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Abstract
The risk factors of complications after SWL are not well characterized. Therefore, based on a large prospective cohort, we 
aimed to develop and validate a nomogram for predicting major complications after extracorporeal shockwave lithotripsy 
(SWL) in patients with ureteral stones. The development cohort included 1522 patients with ureteral stones who under-
went SWL between June 2020 and August 2021 in our hospital. Five hundred and fifty-three patients with ureteral stones 
participated in the validation cohort from September 2020 to April 2022. The data were prospectively recorded. 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 concerning its clinical usefulness, calibration, and discrimination. Finally, 7.2% 
(110/1522) of patients in the development cohort and 8.7% (48/553) of those in the validation cohort suffered from major 
complications. We identified five predictive factors for major complications: age, gender, stone size, Hounsfield unit of stone, 
and hydronephrosis. This model showed good discrimination with an area under the receiver operating characteristic curves 
of 0.885 (0.872–0.940) and good calibration (P = 0.139). The decision curve analysis showed that the model was clinically 
valuable. In this large prospective cohort, we found that older age, female gender, higher Hounsfield unit, size, and grade of 
hydronephrosis were risk predictors of major complications after 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 high-risk patients may decrease postoperative morbidity.
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Introduction

The prevalence of urolithiasis ranges from 1 to 13% world-
wide, about 50% of patients experienced at least one stone 
recurrence during their lifetime [1]. Urolithiasis may accom-
pany significant complications, including colic episodes, 
infection, hydronephrosis, and even impairment of renal 
function [2], which commonly occur in ureteral stones. 
Extracorporeal shock wave lithotripsy (SWL) is currently 
one of the preferred treatment options for ureteral stones [3, 
4]. It has the advantages of relative non-invasiveness, low 
morbidity, having no anesthesia requirement, and being an 
outpatient procedure. Although SWL is considered a safe 
and well-tolerated procedure, it is not without its dangers 
and can be accompanied by certain complications that need 
to be managed [5], such as infection, steinstrasse, renal colic, 
and renal hematoma. These complications require accurate 
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evaluation because every possible preventive measure 
should be implemented.

The coronavirus disease 2019 (COVID-19) pandemic has 
presented urologists with previously unknown challenges 
[6]. Along with social restrictions and lockdowns, entire 
hospitals were turned into treatment facilities for COVID-
19-infected patients. Due to the unavoidable increase in 
virus transmission risk, surgical activity had to be reduced 
[7]. SWL is a good option for patients with stone disease 
because it does not require anesthesia or intubation, which 
significantly increase the risk of transmission, requires no 
hospital stay, and is associated with fewer emergency room 
visits [8]. Therefore, it is even more essential to be informed 
about the associated complications and to systematically 
counsel eligible patients for SWL during this pandemic.

Many studies have explored the risk factors of compli-
cations after endoscopic surgery, such as percutaneous or 
ureteroscopic surgery. However, only several retrospec-
tive studies have addressed this issue in SWL, and they 
were published two decades ago. In a retrospective study 
that included 4,634 patients with upper urinary stones and 
treated with SWL, Madbouly et al. [9] found that stein-
strasse was recorded in 3.97% (184/4634) of patients and 
was significantly correlated with stone size and renal mor-
phology (hydronephrosis). In another retrospective study 
that included 1427 patients with ureteral stones treated 
with SWL using electromagnetic generator, Tan et al. [10] 
reported that the morbidity rate requiring hospital admission 
was 2.9%. The most common cause was for pain control 
(1.8%), predominantly in cases of larger stones. In addition, 
the incidence of febrile urinary tract infection and urosepsis 
after SWL is relatively low, around 1% of cases. The risk of 
infection increases when urinary culture is positive and with 
presence of urinary obstruction before SWL [11]. The previ-
ous studies were very limited and used a retrospective study 
design, and the conclusions were also controversial. Fur-
thermore, none have been validated. As a result, no reliable 
recommendation could be provided. Therefore, we aimed to 
develop and validate a nomogram for predicting major com-
plications after SWL in patients with ureteral stone based on 
a large prospective cohort.

