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. oo The management of large ureteric stones represents a technical and clinical challenge.
Associate Editor: James Catto To investigate the safety and efficacy of minimally invasive surgical ureterolithotomy
(MISU) in comparison with ureteroscopic lithotripsy (URS) for the treatment of large ureteric stones.

The Preferred Reporting Items for Systematic Review and Meta-analyses
(PRISMA) guidelines were followed for the conduction of the study, which was registered in the
PROSPERO database. Search string was “(laparoscop* OR retroperito* OR robot*) AND ureterolitho*”;

: database scope included PubMed, SCOPUS, Cochrane, and EMBASE. Primary end points were the
Ureterolithotomy O LV N :

stone-free (SFR) and complications rates. Secondary end points included operative time and hospital

Ureteroscopy stay. Subgroup analyses were performed for stones 1-2 and >2 cm, as well as different lithotripters

Ureteric stone and ureteroscopes. Meta-analysis and forest-plot diagrams were performed with the RevMan

: . 5.3.5 software.
Ur.Et_erlc cal_CUh . After screening 673 publications, seven randomized controlled trials were
Minimally invasive surgery eligible to be included in the meta-analysis. A total of 778 patients were pooled after the elimination
of the dropouts. No robotic cohorts were found. Only upper ureteral stones were treated in the
included studies. The SFR at discharge and 3 mo was higher with MISU with odds ratios of 6.30 (95%
confidence interval [CI]: 3.05, 13.01; I? = 0%) and 5.34 (95% CI: 2.41, 8.81; I> = 0%), respectively. The
most common complications for MISU and URS were conversion to open surgery and stone migration
to the renal pelvis, respectively. Favorable results in terms of operative time were observed in the case
of URS with a mean difference of 29.5 min (95% Cl: 14.74, 44.26; I?> = 98%). Hospitalization time was
favorable in the case of URS with a mean difference of 2.08 days (95% CI: 0.96, 3.20; I* = 99%).
This meta-analysis showed a significantly higher SFR at discharge and 3 mo for MISU in
comparison with URS when upper ureteral stones were treated. Operative and hospitalization time
favored URS over MISU.

The current study investigated the literature on the minimally invasive manage-
ment of large ureteric stones. The available evidence shows that both ureteroscopic lithotripsy and
minimally invasive surgical ureterolithotomy could be considered for the treatment of these stones
with similar results. The selection of the approach should be based on the advantages and
disadvantages of each technique.

© 2017 European Association of Urology. Published by Elsevier B.V. All rights reserved.

* Corresponding author: Department of Urology, University of Patras Medical School, Rion, 26 504,
Patras, Greece. Tel. +30 2610 999386; Fax: +30 2610 993981.
E-mail address: pkallidonis@yahoo.com (P. Kallidonis).

http://dx.doi.org/10.1016/j.euf.2017.04.006
2405-4569/© 2017 European Association of Urology. Published by Elsevier B.V. All rights reserved.



EUROPEAN UROLOGY FOCUS 3 (2017) 554-566 555

1. Introduction

Ureteroscopy with endoscopic lithotripsy (URS) represents
the most commonly employed technique for the treatment
of ureteric stones [1,2]. The impacted nature and size of
stones may influence the surgical outcome of the approach.
Moreover, these stones may be related to significant tech-
nical challenges and difficulties to handle complications
such as ureteric strictures [3,4]. Minimally invasive surgical
ureterolithotomy (MISU), performed by either conventional
or robotic-assisted laparoscopic/retroperitoneoscopic
approach, has increasingly been used for the treatment of
large/impacted ureteric stones during the recent years [5-
7]. Although both URS and MISU could be considered for the
management of the aforementioned technically demanding
stones, the current literature is lacking in robust evidence to
identify the most appropriate approach. In this systematic
review and meta-analysis, we aimed to provide stronger
evidence for the treatment options of large ureteric stones
by comparing the safety and efficacy of MISU and URS.

