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ABSTRACT

BACKGROUND: The wide use of minimally invasive techniques in
the management of multiple renal stones and staghorn stones have
.replaced the open technique in last 30 year

But the Open techniques for the management of complex multiple and
staghorn renal stones are still a viable option that should be considered in
treating patients complex staghorn stones with large burden. In this
study, we compare outcomes of Percutaneous Nephrolithotomy (PNL)
Versus Open Stone Surgery (OSS) for patients with Staghorn calculi at
the urology department Fayoum university hospital, in terms of efficacy,
safety, operative procedure, intraoperative and postoperative
complications.

METHODS: This is a prospective randomized study performed on 50
patients divided into OSS group and PNL group (25 patients for each
group) during the period from December 2018 to January 2020.
Perioperative assessment and investigations were done. Intraoperative
and postoperative morbidity, operative time, hospital stay, and stone
clearance at discharge home and follow-up were compared for both
techniques. Follow up was completed for all cases with a mean duration
2 months.

Results: Stone-clearance was higher in OSS group (92%) versus (84%)
in PNL group with no significant difference. Mean operative creatinine
rise in OSS group was (0.19 + 0.1 mg/dl) and in PNL group was
(0.14mg/dl = 0.07 mg/dl).There is statistically significant creatinine rise
with p-value <0.05 in OSS group. Mean operative hemoglobin loss in
OSS group was (1.5 + 0.85 mg/dl) and in PNL group was (1.65 +
0.90mg/dl) with no significant difference. Intraoperative complications
was (28%) in OSS group and included significant bleeding in (16%) and
pleural injury in (12%) and in PNL group was (24%) and included
bleeding (12%) and renal pelvis injury (12%) with no significant
difference. Regarding post operative complications OSS group showed
(36%) postoperative complications and PNL group showed (24%) post
operative complications. Operative time was significantly shorter for
OSS (131£10 min) than for PNL (174+14.9 min) with p value 0.001.
Post operative hospital stay was significantly shorter in PNL Group (3.92
+ 1.3 days) versus OSS group (5.88 + 1.2 days). Recovery time was
significantly shorter (2.33 + 0.48 weeks) for PNL cases versus (4.48
+0.71 weeks) for OSS cases .

Conclusions: PNL is a valuable treatment option for staghorn stones
with a stone free rate approaching that of open surgery. Also it has less
morbidity, with shorter hospital stay and earlier returns to work.

Key words: Staghorn stones; PNL; OSS.

INTRODUCTION

Staghorn stones are large branching stones that
occupy part or all of the pelvicalyceal system. It is
classified to complete or partial according to degree
of occupancy of the collecting system.*

Staghorn’ term describes the configuration of stone,
and don’t give information about stone composition.2

Nowadays the in developed countries the incidence
of staghorn stones from the entire urinary stones
decreased to 4%, due to early and effective
management of renal stones.®

Staghorn stones are infectious stones in 49-68% of
cases and, therefore some physicians referred the
staghorn term to stuvite stone.*

Staghorn stones need prompt assessment and
treatment, as it has significant morbidity and
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potential mortality. Conservative management for
this type of stones has 36% risk of developing
significant renal impairment and mortality rate of
28% in 10-year period.

Therefore, staghorn stones considered a significant
disease entity that should be treated aggressively and
effectively.

Open stone surgery for staghorn calculi was
considered the “gold standard” technique for other
treatment options to be compared. However,
advances in urological armamentarium have reduced
its use.®

PNL considered as the first-line therapy for most
staghorn stones, according to the American
Urological Association (AUA) guidelines. However
some urologist still considered OSS as an acceptable
option for management of complete staghorn stones.?

In this work, we try to compare the outcomes of OSS
and PNL in the management of staghorn stones.

PATIENT AND MATERIALS

This is a prospective randomized comparative
study conducted in the urology department in El-
Fayoum University Hospital. During the period
between December 2018 and January 2020, 50
eligible patients were randomized using computer-
generated block randomization with block size of 2
with 1:1 allocation ratio in either OSS group or PNL

group .

