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ABSTRACT         ARTICLE INFO______________________________________________________________     ______________________
Purpose: To describe our experience with percutaneous nephrolithotomy (PCNL) in 
patients with solitary kidneys and analyze factors that can impact on intra-operative 
bleeding and postoperative complications.
Materials and Methods: We reviewed our stone database searching for patients with 
solitary kidney who underwent PCNL from Jan-05 through Oct-13. Demographic data, 
stone characteristics, and intra- and postoperative outcomes were recorded. Spearman 
correlation was performed to assess which variables could impact on bleeding and 
surgical complications. Linear and logistic regressions were also performed.
Results: Twenty-seven patients were enrolled in this study. The mean age and BMI 
were 45.6 years and 28.8Kg/m2, respectively; 45% of cases were classified as Guys 3 
(partial staghorn or multiple stones) or 4 (complete staghorn) – complex cases. Stone-
-free rate was 67%. Eight (29.6%) patients had postoperative complications (five of 
them were Clavien 2 and three were Clavien 3). On univariate analysis only number 
of tracts was associated with increased bleeding (p=0.033) and only operative time 
was associated with a higher complication rate (p=0.044). Linear regression confir-
med number of access tracts as significantly related to bleeding (6.3, 95%CI 2.2-10.4; 
p=0.005), whereas logistic regression showed no correlation between variables in study 
and complications.
Conclusions: PCNL in solitary kidneys provides a good stone-free rate with a low rate of 
significant complications. Multiple access tracts are associated with increased bleeding.
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INTRODUCTION

Nephrolithiasis prevalence has been increa-
sing (1) and patients with solitary kidneys are also 
at a higher risk of developing kidney stones. These 
patients deserve appropriate metabolic evaluation 
and efficient stone clearance as this condition mi-
ght ultimately worsen their renal function (2).

 The management of urolithiasis in pa-
tients with a solitary kidney remains a challenging 
scenario. Shock wave lithotripsy (SWL) and retro-
grade intrarenal surgery (RIRS) have similar ou-

tcomes in patients with one or two functional kid-
neys (3, 4). Conversely, there is literature evidence 
that percutaneous nephrolithotomy (PCNL) in pa-
tients with solitary kidneys might have a higher 
morbidity rate when compared to patients with 
two functioning kidneys (5). Even though PCNL 
is related to potential surgical complications, e.g. 
bleeding, infection, lung collapse, and urinary 
fistula, it remains as the gold standard treatment 
for complex kidney stones even for patients with 
solitary kidneys, providing reasonable stone-free 
rates while preserving renal function (6-8).
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 The aim of this study is to describe the 
experience of a large volume referral center for 
kidney stones management with PCNL in patients 
with solitary kidneys. We also performed a critical 
analysis of factors that can impact on intra-ope-
rative bleeding and postoperative complications.

MATERIAL AND METHODS

Study Design
 After Institutional Board Review appro-

val, we reviewed our stone database searching 
for patients with solitary kidneys who underwent 
PCNL from January 2005 through October 2013. 
Patients were considered to have a solitary kid-
ney in case of congenital abnormality, contrala-
teral nephrectomy, or solitary functioning kid-
ney with contralateral atrophy (relative function 
<5%). Patients under 18 year-old were excluded 
from this study.

 Pre-operative data recorded included age, 
gender, body mass index (BMI), American Socie-
ty of Anesthesiology (ASA) classification, serum 
creatinine, renal function at the time of PCNL cal-
culated by Modification of Diet in Renal Disease 
(MDRD) equation (estimated glomerular filtration 
rate – eGFR), cause of solitary kidney, laterality, 
renal cortex thickness measurement with ultra-
sound, stone burden, and Guys score (9). Intra and 
post-operative data comprised patient‘s PCNL po-
sition (prone vs. supine), number of urinary tracts, 
drop in serum hemoglobin and hematocrit levels 
(bleeding), transfusion rate, operative time (defi-
ned from the beginning of the cystoscopy until the 
end of nephrostomy tube placement), variation of 
creatinine clearance, complications according to 
the Clavien classification, length of hospital stay, 
and stone-free rate.

