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Abstract
The prevalence of urolithiasis is increasing. Lower pole stones (LPS) are the most
common renal calculi and most likely to require treatment. A systematic review
comparing SWL, RIRS and PNL in the treatment of ≤20mm LPS in adults was
performed. Comprehensive searches revealed 2741 records: 7 RCTs recruiting 691
patients were included. Meta-analyses for stone-free rate (SFR) ≤3 months favoured
PNL over SWL (RR 2.04; 95% CI 1.50-2.77) and RIRS over SWL (RR 1.31; 95% CI
1.08-1.59). Stone size subgroup analyses revealed PNL and RIRS were
considerably more effective than SWL for >10mm stones, but the magnitude of
benefit was markedly less for ≤10mm stones. The quality of evidence (GRADE) for
SFR was moderate for these comparisons. Median SFR from reported RCTs
suggest PNL is more effective than RIRS. The findings regarding other outcomes
were inconclusive due to limited and inconsistent data. Well-designed prospective
comparative studies that measure these outcomes using standardised definitions are
required, particularly for the direct comparison of PNL vs. RIRS. This systematic
review which, used Cochrane methodology and GRADE quality of evidence
assessment, provides the first level 1a evidence for the management of LPS.
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The prevalence of urolithiasis is increasing [1]. Lower pole stones (LPS), defined as
stones lying within a lower (inferior) pole calyx, are the commonest renal stones.
LPS are more likely to require treatment because they are less likely to pass
spontaneously. The treatment of LPS is controversial, especially ≤20mm stones [2],
with competing interventions possessing advantages and disadvantages. Treatment
options include percutaneous nephrolithotomy (PNL), retrograde intrarenal surgery
(RIRS), or shock wave lithotripsy (SWL).
We performed a systematic review and meta-analysis to compare the benefits and
harms of PNL, RIRS and SWL, in the treatment of LPS (≤20mm) in adults. Only
randomised controlled trials (RCTs) were included, and Cochrane Collaboration
standards and PRISMA guidelines were strictly followed (Supplement 1). The
primary outcome was stone-free rate (SFR) at ≤3 months. Risk of Bias (RoB) and
Grading of Recommendations Assessment, Development and Evaluation (GRADE)
assessments were performed to appraise the quality of the evidence (level 1a)
synthesised.

The search identified 2741 records which were doubly screened, and 21 articles
were scrutinised for eligibility. Twelve articles reporting on 7 RCTs recruiting a total
of 691 patients were included (PRISMA diagram, Supplement 2). Baseline
characteristics and intervention protocols are summarised in Supplement 3. RoB
assessment findings included a low risk of selection, attrition and reporting biases in
most studies (see Supplement 2). Two studies reported industry funding [3-5].

5

Table 1 summarises the study findings. GRADE quality assessment was moderate
for SFR for RIRS vs. SWL and PNL vs. RIRS but low or very low for all other
outcomes (Supplement 3). Meta-analysis was only possible for the outcome of SFR
for PNL vs. SWL and RIRS vs. SWL (Figure 1) because of clinical heterogeneity.
Overall (≤20mm) median SFRs favoured PNL (96.3%) over RIRS (91.7%), and over
SWL (54.5%) (Supplement 3). No studies reported economic outcomes.

Five RCTs compared RIRS vs. SWL [5-9]. Meta-analysis showed higher SFR for
RIRS (89.5% vs. 70.5%). Sub-group analyses revealed that RIRS was considerably
more effective than SWL for 10-20mm stones but the magnitude of benefit was
markedly less for ≤10mm stones. RIRS had a numerically lower unplanned
procedure rate, although not statistically significant. Outcomes for re-treatment rates
were inconsistent, reflecting different re-treatment thresholds. Complication rates
were not significantly different.

Pearle 2008 [5] (<10mm LPS) found SWL conferred a superior QoL, shorter
convalescence and lesser analgesic requirements than RIRS. Conversely, Singh
2014 [9] (10-20mm LPS) reported significantly higher satisfaction with RIRS, and
comparable convalescence (p=0.36) for ≤3 SWL sessions, although where only a
single SWL session was required convalescence was shorter (p=0.0001).

