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Percutaneous Nephrolithotomy vs. Retrograde Intrarenal Surgery for Renal Stones Larger than 2cm in

Patients with a Solitary Kidney: A Systematic Review and a Meta-Analysis

Kehua JiangT, Peng Zhangt, Bin Xut, Guangheng Luo, Jianxing Hu, Jianguo Zhu*, Fa Sun*

Purpose: The safety and feasibility of percutaneous nephrolithotomy (PCNL) compared with retrograde intrarenal
surgery (RIRS) are debated. This systematic evaluation was performed to obtain comprehensive evidence with
regard to the treatment outcomes of PCNL compared with RIRS for management of renal stones in patients with
solitary kidney.

Material and Methods: A systematic search of Medline, Embase, Pubmed, Web of Science, CNKI, Scopus and
the Cochrane Library was performed to identify studies that compared PCNL with RIRS for management of renal
stones in patients with solitary kidney and published up to Aug 2019. Outcomes of interest included perioperative
variables, complications, and stone-free rate (SFR).

Results: Four studies assessing PCNL vs. RIRS for renal stones larger than 2cm were included for meta-analysis.
Although patients underwent PCNL have higher initial SFR than RIRS (OR: 3.72, 95% CI:2.38 to 5.83; P <0.001),
patients underwent RIRS have less intraoperative blood loss (dropped Hb: WMD = 3.49 g/L, 95% CI1:2.83 to 4.15;
P <0.001), lower blood transfusion rates (OR= 5.31, 95% CI:1.36 to 20.68; P = 0.02), and higher incidence rate
of steinstrasse (OR:0.20, 95% CI:0.04 to 0.91; P = 0.04). All the other calculated results including operation time
(WMD: -9.87 minute, 95% CI:-30.11 to 10.37; P =0.34), final SFR (OR:1.65, 95% CI:0.80 to 3.42; P =0.18) and
overall complications (OR:1.22, 95% CI:0.78 to 1.93; P = 0.38) are similar between the two groups.

Conclusion: Our results indicate that PCNL has higher initial SFR than RIRS in the treatment of renal stones
larger than 2cm in patients with a solitary kidney, the overall complications were similar in both groups. However,
RIRS, with less blood loss and transfusion rate, may be an alternative in selected patients. But we need to pay more
attention to the incidence rate of steinstrasse after RIRS.
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INTRODUCTION plications such as bleeding, urosepsis, and visceral in-

stones are percutaneous nephrolithotomy (PCNL)
along with retrograde intrarenal surgery (RIRS) .
However, managing large kidney stones in solitary
kidney patients differs from that of other kidney stones
and remains as one of the clinical challenges for many
urologists®™. The main clinical targets for managing a
solitary kidney with renal stones span from ensuring a
high stone-free rate (SFR), curtailing complications to
maximizing the preservation of the existing renal func-
tion. The ultimate treatment of choice for large kidney
stones (= 2 cm) in solitary kidney patients is a protract-
ed dilemma which has received heightened attention
among urologists.
Commensurate with the European Association of Urol-
ogy (EAU) guidelines, PCNL is endorsed as the first-
line therapy for larger kidney stones since it correlates
highly with the highest SFR although considered to be a
very invasive technique” with potentially severe com-

Currently, the main approaches for managing kidney

juries. A large number of studies reported a higher SFR
coupled with higher complication rates during PCNL
for treating kidney stones in solitary kidney patients
than those with two normal functioning kidneys, while
their kidney function seemed relatively unchanged® .
However, with advancing minimally invasive technol-
ogy, RIRS is progressively being utilized as the best al-
ternative therapy to PCNL for managing kidney stones
owing to negligible complications. For solitary kidney
patients, RIRS plays an essential role in preserving re-
nal parenchyma®®?; nevertheless, lower SFR has been
reported for large kidney stones® 'V,

Numerous studies comparing PCNL and RIRS for large
kidney stones in solitary kidney patients have been re-
ported recently!'*'¥. However, no evaluation outcomes
comparing PCNL with RIRS have been published yet.
Moreover, no conclusive illation has been suggested re-
garding the clinical application of either PCNL or RIRS
in solitary kidney patients with large stones. Hence, we
aimed to conduct a meta-analysis of published studies
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Table 1. Characteristics of included studies.