Methods

Study design

This prospective study was done between June 2020 and 
April 2022 at Shengjing Hospital of China Medical Univer-
sity. This study’s development cohort included 1522 patients 
who underwent SWL for ureteral stone treatment between 
June 2020 and August 2021. Using the same inclusion and 
exclusion criteria, the validation cohort comprised 553 

patients between 1 September 2021 and April 2022 (Sup-
plementary Fig. 1).

Institutional Research and Ethics Committee of Shengjing 
Hospital Affiliated China Medical University granted ethi-
cal approval (No. 2020PS520K). All eligible participants 
provided their informed consent. The UIN for the registry 
of clinical research is ChiCTR2000033789. The study pro-
cedure adhered to the ethical principles of the Helsinki Dec-
laration of 1975.

Inclusion and exclusion criteria

Inclusion criteria: ureteral stone greater than 6 mm in diam-
eter, age ≥ 18 years, body mass index (BMI) < 30 kg/m2, 
ureteral stone density < 1000 Hounsfield’s units (HU), and 
skin-to-stone distance 11 cm. Stones with a poor probability 
of spontaneous passage, chronic pain despite adequate anal-
gesia, persistent obstruction or stone development, recur-
rent or first-time stone formers were both eligible, and urine 
cultures were negative.

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

After counseling the patients about the benefits and draw-
backs of SWL, the decision was made based on their prefer-
ences. After the patients gave their informed consent, it was 
carried out by senior, experienced doctors.

The technique of shock wave lithotripsy (SWL)

A third-generation electromagnetic lithotripter was used to 
perform extracorporeal shock wave lithotripsy (XYS.SUI-
6B, Shenzhen New Element Medical Equipment Technology 
Development Co., Ltd, Shenzhen, China). 11 cm served as 
the focal depth, 7 mm served as the focus area, 45–50 mm 
served as the focal area, and 6–30 MPa served as the focal 
pressure. Without the need for anesthesia or sedation, the 
procedure was carried out while the patient was lying supine 
(for proximal ureteral stones) or prone (for middle or distal 
ureteral stones). Ultrasound was used for stone location and 
in-process monitoring during the surgery (DC40, Shenz-
hen Mindray Bio-Medical Electronic Co. Ltd., Shenzhen, 
China). It was between 60 and 90 shock waves per minute. 
Between 1500 and 2500 shock waves were applied in total 
during one session, or the session was terminated when a 
sizable stone fragmentation was found. Stepwise power 
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ramping was used to apply voltage that ranged from 10 to 
16 kV throughout each session (power ramping was con-
ducted during the first 200 shock waves). The SWL group 
underwent only outpatient operations.

Prior to the treatment, it was necessary to carefully man-
age pain to prevent significant respiratory excursions and 
pain-induced movements. When a urinary infection was 
either suspected or confirmed, an antibiotic was admin-
istered (bacteriuria). If it was difficult to identify a stone 
because of intestinal hindrance, a moderate laxative was 
used prior to the treatment. All patients received post-proce-
dure instructions to strengthen their physical activity levels, 
drink more fluids, and take frequent ɑ-blockers.

Baseline characteristics and follow‑up

Age, gender, and body mass index (BMI) of the patient; 
comorbidities (hypertension, diabetes, and coronary heart 
disease); prior history of urinary stones; characteristics of 
the stones (stone side, location, size, Hounsfield unit of the 
stone, skin-to-stone distance (SSD), and grade of hydrone-
phrosis); and complications (including febrile urinary tract 
infection [UTI], sepsis, steinstrasse, renal colic need analge-
sic requirement, and renal hematoma) were recorded.