2. Evidence acquisition
2.1. Search strategy—eligibility criteria—end points

A systematic review using the search string “(laparoscop* OR
retroperito® OR robot*) AND ureterolitho®” was conducted
on PubMed, SCOPUS, Cochrane, and EMBASE from inception
to March 2016. The Preferred Reporting Items for Systematic
Review and Meta-analyses (PRISMA) guidelines were fol-
lowed for the conduction of the study [8]. The study was
registered in the PROSPERO database (ID 36506). No lan-
guage restriction was applied. The population, interventions,
comparison, outcomes, and eligibility criteria for the meta-
analysis are shown in Table 1. Studies with ureteric stones
>1 cm were considered eligible. Conventional and robotic-
assisted laparoscopic/retroperitoneoscopic approaches were
considered for comparison with semirigid or flexible ure-
teroscopy. Primary end points were stone-free rate (SFR) and
complications rate. Secondary end points included operative
time and hospital stay. In the subgroup analysis of the
influence of size of stones, use of different lithotripters
and flexible ureteroscopes was considered (Table 1).

2.2. Data extraction

Two authors (FS. and PK.) independently screened the
studies depending on the inclusion criteria, and extracted
relevant data on study characteristics and outcomes using a
standardized pro forma. In case of missing data, the authors
were contacted by e-mail and asked to provide additional
information.

2.3. Statistical analysis

After extraction, data were pooled to conduct the meta-
analysis. Outcomes for dichotomous/categorical variables
were expressed as odds ratio (OR) with 95% confidence
intervals (CIs). The Mantel-Haenszel method was used

Table 1 - Study design, end points, and eligibility criteria.

Population
1. Human
2. Adults
3. Men and nonpregnant women
4. Patients with ureteric stone >1 cm

Intervention
1. Minimally invasive surgery (laparoscopic/
retroperitoneoscopic/robotic ureterolithotomy)
2. Ureteroscopy (semirigid or flexible retrograde) +
endoscopic lithotripsy

Comparison
Minimally invasive surgery (laparoscopic/
retroperitoneoscopic/robotic ureterolithotomy)
Compared with Ureteroscopy (semirigid or
flexible retrograde) + endoscopic lithotripsy

Outcome

Primary end points:
. Stone-free rate
. Complication rate
Secondary end points:

. Operative time

2. Hospital stay

3. Need for secondary procedure

Subgroup analysis:

1. Stones with maximal diameter >1 and <2 cm

2. Stones with maximal diameter >2 cm

3. Laser lithotripter for ureteroscopy

4.

5.

N =

—

Pneumatic lithotripter for ureteroscopy
Flexible ureteroscopy
Eligibility
criteria
1. Comparative prospective studies (randomized,
quasi randomized)
2. Articles in peer-reviewed journals and
abstracts from major congresses (EAU, WCE, AUA, SIU)
3. Languages: no restriction

for the combination of these results. In the case of continuous
variables, pooled results were calculated using the weighted
mean difference with 95% CI. These results were combined
using the inverse variance method [9]. Meta-analysis and
forest-plot diagrams were performed by applying a random-
effect model because of the different sample size of the
studies selected [10]. Review Manager (RevMan) Version
5.3.5 was the software used (The Cochrane Collaboration,
The Nordic Cochrane Centre, Copenhagen, 2014). Variations
among the studies were evaluated with the use of the chi-
square statistical method. Also, I* index was calculated in
order to indicate the proportion of inconsistency between
studies that could not be attributed to chance. Values of I
>50% were considered as significant heterogeneity [11].

24. Risk of bias assessment
The risk of bias of the included studies was assessed with

the Cochrane Collaboration’s tool for assessing the risk of
bias [12].

3. Evidence synthesis
3.1. Selection of studies

After screening 673 publications, seven randomized con-
trolled trials (RCTs) were eligible to be included in the
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Fig. 1 - Overall analysis. (A) Flow diagram of the study. (B) Immediate stone-free rate—pooled analysis. (C) Stone free rate at 3 mo—pooled analysis. (D)
Secondary procedures—pooled analysis. CI = confidence interval; df = degree of freedom; LAP = laparoscopy; M-H = Mantel-Haenszel method;

URS = ureteroscopic lithotripsy.

meta-analysis. Fig. 1A shows the selection process of the
study.
3.2 Study characteristics

The seven RCTs eligible for the meta-analysis were pub-
lished between December 2008 and March 2016 [3,13-
18]. Design and characteristics of the studies are described
in Tables 2-4. Eligible studies included patients with
stones >1 cm, which were managed with either rigid or
retrograde flexible URS (fURS) based on the preference of
the authors and the individual characteristics of the
patients. Transperitoneal and retroperitoneal cases of
MISU were also included. Current literature does not
include comparative investigations of robotic-assisted
approach for MISU to URS. Only upper ureteral stones were
treated in the included studies. Only one of the corre-
sponding authors responded to our queries and provided
additional data [16].