First author, year ~ Country Study interval Design LOE No.of patients PCNL/RIRS Matching/ comparable* Quality score®
Bai Yunjin,2017 China 2010-2015 Retrospective 3b 60/60 1,2,3,4,5,6,7,8,9 kot

Shi Xiaolei, 2018 China 2010-2016 Retrospective 3b 111/70 1,2,3,4,5,79 kR

Zeng Guohua, 2014  China 2012-2014 Prospective 3b 82/135 1,2,3,4,5,6,7.89 HAAK
Zhang Yu,2018 China 2013-2016 Retrospective 3b 1413/491 1,2,3,4,5,6,8,9 kot

PCNL= percutaneous nephrolithotomy; RIRS= retrograde intrarenal surgery; NA= data not available; LOE= level of evidence.
*:Matching/comparable variable: 1= age, 2= BMI, 3= gender, 4= stone size or stone burden, 5= stone laterality, 6= site of stone, 7= co-

morbidities, 8= hydronephrosis, 9= follow up
A:based on Newcastle-Ottawa Scale.

to analyze the efficacy as well as safety of PCNL and
RIRS in managing kidney stones large than 2cm in sol-
itary kidney patients.

MATERIALS AND METHODS

Search strategy

Commensurate with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines together with the Cochrane Handbook for
Systematic Reviews of Interventions"?, this systematic
review of published literature was performed"”. With
No ethic issues involved, a systematic search was car-
ried out using Medline, Embase, Pubmed, Web of Sci-
ence, CNKI, Scopus and the Cochrane Library databas-
es were performed to identify studies were published
up to Aug 2019, all relevant studies were established
with the help of the Cochrane Library using keywords
such as "percutaneous nephrolithotomy", or "PCNL",
or "retrograde intrarenal surgery", or "RIRS ", or "flex-
ible ureteroscopy", or "FURS", or "renal stones", or
"kidney stone", or "renal calculus", and "solitary kidney
". Search for published studies in Chinese and English.

Data Extraction and outcomes of interest

Two independent authors (SF and JKH) educed data
from the studies selected such as author details, coun-
try, year of publication, study design, age, as well as the
number of patients. Any disagreements regarding the
eligibility of any studies were resolved by consentience
upon discussion. Perioperative outcomes such as SFR,
drop in Hb levels, transfusion rate, as well as complica-
tion rates, were compared between the two procedures
from all the selected studies.

Inclusion criteria and exclusion criteria

Studies included must: (1) be comparing PCNL with
RIRS for managing kidney stones in solitary kidney pa-
tients, (2) demonstrate the outcomes of two procedures,
(3) clearly establish the indications for kidney stones
larger than 2cm in solitary kidney patients, (4) docu-
ment the procedure either as PCNL or RIRS.

Studies were excluded in the event (1) studies published
only as abstracts and reports from meetings or (2) the
outcomes of studies were not reported, or the param-
eters were preposterous to analyze for either PCNL or
RIRS from the published literature or (3) kidney stone
size is less than 2cm or (4) non-comparative studies.

Study Quality assessment and level of evidence

In conformity with the standards of Centre for Evi-
dence-Based Medicine in Oxford, we assessed the level
of evidence (LOE) of all the included studies. Further-
more, the Newcastle-Ottawa Scale(NOS) was employed
to evaluate the methodological quality of the non-RCTs
observational studies"®. Two authors (SF and JKH) as-
sessed the quality of the selected studies, and any dis-
parities were reanalyzed by the third reviewer (ZJG),
and a consonance was reached through discussion.

