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significantly higher in Group-1 (p < 0.001). In Group-2, 
duration of hospitalization was significantly longer than in 
Group-1 (2.63 vs. 1.55 days; p < 0.01). Outcomes of the 
present retrospective study show that microperc is a treat-
ment option for medium-sized lower calyx stone, being 
associated with lower blood loss, procedure, reduced fluor-
oscopy and hospitalization time, and a higher tubeless rate.
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Introduction

The main stone-related parameters affecting the selec-
tion of the modality for the treatment of nephrolithiasis 
include stone size and location. The treatment of lower 
pole stones with the size of 1–2 cm is still a controversial 
topic [1]. Although shockwave lithotripsy (SWL) is the rec-
ommended modality for kidney stones smaller than 2 cm, 
its stone clearance rate is lower than that of other modali-
ties, especially for lower calyx stones [2–4]. Technological 
advancements and the increased experience of endourolo-
gists using flexible ureterorenoscopy (f-URS) have resulted 
in the increase of successfully performed surgeries, espe-
cially for small- and medium-sized renal calculi. Success 
rate is decreased, however, in cases of anatomical factors of 
the lower calyx [5].

Because of its higher success rate, PNL is the rec-
ommended treatment modality for large renal calculi. 
Recently, with the decrease in the size of the optics and 
working elements used during procedure, PNL technique 
has been applied through smaller renal tract sizes and has 
led to decreased morbidity and comparable outcomes. 

Abstract The objective of this study was to present the 
outcomes of comparative clinical study of microperc ver-
sus mini-percutaneous nephrolithotomy (mini-PNL) in the 
treatment of lower calyx stones of 10–20 mm. Patients 
with lower calyx stones treated with microperc (Group-1) 
or mini-PNL (Group-2) between 2011 and 2014 were ret-
rospectively analyzed. Demographics of the patients were 
compared, including age, gender, BMI, stone size, lateral-
ity and procedural parameters (operation and fluoroscopy 
time), and outcomes (success and complication rates). A 
total of 98 patients were evaluated, assigned to Group-1 
(n = 58) and to Group-2 (n = 40). Groups were statisti-
cally similar in terms of age, stone size, and BMI (p = 0.3, 
0.07, 0.6, respectively). The mean procedure and fluor-
oscopy duration for Group-1 were 43.02 ± 27.98 min 
and 112.05 ± 72.5 s, and 52.25 ± 23.09 min and 
138.53 ± 56.39 s in Group-2 (p = 0.006 and 0.006). The 
mean hematocrit drop was significantly higher in Group-2 
compared to Group-1 (3.98 vs. 1.96 %; p < 0.001); how-
ever, none of the cases required blood transfusion. Over-
all complication rates exhibited no statistically significant 
difference (p = 0.57). Stone-free status was similar (86.2 
vs. 82.5 %, p = 0.66). The tubeless procedure rate was 
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Modified PNL techniques used for stone treatment are 
mini-percutaneous nephrolithotomy and, with the smallest 
tract sizes, microperc. The studies presented in the litera-
ture show that both the techniques are efficient and feasible 
alternative methods to PNL and both have similar outcomes 
and decreased morbidity [6–8].

We report herein our comparative clinical study of 
microperc versus mini-PNL in the treatment of lower pole 
stones of 10–20 mm. To the best of our knowledge, this is 
the first report to compare these two modalities.

Patients and methods

Patients with lower calyx stones treated with microp-
erc or mini-PNL between 2011 and 2014 in three refer-
ral centers were retrospectively analyzed. Microperc and 
mini-PNL were primarily performed for lower pole stones 
of 10–20 mm in the case of SWL resistance or failure of 
f-URS. Selection of the treatment modality was based on 
patient preference and availability of the appropriate instru-
ments or equipment. Excluded were patients with urinary 
tract infections, bleeding diathesis, and those under the 
age of 18. Demographics of the patients were compared, 
including age, gender, BMI, stone size, laterality and pro-
cedural parameters (operation and fluoroscopy time), and 
outcomes (success and complication rates).

