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Abstract
Introduction Reducing the percutaneous nephrolithotomy (PCNL) tract size reduces the morbidity associated with the 
procedure. Prolonged procedure time is a concern. Modification in technique required is to fragment the stone into smaller 
particles and remove them using the vacuum cleaner effect. This prospective study compares the efficacy and morbidity of 
reducing the tract size from the standard 24–16.5 Fr for stones sized from 16 to 30 mm.
Methods 123 patients were enrolled in this prospective study and distributed into 2 groups based on the tract size used (group 
A 16.5/17.5 Fr Miniperc, N = 61 and group B: 22/24 Fr standard PCNL, N = 62). Critical factors assessed were procedure 
time, fluoroscopy time, blood loss, pain score, stone clearance status and complications.
Results Both the groups were comparable with respect to age, creatinine and stone size. The blood loss (hemoglobin and 
PCV drop) was significantly less for group A (p < 0.001). Both the groups were comparable with regards to the pain score 
(p > 0.05). Nephrostomy was placed in 3 patients in group A and 14 patients in group B (p = 0.01). There was no significant 
difference in the procedure time amongst the 2 groups. A total of 9 patients (4 in group A and 5 in group B) had residual 
fragments greater than 3 mm.
Conclusion The 16.5 Fr Miniperc tract offers lower morbidity in terms of blood loss and maintains stone clearance compa-
rable to larger 24 Fr tract size. It should be the ideal size used for medium sized renal stones.

Keywords Miniperc · PCNL · Tract size · Renal calculi · Bleeding · Tubeless

Introduction

PCNL is the standard treatment of choice for renal stones 
more than 20 mm and an accepted option of treatment for 
smaller renal stones [1]. Though associated with excellent 
stone clearance rates, PCNL has not been without it is share 
of complications. Complications are generally related to the 
initial puncture with injury of renal blood vessels and the 
surrounding organs (e.g., pleura, colon, spleen, liver, and 
lung). The most common complications include postopera-
tive bleeding and fever [2].

Bleeding has been the most feared and evaluated com-
plications leading to modifications in the technique to 
reduce the incidence and amount of significant blood loss. 
The significant factors associated with hemorrhage during 

percutaneous renal surgery are larger sheath size, prolonged 
operative time, case load (center volume: low/mid/high), 
greater stone burden and multiple tracts [3, 4].

Attempts to reduce the blood loss during PCNL by reduc-
ing the tract size and hence the parenchymal and infundibu-
lar trauma gave rise to the concept of Miniaturization in 
PCNL. Jackman et al. [5] defined ‘Miniperc’ as a percutane-
ous nephrolithotomy achieved through a sheath too small to 
accommodate a standard rigid nephroscope. Although stand-
ard nephroscopes have shaft calibers of 24–30 Fr, so-called 
‘Miniperc’ instruments have smaller dimensions ranging 
10–20 Fr. Schilling et al. have proposed a uniform terminol-
ogy for PCNL based on the outer sheath size (XL ≥ 25 Fr; 
L 20 to < 25 Fr; M 15 to < 20 Fr; S 10 to < 15 Fr and XS 5 
to < 10 Fr) [6].

Diminished intraoperative field visibility, the need for 
fragmentation by laser into very small stones suitable for 
ureteroscopic graspers and/or baskets, and the small sheath 
for fragment retrieval were the reasons for longer operative 
time and lower stone free rates [7]. However, recent studies 
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in the last decade have established the success of MiniPerc 
for medium sized stones [8–13].

This prospective study compares the efficacy and morbid-
ity of miniaturizated PCNL as compared to standard PCNL.

Methods

123 patients were enrolled in this prospective study from 
April 2015 till June 2017 and distributed into 2 groups based 
on the tract size used to clear the stone (group A: Miniperc, 
16.5/17.5 Fr, N = 61 and group B: standard PCNL, 22/24 Fr, 
N = 62).

