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ABSTRACT
Objectives: To analyze factors that can impact the intraoperative and postoperative
complications and hemorrhage after percutaneous nephrolithotomy (PNL) in patients
with a solitary kidney.
Material and Methods: A prospective hospital-based study that was carried out at the
Urology Department, Sohag University Hospital from June 2017 to June 2019. All
patients with renal calculi in a solitary kidney were recruited and underwent PNL.
Results: 150 patients were enrolled in this study. 93 (62%) patients were males while 57
(38%) patients were females. Initial SFR was achieved in 129 (86%) patients while
residual fragments were reported in 21 (14%) patients. 39 (26%) patients had
postoperative complications. On univariate analysis, the rate of complications was
associated with the complexity of the stones, acute dilatation of the tract, and operative
time (P-value = 0.048, 0.004 & 0.023 respectively). On the other hand; there was an
association between the number of the accessed tracts and the rate of bleeding and blood
transfusion (P-value = 0.008).
Conclusion: PNL is a challenging procedure in solitary kidneys; however high SFRs can
be done with a low rate of major complications. The complexity of the stones, acute
dilatation of the tract, and prolonged operative time are associated with more
complications. Multiple tracts have a significant effect on intraoperative bleeding. PNL is
an effective choice for patients with stones in a solitary kidney.
Keywords: Complications, Solitary kidney, PNL

Introduction:
The recommendations of The European
Association of Urology identify patients
with a single kidney as a high risk for
stone formation. The risk of stone
formation is not increased by the kidney
itself but recurrence prevention is an
important issue (1)(2). Stone in an only
functioning kidney is an endourologist’s
management dilemma. The privilege of
bilateral kidneys is not present and an
injury to the only functioning kidney
will lead to major morbidity (3). PNL was

firstly introduced in 1976 as a method of
treatment for kidney stones (4).
In literature, PNL in patients with
solitary kidney might have a higher risk
of complications than in patients with
bilateral kidneys. Although PNL is
related to serious outcomes, e.g. hemorrhage and pleural injury, it remains the
best option for multiple renal stones
even if the patient has a single kidney (5).
However; the operator should balance
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= length x width x Π x 0.25 (Π=3.14159)
(11).
Operative Technique: Preoperative
preparations included intravenous 3rd
generation cephalosporin 2 hours before
surgery. Briefly, all PNL were
performed under general anesthesia and
in a prone posture. The insertion of a 6
Fr ureteric catheter was done by the
cystoscope in a lithotomy position.
Opacification of the renal collecting
system was done by iodinated contrast in
a retrograde manner under fluoroscopy
in a prone posture, and then puncture
sites were selected according to stone
distribution. The tract was dilated by
Teflon dilators (gradual or acute) up to
24-26 French. Acute dilatation is defined
as one-shot dilatation (12). Nephroscope
26 Fr with outer sheath, 24 Fr without
the outer sheath, and pneumatic
disintegrator were used. A twenty
French nephrostomy tube was inserted
and clamped for 2 hours. The ureteral
catheter was fixed to a Foleys catheter.
However, it was replaced by double J
stent in 75 patients who had multiple
stones, staging stones, intraoperative
perforation, or extravasation. Operative
time was measured from the first renal
puncture until all stones were completely
removed.
Postoperative care: Close monitoring
of the vital signs and urine output.
Complete blood count (CBC), serum
creatinine and eGFR were done in the
next morning after the operation.
Abdominal U/S, plain film, and NCCT
were done the next day. Ureteral catheter
and nephrostomy tube were removed
after 24 hours provided that there was
neither postoperative bleeding nor significant residual fragments after NCCT. If
there was no fever, pain, or leakage the
patient was discharged. The double J
stent was removed after 4 weeks if

the need for therapeutic success with the
patient risks (6).
This study aims to analyze factors that
can impact the intraoperative and postoperative complications and bleeding
and evaluate the renal function changes
after percutaneous nephrolithotomy
(PNL) in patients with a solitary kidney.
While there has been only one prospective study about that topic (7), critical
appraisal remains under-reported.

