical clinical con-
sequences, which gives a numerical probability of the event 
for precision treatment [12]. Moreover, in our study, SWL 
can be guided by real-time ultrasound avoiding X-ray radia-
tion exposure and can deal with both radiopaque and radio-
lucent stones. Therefore, we aimed to develop and validate 
a nomogram to predict the treatment outcome of emergency 
SWL in patients with symptomatic ureteral stones during the 
COVID-19 pandemic.

Methods

Study design

This prospective study was conducted at Shengjing Hospital 
of China Medical University from June 2020 to April 2022. 
Finally, the development cohort of this study comprised 
358 consecutive patients who underwent SWL for ureteral 
stones at our center between June 2020 and August 2021. 
The validation cohort comprised 129 consecutive patients 
from September 2021 to April 2022 using the same inclu-
sion and exclusion criteria (Fig. 1).

Ethical approval (2020PS520K) was provided by the 
Ethics Committee of Shengjing Hospital Affiliated China 
Medical University. All of the eligible individuals gave their 
informed permission. ChiCTR2000033789 is the registry’s 
UIN for clinical research. The 1975 Declaration of Helsin-
ki’s ethical principles were followed by the study procedure.

Inclusion and exclusion criteria

Inclusion criteria: patients with symptomatic ureteral stone 
(renal colic episode), ureteral stone with a size between 6 
and 20 mm, either radiopaque or radiolucent stones were 
included, age ≥ 18 years, body mass index (BMI) < 30 kg/
m2, stone density < 1000 Hounsfield’s units (HU), and skin 
to stone distance less than 11 cm. Recurrent or first-time 
stone formers were both eligible; stones with a low likeli-
hood of spontaneous passage, persistent pain despite ade-
quate analgesic medication; persistent obstruction, stone 
growth, and infection.

Exclusion criteria: pregnancy, coagulopathy, uncontrolled 
urinary tract infection, severe skeletal malformations, which 
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prevent targeting of the stone; arterial aneurysm in the 
vicinity of the stone, multiple or bilateral ureteral stones; 
anatomical obstruction distal to the stone or congenital 
genitourinary anomaly (such as horseshoe kidney or ileal 
conduit), patients with internal stent/nephrostomy insertion 
before treatment for the resolution of urinary tract obstruc-
tion, transplanted kidney, solitary kidney, renal insufficiency 
(elevated creatinine).

The technique of SWL

SWL was performed using a third-generation electromag-
netic lithotripter (XYS.SUI-6B, Shenzhen New Element 
Medical Equipment Technology Development Co., Ltd, 
Shenzhen, China). The focal depth was more than 110 mm; 
the focal area was ± 7 mm (radial) and ± 45–50 mm (axial), 
and the focal pressure was 6–30 MPa. The procedure was 
performed in a supine (proximal ureteral stone) or prone 
(middle or distal ureteral stone) position without anesthesia 
or sedation requirements. Stone localization and real-time 
monitoring during the procedure were performed by ultra-
sound (DC40, Shenzhen Mindray Bio-Medical Electronic 

Co., Ltd, Shenzhen, China). The shock frequency was 60–90 
(shock waves/min). The total number of shock waves applied 
for one session was between 1500 and 2500, or the session 
was stopped when a significant stone fragmentation was 
detected. The voltage applied per session ranged from 10 to 
16 kV with a stepwise power ramping strategy (power ramp-
ing was conducted during the first 200 shock waves). All 
procedures in the SWL group were outpatient procedures.

Before the procedure, careful control of pain to limit 
pain-induced movements and excessive respiratory excur-
sions was needed. The patients received nonsteroidal anti-
inflammatory (e.g., flurbiprofen 50 mg or ketorolac 30 mg 
by intravenous injection) or opioid drugs (pethidine 50 mg 
by intramuscular injection) for pain control prior to SWL 
when the VAS score was greater than 4, and the patients 
requested pain relief. Antibiotic prophylaxis was applied 
in case of increased bacterial burden (infectious stones or 
bacteriuria). A mild laxative (e.g., polyethylene glycol elec-
trolytes powder) was taken the day before the procedure if 
it was difficult to locate the stone due to bowel interference. 
After the procedure, all patients were instructed to drink flu-
ids and increase physical activity; ɑ-blockers and analgesics 

Fig. 1  Flow chart of develop-
ment and validation cohort. 
SWL extracorporeal shock 
wave lithotripsy, CT computer 
tomography
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were also taken regularly. SWL was performed by senior 
expert doctors having vast experience after the patients pro-
vided informed consent.

