
Am J Transl Res 2026;18(6):5477-5485
www.ajtr.org /ISSN:1943-8141/AJTR0173951

https://doi.org/10.62347/GJMW5599

Original Article
Flexible ureterorenoscopy with holmium laser lithotripsy 
for ureteral calculi complicated by hydronephrosis

Junjie Zhi1,2, Hao Lin2, Xiang Zhang2,3, Yifan Sun2, Peng Jiang2, Ninghan Feng1,2,3

1Department of Urology, Wuxi No. 2 Hospital, Nanjing Medical University, Wuxi 214000, Jiangsu, China; 2Depart-
ment of Urology, Jiangnan University Medical Center, Wuxi 214000, Jiangsu, China; 3Medical School of Nantong 
University, Nantong 226001, Jiangsu, China

Received May 10, 2026; Accepted June 18, 2026; Epub June 25, 2026; Published June 30, 2026

Abstract: Objective: To clarify the effects of flexible ureterorenoscopy (FURS) combined with holmium laser litho-
tripsy on surgical outcomes, postoperative pain (POP), and renal function (RF) for the treatment of ureteral calculi 
(UC) complicated by hydronephrosis (HN). Methods: A total of 128 patients diagnosed with UC complicated with HN 
treated between February 2024 and December 2025 were enrolled in this retrospective study and divided accord-
ing to surgical approach. Among them, 65 patients underwent FURS combined with holmium laser lithotripsy (FURS 
group), and 63 patients received conventional ureteroscopy (URS) combined with laser lithotripsy (URS group). The 
two groups were compared in terms of clinical efficacy, surgical metrics (intraoperative blood loss, operative time, 
one-time stone clearance success rate), hospitalization indicators (hospitalization duration and medical expenses), 
POP, renal function, routine urine test results, serum inflammatory markers, and postoperative complications. Re-
sults: The FURS group exhibited a significantly higher overall treatment efficacy rate (P=0.035). Additionally, the 
FURS group had less intraoperative blood loss, a shorter operative time, and a shorter hospital stay (all P<0.001). 
In terms of postoperative recovery, patients in the FURS group experienced milder pain on postoperative days 1 
(P=0.032) and 3 (P<0.001), with better preserved postoperative renal function (P<0.05), improved routine urine 
test indicators (P<0.05), lower serum inflammatory levels (P<0.05), and fewer total complications (P<0.001). No 
significant differences were observed between the two groups in the one-time stone clearance success rate and 
hospitalization expenses (all P>0.05). Conclusion: FURS demonstrated significantly superior clinical efficacy to con-
ventional URS for the treatment of UC complicated by HN, with better surgical outcome and more safety.
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Introduction

Ureteral calculi (UC) are common urological dis-
orders with a gradually rising global incidence 
[1]. The disease can cause urinary tract obstru- 
ction, urinary system infection, renal colic and 
renal dysfunction, imposing a substantial bur-
den on healthcare systems [2]. Epidemiologic 
data show that UC occur predominantly in mid-
dle-aged adults with a median onset age of 45 
years and a male-to-female incidence ratio of 
1.65:1. Calcium oxalate and uric acid stones 
are more prevalent in male patients, whereas 
infectious calculi are more commonly seen  
in female patients [3]. Delayed or ineffective 
treatment of UC may lead to residual stones, 
secondary ipsilateral hydronephrosis (HN), irre-

versible renal function damage, and increased 
difficulty and risk of subsequent treatment [4, 
5]. Clinically, HN is detected in up to 90% of UC 
patients, among which mild HN accounts for 
71% of cases, indicating a high comorbidity rate 
of HN in UC patients [6]. At present, minimally 
invasive surgery is the mainstream treatment 
for UC complicated by HN, which is particularly 
applicable to patients with large stones, obvi-
ous clinical symptoms, or ineffective conserva-
tive treatment. Common surgical methods in- 
clude percutaneous nephrolithotomy (PCNL), 
extracorporeal shock wave lithotripsy (ESWL), 
and ureteroscopic (URS) laser lithotripsy [7]. 
PCNL is effective for large and complex calculi 
but is associated with potential risks such  
as intraoperative bleeding, infection and renal 
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parenchymal injury [8]. Although ESWL is mini-
mally invasive, its application is limited by poor 
clearance efficacy for large or impacted calculi 
[9]. Conventional URS relying on rigid uretero-
scopes yields favorable outcomes for intralumi-
nal ureteral stones and small renal calculi but 
carries risks of ureteral injury, secondary infec-
tion and bleeding complications [10]. In con-
trast, flexible ureterorenoscopy (FURS) com-
bined with holmium laser lithotripsy adopts a 
bendable flexible ureteroscope, which delivers 
higher stone clearance efficiency and lower 
complication rates. Nevertheless, this tech-
nique has certain limitations, including higher 
equipment costs and more complex operation-
al procedures [11, 12].