Material and Methods:
Study Design: A prospective hospitalbased study that was carried out at the
Urology Department, Sohag University
Hospital from June 2017 to June 2019
after approval by the Institutional Review Board of Faculty of Medicine, Sohag
University. Patients with renal or upper
ureteral stones equal or more than 1cm
in an only functioning kidney were
included. Cases with serum creatinine >
2 mg/dl, under 18 years old or had
abnormal bleeding profiles were
excluded from the study.
Preoperative Patient's evaluation: All
patients were evaluated by a full history
taking, complete examination, serum
creatinine, eGFR, routine laboratory
investigations and imaging by abdominal
ultrasound, KUB film, non-contrast
Computed Tomography (NCCT) and/or
Intravenous Urography (IVU). The hydronephrosis was classified by the grading
system of the Society of Fetal Urology
(SFU) into mild hydronephrosis (SFU III), moderate hydronephrosis (SFU III)
and severe hydronephrosis (SFU IV) (8).
The complexity of the stone was determined according to Guy's stone score
(GSS) (9). eGFR was measured by the
Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) formula (10).
The stone burden was estimated using
the following formula: surface area (SA)

108

SOHAG MEDICAL JOURNAL
Vol. 24 No. 2 April 2020

Predictive Factors of Complications of PNL in Solitary
Ahmed Sabri Mahmoud

NCCT revealed no residual stones and
abdominal U/S revealed no hematoma.
Success is defined as no significant
residual stones (fragment 4 mm or less,
non-obstructive, non-symptomatic, and
non-infectious). Complications were
reported and categorized by the modified
Clavien classification system.
Follow up: it was done by serum
creatinine and eGFR every one month
for three months.

Shapiro–Wilk test. Binary logistic
regression analysis was used to
determine predictor variables of
complications and bleeding among the
studied patients. A 5% level was the
level of significance in all statistical tests
used in the study. The significance level
was set up at p <0.05.

Results:
1- Preoperative patient and kidney
characteristics:
The current study included 150
patients with calculi in a solitary
kidney. 93 (62%) patients were males
while 57 (38%) patients were
females. The median age was 45
years. The median BMI was 27
Kg/m2 (Table 1).

Statistical analysis:
Data were analyzed by IBM SPSS
Statistics for Windows version 26.0.
Quantitative data were expressed as a
median. Qualitative data were expressed
as number and percentage. Quantitative
data were tested for normality by the
Variables

Summary statistics

Gender:
Female
Male
Age (year)
BMI
Etiology of solitary kidney (Contralateral
kidney):
Atrophic (small sized)
Congenital agenesis
Functional solitary kidney (echogenic or
chronic pyelonephritic)
Nephrectomised
Degree of hydronephrosis:
Mild hydronephrosis
Moderate hydronephrosis
No hydronephrosis (24 patients with previous
nephrostomy tube)
Creatinine (mg/dl)
eGFR (mL/min per 1.73 m2)

Regarding the stone criteria; 72 (48%)
patients had multiple stones. Stones were
radio-opaque in 114 (76%) patients
while they were radiolucent in 36 (24%)

93 (62%)
57 (38%)
45 (30 – 55)
27 (25.75 – 29)
27 (18%)
6 (4%)
96 (64%)
21 (14%)

Table 1:
Preoperative
patient and kidney
characteristics.

45 (30%)
27 (18%)
78 (52%)
1.1(0.9 – 1.36)
72.05 (55.43 – 84.9)

patients. The median stone burden was
314 mm2. The median stone density was
1039 HFU (Table 2).
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Summary statistics

Site of stones:
Lower calyx
Middle calyx
Upper calyx
Upper third ureter
Pelvic
Multiple
HFU (stone density)
Opacity:
Lucent
Opaque

GSS: Guy's stone score

27 (18%)
3 (2%)
6 (4%)
3 (2%)
39 (26%)
72 (48%)
1039 (636 – 1441)

2- Patients outcomes:
All PNL were done in a prone position
and the majority of patients had a single
puncture performed (92%). Initial SFR
was achieved in 129 (86%) patients
while residual fragments were reported
in 21 (14%) patients. Second look PNL
was done for 12 patients (8%); thus, the
final SFR was achieved in 141 (94%)
patients. Follow up was decided for the
last nine patients (6%) as they had non
obstructing
small
residual
stone
fragments. The median operative time
was 25 minutes. The median hospital
stay was 2 days (Table 3).

