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Optimal management of large proximal ureteral stones (>10mm): a systematic

review and meta-analysis of 12 randomized controlled trials

Key words:
Extracorporeal shockwave lithotripsy (ESWL); Largwoximal ureteral stones (LPUS);
Laparoscopic ureterolithotomy (LU); Percutaneoughmelithotomy (PCNL); Systematic review

and Meta-analysis; Ureteroscopic lithotripsy (URL)

Abbreviations:

AMSTAR=Assessing the methodological quality of sysatic reviews; Cl=confidence interval;
ESWL=Extracorporeal shockwave lithotripsy; LE = ééwf evidence; LPUS=Large proximal
ureteral stones; mPCNL=minimally invasive percutarse nephrolithotomy; PCNL=standard
percutaneous nephrolithotomy; PRISMA=Preferred Repyp Items for Systematic Reviews and
Meta-analysis; RCT=randomized control trial; RR¥Risatio; SFR= stone-free rate; URL=
transurethral ureteroscope lithotripsy; WMD= Weaght mean difference; PCNL=standard

percutaneous nephrolithotomy
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Abstract
Obj ectives:

To develop an evidence base to guide cliniciaraditrg adults with large proximal ureteral stones

(LPUS) greater than 10mm.

M ethods:

A systematic search of PubMed, EMBASE, and Cochiabeary was conducted to identify

randomized controlled trials (RCT) concerning ddigt LPUS management techniques including

laparoscopic ureterolithotomy (LU), percutaneoughmelithotomy (PCNL) and ureteroscopic

lithotripsy (URL) up until March 2020. We followetie Preferred Reporting Items for Systematic

Reviews and Meta-analysis statement when searadmagdetermining inclusion. All included

articles were quality assessed and the data asalyer® conducted with Review Manager (5.3).

Results:

12 RCTs involving 1416 patients met our eligibilitriteria and were analyzed. Of these

participants, 44.6% (n = 632) underwent URL, 25(2& 361) PCNL, and 29.9% (n = 423) LU.

Pooled analysis revealed that URL had a signiflgaotver stone-free rate (SFR) compared to

PCNL and LU (both withp<0.05). URL had a significantly higher ureterabiryj rate compared to

LU (Relative risk (RR)=5.27, 95% confidence intdr¢@l) 1.52 to 18.22, p=0.009) and PCNL

(RR=4.11, 95% CI 1.03 to 16.34, p=0.04). Howevey, significant differences were found

between PCNL and LU in terms of SFR or overall cheagions, both withp>0.05. URL initially

costs less than PCNL (Weighted mean difference (WNBB7.35US$, 95% CI -823.10 to -371.60,

p<0.00001), but being less effective creates greddenand for repeat or ancillary treatments

compared to LU (RR 15.65, 95% CI 2.11-116.p20.007) and PCNL (RR 8.86; 95% CI
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3.19-24.60p<0.00001).

Conclusions:

Both PCNL and LU appear more effective and safen tiRL for LPUS; although, LU has

higher risk of urine leakage and is more likely unctrauma which requires additional

support. However, caution must be taken becauserd#uommendation is based upon a very

limited number of clinical studiesand even fewer comparing flexible ureteroscopibnetogies.

Further prospective real-world studies or RCTs canimg flexible URL, LU and PCNL are

required, as well as an in depth analysis of thaddm costs involved in unsuccessful URL

treatments.
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I ntroduction

Ureteral calculi are common, affecting more tha®ol@f the population and can have a

serious impact on one’s life and work[1,2]. Theelikood of spontaneously passing a ureteral

stone is largely dependent upon the size and totatf calculi[3]. While the majority of small

distal stones can spontaneously pass through #terunto the bladder before being expelled,

large proximal ureteral stones (LPUS) with a dianeif 10mm or greater are unlikely to

spontaneously pass, and can in the more severs baseme impacted in the ureter causing

excruciating pain, urinary tract infections, hydephrosis and renal dysfunction[3,4]. In this

scenario, surgical interventions are recommendegkritove upper urinary tract obstruction for

patients whom have not benefitted from initial ncadliexpulsive therapy or extracorporeal shock

wave lithotripsy (ESWL)[5,6].