Currently, the specific effects of FURS on surgi-
cal quality, postoperative pain (POP) and renal 
function in patients with UC complicated by HN 
have not been fully elucidated. This study con-
ducted a comparative analysis between FURS 
and conventional URS to verify the clinical ad- 
vantages of FURS, aiming to provide optimized 
and evidence-based treatment strategies for 
UC combined with HN. The novelty of this stu- 
dy lies in the comprehensive and systematic 
evaluation of FURS efficacy and safety in UC 
plus HN treatment from multiple dimensions, 
including clinical efficacy, perioperative surgi-
cal indicators, hospitalization status, POP, renal 
function, urinary and systemic inflammatory 
responses, and complication incidence. The 
findings provide valuable clinical references for 
the standardized clinical use of FURS for this 
disease.

Materials and methods

Case selection

A total of 128 patients diagnosed with UC com-
plicated by HN who received surgical treatment 
from February 2024 to December 2025 were 
enrolled in this retrospective study, including 
65 cases in the FURS group and 63 cases in 
the URS group. Baseline data were well-bal-
anced between the two groups with good cli- 
nical comparability (P>0.05). This study was 
approved by the Ethics Committee of Jiangnan 
University Medical Center.

Inclusion criteria: Patients diagnosed with UC 
combined with HN by imaging and pathologic 
examinations [13]; aged 18-80 years; diag-

nosed with unilateral upper ureteral calculi; 
meeting the surgical indications for uretero-
scopic holmium laser lithotripsy; treatment-
naive with no prior stone-related surgery with- 
in six months before enrollment; with normal 
cognitive and communication ability; and with 
complete clinical medical records.

Exclusion criteria: Patients receiving concur-
rent lithagogue drug therapy; patients with 
active or uncontrolled urinary tract infection; 
pregnant or lactating women; patients with  
ureteral stricture, adhesion, severe obstruction 
or malformation secondary to calculi; patients 
with severe cardiovascular and cerebrovascu-
lar diseases; patients with coagulation dysfunc-
tion; patients with uncontrolled chronic diseas-
es such as hypertension and diabetes; patients 
with severe cardiac, pulmonary or renal insuffi-
ciency; and patients with mental disorders.

Intervening methods

FURS group: All patients underwent FURS  
combined with holmium laser lithotripsy. Pa- 
tients were placed in the lithotomy position. A 
F8.0/9.8 or F6.0/7.6 ureteroscope was initially 
inserted to locate the calculi and then with-
drawn. A ureteral dilator and sheath were pla- 
ced and advanced to the stone site for the 
insertion of a flexible ureteroscope. After accu-
rate stone localization, a holmium laser fiber 
was implanted, and lithotripsy was performed 
gradually with parameter settings of 1.0-1.5 
J/10 Hz. Small stone fragments were flushed 
out using perfusion water through the ureteral 
sheath or extracted using a stone retrieval bas-
ket. The laser fiber tip was positioned at the 
center of the stone for thorough lithotripsy. 
After confirming complete stone clearance, the 
endoscope was withdrawn, and an indwelling 
urinary catheter and a 4.7-French double-J 
stent were placed routinely.

URS group: All patients received rigid uretero-
scopic holmium laser lithotripsy. With patients 
in the lithotomy position, a rigid ureteroscope 
was inserted into the bladder, followed by the 
placement of a zebra guidewire. After scope 
withdrawal, a ureteral dilator and sheath were 
advanced along the guidewire to the stone  
site. A holmium laser fiber was implanted, and 
stones were fragmented by the nibbling me- 
thod with consistent laser parameters of 1.0-
1.5 J/10 Hz. All crushed stone fragments were 
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extracted, and no residual stones were con-
firmed intraoperatively. Finally, an indwelling 
urinary catheter and a 4.7-French double-J 
stent were placed.