Statistical analysis

This meta-analysis was done with Review Manager 5.3
(Cochrane Collaboration, Oxford, UK). We analyzed
continuous as well as dichotomous variables by odds
ratios (ORs) and weighted mean differences (WMDs).
All the outcomes of the analysis were documented with
the confidence intervals (CIs) of 95%. We evaluated the
quantity of heterogeneity using 12 test and chi-square-
based Q test, the evidence of heterogeneity was consid-
ered substantial when I > 50% and then the random
effects (RE) model utilized, or else, the fixed effects

Table 2. Overall analysis of demographic and clinical characteristics compared PCNL with RIRS.

Outcomes of interest No. of studies No. of patients PCNL/RIRS OR/WMD(95% CI) P-value Study heterogeneity
Chi2 df [I* P-value

Age(year) 4 198/186 1.20[-1.52,3.92] 0.39 7.29 3 59% 0.06
BMI(kg/m2) 3 138/130 -0.23[-1.11,0.66] 0.62 13 2 0% 057
Gender, male 4 198/186 1.03[0.68,1.58] 0.87 1.11 3 0% 0.77
Laterality, left 4 198/186 0.98[0.65,1.47] 0.92 0.96 3 0% 081
Gender, male 4 198/186 1.03[0.68,1.58] 0.87 L 3 0% 077
Laterality, left 4 198/186 0.98[0.65,1.47] 0.92 0.96 3 0% 081
Stone burden,mm? 2 96/96 5.03[-56.03,66.10] 0.87 0.19 1 0%  0.66
Hydronephrosis

Non or mild 3 155/143 0.45[0.27,0.76] 0.003 071 2 0% 0.70

Moderate 3 155/143 2.23[1.32,3.77] 0.003 071 2 0% 0.70
Comorbidities

Hypertension 3 156/152 0.86[0.49,1.50] 0.59 243 2 18% 0.30

Diabetes mellitus 3 156/152 0.63[0.28,1.42] 0.26 362 2 45% 0.16

PCNL = percutaneous nephrolithotomy; RIRS= retrograde intrarenal surgery; OR = odds ratio; WMD = weighted mean difference; CI =

confidence interval; BMI = body mass index.
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Table 3. Overall analysis of perioperative outcomes comparing PCNL with RIRS.

Outcome of interest No. of studies No.of patients PCNL/RIRS OR/WMD(95%CI) P-value Study heterogeneity
Chi2 df T* P-value
Operation time, min 4 198/186 -9.87[-30.11,10.37] + 0.34 44.09 3 93% <0.001
Initial SFR 4 198/186 3.72[2.38,5.83] <0.001 1.09 3 0% 0.78
Final SFR 3 145/133 1.65[0.80,3.42] 0.18 028 2 0% 0.87
Postoperative serum Cr 2 103/99 -4.20[-22.54,14.13] 0.65 002 1 0% 0.89
Hb dropped, g/L 3 155/143 3.49[2.83,4.15] + <0.001 149 2 0% 047
Overall complications 4 198/186 1.22[0.78,1.93] 0.38 267 3 0% 045
Blood transfusion 4 198/186 5.31[1.36,20.68] 0.02 128 3 0% 073
Fever 3 155/143 0.74[0.38,1.46] 0.39 028 2 0% 0.87
Urosepsis only require
antibiotics 3 156/152 2.30[0.95,5.57] 0.06 1.56 2 0% 046
Sepsis 2 113/109 0.57[0.07,4.43] 0.59 023 1 0% 0.63
Embolism 2 95/87 2.76[0.28,27.07] 0.38 001 1 0% 093
Steinstrasse 4 198/186 0.20[0.04,0.91] 0.04 036 3 0% 095

PCNL = percutaneous nephrolithotomy; RIRS= retrograde intrarenal surgery; Cr = creatinine; SFR= stone-free rate; OR = odds ratio;
WMD = weighted mean difference; CI = confidence interval; ¥ WMD.

