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ABSTRACT

Background: Percutaneous Nephrolithotomy (PNL) is a well-established
technique for the removal of renal stones. Large and complex renal stones
are difficult stones to deal with. Aim of Study: This study is to evaluate
our results of PNL for the treatment of large and complex renal stones
concerningstone-free rates (SFR) and complications. Patients and
Methods: From From 2012 to 2022, four hundred and four renal units
with large and/or complex renal stones were subjected to PNL. Eighty-
nine per cent were males and 11% were females. The average stone
surface area (SA) was 872mm? Results: Stone-free rate (SFR) was 79%
for cases submitted to PNL alone and 88.4% for those managed with
auxiliary procedures. Hospital stay ranged from 2 to 21 days (Av. 3.6 days).
The overall complication rate was 8% and was managed conservatively.
Conclusion: PCNL is a safe and effective procedure for the management
of large and complex renal stones. There was a significant decrease in the
overall stone-free rate and increased complication rates with increased
stone surface area. Stones >1500mm?2 are difficult stones for any modality.
A multimodal approach should be thought of for large and complex renal

stones.

Keywords: Kidney, Kidney Calculi, Percutaneous Nephrolithotomy,

Intracorporeal, Lithotripsy, Large, Complex, Minimally Invasive.
INTRODUCTION

SINCE its introduction into the endourologist’s armamentarium almost
40 years ago [1], percutaneous nephrolithotomy (PNL) has become the

standard of care for patients with large-volume nephrolithiasis.

Innovations in renal access, optics, radiology, and improvements in
lithotripsy all contributed to that modern-day PNL is the minimally

invasiveprocedure of choice for removing large and complex renal stones
[2].
PATIENTS AND METHODS

Between March 2012 and September 2022, three hundred eighty-two

patients with 404 renal units (bilateral in 22 cases) were diagnosed
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as having large and/or complex renal stones. They were
managed by Percutaneous Nephrolithotomy (PNL) at (the
National Institute of Urology and Nephrology, Cairo, Egypt).

Inclusion criteria involved patients with large (SA=300mm?)
and/or complex (Table 1) renal stones. The stone burden was
measured according to the stone surface area (SSA) formula
shown in Fig. (1) on plain UT [3], planimeter [4] or NCCT

software [5].

SA:LxWx?7x025.

SA - Surface Area.

L : Max length of stone on plain UT.
W : Max width.

Figure 1. Stone surface area formula [3].

Eighty-nine Percent of patients were males and 11% were

females. The mean age was 49.3 years (11-81 Ys).

Table 1. Complex renal stones.

Complex Renal Stones

Multiple

Complete Stag

Partial Stag

Caliceal infundibular stenosis
Caliceal diverticulum

Others

All patients were evaluated pre-operatively as regards
urinalysis and urine culture, coagulation profile and renal
function tests. Patients with pyuria were treated with proper
antibiotics according to culture and sensitivity tests and
all patients were operated upon with sterile urine. In cases
with resistant pyuria, the procedure was done under the
cover of proper antibiotics and the collecting system was
drained preliminary by percutaneous nephrostomy. Yet, stone
removal was accomplishedin successive sessions. All patients

with bleeding diathesis were excluded.

Imaging of the urinary tract was carried out by plain UT
and abdominopelvic ultrasonography (US) in all cases. On
diagnosis of renal stones,non- contrast computed tomography
(NCCT) or excretory urography (EXU) was done for detailed

anatomy of the pelvi-caliceal system.
Technique

Most of the cases were operated upon under general

anaesthesia. Epidural anaesthesia was used when indicated
(14.8% Of PNL sessions). An epidural catheter was inserted
targeting a level between T6-T8. The sensory assessment

was done using pinprick and motor assessment by Bromage

score.

Opacification of the collecting system was usually achieved
by retro-grade pyelography (RGP). Ultrasonography (US) was
used to localizethe upper tract in a few cases. In all cases, the

procedure was completed under full fluoroscopic control.

Patients were positioned prone in most of the cases. Supine
position (36 cases) was used in patients with high body mass
index (BMI).

Access to the pelvi-caliceal system was carried out through
the lower posterior calyx in most of the cases. Middle or upper
calyces accesses were also tried. Supracostal puncture was
attained when necessary. The single puncture was performed
in most of the cases and multiple punctures in complexrenal
stones. Dilation of the tract was done by Alken sequential
telescopic metal dilators or balloon dilators. Ampltz sheath

with safety guide wire insertion was followed in all cases.

