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AIM: To evaluate the efficacy of flexible ureteroscopic lithotripsy (FURL) and extracorporeal shock wave lithotripsy (ESWL) in the
treatment of ureteral calculi based on decision tree model.

METHODS: A total of 600 patients with ureteral calculi, including 289 treated with FURL and 311 cases with ESWL in Anqing Municipal
Hospital from June 2021 to August 2023, were selected as study subjects. Perioperative indicators and stone clearance rate of the
two groups were compared, and the preoperative and postoperative (24 and 72 hours) changes of serum creatinine, cystatin C (Cys-C)
and microalbumin were observed. The complications during and 7 days after treatment, the influence of perioperative indexes, total
stone removal rate and renal function indexes were analyzed using decision tree method, and a complication risk prediction model was
constructed.

RESULTS: The operation time, length of hospital stays and postoperative hematuria time in FURL group were shorter than those in
ESWL group (p < 0.001), and the usage of painkillers was less frequent in FURL group than in ESWL group (p = 0.002). The total
stone removal rate in the FURL group was higher than that in the ESWL group (p < 0.001). Serum creatinine, urinary microalbumin and
Cys-C in both groups were lower before surgery than at 24 h and 72 h after surgery (p < 0.05). Serum creatinine, urinary microalbumin
and Cys-C in FURL group were lower than those in the ESWL group at 24 and 72 h after operation (p < 0.001). The overall complication
rate in the FURL group was lower than that in the ESWL group (p = 0.028). Decision tree model analysis showed that four explanatory
variables, including preoperative creatinine, urinary microalbumin, Cys-C and surgical method were identified by screening. The risk
statistic of the model was 0.027, and the accuracy, sensitivity and specificity of the model in predicting postoperative complications in
patients with ureteral calculi were 97.33%, 97.73% and 97.30%, respectively.

CONCLUSIONS: FURL has significant advantages over ESWL in the treatment of ureteral calculi, and has less impact on renal function
and fewer complications. Preoperative creatinine, urinary microalbumin, Cys-C and surgical methods may adversely influence the
occurrence of postoperative complications. These identified factors can be employed to build a decision tree model for predicting the
occurrence of postoperative complications.
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localization, featuring high efficiency and accuracy, among
other merits. ESWL utilizes high-energy shock waves to
shatter the stones, presenting advantages such as simple op-
eration and rapid recovery. However, study has indicated
that these surgical methods may lead to a series of compli-
cations, including bladder irritability, ureteral perforation,
and low back pain [3].

Introduction

Ureteral calculus is a common type of stone found in the
urinary system. At present, the mechanisms behind the oc-
currence of this condition are not yet fully clarified, but it
is believed that several factors such as diet, metabolic ab-
normalities, genetics, and medication contribute to its oc-
currence [1]. Some procedures, such as flexible uretero-
scopic lithotripsy (FURL) and extracorporeal shock wave
lithotripsy (ESWL), which are noninvasive, are the primary
clinical treatment for ureteral calculus [2]. FURL employs
a flexible ureteroscope to directly observe and localize the
stones, and uses holmium laser to precisely break them after

Decision tree models have been widely utilized in clinical
settings for endpoint event risk assessment and prediction
by virtue of their ability to integrate multiple indicators and
simulate decision-making processes by constructing tree-
like structures, thus facilitating variable selection. For ex-
ample, they have been applied to assess the postoperative
recurrence risk in patients with urinary system stones and to
predict adverse events following emergency percutaneous
coronary intervention [4,5]. Currently, there are limited re-
ports in the clinical literature on the use of decision tree
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models to evaluate the effectiveness of different surgical
methods. In light of the aforementioned shortcomings sur-
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Table 1. Comparison of baseline characteristics between the FURL and ESWL groups.

Gender, n (%)

Stone side, n (%) Stone location, 1 (%)

Groups Male Female Age (years) BMI (kg/m?) Right Left Stone size (cm) Upper Middle and
segment  lower segment

FURL group

(n=289) 146 (50.52) 143 (49.48) 39.94 £2.08 23.96 + 1.82 149 (51.56) 140(48.44) 091 +0.16 118(40.83) 171 (59.17)
n=

ESWL group

(n=311) 151 (48.55) 160 (51.45) 40.11 +£2.13 24.05+ 1.75 156 (50.16) 155(49.84) 0.89 +£0.18 112(36.01) 199 (63.99)
n=

Xg/t 0.232 0.989 0.617 0.117 1.441 1.471

P 0.630 0.323 0.537 0.732 0.150 0.225

Abbreviations: ESWL, extracorporeal shock wave lithotripsy; FURL, flexible ureteroscopic lithotripsy; BMI, body mass index.