Baseline characteristics and follow‑up

Patient demographics (age, gender, and body mass index 
[BMI]), comorbidity (hypertension, diabetes mellitus, and 
coronary heart disease), previous history of urinary stone, 
stone characteristics (stone side, stone size, stone density, 
skin to stone distance (SSD), and grade of hydronephrosis), 
treatment outcome (stone-free rate [SFR] was evaluated at 
1 month after SWL) were determined.

Proximal ureteral stone was defined as located between 
the pelvic–ureteral junction and the upper border of sacro-
iliac junction. Middle ureteral stone was defined as between 
upper border and lower border of the sacroiliac junction 
(include iliac vessel crossing). Distal ureteral stone was 
defined as the stone located between the lower border of 
sacroiliac junction and the orifice of ureter in bladder. The 
size of the stone was indicated as the largest diameter meas-
ured by computed tomography (CT). Skin to stone distance 
(SSD) was measured by a real-time ultrasound monitor 
when SWL was in process. The degree of hydronephrosis 
was assessed using a CT scan and was categorized as grade 
0–4. The kidney without calix or pelvic dilatation was grade 
0, those with pelvic dilation alone were grade 1, those with 
mild calix dilation were grade 2, those with severe calix 
dilation were grade 3, and those with calix dilation accom-
panied by renal parenchyma atrophy were grade 4. Stone 
density was measured by mean attenuation value (MAV) of 
computed tomography (CT) in Hounsfield units (the stone in 
the maximal diameter, where the elliptical region of interest 
incorporated the largest cross-sectional area of stone without 
including adjacent soft tissue).

Emergency SWL was defined as performed within 24 h of 
the onset of renal colic. The failure of emergency SWL was 
defined as no pain relief or recurrence (intermittent episodes 
of pain) within 1 month after the procedure or stone-free 
failure at 1 month SWL. The stone-free failure was defined 
as there was evidence of clinically significant stone frag-
ments (≥ 4 mm) on a plain X-ray of urinary tract (KUB) 
and urinary ultrasound at 1 month after SWL. Cases con-
verted to URS or PCNL after one session within 1 month 
were defined as failure too. Post-procedural follow-up visits 
were performed 1 month after SWL using both KUB and 
ultrasound.

Statistical analysis

Data were analyzed using IBM SPSS Statistics for Windows, 
version 22.0. (IBM Corporation), R software (version 3.0.1; 
https:// www.r- proje ct. org/), and STATA 15.0. (Stata Corp., 

College Station, TX, USA). In this investigation, R's 'rms' 
and 'glmnet' packages were employed. All of the stated sta-
tistical significance levels were two sided, and statistical 
significance was defined as a probability (P) value of less 
than 0.05.

The Kolmogorov–Smirnov test was used to assess if 
continuous variables were normal. Continuous variables 
with a normally distributed distribution were shown as the 
mean ± SD, whereas those without a normally distributed 
distribution were shown as the median (interquartile range). 
The Student’s t test for independent samples was used to 
compare the means of two continuously distributed normally 
distributed variables. To compare two continuous non-nor-
mally distributed variables, the Mann–Whitney U test was 
applied. In categorical variables, the number (percentage) 
is reported. The comparison of categorical variables was 
conducted using the Chi-squared and Fisher’s exact tests.