A stone between the pelvic-ureteric junction and the 
upper border of the sacro-iliac junction was referred to 
as a proximal ureteral stone. A middle ureteric stone was 
described as one that was between the upper and lower bor-
ders of the sacro-iliac junction (iliac vessel crossing). A 
stone between the lower edge of the sacro-iliac junction and 
the bladder’s ureter opening is referred to as a distal ureteral 
stone. The stone’s biggest diameter, as determined by com-
puted tomography, was used to estimate its size (CT). When 
SWL was taking place, a real-time ultrasound monitor moni-
tored the skin-to-stone distance (SSD). Using a CT scan, the 
degree of hydronephrosis was determined and graded from 0 
to 4. Grade 0 kidneys were those without either calix or pel-
vic dilation; grade 1 kidneys had only pelvic dilation; grade 
2 kidneys had mild calix dilation alongside; grade 3 kidneys 
had severe calix dilation; and grade 4 kidneys had calix dila-
tion along with renal parenchyma atrophy. Hounsfield units 
were used to measure the CT attenuation value (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).

Data on complications were classified according to the Cla-
vien–Dindo classification [12], with Clavien II and above indi-
cating major morbidity. Renal colic was defined as the patients 
who reported colic and who needed analgesic (opioids or non-
steroidal anti-inflammatory drugs) to control it. Steinstrasse 
were confirmed by KUB or CT after SWL, either requiring 
intervention or not (such as SWL retreatment, double J place-
ment, and so on). A febrile urinary tract infection (fUTI) was 

defined as a body temperature higher than 38 ℃ with pyuria 
or bacteriuria [13]. Sepsis was defined based on the criteria 
set by the sepsis definitions conference [14]. Follow-up visits 
were performed at one month after SWL, to see if there were 
any complications.

Statistical analysis

IBM SPSS Statistics for Windows, version 22.0 (IBM Corpo-
ration), STATA 15.0 (Stata Corp., College Station, TX, USA), 
and R software (version 3.0.1; https://r- proje ct. org/) were used 
to analyze the data. In this study, the ‘rms’ and ‘glmnet’ R 
packages were utilized. All levels of statistical significance 
stated were two-sided, with a probability (P) value of less than 
0.05 deemed statistically significant.

Using the Kolmogorov–Smirnov test, the normality of con-
tinuous variables was established. Normally distributed con-
tinuous variables are reported as the mean standard deviation 
(SD), whereas non-normally distributed continuous variables 
are presented as the median (interquartile range). Student’s 
t-test was used to compare the means of two continuous nor-
mally distributed variables with independent samples. Two 
continuous, non-normally distributed variables were compared 
with the Mann–Whitney U test. As a count, categorical varia-
bles are reported (percentage). For comparing categorical vari-
ables, the chi-squared and Fisher’s exact tests were employed.

For the construction of a prediction nomogram with regres-
sion coefficients, multivariate unconditional logistic regression 
analysis was applied. Using the likelihood ratio test with Akai-
ke’s information criteria as the stopping rule [15], backward 
stepwise selection was applied.

In an independent validation cohort, the performance of this 
model was evaluated. The logistic regression model derived 
from the development cohort was used to the validation cohort 
to compute the likelihood for each patient. The area under the 
receiver operating characteristic (AUROC) curve was calcu-
lated to characterize the discrimination performance of the 
model. A AUROC of 0.5 implies that there is no discrimina-
tion, whereas a value of 1.0 suggests that there is perfect dis-
crimination. The calibration of the model was evaluated using 
calibration plots in conjunction with the unreliability test and 
the Hosmer–Lemeshow (H–L) chi-square statistic (P > 0.05 
indicates good calibration). A slope on the 45-degree line 
indicated precise calibration. By estimating the net benefits at 
different threshold probabilities within the validation cohort, a 
decision curve analysis was undertaken to establish the clinical 
utility of the model.

https://r-project.org/
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Results

Finally, 1522 patients were included in the development 
cohort and 553 in the validation cohort. In both the devel-
opment and validation cohorts, the median age of the 
enrolled patients was 48 years, the majority of patients 
were male (67.90 and 68.20%, respectively), and the median 
BMI values were around 24.00 kg/m2 (Table 1). Of these, 
7.2% (110/1522) of patients in the development cohort 
and 8.7% (48/553) in the validation cohort suffered from 
major complications. Febrile UTI and sepsis occurred in 
4.0% (61/1522) of patients in the development cohort and 
5.5% (30/553) of patients in the validation cohort. In total, 
1.8% (27/1522) of patients in the development cohort and 
1.6% (9/53) of patients in the validation cohort experienced 
steinstrasse. Also, 1.4% (22/1522) patients in the develop-
ment cohort and 1.6% (9/53) patients in the validation cohort 

experienced renal colic. No renal hematoma was observed 
in either group (Table 2).