Minimally invasive techniques are under developmaritilst the miniaturization of

endoscopic equipment has taken place over thetlwadilecades. Therefore, treatment modalities

have shifted with technological advancements, frapen ureterolithotomy to modern

endourologic procedures, such as laparoscopic rohgtetomy (LU), percutaneous

nephrolithotomy (PCNL) and ureteroscopic lithotyip@JRL)[7]. Even though each of these
p Yy p P g

interventions are widely used in clinical practitee superior LPUS treatment modality remains

unknown. Previous comparative studies have yiekidaily different results and even evidence

garnered from the highest levels of secondary datalysis have reached contradictory

conclusions[1,4,8].

For example, Torricelli et al. conducted a metahaig in 2016 which included a total of

646 participants[8]. Their findings suggested th&l should be considered the first-line
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alternative for LPUS, having an higher stone-frege r(SFR) and equivalent complications

compared to semi-rigid URL. However, this meta-gsial only included six randomized

controlled trials (RCT) which compared only twohamues, despite the fact that other techniques

were available at that time. Additionally, the aarthappear to have overlooked heterogeneity and

therefore lack critical insight. There have sineib three further meta-analytical studies which

included a greater number of studies, althoughréselts and respective conclusions appear

contradictory[4,9,10]. This may have occurred beseathe authors attempted to include all

available studies, of which some were relatively Iquality. Unfortunately, the conclusion

derived from Wu et al.’'s meta-analysis appears ngogous with their own findings. Their

evidence also directly conflicts with Deng et afrieta-analysis which culminated in PCNL being

recommended and a suggestion for further reseatchminimally invasive PCNL (mPCNL).

Discrepancies are common but this evidence baseagpplittered with divergent

recommendations and relatively low-quality stud@tcourse, urologists like other clinicians rely

on experience and knowing one’'s patients and lystbut evidence should drive

patient-practitioner consultations, and ultimat@sactice. As such, we sought to conduct a

systematic review and meta-analysis of high-quattydies to assess the efficacy and safety of

each of these interventions for LPUS. The overaglaim is to develop the evidence base and

provide clearer recommendations to guide cliniciaremting LPUS patients and for shared

decision-making.

M ethods

Literature search and article selection
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A comprehensive review of RCTs concerning differénterventions for LPUS was
performed using biomedical meta-databases incluingMed, EMBASE and the Cochrane
Library up until March 2020. The following MeSH tes and free text words were used: Large
proximal ureteral stones (LPUS); Laparoscopic uodtaotomy (LU); Percutaneous
nephrolithotomy (PCNL); Ureteroscopic lithotripsyRL); These search terms were used alone
and in combination. Additionally, manual searcheseaxcommenced for references and citations
included within pertinent reviews. Language wastrigted to English, and the literature
search/selection process was performed followirggRheferred Reporting Items for Systematic
Reviews and Meta-analysis (PRISMA) statement andSANR (Assessing the methodological

guality of systematic reviews) Guidelines [11].

Studies were included, if they met all of the faling eligibility criteria: (1) Comparative
RCTs concerning the efficacy and safety of différsargical managements (i.e., URL, LU or
PCNL) for LPUS; (2) Adult participants without apnatical abnormality at the time of diagnosis;
(3) Reported outcomes which included SFR, surgeligted complications, operation time,
auxiliary procedure, the length of hospitalizatiand; (4) Language was English and the full text

was readily available.

Literature searching, selection and data extractieas carefully performed by two
independent investigators (SL and BJ) which wa$ tbess-checked by a third author. Any
discrepancies were resolved through discussiotowchart representing the search and selection

process is presented in Figure 1.

Quality assessment of theincluded studies

The levels of evidence for each selected articleewevaluated independently by two
reviewers (SL and BJ) based on criteria recommeigyethe Oxford Centre for Evidence-based
Medicine[12]. The methodological quality of RCTs svassessed using the Jadad scale which
attributes scores ranging from 0 to 5[13]. Agaiisctepancies were resolved through discussion

with a third author.

Data extraction
6/20
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Patients’ baseline characteristics were extractagbther with perioperative data which
includes SFR, operation times, length of hospidiln, auxiliary procedure, treatment cost and
surgical-related complications, such as hemorrhaggiring blood transfusion, urine leakage,
infection, ureteral injury (i.e., ureteral mucogamage, perforation, false passage and laceration)

and long-term stricture.

