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Introduction

Innovations in ureteroscopes and laser technology have 
expanded the global application of ureteroscopy (URS) (1,2). 
Based on the recommendations of various guidelines, it has 
become the first option of treatment for ureteral stones (3).  

However, treatment of large proximal ureteral stones by 
URS remains challenging due to concerns regarding the 
impaction on the ureteral wall, tortuous ureter, and the 
narrow lumen of the distal ureter (4). Furthermore, the laser 
lithotripsy procedure involved could result in the creation 
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of residual fragments or ureteral stenosis (5).
In addition to URS, percutaneous nephrolithotomy 

(PCNL) (a form of minimally invasive surgery) has been 
widely utilized for large renal and proximal ureteral stones (6).  
Although thought to be less invasive than open or 
laparoscopic stone removal, surgeons are sometimes reluctant 
to proceed with PCNL due to complications related to 
renal access (7). A variety of renal access methods, such as 
ultrasound guidance (8) and miniaturized tract, possibly 
with the utilization of a flexible nephro- or ureteroscope (9), 
could mitigate the major unique complications of PCNL 
without reducing its efficacy for stone removal. While 
the European Association of Urology (EAU) (10) and the 
Urological Association of Asia (UAA) (11) guidelines suggest 
that antegrade ureterolithotripsy (URSL) may be a good 
alternative for the treatment of proximal ureteral stones 
larger than 10 mm, there is still a lack of evidence on the 
optimal case for the application of antegrade URSL over 
retrograde URSL in real practice.

To better understand the features of both retrograde and 
antegrade URSL, we conducted a systematic review and 
meta-analysis comparing the treatment outcomes between 
the two surgical modalities in patients with large proximal 
ureteral stones. The results of the present analysis are the 
most recently updated and useful for decision-making 
discussions between the surgical team and patients with 
large ureteral stones. We present the following article in 
accordance with the PRISMA reporting checklist (available 
at http://dx.doi.org/10.21037/tau-20-1296) (12).

Methods

Search strategy

We performed a systematic literature review and meta-
analysis in July 2020. The PubMed, MEDLINE, Embase, 
Cochrane Library, Scopus, and the Japan Medical Abstracts 
Society databases were scanned for the following keywords: 
(“impacted stone” OR “kidney stone” OR “urinary stone” OR 
“ureteral stone” OR “renal calculus” OR “urolithiasis”) AND 
(“transurethral” OR “retrograde”) AND (“percutaneous” OR 
“antegrade”) AND (“ureteroscope” OR “ureteroscopy” OR 
“lithotripsy” OR “lithotomy”). There were no restrictions on 
the language and publication date, and both abstracts and full 
text articles were scanned in order to mitigate selection bias.

Inclusion and exclusion criteria and study outcomes

The inclusion criteria were as follows: (I) studies conducted 

on patients with ureteral stones, including ureteropelvic 
stones, (II) comparative studies on retrograde and antegrade 
URSL, and (III) studies with outcomes including at least 
two of the following: stone-free rate (SFR), operation 
time, hospitalization days, overall complication rate, and 
postoperative hydronephrosis/fever/ureteral injuries. The 
exclusion criteria were as follows: (I) reviews, (II) letters, (III) 
commentaries, (IV) case reports, and (V) studies containing 
patients with congenital abnormalities or solitary kidneys. 

The primary outcome measure was SFR, and the 
secondary outcome measures were the operation time, 
postoperative hospital stay, and complication rate.

Data extraction

Two authors (KT and SH) independently reviewed the 
titles and abstracts of the articles identified by the initial 
search. During primary screening, data were extracted 
from the articles that met the inclusion criteria. During 
secondary screening, the full-text articles were assessed 
for eligibility with respect to the inclusion and exclusion 
criteria. In case of duplicate publications, the latest 
published articles were considered. Any disagreements 
and discrepancies between the two authors were resolved 
through discussion and consensus with the other authors. 
The following data were extracted from all eligible full 
text articles: first author, journal name, year of publication, 
type of study, methodology, number of patients, patients’ 
baseline characteristics, stone information, type of surgical 
intervention, and primary and secondary outcomes relevant 
to the meta-analysis. 