Lithotripsy of the stone (s) was done by Pneumatic and/or
ultrasound lithoclasts in most cases. Ho-Yag Laser was used
with flexible nephroscopy or ureteroscopy. A nephrostomy
tube was inserted after completion of the procedure (18-20

CH) in most of the cases.

Post-operative control KUB films were attainedfor the
determination of stone- free rate (SFR). Ultra-sonography
and/or NCCT was done for lucent stones. Stone fragments
>4mm were considered a failure. Anti-grade nephrostogram
was done when clinically indicated (postoperative pain, fever,

persistent leak, suspected pelvi-caliceal injuries...etc.).
Statistics

Univariate analyses (x2 and t-test) and the Pearson correlation
model were used to determine factors affecting complications
and stone-free rate. The data were analyzed using Statistical
Package for Social Sciences, version 22 (SPSS Inc., Chicago, IL).

A p-value of <0.05 was considered statistically significant.
RESULTS

Four hundred and four renal units in 382 patients with large
and/or complex renal stones were managed by PNL at (The
National Institute of Urology and Nephrology, Cairo, Egypt)
between March 2012 and September 2022.
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The mean SSA was 872mm? (Table 2). Complex renal stones

were diagnosed in 54.2% of cases (Table 4,6).

Table 2. Stone surface area (mm?).

Min
491
Stones were single in 83.5% (338) and multiple in 16.5% (66)

(Table 3). Stone distribution and configuration are shown in

Max
2551

+SD
401.9

Mean

872.4

Table (5). Radio-opaque stoneswere diagnosed in 67% and

lucent in 33% of cases.

Table 3. Stones Size and number.

Single Multiple
No (%) 338(83.5) 66 (16.5)
Mean SSA (+SD) 905 (429.2) 704 (93.2)

Recurrent (open or endoscopic) cases were recorded in 28%

while 72% were fresh cases.

Table 4. Complex renal stones.

Complex Stones N %
Multiple 66 16.3
Complete Stag 85 21
Partial Stag 65 16.1
Infundibular stenosis 2 0.5
Caliceal diverticulum 1 0.3
Total 219 542

In 286 cases (70.8%) a single tract procedure was carried out
and in 118 cases (29.2%) multiple tracts were done. Access
was gained through the posterior lower calyx in most of the
cases (73%). Puncture of the middle (18%) or upper calyx
(7.7%) was performed according to the stone size, number
and configuration (6 cases had a supracostal puncture). The
procedure was completed in one session in 76% of cases and
in two sessions in 24% of cases. Three sessions the procedure

was needed in only 2 cases.

Table 5. Stone distribution and configuration.

No Single Multiple Total

N % N % N %
Pelvic 170 42 12 3 182 45
Caliceal 12 3 20 5 32 8
Pelvic & caliceal 150* 37 32 182 45
Kidney & upper ureter 6 1.5 2 0.5 8 2
Total 338 835 66 165 404 100

Site

*Complete and Partial Stag Stones.

The mean operative duration was 95 min (23) Complication
No% Management ranging from 55 to 150 min. The

nephrostomy tube was removed post-procedural in a mean of

2.8 (1-10) days. The mean hospital stay was 3.6 (2-21) days.

The procedure was completed with PNL alone in 86.1%
of cases and with auxiliary procedures in 13.9% (flexible

ureteroscopy in 6.2% and SWL in 7.7% of cases).

Table 6. Stone in Calices with Infundibular Stenosis and

Caliceal Diverticulum.

Stone Site Infundibular Stenosis  Caliceal Diverticulum
Caliceal single 2 1
Multiple 4 2
Pelvic & caliceal 4 3
Total 10 6

Stone free rate (SFR) was 79% for PNL alone and 88.4%
for auxiliary procedures. Stone-free rate demonstrated a
significant relation with the stone surface area (p=0.039) and
the complexity of the stone (p=0.015). No significant relation
was found between SFR and stone site or number (Table 7).
Univariate analysis showed a statistically significant relation
between SSA and tract numbers, sessions, operative time,
nephrostomy tube duration and hospital stay (p<0.001). No
significant relation was recorded between SA and the need for

auxiliary procedures (Table 8).

Table 7. SFR Relations.

Stone Free Rate p

SSA 0.039
Site 0.143
Complexity 0.015
Stone N° 0.77

Table 8. SSA Relations.