2.4 Statistical analysis

Continuous outcomes were evaluated using weighteghndifference (WMD). Results were
expressed as risk ratios (RR) with correspondir @6nfidence intervals (Cl) for dichotomous
variables. 1 calculations were used to assess hetetrogenditgrenf >50 % was considered
substantial. The random effects model was appbecbinbined individual effect-size estimates,
under the assumption that the true effect of thieterventions would differ between studies.
Pooled effects were calculated using the z test siatistical significance was based on the
standardpb<0.05 threshold. Subgroup analysis was conductegioer insight into the specificity
of SFR according to follow-up duration. Sensitivignalysis were performed to assess the
reliability of findings and to identify potentialoarces of heterogeneity. Publication bias was
considered with a funnel plot. All data analysesemeonducted with Review Manager (version

5.3).

Results

Characteristics of selected studies

The initial search strategy yielded 277 studiesftbe meta-databases combined. Our strict
eligibility meant that 265 reports were eventuakcluded. 12 RCTs focusing on three different
LPUS interventions were included, involving 1416tp#gpants. Of whom, 39.9% (n = 632)
underwent URL, 38.7% (n = 361) PCNL, and 21.4% (A23) LU[1,14-24]. Patient and study
characteristics including the surgical devices tygiee and definition of stone free status are
summarized in Table 1. As to the stone compositiaty two included trails detailed reported this
parameter. Kumar et al showed that the proportiooystine stone is 3%[23]. Qi et al reported

that the proportion of uric acid and cystine sten&0.3% and 3.2%[18]. Overall, RCTs included
7/20
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in this meta-analysis can be considered of readpiadgh quality with eight studies achieving a

Jadad score of 3 and the remaining studies aclgi@vstore of 4.

Meta-analysis of SFR

URL versusL U

Four studies compared the immediate SFR, four etuglvaluated the 1-month SFR, and two
studies assessed the 3-month SFR after surgergéetWRL and LU. Pooled results showed the
immediate SFR (RR 0.65; 95% CI 0.47-0.p%0.01), 1-month SFR (RR 0.79; 95% CI 0.72-0.87;
p<0.00001) and 3-months SFR (RR 0.79; 95% CI 0.789;®<0.0001) in LU were significantly

higher than URL (Fig.2A).

URL versus PCNL

There were five studies which compared immediate 8kd seven studies reported 1-month
SFR after surgery between URL and PCNL. Pooledteeguicate that both immediate SFR (RR
0.76; 95% CI 0.68-0.85<0.00001) and 1-month SFR (RR 0.88; 95% CI 0.88:(290.002) for

PCNL are significantly superior to URL(Fig.2B).

LU Vs PCNL

There were two studies which reported immediate S three studies reported the
1-month SFR postoperatively between LU and PCNLol&b results suggest that the two
technigues have equivalent immediate SFRs (RR @8% Cl 0.61- 1.20p=0.36) and 1-month

SFR (RR 0.97; 95% Cl 0.93-1.04=0.16) (Fig.2C).

M eta-analysis of complications

Ureteral injury

Pooling outcomes from the included studies suggibsts URL has a significantly higher
ureteral injury (e.g., ureter perforation or avoigi rate compared to both LU (RR 5.27, 95%

Cl1.52-18.22,p=0.009; Fig.3A) and PCNL (RR 4.11, 95% Cl| 1.03-36.8=0.04; Fig.3B).
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However, no ureteral injury cases were reportegithrer the LU and PCNL groups.

Urineleakage

This outcome was reported using four studies fomusin URL and LU. No urine leakage
occurred in patients who received URL although éhare 17 patients who reported as having
urine leakage in the LU group. Pooled analysis sttbtlhat URL has a lower risk of urine leakage
compared to LU (RR 0.12, 95% CI 0.03-0.58:0.005; Fig.3C). However, no significantly

difference was found between PCNL and LU (RR 09625 Cl 0.09-4.22, p = 0.63; Fig.3D).

Hematuria

Only two studies comparing URL and PCNL could beluded in this meta-analysis. The
overall result was however, statistically signifitand appears to support the use of URL (RR

0.27, 95% CI 0.14-0.53=0.00001; Fig.3E).

Blood transfusion

Pooled results from the two studies which repottéd outcome suggests that there is no
significant difference between URL and PCNL regagdthis parameter (RR 0.18, 95% CI

0.02-1.44p=0.11; Fig.3F).

Other complications

Results of this meta-analysis did not detect sigguift differences between URL and LU in
terms of postoperative pain, fever, open conversaod ureteral stricture. Pooling also
demonstrated that URL and PCNL had similar compbeoarates regarding postoperative pain,
fever, open conversion and ureteral stricture. dditeon, there were no significant difference
between PCNL and LU in terms of postoperative fedr p >0.05). Please see Figure 4. and

Table 2. for further details.