(FE) model was employed. The Egger's test, as well as
funnel plot, were employed to evaluate any presence of
publication bias. Furthermore, we used sensitivity anal-
ysis to approximate the impact of studies with a greater
risk of bias on the overall effect.

RESULTS

Characteristics of eli%rible studies

A total of 4 studies"*'” assessing PCNL vs. RIRS for
treating renal stones large than 2cm in solitary kidney
patients fulfilled all the desired inclusion criteria; thus
they were used for this meta-analysis (Figure 1). The
baseline data of the included 4 studies were outlined in
Table 1.

Quality of the studies and level of evidence

The quality of included studies was assessed by the
NOS quality assessment method®” along with the US
Preventive Services Task Force grading system!?).
Three studies were identified as high-quality studies.
Besides, the clinical variables of PCNL, as well as
RIRS, were independently extracted from all the in-
cluded studies (Table 1).

Description of included studies and patients
Demographics

The PCNL group had more patients with moderate
hydronephrosis than the RIRS group (OR= 2.23; 95%
CI: 1.32 to 3.77; P =0.003) (Table 2), while the RIRS
group had more patients with mild hydronephrosis than
the PCNL group (OR= 0.45; 95% CI: 0.27 to 0.76; P =
0.003) (Table 2). All the other preoperative variables
were similar between the two groups.

Outcomes of perioperative variables
Regarding perioperative variables, patients who un-
derwent PCNL had higher initial SFR than RIRS (OR:

3.72, 95% CI:2.38 to 5.83; P < 0.001) whereas those
who underwent RIRS had minimal intraoperative blood
loss (dropped Hb: WMD= 3.49 g/L, 95% CI:2.83 to
4.15; P < 0.001) which translated into lower blood
transfusion rates (OR= 5.31, 95% CI:1.36 to 20.68; P
= 0.02) as well as soaring incidence rate of steinstrasse
(OR:0.20, 95% CI:0.04 to 0.91; P = 0.04). All the oth-
er calculated results including operation time (WMD:
-9.87 minute, 95% CI:-30.11 to 10.37; P = 0.34), final
SFR (OR:1.65, 95% CI:0.80 to 3.42; P = 0.18), over-
all complications (OR:1.22, 95% CI:0.78 to 1.93; P =
0.38), and stone composition were similar between the
two groups (Tables 3.,4).

Sensitivity Analysis

Sensitivity analysis was performed for studies matched
for general variables by the method for higher quality
studies (Table 5). Compared with the original analysis,
operation time (P = 0.34 vs. P =0.001) and steinstrasse
(P =0.04 vs. P =0.05) were significantly at variance
in the sensitivity analysis and there was no significant
change in other results. The method of sensitivity anal-
ysis can reduce the heterogeneity of studies to a certain
extent.

DISCUSSION

The management of renal stones large than 2cm in sol-
itary kidney patients is challenging, and PCNL is the
recommended first choice of treatment for these kinds
of patients® ®). Compared to bilateral functional kid-
neys, there were still no technological differences in
performing PCNL for renal stones in solitary kidney pa-
tients. Several studies have tackled the issue of PCNL
in managing renal calculus in a solitary kidney. Haberal
HB et al. reported that PCNL was an appropriate and
efficient treatment option for managing kidney stones
in solitary kidney patients, but highlighted higher com-

Table 4. Overall analysis of stone composition comparing PCNL and RIRS.

Outcome of interest No. of studies No.of patients PCNL/RIRS OR (95%CI) P-value Study heterogeneity

Chi2 df 1 P-value
Calcium based 3 155/143 1.63 [0.76, 3.43] 0.21 442 2 55% 0.11
Uric acid 155/143 0.71[0.37, 1.36] 0.30 1.13 2 0% 057
Infection stone 3 113/109 0.96[0.46, 2.04] 0.92 1.08 1 8% 030

PCNL = percutaneous nephrolithotomy; RIRS= retrograde intrarenal surgery; OR = odds ratio; CI = confidence interval.
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Table 5. Sensitivity analysis of high quality studies comparing PCNL with RIRS.