Stone Surface Area p
Tract N° <0.001
Session N° <0.001
Operative time <0.001
Hospital Stay <0.001
Nephrostomy tube duration  <0.001
Auxiliary procedure 0.082

Complications recorded (Table 9) were bleeding that
necessitated Blood transfusion, persistent leak, infection,
perforation, and arterio-venous fistula with a total rate of

8.3%. No need for conversion to open surgery was recorded.
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Table 9. Complications and their management.

Complication No % Management
Bleeding 8 2 Blood transfusion
Persistent leak 10 2.5 ]] stent
Infection 8 2 ] ] stent+antibiotics
Perforation 4 1 J]J stent
A-V fistula 2 0.5 Angio-embolization
Colon injury 1 0.3 J] stent+conserve
Total 33 8.3

There was a significant relationship between complex-cation
rate and tract number (p=0.032) and multiplicity of sessions
(p=0.01). Complication rate showed no significant relation
with SA, stone site, complexity, multiplicity, operative time,

hospital stay or nephrostomy tube duration (Table 10).

Table 10. Complication relations.

Complications p
SSA 0.165
Stone site 0.646
Complexity 0.441
Multiplicity 0.494
Tract N° 0.032
Session N° 0.01
Operative time 0.087
Hospital stay 0.09
Nephrostomy tube duration 0.091

DISCUSSION

Managementofrenal stonesisamajorissue formosturologists.
Technological advances and changing treatment patterns have
had an impact on current treatment recommendations, which

have shifted towards endourologic procedures [6].

Although early on ESWL was used almost indiscriminately for
the management of upper tract calculi, the limitations of the
technique for large and complex stones became evident over
time and PCNL became firmly established in the therapeutic
armamentarium of nephrolithiasis [7]. PNL efficacy is little
affected by stone size. Stones >20mm (>300 mm?) should
therefore be treated primarily by PNL because SWL often
requires multiple treatments [8]. The European Association
of Urology guidelines [9] and the American Urological
Association (AUA) guidelines [10] recommend PCNL for the
treatment of renal stones 22cm (> 300mm?). In our study, the

average SSA was >847mm? (30mm).

Increasing expertise and technical modifications have
expanded the role of PNL to include complex renal calculi,
staghorn calculi (complete or partial) and multiple large bulk

calculi [1]. PCNL mono- therapy for complex renal calculi has

high success and clearance rates combined with minimal
morbidity [11]. In our study, complex renal stones represented

52% of cases.

The American Urologic Association Guidelines for the
Management of Staghorn Calculi stated, “Percutaneous
nephrolithotomy should be the first treatment used for most
patients with stones” [12]. In the UK, 30% of stones managed
by PNL were staghorn calculi [13]. In our study, staghorn

calculi represent 21% of cases.

Since 2000, PNL has made open surgery for complex renal
stones obsolete in most countries [2]. Most urological
centres worldwide report a need for open surgery in only
1-5.4% of cases. However, in developing countries, the rate
of open stone surgery refers to up to 14% [14]. The most
common current indications for open stone surgery include
those with a complex stone burden; failure of ESWL or
endourological treatment; anatomical abnormalities, morbid
obesity, concurrent open surgery, renal transplantation,
severe limb contractures and patient preference [20]. Even a
nephrectomymay be performed when the involved kidney has
negligible function [19]. In our series, no conversionto open

surgery was needed.

For large and complex stones, multiple percutaneous accesses
are often needed for stones re- moval from separate locations.
However, the use of multiple accesses carries a higher risk
of bleeding and complications compared with single access
[21,22]. Multiple access tracts are needed in as many as 20% to
58% of percutaneous procedures. These multiple PNL access
tracts are known to increase the risk of renal parenchymal
injury [23-26].

In our study, 1/3 of cases were subjected to multiple tracts
and this was significantly related to stone surface area and

increased rate of complications.

Operative time of an average of 65-112 min was reported
in PNL procedures for large and/or complex renal stones

[27,28]. It was directly related to stone size.

This study showed the operative time of an average of 95 min

(55-150). It had a statistically significantrelation with SSA.

One of the most important factors in selecting the optimal
surgical modality for the patient with nephrolithiasis is stone
size because size has been shown to strongly influence SFR,
the need for secondary procedures, and the complication rate

[7]- The stone-free rate for cumulative stone burdens <20mm
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for both URS and SWL is acceptable and has less morbidity
than PNL. Of these treatment options, PNL stone-free rates
are the least affected by the stone size, while stone-free rates
of both SWL and URS decline with increasing stone burden
[29].