Quality assessment

Three authors independently assessed the risk of bias for 
each article. The revised Cochrane risk of bias tool for 
randomized trials (RoB 2) (13) was used to assess the risk 
of bias in all randomized controlled trials (RCTs). The 
quality assessment by RoB 2 included the following aspects: 
bias arising from the randomization process, bias due to 
deviations from the intended interventions, bias due to 
missing outcome data, bias in measurement of the outcome, 
bias in selection of the reported result, and overall risk-of-
bias judgment. Each risk of bias was categorized as ‘low risk’, 
‘some concerns’, and ‘high risk’. To assess the risk of bias for 
all non-RCTs, the risk of bias in non-randomized studies- 
of interventions (ROBINS-I) tool was utilized (14). This 
tool assessed the bias due to confounding, bias in selection 
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of participants, bias in classification of interventions, bias 
due to deviations from the intended intervention, bias due 
to missing data, bias in measurement of outcomes, bias in 
selection of the reported result, and overall risk-of-bias 
judgment.

Statistical analysis

Data analysis was performed using R version 3.6.3 with 
the meta and metafor packages. All tests were two-sided 
with a significance level set at 0.05. The SFR ratio, 
standardized mean difference (SMD) of the operation time 
and hospital stay, and differences in the risk ratio for overall 
complications between the retrograde and antegrade groups 
in each study were calculated in advance. Heterogeneities of 
these measures among the included studies were evaluated 
by the I2-statistic and Cochran's Q-test. Regardless of the 
presence or absence of heterogeneity, a random-effects 
model with restricted maximum likelihood estimation was 
applied to synthesize the measures. The Duval-Tweedie’s 
trim-fill procedure was performed for each measure to 
assess publication bias and to re-estimate the pooled effect 
by considering the unpublished studies when bias was 
indicated. As a sensitivity analysis, we also performed an 
analysis including only RCTs and compared the results with 
the results of the analysis on all included studies.

Results

Based on the search strategies and criteria, 666 records 
were initially identified across all databases. After 70 articles 
were removed due to duplication, we screened the titles 
and abstracts of the remaining 596 articles; of these, 550 
were excluded due to lack of relevance with our study aim. 
The remaining 46 full-text articles were screened further 
to evaluate their eligibility for analysis on the basis of the 
eligibility criteria and the data quality. Finally, among the 
12 studies that were eligible, 10 were included in the meta-
analysis. Figure 1 shows the flowchart of the study selection 
process. These 10 studies included seven RCTs and three 
non-RCTs that compared retrograde and antegrade 
URSL and were published between 2006 and 2017. Table 1 
summarizes the characteristics of the studies included in the 
meta-analysis. A total of 433 cases of retrograde URSL and 
420 cases of antegrade URSL were eligible for the analyses. 
All studies included in this systematic review and meta-
analysis targeted proximal ureteral stones that were either 
larger than 15 mm in size or were impacted stones.

Assessment of risk of bias

Among the seven RCTs, the overall risk of bias was 
categorized as either ‘low risk’ or ‘some concerns’: Four 
studies had some concerns regarding bias arising from 
the randomization process, while two studies had some 
concerns regarding either bias due to deviations from the 
intended interventions or bias in the measurement of the 
outcome. Furthermore, one study had a low-risk of bias. 
On the contrary, the overall risks of bias in two and one 
non-RCTs were categorized as ‘moderate’ and ‘serious 
risk’, respectively. Because none of these studies adjusted 
the patients’ baseline characteristics between retrograde 
and antegrade URSL, they had a moderate or serious risk 
of bias due to confounding. One study also had a moderate 
risk of bias in the selection of participants and the reported 
results. A summary of these risks is shown in Figure 2.

Stone-free rate

The SFR was reported in all 10 studies. Random-effects 
analysis identified that the SFR was significantly higher in 
patients who underwent antegrade URSL than in those who 
underwent retrograde URSL (SFR ratio: 1.17, 95% CI: 1.12–
1.22; P<0.001). No significant heterogeneity was observed 
among these studies (P=0.572, I2=0.1%) (Figure 3A).

Operation time

Statistical baseline data on the operation time for retrograde 
and antegrade URSL were available for eight included 
studies. Random-effects analysis revealed no significant 
differences in the operation time between the two 
approaches (SMD: 0.63, 95% CI: −1.59–2.84; P=0.580). 
However, there was significant heterogeneity among the 
eight studies (P<0.001, I2=99.2%) (Figure 3B).