36 (24%)
114 (76%)

Stone Burden (mm2)
Stone side:
Left
Right

314 (152 – 506)
84 (56%)
66 (44%)

Guy's Stone Score (stone site):

GSS1
GSS2
GSS3

51 (34%)
57 (38%)
42 (28%)

Table 2: Stone characteristics.
Intra operative data
Stone free rate:
Initial
Final
Auxiliary
procedures:
2nd look PNL
DJ insertion
No
Numbers of tracts
One
Two
Site of tracts
Lower calyx
Middle calyx
Middle and
lower
Upper calyx
Dilatation
Acute
Gradual
Operative time
(min)
Hospital stay (days)

Summary
statistics

There was a slight rise in the
postoperative serum creatinine by 0.08
mg/dl and a decrease in the
postoperative eGFR by 5.75 mL/min per
1.73 m2 (P-value <0.001) However;
Postoperative follow up demonstrated
significant improvement in serum
creatinine and eGFR after 3 months (Pvalue <0.001).
39 (26%) cases had complications after
the procedure; 28 cases were modified
Clavien 2 (8 patients had pyrexia treated
with antimicrobial agents, 9 patients had
urinary leakage from nephrostomy site
that resolved spontaneously and 11
patients with intraoperative bleeding
required blood transfusion). Modified
Clavien 3a complications were reported
in 9 patients; double J stent was inserted
for 3 patients with persistent leakage;
double J insertion for azotemia due to
obstructed kidney by blood clots in one
patient, while chest tube was inserted for
5 patients due to hydropneumothorax.
Serious complications were reported in
two patients; one patient needed chest

129 (86%)
141 (94%)
12 (8%)
4 (2.7%)
134 (89.3%)

134 (89%)
16 (11%)
125 (83.3%)
3 (2%)
16 (10.7%)
6 (4%)

117 (78%)
33 (22%)
25 (20 – 60)
2 (1-3)

Table 3: PNL outcomes and operative
data.
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tube insertion and ICU admission,
whereas the last patient had a cardiac
Grades

complications

Grade I
Grade II

Bleeding requiring blood transfusion

Grade
IIIa

Grade
IIIb
Grade IVa
Grade
IVb
Grade V

arrest and died as he had a preoperative
cardiac disease (Table 4).
Number of
patients
11

Pyrexia treated with non prophylactic antimicrobial
agents

8

Urinary leakage – watchful waiting
Persistent urinary leakage need DJ stent

9
3

Hematuria requiring blood transfusion +
Obstructed kidney + Azotemia need DJ stent

1

Hydropneumothorax need chest tube insertion
-

5
-

Hydropneumothorax need chest tube insertion +
ICU admission
-

1
-

Cardiac arrest + ICU admission and Death
Total number of patients with complications

Table 4:
Perioperati
ve
complicatio
ns
according
to modified
Clavien
classificatio
n system.