Sample size calculated using G-Power software
version 3.1.7 (Institute of experimental psychology,
Heinrich Heine University, Dusseldorf, Germany).
Minimal sample size of patients was 20 in each
group needed to get power level 0.80, alpha level
0.05. With estimated 10% loss, 44 patients or 22
patients per group were required to provide a 90%
power for the study. We increased the total sample
size to 50 to allow for a margin for error. In this
study, cases with renal staghorn stones were included
regardless the age, sex, and the previous history of
stone surgery. Only, cases with uncorrected
coagulopathies, skeletal deformities, or active UTI
were excluded from this trial. This trial has been
reviewed and approved by our institutional review
committee.

All participant patients signed a written consent. All
patients were underwent routine preoperative
preparation. Preoperative radiological studies were
done in the form of plain x-ray urinary tract film
(PUT) and non-contrast computed tomography
(NCCT) with or without intravenous urography
(IVU) to estimate stone characteristics, anatomical
abnormalities and degree of hydronephrosis .

In OSS group, under general anaesthesia, the patient
was positioned in flank position. Intercostal or
transcostal incision was done according to surgical
plan. After dissection of the kidney, the upper ureter
was looped. Starting from the ureter, the renal pelvis
and the pedicle were dissected to be ready for warm
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ischemia if needed and to start stone extractition. The
pelvis was then incised with scalpel then Potts
scissors in an open U-shape lengthened to reach the
lowest and the highest calyx avoiding the
ureteropelvic junction. Then we mobilized the stones
by curved stone forceps to free it from the pelvic
urothelium and was extracted by forceps with
rotational movements. Radial nephrotomies might be
used for complete stone removal. For anatrophic
nephrolithotomy, ice slush was placed around for 20
minutes, 100 ml of 20% mannitol was infused and
renal pedicle was clamped. Incision was done in the
avascular Brodel’s plane. After stone removal,
repeated irrigation by saline for the collecting system
was done and intraoperative X-ray was used to assess
for any residual stone. The ureter was stented, pelvi-
cliceal system was closed and retroperitoneal and
urethral catheter were fixed .

In PNL cases, under general anesthesia, cystoscopy
and placement of a ureteric catheter were done in
lithotomy position. In prone position, contrast was
injected opacifying the collecting system to select the
entry route for the percutaneous access. In case of
planned multiple tracts, the calyces were punctured
before dilatation. Serial dilatation till 30 Fr was done
using metallic Alken dilators. Nephroscopy was done
using the 26Fr rigid long nephroscope (percutaneous
nephroscope, KarlStorz, Tuttlingen, Germany) and
stone fragmentation was done using pneumatic
lithoclast (Al-Mottaheda, Cairo, Egypt). Following
extraction of stone fragments, DJ stent and
nephrostomy tube (Amicath, Cairo, Egypt) were
fixed. Due to large stone burden, stent and
nephrostomy were fixed in all patients for fear of
significant residual stones and for tamponading.

In the night of surgery, vital signs, complete blood
count (CBC) and serum cretinine were measured. In
the first day postoperative plain KUB and or US was
done to check the position of tubes and if there are
residual stones. All patients were followed for, at
least, two months after discharge. Antibiotics were
administered to all patients according to culture and
sensitivity.

Operative time, blood loss, stone-free rates, hospital
stay, intraoperative and postoperative complications
(post operative complications classified according to
modified Clavien-Dindo classification) and time to
return to the patients' ordinary activities were
calculated, plotted in a database and statistically
analyzed .

Statistical analysis was done using SPSS software
statistical computer package version 18 (SPSS Inc,
USA). Data were expressed as mean * standard
deviation (SD) or number (%). For analysis of
quantitative data, student t-Test was used for
independent groups and Paired t-test was used for
dependent groups of data. For analysis of qualitative
data, Chi square or Fisher's exact tests were used.
The P-value <0.05 was considered the cut-off value
for significance.



