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Modified tubeless minimally invasive percutaneous nephrolithotomy for
management of renal stones in children: A single-centre experience
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ABSTRACT

Objectives: To evaluate the safety, effectiveness and morbidity, as well as the usefulness of
a modified supine mini-percutaneous nephrolithotomy (PCNL) for managing renal stones in
children.

Patients and methods: We studied 50 children, from September 2017 to September 2018,
who were aged 4-16 years with a single renal pelvic or calyceal stone of <2 cm. We used
a 9-F short ureteroscope through a 16-F metal access sheath with an alternative approach
that allows a second percutaneous procedure using the same tract. If a residual stone was
present, we recovered the track back through the exteriorised ureteric catheter at the flank.
Results: Of all 50 patients, 48 (96%) underwent the modified supine mini-PCNL technique,
which produced a primary stone-free rate of 80% that increased to 100% after treating the
residual stones by a second look. The mean operative and fluoroscopic times were 89.10 and
7.68 min, respectively. One case (2%) had significant bleeding and one case (2%) had pelvic
perforation; and a nephrostomy tube was inserted in both cases. The mean haemoglobin drop
was 0.91 g/dL (P < 0.001). The mean hospital stay was 1.42 days and the mean pain score was
2.08, the pain score was 5 in the two cases in which a nephrostomy tube was inserted.
Conclusion: The modified supine mini-PCNL is a safe and effective method for managing
renal stones in children, with less postoperative pain and discomfort, less analgesic require-
ment, and provides access back for a second look.

Abbreviations: ESWL: extracorporeal shockwave lithotripsy; Hb: haemoglobin: PCNL: percu-
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Introduction

Renal stone disease in children is uncommon. However, it
represents a clinical management dilemma due to the
size of the urinary tract and the risk of recurrence. The
majority of renal stones are due to metabolic disorders or
infection with a high risk of recurrence [1]. In the past,
open surgery was the only treatment modality available
to children, and multiple open operations with their
related morbidities were not an uncommon occur-
rence [2].

According to the updated European Association of
Urology (EAU) guidelines, percutaneous nephrolithotomy
(PCNL) is recommended as the therapy of choice for large
renal calculi (>2.0 cm) and also for smaller stones
(1.0-2.0 cm) of the lower renal pole when unfavourable
factors for extracorporeal shockwave lithotripsy (ESWL)
exist [3]. Excellent stone-free rates (SFRs) after PCNL have
been reported, ranging from 76% to 98% [4].

Recently, minimally invasive PCNL or mini-PCNL was
developed to decrease morbidity associated with larger
instruments such as blood loss, postoperative pain, and
potential renal damage. Mini-PCNL is performed with
a miniature endoscope via a small percutaneous tract

(11-20 F). Mini-PCNL was described as an alternative
percutaneous approach to large renal stones in the pae-
diatric patient population. Furthermore, it has become
a treatment option for adults as well, and it is used as
a treatment for calculi of various sizes and locations [5].

The placement of a nephrostomy catheter at the
end of the PCNL has been considered the standard
procedure, which is thought to act as a tamponade to
stop bleeding, provide adequate renal drainage, and
make an additional nephroscopy easier [2]. However,
nephrostomy catheters have been associated with
prolonged hospitalisation, urine extravasation, and
significant postoperative pain and discomfort [6].

In recent years, there has been an increase in the
number of percutaneous surgeries that, once the proce-
dure has been completed, dispense with the use of
nephrostomy, leaving internal drainage through a JJ or
ureteric catheter. This modality, known as ‘tubeless’, has
been shown to cause less postoperative pain, reduce
analgesia requirements, and shorten hospital stays [7].
The major disadvantage of tubeless PCNL is losing the
option to perform an early second-look nephroscopy in
cases of residual stones, considering that up to 16% of
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tubeless PCNL require some type of auxiliary procedure
to render the patient stone-free [8].

Placement of an external 5-F ureteric stent below
the renal pelvis after the mini-PCNL without a JJ stent,
modified tubeless mini-PCNL would provide adequate
drainage of the kidney and minimise postoperative
discomfort without complications and the possibility
of a second-look nephroscopy [6].

In the present study, we report our experience of
a modified supine mini-PCNL in the management of
renal stones in children using a 9-F short ureteroscope
through a 16-F metal access sheath with an alterna-
tive approach that allows a second percutaneous pro-
cedure using the same tract.