For stones with SSA averages ranging from 345-1128mm?
managed with PNL monotherapy, SFR ranged from 49-92%
[27,30]. In our study, SSA ranged from 490-2250mm? and
SFR was 79% for PNL mono-therapy and 88% for auxiliary

procedures.

Osman and his colleagues [31] reported a 67% of their
patients were sufficiently treated by PNL, but 33% needed
auxiliary measures. Hamamoto et al,, [32] reported a 40%
need for ancillary treatment. Auxiliary procedures were

needed in only 14% of our patients.

A nephrostomy tube is placed at the end of percutaneous
nephrolithotomy (PNL) to aid in hemostasis and drain the
pelvi-caliceal system [33]. Historically, a large bore catheter
was placed at the end of the procedure and left indwelling
for several days to provide drainage and tamponade with the
nephrostomy tract. The advantages of a large-bore catheter
include reliable and efficient drainage, maintenance of the
tract for a secondary procedure and prevention of bleeding
from the tract. However, larger tubes are thought to be
associated with increased patient discomfort and may not
limit postoperative blood loss as initially thought [ 7]. However,
smaller size tubes (<20F) required less analgesia, less urinary

leakage and a shorter hospital stay [34,35].

In our study, an 18-20 CH nephrostomy tube was fixed at the
end of most cases. The tube was left for an average of 2.8 days

(1-10) with a smooth postoperative course.

Recently, the tubeless approach showed less cost,
postoperative pain, hospital stay and earlier return to normal

activities than standard PNL [36].

The goal of any surgical stone procedure is complete stone
removal. Although the single procedure SFR for PNL is high
[37,38], the likelihood of residual fragments for large renal
calculi is as high as 67%, using strict CT criteria [39].

Any 4mm residual fragments can be safely left behind after
PCNL [40-42]. Postprocedural imaging to detect residual
stone burden typically includes plain films, US, CT, and/or
antegrade nephrostomy-gram. CT is the optimal post-PCNL

imaging modality to detect residual fragments [39].

In this series, cases with residual fragments 24mm were
considered a failure. Post-operative control KUB films were
done in most cases. Ultrasonography and/or NCCT were done

in selected patients (lucent stones).

Multiple studies reported hospital stays of 2-7 days post-PNL
for large renal stones [28,30]. This was ominously related to
the stone burden. On the other hand, Xue and his colleagues
[43] stated that large renal stone size was statistically
significantly associated with increased mean operative time

but not with increased hospitalization.

In our series, an average of 3.6 days (2-21) was reported for
the hospital stay. It demonstrated a significant relation with
SSA.

Complication rates reported in the literatures associated
with PNL ranged from 0-32% [27,28,30,44]. They include
extravasation, the need for transfusion, and fever. Higher rates

were reported when multiple tracts were needed [26,45,46].

In our study, we reported a total complication rate of 8.3%
and all were managed conservatively. A significant relation
was recorded with multiple tracts and multiple sessions. No
significant relation was found with SSA, complexity, stone site,

operative time or nephrostomy tube duration.

Epidural anaesthesia (EA) is a safe alternative to general
anaesthesia (GA) for PNL with better pain relief, less PONV and
less hospital stay. Hypotension due to sympathetic blockade is
always a possibility. Postoperative shivering is higher in EA
patients [47]. Patients’ and surgeons’ satisfaction is higher
in GA cases [48]. EA has lower rates of postoperative fever
[49], lower fluoroscopy, and time and fewer post-operative

complication rates [50].

In our series, EA cases were used in 15% of PNL sessions. They
showed less PONV and need postoperative analgesia. They
also represented fewer patients’ and surgeons’ contentment

(patient awareness and mobility).
CONCLUSION

The propagation of minimally invasive PNL was developed to
reduce the morbidity and mortality associated with open renal
surgery but still represents the most morbid of the minimally

invasive surgical modalities for renal stone removal.

However, in recent years, efforts to reduce morbidity and
increase the effectiveness and efficiency of the procedure are

developing. In particular, micro and ultra-mini techniques are
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in their infancy and require further investigation. Also, efforts
to increase the SFR of retrograde intra-renal surgery (RIRS)

and flexible ureteroscopy (FURS) are put forth.

Both GA and EA are effective and safe in PNL. EA has fewer
complications and lower consumption of postoperative
analgesia. However, GA provides more satisfaction for patients

and surgeons.
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