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INTRODUCTION

With the lifetime prevalence of stone disease esti-
mated at up to 15% and on the rise [1], it has be-
come even more important to formulate a clear and 
effective management strategy that offers high stone 
free rates (SFR) in as few sessions and with least in-
vasiveness as possible. Whilst this might be possible 
in some stone locations, the management of lower 
pole stones (LPS) continues to be a subject of fierce 
debate; anatomical variations in the lower pole ca-
lyx pose challenges unique to this stone location [2],  
and with only a handful of randomised-controlled 
trial data comparing all current treatment options, 
the jury is still out.
The last couple of years have seen some significant 
steps forward in providing a stronger evidence base 
for LPS management. Of note is the systematic re-
view and meta-analysis comparing the clinical effec-
tiveness of the three main treatment options: extra-

corporeal Shockwave Lithotripsy (SWL), Retrograde 
Intrarenal Surgery (RIRS), and Percutaneous Neph-
rolithotomy (PNL) [3]. Despite providing some evi-
dence in management of LPS, Donaldson et al. high-
lighted the significant clinical heterogeneity between 
studies; this resulted in SFR being the only compa-
rable outcome measure. Even then, the exact defini-
tion and method of measurement of SFR varied [3]. 
With a lack of large prospective randomised stud-
ies and the heterogeneity highlighted by Donaldson 
et al., there are still many key questions awaiting 
answers. Most notably, there remains a strongly di-
vided opinion over whether PNL or RIRS is better 
for the management of LPS >10 mm. There has not 
been a randomised-controlled trial evaluating the 
effectiveness of RIRS versus PNL for the manage-
ment of LPS since the Lower Pole II study in 2003 
[4]. Although highlighting a greater stone free rate  
for large stones (10–25 mm) at three months  
for PNL, the number of patients involved in the 
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dus for further stones and poses a challenge to the 
patient’s future management[13]. Much rides on 
whether these fragments are obstructive, infective, 
or symptomatic. Cicerello and colleagues argue that 
non-infective, non-obstructive, asymptomatic re-
sidual fragments <5 mm in size can be managed 
metabolically [14]. Their study of 34 patients with 
post-SWL residual fragments showed that 44.4%  
of patients on potassium citrate therapy were stone 
free at 12 months compared to 12.5% in the control 
group [14]. Nonetheless, residual fragments are  
a risk factor for further stone growth [7]. 
Similarly, the management of non-obstructing as-
ymptomatic calculi is a challenge given the tricky 
nature of managing these in the lower pole. There 
has been debate over the natural history of asymp-
tomatic renal stones in recent years in an attempt  
to define at what point treatment should be initiat-
ed, because most patients with small, asymptomatic 

study was low (n = 28) and the results were not 
statistically significant (p = 0.29) [4]. Furthermore,  
the technological advancement and miniaturisa-
tion of instruments enjoyed by both RIRS and PNL  
in recent years has very much outdated this study [5].  
There is also a need to directly investigate RIRS ver-
sus SWL (with and without the use of adjuvant ther-
apies such as inversion, percussion, and diuresis)  
in the management of small to moderate LPS.  
Although Burr et al. have significantly contributed 
to the evidence base by recently publishing their pro-
spective comparison of 161 procedures that found 
RIRS to have a stone free rate at 3 months of 92.6% 
versus 24.7% for SWL (p ≤0.001), they also acknowl-
edge the need for a large prospective randomised-
controlled study [6].
As a result of the need to rely on small studies and 
expert opinion panels, the European Association  
of Urology 2016 Urolithiasis guidelines and recent 
updates from the American Urological Association 
are not entirely in agreement when it comes to treat-
ment algorithms (Figure 1 and Figure 2 respectively) 
[7, 8, 9]. Although they concur in the use of PNL  
as the first line choice for all stones >20 mm, in ev-
ery other aspect the recommendations differ. This 
goes some way in highlighting the myriad of conflict-
ing and inadequate evidence in this field.
Bearing this in mind, we aim to collate the most cur-
rent evidence to assess the challenges in LPS man-
agement, outline and compare treatment options 
including mini-, ultramini- and micro-PNL, and ul-
timately offer an evidence-based strategy for manag-
ing LPS in 2016. 