In the univariate analysis of development cohort, patients 
who suffered from major complications were older, had 

Table 1  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 con-
tinuous non-normally distributed variables. A chi-squared test or Fisher's exact test were used for categori-
cal variables
BMI body mass index, SWL extracorporeal shock wave lithotripsy, URS ureteroscopy, PCNL percutaneous 
nephrolithotomy, Hu Hounsfield unit, G grade, SSD skin stone distance

Variables Development Validation

Number of patients (%) 1522 553
Demographic characteristics
 Age (years) 48 (35, 59) 48 (35, 59)
 Gender (male) 1034 (67.90) 377 (68.20)
 BMI (kg/m2) 24.03 (20.72, 27.55) 24.290 (20.75, 27.58)

Comorbidities
 Hypertension (yes) 258 (17.00) 99 (17.90)
 Diabetes Mellitus (yes) 217 (14.30) 77 (13.90)
 Coronary Heart Disease (yes) 114 (7.50) 40 (7.20)

Previous history of urinary stone
 No or spontaneous passage 1,387 (89.20) 492 (89.00)
 SWL or URS or PCNL 165 (10.80) 61 (11.00)

Stone characteristics
 Stone side (left) 840 (55.20) 309 (55.90)
 Stone location
  Proximal or middle stone 939 (61.70) 355 (64.20)
  Distal stone 583 (38.30) 198 (35.80)

Stone size (diameter, mm) 9 (7, 10) 9 (7, 10)
Hounsfield unit of stone (Hu) 596 (388, 799) 590 (392, 799)
Hydronephrosis
 G0, G1 or G2 1260 (82.80) 460 (83.20)
 G3 or G4 262 (17.20) 93 (16.80)
 SSD (mm) 83 (66, 99) 83 (64, 100)

Table 2  Complication of patients in the development and validation 
cohorts

Categorical variables are reported as the number (percentage)
UTI urinary tract infection

Complication Develop-
ment cohort 
(n = 1522)

Valida-
tion cohort 
(n = 553)

Number of patients (%) 110 (7.20) 48 (8.70)
Febrile UTI (yes) 56 (3.70) 28 (5.10)
Sepsis (yes) 5 (0.30) 2 (0.40)
Steinstrasse (yes) 27 (1.80) 9 (1.60)
Renal colic (analgesic requirement) 22 (1.40) 9 (1.60)
Renal hematoma (yes) 0 (0.00) 0 (0.00)
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larger stone sizes, higher Hu values, were more likely to be 
female, and had higher grades of hydronephrosis (Table 3). 
The multivariate unconditional logistic regression model 
was used for building a predictive model with regression 
coefficients. Backward stepwise selection was applied using 
the likelihood ratio test with Akaike’s information criterion 
as the stopping rule. Five predictors were identified in the 
final model (age, gender, stone size, Hounsfield unit of stone, 
and grade of hydronephrosis). On the basis of these results, 
we built a nomogram to predict the risk of major complica-
tions after SWL (Fig. 1 and Table 4).  

The AUROC values of the development and valida-
tion cohorts were 0.887 (0.864, 0.910) and 0.885 (0.849, 
0.921), respectively, and the cutoff value of risk probabil-
ity in this model was 8.50% with a sensitivity of 64.58% 
and specificity of 75.45%. The P value of unreliability 
test was 0.208. The P value of H–L chi-square statistic 
was 0.139, which suggested good calibration. The decision 

curve showed that if the threshold probability of a patient 
ranged from 0 to 40%, the use of this nomogram to predict 
complications after SWL was more beneficial than either 
the treat-all-patients scheme or the treat-none scheme 
(Fig. 2).