Meta-analysis of perioperative parameters

Operativetime
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Seven studies directly compared URL against LUeims of operation times. Overall, URL
takes less time than LU (WMD -33.48 minutes, 95%481.21 to -18.76p<0.00001; Fig.5A). No
significant difference was found between URL andNBQWMD -18.55 minutes, 95% CI -46.82
to 9.72,p=0.20; Fig.5B). Similarly, no significant differemavas observed between PCNL and LU

(WMD -14.40 minutes, 95% CI -49.80 to 21.080.43; Fig. 5C).

Hospitalization time

Combined evidence showed that the URL is relatedignificantly shorter hospitalization
times compared to LU (WMD -1.73 days, 95% CI -3t89-0.17,p=0.03; Fig.5D) and PCNL
(WMD -3.33 days, 95% CI -4.01 to -2.6550.00001; Fig.5E). And when combined, three studies
involving 290 participants suggested that there wassubstantial or significant difference

between PCNL and LU (WMD 1.09 minutes, 95% CI -1&3.70,p=0.41; Fig. 5F).

Treatment cost

There were only two studies which had comparedrreat costs between the PCNL and
URL. The combined result suggests that the URLulsstntially and significantly cheaper than

PCNL (WMD -597.35JS$, 95% CI -823.10 to -371.6p<0.00001; Fig.6A).

Stoneretropulsion

This outcome was reported in only three studieschwhiocused on URL and LU. Pooled
analysis suggests that URL is related to an higkkrof stone retropulsion compared to LU (RR

2.82, 95% Cl 1.10-7.2p=0.03; Fig.6B)

Auxiliary treatment

This parameter was reported in two studies focusingURL and LU. Pooled analysis
indicated that URL has an higher risk of repeaduwiiliary treatment compared to LU (RR 15.65,
95% Cl 2.11-116.12p=0.007; Fig.6C). Similarly, pooling four of the inded studies suggests
that URL is associated with a significantly higlaexiliary treatment rate compared to PCNL (RR

8.86; 95% CI 3.19-24.6@<0.00001; Fig.6D).

10/20
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Risk of bias

The basic symmetry of the generated funnel ploggests that there was no obvious

publication bias in this meta-analysis (Fig. 7).

Discussion

Identifying the optimal therapy for LPUS requirescsion makers to consider a number of

factors including safety, efficacy, resources, vecp time and cost[9,23,25]. ESWL has been

recommended as the first choice for small uppeteuak calculi with a diameter of less than

10mm by the European Association of Urology guitkd{7]. This guideline is broadly based on

the non-invasive nature of ESWL, which is alsotreddy inexpensive; however, this intervention

is not without disadvantages. ESWL is frequentbffective and therefore has an higher demand

for re-intervention, especially for stones largkart 10 mm[1,7,15,26]. As such, the current

recommendations for larger impacted stones incliife, LU and PCNL.

Ureteroscopic lithotripsy originally emerged as eorpising intervention and attracted

attention because it is considered minimally invasiand also associated with a considerable

stone-free rate[19,27]. Presently, both the Eump&ssociation of Urology and the American

Urology Association recommend URL as one possiiig-line therapy for mid- and distal

ureteral calculi[7,28]. Consequently, patients témdbe keen on this intervention because this is

no doubt discussed during the shared decision-rgaiiincess between patient and practitioner.

However, regarding its ability to treat LPUS, seVestudies have found that URL has a low

success rate, between 62.5-79%[14,15]. Our metgsamappears to confirm that URL is not as

effective as either, PCNL or LU. Another issue tdonsidered is that URL also appears to be

associated with an increased number of ureterafi@g which include ureteral mucosal damage,
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perforation, false passage and even laceration[4].

When we consider the ureteral injuries related RLUwe need to specifically consider

stone retropulsion which can occur during the place[18,29]. The majority of LPUS are

located near the renal pelvis, therefore fragmegtation occurs in as many as 60% of all cases

because of the flushing fluid process involved RLUThis means that a large number of residual

stones become distributed within the renal pelasdl system[19]. Secondly, because impacted

proximal stones are usually associated with ureteteosal edema, stenosis or fibrous epithelial

polyps, it is comparatively difficult to access shestones using ureteroscopic technologies,

especially in patients with a narrower ureter gstar with a more fragile/narrow ureter[15,25].