Table 2. Perioperative indicators between the FURL and ESWL groups.

Postoperative hematuria time (d)  Painkiller usage rate (1, %)

Groups Operation time (min)  Length of hospital stays (d)
FURL group (n = 289) 3547 £2.74 6.09 £ 1.27

ESWL group (n=311) 53.09 £ 3.80 7.98 £1.52

X2/t 65.48 16.57

Y4 <0.001 <0.001

1.81 £0.32 43 (14.88)
239 40.57 78 (25.08)
15.507 9.683
<0.001 0.002

Abbreviations: ESWL, extracorporeal shock wave lithotripsy; FURL, flexible ureteroscopic lithotripsy.

rounding the treatment of ureteral stones with FURL and
ESWL, this study constructs a decision tree model to assess
the therapeutic outcomes of FURL versus ESWL.

Materials and Methods
Study Subjects

A total of 600 patients with ureteral calculi were selected,
including 289 treated with FURL and 311 cases treated with
ESWL, all of whom were treated at Anqing Municipal Hos-
pital between June 2021 and August 2023. Patients with
the following conditions were included: (i) diagnosed with
unilateral ureteral calculus via ultrasound or computed to-
mography (CT); (ii) stone diameter between 0.7 and 1.5
cm; and (iii) age of patient between 18 and 65 years. Ex-
clusion criteria for this study are as follows: (i) patients
with ureteral strictures; (ii) patients with malignant tumors;
and (iii) patients with acute or chronic pyelonephritis or
glomerulonephritis. This study complied with the princi-
ples of the Declaration of Helsinki, and informed consent
was obtained from patients and their families. This study
was approved by the Ethics Committee of Anqing Munici-
pal Hospital (ethical batch number: Medical Ethics Review
(2024) No. 100).

Methods
Methods of Data Collection

A standardized questionnaire was utilized to gather clinical
information including gender, age, body mass index (BMI),
stone side, stone size, stone location, perioperative indica-
tors (operation time, hospital stays, postoperative hematuria
time, and painkiller usage rate), stone clearance rate, renal
function parameters (serum creatinine, urinary microalbu-
minuria, cystatin C [Cys-C]), and incidence of complica-
tions.

Methods of Treatment

The ESWL group was treated using the extracorporeal
shock wave lithotripter (HK. ESWL-V, Huikang Medical
Apparatus Co. Ltd., Shenzhen, Guangdong, China). Pa-
tient positioning was dictated by the location of calculus,
which was determined via ultrasound localization: supine
for upper ureteral calculus, prone for mid-ureteral, and a
combination of supine and prone for lower ureteral. The
parameters for operating the lithotripter include a voltage
of 11-18 KV, and shock counts ranging from 1500 to 4000
times. Ultrasound examinations were performed 3 to 7
days after lithotripsy. If lithotripsy failed, no more than
three sessions of treatments could be repeated 1 to 2 weeks
later. Postoperatively, routine anti-infection treatment was
administered. In the FURL group, the treatment was given
using a Versa Pulse Powersuit 100 W holmium laser de-
vice (Cook Medical, Bloomington, IN, USA). After general
anesthesia, the patient was placed in the bladder lithotomy
position, and a hydrophilic guidewire, a flexible uretero-
scope sheath, and a flexible ureteroscope were inserted into
the ureter. The intraluminal stones were located, and a
holmium laser fiber was inserted. Pulsed energy was set to
0.8 J with a frequency of 10 Hz to fragment the stones. Suc-
cess was determined when the stones were reduced to less
than 2 mm. For larger stones or those adhered to the ureteral
wall, forceps were used for stone removal. After complet-
ing the surgical procedure, a ureteral stent was placed, and
routine anti-inflammatory treatment was provided postop-
eratively.
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Table 3. Comparison of stone clearance rates between the FURL and ESWL groups.

Location of ureteral calculus

Groups n

Total clearance rate

Upper segment

Middle and lower segment

FURL group 289  88.14 (104/118)
ESWL group 311  87.50 (98/112)
x> 0.022
p 0.883

98.25 (168/171)
65.83 (131/199)

94.12 (272/289)
73.63 (229/311)
45.622
<0.001

62.324
<0.001

Note: Data are expressed as percentages followed by count in ratio.

Abbreviations: ESWL, extracorporeal shock wave lithotripsy; FURL, flexible ureteroscopic

lithotripsy.