Medium to large renal stones were included in the study. 
X-ray KUB was used to assess the size of the stone preop-
eratively. The largest dimension of stone in mm or cumula-
tive largest dimension of multiple stones was considered as 
size of stone. Procedures requiring more than 1 tract were 
excluded from the study.

Informed consent was obtained from patients for under-
going the procedure.

All the procedures were done by a single surgeon under 
regional spinal anesthesia in prone position. Patients were 
initially placed in a lithotomy position. Cystoscopy was done 
with a rigid cystoscope, and a ureteral catheter was placed 
in the ureter.

The patients were randomized in this prospective trial 
with blinded draw of chit from a closed box.

Fluoroscopic guided access using the triangulation tech-
nique was achieved. The calyx that offered access to the 
maximum stone burden was selected. The entry point was 
selected such that the entry point, cup of the calyx, infundib-
ulum and the pelvis should be in a straight line. A 0.035 in. 
Terumo glide wire was passed and placed preferably into the 
ureter. The tracts were initially dilated with a 10/14 Fr Tef-
lon dilator. Subsequent dilatation and placement of access 
sheath was done in both the groups as a one step dilatation. 
In the Miniperc group, the 16.5/17.5 Fr sheath with it is sin-
gle step dilator was then passed over the glide wire. In group 
B, the 22/24 Fr sheath was threaded over a 22 Fr Amplatz 
dilator and passed over the glide wire.

The equipment used comprised of: 16.5/17.5 Fr sheath 
with 12 Fr nephroscope (Nagele Modular MIP System, Karl 
Storz, Germany) (Fig. 1) for group A and 22/24 Fr Amplatz 
sheath (Cook) with 20.5 Fr Nephroscope (Richard Wolf, 
Germany) (Fig. 2) for group B.

Calculus fragmentation was achieved using holmium 
laser/pneumatic energy. Settings in case of holmium laser 
energy were 1 J power and 10 Hz frequency (10 W). All the 
fragments were retrieved using the vacuum cleaner effect 
and simultaneous saline flushing from the retrogradely 
placed ureteric catheter. Calculus clearance was confirmed 
under endocamera vision and fluoroscopy guidance in both 

0° and 30° axis. The need for placement of indwelling dou-
ble J vs temporary ureteric catheter as well as the need for 
nephrostomy drainage tube was as per the surgeon’s decision 
and discretion. The urethral catheter was removed 24–48 h 
post-procedure in case of a tubeless procedure. Nephros-
tomy tube if placed was of 14 Fr in both the groups and was 
removed 24-h post-procedure after confirming clear urine 
and absence of any fever. The urethral catheter was subse-
quently removed once the leakage from the nephrostomy site 
had dried up for a minimum of 12 h.

Demographic details recorded included age, sex, body 
mass index (BMI), stone size (mm), side and location, cre-
atinine levels and calyx of entry.

Critical factors assessed were procedure time, fluoros-
copy time, blood loss, pain score, exit strategy, stone clear-
ance status and complications.

The procedure time was the time taken from the first 
attempt to puncture till the removal of sheath at the end of 
the procedure with or without the placement of nephrostomy 
drainage tube. The fluoroscopy time was also assessed for 
the same interval.

Blood loss was calculated by drop in hemoglobin and 
hematocrit between the preoperative levels and levels 
obtained 48 h postoperatively. The pain score was assessed 
using the visual analog pain score at 6 and 24 h. Analge-
sics were administered postoperatively only on demand. 
Diclofenac sodium was the preferred analgesic when 

Fig. 1  Miniperc set

Fig. 2  Standard PCNL set
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required. Patients with known allergy or hypersensitivity to 
diclofenac or those with raised serum creatinine (> 1.5 mg%) 
were administered 100 mg Tramadol on requirement. Any 
intra or postoperative complication was noted.