RESULTS

Patient’s characteristics were presented in (Table-1).
There was no statistically significant difference
between both groups regarding age, sex, BMI,
comorbidities and urologic surgical history, (p-value
>0.05.(

The stone characteristics are shown in (Table-2). In
this study, complete staghorn stones represented
(24%) in OSS group and (20%) in PNL group while
partial staghorn stones represented (67%) in OSS
group and (80%) in PNL group with no significant
difference.

In OSS group, the used technique was extended
pelolithotomy in 20 cases, pyelolithotomy plus one
or two nephrotomies in 4 cases and anatrophic
nephrolithotomy in 1 case. In PNL group, the access
was achieved through one punctured calyx in 22
cases and through two calyces in 3 cases.

There is statistically significant difference between
both groups regarding to the operative time with
shorter duration for OSS group (131.48 min +10.2)
vs (174.63 min +14.9) (p-value <0.001.(

Mean creatinine rise in OSS group was (0.19 + 0.1
mg/dl) and in PNL group was (0.14 + 0.07 mg/dl)
which was statistically significant (p-value = 0.04).
Regarding mean operative Hb loss, it was (1.5 + 0.85
mg/dl) in OSS group versus (1.65 £ 0.90 mg/dl) in
PNL group with no significant difference (Table-7 .(
There is no statistically significant difference
between study groups as regards the different
complications, either intraoperative or postoperative
and also according to modified Clavien postoperative
grades of complications (Table-8.(

Stone-clearance in OSS group was (92%) and in
PCNL group was (84%) with no significant
difference.

Hospital stay and recovery time were significantly
shorter in PNL group than in OSS group.

Variables Group | Group Il
0SS (n=25) PCNL(n=25)
Age (years) 441 16.9 435 14.6 0.9 NS
(meantSD)
BMI (kg/m?) 21.4 1.4 20.8 1.7 0.2 NS
(mean+SD)
Sex
N (%)
Male 9 36% 14 56% 0.3 NS
Female 16 64% 11 44%
Medical history
N (%)
Free 18 2% 18 2% 0.8 NS
DM 2 8% 1 4%
HTN 5 20% 6 24%
Surgical history
N (%)
Free 18 72% 20 80% 0.06 NS
Ipsilateral open stone 1 4% 4 16%
surgery
Ipsilateral endoscopic 6 24% 1 4%

stone surgery

Table 1: Comparisons of demographic characters for both groups.
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. Variables @ Groupl!  Groupll  p-value  Sig. |
0SS (n=25) PCNL(n=25)
Side N (%)
Right 10 40% 15 60% 0.3 NS
Left 15 60% 10 40%
Stone shape
N (%)
Complete staghorn 6 24% 5 20% 0.9 NS
Partial staghorn 19 76% 20 80%
Hydronephrosis
N (%)
No 2 8% 2 8% 0.9 NS
Mild 12 48% 10 40%
Moderate 9 36% 10 40%
Marked 2 8% 3 12%
Longest diameter (cm) 5.74 0.60 5.86 0.63 0.5 NS
(mean+SD)

Table 2: Comparisons of Kidney and stone characters for both groups.

Variables Group | Group Il
0SS (n=25) PCNL(n=25)
Operation time (min) 131.48 10.2 174.63 14.9 <0.001 HS
Creatinine change 0.19 0.1 0.14 0.07 0.04* S
Hemoglobin loss 1.50 0.85 1.65 0.90 0.5 NS

Table 3: Comparisons of operative time and perioperative laboratory changes in different study groups.
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Variables Group | Group 11
0SS (n=25) PCNL(n=25)

Intraoperative complications

No 18 72% 19 76% 0.9 NS
Bleeding 4 16% 3 12%
Pleural injuries 3 12% 0 0%
Renal pelvis injury v e 3 12%

Postoperative complications

No 16 64% 19 76% 0.2 NS
Blood transfusion 4 16% 3 12%
Fever 2 8% 3 12%
Wound infection 2 8% 0 0%
Urine leakage 1 4% 0 0%

Postoperative complications grades (modified Clavien)

Grade 0 16 64% 19 76% 0.6 NS
Grade 1 4 16% 3 12 %

Grade 2 4 16% 3 12%

Grade 3 1 4% 0 0%

Table 4: Comparisons of complications for both groups.