3.3. Overall analysis

3.3.1.  Primary end points

SFR rate—immediate: The meta-analysis of three studies
revealed that the SFR was higher in the MISU group with
an OR of 6.30 (95% CI: 3.05, 13.01; *=0, p < 0.00001;
Fig. 1B) [3,13,16].

SFR rate—at 3 mo: The data pooled from six studies
showed that the SFR at 3 mo was higher in the MISU group
with an OR of 4.61 (95% CI: 2.41, 8.81; I°=0, p < 0.00001;
Fig. 1C) [13-18].

Complications: Heterogeneity in the type and modality of
reporting complications prevented a quantitative analysis

of the extracted data, so that a qualitative analysis was then
performed. Table 4 shows the complications that were
observed in each of the included studies. Three studies
[15,16,18] reported the incidence of urinary tract infection
as a complication that occurred in two out of 50 (4%) [15]
and two out of 136 (1.5%) [ 18] in the MISU group, and in four
out of 50 (8%), six out of 139 (4.3%), and on out of 16 (6.2%) in
the URS group [15,16,18]. Two studies reported postopera-
tive fever, either mild or temporary, with an incidence
ranging between 3.92% (2/51) and 19.9% (27/136) in the
MISU group [17,18], and 2% (1/48) and 25.2% (35/139) in the
URS group. Sepsis rates were reported only in two studies in
the URS group, observed in three out of 60 (5%) and one out
of 16 (6.2%) of the cases [3,16]. Severe postoperative pain
was reported in two and one studies for MISU and URS,
respectively: two out of 62 (3.2%) and three out of 50 (6%)
events were observed in the MISU group, and two out of
50 events (4%) in the URS group [3,15]. Only one study
reported the use of analgesics, with 59.6% (81/136) of the
patients in the MISU group and 25.9% (36/139) in the URS
group [18].

A specific complication of URS is the migration of the
stone to the renal pelvis, which may require auxiliary
procedures to render the patient stone free. Three studies
provide data on the complication whose rates ranged
between 8% and 37.5% of the cases [3,14-16]. A specific
complication of MISU is conversion to open surgery, which
was reported in 1.96-6.6% of the cases in four of the
included studies [3,13,16,17].

Hematuria was also reported by two studies and had a
range of 1.6-2% (1/62 and 1/50 patients, respectively)
[3,15]. Other complications such as mucosal injury, urinary
leakage, and perforation have been also described. The
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Table 2 - Study characteristics.

Study, journal or
meeting, country
of origin

Inclusion criteria

Exclusion criteria

Stone size
criterion (mm)

Stone location

Basiri et al (2008) [13],
Journal of
Endourology, Iran

Fang et al (2012) [14],
Acta Cirugica
Brasileira, China

Kadyan et al (2016) 3],
Indian Journal of
Urology, India

Kumar et al (2015) [15],
Journal of Endourology,
India

Lopes et al (2012) [16],
Journal of Urology,
Brazil

Ozturk et al (2013) [17],
Canadian Urological
Association, Turkey

Shao et al (2015) [18],
World Journal of
Urology, China

Upper ureteral stone, stone size
>15 mm

Unilateral upper ureteral stones,
adult patients, stone diameter
>1 cm, single stone above the
upper edge of sacroiliac joint,
ipsilateral low back pain or renal
colic with a duration for 3 mo to
3 yr, different degrees of
hydronephrosis

Age (15-60 yr) with a single
large radio-opaque proximal
ureteral stone

Single radio-opaque upper
ureteral calculus >2 cm

Proximal ureteral stones >1 cm,
diagnosed with excretory
urography or CT, impacted for a
long period (mean 9.1 mo)
Proximal ureteral stones
between 1 and 2 cm