Stone clearance status was assessed by X-ray KUB and 
ultrasonography done at 1 week and 1 month postopera-
tively. Absence of residual fragments > 3 mm was consid-
ered as complete clearance status. The findings at 1 month 
after the procedure were taken into consideration. Patient 
was considered stone free only after both the investigations 
showed no residual fragments > 3 mm. If either or both of 
the USG and X-ray showed a residual fragment, the larger 
reported residual stone fragment size was considered.

Statistical analysis

All the data were prospectively entered in Excel sheets. Dis-
crete categorical data were expressed as number and per-
centage. Continuous data were expressed as mean ± stand-
ard deviation. Categorical variables were analyzed using 
the Pearson’s Chi-square test. Continuous variables were 
compared between the two groups using independent sam-
ples Student’s t test. A p value < 0.05 was considered as 
significant.

Results

Both the groups were equally matched with respect to age, 
BMI (body mass index), creatinine levels, stone size and 
location and calyx of entry. The details are tabulated in 
Table 1.

Results of the critical factors evaluated are tabulated in 
Tables 2 and 3.

There was no significant difference in the procedure time 
or the fluoroscopy time amongst the 2 groups. The Miniperc 

group had significantly lower blood loss as compared to the 
standard PCNL group (0.87 vs 1.48 g%; p < 0.001). None 
of the patients required procedure related blood transfu-
sion. There was no statistically significant difference in 
the pain score at 6 or 24 h or in the analgesic requirement 
amongst the 2 groups. Tubeless procedure (no nephrostomy 
drainage tube) was done in more patients in the Miniperc 
group (58/61; 95.08%) vs the standard PCNL group (48/62; 
77.41%).

The stone clearance rates were similar for the 2 groups. 
None of the patients in our study had Clavien-Dindo grade 
3 or higher complications. 2 patients (one of each group) 
had fever postoperatively that persisted for more than 24 h 
requiring prolonged course of intravenous antibiotics and 
prolonged hospital stay. Two patients in the Miniperc group 
and one in the standard PCNL had small pelvic wall perfo-
rations. Nephrostomy tube and an indwelling DJ stent were 
placed in these patients. One patient, who underwent a tube-
less Miniperc with ureteric catheter for 48 h, 5 days later 
presented with steinstrasse and ureteric colic. He was man-
aged conservatively and was subsequently stone free without 
any intervention. 4 patients in the Miniperc group and 14 
patients in the standard PCNL group had intraoperative ooz-
ing disturbing vision. This was one of the main reasons for 
higher incidence of nephrostomy tube placement in standard 
PCNL group.

Discussion

The aim of this prospective randomized series was to com-
pare the perioperative and postoperative outcome of con-
ventional PCNL vs Miniperc for medium to large burden 
renal calculi. In our series, both conventional PCNL and 
Miniperc were effective and safe procedures. While com-
plications were comparably rare in both groups, Miniperc 

Table 1  Demographic details

Miniperc Standard PCNL p

Tract size (Fr) 16.5/17.5 22/24
No cases 61 62
Age 41.95 ± 13.53 (range 10–69 years) 40.3 ± 14.2 (range 14–68 years) 0.26
BMI 27.1 ± 5.87 25.54 ± 3.58 0.1
Stone size (mm) 20.6 ± 3.47 (range 16–30 mm, median 20 mm) 21.5 ± 3.53 (range 16–30 mm, median 22 mm) 0.1
Creatinine (mg%) 1.15 ± 0.49 1.22 ± 0.73 0.27
Side (left/right) 28/33 32/30 0.5
Stone location Renal pelvis 49, lower calyceal 4, middle calyceal 3, 

upper calyceal 2, partial staghorn (pelvis and lower 
calyceal extension) 3

Renal pelvis 48, lower calyceal 3, middle calyceal 3, 
upper calyceal 3, partial staghorn (pelvis and lower 
calyceal extension) 5

0.9

Puncture site (upper calyx/
middle calyx/lower 
calyx)

7/16/38 8/13/41 0.8
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demonstrated efficacy equal to conventional PCNL with 
regards to stone clearance rates.