Patients and methods

Between September 2017 and September 2018 50
patients, aged 4-16 years, admitted to the Urology
Department presenting with a single renal pelvis or caly-
ceal stone (1-2 ¢cm) were treated using the modified
tubeless mini-PCNL technique. The diagnosis was
achieved by pelvic abdominal ultrasonography, plain
X-ray and CT in all patients. Exclusion criteria were:
untreated UTIs; uncorrectable coagulopathy; congenital
anomalies in the kidney, such as ectopic pelvic kidney or
horseshoe kidney; unfavourable anatomy; and multiple or
Staghorn stones. Informed consent was obtained from
the parents of all patients. Preoperative laboratory inves-
tigations included complete blood count, coagulation
profile, liver and renal function tests, urine analysis, urine
culture in cases of UTI, and fasting blood sugar.
Prophylactic antibiotics were administered routinely.
General anaesthesia was used in all patients according
to the standard technique.

Post-procedural radiological screening (ultrasonogra-
phy and radiography) was done to evaluate the extent
of stone clearance within 2 weeks of surgery.
Postoperative stone-free status was defined as no visible
stones on imaging or residual fragments of <0.4 cm.

Patients’ demographic data, stone characteristics, pro-
cedural information (operative time, fluoroscopic time,
intraoperative morbidity, PCNL puncture access time
and access trials, patient position, and blood transfusion),
post-treatment outcomes (postoperative haemoglobin
[Hb], mean Hb drop, SFR, hospital stay, and analgesic
requirement) were prospectively documented.

Operative technique

The patient was placed in lithotomy and a 5-F retrograde
end-flushing ureteric catheter was inserted. The tip of the
catheter was sited at the renal pelvis or within the upper
pole calyx, and its position was confirmed by instilling
a small amount of radiographic contrast medium into the
collecting system. A Foley catheter, (6-10 F) depending

on the patients’ age and urethral calibre, was inserted per
urethra and taped to the ureteric catheter.

In all 50 patients, we performed the manoeuvre in
a supine position with the side of interest at the edge of
the table with a small cushion placed under the flank to
elevate it 15-20 °, followed by sterilisation of the skin with
povidone-iodine 10% solution and draping of the patient.
The patient was kept warm throughout the procedure
because of the increased risk of hypothermia in the pae-
diatric population.

The renal collecting system was opacified by retro-
grade injection of contrast medium via the end-
flushing catheter, and a mobile fluoroscopy C-arm
was used to identify the calyx to be punctured. The
selected calyx was punctured under fluoroscopic gui-
dance. Once the calyx was accessed, an angled-tip,
0.089 cm (0.035 inch) diameter, 180 cm length, hydro-
philic guidewire was negotiated past the stone into
the distal ureter and preferably into the bladder.

The track was then dilated sequentially using plastic
fascial dilators of 6, 8, and 10 F up to 16 F (Figure 1). The
16-F metal sheath was then passed over the 16-F dilator
(Figure 2), and once the tip of the sheath was confirmed
to be within the collecting system, the dilator was
removed under fluoroscopic guidance (Figure 3). Stones
were fragmented using a semi-rigid 9-F short uretero-
scope and pneumatic lithoclast, and the fragments
removed sequentially by using various types of stone
grasping (Figure 4).

For those cases in which the decision was made to
perform the modified supine mini-PCNL, the ureteric
catheter was exteriorised through the 16-F sheath
using ureteroscope forceps (Figure 5)

In the cases where a single J was antegradely inserted,
a straight 0.089 cm (0.035 inch) diameter guidewire was
retrogradely inserted through the ureter then this wire
was exteriorised through the 16-F sheath and with the
use of ureteroscope forceps a single J was inserted over
this wire under fluoroscopic guidance (Figure 6).

The incision of the nephrostomy tracts was closed
with silk sutures. In cases in which the patient was cate-
gorised as stone free, the ureteric catheter was with-
drawn along with the Foley catheter. In the presence of
residual stones and the need for a second-look, the
patient was taken to the operating room, placed under
general anaesthesia and a flexible guidewire was inserted
through the catheter lumen, recovering the trajectory.

Results

This study included 50 patients (32 boys and 18 girls) with
a solitary renal pelvis or calyceal stone (right side in 20
patients and left side in 30). The mean (SD; range) age of
the patients was 8.64 (3.19; 4-16) years. Four patients (8%)
had a history of ipsilateral pyelolithotomy, while three
patients (6%) had had ipsilateral ESWL. The mean (SD;
range) stone size, operative and fluoroscopy times were
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Figure 1. The 16-F dilator.

Figure 3. The 16-F sheath after removal of dilators.