Each clinicopathological feature corresponded to a spe-
cific point by drawing a line straight upward to the points 
axis. After the sum of the points was located on the total 
points axis, the sum representing the probability of severe 
morbidity was determined by drawing a line straight down to 
the risk axis. For example, a 60-year-old (55 points) female 
patient (16 points), who had a 10 mm ureteric stone (24 
points) with a Hounsfield unit of 700 (64 points), presented 
without hydronephrosis (0 point). This patient was assigned 
a score of 159 points, and the suspected probability of com-
plication after SWL was approximately 15%. This calculated 
outcome could be used in the decision-making regarding 
treatment plans (Supplementary Fig. 2).

Table 3  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 were used for categorical variables
BMI body mass index, SWL extracorporeal shock wave lithotripsy, URS ureteroscopy, PCNL percutaneous nephrolithotomy, Hu Hounsfield unit, 
G grade, SSD skin stone distance
Statistically significant values are in bold

Variables Development cohort (n = 1522) Validation cohort (n = 553)

No complication Complication P value No complication Complication P value

Number of patients (%) 1412 (92.80) 110 (7.20) 505 (91.30) 48 (8.70)
Demographic characteristics
 Age (years) 48 (34, 59) 54 (45, 66)  < 0.001 48 (34, 58) 55 (45, 66)  < 0.001
 Gender (male) 975 (69.10) 59 (53.60) 0.001 348 (68.90) 29 (60.40) 0.227
 BMI (kg/m2) 24.03 (20.71, 27.63) 24.00 (22.67, 27.21) 0.817 24.15 (20.74, 27.58) 25.14 (22.00, 27.83) 0.396

Comorbidities
 Hypertension (yes) 240 (17.00) 18 (16.40) 0.865 92 (18.20) 7 (14.60) 0.530
 Diabetes Mellitus (yes) 203 (14.40) 14 (12.70) 0.634 73 (14.50) 4 (8.30) 0.242
 Coronary heart disease (yes) 106 (7.50) 8 (7.30) 0.928 36 (7.10) 4 (8.30) 0.769

Previous history of urinary stone 0.509 0.074
 No or spontaneous passage 1261 (89.30) 96 (87.30) 453 (89.70) 39 (81.30)
 SWL or URS or PCNL 151 (10.70) 14 (12.70) 52 (10.30) 9 (18.80)

Stone characteristics
 Stone side (left) 781 (55.30) 59 (53.60) 0.734 285 (56.40) 24 (50.00) 0.391
 Stone location 0.704 0.375
  Proximal or middle stone 873 (61.80) 66 (60.00) 327 (64.80) 28 (58.30)
  Distal stone 539 (38.20) 44 (40.00) 178 (35.20) 20 (41.70)
 Stone size (diameter, mm) 8 (7, 10) 10 (7, 11)  < 0.001 8 (7, 10) 10 (8, 11) 0.005
 Hounsfield unit of stone (Hu) 588 (375, 799) 835 (530, 900)  < 0.001 588 (376, 799) 858 (470, 900)  < 0.001
 Hydronephrosis  < 0.001  < 0.001
  G0, G1 or G2 1185 (83.90) 75 (68.20) 429 (85.00) 31 (64.60)
  G3 or G4 227 (16.10) 35 (31.80) 76 (15.00) 17 (35.40)
  SSD (mm) 83 (67, 99) 81 (64, 96) 0.432 84 (66, 100) 71 (58, 100) 0.134
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We also produced separate results of multivariate 
binary logistic regression of febrile UTI, sepsis, stein-
strasse and renal colic, the predictors of febrile UTI were 
age (P = 0.038), gender (P = 0.006), and Hounsfield unit 
of stone (P < 0.001); the predictors of sepsis were age 
(P = 0.017), gender (P = 0.006), and Hounsfield unit of 
stone (P < 0.001); the predictors of steinstrasse were stone 
size (P = 0.012), Hounsfield unit of stone (P < 0.001), and 
grade of hydronephrosis (P = 0.002); the predictors of 
renal colic were stone size (P = 0.001), and Hounsfield 
unit of stone (P < 0.001); see details in Supplementary 
Tables 1–4.