Variables Group | Group 11
0SS (n=25) PCNL(n=25)

Need for auxiliary procedures

No 23 92% 21 84% 0.5 NS
SWL 2 8% 3 12%
2nd look PCNL --- --- 1 4%

Residual stone

No 23 92% 21 84% 0.4 NS
Yes 2 8% 3 12%
Other outcomes
Hospital Stay (day) 5.88 1.2 3.92 1.3 <0.001 HS
Recovery time (week) 4.48 0.71 2.33 0.48 <0.001 HS

Table 5: Comparison of postoperative assessment and outcomes for both groups.



According to EAU guidelines on urolithiasis (2019),
advances in endourological surgery (including
ureterorenoscopy  (URS) and PNL) and
extracorporeal shockwave lithotripsy (ESWL) have
significantly decreased the indications for open stone
surgery.” 2

Now there is a consensus that most of complex
stones (partial and complete staghorn stones), should
be managed primarily by PNL. Additionally, the
combined approach with PCNL and retrograde
internal  surgery  considered an  appropriate
alternative. However, if percutaneous approaches are
not likely to be successful, or if multiple
endourological approaches have been performed
unsuccessfully; so open or laparoscopic surgery can
be a valid option for treatment.®

Most urological centers worldwide, with the modern

equipments, expertise and experience in the surgical
treatment of urinary stones, report that the incidence
of open surgery in range of 1 to 5.4% of the cases.®
910111213 |n UK the frequency of OSS was 1%. In
developing countries, like in China, that rate of OSS
is increased to 7.4% in their series.”® In Pakistan, the
reported rate of OSS in pediatrics is about 70%.°

As some patients are still candidates for OSS, the
appropriate selection of them is mandatory to get the
optimal surgical outcomes. The indications of OSS
are patients with unresolved pyuria, anatomical
anomalies and complex staghorn stones. Also, In
cases with impaired drainage of urine due to
anatomical abnormalities, as in cases with
infundibular stenosis, diverticular stone,
accompanied ureteropelvic junction obstruction or
stricture, or in cases with skeletal deformities such as
contractures or fixed deformities of the hips and legs,
or in patients with history of previous Kkidney
surgery, nonfunctioning polar segment, or
nonfunctioning kidney, OSS considered a valuable
option for management for their stones.”*” While in
patients with moderate stone burden with no
anatomical abnormalities the PNL became the first
choice. ¥

To assess the stone burden several stone parameters
were used as the cumulative diameter, surface area
and volume. In our study we used the longest stone
diameter as indicator for stone size. '8

Regarding the operative time, Ismail and colleagues
(19) reported that operative time was (170 + 32.9
minutes) in open surgery and was significantly less
than PNL (210+ 59.3 minutes) with P-value < .01
which agrees with our results.

Regarding the stone-clearance, Al-Kohlany et al
reported that OSS had better outcome than PNL
(82.2% vs 74.4%) with no significant difference. (17)
Also, Zhang et al 2017 reported (97.5% vs 76.1 %)
with P-value < 0.001.(20) Our study results agree
with previous results where stone-clearance (defined

as no residual stones > 4ml) was (92%) for OSS and
was (84%) for PNL with no significant difference .

Concerning the residual stones and need for auxiliary
procedures, the study of Al-Kohlany et al reported
the need for auxiliary procedures in (17.8% vs
25.6%) in OSS vs PNL groups respectively with no
significant difference. 1 Our results agree with the
previous results where (OSS) group had Residual
stones (8%) and need auxiliary ESWL. PNL group
had (16%) residual stones and need auxiliary ESWL
(12%) and one patient need 2nd look PNL (4%) with
no significant difference .