Adult patients, duration of
symptoms >2 mo, stone
diameter >12 mm, unilateral
single ureteral stone

Not reported

Acute urinary tract infection
(preoperative fever and elevated white
blood cell), congenital stricture of
ureter operation history of ipsilateral
ureter or the ipsilateral lumbar and
abdominal region

Patients with a previous history of
renal/ureteric surgery, congenital
genitourinary anomaly, active urinary
tract infections, pregnant patients,
radiolucent calculus, bleeding
disorders, and deranged renal
parameters

Stone <2 cm, bleeding disorders,
radiolucent stones, active urinary tract
infection, age >60 and <15 yr, weight
>100 and <40 kg, comorbid
cardiovascular and respiratory
illnesses, pregnancy, fever >37 °C,
serum creatinine >1.5 mg/dl, total
leukocyte count >12 000/dl, solitary
kidney, coexisting ureteral pathology
(tumor/stricture), and inability to give
informed consent

Pregnancy, concomitant requirement
of additional procedures, and
incomplete follow up during or after
treatment

Patients under 18 yr, previously
managed calculi, multiple stones, and/
or with solitary kidney or ureteropelvic
junction obstruction

Stricture of the ureter, history of
ipsilateral ureteric surgeries,
unsuitable for general anesthesia

>15 mm (greatest
diameter)

>1cm

>15 mm

Stone size >2 cm

>1cm

Between 1 and 2 cm

> 12 mm

Upper ureteral stone (between
ureteropelvic junction and
iliac crest)

Calculus above the upper edge
of sacroiliac joint

Proximal ureteral calculus
(between the pelviureteric
junction and the upper border
of the sacroiliac joint)

Upper ureteral calculus
(between the pelviureteric
junction and the upper border
of the sacroiliac joint)

Between the ureteropelvic
junction and pelvic brim

Proximal ureteral stones

Upper ureteral stone (above
the upper edge of sacroiliac
joint)

CT = computed tomography.

overall complications for the MISU and URS groups were in
the range of 0-90% and 4.1-93.7%, respectively.
Long-term follow-up data (>1 yr) were provided only by
Shao et al [18] and Lopes et al [16]. Shao et al [ 18] reported a
2.9% stricture formation rate after URS while MISU did not
have any strictures, after a long mean follow-up of 10 (12—
66) mo and 20.5 (12-62) mo, respectively. Lopes et al [16]
did not provide any specific information on stricture for-
mation after a long-term follow-up in their publication.
Nevertheless, the authors, on being contacted, reported that
there was no stricture formation in their series.
34. Secondary end points
Secondary procedure: The data pooled from three studies
[13,16,18] revealed that secondary procedure rates were
higher in the URS group than in the MISU group (OR: 0.3;
95% CI: 0.14, 0.62; I?> = 0%, p = 0.001; Fig. 1D).

Operative time: Fig. 2A shows the meta-analysis of the
operative time. The study by Ozturk et al [17] presented
incomplete data on this regard and was then excluded from
the analysis. Operative time was shorter in the URS group
with a mean difference of 29.5 min (95% Cl: 14.74, 44.26;
> =98%, p < 0.00001).

Hospitalization time: Meta-analysis of six studies [3,13-
16,18] revealed that the hospitalization time was favorable
in the case of URS with a mean difference of 2.08 d (95% ClI:
0.96, 3.20; I? = 99%, p = 0.0003; Fig. 2B).