Challenges in LPS management

Fundamental to the problematic nature of LPS man-
agement is the anatomy of the pelvicalyceal system. 
The unfavourable location of the lower pole makes 
for tricky spontaneous stone passage [3]. Further-
more, the impact of an acute infundibulopelvic 
angle, a tight infundibular width, and a long infun-
dibular length on hindering stone clearance are,  
on the whole, well-established negative predictors 
for SFR after initial treatment with SWL [10, 11]. 
However, there is still a lack of consensus over both 
the thresholds at which these anatomical features 
begin to significantly inhibit stone clearance and the 
radiological method by which these figures might be 
consistently established [12]; this in itself presents 
a challenge to urologists in determining a patient’s 
suitability for SWL. 
Due to the awkward anatomy of the lower pole, re-
sidual fragments are not uncommon in LPS treat-
ment (particularly with SWL) and this forms a ni-

Figure 1. Treatment algorithm for lower pole stones recom-
mended by European Association of Urologists.

Figure 2. Treatment algorithm for lower pole stones recom-
mended by American Urological Association.
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pared to RIRS for stones <10 mm [24]. Therefore,  
it seems reasonable to consider using SWL as a 
first-line option for stones <10 mm in size taking 
into account the limiting factors that might reduce 
the efficacy of SWL. However, for stones between  
10–20 mm, with technological advances and in-
creased surgeon expertise, considerably better SFR 
can be achieved by other techniques with similar 
morbidity rates to SWL 
The use of adjuvant therapies to improve stone free 
rates for SWL provide a compromise by improving 
the stone free rate of standard SWL treatment whilst 
being non-invasive in nature. Although some studies 
have called into question whether inversion, percus-
sion, and diuresis are at all effective [25], Lee et al. 
published a recent systematic review comparing the 
effectiveness and safety of LPS treatment methods. 
This showed that, of the six studies comparing SWL 
with SWL + adjuvant therapy, SWL + adjuvant 
therapy had a higher stone free rate versus SWL 
alone in all cases [26]. Likewise, the 2013 Cochrane 
review included two small studies and concluded 
that percussion, diuresis, and inversion are likely  
to be safe and effective methods to increase stone 
clearance with SWL [27]. It is tricky to determine the 
level of efficacy of the different adjuvant therapies,  
as all were used in alternative combinations that 
make comparison between methods challenging. 
However, Cakiroglu et al. specifically analysed the 
effectiveness of a thirty degree inclined position dur-
ing SWL in the treatment of lower pole calculi. Seven 
hundred and forty patients >18 years of age with 
solitary radiopaque calculi 4–20 mm in size were 
randomised and at six months. The SFR for patients 
who had undergone SWL + adjuvant therapy was 
81% versus 73% for the control group (p = 0.015). 
There were no significant differences reported  
in the rate of complications, retreatments, or supple-
mentary procedures. SFR was not stratified accord-
ing to size and data was unavailable for stone com-
position, stone density, and skin-to-stone distance,  
but their data suggests a possible role for the use  
of inversion therapy with SWL treatment to improve 
SFR [18].

Retrograde Intrarenal Surgery

RIRS provides an alternative to SWL as a first line 
treatment option for stones between 10–20 mm  
as well as in the management of lower pole stones 
>15 mm [7]. As a minimally invasive intervention, 
RIRS can be used both to fragment the stone(s)  
and/or to displace the stone(s) to a more accessible 
location for basket removal [9]. The 2003 Low-
er Pole II study rated PNL to have a significantly  

lower pole stones do well with observation. A rise  
in healthcare screening has increased the diagno-
sis of asymptomatic renal calculi [15]. Some studies 
have suggested SWL to be a less invasive treatment 
option in the long term [16], but this must be bal-
anced against cost-effectiveness considering the low 
SFR achieved by SWL for these stones. Equally, pa-
tient choice and previous experiences are important 
factors which have an impact upon how asymptom-
atic calculi are treated. There is certainly a need  
to investigate patient preference and optimal strategy 
for managing asymptomatic lower pole calculi [17]. 