A predictive nomogram with regression coefficients was 
constructed using multivariate unconditional logistic regres-
sion analysis. With Akaike’s information criterion serving 
as the stopping criteria, the likelihood ratio test was used 
to apply the backward stepwise selection. This model’s 
effectiveness was evaluated in the independent validation 
cohort. The validation cohort was subjected to the logis-
tic regression formula used in the development cohort, and 
the probability for each patient was determined using this 
method. The area under the receiver operating characteristic 
(AUROC) curve was used to estimate the model’s discrimi-
nating performance. In contrast to 1.0, which implies perfect 
discrimination, an AUROC of 0.5 showed no discrimina-
tion. The model’s calibration was evaluated using calibra-
tion plots, the unreliability test, and the Hosmer–Lemeshow 
(H–L) Chi-square statistic. A slope on the 45-degree line 
showed that the calibration was perfect. By measuring the 
net benefits at various threshold probabilities in the valida-
tion cohort, decision curve analysis was done to assess the 
model’s clinical applicability.

Results

Finally, 358 patients were included in the development 
cohort, and 129 were included in the validation cohort. The 
median age of patients in development was 51.0 years, and 
the validation cohort was 49.0 years. Most patients were 
male in either development (68.4%) or validation cohort 
(71.3%). The median BMI was 24.1 kg/m2 and 24.4 kg/
m2 in the development and validation cohorts. There were 
15.6% (56/358) and 14.0% (18/129) patients who suffered 
from stone-free failure after SWL in the development and 
validation cohort, respectively (Table 1).

Compared with the stone-free success group, the patients 
who suffered from stone-free failure had a higher BMI 

https://www.r-project.org/
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(26.2 kg/m2 vs. 23.9 kg/m2, P = 0.068), larger stone size 
(13 mm vs. 9 mm, P < 0.001), higher stone density (674 
Hu vs. 589 Hu, P < 0.001), larger SSD (98 mm vs. 78 mm, 
P < 0.001) (Table 2), higher grade of hydronephrosis (G3 
or G4, 26.8% vs. 4.0%, P < 0.001) (Table 2). A predictive 
nomogram with regression coefficients was created using 
multivariate binary unconditional logistic regression. Back-
ward stepwise selection was performed, and Akaike’s infor-
mation criteria was used as the stopping rule for the likeli-
hood ratio test using Akaike’s information test. The outcome 
was displayed in the final model (stone location, stone size, 
stone MAV, grade of hydronephrosis, and SSD). Based on 
these findings, we constructed a model to predict stone-free 
failure following SWL (Table 3 and Fig. 2).

By connecting a line directly upward to the point's axis, 
a particular point that represents each clinicopathologic fea-
ture is identified. By drawing a straight line down to the risk 
axis, the likelihood of a failure of stones is represented by 
the sum of the points on the total points axis. Consider a 
patient, for instance, who had the following characteristics: 
G1 hydronephrosis (0 points), SSD of 100 mm, stone density 
of 800 Hu, stone diameter of 10 mm (47 points), and so on 
(63 points). The patient was given a score of 137, and it was 
estimated that 30% of attempts to remove stones would fail. 
This estimated result can be utilized to make treatment plan 
decisions (Supplementary Fig. 1).

The cutoff value for risk probability in this model was 
0.186, with a sensitivity of 83.9% and specificity of 88.4%. 
The AUROC values of the development and validation 
cohorts were 0.935 and 0.865, respectively (Fig. 3A, B and 
Table 3). With a P value of 0.678, the calibration invalida-
tion unreliability test statistic was − 0.006. (Fig. 3C). With 
a P value of 0.059 and an H–L Chi-square statistic of 17.77, 
the calibration appeared to be accurate. The decision curve 
demonstrated that the cutoff value was included if the thresh-
old probability for a patient varied from 0 to 90%. This nom-
ogram performed better than either the “treat all” or “treat 
none” strategy in predicting stone-free failure after SWL. 
The net benefit was comparable within this range, (Fig. 3D).

Discussion

During the COVID-19 pandemic, emergency SWL is pre-
ferred for symptomatic ureteral stones as an ambulatory 
intervention [11, 13]. However, nearly half to one-third of 
patients suffered from failure after emergency SWL [6–8]; 
therefore, based on a large and prospective cohort study, 
we investigated the treatment outcome of emergency SWL 
guided by real-time ultrasound in patients with sympto-
matic ureteral stone, and identified four predictive factors 
including the stone size, stone density, SSD, and degree of 
hydronephrosis, and the results have also been validated 
externally.