All lithotripsy procedures in both groups were 
performed by the same team of senior urolo- 
gical surgeons to ensure operational con- 
sistency.

Data collection

Clinical efficacy: Postoperative clinical efficacy 
was classified into three grades: markedly eff- 
ective (complete resolution of clinical symp-
toms and no residual calculi on postoperative 
computed tomography [CT]), effective (allevia-
tion of clinical symptoms with residual calculi 
≤4 mm in maximum diameter on CT), and inef-
fective (unrelieved clinical symptoms with resid-
ual calculi >4 mm in maximum diameter requir-
ing further intervention). The total effective rate 
was calculated as the proportion of patients 
with markedly effective and effective outcomes 
among the total cases.

Surgical metrics: Intraoperative blood loss, 
operative time, and one-time stone clearance 
success rate were recorded. The one-time 
stone clearance success rate was defined as 
no residual stones or residual calculi ≤4 mm  
in maximum diameter on abdominal plain film 
re-examination at one month postoperatively.

Hospitalization indices: Postoperative hospi- 
talization duration and total medical expenses 
of all patients were statistically analyzed.

POP assessment: The Visual Analogue Scale 
(VAS, score range: 0-10) [14] was adopted to 
evaluate patients’ pain degree at baseline (pre-
operatively) and on postoperative days 1 and 3, 
with higher scores indicating more severe pain.

Renal function: Fasting elbow venous blood (3 
mL) was collected from all patients before  
surgery and on postoperative day 1. Serum 
samples were obtained after centrifugation, 
and serum blood urea nitrogen (BUN) and 
serum creatinine (Scr) levels were detected 
using an automatic electrochemiluminescence 
analyzer.

Routine urine tests: Automatic urine analyzers 
were used to detect urinary red blood cell  
(RBC) and white blood cell counts (WBC) at 
baseline and on postoperative day 1.

Serum inflammatory markers: Enzyme-linked 
immunosorbent assays (ELISA) were perfor- 
med to detect serum levels of interleukin-6 (IL-
6), C-reactive protein (CRP), and procalcitonin 
(PCT) before surgery and on postoperative day 
1.

Complication statistics: The incidence of treat-
ment-emergent adverse events including post-
operative fever, gross hematuria, ureteral inju-
ry, sepsis and renal colic was monitored and 
recorded to calculate the total complication 
rate.

Clinical efficacy and postoperative complica-
tions were defined as primary outcome mea-
sures; surgical indicators, hospitalization indi-
ces, postoperative pain (POP), renal function, 
routine urine test results, and serum inflamma-
tory markers were secondary outcome mea- 
sures.

Statistical analysis

Continuous variables were expressed as mean 
± standard deviation (SD). Independent sam-
ple t-tests were used for inter-group compari-
son, and paired t-tests were used for intra-
group comparison of pre- and postoperative 
data. Categorical variables were presented as 
cases and percentages (n/%), and the chi-
square test was applied for inter-group com- 
parison. All statistical analyses were perform- 
ed using SPSS 21.0 software. A P value <0.05 
was considered significant.

Results

Patient baseline information

There were no significant differences between 
the FURS group and URS group in terms of age, 
gender distribution, disease course, stone dia- 
meter and stone location (all P>0.05), indicat-
ing balanced baseline data between the two 
groups (Table 1).

Clinical efficacy

In the FURS group, 31 cases were markedly 
effective, 29 cases were effective, and 5 cases 
were ineffective, with a total effective rate of 
92.31%. In the URS group, 24 cases were mark-
edly effective, 26 cases were effective, and 13 
cases were ineffective, with a total effective 
rate of 79.37%. The total clinical effective rate 
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of the FURS group was significantly higher than 
that of the URS group (P=0.035, Table 2).

Surgical metrics

Patients in the FURS group had significantly 
less intraoperative blood loss and shorter oper-
ative time than those in the URS group (all 
P<0.001). The one-time stone clearance suc-
cess rate was 96.92% in the FURS group and 
95.24% in the URS group, with no significant 
inter-group difference (P>0.05, Table 3).