Outcome of interest No. of studies No.of patients PCNL/RIRS OR/WMD(95%CI) P-value Study heterogeneity
Chi2 df T* P-value
Operation time, min 3 155/143 -21.78[-35.22,-8.35] + 0.001 12.13 2 84% 0.002
Overall complications 3 155/143 1.02 [0.59,1.75] 0.95 1.14 2 0% 0.57
Blood Transfusion rate 3 155/143 5.87[1.30,26.50] 0.02 122 2 0% 054
Urosepsis only require
antibiotics 2 113/109 1.21{0.32,4.65] 0.78 006 1 0% 0.80
Steinstrasse 3 155/143 0.17[0.03,1.00] 0.05 025 2 0% 088
Initial SFR 3 155/143 3.32[1.99,5.55] <0.001 026 2 0% 0.88
Final SFR 2 102/90 1.81[0.77,4.29] 0.17 011 1 0% 0.74

PCNL = percutaneous nephrolithotomy; RIRS= retrograde intrarenal surgery; SFR= stone-free rate; OR = odds ratio; WMD = weighted

mean difference; CI = confidence interval; + WMD.

plication rates in the solitary kidney group®). Zhong
et al. reported that PCNL combined with RIRS had a
high SFR for staghorn calculi and that RIRS used si-
multaneously could lessen the need for multiple tracts
and hence reduce blood loss and shorten the operation
time®”). Hosseini et al. also reported that PCNL seems
a sound and effective alternative in cases of a single
kidney, nonetheless more attention is still needed in or-
der to avert even minute complications that could cul-
minate in an anephric state'”). Basiri A et al. reported
about the safety along with the effectiveness of PCNL
for managing large renal stones comparing single func-
tioning kidney and double-kidney patients, and the re-
sults showed that mean hemoglobin drop in both groups
was significant; besides, the procedure hardly had any
adverse effects on renal function in both groups, and no
significant difference in terms of complication rate and
SFR between two groups®"). The study by EI-Tabey
et al. demonstrated that PCNL for kidney stones in
solitary kidney patients provides substantial improve-
ment in renal function at long-term follow-up and that
manifold punctures, as well as severe hemorrhage, were
independent risk factors for exacerbation of the renal
function®.

Although the incidences of major complications are

76 Studes identified initerature review:
76 Studies from PubMed
() Studies from Embase
0 Studies from the Corhrane Library

___-4 18 studies excluded by title and abstract review

Records after removed of non-comparative studies; n=48 |

37 studies excluded due to non-comparative design
0r no acquired data

| Records removal of non-¢ligible comparison: n=11 l

_—’I 7 studies excludzd due to ack of data for comparison

| Studies included in the analysis: n=4 |

Figure 1. PRISMA diagram. The search strategy and number of
studies identified for inclusion in this meta-analysis.

rare, they can result in severe consequence in solitary
kidney patients. These include severe hemorrhage
which may require embolization or nephrectomy; in ad-
dition, dialysis is a requirement for such patients. More-
over, the transfusion rate in solitary kidney patients who
take PCNL is reported to be roughly 10% and may be
attributed to the upsurge in the thickness of the renal pa-
renchyma as a result of compensatory hypertrophy!'?).
Furthermore, EI-Nahas et al.*) reported a 25% inci-
dence rate of acute kidney injury (AKI) after PCNL in
solitary kidney patients. There was a 92% probability
of renal function recuperation although multiple PCNL
tracts along with postoperative ureteric obstruction
were the risk factors that result in AKI. Therefore,
RIRS has been adopted as the preferred choice of man-
agement of kidney stones because of its low complica-
tion rate, especially for solitary kidney patients. Moreo-
ver, multiple studies demonstrated RIRS as an efficient
and safe procedure which could be utilized to manage
kidney stones in with solitary kidney patients® V),
From the study of 29 RIRS patients who were treated
with renal stones by Giusti et al.?") , it was found that
72.4% and 93.1% were as the result of primary SFR and
the secondary SFR respectively, with hardly any ma-
jor complications noted and thus these results indicated
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Figure 2. Forest plot and meta-analysis of perioperative outcomes
between PCNL and RIRS. PCNL = percutaneous nephrolithotomy;
RIRS=retrograde intrarenal surgery.
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Figure 3. Forest plot and meta-analysis of complications between
PCNL and RIRS. PCNL = percutaneous nephrolithotomy; RIRS=
retrograde intrarenal surgery.