Hospital-stay

Statistical baseline data on the hospital stay for retrograde 
and antegrade URSL were available for eight included 
studies. Random-effects analysis demonstrated that 
the hospital-stay duration was significantly longer for 
patients who underwent antegrade URSL than for those 
who underwent retrograde URSL (SMD: 2.56, 95% 
CI: 0.67–4.46; P=0.008). However, there was significant 
heterogeneity among the eight studies (P<0.001, I2=99.8%) 
(Figure 3C).
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Overall complications

Statistical baseline data on the overall complication rates 
for retrograde and antegrade URSL were available for 
six included studies. A random-effects model revealed 
no significant differences in the overall complication 
rates between the two approaches (SMD: 0.94, 95% CI: 
0.60–1.48; P=0.803). No significant heterogeneity was 
observed among the six studies (P=0.60, I2=0%) (Figure 3D).  
We further performed additional meta-analysis on the 
incidence of perioperative hemorrhage. While only three 
studies were suitable for this analysis, a random-effects 
model revealed that the bleeding rate (BR) was significantly 
higher in patients who underwent antegrade URSL than in 
those who underwent retrograde URSL (BR: 3.23, 95% CI: 
1.44–7.25; P=0.004). However, no significant differences 
in the transfusion rate (TR) were noted between the two 
approaches (TR: 5.94, 95% CI: 0.72–48.46; P=0.097) 
(Figure S1).

Treatment cost

Only two studies compared the treatment cost between 
retrograde and antegrade URSL. While we could not 
perform a meta-analysis for cost comparison due to 
limited evidence, these articles demonstrated that the cost 
for antegrade URSL was relatively more than that for 
retrograde URSL ($1,785±274 vs. $1,595±286 per case in 
one study and $1,592±166 vs. $1,107±81 per case in another 
study). 

Sensitivity analysis

Figure 4 shows the results of the meta-analyses with 
the random-effects models; non-RCTs were excluded 
from the analyses. The calculated SFR ratio (1.15, 95% 
CI: 1.10–1.20), SMD of operation time (0.36, 95% CI: 
−3.30–4.01) and hospital stay (3.46, 95% CI: 0.56–6.36), 
and risk ratio of complications (0.75, 95% CI: 0.43–1.31) 

Figure 1 Flowchart depicting the methods used for formulating this systematic literature review in accordance with the PRISMA guidelines.
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were consistent with the results of all the eligible studies 
included. Therefore, the results of these meta-analyses were 
confirmed to be reliable.

Publication bias

Publication bias was examined using funnel plots. As 
shown in Figure 5, the funnel plots for SFR and overall 
complications were asymmetric when three of the estimated 
missing studies were included. However, the adjusted 
analyses with filled study populations yielded results 
comparable to those of the original analyses.

Discussion

In this systematic review and meta-analysis, we evaluated 
10 articles that presented a comparison of retrograde and 
antegrade URSL for large proximal ureteral stones and were 
published within the last 15 years (15-24). Our investigations 
revealed that the SFR was more favorable in antegrade 
URSL, while the hospital stay was more favorable in 
retrograde URSL. These findings were consistent with the 
results of the subgroup analysis performed using only RCTs. 

Four modalities are mainly recognized for the treatment 
of proximal ureteral stones: shockwave lithotripsy (SWL), 
URSL, PCNL, and laparoscopic ureterolithotomy (LU). 
Although there are no reports on a direct comparison of 
the surgical outcomes between these, previous RCTs and/
or systematic reviews and meta-analyses have compared 
a few of these modalities. A meta-analysis by Cui et al. on 
10 comparative studies published between 2004 and 2013 
revealed that URSL had a significantly higher initial SFR 
and lower retreatment rate than SWL for proximal ureteral 
stones >10 mm (25). Wang et al. compared rigid URSL and 
PCNL (26), and concluded that patients who underwent 
PCNL were associated with higher SFR rates, but longer 
operation times and hospital stays, as compared to those 
who underwent rigid URSL. Furthermore, two meta-
analyses from Europe (27) and Brazil (28) on seven and six 
RCTs, respectively, independently identified that the SFR 
was higher for LU than for URSL, while the operation and 
hospitalization times were more favorable in URSL than 
in LU. Moreover, some studies have compared outcomes 
between three or more modalities using pooled analyses 
(29-31). Their data revealed that the SFR after PCNL and 
LU was significantly higher than that after URSL, but the 
SFR after URSL was higher than that after SWL. Similar to 
LU, URSL was also associated with a shorter hospital stay T
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as compared to PCNL. Regarding complications, URSL 
was associated with significantly more incidents of ureteral 
injury as compared to other modalities, while PCNL was 
associated with a significantly higher blood TR than URSL. 
These meta-analyses provide evidence on the perspectives 
and trends of each treatment modality for proximal ureteral 
stones; however, considering the unique circumstances of 
each case, each procedure should be applied following a 
specific and detailed comparison with other modalities. 
Therefore, we focused on the retrograde and antegrade 
approaches of URSL in this study, and eventually obtained 
results consistent with prior research. While we found 
that there were no significant differences in the overall 
complication rates between the two approaches (except 
for a higher BR in the antegrade approach among a small 
number of studies), we could not undertake meta-analyses 
of specific complications due to heterogeneity across the 
articles eligible for the analyses.