Observation Indicators

(1) Perioperative indicators such as the operation time,
length of hospital stays, duration of postoperative hema-
turia, and the usage rate of analgesics for both groups of
patients were recorded.

(2) B-super ultrasound examination of the urinary system
was conducted 3 months postoperatively to assess stone
clearance, with the absence of calculus or residual calculus
with a diameter of less than 5 mm in the ureter indicating
successful stone clearance.

(3) Renal function was assessed. From each fasting pa-
tient, 3 mL of venous blood was collected before surgery
and at 24 h and 72 h postoperatively. The samples were
centrifuged at 3000 r/min for 10 minutes to obtain the super-
natant, and creatinine and Cys-C levels were measured sub-
sequently using the automatic biochemical analyzer (AS-
1450, Ailex technology, Shanghai, China). Additionally,
24-hour urine samples were collected at the same time
points to measure microalbumin level using the scattering
turbidimetric method.

(4) The occurrence of complications such as fever, blad-
der irritability, low back pain, septic shock, ureteral per-
foration, stent displacement, or other complications was
recorded during the surgical treatment and within 7 days
postoperatively for both groups of patients.

Statistical Methods

The data were analyzed using SPSS 22.0 software (Ver-
sion 22.0, IBM SPSS statistics, Chicago, IL, USA). The
Shapiro—Wilk test was conducted to assess the normality of
the data collected. Normally distributed data are expressed
as mean =+ standard deviation (Z £ s). Categorical data
are expressed as count and percentage. For normally dis-
tributed data, 7-tests were utilized for comparative analysis,
whereas for categorical data, x? tests were employed for
analysis. For comparisons over multiple time points, re-
peated measures analysis of variance (ANOVA) was used,
and pairwise comparisons were performed using the least
significant difference (LSD) post-hoc test. The decision
tree method was employed to analyze the impact of periop-
erative indicators, total stone clearance rate, and preopera-
tive renal function parameters on the occurrence of postop-
erative complications, leading to the construction of a com-
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plication risk prediction model. p-value < 0.05 was con-
sidered statistically significant.

Results
Baseline Characteristics

The comparison of baseline characteristics between the two
groups showed no statistically significant difference (p >
0.05, Table 1).

Perioperative Indicators

The operation time, length of hospital stays, and postop-
erative hematuria time in the FURL group were all shorter
than those in the ESWL group (p < 0.001), and the usage of
painkiller was less frequent in the FURL group compared
to the ESWL group (p < 0.01, Table 2).

Stone Clearance Rate

The total stone clearance rate in the FURL group was higher
than that in the ESWL group (p < 0.001, Table 3).

Comparison of Renal Function

Compared to preoperative levels, both the FURL and
ESWL groups showed an increase in serum creatinine, uri-
nary microalbumin, and Cys-C levels at 24 h and 72 h post-
operatively (»p < 0.05). At 24 h and 72 h postoperatively,
the FURL group had lower serum creatinine, urinary mi-
croalbumin, and Cys-C levels than the ESWL group (p <
0.001, Table 4).

Comparison of Complications

The overall incidence of complications in the FURL group
was lower than that in the ESWL group (p < 0.05, Table 5).

Decision Tree Model

Using complications as the grouping criterion, independent
samples #-tests were conducted on perioperative indicators,
total stone clearance rate, and preoperative renal function
indicators. The results showed that there were statistically
significant differences in the comparisons of perioperative
indicators, total stone clearance rate, and renal function in-
dicators (p < 0.05). The indicators that showed differences
were then incorporated into the chi-squared automatic inter-
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Table 4. Comparison of renal function between the FURL and ESWL groups.

Groups Serum creatinine (pmol/L) Urinary microalbumin (mg/24 h) Cys-C (ng/L)
Preoperative ~ Postoperative 24 h  Postoperative 72h  Preoperative Postoperative 24 h  Postoperative 72 h  Preoperative Postoperative 24 h  Postoperative 72 h
FURL group (n=289)  71.22 £8.03  88.36 £+ 10.74% 80.42 £ 9.1490 1532 +2.47 2336 +3.74¢ 19.12 + 3.05¢ 510.14 +£28.96  609.82 £+ 35.41¢ 567.88 4 30.0620
ESWL group (n=311) 7130 = 7.96  96.27 &+ 12.08¢ 91.14 £ 10.26%b 1528 £2.50  28.77 4+ 4.09¢ 24.71 + 3.86¢ 510.09 +28.79  698.74 £+ 41.28% 629.61 % 35.7340
t 0.122 8.488 13.532 0.197 16.924 19.752 0.021 28.379 22.955
P 0.903 <0.001 <0.001 0.844 <0.001 <0.001 0.983 <0.001 <0.001
F time point = 1700.610, F time point = 3932.552, F time point = 6229.328,
F value F interaction = 120.595, F interaction = 384.506, F interaction = 632.572,
F inter-group = 86.124 F inter-group = 255.643 F inter-group = 471.362
F time point <0.001, F time point <0.001, F time point <0.001,
p value F interaction <0.001, F interaction <0.001, F interaction <0.001,
F inter-group <0.001 F inter-group <0.001 F inter-group <0.001