3.5. Subgroup analysis

3.5.1. Stones with a maximal diameter of 1-2 and >2 cm

The study by Kumar et al [15] was the only one with a mean
stone size of >2 cm, and a cumulative analysis for studies
involving such larger stones was not possible. The mean size
of the included stones was 2.3 4 0.2 and 2.2 + 0.1 cm for the
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Total (95% CI) 338 340
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Test for overall effect: Z= 3.92 (p < 0.0001)
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Kadyan Urol Annals 2016 416 0.67 62 1.18 038 60 17.1% 2.98(2.79,3.17) .
KumarJ Endo 2015 22 07 50 21 06 50 17.1% 0.10(-0.16, 0.36) T
Lopes J Urol 2012 315 1.43 15 1.15 055 16 15.9% 2.00(1.23,2.77) ==
Ozturk Can Urol Assoc J 2013 0 0 1] 0 0 0 Not estimable
Shao World J Urol 2015 49 07 136 28 06 139 17.2% 2.10(1.95,2.25) .
Total (95% Cl) 338 340 100.0% 2.08(0.96, 3.20) <
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Fig. 2 - Overall analysis. (A) Operative time—pooled analysis. (B) Hospitalization time—pooled analysis. (C) Summary of the risks of bias for the
included studies. (D) Presentation of the risks of bias for each study. CI = confidence interval; IV = inverse variance method; LAP = laparoscopy;

SD = standard deviation; URS = ureteroscopic lithotripsy.

MISU and semirigid URS groups, respectively. The overall 3-
mo SFR was 100% for the MISU group, which was signifi-
cantly higher in comparison with the URS group (76%,
p =0.02). The retreatment rate was significantly greater in
the URS than in the MISU group (8% vs 0%; p=0.01).
Secondary procedures were necessary in 26% of the URS
cases and were not needed after MISU (p = 0.001). Compli-
cations were encountered in 12% and 26% of the MISU and
URS cases, respectively (p = 0.001).

3.5.1.1. Subgroup analysis for stones with a maximal diameter of 1-
2 cm. SFR—immediate and secondary procedure: The studies
eligible for the subgroup analysis of these parameters were
the same as those for the overall analysis, and the results
remain identical (Fig. 1B and 1D).

SFR—at 3 mo: Data from five studies were pooled, which
showed that the SFR at 3 mo was higher in the MISU group
with an OR of 4.15 (95% CI: 2.13, 8.06; I>=0, p < 0.00001;
Fig. 3A) [13,14,16-18].

Operative time: Data from five studies were pooled for the
subgroup analysis [3,13,14,16,18] (Fig. 3B). Operative time

was shorter in the URS group with a mean difference of
38.65 min (95% CI: 19.03, 58.20; I = 98%, p < 0.00001).

Hospitalization time: Pooling of data from five studies
[3,13,14,16,18] showed that hospitalization time was favor-
able in the case of URS with a mean difference of 2.49 d (95%
Cl: 1.54, 3.44; I’ = 98%, p < 0.0001; Fig. 3C).

3.5.2. Semirigid and flexible ureteroscopy—pneumatic and laser
lithotripters

Subgroup analysis of the pooled data was possible only for
semirigid URS with the use of a laser lithotripter. As such,
the study of Ozturk et al [ 17] with fURS as well as the studies
of Lopes et al [16] and Basiri et al [13] with pneumatic
lithotripters were excluded. Subgroup analysis of the latter
two studies was not performed, since both laser and pneu-
matic lithotripters were used in one of these studies [13]
and the data included in this article were not sufficient to
distinguish the results of the two approaches. A subgroup
analysis of studies using fURS could not be performed since
only one study [17] was included in the current meta-
analysis. This study showed a significantly higher SFR for
laparoscopy in comparison with fURS (96% and 79%,
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LAP URS Odds ratio Odds ratio
A _Study or subgroup Events Total Events Total Weight M-H, random, 95% Ci M-H, random, 95% ClI
Basiri J Endo 2008 45 50 38 50 34.6% 2.84(0.92,8.79) T
Fang Acta Chir Braz 2012 25 25 22 25  49% 7.93(0.39,162.07) >
Kadyan Urol Annals 2016 0 0 0 0 Not estimable
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Total (95% Cl) 277 278 100.0% 4.15(2.13, 8.06) L
Total events 265 233
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Kadyan Urol Annals 2016 841 168 62 628 127 60 23.0%  21.30(16.03,26.57) bl
Lopes J Urol 2012 215 887 15 728 42 16 93% 142.20(92.36,192.04)
Ozturk Can Urol Assoc J 2013 0 0 0 0 0 0 Not estimable
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Total (95% CI) 288 290 100.0%  38.62(19.03,58.20) -
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Kadyan Urol Annals 2016 416 0.67 62 118 038 60 21.1% 2.98(2.79,3.17) =
Lopes J Urol 2012 315 1.43 15 115 055 16 187% 2.00(1.23,2.77) —-—
Ozturk Can Urol Assoc J 2013 0 0 0 0 0 0 Not estimable
Shao World J Urol 2015 49 0.7 136 28 06 133 21.2% 2.10(1.95, 2.25) N
Total (95% CI) 288 290 100.0% 2.49 (1.54,3.44) <&
Heterogeneity: 12=1.10; 2 = 184.38, df= 4 (p < 0.00001);/*= 98% ?_10 55 0 é 105
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Fig. 3 - Subgroup analysis of stones 1-2 cm in maximal diameter. (A) Stone-free rate at 3 mo—pooled analysis. (B) Operative time—pooled analysis. (C)
Hospitalization time—pooled analysis. CI = confidence interval; IV = inverse variance method; LAP = laparoscopy; M-H = Mantel-Haenszel method;