All patients were primarily assessed by laboratory tests 
and radiological methods. Patients with urinary tract infec-
tions were treated according to the urine culture test. Plain 
radiography of kidneys, ureters and bladder (KUB), and 
non-contrast abdominal computed tomography (CT) were 
done preoperatively to determine stone size and location. 
Stone burden was determined by the longest stone or, in the 
case of multiple lower calyx stones, by the sum of the sizes.

Microperc technique

After placement of a 6-Fr open-ended ureteral catheter over 
the guide-wire to the collecting system, the patient was 
turned to the prone position. The collecting system was 
opacified with contrast medium, and access to the desired 
calyx was reached using a 4.8 Fr all-seeing needle under 
fluoroscopy guidance. A three-way connector was attached 
to the proximal tip of the needle after proper access was 
obtained. A laser fiber and optic was inserted into the 
micro-shaft through this adaptor. Stone fragmentation was 
accomplished using the 200 μ Ho:YAG laser with the set-
tings of 0.5–0.8 J at 10–20 Hz. After assessment of stone-
free status, the procedure was terminated in the tubeless 
fashion. At the completion of the surgery, a ureteral double-
J stent was inserted in most of the cases in order to prevent 
postoperative renal colic.

Mini‑PNL technique

Percutaneous renal access was achieved using an 18G 
access needle. The tract was dilated over the guide using 
Amplatz dilators under fluoroscopy. Nephroscopy was done 
using 12–17 Fr nephroscopes through 15–20 Fr Amplatz 
sheaths. After the stone disintegration with lithotripters, 
fragments were retrieved with graspers. Placement of the 
nephrostomy tube was based on surgeon preference but 
was not inserted in cases of lack of significant bleeding, 
rest calculi, or collecting system perforation.

After evaluation of patients with KUB, ureteral and 
Foley catheters were removed on postoperative day 1. 
Patients with no complications in the follow-up were dis-
charged on postoperative days 1–3 depending on the pres-
ence of the nephrostomy tube. At the 1-month follow-up 
appointment, all patients underwent a radiological assess-
ment with KUB or US or both. The procedure was con-
sidered successful in cases where no residual fragments 
appeared on KUB and/or ultrasonography images. CT was 
used in cases with radiolucent stones or suspected residual 
fragments on KUB. Postoperative complications were clas-
sified using the Clavien grading system [9].

Data collections were performed using the SPSS statisti-
cal package (ver 18.0 J; SPSS, Inc., Chicago, IL). Patient- 
and operative-related parameters were compared between 
the groups using the Mann–Whitney U test for numerical 
variables and χ2 test for categorical variables. p values of 
less than 0.05 for the Mann–Whitney U test were consid-
ered statistically significant.

Results

A total of 98 patients were evaluated and assigned either 
to Group-1 (n = 58) for microperc or to Group-2 (n = 40) 
for mini-PNL. Their mean ages were 45.9 ± 14.4 and 
43.1 ± 12.3 years, respectively (p = 0.339). Mean stone 
size was comparable in both the groups (13.9 ± 3.6 vs. 
16.1 ± 6.9 mm; p = 0.078). The groups were statistically 
similar in terms of BMI and stone laterality (p = 0.64, 
0.44). The summary of the patient demographics and stone 
characteristics are listed in Table 1.

The mean procedure and fluoroscopy durations 
for microperc were, respectively, 43.02 ± 27.98 min 
and 112.05 ± 72.5 s, and 52.25 ± 23.09 min and 
138.53 ± 56.39 s in the mini-PNL group (p = 0.006 
and 0.006). The mean hematocrit drop was significantly 
higher in the mini-PNL compared to the microperc group 
(3.98 ± 2.44 vs. 1.96 ± 1.73 %; p < 0.001); however, none 
of the cases required blood transfusion. Overall compli-
cation rates exhibited no statistically significant differ-
ence (p = 0.57). A total of 3 complications (5.1 %) were 
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observed in the microperc group. Two patients with urinary 
tract infection were appropriately treated with antibiot-
ics (Clavien II). In addition, persistent renal colic (n = 1) 
requiring stent insertion (Clavien IIIb) was observed in the 
microperc group. In the mini-PNL group, 3 cases of urinary 
tract infection were medically treated (Clavien II).