The morbidity of PCNL is due to its blood loss, local 
pain and leakage from the nephrostomy site post-nephros-
tomy tube removal. Miniperc has been well established to 
be associated with reduced blood loss, while maintaining 
the same success rates [8–12]. Our study demonstrated 
similar results (Table 2). In a meta-analyses comparing 
mini-PCNL to standard PCNL, blood loss and blood 
transfusions were significantly greater in the conventional 
PCNL group [13]. Operative time was longer in mini-
PCNL, but overall hospital stay was shorter. Stone free 
rate was similar [13]. The major disadvantage of small 
instruments is that smaller stone fragments that fit through 
the narrower sheaths must be obtained, leading to longer 
operative times.

Lange and Gutierrez [14] in a comparative study for 
stones ranging from 1 to 3.5 cm found no significant dif-
ference in residual stone burden, operative time, or postop-
erative analgesic use between standard PCNL (30 Fr) and 
mini-PCNL (16.5 Fr). There was significantly less blood loss 
(p = 0.02) in the mini-PCNL group. Our study demonstrated 
no difference in the procedure time between the 2 groups 
(25.46 ± 11.9 min for Miniperc group vs 24.68 ± 12.45 
for standard PCNL; p > 0.1, nonsignificant) (Table 2). We 
believe that mastering the proper technique of stone frag-
mentation and retrieval helps reducing the operative time 
and also reduces the chances of fragment migration. Laser 
energy was used for stone fragmentation in all the Min-
iperc cases in our study. We used a 365 μm fiber. The aim 
was to dust the stone into small particles < 3 mm for easy 
retrieval. Hence, initial fragmentation was done with 10 Hz 
frequency and 0.8–1 J energy. Subsequently the joules were 
increased and frequency reduced to target and breaks any 
residual large fragment. Stone retrieval was achieved using 
the vacuum cleaner effect described by Nagele et al. [15]. 
Trapping the fragments in a bubble of low pressure in front 
of the sheath followed by repeated advancing and withdraw-
ing movements of the telescope out of the sheath combined 
with saline flushing from the ureteric catheter helped remove 
all the fragments. At the distal end of the sheath, a specially 
designed trumpet like mouth allows optimized dropping 
of the fragment at the moment the pseudocavity collapses 
when leaving the surrounding sheath (Fig. 3). The use of 
stone retrieval forceps or baskets was reduced to removal 
of occasional clots in the pelvicalyceal system in very few 
cases. In comparison, we used laser/pneumatic energy in 
standard PCNL and the large fragments were retrieved using 

Table 2  Critical factors evaluated

Bold values indicate significant values

Miniperc Standard PCNL p

Tract size (Fr) 16.5/17.5 22/24
No cases 61 62
Procedure time (min) 25.46 ± 11.9 24.68 ± 12.45 0.36
Fluoroscopy time (s) 170.98 ± 68.00 180.48 ± 78.12 0.24
Nephrostomy placed (14 Fr) 3/61 (2 with ureteric catheter; 1 with DJ 

stent)
14/61 (5 with ureteric catheter; 9 with DJ 

stent)
0.01

No nephrostomy drainage (tubeless) 58/61 (95.08%) (tubeless with ureteric 
catheter 34; tubeless with DJ stent 24)

48/62 (77.41%) (tubeless with ureteric 
catheter 27; tubeless with DJ stent 25)

0.01

Hb drop (g%) 0.87 ± 0.72 1.48 ± 0.83 < 0.001
PCV drop (%) 2.65 ± 2.14 4.25 ± 2.47 < 0.001
Pain 6 h 2.26 ± 0.68 2.47 ± 0.95 0.07
Pain 24 h 1.54 ± 0.99 1.73 ± 1.01 0.15
Analgesic requirement (1 unit assigned for 

1 dose of 75 mg diclofenac or 100 mg 
tramadol)