SD = standard deviation; URS = ureteroscopic lithotripsy.

respectively, p < 0.05). Flexible URS had a lower complica-
tion rate than MISU (4.11% and 7.86%, respectively, p < 0.05).

3.5.2.1. Subgroup analysis for rigid URS with laser lithotripter. SFR—
immediate: Only one study reported on the immediate SFR,
and a pooled data analysis was not possible [3]. This study
showed a significantly higher SFR for MISU (93.5%) in
comparison with URS (71.6%, p = 0.008).

SFR—at 3 mo: Pooled data from three studies revealed
that the 3-mo SFR was higher in the MISU group with an OR
of 5.71 (95% CI: 1.81, 18.01; I>=10%, p=0.003; Fig. 4A)
[14,15,18].

Secondary procedure; Data pooled from two studies
[14,18] showed that secondary procedure rates were higher
in the URS group than in the MISU group (OR: 0.25; 95% CI:
0.08, 0.71; I? = 0%, p = 0.01; Fig. 4B).

Operative time: Pooled data on the operative time are
presented in Fig. 4C and included four studies
[3,14,15,18]. Operative time was similar among the URS
and MISU groups, with a mean difference of 8.3 min (95%
Cl: —3.28,19.87; I>=98%, p=0.16).

Hospitalization time: A meta-analysis of four studies
[3,14,15,18] revealed that hospitalization time was favorable

in the case of URS with a mean difference of 1.34 d (95% CI:
0.07, 2.60; I?> =99%, p = 0.04; Fig. 4D).

3.6. Risk of bias assessment

Selection bias: Five studies reported the method used for
random sequence generation, while in two cases it was not
specified. All studies did not provide information on the
allocation concealment.

Performance bias: No blinding could be possible for either
patients or surgeons in all the selected studies.

Detection bias: Only Ozturk et al [ 17] stated that the 3-mo
results were reviewed by a physician blinded for the
treatment.

Attrition bias: Only Lopes et al [16] provided details on
the dropout rate or patients lost in follow-up (two patients
dropped out of the trial; these patients underwent shock
wave lithotripsy [SWL]—not of interest in the current
review).

Reporting bias: Detailed outcome data as by primary and
secondary end points set up for this review were obtained
from Lopes et al [16] (after contacting the corresponding
author) and from Shao et al [18]. A high risk of bias was
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A LAP URS Odds ratio Odds ratio
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Kumar J Endo 2015 22 07 50 21 06 50 252% 0.10(-0.16, 0.36) *

Shao World J Urol 2015 49 07 136 28 06 139 254% 2.10(1.95, 2.25) 3
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Fig. 4 - Subgroup analysis, semirigid ureteroscopy with the use of a laser lithotripter. (A) Stone-free rate at 3 mo—pooled subgroup analysis. (B)
Secondary procedures—pooled subgroup analysis. (C) Operative time—pooled subgroup analysis. (D) Hospitalization time—pooled subgroup analysis.
CI = confidence interval; IV = inverse variance method; LAP = laparoscopy; M-H = Mantel-Haenszel method; SD = standard deviation; URS = ureteroscopic

lithotripsy.

detected in the studies of Basiri et al [13], Kadyan et al [3],
and Ozturk et al [17] because of the limited follow-up time
(<3 mo), which does not enable appropriate assessment of
long-term complications, especially for what concerns the
incidence of ureteric stricture. In the remaining studies,
relevant data were missing despite adequate follow-up
time.