Antegrade URSL with 11-French ureteroscope was first 
described in 1985 by Gumpinger et al. (32). Since then, 
development of endourological technologies, including 
flexible ureteroscopy, ureteral access sheath, and laser 
technology, has enabled the implementation of antegrade 
URSL with a flexible ureteroscope (33), thereby expanding 
the treatment options available for ureteral stones. In this 
study, we first aimed to include a comparison between 
retrograde URSL and antegrade flexible URSL; however, 
only one article by Sfoungaristos et al. reported the use of 
a flexible scope in an antegrade fashion with the Ho:YAG 
laser fiber. In one study, which was not detected during the 
literature search due to a difference between the search 
terms and the study’s key words, Bhat et al. reported that in 
more than one-third of the antegrade cases, a nephroscope 
successfully allowed access to the upper ureteric stone, 
which was retrieved by forceps in a procedure that was 
faster and more effective as compared to the retrograde 

Figure 2 The summary of the risk of bias for randomized controlled trials (A) and non-randomized controlled trials (B).
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Figure 3 Forest plots and meta-analyses of the stone-free rate (A), operation time (B), hospital stay (C), and overall complications (D) 
among all eligible studies. #, number; SF, stone-free; SFR, stone-free rate, SFRR, stone-free rate ratio; CI, confidence interval; SD, standard 
deviation; SMD, standardized mean difference; Cx, complication; RR, risk ratio.
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procedure (34). Surprisingly, all the randomized and non-
randomized comparative studies that we identified set their 
treatment targets for proximal ureteral stones, and not distal 
or middle ureteral stones. Antegrade flexible URSL could 
be feasible for distal and middle ureteral stones; however, 

the percutaneous antegrade approach has been more 
suitable for proximal ureteral stones in real-world practice.

As important as the postoperative outcomes of these 
procedures are, the treatment costs weigh a huge burden on 
the patients, hospitals, and even the surgeons themselves. 

Figure 4 Forest plots and meta-analyses of the stone-free rate (A), operation time (B), hospital stay (C), and overall complications (D) 
among the randomized controlled studies. #, number; SF, stone-free; SFR, stone-free rate, SFRR, stone-free rate ratio; CI, confidence 
interval; SD, standard deviation; SMD, standardized mean difference; Cx, complication; RR, risk ratio.
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Bayne and Chi assessed the cost-effectiveness of the surgical 
modalities for kidney stones, and suggested that SWL tends 
to cost the lowest for a single session; however, considering 
a better SFR, flexible URSL could be less costly than 
SWL (35). They also presented a perspective of the cost 
for PCNL, depending on who (urologists or radiologists) 
obtained renal access, the type of guidance for renal access, 
and the tract size. However, the cost-effectiveness of LU 
has not been well-evaluated in recent studies. While we 
could not provide a cost comparison between retrograde 
and antegrade URSL due to a limited number of studies 
that calculated the costs, two studies found that antegrade 
URSL was a few hundred dollars more expensive than 
retrograde URSL (19,23). Prior studies compared the costs 
between different surgical modalities for proximal ureteral 
stones. Retrograde URSL is less likely to be more costly 
than PCNL, considering the different use of devices (29,30). 
Another study from the UK reported that the mean overall 
cost of treatment of ureteral stones was more favorable 
for URSL ($2,801 per case) than for SWL ($3,627 per  

case) (36). Based on this prior evidence, retrograde URSL 
may be more favorable over other treatment modalities in 
terms of cost-effectiveness.