Treatment options

Shockwave lithotripsy

SWL has traditionally been the first line treatment 
for all stones <20 mm in size due to being minimally 
invasive with a low morbidity, short procedural time, 
and causing minimal convalescence [3, 18, 19]. How-
ever, apart from anatomical considerations, there 
are other significant factors that can alter the suc-
cess of SWL including the type of lithotripter, num-
ber of shockwaves delivered, and energy level used 
[10]. The aforementioned challenges of lower pole 
anatomy, the stone composition, and the patient’s 
body habitus all impact upon the ability of SWL  
to deliver a stone-free, fragment-free patient in a sin-
gle session [18, 20]. Consequently, a large variation 
in reported SFR can be seen in the literature (rang-
ing from 25 to 85%) which have unsurprisingly led 
to questions surrounding SWL’s use as the principal 
treatment option [21]. The ‘Lower Pole I’ study first 
highlighted this. Based on 128 patients with symp-
tomatic LPS up to 30 mm in size, the study found 
a SFR at three months of 37% for SWL versus 95% 
for PCNL (p ≤0.001) with no significant difference  
in morbidity [22]. More recently, El-Nahas et al. spe-
cifically compared SWL with RIRS for LPS 10–20 mm 
in size, reporting a SFR at three months of 67.7% for 
SWL compared to 86.5% for RIRS (p = 0.038). The 
percentage retreatment rate was 59.7% with SWL 
versus 8% with RIRS (p <0.001) and the number 
of procedures per patient was double for SWL com-
pared to RIRS (p <0.001) [23]. The systematic re-
view of seven randomised-controlled trials reported 
a median stone free rate of 54.5% for SWL versus 
96.3% for PNL and 91.7% for RIRS [3]. This group 
reported that, of the five randomised-controlled tri-
als comparing RIRS with SWL, RIRS was significant-
ly more effective for stones 10–20 mm in size but the 
magnitude of improvement was considerably lower 
for stones <10 mm [3]. Pearle et al. also highlighted 
that SWL is often more acceptable by patients com-
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fers decreased blood loss, hospital stay, analgesic 
requirements, and overall complication rates whilst 
maintaining similar SFR[32, 33]. Kirac et al. com-
pared RIRS with Mini-PNL in 73 patients with LPS  
<15 mm where SFR were comparable (91.9%  
for Mini-PNL versus 91.6% for RIRS) at 24 hours. 
The mean theatre time was significantly lower  
for Mini-PNL (53.7 minutes versus 66.4 minutes  
for RIRS), but with a significantly longer length  
of hospital stay (42.6 hours versus 24.5 hours  
for RIRS) [34]. Further studies on greater patient 
numbers are required to investigate the use of Mini-
PNL for LPS of all sizes. A recent case report high-
lighted the successful use of micro-PNL on a LPS 
case complicated by renal scarring from a previous 
partial nephrectomy [35], but to date there still exists 
an overall lack of high quality studies on both ultra-
mini- and micro-PNL. Ultramini-PNL benefits from 
a single-step dilation process while micro-PNL’s ‘all 
seeing needle’ allows for perfect puncture and also 
causes clinically insignificant blood loss [32, 33].  
With clear advantages for patient outcome in both 
of these techniques, particularly when tackling LPS 
<15 mm, it is important that multicentre stud-
ies are setup to address their use for LPS as soon  
as possible. Equally, the success of outpatient tube-
less PNL in carefully selected patients warrants 
investigations into possible opportunities for this  
in the management of LPS [36]. 
A summary of the advantages and disadvantages  
of each treatment method, as well as the indications 
for each method, can be seen in Table 1. 

Conclusions and future direction

Lower pole stones make up an estimated 25–35%  
of all kidney stones [11]. Despite this, there is a lack 
of consensus over the optimal management plan. 
SWL with and without adjuvant therapies, RIRS, 
and PNL (including mini-, ultramini- and micro-
PNL) are all possible options, each with their re-
spective merits and flaws. The use of SWL with ad-
juvant therapies has, to date, recorded better SFR 
than SWL alone [27]. The systematic review from 
Aberdeen highlighted only a minor difference in risk 
ratios in favour of RIRS for LPS <10 mm, thus sup-
porting a trial of SWL (preferably with at least one 
adjuvant therapy) for stones <10 mm [3]. A recent 
comparison of SWL versus RIRS for LPS of all siz-
es sided in favour of RIRS as a first line treatment 
considering the statistically significant, far superior 
SFR and comparable morbidity rates [6]. Both are 
reasonable first line treatments and much depends 
on the individual surgeons’ skill, available equip-
ment, experience with each modality, and patient  