1
39 patients

On univariate binary logistic regression analysis of predictor variables of complications
and bleeding, the complications rate was related to the complexity of the stones (P-value
= 0.048). Also, acute dilatation of the tract was related to more complications (P-value =
0.004). As well as operative time affected the rate of complications (P-value = 0.023)
(Table 5).
Variables
Age (years)
Guys Scoring System (stone site)
GSS 1
GSS 2
GSS 3
Numbers of tracts
One
Two
Renal intervention history
No
Yes
Previous PCN insertion
No
Yes
Dilatation
Acute
Gradual
HFU (stone density)
Stone Burden (mm2)
Operative time (min)

Complicated
(no = 39)
48

Non complicated
(no = 111)
45

P - value

9 (23%)
15 (38.5%)
15 (38.5%)

42(37.83%)
42(37.83%)
27(24.23%)

0.048

35 (89.7%)
4 (10.3%)

99(89.19%)
12(10.81%)

0.923

27 (69.2%)
12 (30.8%)

90(81.79%)
21(18.21%)

0.947

35 (89.7%)
4 (10.3%)

91(81.98%)
20(18.12%)

0.917

33 (84.6%)
6 (15.4%)
1200
276
30

84(75.68%)
27(24.23%)
935
314
25

0.004

111

0.745

0.915
0.143
0.023

Table 5:
Univariate
binary logistic
regression
analysis of
predictor
variables of
complications.
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Besides; there was an association between the number of accessed tracts and the rate of
bleeding and blood transfusion (P-value = 0.008) (Table 6).
Variables
Guys Scoring System (stone
site)
GSS 1
GSS 2
GSS 3
Numbers of tracts
One
Two
Renal intervention history
No
Yes
Previous PCN insertion
No
Yes
Dilatation
Acute
Gradual
HFU (stone density)
Stone Burden (mm2)

P - value
3(25%)
3(25%)
6(50%)

0.154

8(67%)
4(33%)

0.008

9(75%)
3(25%)

0.391

12(100%)
0(0%)

0.647

9(75%)
3(25%)
1115
685

0.462

Table 6: Univariate binary
logistic regression analysis of
predictor variables of bleeding.

The drop of hematocrit was
positively correlated with the
number of tracts.

0.075
0.933

Figure 1b: Lower calyceal puncture after
retrograde pyelogram under fluoroscopy

Figure 1a: Female patient 56 year old with
two radio-lucent stones pelvis and lower
calyx only functioning right kidney. The left
kidney is small sized and atrophic.
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Figure 1c: Dilatation of the tract by
Teflon dilators under fluoroscopy.

Figure 1d: Postoperative NCCT
showing no residual stones and double J
stent.

Discussion:
Continuous
advances
in
PNL
instruments and techniques have helped
urologists to perform it in challenging
cases with high levels of protection and
efficacy (13). The incidence of complications was associated with increased GSS,
acute dilatation of the tract, and prolonged operative time. Also; there was an
association between the number of
accessed tracts and the rate of bleeding
and blood transfusion. The drop-in
hematocrit was positively correlated
with the number of tracts.
The average complication rate in our
study was 26% which was comparable to
that reported in the literature. The
CROES study (Clinical Research Office
of Endourological Society study which
is the largest study in the literature)
reported a complication rate of 28.6% (5).
In another study, the complication rate
was 29.6 % (14). Postoperative fever was
reported in 8 patients (5.33%) in the
current study. Post-PNL infection is
common, but only a few cases progress
to SIRS or septic shock. The frequency
of post PNL pyrexia ranged from 032.1% (15). Bootsma et al considered one
major cause for postoperative pyrexia to
be the operative time (16). In addition to
the time of operation, complications
associated with infection are correlated