Regarding the intraoperative and postoperative
complications, Ismail et al revealed that the rate of
intraoperative and postoperative complications was
lower for PNL vs OSS group which was (27.4% vs
32.1%) and (10.4% vs 11%) with no significant
difference. *°

Also, Al-Kohlany et al reported that intraoperative
and postoperative complication rate in OSS group
was 37.8% and 31.1% which were significantly
higher than PNL group where complications were
16.3% and 18.7% with P-value 0.047.1"\

Our study agrees with previous studies where
incidence of intraoperative complications was higher
in OSS group (28%) included significant bleeding in
(16%) and pleural injury in (12%) and in PNL group
was (24%) included bleeding (12%) and renal
pelvis injury (12%) with no significant difference.
Also, our study results agree with previous studies
which revealed more postoperative complications in
the (OSS) group (36%) including (16%) blood
transfusion, (8%) fever, (8%) wound infection and
(4%) urine leakage while, in (PNL) group, it showed
(24%) complications including (12%) blood
transfusion and fever (12%), with no significant
difference .

As regard the classifications of the postoperative
complications according to modified Clavien system
in 2004, the minor grades include (grade | & 1) and
the major Grades include (grade III, 1V, & V). In
Zhang et al study, the minor grades for OSS were
(45.5%) and for PCNL (45.9%).The major Grades
for OSS were (9.1%) and for PCNL (9.8%) with no
significance difference.?

In Al-Kohlany study, the minor grades for OSS were
(11.1%) and for PCNL (7%) with no significance
difference. The major Grades for OSS were (20%)
and significantly less in PCNL (10,7%) with no
significance difference.’’

Our study results according to modified Clavien
system showed that the minor complications in OSS
were (32%) and in PCNL were (24%). Major
complications in OSS were (4%) and no major
grades in PCNL with no significant difference .

The reported mean hospital stay and mean time
required for return to normal daily activities are in
accordance with those reported in the literature.
Alivizatos and Skolarikos reported shorter hospital

Urology
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stay for PNL vs OSS (6.4+4.2days) compared with
(10+4.2days) with P-value < 0.001.’

Al-Kohlany et al revealed that hospital stay was
significantly shorter in the PCNL group(6.4+ 4.2
days) vs (10+ 4.2 days) for OSS with P-value
>0.001.(17) Also, they reported that mean recovery
time was significantly less in the PCNL group(17.5+
5.6 days) vs (28.7+ 7 days) for OSS group with P-
value <0.001. Ismail et al reported a significantly
longer time to return to ordinary activity for OSS
(21.7 £ 4.4days) than PCNL (15.4 + 3.8 days) with
P- value < 0.01. *°

Our study results agrees with previous results where
the patients had significantly shorter mean
postoperative hospital stay in PCNL group ( 3.92 +
1.3 days) vs (5.88 + 1.2 days) for OSS group with P-
value<0.001. The mean recovery time was also
significantly less in the PCNL group (16.3 * 3.3days)
vs (31 +5days) for OSS group with P- value <0.001.

The major strength of this study lies in its
randomized prospective nature. In addition, the
procedures were performed by experienced
urosurgeons who have at least 20 years of
experience. However, there are some limitations of
this study. The small number of patients in each
group and the use of longest dimension to measure
the staghorn stones size are inherent limitation of this
study. In the two groups, plain films and US were
used for residual stones detection despite a more
sensitive modality such as CT scan. Short term
follow up is a topic that merits further investigation.
It is noteworthy that we did not use flexible scopes
during PCNL which may affects the overall stone-
free rate.

Considering the better performance of PNL regarding
safety outcomes and the better performance of OSS
regarding the efficacy outcomes, both OSS and PNL
are viable options for staghorn stones management.
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