Surgical Technique And Postoperative 
Image Control

 All patients received prophylactic third-
-generation cephalosporin preoperatively during 
anesthesia induction, or therapeutic culture-gui-
ded antibiotic initiated seven days before surgery. 
Patients with staghorn calculi started oral antibio-
tics 7 days before surgery irrespective of urinary 
culture status.

 Briefly, all patients were submitted to cys-
toscopy under general anesthesia for a 5 Fr urete-
ral catheter placement and retrograde pyelography. 
Thereafter, patients were positioned in prone or su-
pine position according to the surgeon’s preference. 
Upper tract access was planned by examining preo-
perative noncontrast computed tomography (NCCT) 
and intraoperative fluoroscopy. The collecting sys-
tem was punctured, a guidewire was inserted, and 
then the urinary tract was dilated with serial dila-
tors. After nephroscopic inspection, lithotripsy was 
done with ultrasonic lithotripter (Swiss Lithosclast® 
Master, Electro Medical System) allowing concomi-
tant stone fragmentation and suction. Larger stone 
fragments were retrieved with graspers. At the end 
of all procedures, flexible nephroscopy was perfor-
med. An eighteen Fr nephrostomy tube was rou-
tinely left in place at least for two days. Ureteral 
catheter or a double J stent were also routinely left.

 In the first postoperative day, all patients 
underwent NCCT and laboratory exams following 
our Institutional protocol. Patients with residual 
stones were submitted to auxiliary procedures ac-
cording to the residual stone burden and location. 
Patients who underwent auxiliary procedures were 
submitted to a consented additional NCCT.

Statistical analysis

 Results were expressed in proportion, mean, 
and standard deviation. Spearman correlation was 
performed to assess which variables could impact 
on bleeding (drop in hematocrit level) and surgi-
cal complications. Linear and logistic regression in-
cluding BMI, ASA classification, baseline clearance 
creatinine, patient’s PCNL position, number of uri-
nary tracts, stone burden, Guys score, renal cortex 
thickness and operative time were performed to 
evaluate which variables were significantly related 
to bleeding and complications, respectively. Statis-
tical analysis was performed with SPSS version 20.0 
(SPSS Inc., Chicago, IL) and significance level was 
set up at p<0.05.

RESULTS

 Twenty-seven patients (29.6% male) with 
solitary kidneys who underwent PCNL were enrol-
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led in this study. The mean (± standard deviation) 
age and BMI were 45.6±14.6 years and 28.8±4.7 
Kg/m2, respectively. Mean stone burden was 
503±222 mm2 and almost half of patients (45%) 
were classified as Guys 3 (partial staghorn or mul-
tiple stones) or 4 (complete staghorn) – complex 
cases. Most patients (78%) had a solitary kidney 
due to a stone-related event. Demographic and 
preoperative data are summarized in Table-1.

 The majority of patients were positioned 
in prone position (63%) for PCNL and had a single 
puncture performed (78%). Stone-free rate after 
auxiliary procedures was 67%. Mean drop in the 
hematocrit level was 8.1% and it was used to es-
timate the intra-operative bleeding. Blood trans-
fusion was required in five (18.5%) cases. Mean 
operative time was 138.3±36.7 minutes and mean 
length of hospital stay was 5.6±3.9 (range 2 to 16) 

days. Most patients (55.5%) stayed in the hospital 
for no more than 4 days; only four patients had 
a hospitalization time longer than one week due 
to surgical complications. Eight (29.6%) patients 
had postoperative complications; five of them 
were Clavien 2 (one urinary tract infection and 
four blood transfusions) and three were Clavien 3 
(two urinary fistulas treated with 2J placement – 
one patient also needed a blood transfusion – and 
one 2J displacement that required anesthesia for 
surgical removal). The variation between pre- and 
postoperative creatinine clearance was minimal. 
Table-2 shows intra- and postoperative data. 

 On univariate analysis, only the number 
of urinary tracts was associated with increased 
bleeding (p=0.033) – Figure-1 – and only operati-
ve time was associated with a higher complication 
rate (p=0.044) – Table-3. Linear regression con-

Table1 - Demographic and preoperative data.