Hospitalization indices

The FURS group had a significantly shorter 
postoperative hospital stay than the URS group 
(P<0.001), while no significant difference was 
found in hospitalization expenses between the 
two groups (P>0.05, Table 4).

Postoperative pain (POP)

Preoperative VAS scores were comparable 
between the two groups (P>0.05). The VAS 
scores of both groups decreased postopera-
tively, and the FURS group presented signifi-
cantly lower VAS scores on postoperative days 
1 and 3 (P<0.05, Table 5).

Serum inflammatory markers

Baseline serum IL-6, CRP, and PCT levels 
showed no significant differences between the 
two groups (P>0.05). All inflammatory markers 
were elevated postoperatively in both groups 
(P<0.05), and the postoperative levels of the 
three markers in the FURS group were signi- 
ficantly lower than those in the URS group 
(P<0.05, Figure 3).

Complications

Common postoperative complications in this 
study included fever, gross hematuria, ureteral 
injury, sepsis and renal colic. Statistical analy-
sis showed that the total complication rate  
was 15.38% in the FURS group compared to 
46.03% in the URS group (P<0.001, Table 6).

Discussion

The present study confirmed that FURS has 
superior comprehensive clinical advantages 
over conventional URS in the treatment of UC 
complicated by HN, and the specific mecha-
nisms and clinical implications are discussed 
as follows.

Table 1. Baseline patient data

Indicator FURS  
group (n=65)

URS  
group (n=63) χ2/t P

Age (years) 41.20±6.24 42.76±5.31 1.521 0.131
Sex 0.110 0.740
    Male 38 (58.46) 35 (55.56)
    Female 27 (41.54) 28 (44.44)
Disease course (years) 6.60±3.04 6.35±3.00 0.468 0.641
Stone diameter 1.81±0.51 1.87±0.51 0.665 0.507
Stone location 0.141 0.708
    Left 30 (46.15) 27 (42.86)
    Right 35 (53.85) 36 (57.14)
Note: FURS, flexible ureterorenoscopy; URS, ureteroscopy.

Renal function

Baseline BUN and Scr levels 
were similar between the two 
groups (P>0.05). Both renal 
function indicators increased 
to varying degrees after sur-
gery in both groups (P<0.05), 
and the postoperative BUN 
and Scr levels in the FURS 
group were significantly lower 
than those in the URS group 
(P<0.05, Figure 1).

Routine urine test results

Preoperative urinary RBC and 
WBC counts were balanced 
between the two groups (both 
P>0.05). Both indicators de- 
creased significantly after sur-
gical intervention in both gr- 
oups (P<0.001), with a more 
remarkable reduction in the 
FURS group (P<0.05, Figure 2).

Table 2. Clinical efficacy

Indicator FURS  
group (n=65)

URS  
group (n=63) χ2 P

Markedly effective 31 (47.69) 24 (38.10)
Effective 29 (44.62) 26 (41.27)
Ineffective 5 (7.69) 13 (20.63)
Overall effectiveness 60 (92.31) 50 (79.37) 4.434 0.035
Note: FURS, flexible ureterorenoscopy; URS, ureteroscopy.



Treatment of ureteral stones with hydronephrosis

5481	 Am J Transl Res 2026;18(6):5477-5485

Table 3. Surgical metrics
Indicator FURS group (n=65) URS group (n=63) Fisher’s/t P
Intraoperative blood loss (mL) 13.72±5.84 20.41±9.20 4.927 <0.001
Operative time (min) 42.75±5.18 54.29±9.27 8.729 <0.001
One-time stone clearance success rate 63 (96.92) 60 (95.24) 0.678
Note: FURS, flexible ureterorenoscopy; URS, ureteroscopy.

Table 4. Hospitalization indices
Indicator FURS group (n=65) URS group (n=63) t/Z P
Hospital stay (d) 5.00 (4.00, 6.00) 8.00 (6.00, 10.00) -6.690 <0.001
Hospitalization cost (CNY) 13292.12±287.30 13357.73±263.27 1.346 0.181
Note: FURS, flexible ureterorenoscopy; URS, ureteroscopy.