As reported by previous studies, the failure incidence 
of emergency SWL is high in patients with ureteral stones 
[14–17]. Panah reported that the failure rate of emergency 
SWL is 26.8% (26/97) [6], while Ghalayini found that the 
failure rate was as high as 48% (52/108) [8]. However, in 
this study, the failure incidence after emergency SWL in the 
development and validation cohorts was 15.6% (56/358) and 
14% (18/129), which is lower than the results of the previ-
ous study. The possible reason is that the process of SWL 
was guided by real-time ultrasound instead of intermittent 
X-ray, which is more accurate in location of the stone. On 
the other hand, this study also included patients with radio-
lucent stone, which is often characterized by lower stone 

Table 1  Characteristics of patients in the development and validation 
cohorts

Continuous variables with a normal distribution are reported as the 
mean ± standard deviation (SD); non-normal continuous variables are 
expressed as the median (interquartile range); categorical variables 
are reported as the number (percentage). Student’s t test was used to 
compare the means of two continuous normally distributed variables 
and the Mann–Whitney U test was used to determine the means of 
two continuous non-normally distributed variables. A Chi-squared 
test or Fisher’s exact test was used for categorical variables
SF stone free, BMI body mass index, SWL extracorporeal shock wave 
lithotripsy, URS ureteroscopy, PCNL percutaneous nephrolithotomy, 
Hu Hounsfield unit, G grade, SSD skin to stone distance

Variables Development Validation

Number of patients (%) 358 (100.0) 129 (100.0)
Number of SF failure (%) 56 (15.6) 18 (14.0)
Demographic characteristics
 Age (years) 51.0 (36.0, 61.0) 49.0 (35.5, 62.0)
 Gender (male) 245 (68.4) 92 (71.3)
 BMI (kg/m2) 24.1 (20.8, 27.6) 24.4 (21.4, 28.0)

Comorbidities
 Hypertension (yes) 67 (18.7) 28 (21.7)
 Diabetes mellitus (yes) 49 (13.7) 17  (13.2)
 Coronary heart disease (yes) 27 (7.5) 9(7.0)

Previous history of urinary stone
 No or spontaneous passage 323 (90.2) 112 (86.8)
 SWL or URS or PCNL 35 (9.8) 17(13.2)

Stone characteristics
 Stone side (left) 210 (58.7) 66 (51.2)
 Stone location
  Proximal or middle stone 215 (60.1) 78 (60.5)
  Distal stone 143 (39.9) 51 (39.5)

 Stone size (diameter, mm) 10.0 (8.0, 11.0) 9.0 (8.0, 11.0)
 Stone density (Hu) 608 (375, 789) 629 (422, 799)
 SSD (mm) 82 (67, 99) 80 (67, 97)
 Hydronephrosis
  G0, G1 or G2 331 (92.5) 119 (92.2)
  G3 or G4 27 (7.5) 10 (7.8)
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Table 2  Univariate analysis of patients in the development and validation cohorts

Continuous variables with a normal distribution are reported as the mean ± standard deviation (SD); non-normal continuous variables are 
expressed as the median (interquartile range); categorical variables are reported as the number (percentage). Student’s t test was used to compare 
the means of two continuous normally distributed variables and the Mann–Whitney U test was used to determine the means of two continuous 
non-normally distributed variables. A Chi-squared test or Fisher's exact test was used for categorical variables
SF stone free, BMI body mass index, SWL extracorporeal shock wave lithotripsy, URS ureteroscopy, PCNL percutaneous nephrolithotomy, Hu 
Hounsfield unit, G grade, SSD skin to stone distance

Variables Development cohort (n = 358) Validation cohort (n = 129)