Demographic data

Age (years) 45.6±14.6

Gender (Male) 29.6%

BMI (Kg/m2) 28.8±4.7

ASA score 37% ASA 1 / 48% ASA 2 / 15% ASA 3

Serum creatinine (mg/dL) 1.5±0.8

Creatinine Clearence (mL/min/1.73m2) 60.5±32.0

Preoperative data

Laterality (Right) 48%

Renal Cortex Thickness (cm) 1.9±0.6

Stone Burden (mm2) 503±222

Guys score 11% Guys 1 / 33% Guys 2 / 41% Guys 3 / 4% Guys 4

Solitary kidney cause

Lithiasis 21 (78%)

Renal agenesia 3 (10%)

Kidney cancer 1 (4%)

Abdominal trauma 1 (4%)

Kidney donation 1 (4%)

BMI = Body mass index; ASA = American Society of Anesthesiology
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firmed number of urinary tracts as significantly 
related to bleeding – drop in the hematocrit level 
(6.3, 95%CI 2.2-10.4; p=0.005), whereas logistic 
regression showed no correlation between varia-
bles in study and complications.

Table 2 - Intra- and postoperative data.

PCNL Position (Prone / Supine) 63% / 37%

Number of Urinary Tracts 78% One / 22% Two

Hb level drop (mg/dL) 2.7 (Initial 13.4 - Final 10.7)

Ht level drop (%) 8.1 (Initial 40.7 - Final 32.6)

Transfusion (n; %) 5 cases; 18.5

Operative time (min) 138.3±36.7

Length of hospital stay (days) 5.6±3.9

Complications 8 (29.6%)-Clavien 2: 62.5% Clavien 3: 37.5%

Creatinine variation (mg/dL) 0.1 (Initial 1.5-Final 1.4)

Creatinine Clearence variation (mL/min/1.73m2) 0.5  (Initial 60.5-Final 60)

Stone-free rate (%) 67

Hb = Hemoglobin; Ht = Hematocrit

Figure 1 - Correlation between number of urinary tracts and drop in hematocrit level.

DISCUSSION

 We studied patients with solitary kidneys 
who underwent PCNL in a referral center for ma-
nagement of kidney stones to compare our ou-
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tcomes with others centers worldwide; then we 
analyzed factors that could impact on intraope-
rative bleeding and postoperative complications. 
Compared to the largest series of PCNL in solitary 
kidneys reported in the literature (Clinical Rese-
arch Office of the Endourological Society – CRO-
ES) (5), both studies showed reasonable stone-free 
rates (>65%) with high proportion of transfusion 
and minor complication rates. In our cases, almost 
25% of our PCNLs were done with two percuta-
neous accesses, which was significantly related to 
a higher bleeding rate, compared to only 10.6% of 
cases from CROES study. We also had a high num-
ber of complex cases (Guys 3 and 4) that can have 
impacted on our outcomes, although it was not 
significantly associated with our analyzed results. 
Eight patients had postoperative complications, 
however only 3 (11.1%) required further interven-
tion (all of them were small procedures and were 
uneventfully done).

 El-Nahas el al. (10) studied 39 patients 
submitted to PCNL who presented with bleeding 
requiring angiographic renal embolization and re-
ported that solitary kidney, staghorn calculi, mul-
tiple tracts, and an inexperienced surgeon were 
significant risk factors for severe bleeding. In our 

Table 3 - Univariate analysis – Sperman correlation.

 Bleeding Complications

p-value R2 linear p-value R2 linear

BMI 0.170 0.085 0.361 0.038

ASA classification 0.793 0.003 0.910 <0.001

Initial serum creatinine 0.512 <0.001 0.697 0.052

Initial clearence of creatinine 0.709 0.024 0.938 0.004

Patient's position 0.508 0.015 0.420 0.026

Number of urinary tracts 0.033 0.216 0.450 0.023

Stone burden 0.971 0.002 0.918 0.003

Guys score 0.653 0.017 0.978 <0.001

Renal cortex tickness 0.631 0.010 0.735 0.008

Operative time 0.212 0.067 0.044 0.210

BMI = Body mass index; ASA = American Society of Anesthesiology

study, a second tract was significantly related to 
bleeding. A more conservative approach avoiding 
more than one renal puncture in complex cases 
might be safer in these patients. Surgeon expe-
rience was not considered in our analysis, as all 
procedures in our institution were performed by a 
resident under supervision of an experienced staff 
urologist. 