Discussion

Postoperative complications are a significant sign of the 
quality and safety of a procedure. Major complications 
after SWL are not uncommon, and because of the con-
siderable clinical and economic burden, the identification 
the risk factors of complications after SWL is essential to 
patients, physicians, and health care policymakers. How-
ever, the risk factors for complications after SWL are not 
well characterized. Based on this prospective cohort, we 
found that the incidence of major complications after SWL 

Fig. 1  Nomogram to predict 
complications after SWL. 
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 
complications after SWL by 
drawing a line straight down to 
the risk axis

Table 4  Multivariate 
binary logistic regression of 
complications after SWL

The β coefficient, odds ratio, and 95% confidence interval were measured through binary logistic regression
SWL shock wave lithotripsy, OR odds ratio, CI confidence interval, G grade, ROC receiver operating char-
acteristic

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

Intercept − 8.751 − 10.218, − 7.284 0.158 ×  10–3 0.037 ×  10–3, 
0.687 ×  10–3

 < 0.001

Age (years) 0.032 0.018, 0.046 1.032 1.018, 1.047  < 0.001
Gender (female vs. male) 0.535 0.123, 0.948 1.708 1.131, 2.580 0.011
Stone size (diameter, mm) 0.105 0.029, 0.181 1.111 1.029, 1.199 0.007
Hounsfield unit of stone (Hu) 0.003 0.002, 0.004 1.003 1.003, 1.004  < 0.001
Hydronephrosis (G3 or G4 vs. 

G0, G1 or G2)
0.728 0.282, 1.174 2.071 1.326, 3.236 0.001

Area under ROC curve
 Development dataset 0.887 0.864, 0.910 P < 0.001
 Validation dataset 0.885 0.849, 0.921 P < 0.001
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was around 7.6% (158/2075), including febrile UTI, sep-
sis, steinstrasse, and renal colic. Furthermore, this nomo-
gram demonstrated that age, gender, stone size, Hounsfield 
unit of the stone, and grade of hydronephrosis were all 
associated with experiencing major complications after 
SWL.

Most SWL-associated complications were caused by 
inadequate fragmentation or unsuccessful passage of stone 
fragments that may obstruct the ureter. In addition, there 
is a difference between the complications related to the 
administration of SWL proper (hematoma) and the com-
plications related to stone fragmentation and fragment pas-
sage. A recent meta-analysis included 115 randomized trials, 
including 17,827 patients, and found that 6.63% of patients 
suffered from Clavien II-IV complications after SWL [16], 
which is in line with our findings.

This study further demonstrated that older age and 
female gender were both risk factors of major complica-
tions of SWL. These predictors have been reported in the 
stone treatment after endoscopic surgery but were first 

reported in the SWL procedure. In a systematic review with 
13 studies and 5597 patients, Bhojani et al. [17] found that 
the risk of postoperative urosepsis was 5.0% among patients 
undergoing ureteroscopy for stone disease and that older 
age (P = 0.002) was statistically associated with increased 
postoperative urosepsis. Supporting this, the separate results 
of multivariate binary logistic regression of febrile UTI, 
and sepsis in this study were in line with previous findings. 
Although the chance of experiencing a postoperative com-
plication increased with age, a clear explanation for these 
associations remains unavailable. One possible explanation 
is that the elderly were more likely to develop a postopera-
tive complication when they had diabetes, a cardiovascular 
disease, or chronic obstructive pulmonary disease [18]. Ma 
et al. [19] performed a review with six studies and 12,357 
patients, and they also identified female sex (OR = 1.82) as 
the key determinant of infectious complications after URS. 
They assumed that the short urethral length of women may 
cause higher possibilities of bacterial invasion from peri-
neum to ureters when performing URS. However, this was 

Fig. 2  Discrimination, calibration, and decision curve analysis for the model. A ROC in the development cohort; B ROC in the validation 
cohort. C Calibration plot. D Decision Curve Analysis
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not suitable to explain the mechanism in SWL because the 
procedure of SWL was non-invasive, not retrograde access. 
Women may have some other special characteristics (i.e., 
genetic differences, sex hormones) [20]. More studies are 
needed to further analyze the female predominance of infec-
tious complications following SWL.