1.52 (0.29; 1-2) cm, 89.10 (29.39; 40-120) min, 7.68 (2.21;
3-10) min, respectively. In all, 40 patients (80%) had radio-
paque stones and 10 (20%) had radiolucent stones
(Table 1). The mean (SD; range) hospital stay was 1.42
(0.53; 1-3) days. The mean (SD) preoperative Hb level was
12.79 (1.0) g/dL and postoperatively was 11.88 (1.08) g/dL;

and the mean (SD; range) Hb drop was 0.91 (0.47; 0.5-2.0)
g/dL (P < 0.001) (Table 2). Although this difference was
statistically significant, it had minimal clinical repercus-
sions, as only one case (2%) had significant bleeding for
which 1 unit blood was transfused. One patient (2%) had
renal pelvic perforation and extravasation, this was a small
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Figure 5. Externalised ureteric catheter at the flank.

Figure 6. KUB of externalised single J at the flank.

perforation and resolved with JJ stenting and conserva-
tive measures; and a nephrostomy tube was inserted in
both cases. Two cases (4%) developed a postoperative
fever.

Externalisation of the ureteric catheter through the
flank was performed in 48 cases (96%). The primary

SFR was 80% that increased to 100% after successfully
treating the residual fragments by a second proce-
dure through the externalised ureteric catheter.

The mean (SD; range) pain score was 2.08 (1.05; 1-5),
the pain score was 5 in the two cases in which
a nephrostomy tube was inserted. The mean (SD) post-
operative analgesia was 89.8 (8.52) mg in which we
used diclofenac sodium injection (Table 2). Procedure
complications are listed according to the modified
Clavien-Dindo score [9] in Table 3.

Discussion

Open surgery as a treatment modality for renal stones in
children is now rarely performed. PCNL has been identi-
fied globally as a safe procedure associated with an
appreciable greater success rate along with lesser
major associated surgical complications, thus replacing
open surgeries in many cases [10]. Recently, several
reports have suggested that the risk of bleeding is
associated with sheath size. Thus, to decrease morbidity
related to larger tracts, such as bleeding, postoperative
pain, and potential renal damage, modifications to the



Table 1. Demographic and stone characteristics of the 50
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Table 3. Complications according to modified Clavien-Dindo

children. System.

Variable Value Grade Complication N (%)

Age, years, mean (SD; range) 8.64 (3.19; 4.0-16.0) | Fever 2 (4)

Sex, n (%) 1] Blood transfusion 1)
Male 2 (64.0) llla Urinoma (treated conservatively) 1(2)
Female 18 (36.0) lib Need an intervention under GA 0

BMI, kg/m? IVa Organ injury or dysfunction 0
Mean (SD; range) 20.98 (2.82; 17.0-29.0) IVb Multiple organ injury or dysfunction 0
17-<24, n (%) 45 (90.0) \Y Death 0
224, n (%) 5(100) GA, general anaesthesia.

Past surgical history, n (%)
Left ESWL
Left stone kidney Open . . L .
Right ESWL the perioperative total complication rate, and major

Right stone kidney Open

-ve
Stone size, cm, mean (SD; range)
Stone site, n (%)

Lower calyx 19 (38.0)
Lower calyx + pelvis 2 (4.0
Pelvis 19 (38.0)
Upper calyx 5(10.0)
Middle calyx 5 (10.0)
Stone side, n (%)
Right 20 (40.0)
Left 30 (60.0)
Stone opacity, n (%)
Opaque (80.0)
Lucent 10 (20.0)
Table 2. Perioperative data.
Variable Value

Preoperative Hb, g/dL, mean (SD; range)
Preoperative UTI, n (%)

+ve

-ve
Operative time, min, mean (SD; range)
Fluoroscopic time, min, mean (SD; range)
Blood transfusion, n (%)

Yes

No
Intraoperative morbidity, n (%)

Bleeding

Perforation

-ve
Modified tubeless or not, n (%)

Modified tubeless

With tube
Access time, min, mean (SD; range)
Access trials, n, mean (SD; range)
Postoperative morbidity, n (%)

Fever

-ve
Postoperative Hb, g/dL, mean (SD; range)
SFR, n (%)

Residual (second look)

Stone-free
Hospital stay, days, mean (SD; range)
Pain score, mean (SD; range)

Postoperative analgesia, mg, mean (SD; range)

Hb drop, g/dL, mean (SD; range)

12.79 (1.0; 11.5-14.5)

3 (6.0)
47 (94.0)
89.10 (29.39; 40-120)
7.68 (2.21; 3.0-10.0)

1 (2.0
49 (98.0)

1(2.0)
1(2.0)
48 (96.0)

48 (96.0)
2 (4.0)
1.32 (0.83; 0.25-3.0)
2.58 (1.37; 1-5)

2 (4.0)
48 (96.0)
11.88 (1.08; 9.5-14.0)