A: Overall complications; B: Blood transfusion; C: Fever; D:
Urosepsis only require antibiotics; E: Sepsis; F: Embolism; G:
Steinstrasse.

that RIRS was safe and productive in the treating renal
calculi in solitary kidney patients without deterioration
of the renal function. Furthermore, Kuroda et al.?”) also
showed that RIRS for managing renal stones in solitary
kidney patients was as efficient and safe as in bilateral
kidney patients.

When Zeng et al.") compared the treatment outcomes
between PCNL and RIRS for treating stones in solitary
kidney patients, the results showed that the PCNL group
had a shorter operation time and higher SFR than RIRS
group, but the overall operative rate of complications
between the two groups was comparable. However, Shi
et al"?) reported that PCNL group had longer operative
time than RIRS group. In our meta-analysis, the results
indicated that patients underwent PCNL had higher in-
itial SFR than RIRS (OR: 3.72, P < 0.001) while those
that underwent RIRS had less intraoperative blood loss
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Figure 4. Forest plot and meta-analysis of stone composition be-
tween PCNL and RIRS. PCNL = percutaneous nephrolithotomy;
RIRS= retrograde intrarenal surgery.

A: Calcium based; B: Uric acid; C: Infection stone.
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(dropped Hb: WMD=3.49 g/L, P <0.001), lower blood
transfusion rates (OR= 5.31, P = 0.02), and higher rate
of incidence of steinstrasse (OR:0.20, P = 0.04). How-
ever, all the other calculated results including opera-
tion time (WMD: -9.87 minutes, P = 0.34), final SFR
(OR:1.65, P = 0.18), overall complications (OR:1.22,
P =0.38) and stone composition were similar between
the two groups. Bai et al."?) also compared PCNL with
RIRS for the treatment of kidney stones larger than 2cm
in solitary kidney patients, 116 patients were included
in the study, and the results demonstrated that PCNL
group had higher initial SFR and shorter operative time
than RIRS group, but the mean postoperatively hospital
stay was shorter and bleeding was lower in RIRS group
than PCNL group. Zhang et al."?) showed that simi-
lar results with Zeng et al. and Bai et al. These studies
strengthen our results.

Nonetheless, this meta-analysis had a number of lim-
itations during analysis and interpretation of results.
The main limitation was the absence of well-conceived
prospective and randomized control studies in this me-
ta-analysis, all studies from china and lack of relevant
study from other countries. Furthermore, the presence
of heterogeneities of studies, particularly during the
comparison of the continuous data, for instance, op-
erative time, length of hospital stay, these parameters
were induced by the heterogeneities of the conditions,
patients, surgical skills of the surgeons as well as the
sample size of studies. Lastly, the sample size of all the
included studies was comparatively minuscule, which
resulted in a limited impact on the outcomes. Therefore,
well- formulated, prospective, multicentre randomized
control studies and large sample are necessary for the
future to assist us better illustrate the advantages and
flaws of this novel approach.

CONCLUSIONS

Our results indicate that PCNL has higher initial SFR
than RIRS in the treatment of renal stones in patients
with a solitary kidney; the overall complications were
comparable in both groups. However, RIRS, with less
blood loss and transfusion rate, may be an alternative in
selected patients. But we need to pay more attention to
the incidence rate of steinstrasse after RIRS.
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