Certainly, a flexible ureteroscope, which has alendiameter and more flexible neck can

be inserted without further dilation[14]. This mea flexible ureteroscope can be used to treat

proximal stones and retrieve debris which appearbe effectively migrating into the renal

calyx[30,31]. Cavildak et al. once performed a gtewdmparing the effectiveness of LU and

flexible URL in patients with LPUS. The results icated that success rates of LU can be up to

95.7%[32]. However, these specialized devices al&ively expensive, meaning they are not

widely available[9,33,34]. Among all 12 included RCincluded, only two studies involving 55

patients, used this specialized device. Also, dk ali things new, there is a learning curve and

experience tells us that using the flexible ureteope takes longer to master. Given these barriers,

and the fact that a ureteroscope (either flexibleigid) may not be able to reach a stone which

have moved into the calyx, one might suggest tiseaeneed for further economics research which

intercalates secondary operations when initialngits fail. This knowledge is particularly

necessary for developing countries with fewer Ihealte resources.
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Another minimally invasive lithotripsy technique vistigated here was laparoscopic

ureterolithotomy which gained similar popularityae its introduction because of the potentially

complete stone clearance rates after a single jiffedn23]. Additionally, while obstructive stones

are often associated with severe urinary tracttigas, LU appears capable of their safe removal

because this surgical procedure does not requite iiessure of perfusion. Several studies have

also demonstrated that LU can provide a fewer ses@mplications such as bleeding and ureteral

stricture at long-term follow-up[14,15,35]. HoweyéiU has its shortcomings, like most of

laparoscopic operations, serious trocar-relatedagas including damage to abdominal organs

and vascular injuries may occur if the pneumopeeton or abdomen distension are insufficient.

This technique is comparatively technical and tfeeee requires surgeons with advanced

skills[1,16]. This is because LU is associated véthincreased number of bowel, kidney and

abdominal vascular damage. As larger impacted stonvelve periureteral adhesions, dissection

can increase the risk of urinary leak, paralygtid and postoperative pain, which are particularly

disadvantageous in terms of postoperative rehatidlit{16]. In current study, there were 17

patients who reported having urine leakage in tbegtoup, two of whom required a Double-J

catheter insert as an auxiliary procedure. Consgtyelinicians generally consider laparoscopy

as an alternative technique.

Baring these issues in mind and the current evieleRECNL appears to be the most

favorable technique for the management of LPUSs Téilikely to be the result of enhanced

viewing through fluroscopy or ultrasound technoésgiAfter accurately penetrating the kidney

with the needle and safely positioning a small wagksheath in the collecting system through a

small lumbar skin incision, stones can be easilyeoked, reached and then effectively cleared.
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These characteristics enable those administeringLP{@ simultaneously manage renal stones,

and to achieve higher stone-free rates with leds af injury[36,37]. The pooled results of this

study suggest that PCNL has an equivalent storaasiee rate to LU while being superior to

URL.

Furthermore, there were no significant differenbesnveen the PCNL and LU regarding

surgery time or length of postoperative hospitdilima Though PCNL has been criticized for

having an higher risk of hemorrhage when estabigfin intrarenal channel, this disadvantage

can be solved by upgrading the standard PCNL eqnpend then slightly modifying the surgical

technique[21,36]. mMPCNL requires only a miniatured@scope instead of the 26F-30F

nephroscope used in standard PCNL[21,37,38]. Timpls upgrade creates a smaller, less

intrusive device which can provide a strong safetyfile while achieving good SFR. Evidence

suggests that the incidence of bleeding which requiransfusion and other peri-operative

complications rate were significantly lower thaargtard PCNL[20].

According to this meta-analysis, PCNL and LU appearal in terms of stone free rate, and

are both superior to URL. PCNL and LU are assodiatith fewer complications than URL, and

are again not dissimilar when compared directlyweleer, URL is associated with a shorter

operation time and shorter periods of hospitalmatiOf course, this has financial implications

which cannot be overlooked. URL costs significamelys than both PCNL and LU; although, it is

essential to consider that between 25-30% patiehtsreceive URL require auxiliary procedures

(i.e., ESWL or flexible ureteroscopy) postoperdingnce URL is generally unable to completely

remove calculus in a single procedure[34,39]. Adtw to previous studies, the average

estimated added cost of auxiliary interventions fesidual stones ranges from $5840 to
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$6118[18,40]. Therefore overall, PCNL appears taHsemost efficient and effective choice for

treating LUPS.