0.3 ± 0.54 0.43 ± 0.65 0.08

Stone clearance status 57/61 (93%) 57/62 (91.9%) 0.99

Table 3  Analyses of pain score

Bold values indicate significant values

N Pain score 6 h Pain score 24 h

Tubeless 106 2.29 ± 0.76 1.30 ± 0.97
Nephrostomy present 17 2.82 ± 1.01 1.76 ± 0.97
p value 0.01 0.05
Tubeless with DJ stent 45 2.09 ± 0.42 1.59 ± 0.82
Tubeless with ureteric 

catheter for 24–48 h
61 2.39 ± 0.9 1.1 ± 1.00

p value 0.54 0.001
Miniperc tubeless 58 2.24 ± 0.66 1.28 ± 1.06
Standard PCNL tubeless 48 2.34 ± 0.87 1.33 ± 1.07
p value 0.25 0.36
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stone grasping forceps. There was a tendency of larger frag-
ments to migrate into other calyces, hence increasing the 
time to search these fragments and probable bleeding due 
to increased nephroscope manipulation and torque. The 
longer time taken to dust the stone in Miniperc is balanced 
by the reduced time to retrieve the dust, absence of repeated 
movements of stone grasping and removal as in standard 
PCNL and reduced fragment migration. Reduced bleeding 
and improved vision also contribute to bringing down the 
operative time in MiniPNL. We believe that the design of 
the Nagele Modular MIP system with the use of dusting of 
stone with holmium laser energy is the key step in the suc-
cess of Miniperc.

Ganesamoni, Sabnis and colleagues compared the stone 
fragmentation characteristics and outcomes of laser litho-
tripsy and pneumatic lithotripsy in Miniperc for renal cal-
culi [16]. Laser lithotripsy was associated with lower stone 
migration and easier retrieval of the smaller fragments it 
produces. The need for fragment retrieval using a basket 
was significantly more in the pneumatic lithotripsy group. 
The hemoglobin drop, complication rates, auxiliary proce-
dures, postoperative pain, and stone clearance rates were 
similar between the groups. The ability to alter the settings 
to optimize the fragmentation and reduce migration was an 
important advantage of laser lithotripsy. Bellman and col-
leagues compared fragment sizes obtained after different 
intracorporeal lithotripsy energy devices. There were no 
holmium:YAG fragments greater than 4 mm, whereas there 
were for the other lithotrites [17]. Holmium:YAG had signif-
icantly greater weight of fragments less than 1 mm compared 
to the other lithotrites. These findings imply that fragments 
from holmium:YAG lithotripsy are more likely to pass with-
out problem compared to the other lithotrites. Furthermore, 
the significant difference in fragment size adds evidence that 
holmium:YAG lithotripsy involves vaporization.

Combination devices incorporating ultrasonic and pneu-
matic lithotripters with simultaneous suction (Lithoclast 

Ultra; Swiss EMS or the Shockpulse; Olympus) could 
improve fragmentation and clearance rates and time [18, 
19]. Recently several urologic device manufacturers have 
developed novel instruments, known as laser suction hand-
pieces (LSHP), that couple the Ho YAG laser with suction 
for use during PCNL. These include the LASER Suction 
Tube (Karl Storz, Germany), LithAssist (Cook Medical), 
and the Suction HP (Lumenis, Israel) with outer diameters 
of the suction tubes of 12, 11.6, and 11.3 Fr, respectively 
[20, 21]. Due to the small luminal size and limited suction, 
low pulse energy, high frequency laser settings, commonly 
referred to as dusting are advisable in an effort to reduce 
stone into a fine powder amenable to evacuation [21]. A 
4.5 Fr suction tube with a laser sheath for a 365 µm fiber has 
been introduced by EMS. This can pass through the working 
channels of the miniaturized PCNL scopes [22]. Further tri-
als would be required to compare these devices and assess 
the advantages they offer.