SF success SF failure P value SF success SF failure P value

Number of patients (%) 302 (84.4) 56 (15.6) 111 (86.0) 18 (14.0)
Demographic characteristics
 Age (years) 50.5 (36.0, 61.3) 54.0 (39.3, 59.0) 0.397 49.0 (36.0, 62.0) 53.0 (34.5, 62.8) 0.393
 Gender (male) 203 (67.2) 42 (75.0) 0.250 77 (69.4) 15 (83.3) 0.224
 BMI (kg/m2) 23.9 (20.8, 27.1) 26.2 (21.3, 28.4) 0.068 24.6 (21.9, 28.2) 23.5 (18.4, 26.4) 0.161

Comorbidities
 Hypertension (yes) 55 (18.2) 12 (21.4) 0.571 26 (23.4) 2 (11.1) 0.240
 Diabetes mellitus (yes) 43 (14.2) 6 (10.7) 0.481 14 (12.6) 3 (16.7) 0.637
 Coronary heart disease (yes) 22(7.3) 5 (8.9) 0.669 7 (11.1) 2 (6.3) 0.458

Previous history of urinary stone 0.213 0.075
 No or spontaneous passage 272 (90.1) 51 (91.1) 94 (84.7) 18 (100.0)
 SWL or URS or PCNL 30 (9.9) 5 (8.9) 17 (15.3) 0 (0.0)

Stone characteristics
 Stone side (left) 172 (57.0) 38 (67.9) 0.128 57 (51.4) 9 (50.0) 0.915
 Stone location 0.071 0.021
 Proximal or middle stone 181 (59.9) 34 (60.7) 409 (66.5) 11 (61.1)
 Distal stone 121 (40.1) 22 (39.3) 44 (39.6) 7 (38.9)
 Stone size (diameter, mm) 9.0 (8.0, 11.0) 13.0 (11.0, 14.0)  < 0.001 9.0 (8.0, 11.0) 11.5 (9.5, 13.0)  < 0.001
 Stone density (Hu) 589 (343, 772) 674 (491, 983)  < 0.001 628 (403, 799) 678 (499, 999)  < 0.001
 SSD (mm) 78 (63, 96) 98 (85, 114)  < 0.001 78 (63, 97) 92 (81, 120)  < 0.001
 Hydronephrosis  < 0.001  < 0.001
 G0, G1 or G2 290 (96.0) 41 (73.2) 106 (95.5) 13 (68.0)
 G3 or G4 12 (4.0) 15 (26.8) 5 (4.5) 5 (27.8)

Table 3  Multivariate binary 
logistic regression of stone-free 
failure

The β coefficient, odds ratio, and 95% confidence interval were measured through binary logistic regression
Hu hounsfield unit, G grade, SSD skin stone distance, OR odds ratio, CI confidence interval, ROC receiver 
operating characteristic curve

Intercept and variable β 95% CI OR 95% CI P

Intercept − 20.248 − 25.250, − 15.246 1.610 1.080, 2.390  < 0.001
Stone size (diameter, mm) 0.732 0.491, 0.972 2.078 1.635, 2.642  < 0.001
Stone density (Hu) 0.004 0.002, 0.006 1.004 1.002, 1.006 0.001
SSD (mm) 0.068 0.041, 0.096 1.071 1.042, 1.100  < 0.001
Hydronephrosis (G3 or G4 

vs. G0, G1 or G2)
2.068 0.670, 3.466 7.908 1.955, 31.993 0.004

Area under ROC curve
 Development cohort 0.935 0.899, 0.971  < 0.001
 Validation cohort 0.865 0.771, 0.960  < 0.001
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Fig. 2  Nomogram to predict stone-free failure after extracorporeal 
shockwave lithotripsy. Each clinicopathologic factor corresponds to 
a specific point by drawing a line straight upward to the points axis. 
After summing the points located on the total points axis, the sum 

represents the probability of stone-free failure after extracorporeal 
shockwave lithotripsy by drawing a line straight down to the risk axis. 
G grade, SSD skin to stone distance

Fig. 3  Discrimination, calibra-
tion, and decision curve analysis 
for the model. A ROC in the 
development cohort; B ROC in 
the validation cohort; C calibra-
tion plot; D decision curve 
analysis. ROC receiver operat-
ing characteristic curve
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density and more easily fragmented, thereby improving the 
treatment outcome of emergence SWL [18, 19].