Other bias: Two studies were affected by observation bias
as SFRs were assessed with x-ray alone, or using inconsis-
tently either X-ray or computed tomography of kidneys,
ureters, and bladder (CT KUB) [14,16]. Gold standard imag-
ing (CT KUB) was used only by Kumar et al [15]. Shao et al
[18] did not specify at all imaging tools used in follow-up.

The results on the risk of bias assessment are summa-
rized in Fig. 2C and 2D.

3.7. Discussion

The treatment of urinary lithiasis has changed in the last
3 decades, and URS is the mainstay for the treatment of
ureteric stones. Nevertheless, treatment of large ureteric
stones with a diameter of >1 cm is still a point of contro-
versy [2]. Some centers seem to favor ureterolithotomy
(open or laparoscopic) after the failure of extracorporeal
SWL or URS [13,19,20]. Others consider the procedure as the
first line of treatment of these stones since it could provide
stone clearance with a single session [15,21]. In an attempt
to propose the most appropriate treatment of large ureteric
stones in terms of effectiveness and minimal invasiveness,
the current systematic review and meta-analysis was
conducted.
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In this meta-analysis of seven RCTs, we compared the
efficacy and safety of URS and MISU for large ureteric stones
regardless of their location. The initial concept of the anal-
ysis was to pool data on the efficacy of the aforementioned
techniques for large stones in all ureteric locations and to
further provide a subgroup analysis of their efficacy in terms
of different stones size, lithotripters, and ureteroscopy
instruments. Nevertheless, the stones managed in the
included studies were all located in the upper ureter
(Table 2). It should be noted that different SFRs have been
reported for URS for different stone locations [22]. Thus, the
homogeneity of the included cases in terms of stone loca-
tion provides additional robustness to the current analysis.
The definition of “large ureteric stone” remains a point of
debate as there is currently not an established definition of
the term [2,23]. We adopted a broad cutoff of >1 cm in order
to avoid the exclusion of relevant studies. It is noteworthy
that the definition of large ureteric stones as >1 cm in size
was consistent in all the selected studies (Table 2).

The MISU approach proved to provide a higher SFR at
discharge and 3 mo (p < 0.0001 and p < 0.0001, respec-
tively). The pooled data showed a lack of heterogeneity
for these calculations with an I value of 0% indicating
reliable results. Secondary procedures were significantly
more common in the case of URS (up to 10% of the cases)
as in none of the cases MISU was required (p = 0.001). The
results were related with no heterogeneity (I*=0%). It
should be noted that the impact of the size on the efficacy
of the studied approaches was not possible to be evaluated
since only one of the included studies had an average stone
size of >2 cm [15]. In an attempt to provide some evidence
on the impact of stone size on the reported results, we
performed a subgroup analysis for stones with ranging in
size between 1 and 2 cm (Fig. 3). The results of the analysis
were identical to those of the overall analysis in terms of
immediate SFRs and the need for secondary procedures. In
the case of 3-mo SFR, and operative and hospitalization
time, the subgroup pooled analysis showed almost identical
results to the overall analysis (Figs. 1-3). The above obser-
vations showed that only one study including stones >2 cm
provided data to the analysis, which did not alter the pooled
analysis results. Thus, only additional studies with larger
stones could be useful in determining the impact of the
stone size on the outcome of the investigated procedures.
The subgroup analysis of the use of semirigid URS with a
laser lithotripter revealed a significantly higher 3-mo SFR
for MISU in comparison with URS (Fig. 4A). Results of the
subgroup and overall analyses of SFRs should be interpreted
carefully since the stones that were treated were all upper
ureteral stones. This specific location is unfavorable for
semirigid URS, and the results may have been different if
stones in other locations of the ureter were also treated.
Moreover, a subgroup pooled analysis was not possible for
studies comparing fURS with MISU since only one study was
available. Such an analysis would have been interesting
since fURS was reported to provide higher SFRs in compari-
son with semirigid URS for proximal ureteric stones [24,25].