At the first-month follow-up, stone-free status was 
achieved in 86.2 % of the cases in the microperc group and 
in 82.5 % of the cases in the mini-PNL group (p = 0.66). 
The tubeless procedure rate was significantly higher in the 
microperc group (p < 0.001). A total of 4 patients (2 from 
each group) required conversion to mini-PNL or stand-
ard PNL because of technical problems such as impaired 
visualization or inability to reach the stone due to short 
optic size. In Group-2, duration of hospitalization was 
significantly longer than in Group-1 (2.63 vs. 1.55 days; 
p < 0.01). The clinical and operative outcomes are summa-
rized in Table 2.

Discussion

Although PNL is the recommended standard treatment 
option for large renal calculi, the treatment of medium-size 

stones is regarded as a topic of debate because of the vari-
ety of treatment options. In the last three decades, SWL 
has been applied for renal calculi with acceptable success 
rates. However, since unfavorable anatomical factors such 
as infundibulo-pelvic angle, length of infundibulum, and 
spatial arrangements of the lower pole calices may affect 
the stone clearance following SWL [10, 11], EAU guide-
lines recommend SWL as the primary treatment modality 
for stones 10–20 mm in size. In cases with challenging ana-
tomical factors, endourological methods (f-URS and PNL) 
are treatment alternatives [1].

PNL is considered a more efficient treatment modality 
than SWL and is not affected by anatomical factors. In the 
study comparing outcomes of PNL and SWL in lower calyx 
stones, stone-free rates were reported to be 90 and 59 %, 
respectively [3]. In a randomized, prospective study com-
paring SWL and PNL for renal calculi ≤3 cm, success rates 
of PNL for lower calyx stones were significantly higher than 
with SWL [12]. According to the findings of that study, suc-
cess of SWL was clearly affected by stone size. The compli-
cation rate was higher in the PNL group, but the difference 
was not statistically significant (p = 0.087).

With the introduction of new generation of flexible ure-
terorenoscopes and the Holmium YAG laser, f-URS has 
gained wide acceptance in the treatment of kidney stones; 
however, like SWL, the success of f-URS significantly 
decreases in cases of unfavorable anatomical factors such 
as a long, lower calyx infundibulum and acute infundibulo-
pelvic angle (<30°) [11]. In the studies comparing treat-
ment options for lower calyx stones, the success of f-URS 
is reported to be higher than for SWL but lower than for 
PNL [4, 13]. Despite the high stone-free rate, PNL has a 
statistically higher complication rate than f-URS and SWL 
for 1–2 cm kidney stones (13.19, 5.26, and 3.16 %, respec-
tively; p < 0.05) [13]. Although studies comparing different 
treatment options have been published, this is the first to 
compare the mini-PNL and microperc techniques for deal-
ing with lower calyx stones.

Table 1  Demographic values of the patients

BMI body mass index
a Mean ± SD

Micro-PNL  
(Group-1)

Mini-PNL  
(Group-2)