10 (20.0)
40 (80.0)

1.42 (0.53; 1-3)
2.08 (1.05; 1-5)
89.8 (8.52; 60-125)
0.91 (0.47; 0.50-2.0)

technique and size of the instruments have been made.
The mini-PCNL was originally developed for the man-
agement of renal stones in paediatric patients [11]. Mini-
PCNL shares a comparable clearance rate as standard
PCNL, but is associated with a lesser Hb drop, hospital
stay, analgesic requirements, and complications [12].
When mini-PCNL performed in children and adults
were compared, there was no significant difference in

complications (Clavien-Dindo Grade IV and V) were
not observed in children [13]. Compared with ESWL,
mini-PCNL has been reported to have significantly
higher SFRs, especially for renal stones >1 cm [14].
While, compared to retrograde intrarenal surgery, mini-
PCNL has shown better SFRs for the management of
larger renal stones (2-3 cm) and large impacted upper
ureteric stones, but similar effectiveness was reported
when treating smaller renal stones between both pro-
cedures [15]. In the standard technique of PCNL,
a nephrostomy tube is placed at the end of the proce-
dure to act as a tamponade to stop bleeding, provide
adequate renal drainage, and makes an additional
endoscopic procedure easier, but it is associated with
prolonged hospitalisation, urine extravasation, and
postoperative pain and discomfort with a higher analge-
sic requirement [6]. Since totally tubeless PCNL was first
introduced by Wickham et al. [16] in 1984 without
external and internal ureteric stents; this approach has
gained in popularity and has been found to be asso-
ciated with shorter hospitalisation, and lower analgesic
requirement and nephrostomy tube site complications,
but it does not provide access back for a second look in
cases of residual stones [6]. The modified supine techni-
que is associated with less postoperative pain and dis-
comfort, lesser hospital stay, less analgesic requirement
and provides access back for a second look [17]. In the
present study, the safety and effectiveness of the mod-
ified supine mini-PCNL was assessed in 50 children.
Our mean operative time was 89.10 min, which was
shorter than that reported by Wah et al. [18], with a mean
operative time of 109.4 min, mostly because they studied
children with larger stones with a median stone burden of
3.44 cm?. Whilst, D'Souza et al. [19] reported a shorter
mean operative time of 58 min, due to use of holmium
yttrium-aluminium-garnet (YAG) laser for stone disinte-
gration in 12 of 20 cases, and they studied children with
smaller stones (median stone burden 1.36 cm). On the
other hand, Desoky et al. [20] reported a mean operative
time of 65.1 min, which was also shorter than our present
study as they operated all cases in the supine position,
which avoids time loss during the change of patient
position to the prone after ureteric catheterisation. The
fluoroscopy time is commonly related to operative time,
our mean (SD) fluoroscopy time was 7.68 (2.21) min,
which is similar to that reported by other studies [18].
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Although we performed all cases under fluoroscopic gui-
dance, we acknowledge that ultrasonography guidance is
preferred, especially in children, to avoid hazards of radia-
tion exposure. In our present study, we support the fact
that mini-PCNL in children is associated with a lesser
incidence of perioperative complications. We had one
case (2%) of significant bleeding for which 1 unit blood
was transfused, one case (2%) had pelvic perforation and
extravasation but it was a small perforation and was
treated with a JJ stent and conservative measures. These
two cases were stone-free and a postoperative nephrost-
omy tube was inserted in both. We also had two cases
(4%) of postoperative fever. Likewise, other studies of
mini-PCNL in children, such as Wah et al. [18] reported
that one patient (4.8%) developed hydrothorax in which
they used a supracostal approach, one patient (4.8%) had
a chest infection, and two patients (9.6%) had positive
urine cultures but no cases needed blood transfusion.
Desoky et al. [20] reported that one patient (4.55%)
needed a blood transfusion; postoperative urinoma
occurred in two patients (9.1%) and resolved with a JJ
stent and conservative measures; postoperative fever
occurred in four patients (18.2%). D'Souza and Paul [19]
reported that one child (5%) developed postoperative
sepsis, one child (5%) developed a postoperative fever,
and two children (10%) needed a blood transfusion. In our
present study, the mean (SD; range) Hb drop was 0.91
(0.47; 0.50-2.0) g/dL, which was comparable to that
reported by Zeng et al. [14] in a retrospective study of
mini-PCNL, which found that in children undergoing
mini-PCNL the mean (SD; range) Hb drop was 1.46 (0.73;
0.2-3.5) g/dL. Mini-PCNL in children is associated with less
bleeding and less blood transfusions than standard PCNL,
as reported by other studies of standard PCNL in children,
such as Ramchandraiah et al. [10]. In that study of 80
children, standard PCNL was performed in 50 kidneys
and mini-PCNL in 40 kidneys, as 10 cases had bilateral
stones, the blood transfusion rate was 6% in the standard
PCNL group, with no bleeding in the mini-PCNL group.
The Dongol et al. [21] study on standard PCNL in 25
children reported a blood transfusion rate of 12%, higher
than the transfusion rate in mini-PCNL studies [18-20].