It is important to note that the SFRs are reported after
evaluating the presence of residual fragments with different

imaging modalities. KUB x-ray and ultrasound were the
most commonly used modalities [3,13,14,17], while CT scan
was used either routinely [15] or on demand [16] in two
studies (Table 2). One study did not report any specific
evaluation method for residual fragments. Two studies
were clear regarding the inclusion of only radio-opaque
stones [3,15]. The remaining studies did not clarify the
inclusion of radiolucent stones. It should probably be
expected that the investigators included radio-opaque
stones in an attempt to follow up the cases with KUB x-
ray investigation. Nevertheless, the lack of clarified selec-
tion criterion in terms of stone radio-opacity in some of
included studies represents a limitation of the pooled
analysis.

The current evidence showed that both MISU and URS
are safe. The most common complication of MISU is con-
version to open surgery, and for URS it is stone migration to
the renal pelvis that requires auxiliary procedures. Other
complications such as sepsis and hematuria have no major
differences among the two groups. It should be noted that
the complication rate may be related to surgeons’ experi-
ence; this information was lacking in all the included stud-
ies and solid conclusions on the complications rate could
not be drawn.

MISU was associated with longer operative time in com-
parison with URS (p < 0.0001). Inadequate laparoscopic
experience may result in longer operative time for the MISU
group. In fact, these pooled results are associated with
significant levels of heterogeneity (I = 98%) since there is
high fluctuation of the operative time among the included
studies. This fluctuation may be related to the surgical
experience of the performing surgeons in the evaluated
approaches. Hospitalization time was longer in the case
of MISU (p = 0.0003). High level of heterogeneity was cal-
culated with an I? value of 99%. The latter observation could
be attributed to the less invasive nature of URS in compari-
son with MISU. MISU was performed with transperitoneal
access except for the study by Shao et al [18].

In stones 1-2 cm in maximal diameter, URS possesses a
significant advantage over MISU in terms of operative and
hospitalization time (p=0.0001 and p < 0.0001, respec-
tively, Figs. 2 and 3). Different results were obtained from
the subgroup analysis for the use of the laser lithotripter in
comparison with the overall pooled data in the case of
operative time. Operative time was similar among the
two approaches (p=0.16). Heterogeneity was high (-
?=99%), and this is probably due to the fluctuation of
the reported results among the studies. Data from four
studies were included in the subgroup analysis
[3,14,15,18]. These studies had similar results in terms of
operative time among the approaches. In the overall analy-
sis, Basiri et al [13] and Lopes et al [16] presented signifi-
cantly higher operative time for MISU and weighted the
results towards higher operative time for MISU.

The evaluation of the risk of bias showed that there was a
high risk of selective reporting bias and other biases. Allo-
cation concealment, blinding of the personnel, and outcome
assessment are impossible in the case of such surgical
studies. It is unclear if these parameters influenced the
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presented outcomes of the included studies. Nevertheless,
incomplete data reporting is a significant issue since it does
not allow for pooling of data from all studies in case of a
number of parameters considered for this analysis. In addi-
tion, the lack of standardized reporting represented a chal-
lenge for reporting the outcomes. Specifically, the different
definitions in the reporting of the SFRs represent an issue
for the comparison of the outcomes among studies. The
above biases represent limitations of the study inherent to
the nature of the meta-analytic approach and the quality of
the studies in the field of interest.

Another limitation of the study is the lack of power
analysis in all the included studies except for the study
by Lopes et al [16], who provided additional information
after contacting the corresponding author. This may imply
insufficient sampling of the included studies, which might
undermine the robustness of our analysis.

Finally, long-term follow-up was lacking in almost all
studies; despite our efforts to contact the relevant authors,
only Lopes et al [ 16] provided the information requested. In
the two resulting studies with long-term follow-up data
[14,18], no late complications including ureteric strictures
were observed.

4. Conclusions

The current analysis showed a significantly higher SFR at
discharge and 3 mo for MISU in comparison with URS for
large upper ureteric stones. URS required secondary proce-
dures in up to 10% of the cases. Operative and hospitaliza-
tion time favored URS over MISU. MISU and URS are both
effective and safe for the management of large upper ure-
teric stones. The lack of a uniform approach in reporting the
outcomes in the included studies suggests that the cur-
rently presented results should be interpreted carefully.
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