Stone size has been previously reported as an independent 
risk factor for pain control and stone removal [6, 8]. Gha-
layini et al. retrospectively assessed the efficacy of SWL for 
ureteral stones based on 108 patients with acute renal colic. 
About 52% (56) of the patients  who underwent emergency 
SWL had totally fragmented stones were completely frag-
mentation. They believed that emergency SWL for obstruct-
ing ureteral stones has a satisfactory success rate, and stone 
size may be the main predictive factor for retreatment [8]. As 
a probable explanation, larger stone size is associated with 
more severe ureteral congestion, which might aggravate the 
degree of edema and increase the difficulty of lithotripter 
operation [20, 21].

Another predictor for emergency SWL involvement is the 
Hounsfield units of the stone density [7]. Kurkal et al. pro-
spectively studied 86 patients with persistent renal colic to 
evaluate the efficacy and the predicting variables for success-
ful early SWL [7]. In their study, the stone-free rate after the 
first emergency SWL session was 44.2%, and the predictor 
for both successful pain control and stone clearance was 
low stone density. From their perspective, emergency SWL 
effectively manages ureteral stones presented by renal colic 
with low HU, which is consistent with our study. As we 
know, stone density is an essential factor for clinicians to 
evaluate stone conditions. Moreover, the success of SWL 
depends on the efficacy of the lithotripter and the following 
factors, including the composition (hardness) of the stones 
according to the EAU Guidelines [5, 22, 23].

This study demonstrated that SSD is a predictor of the 
successful outcome after emergency SWL in ureteral stone. 
In line with this, Pareek et al. reported SSD might predict 
the outcome of patients after SWL with lower pole kidney 
stones [9]. In addition, Patel et al. conducted more compre-
hensive research; they retrospectively analyzed 83 patients 
to determine whether SSD independently predicted the 
SWL success regardless of stone location. In their study, 51 
patients were stone free, 32 had residual stones, and SSD 
was the only independent predictor of treatment outcome 
via multivariate analysis [24].

Usually, patients with ureteral stones might have vari-
ous degrees of hydronephrosis due to urinary obstruction. 
Ureteral obstruction results in decreased renal function and 
reduced ureteral peristalsis and pressure, ultimately affect-
ing ureteral stone migration. Previous studies have reported 
that the possibility of ESWL treatment success decreases 
with more severe obstruction [25]. Consistent with this, El-
Assmy et al. conducted a prospective randomized study to 
investigate the relation between the degree of stone-induced 
hydronephrosis and the outcome of SWL in 284 patients 
with lumbar ureteral stones, which found that the presence 

of hydronephrosis increases the retreatment rate. It prolongs 
the time to stone free [10].

There are still several limitations. First, it is an observa-
tional study from a single-center study. Second, this study 
had an external temporal validation, which tested a model 
from older data on newer data. Therefore, a multicenter 
cohort with standardization of the approach is required 
to validate this model. Lastly, the heterogenicity in ethnic 
characteristics between the Eastern and Western cohorts 
should be considered; thus, a Western cohort will need to 
be validated for the universal use of this model. Finally, 
this study’s results may apply only to patients treated dur-
ing the COVID-19 pandemic. During this period, indica-
tions for treatment were changed in relation to the neces-
sity to avoid hospitalization and procedures for anesthesia. 
Future studies with guideline indications are needed to 
confirm these results. Nevertheless, this is the first nomo-
gram to predict the treatment outcome after emergency 
SWL based on a large prospective cohort. These findings 
assist in the decision-making strategy of guiding the treat-
ment choice for symptomatic patients with ureteral stones; 
doctors and patients can make personalized predictions 
through this easy-to-use model during the COVID-19 
pandemic.

Conclusion

In this large prospective cohort, we found that stone size, 
stone density, SSD, and degree of hydronephrosis were 
predictors of treatment outcome after emergency SWL. 
This nomogram will be helpful in preoperative risk strati-
fication to provide individualized treatment recommenda-
tions for each patient. Furthermore, early identification 
and appropriate management of patients may increase the 
success rate of emergency SWL during the COVID-19 
pandemic.
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