This meta-analysis was designed to include alleruly available RCTs; however, there

were of course some limitations. First of all,thk included RCTs did not follow the principles of

double-blinding due to ethical concerns in surgicils. This is likely to have influenced the

quality of this evidence and therefore our reconuiad¢ions remain tentative. Secondly, not all

patients’ postoperative stone status was evaluasety computer tomography. This is likely to

have increased the overall stone-free rate, gikklendw sensitivity of traditional radiography in

detecting radiolucent or smaller calculus. Addiéithy) the precise definition of ‘stone-free’ does

not appear consistent across all studies, butighegso probably part of the reason for the high

heterogeneity observed. Furthermore, even thougiblfeureteroscopy has many advantages,

few published RCTs have been conducted compariig tdthnique to PCNL or LU, thus

preventing us from including flexible ureteroscaoptp this systematic evaluation.

Conclusions

Both PCNL and LU appear more effective and safen tiRL for LPUS; although, LU has

higher risk of urine leakage and is more likely unctrauma which requires additional

support. However, caution must be taken becauserd#uommendation is based upon a very

limited number of clinical studies, and even fewemparing flexible ureteroscopic technologies.

Further prospective real-world studies or RCTs canimg flexible URL, LU and PCNL are

required, as well as an in depth analysis of thiddm costs involved in unsuccessful URL

treatments.
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Figurelegends

Fig. 1 Flowchart of study selection

Fig. 2 Forest plots comparing: (A) SFR between URL and (B),SFR between URL and PCNL,

(C) SFR between LU and PCNL

Fig. 3 Forest plots comparing: (A) ureteral injury betwdgRL and LU, (B) ureteral injury
between URL and PCNL, (C) urine leakage between @RLLU, (D) urine leakage between LU
and PCNL, (E) hematuria between URL and PCNL, (lBpd transfusion between URL and

PCNL.

Fig. 4 Forest plots of other complications including: @stoperative fever between URL and LU,
(B) urinary tract infection between URL and LU, (@gteral stricture between URL and LU, (D)
postoperative pain between URL and LU, (E) openvemion between URL and LU, (F)
postoperative fever between URL and PCNL, (G) wa¢tricture between URL and PCNL, (H)
postoperative pain between URL and PCNL, (H) opemversion between URL and PCNL, (I)

postoperative fever between PCNLL and LU.

Fig. 5 Forest plots comparing: (A) operation time betw&#RL and LU, (B) operation time
between URL and PCNL, (C) operation time betweemNP@&nd LU, (D) hospitalization time
between URL and LU, (E) hospitalization time betw&RL and PCNL, (F) hospitalization time

between PCNL and LU.

Fig. 6 Forest plots comparing: (A) cost between URL andNPQB) stone retropulsion between
URL and LU, (C) auxiliary treatment between URL drid (D) auxiliary treatment between URL

and PCNL.

Fig. 7 Funnel plot for assessing publication bias
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Table 1. Study characteristics and quality assessment

Authors Study Study Sample AEE L ineiizsy SFS evaluation 258 me e Jak
Country _ ; Group ; Stonesize Devices LE
e S e Eeul Size (years) method izl e definition period scor es
Wang et China 2012.1-20 RCT MPCNL 50 41+15 19.3+1.8 mm 18F Access shsith Swiss lithoclast X-ray no 1 month 3 2a
al. 2017 15.12 stone4
URL 50 42414 16.8 +2.1 mm 8F/9.8F Rigid Laser
mm
LU 50 44+11 18.8+ 1.4 mm Retroperitoneal
Kumar et India 2010.1-20 RCT URL 50 35.6+2.1 2.2+0.1cm 6/7.5 Fr Semi-rigid Laser CT 3 months 3 2a
al. 2015 125
LU 50 36.7+2.4 2.3+£0.2cm Transperitoneal
China 2009.1-20 RCT URL 139 41(23-72) 13.6 +1.4 mm 8F Semi-rigid asker Not 3 2a
Shao et al.
13.10 mentioned
2015 LU 136 40(22-72) 13.8+1.9 mm Retroperitoneal
Qietal. China 2010.5-20 RCT URL 52 42.5+10.3 19.844.3 mm 8F/9.8F Semirigid Pneumatic/Laser X-ray or US no 3 days/1 3 2a
2014 135 stone4 month
PCNL 52 41.1+12.4 20.3£3.6 mm 20.8F Access sheath size Ultrasonic and
mm
Pneumatic
Gu et al. China 2010.9-20 RCT MPCNL 30 42.5+10.1 17.27(15-25) mm 12F-18F Ascgheath size Laser X-ray no 2 weeks/ 4 2a
2014 11.12 stone-4
URL 29 44.22+13 16.23(15-25) mm 8.5/9.8F Semi-rigikkxible Laser 1 month
mm
Ozturk et  Turkey  2015.3-20 RCT URL 48 41.1(24-58) 13.2+2.04 mm Flexible ureteroscopy Laser X-ray or US no 3 months 3 2a
al. 2013 15.9 stone-4
LU 51 40.4(19-62) 13.3+2.06 mm
mm
Liu et al. China MPCNL 45 46.35+10.31  146.85+F0mnT Laser X-ray no 3 days/1 4 2a