Not only the success of SWL but also the complication 
are associated with the stone size. Larger stones size always 
requires multiple treatment sessions and has a tendency 
to incomplete fragmentation, subsequently increasing the 
risk of complication due to steinstrasse development and 
ureter obstruction formation [21]. In line with this, we also 
found that larger stone size was a predictor of steinstrasse 
and renal colic after SWL in subgroup analysis. In a retro-
spective study including 885 patients with urinary stones 
who were treated by SWL, they found that 52 (6%) patients 
developed steinstrasse, and that for those with larger stones, 
the risk of experiencing steinstrasse will increase [22]. The 
optimum selection of cases and accurate stone targeting for 
pulverizing rather than fragmenting the stones are essen-
tial to prevent the development of steinstrasse. Complicated 
steinstrasse may result in ureter obstruction with renal colic 
and hydronephrosis. Furthermore, during stone fragmenta-
tion by shock wave, bacteria may be liberated, subsequently 
resulting in entry of bacteria into the blood. When urinary 
obstruction by fragments is added, renal colic and urosepsis 
could present [9]. In a retrospective research involving 1,427 
ureteral stones treated with SWL, 2.9% of patients required 
hospitalization due to morbidity. The most common cause 
was medication for pain control (1.8%), which accounted for 
the majority of instances with larger stones [10].

This study also demonstrated that a higher Hounsfield 
unit of stone increased the incidence of major morbidity 
after SWL, which has not been reported previously. One 
possible reason was that the stones of struvite, uric acid, and 
dehydrated calcium oxalate with a lower Hu value tend to 
fragment into tiny fragments that may be easily passed. On 
the other hand, stones with higher Hu values, such as dehy-
drated calcium phosphate stones and monohydrate calcium 
oxalate stones, tend to produce larger fragments that are, 
hence, much harder to pass and can easily form steinstrasse 
[23]. In subgroup analysis, we found that high Hu values 
increased the incidence of steinstrasse formation and renal 
colic after SWL. While, low Hu values raised the incidence 
of febrile UTI and sepsis and renal colic after SWL. Fur-
thermore, the predisposed factor of steinstrasse formation, 
including stone composition [9, 24], can be indirectly rep-
resented by the Hu value.

The grade of hydronephrosis was another contributing 
factor of major complications after SWL, which is rarely 
reported in the literature. In the subgroup analysis, we found 
that high grade of hydronephrosis increased the incidence of 
steinstrasse after SWL. Supporting this, Gad et al. also found 

that the effect of renal morphology on steinstrasse formation 
has been shown to be statistically significant in a univariate 
analysis [25]. In another retrospective study included 4634 
patients with upper urinary stones who were treated with 
SWL, Madbouly et al. [9] found that steinstrasse formation 
was 1.8 times less in normal renal morphology than dilated 
renal collection system. Previous studies revealed that high 
intrarenal pressure is associated with reduced or absent pel-
vic and ureteral peristalsis. Thus, it led to less propulsive 
power and decreased antegrade fluid pressure with more 
probability of stone fragment stasis and promoted the for-
mation of steinstrasse [9].

There were several limitations. First, a stone-free status, 
which may be associated with morbidity after SWL, was not 
included because a stone-free status and complications do 
not have a sequential relationship, but a synchronous rela-
tionship. Usually, a stone-free status is only confirmed when 
complications are already established. Second, our relatively 
short postoperative follow-up period could not estimate late 
complications, such as the regrowth of residual fragments, 
hypertension, or loss of renal function. Third, only Asian 
patients participated in this study, because variations may 
occur in patients with a different body habitus. The perfor-
mance of this nomogram for patients of other ethnicities 
needs to be further assessed. Nevertheless, these results fill 
a gap in the literature as there is no published study predict-
ing the complications of SWL that has been carried out in a 
prospective cohort with excellent validation.

Conclusion

In this large prospective cohort, we found that older age, 
female gender, higher Hounsfield unit, size, and grade of 
hydronephrosis were risk predictors of major complications 
after SWL. This nomogram will be helpful in preoperative 
risk stratification to provide individualized treatment recom-
mendations for each patient. Furthermore, early identifica-
tion and appropriate management of high-risk patients may 
decrease postoperative morbidity.
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