Table 5. POP assessed by the visual analogue scale score
Indicator FURS group (n=65) URS group (n=63) Z P
Pre-operation (points) 7.00 (5.00, 8.00) 6.00 (5.00, 8.00) -0.154 0.877
1 day post-operation (points) 5.00 (4.00, 6.00) 6.00 (5.00, 7.00) -2.145 0.032
3 days post-operation (points) 2.00 (2.00, 3.00) 4.00 (3.00, 5.00) -5.089 <0.001
Note: FURS, flexible ureterorenoscopy; URS, ureteroscopy; POP, postoperative pain.

Figure 1. Renal function analysis. A. Pre- and post-operative blood urea 
nitrogen (BUN) across groups. B. Serum creatinine (Scr) pre- and post-op-
eration. Note: *P<0.05, **P<0.01. FURS, flexible ureterorenoscopy; URS, 
ureteroscopy.

Figure 2. Urine routines. A. Pre- and post-operative red blood cell count 
(RBC) in two groups. B. White blood cell count (WBC) changes pre- and post-
operation. Note: *P<0.05, ***P<0.001. FURS, flexible ureterorenoscopy; 
URS, ureteroscopy.

First, FURS achieves a signifi-
cantly higher clinical efficacy 
rate. The main reason is the 
difference in lithotripsy modes 
between the two techniques. 
FURS adopts central stone li- 
thotripsy with laser fibers posi-
tioned at the stone center to 
fully disrupt the overall stone 
structure, whereas convention-
al URS applies the margin- 
al nibbling lithotripsy method, 
which may leave tiny residual 
stone fragments [15]. In addi-
tion, FURS can thoroughly cle- 
ar micro-stone fragments th- 
rough combined water perfu-
sion flushing through the ure-
teral sheath and stone basket 
extraction [16]. Moreover, the 
flexible and steerable uretero-
scope used in FURS allows 
multi-angle observation of the 
renal pelvis and calyces, effec-
tively avoiding missed detec-
tion and retention of residual 
stones [17], thereby ensuring  
a higher stone clearance rate 
and better clinical efficacy in 
UC plus HN patients. In terms 
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of perioperative surgical indicators, FURS re- 
duces intraoperative blood loss and shortens 
operative time while maintaining a comparable 
one-time stone clearance success rate with 
URS (96.92% vs. 95.24%). The minimally inva-
sive characteristics of FURS contribute to the- 
se favorable outcomes. During FURS surgery, 
stones can be pushed into the renal pelvis for 
lithotripsy, creating a larger operational space 
and reducing thermal damage to surrounding 
normal tissues, which minimizes intraoperative 
bleeding [18]. The active bending function of 
the flexible ureteroscope also avoids repeated 
scope position adjustment and operational in- 
terruption caused by the limited maneuverabil-
ity of rigid ureteroscopes, greatly saving opera-
tive time [19]. Meanwhile, intraoperative water 
perfusion can directly flush out fine stone frag-
ments, reducing the repeated operation of 
stone basket extraction and further shorten- 
ing surgical duration [20]. The consistent laser 
parameter settings (1.0-1.5 J/10 Hz) in both 
groups accounted for the equivalent one-time 
stone clearance efficiency, which is consistent 
with the findings of Serrão Gimenez et al. [21], 

nary tract mucosal tissues, accelerates postop-
erative patient recovery, and thus reduces hos-
pitalization duration [22, 23]. Peng et al. [24] 
also confirmed that FURS performed under 
local anesthesia can further reduce treatment 
costs, providing a feasible approach to optimi- 
ze the cost-effectiveness of FURS surgery. In 
terms of POP control, FURS effectively relieves 
short-term POP in UC plus HN patients. The 
high flexibility and maneuverability of the flexi-
ble ureteroscope enable precise operation in 
the renal pelvis and calyces, avoiding exces-
sive extrusion and injury to urinary tract muco-
sa and renal tissues, thereby alleviating POP 
responses [25].