Rare complications, such as visceral injury due to
access through the retroperitoneal area can occur and
their incidence increases with horseshoe or ectopic
kidneys [22]; in our present study, we did not have
any unusual complications.

In our experience of the modified supine mini-PCNL in
children, externalisation of the ureteric catheter through
the flank was done in 48 cases (96%), whilst in two (4%)
a nephrostomy tube was inserted at the end of the
procedure (one case had a significant bleeding and the
other had renal pelvis perforation). The primary SFR was
80% that increased to 100% after successfully treating the
residual stones via second-look mini-PCNL after recover-
ing the trackback though the externalised ureteric cathe-
ter. This agrees with Zeng et al. [14] who found that the

SFR after a single session of mini-PCNL (initial SFR) was
80.4% that increased to 94.7% after an auxiliary proce-
dure; and the Domenech et al. [7] study of a modified
tubeless technique in which they used polypropylene
suture externalised at the flank through the track and
attached to an internalised ureteric catheter and reported
that two patients (15%) required a second-look mini-
PCNL after which the SFR increased from 77% to 92%.
On the other hand, Wah et al. [18] reported a primary SFR
of 83.6%, probably higher than our present study due to
the use of a paediatric nephroscope and laser lithotripsy
for stone disintegration, which increased to 91.3% after
treating the residual fragments; whilst in 8.7% there was
a failure to establish a satisfactory PCNL tract. Desoky
et al. [20] reported a SFR of 90.9%, which was higher
than our present study most probably due to the larger
diameter of tract (20 F) and the use of laser lithotripsy for
stone disintegration. D'Souza et al. [19] reported
a primary SFR of 90%, which was again higher than our
present study and most probably due to using a 12-F
mini- nephroscope and laser lithotripsy with dusting set-
tings used during lasering.

Our modified supine mini-PCNL technique shortened
the patients’ postoperative hospital stay and lowered
both the pain score and analgesic requirement, as our
mean (SD; range) hospital stay was 1.42 (0.53; 1-3) days.
This agrees with the Domenech et al. [7] study that
reported a median (range) hospital stay of 3 (2-4) days
and Chung et al. [6] who found that the modified tubeless
group had a mean (SD) of 5.9 (2.7) days, which was shorter
than the standard PCNL at 6.8 (2.9) days. On the other
hand, our present mean hospital stay was shorter than
other studies reporting on conventional mini-PCNL such
as Wah et al. [18], who reported a mean (range) hospital
stay of 4.78 (2-11) days, D'Souza et al. [19] reported
a mean hospital stay of 3 days, and Desoky et al. [20]
reported a mean (SD; range) hospital stay of 4.4 (0.9;
3.2-5.9) days.

In our present study, the mean (SD; range) pain score
was 2.08 (1.05; 1-5), with a pain score of 5 in the two
cases in which a nephrostomy tube was inserted, and
the mean (SD; range) postoperative analgesia require-
ment was 89.8 (8.52; 60-125) mg in which we used
diclofenac sodium injection. This agrees with the
Chung et al. [6] study, which found that in the modified
supine PCNL group the mean (SD) analgesic require-
ment was 29.8 (59) mg of diclofenac sodium vs stan-
dard PCNL group in which the mean (SD) analgesic
requirement was 130.5 (177) mg of diclofenac sodium.

Conclusion

We found that the modified supine mini-PCNL in chil-
dren was safe and effective, and associated with a high
SFR, lesser Hb drop and rate of blood transfusion, and
lesser incidence of intraoperative and postoperative
complications. Also, the modified tubeless technique



gives us the perfect combination of less postoperative
pain and analgesic requirement, short hospital stay
and at the same time is considered an alternative
approach to tubeless surgery that allows a second per-
cutaneous procedure using the same tract.

The most important drawback of mini-PCNL is the
lengthy operative time, due to the need for fragmen-
tation into very small stones suitable for ureteroscopic
graspers and/or baskets, and the small sheath which
may lead to diminished intraoperative field visibility.
We think that the technique may be easier when
employing stone dusting using a laser lithotripter.
We recommend also the use of a suction attachment
to the pneumatic lithotripter to decrease the opera-
tive time by the extraction of small fragments.
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