There were conflicting data on patients’ willingness to undergo the procedure again;
Pearle 2008 favoured SWL (63% vs. 90%; p=0.031), whilst Singh 2014 [9] favoured
RIRS (84% vs. 50% p=0.002). Singh 2014 [9] reported significantly worse voiding
symptoms (p=0.026) following RIRS (which included routine stent placement).
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Procedural duration favoured SWL in Pearle 2008 [5] (p=0.01) but RIRS in Singh
2014 [9] (p=0.1434); however patients only requiring one SWL session had a shorter
operative duration (p=0.0001). Singh 2014 [9] reported a shorter hospital stay for ≤3
sessions of SWL (p = 0.0001).

Two RCTs directly compared PNL vs. SWL. Intervention protocols differed slightly
including number of sessions. ‘Stone-free’ (SF) was not defined. Meta-analysis
suggested a benefit for PNL (96.2% vs. 46.1%). Albala 2001 [3] stratified SFRs by
stone size, suggesting that the magnitude of benefit of PNL was lower for ≤10mm vs.
11-20mm stones. Both studies found a numerically lower rate of re-treatment for
PNL although not significant. Unplanned procedure rates were inconsistent,
although event rates were low. There was heterogeneity in what constituted
retreatment or an unplanned procedure, and intervention thresholds were not
defined.

Complications were only reported by Yuruk 2010 [10] and were not defined nor
categorised. Albala 2001 [3] reported SF-36 health surveys for 0-30mm stones; no
significant differences were demonstrated between PNL and SWL. Yuruk 2010 [10]
reported more scintigraphic scarring following SWL (16.1% vs. 3.2%, p=0.13). No
patient demonstrated decreased renal function.

One study which reported ‘initial results' only compared PNL vs. RIRS [4]. There was
no significant difference in SFR although PNL had a longer hospital stay and 'mean
recovery.'
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A 2009 Cochrane review on nephrolithiasis [1] in any location included only two of
the seven RCTs in this review, did not incorporate GRADE assessment and found
no difference in SFR between RIRS and SWL for LPS. Present EAU urolithiasis
guidelines recommend SWL or RIRS for <10mm LPS. For 10-20mm LPS, treatment
should depend “on favourable and unfavourable factors” including anatomical
factors. However, two identified RCTs [3,6] found that anatomical factors did not
affect SFR following SWL. Present guidelines are not based on a robust systematic
review and do not include RoB nor quality of evidence appraisal.

The major limitation of this review is the paucity of evidence for the comparison of
PNL vs. RIRS, and the lack of reliable evidence concerning outcomes other than
SFR. Reporting of patient-focused (including length of stay, analgesic requirement,
and QoL) and economic outcomes was poor. These are critical to inform clinicians'
and patients' decision making. Well-designed RCTs that measure these outcomes in
a standardised manner are therefore required, particularly for PNL vs. RIRS. Ideally,
studies should account for confounding factors including stone size, ancillary
procedures, heterogeneity of interventions and thresholds of re-treatment.

This systematic review, performed using Cochrane review methodology and
incorporating RoB and GRADE assessment, provides the first level 1a evidence for
the management of LPS. SFRs were highest following PNL. However, PNL is the
most invasive intervention and requires the longest hospital stay. It has been
suggested that PNL is associated with a higher morbidity and convalescence. Our
review was unable to make firm conclusions regarding this. However, these may be
reduced with recent modifications (e.g. "tubeless" or "mini-perc") [2].
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RIRS offers higher SFRs than SWL, which is the least effective in terms of stone
clearance, particularly for 10-20mm LPS. However, SWL is the least invasive
intervention, possibly with the shortest convalescence and highest acceptability to
patients where multiple sessions are not required. Ultimately, until gaps in the
evidence base are addressed especially regarding PNL vs. RIRS, treatment
decisions should be influenced by patients' individual characteristics and
expectations, as well as the available clinical expertise and facilities.
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Figure Legends:
Figure 1 - Forest plot demonstrating meta-analysis of Stone Free Rate at ≤3 months
for LPS ≤20mm: a) PNL vs. SWL, b) RIRS vs. SWL (including sub-analyses for
≤10mm (3.2.1), 10-20mm (3.2.2) and ≤20mm (Total).
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