better outcome in terms of SFR compared to RIRS 
(67% versus 46%, p = 0.09) [4], but this was low num-
ber and underpowered clinical trial based on all to-
gether 28 patients. Moreover, the time the trial was 
conducted RIRS was very much underdeveloped. 
Currently, this method has substantially improved; 
the enhanced optics, increased flexibility of holmium 
laser fibres, and the bidirectional 270 degree flexion 
capacity of the latest scopes have all helped to im-
prove SFR for RIRS with or without the use of access 
sheaths [21, 28]. A recent study comparing RIRS  
and PNL for stones >20 mm in 109 patients with  
a mix of stone types demonstrated reasonably com-
parable but not statistically significant SFR (90.6% 
for RIRS versus 96.1% for PNL) [28]. A system-
atic review and meta-analysis of PNL versus RIRS 
by De et al. concurred that SFR for PNL is higher 
than RIRS although it also suggested that there was 
no difference between operative times for the two 
methods and RIRS led to a shorter hospital stay. 
The review also highlighted the drawbacks of RIRS 
including limited visualisation and high costs [29], 
although the latter is refuted by Somani et al. [30] 
who say that the cost is possible linked to the case 
load, cost of ancillary equipment, and repair of flex-
ible ureteroscopes. Meanwhile, two recent studies 
comparing RIRS with SWL for LPS highlight that 
SFR for RIRS are still high with figures of 86.5%  
(p = 0.038) and 92.6% (p <0.001) being quoted.  
The complication rates in these studies are low and 
show that morbidity is similar between RIRS and 
SWL [6, 23]. There are other notable advantages  
of RIRS over SWL including its use on larger stones, 
in obese or pregnant patients, and in patients with 
coagulopathy [6, 31]. Taking everything into ac-
count, it is certainly plausible to consider RIRS  
as a first line option for treating LPS. 

Percutaneous nephrolithotomy

Standard PNL consistently delivers the highest SFR 
of all treatment options (>90%), yet due to its inva-
sive nature and higher risks of complications such as 
bleeding, need for embolization, adjacent organ in-
jury, and urinary extravasation, as well as the higher 
transfusion rate and longer hospital stay, it has long 
been reserved for LPS >20 mm [3, 26, 28, 29]. The 
decreasing size of the tracts, scopes, energy sources, 
and retrieval devices over the past two decades have 
led to the development of new methods of PNL and 
a subsequent decrease in complication rates. This 
has resulted in standard PNL (tract size 26-30Fr) 
being replaced by Midi (20–22F), Mini- (16–18Fr), 
Ultramini (11–14Fr), and Micro-PNL (<10Fr) tech-
niques in appropriate patients [32]. Mini-PNL of-
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for all available treatment methods in the context  
of LPS. 
At present, there is limited data surrounding pa-
tient-centred outcomes and cost-benefit analysis, 
and again this needs addressing in respect to the 
contemporary treatment options. Finally, there  
is a lack of consensus over the measurement  
of outcomes, most notably SFR, and this makes 
comparison of treatment methods a greater chal-
lenge. Somani et al. have published a system of cate-
gorisation for SFR [37]. Future development of care 
pathways will certainly benefit if outcomes work  
to a pre-determined standard. 
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preference, as well as factors that might reduce the 
efficacy of SWL. For larger stones, RIRS and PNL 
are both possibilities. PNL has the consistently high-
er SFR but at the expense of greater morbidity and 
longer hospital stay. Again, patient and surgeon pref-
erence has a considerable impact on decision making 
as well as anatomical/stone factors that might make 
one more suitable than the other. 
The advent of refined PNL techniques undoubtedly 
spells a new era in LPS management, and data from 
prospective randomised trials is needed in order  
to establish how and where these techniques fit into 
management algorithms. Similarly, there is a critical 
need to add to the evidence base with more long term 
data and randomised-controlled trials comparing  
a host of qualitative and quantitative outcomes  
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