Note: %p < 0.05 compared with the preoperative group; ®p < 0.05 compared with the postoperative 24 h group. ESWL, extracorporeal shock wave lithotripsy; FURL, flexible ureteroscopic
lithotripsy; Cys-C, cystatin C.

Table 5. Comparison of complication incidence between the FURL and ESWL groups.

Groups Fever Bladder irritability ~ Lower back pain ~ Septic shock  Ureteral perforation  Stent tube displacement Overall incidence rate
FURL group (n=289) 3 (1.04) 5(1.73) 8(2.77) 0 2(0.69) 2(0.69) 20 (6.92)
ESWL group (n=311)  6(1.93) 10 (3.22) 16 (5.14) 1(0.32) 5(1.61) 0 38(12.22)

x2 - - - - - - 4.816

p - - - - - - 0.028

Note: Data are expressed as counts (percentages). ESWL, extracorporeal shock wave lithotripsy; FURL, flexible ureteroscopic lithotripsy.
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Table 6. Confusion matrix of decision tree model prediction results and actual results.

Observed value

Projected value

Complication group

Non-complication group

Positive percentage

Complication group 43
Non-complication group 1

Overall percentage 7.30%

15 74.10%
541 99.80%
92.70% 97.30%

action detector (CHAID) decision tree model, using opera-
tion time, length of hospital stays, postoperative hematuria
time (all shorter than those in the ESWL group), painkiller
usage rate, total stone clearance rate, as well as preoper-
ative serum creatinine, urinary microalbumin, and Cys-C
as independent variables, with the occurrence of postoper-
ative complications as the dependent variable. The model
consisted of 4 layers and a total of 8 nodes. A total of 4 ex-
planatory variables were selected: preoperative serum cre-
atinine, urinary microalbumin, Cys-C, and surgical method
(Fig. 1). The model’s risk statistic was 0.027 (16/600), with
an accuracy of 97.33% (584/600), a sensitivity of 97.73%
(43/44), and a specificity of 97.30% (541/556) in predicting
postoperative complications in patients with ureteral calcu-
lus (Table 6).

Discussion

Affecting mostly middle-aged men, ureteral calculi repre-
sent a common clinical disease, accounting for about 48%
of all cases of urinary tract calculi [6]. Clinical statistics
have shown that the gender ratio of ureteral stone inci-
dence is approximately 3~9:1 (male to female) [7]. Cur-
rently, the clinical treatment for this condition primarily in-
volves ESWL or FURL. Among these procedures, ESWL
is a noncontact and noninvasive treatment method. Com-
pared to the traditional ureter lithotomy, this nonsurgical
method mainly utilizes high-energy shock waves to break
the stones, which are then expelled naturally through the
urethra. However, further clinical research has found that
ESWL is not applicable and suitable for all patients with
ureteral stones, because the selection of ESWL lies in the
stone’s composition, size, and number; it is more appro-
priate for patients harboring stones with a diameter of <2
cm, particularly those composed of struvite (magnesium
ammonium phosphate) or dihydrate calcium oxalate [8,9].
Clinical study has shown that the stone clearance rate for
ESWL treatment of ureteral stones is approximately 57%
to 88%, with about 15% to 50% of patients requiring ad-
ditional methods for treatment or re-treatment [10]. Study
has also proposed using FURL for the treatment of ureteral
stones [11]. Analysis of this technique indicates that it in-
volves the insertion of a ureteroscope through the urethra,
followed by the use of holmium laser lithotripsy to frag-
ment the stones into small particles, which are then suc-
tioned out using the ureteroscope sheath, while leaving a
ureteral stent in place to facilitate stone passage [12,13].
Compared to ureter lithotomy, FURL is superior in terms
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of eliciting less pain and necessitating no incisions on the
body. Additionally, compared to the instruments and tools
utilized in ESWL, the flexible ureteroscope used in FURL
can bend freely, allowing access to various parts of the kid-
neys and providing a more effective lithotripsy for stone
located in the lower calyx of the kidney [14]. Therefore,
there has been wide adoption of FURL in clinical settings.