p

N 58 40

Male/female 34/24 24/16 0.78

Age (years)a 45.90 ± 14.44 43.08 ± 12.31 0.33

BMI (kg/m2) 27.8 ± 4.0 27.5 ± 4.4 0.64

Stone site (right/left) 24/34 18/22 0.44

Stone size (mm)a 13.97 ± 3.62 16.13 ± 6.97 0.07

Table 2  Comparison of 
postoperative outcomes

a Mean ± SD
b Stone-free rate at first month

Micro-PNL Mini-PNL p

Operative time (min)a 43.02 ± 27.98 52.25 ± 23.09 0.006

Fluoroscopy time (s)a 112.05 ± 72.5 138.53 ± 56.39 0.006

Hospitalization (days)a 1.55 ± 0.95 2.63 ± 1.31 <0.001

Hematocrit drop (%)a 1.96 ± 1.73 3.98 ± 2.44 <0.001

Stone-free rate (n,  %)b 50/58 (86.2) 33/40 (82.5) 0.669

Tubeless rate (n,  %) 54/58 (93.2) 32/40 (80) <0.001

Complications (n,  %) 3 (5.1) 3 (7.5) 0.57

 Urinary tract infection (Clavien II) 2 3

 Renal colic requiring D-J stent insertion (Clavien IIIa) 1 0
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In order to achieve a greater success rate and reduce 
complication rates, the PNL procedure has been applied 
to smaller sized tracts. Mini-PNL was initially introduced 
as a modified PNL technique performed through smaller 
tract sizes (<20 Fr), especially for pediatric cases [14, 15]. 
Today mini-PNL is the recommended treatment alternative 
because of its acceptable success rate and lower compli-
cation rate for medium-size renal calculi. With the recent 
advances in optic technology, the microperc system has 
been developed, allowing safe access with an all-seeing 
needle and stone fragmentation with a laser fiber [16, 17]. 
Owing to its ability to deal with the smallest tract size 
(4.8 Fr), this technique has the advantage of needing no 
tract dilation.

Tepeler et al. presented the outcomes of microperc 
for symptomatic lower calyx stones with a mean size 
of 17.8 mm. In their retrospective study, the authors 
achieved stone-free status in 18 cases (85.7 %) [8]. Com-
plications (urinary tract infection and renal colic requiring 
DJ stent insertion) were observed in 2 patients (9.5 %). 
The mean hemoglobin drop was reported to be 0.8 g/dl 
and blood transfusion was not needed in any of the cases. 
On the other hand, microperc limitations are inability to 
remove fragments, risk of increased intrarenal pressure, 
low optic resolution, and a fine needle shaft that hinders 
excessive torque. Compared to microperc, mini-PNL 
allows better visualization and fragment removal through 
a tract enlarged by multiple steps of tract dilation. Nagele 
et al. used mini-PNL to treat 29 patients with lower pole 
stones of 8–15 mm [6]. In their study, they reported a 
mean hemoglobin drop of 1.2 g/dl and duration of hospi-
talization to be 3.2 days. Stone-free status was achieved 
in 28 cases (96.5 %). In the present study, the stone-free 
rate was comparable in both the groups (86.2 vs. 82.5 %; 
p = 0.66).

A recently published study comparing SWL, f-URS, 
microperc, and mini-PNL for medium-sized (10–20 mm) 
renal calculi reported stone-free rates of 77.2, 86.1, 88.8, 
and 83.6 %, respectively (p = 0.006) [18]. Stone loca-
tion significantly affected the success of SWL, but not 
of the f-URS or PNL techniques. Microperc had a sig-
nificantly lower complication rate compared to mini-PNL 
(6.7 vs. 21.8 %). Blood transfusion rate was statistically 
higher in the mini-PNL group compared to the other 
groups (p = 0.001). No statistically significant difference 
was reported in terms of hospitalization time between the 
groups. Besides the findings of this study that examined 
stones in different locations in the kidneys, to the best of 
our knowledge, the present study is the first to compare the 
success rates of mini-PNL and microperc for medium-sized 
lower calyx stones. Specifically, in the microperc group, 
fluoroscopy and hospitalization times were significantly 
shorter than their mean values in the mini-PNL group 

(p = 0.006, 0.006, respectively; p < 0.001). These differ-
ences may be related to the microperc group’s lack of need 
for tract dilation as well as its high tubeless procedure rate. 
Similar to the findings of a previously mentioned article, in 
the present study the microperc procedure was found to be 
associated with decreased blood loss (p < 0.001).

Some limitations of this study should be highlighted, 
particularly the retrospective design and relatively small 
sample size. The other limitation is that the data were 
obtained from three referral centers. Due to concerns of 
radiation exposure, CT with the highest specificity in 
detecting small residual fragments was not used in all cases 
for the assessment of stone-free status. Despite the limita-
tions, we trust that this study contributes to the literature 
regarding the treatment of medium-sized lower calyx 
calculi.

Conclusion

Treatment alternatives for medium-sized lower calyx stones 
include microperc and mini-PNL. These share similar suc-
cess and complication rates; however, outcomes of the pre-
sent retrospective study show that microperc is preferable, 
being associated with lower blood loss, reduced fluoros-
copy, and hospitalization time, and a higher tubeless rate.
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