Tubeless procedures reduce the morbidity of the proce-
dure [23, 24]. The nephrostomy drainage tube is known to be 
associated with increased pain and prolonged urinary leak-
age post-removal of the tube. An uncomplicated procedure 
with relative lack of bleeding and no significant residual 
fragment of > 3 mm allows the surgeon to confidently per-
form a tubeless procedure. In our study, only 3 patients in 
the Miniperc group had a nephrostomy drainage tube post-
operatively as compared to 14 patients in standard PCNL 
(p = 0.01; Table 2). In a series of 94 patients treated by 
Desai and colleagues with ultraminiperc (UMP) for stones 
ranging from 1 to 2 cm, 92% were tubeless [25]. Similar 
results were noted by Mishra [8] and Knoll [9] in their series 
as well. Tubeless procedures directly impacts length of stay, 
postoperative pain and ultimately patient satisfaction. The 
choice between an indwelling double J stent and a tempo-
rary ureteric catheter was based on the procedural findings. 
Severe edema as in an impacted calculus, suppressed func-
tion or narrowing of the UPJ were indications of placing an 
indwelling double J stent.

The correlation of tract size and pain has been contro-
versial. Knoll et al. [9] in their study noted that tubeless 
Miniperc showed a lower pain score as compared to stand-
ard PCNL with nephrostomy. They mentioned that further 
studies would be required to evaluate whether this observa-
tion was because of replacement of the nephrostomy tube 
in standard PCNL by a double J stent or reduced tract size 
of Miniperc. The majority of our cases in both the groups 
were tubeless. The pain score at 6 and 24 h was lower in the 
Miniperc group as compared to standard PCNL though the 
difference was not statistically significant (p at 6 h = 0.07; p 
at 24 h = 0.15; Table 2).

We further redistributed the data into a tubeless and 
presence of nephrostomy groups (Table 3). The tubeless 
patients were further analyzed with respect to the tract size 

Fig. 3  The Nagele Miniperc modular sheath (Storz, Germany) with 
trumpet shaped external end
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and presence of double J stent vs a temporary ureteric cath-
eter for 24 h. Presence of nephrostomy tube postoperatively 
was associated with higher pain score (p = 0.01 at 6 h and 
p = 0.05 at 24 h). Amongst the tubeless procedures, there 
was no difference in the pain scores between the Miniperc 
and standard PCNL patients. This proves that reducing the 
tract size is not associated with reduction in the pain score. 
Placement of indwelling double J stent has a significantly 
higher pain score at 24 h as compared to placement of tem-
porary ureteric catheter (p = 0.001; Table 3). A temporary 
ureteric stent placed for 24–48 h reduces the morbidity of the 
indwelling double J stent and the need of secondary proce-
dure to remove the stent without affecting the success rates. 
Absolute indications for a double J stent are a solitary kid-
ney, renal insufficiency, severe edema at the pelvic–ureteric 
junction, concomitant ureteric pathology and presence of 
any complications like bleeding.

There are certain limitations of the study. With respect 
to the imaging studies used to evaluate stone free status we 
used ultrasound and plain KUB film and CT was not used 
on account of economic and radiation concerns as has been 
reported by other authors [26]. Hospital stay was not taken 
into consideration in our study as many patients come from 
rural areas and from a far of distance with poor peripheral 
nursing and medical care facilities. There may be selection 
bias in case of nephrostomy placement or selection between 
double J stent or temporary ureteric catheter.

Conclusion

Miniperc has reduced the morbidity of standard PCNL in 
terms of reduced blood loss without compromising the 
stone clearance rates. Dusting the stone with laser into small 
fragments, use of the vacuum cleaner technique for stone 
retrieval and use of the modular MIP system help reduc-
ing the need of accessory stone retrieval devices, fragment 
migration rate and hence reducing the operative time. The 
longer time taken to dust the stone in Miniperc is balanced 
by the reduced time to retrieve the dust, absence of repeated 
movements of stone grasping and removal as in standard 
PCNL and reduced fragment migration. Reduced bleeding 
and improved vision also contribute to bringing down the 
operative time in Miniperc. It should be recommended pro-
cedure when considering single tract PCNL for stones rang-
ing from 1.5 to 3 cm in size.
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