2013 2012.1- RCT URL 45 43.41#10.17  148.13+27.52 thm Rigid Laser stored month

2015.12 mm
LU 45 44.73+10.56  149.16+32.15 mm Retroperitoneal
Yang et China Not RCT MPCNL 91 45.2+14.7 158.7 £ 96.8mm2 16F Access sheath size Laser X-ray or US no 3 days/1 4 2a
al. 2012 mention stone4 month
URL 91 46.4+15.1 134.2 + 83.3 mm2 8/9.8F Rigid Laser
mm
Fangetal. China 2008.1-20 RCT URL 25 36.9+11.8 1.5+0.4 cm 8/9.8F Rigid X-ray no 1-2days 3 2a
2012 10.12 stone4
LU 25 34.44+9.8 1.6+0.3 cm Retroperitoneal
mm
Antonio et  Brazil 2008.3-20 RCT URL 16 49.6+15.5 14.4+4.1mm 7.5F Semi-rigid Pneumatic X-ray/ CT no 1week/ 4 2a
al. 2011 10.3 stone-3
LU 15 46.0+13.6 15.9+4.1mm Trans-/retroperitoneal 4 weeks
mm
Basiri et Iran PCNL 50 48413 20.3+3.3mm Laser X-ray/ US 3 weeks 3 2a
al. 2008
2004.9-20 RCT URL 50 39+15 17.8 £2.4 mm 7.8F Semi-rigid Pneuoidtaser
06.5
LU 50 44+13 22.4+3.2 mm Transperitoneal
Sun et al. China 2004.7-20 RCT MPCNL 44 40.4+8.4 14.7 £2.0 mm 14F - 16F Access sheath sizt Laser X-ray/ CT no discharge/ 3 2a
2008 06.12 stone5
URL 47 39.6+7.3 14.6 £ 1.8mm 8.5/9.8F Semi-rigid Laser 1 month
mm

PCNL=percutaneous nephrolithotomy; CT=computed tgnanghy, US=ultrasound; ESWL=extracorporeal shockendhotripsy; LU=laparoscopic ureterolithotomy;AENL=minimally invasive percutaneous nephrolithogptdRL=transurethral

ureteroscope lithotripsy; LE=level of evidence; R€andomized controlled trial




Surgery R
Pain Ureteral Ureteral  Transfusion e gtz Cost  Auxiliary

ComgEnsier S Ureteral Urine Hematuria Fever Open
injury leakage conversion infection  stricture treatment
LU> URL> LU> - N N N N N - LU> LU> - URL >
URL vs LU URL = LU
URL LU URL
PCNL - URL> N N N - N N PC PCNL>
URLvs PCNL SURL URL> N PCNL> NL
PCNL URL
PCNL URL >U
RL
- - N N - -

PCNL vs LU N N

PCNL=percutaneous nephrolithotomy, N=not signiftcdifference, LU =laparoscopic ureterolithotomy; MPCNL=minimaliyvasive percutaneous nephrolithotomy; URL=trantued

ureteroscope lithotripsy;-" =not mentioned; “>" =superior

Table 2. Outcome parameters
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Highlights

Both percutaneous nephrolithotomy (PCNL) and laparoscopic ureterolithotomy (LU)
appear more effective and safer than ureteroscopic lithotripsy (URL) for large proximal
ureteral stones (LPUS).

LU has higher risk of urine leakage.

LU can incur more trauma than PCNL and should be recommended as an aternative

technique for LPUS.
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