Postoperative elevation of BUN and Scr levels 
in both groups indicated that both surgical pro-
cedures may cause transient renal dysfunction, 
which is presumably associated with intraoper-
ative high-pressure renal pelvic perfusion lead-
ing to tubular injury and renal interstitial edema 
[26]. However, FURS exerted a milder adverse 
effect on postoperative renal function. Routine 
urine test results further verified that although 

Figure 3. Serum inflammatory markers. A. Pre- and post-operative interleukin-6 (IL-6) across groups. B. Changes in 
C-reactive protein (CRP) before and after surgery. C. Procalcitonin (PCT) alterations pre- and post-operation. Note: 
*P<0.05, **P<0.01, ***P<0.001. FURS, flexible ureterorenoscopy; URS, ureteroscopy.

Table 6. Complications

Indicator FURS  
group (n=65)

URS  
group (n=63) χ2 P

Pyrexia 4 (6.15) 10 (15.87)
Hematuresis 2 (3.08) 8 (12.70)
Ureteral injury 1 (1.54) 3 (4.76)
Sepsis 1 (1.54) 3 (4.76)
Renal colic 2 (3.08) 5 (7.94)
Total 10 (15.38) 29 (46.03) 14.184 <0.001
Note: FURS, flexible ureterorenoscopy; URS, ureteroscopy.

who reported no significant  
difference in stone-free rates 
between FURS and URS for 
ureteral calculi treatment.

Furthermore, FURS significant-
ly shortens postoperative hos-
pital stay without increasing 
medical expenses. The flexible 
ureteroscope can reach all se- 
gments of the ureter with shal-
low tissue penetration, which 
maximally protects normal uri-
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both surgeries can improve hematuria and 
inflammatory abnormalities caused by stone 
obstruction, FURS has superior advantages in 
alleviating postoperative local urinary tract in- 
flammation and controlling hematuria. Inflam- 
matory marker detection confirmed that FURS 
better inhibits surgical stress-induced inflam-
matory responses, with milder postoperative 
elevations of IL-6, CRP, and PCT. This benefit 
may be attributed to the indwelling ureteral 
sheath during FURS, which reduces intrapelvic 
pressure and mucosal mechanical damage, 
thereby mitigating systemic inflammatory reac-
tions [27].

In terms of surgical safety, the FURS group had 
a significantly lower total complication rate 
than the URS group (15.38% vs. 46.03%). The 
flexible ureteroscope can adapt to the com- 
plex anatomic structure of the ureter, effective-
ly reducing the risk of mucosal injury; in con-
trast, the semi-rigid ureteroscope used in con-
ventional URS has poor flexibility, making it 
prone to cause mucosal abrasion and injury 
when passing through edematous and inflam- 
ed ureteral walls in HN patients [28]. Notably, 
Subiela et al. [29] reported no significant dif- 
ference in complication rates between FURS 
and URS for upper urinary tract calculi, which is 
partially inconsistent with our results. The dis-
crepancy may stem from differences in study 
populations: the previous study included sim-
ple renal calculi patients without ureteral ed- 
ema and inflammation, while all patients in our 
study had secondary HN with inflamed and 
edematous ureteral walls. In this pathologic 
state, rigid ureteroscopes are more likely to 
aggravate urinary tract injury and induce com-
plications, whereas flexible ureteroscopes sh- 
ow better safety adaptability.

This study had several limitations. First, as  
a single-center retrospective study, inherent 
selection bias cannot be completely eliminat-
ed. Future multi-center prospective studies 
with enlarged sample sizes are required to ve- 
rify the conclusions. Second, this study lacked 
long-term postoperative follow-up, so long-term 
complication incidence and stone recurrence 
rates could not be evaluated. Long-term follow-
up data (e.g., 5-year follow-up) should be sup-
plemented in subsequent prospective studies 
to further validate the long-term clinical advan-
tages of FURS. Third, confounding factors such 
as different medical insurance types and con-

sumable selection were not controlled in the 
comparison of hospitalization expenses. Pro- 
pensity score matching can be adopted in fu- 
ture studies to eliminate confounding factors 
and re-analyze the cost differences between 
the two surgical methods.

In conclusion, FURS combined with holmium 
laser lithotripsy is a highly effective and safe 
treatment for UC complicated with HN. Com- 
pared to conventional URS, it can reduce intra-
operative blood loss, shorten operative time 
and hospital stay, alleviate early post-operative 
pain (POP), minimize surgical damage to renal 
function, inhibit postoperative inflammatory re- 
sponses, reduce hematuria severity, and lower 
complication rates.
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