Another debatable topic that should be considered prior 
to treatment is the effect of the modality on renal function. 
Because all of the studies collected for the present meta-
analysis intended to evaluate the surgical outcomes related 
to stone clearance and major complications, none provided 
data on the pre- and postoperative renal function. However, 
Reeves et al. conducted a systematic review of the renal 
function after URSL and PCNL, and reported that the pre- 
and post-surgery renal function did not differ significantly 
for both treatment modalities; most of the included studies 
evaluated the renal function using blood parameters, 
including the creatine level and the estimated glomerular 
filtration rate (37). Their findings indicated an association 
between poor preoperative renal function and postoperative 
renal function deterioration. Similar results were obtained 
by a systematic review from the EAU Young Academic 
Urologists and the Uro-Technology Group, indicating 

Figure 5 Funnel plots of the stone-free rate (A), operation time (B), hospital stay (C), and overall complications (D). SFR, stone-free rate, 
SFRR, stone-free rate ratio; SMD, standardized mean difference; RR, risk ratio. 
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that the endourological management of stones in a solitary 
kidney using SWL, URSL, or PCNL did not cause a 
postoperative decline in the renal function (38). Although 
these studies included treatment for both, renal and ureteral 
stones with or without obstruction, the procedural influence 
for proximal ureteral stones on the renal function (most 
likely to be hydronephrosis due to obstruction) could not 
be predicted. Nevertheless, removing the obstruction by 
either retrograde or antegrade URSL may potentially 
ameliorate the renal damage caused by obstructive stones, 
and the effect on renal function should not necessarily differ 
between the two modalities. 

There are some limitations to this study. The main 
limitation of this review is the heterogeneity in the 
procedures across the studies included. The tract size and 
the type of nephroscope used for antegrade and retrograde 
URSL varied among the studies. This might influence 
the accuracy of our results when applied in real practice. 
Furthermore, most RCTs and non-RCTs included in this 
study lacked double-blinding principles due to ethical 
concerns. They also lacked a retrospective adjustment 
for matching cohorts due to the relatively small number 
of participants in each arm. The insufficient information 
reported in each study limited subgroup analyses on the 
complications, costs, and other surgical outcomes. Finally, 
while our study identified the latest evidence from the 
most recent studies, there may be a gap in the methods and 
technology between these studies and the current trend for 
ureteral stone treatment.

Conclusions

Our meta-analysis included seven RCTs and three non-RCTs 
on the most recent endourological procedures for ureteral 
stones. Our findings indicated that antegrade URSL was 
associated with a higher SFR but longer hospital stay than 
retrograde URSL. No statistical differences in the operation 
time and overall complication rates were observed between 
the two approaches. Despite the heterogeneity of data and 
some insufficient information on mitigating biases, the latest 
evidence reflects real practice data, which may be useful for 
decision making. This updated investigation of innovative 
treatment technologies will support further development of 
strategies for the endourological treatment of stones.
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Supplementary

Figure S1 Forest plots and meta-analyses of the bleeding rate (A) and transfusion rate (B) among all eligible studies. #, number; B, bleeding; 
BR, bleeding rate; CI, confidence interval; T, transfusion; TR, transfusion rate.

Author(s) and Year

Random effects model
Heterogeneity: I2 = 0%, τ2 = 0, p = 0.68

Gu XJ et al., 2013
Sun X et al., 2008
Wang Y et al., 2017

Total

124

 30
 44
 50

# of B

15
 1
 5

Antegrade
Total

123

 29
 44
 50

# of B

 5
 0
 0

Retrograde

0.01 0.1 1 10 100

BR Ratio BR

3.23

2.90
3.00

11.00

95%−CI

[1.44;   7.25]

[1.21;   6.95]
[0.13;  71.67]

[0.62; 193.75]

Weight

100.0%

85.6%
6.5%
7.9%

Author(s) and Year

Random effects model
Heterogeneity: I2 = 0%, τ2 = 0, p = 0.88

Gu XJ et al., 2013
Wang Y et al., 2017
Yang Z et al., 2012

Total

171

 30
 50
 91

# of T

 0
 3
 2

Antegrade
Total

170

 29
 50
 91

# of T

 0
 0
 0

Retrograde

0.01 0.1 1 10 100

TR Ratio TR

5.94

7.00
5.00

95%−CI

[0.72;  48.86]

[0.37; 132.07]
[0.24; 102.71]

Weight

100.0%

0.0%
51.4%
48.6%

A

B