with heavy stone load, positive culture
of urine, and obstructed kidney (17). In
general, the leakage of urine is more
obvious if wide-bore nephrostomy catheters are used, long time of catheterrization, and without ureteral drainage (18). 12
patients (8%) had urinary leakage from
the nephrostomy site which resolved
spontaneously in 9 patients while 3 patients required double J insertion due to
persistent leakage. The rate of injury to
the pleura during PNL ranges from 0.3%
to 1% (19) (20) (21). Supracostal percutaneous
renal access is associated with a higher
risk of thoracic complications (5.3%) as
compared to subcostal access (1.4%) (22).
A chest tube was inserted in 6 patients
(4%) in this study due to hydropneumothorax caused by pleural injury during
PNL.
In literature; the overall complication
rates of PNL showed no differences between patients with single kidney and
bilateral functioning kidneys. However,
puncturerelated complications in a single
functioning kidney are more likely to
have uncontrolled hemorrhage which is
a catastrophic scenario. Consequently,
careful management of solitary kidney
patients will lead to conservative approaches and will affect the results (23).
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On univariate binary logistic regression
analysis of predictor variables of
complications, it was linked to the
complexity of the stones. Also, acute
dilatation of the tract was related to more
complications. This is since acute
dilatation of the tract was done in most
of the cases (78%). In literature, the
operative time was positively correlated
to the complication rate (24).
Only 12 (8%) patients required blood
transfusion in this study. In contrast, The
CROES study showed the same rates of
hemorrhage between solitary and
bilateral kidneys groups (10.2%), but
rates of blood transfusion were
significantly higher in solitary kidney
group, this can be explained by the
increased caution given to this group (5).
On univariate binary logistic regression
analysis of predictor variables of
bleeding, there was an association
between the number of accessed tracts
and the rate of bleeding and blood
transfusion (P-value = 0.008) as well as
there was a correlation between the
drop-in hematocrit and the number of
tracts. This can be explained by the fact
of the compensatory hypertrophy of the
solitary kidney which is a normal
physiological response (25). However; we
should emphasize that in our study there
were only 16 (11%) patients had a
double accessed tract. El-Nahas et al
found that only functioning kidney,
staging stones, more than one tract, and
an inexperienced operator were a causes
for renal hemorrhage (26). Torricelli also
found that a second dilatation of the tract
was significantly associated with
bleeding (24).
In our study, there was a slight increase
in the postoperative serum creatinine
after one day. The CROES study
documented a corresponding increase in
serum creatinine immediately at the

postoperative period in all PNL patients
(5). Canes et al reported that mean serum
creatinine measures after PNL in
patients with a solitary kidney were
elevated on the first postoperative day
(27). Numerous punctures with dilatation
and movement of nephroscope broaden
the parenchymal damage, which may be
an explanation of this affection. Handa
et al also have recorded that after a
period, a PNL in humans and animals
creates a small but permanent
parenchymal fibrosis at the nephrostomy
site (28). It can heal, but it can also cause
fibrosis that stretches away from the
tract. It is not yet proven if the punctured
papilla can recover its normal role later
on or not (29). The three months follow up
of our study revealed a significant
improvement in creatinine and eGFR
levels. This could be explained by the
eradication of obstruction and infection
associated with renal calculi. We think
that the most harmful effect on renal
function is prolonged obstruction. This
issue is debatable in literature, some
studies confirmed this finding (5) (27) (30)
while others denied this improvement (31)
(32).
The fact that this is the only prospective
study with a large sample size (150
patients) talking about complications of
PNL in patients with a solitary kidney
adds a great advantage to this work.
However; our study has some limitations
as there was no control group of patients,
the 3 months follow-up was short and
the biochemical makeup of the stones
was not captured in this study.

Conclusion:
PNL is a challenging procedure in
solitary kidneys; however high SFRs
can be done with a low rate of major
complications. The complexity of the
stones, acute dilatation of the tract, and
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operative time are associated with more
complications. Multiple tracts have a
significant effect on intraoperative
bleeding so a second puncture in a
solitary kidney should be done
cautiously. There is an increase in serum
creatinine
postoperatively
with
improvement in the renal function at the
follow-up. PNL is an effective choice
for patients with stones in a solitary
kidney.

Abbreviations:
PNL = Percutaneous Nephrolithotomy
SFR = Stone Free Rate
eGFR = estimated Glomerular Filtration
Rate
BMI = Body Mass Index
NCCT = Non Contrast Computed
Tomography
IVU = Intravenous Urography
GSS = Guy's Stone Score
SFU = Society of Fetal Urology
CKD-EPI = The Chronic Kidney
Disease Epidemiology Collaboration
equation
HGB = Hemoglobin
CROES = Clinical Research Office of
Endourological Society
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