The results of this study showed that the total stone clear-
ance rate in the FURL group was higher than that in the
ESWL group, consistent with the findings of Gao et al.
[15], suggesting that FURL treatment is effective in elimi-
nating ureteral calculus. The better efficacy showcased by
FURL in stone clearance may be related to the ability of the
ureteroscope to directly visualize the stones, allowing for
precise lithotripsy and stone retrieval under direct observa-
tion, which significantly improves the stone clearance rate
[16]. Additionally, FURL features vaporization and cutting
functions, enabling it to completely fragment harder cys-
tine stones [17,18]. This study also found that the operation
time, length of hospital stays, and postoperative hematuria
time in the FURL group were all shorter than those in the
ESWL group, and the usage of painkiller was also lower in
the FURL group. These findings indicate that FURL engen-
der less trauma and promote faster postoperative recovery
in the patients. Additionally, the holmium laser can pro-
vide hemostatic effects, reducing intraoperative bleeding,
which in turn shortens the duration of postoperative hema-
turia [19,20]. Serum creatinine, urinary microalbumin, and
Cys-C are common indicators for clinically assessing renal
function. This study found that serum creatinine, urinary
microalbuminuria, and Cys-C levels significantly increased
in both groups at 24 h and 72 h postoperatively compared to
preoperative levels, suggesting that FURL and ESWL treat-
ments may cause transient renal dysfunction, such as de-
creased glomerular filtration rate or tubular epithelial cell
damage, primarily within the first 1-3 days post-surgery,
after which their levels gradually return to normal. Fur-
ther analysis of renal function markers revealed that the
increases in serum creatinine, urinary microalbuminuria,
and Cys-C levels were less pronounced in the FURL group
compared to the ESWL group at 24 h and 72 h postoper-
atively. This indicates that FURL causes less renal dam-
age than ESWL, possibly due to its shorter pulse duration,
which effectively minimizes thermal injury to surround-
ing tissues [21,22]. Additionally, performing lithotripsy
and ureteral dilation under direct visualization using the
ureteroscope facilitates early restoration of urinary tract pa-
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Fig. 1. Decision tree model for predicting postoperative complications in patients with ureteral calculus. Abbreviations: ESWL,

extracorporeal shock wave lithotripsy; FURL, flexible ureteroscopic lithotripsy; Cys-C, cystatin C.

tency. In contrast, ESWL is associated with less effective
stone fragmentation and weaker relief of ureteral obstruc-
tion [23,24]. Therefore, renal function markers were sig-
nificantly higher postoperatively in the ESWL group than
in the FURL group.

This study found that the overall complication rate in the
FURL group was lower than that in the ESWL group, in-
dicating the enhanced safety of FURL. However, the risk
factors leading to postoperative complications in patients
with ureteral stones remain unclear. Therefore, this study
constructed a decision tree model for predicting the risk
of developing postoperative complications such as fever,
bladder irritability, lower back pain, septic shock, ureteral
perforation, and stent displacement. The model compared
operation time, length of hospital stays, duration of post-
operative hematuria, total stone clearance rate, and pre-
operative serum creatinine, urinary microalbuminuria, and
Cys-C levels between patients with and without complica-
tions. The parameters presenting significant differences in
the previous analysis were incorporated into the CHAID de-
cision tree model to further analyze their impact on postop-

erative complications. The decision tree model identified
four variables, namely preoperative serum creatinine, uri-
nary microalbumin, Cys-C, and surgical method. Analysis
of these variables revealed that patients with preoperative
urinary microalbuminuria >17.90 mg/24 h had the highest
risk of postoperative complications, and this risk was even
higher when Cys-C exceeded 539.66 pg/L. Therefore, spe-
cial attention should be given to patients with these clinical
anomalies.

Several shortcomings of the present study should be ac-
knowledged. It is important to note that the retrospective
nature of the study and the inclusion of all cases selected
from a single center may introduce bias. Therefore, further
large-scale, multicenter prospective studies are needed to
validate the findings obtained in this study.

Conclusions

In conclusion, FURL has significant advantages over
ESWL in the treatment of ureteral calculus, exerting min-
imal impact on renal function and trigger fewer complica-
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tions. Preoperative levels of serum creatinine, urinary mi-
croalbumin and Cys-C, as well as the surgical method used,
may negatively influence the occurrence of postoperative
complications. These factors can be integrated into the con-
struction of a decision tree model for predicting the occur-
rence of postoperative complications.
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