 Jones et al. (11) in a study with 53 pa-
tients reported the safety of PCNL in solitary kid-
ney patients showing a stone-free rate of 77.3% 
(defined by absence of residual calculi or frag-
ments ≤2mm). The authors did not report any se-
rious complications, except for one patient who 
had deterioration in renal function. More recently, 
Resorlu et al. (12) reported their experience with 
16 patients with complex caliceal or staghorn sto-
nes in solitary kidney treated with PCNL. There 
were no significant intraoperative complications, 
but one patient had bleeding from an infundibular 
tear attributed to excessive kidney torquing. Du-
ring the 1-year study period, no patients progres-
sed to end-stage renal disease. They concluded 
that PCNL in solitary kidney with staghorn calculi 
is not only effective but also safe. In our study we 
had 3 (11.1%) minor complications, two urinary 
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fistulas and a double-J misplacement, which re-
quired further intervention. All of them were sol-
ved uneventfully.

 PCNL in obese patients has its particu-
larities that may be related to a harder patient’s 
mobilization and positioning before surgery and 
a longer urinary tract length. These peculiarities 
could be linked to some difficulty to gain access 
to the collecting system and sometimes to a signi-
ficant bleeding. In our study, BMI was not related 
to surgical complications or bleeding following 
PCNL in solitary kidneys. In fact, previous studies 
have shown that BMI does not impact on postope-
rative complications of PCNL (13, 14). Terrecialla-
-Ortiz et al. (14) in a prospective study including 
225 PCNL reported no statistical significant diffe-
rence in terms of complication or stone-free rate 
when patients were stratified according to their 
BMI. There were also no differences in failure to 
gain access, hospital stay, or need for auxiliary 
procedures. In this study, only operative time and 
radiation doses were higher in patients with incre-
ased BMI.

 Canes et al. (15) studied the impact of 
PCNL on renal function and reported a series of 
81 patients with solitary kidney submitted to 92 
percutaneous procedures. In 64 (69.6%) patients 
PCNL was done for stones, including staghorn 
calculi in 25 and renal or ureteral stones in 39 
cases. In this study, percutaneous procedures were 
not associated with a worsening in renal function, 
which was similar to our findings. Wang et al. (16) 
reported their experience with PCNL in solitary 
kidney patients in prone (10 patients) and supine 
position (6 patients), showing that patient’s posi-
tion has no impact on surgical outcomes, which 
was again similar to our results.

 In our study, the overall stone-free rate 
was 67%. Although this number can be slightly 
lower compared to those reported by others au-
thors (12, 15-18), the strict follow-up based on 
a NCCT to evaluate outcomes may explain that 
finding. Furthermore, it was similar to the results 
showed by CROES study in a global evaluation.

 Recent published systematic review and 
meta-analysis showed that PCNL provides a hi-
gher stone free-rate when compared to RIRS. Ho-
wever, PCNL is also followed by a higher compli-

cation rate and blood loss (19). In patients with 
solitary kidneys with kidney stones >2.0 cm, PCNL 
should be recommended as the first-line treatment 
option, although RIRS can be offered to selected 
patients who prefer to be submitted to staged pro-
cedures with low morbidity rate.

 Our study has some limitations. It is a 
retrospective study with a limited number of pa-
tients. However, PCNL in solitary kidney is a re-
lative rare procedure and prospective series are 
challenging to be done. Although it is not a lar-
ge series, it has a reasonable number of patients 
and evidenced the association between multiple 
urinary tracts and bleeding, showing that a more 
conservative approach (single puncture procedu-
re) might avoid blood transfusions. We did not 
compare our PCNL outcomes in solitary kidneys 
to those obtained from PCNL in patients with two 
functional kidneys; however, it would be complex 
to match these patients considering all variables 
which could be associated with intraoperative ble-
eding and postoperative complications. 

CONCLUSIONS

 PCNL in solitary kidneys is a challenging 
procedure, however a reasonable stone-free rate 
can be achieved with a low rate of significant 
complications. Multiple urinary tracts impacts on 
intraoperative bleeding and when there is the need 
for a second tract, a staged procedure is advised.
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