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ABSTRACT
Objective: Percutaneous nephrolithotomy (PNL) is currently recommended as the first treatment option for complex kidney stones larger than 2 cm.
Although it is a safe and effective treatment, emergency room admissions and hospitalisations occur because of PNL complications. This study aimed
to examine patient-related independent risk factors that may cause unplanned hospital readmission after PNL.
Methods: Data of patients who were admitted to our clinic due to upper urinary system calculi and underwent conventional PNL operation between
January 2015 and December 2019 were evaluated retrospectively. Hospital readmission was defined as unscheduled rehospitalisation within 30 days
after discharge. The study cohort was divided into two groups: the readmission (group A) and non-readmission groups (group B). Post-operative
complication scoring was performed according to the Clavien-Dindo classification. Multivariate logistic regression analysis was used to evaluate
independent prognostic risk factors on readmission after PNL.
Results: A total of 390 patients were included in our study. Of patients, 24 (6.1%) were readmitted to our clinic in the post-operative period. Gender,
age, body mass index and stone volume were statistically similar between the groups. Based on multivariate analysis, the presence of Clavien 3a and
3b complications, post-operative blood transfusion, presence of preoperative hydronephrosis, American Society of Anaesthesiologist score and low
stone density (<859 Hounsfield units) were determined as significant independent risk factors for readmission.
Conclusion: Determination of preoperative risk factors will reduce hospital readmissions rates, thus reducing the potential burden on the health
system and increasing patient comfort.
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ÖZ
Amaç: Perkütan nefrolitotomi (PNL), 2 cm’den büyük kompleks böbrek taşlarında günümüzde ilk tedavi seçeneği olarak önerilmektedir. Güvenli ve
etkili bir tedavi olmasına rağmen, PNL komplikasyonları nedeniyle acil servis başvuruları ve hastaneye yatışlar gerçekleşebilmektedir. Bu çalışmada,
PNL sonrası hastaneye planlanmamış tekrar başvuruya neden olabilecek hastayla ilişkili bağımsız risk faktörlerini incelemeyi amaçladık.
Yöntemler: Ocak 2015 ve Aralık 2019 tarihleri arasında, kliniğimize üst üriner sistemde kalkül nedenli başvuran ve konvansiyonel PNL operasyonu
uygulanan hastaların verileri retrospektif incelendi. Hastaların hastaneye tekrar başvurması, taburculuk sonrası 30 gün içerisinde planlanmamış
yeniden hastaneye yatış olarak tanımlandı. Hastalar iki gruba ayrıldı: Hastaneye tekrar başvuran hastalar (grup A) ve tekrar başvurmayan hastalar
(grup B). Operasyon sonrası komplikasyon skorlaması Clavien-Dindo sınıflamasına göre yapıldı. PNL sonrası yeniden kabulde bağımsız prognostik risk
faktörlerini değerlendirmek için çok değişkenli lojistik regresyon analizi kullanıldı.
Bulgular: Toplam 390 hasta çalışmaya dahil edildi. Post-operatif dönemde hastaların 24’ü (%6,1) kliniğimize tekrar başvuruda bulundu. Cinsiyet, yaş,
beden kitle indeksi ve taş hacminin, her iki grup arasında istatistiksel olarak benzer olduğu görüldü. Çok değişkenli analize göre, Clavien 3a ve 3b
komplikasyon varlığı, post-operatif kan transfüzyonu, preoperatif hidronefroz varlığı, Amerikan Anesteziyologlar Derneği skoru ve düşük taş dansitesi
varlığının (<859 Hounsfield ünitesi), yeniden başvuru açısından anlamlı bağımsız risk faktörleri olduğu belirlendi.
Sonuç: Preoperatif risk faktörlerini belirlemek hastaneye tekrar başvuru oranlarını azaltarak sağlık sistemi üzerinde oluşabilecek potansiyel yüklerin
azaltılmasını ve hasta konforunun artmasını sağlayacaktır.
Anahtar kelimeler: Perkütan nefrolitotomi, hastanın yeniden başvurusu, risk faktörleri
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INTRODUCTION
Percutaneous nephrolithotomy (PNL) is currently recommended
as the first treatment option for complex kidney stones larger than
2 cm (1). It is also used for extracorporeal shockwave lithotripsy
treatment-resistant lower pole stones bigger than 1 cm and
patients with anatomical variation (2). Since the first use of PNL
in 1976, a comprehensive modification has been performed to
decrease post-operative complications, pain, hospital stay length
and hospital readmission rate (3). In addition to technological
improvements in endoscopic devices (flexible pyeloscope, flexible
urethroscope, etc.), improvements in lithotripsy techniques
increased the success of PNL by up to 90% (4).
With its high success and low complication rates, PNL is regarded
as a safe treatment method. Complications associated with
PNL are generally related to perioperative neighbouring organ
injuries (lung, pleura, colon, spleen, etc.), post-operative bleeding
and urinary system infection (5). Because of unpredictable
complications, emergency room (ER) admissions and unplanned
hospital readmissions may occur in the post-operative period (6).
In many countries, as an objective measure of the quality of health
care, unplanned post-surgery readmission is considered. This
situation causes both a decrease in the quality of life of patients
and a severe financial burden on the healthcare system (7). More
studies have been found in the literature on readmissions after
urological surgeries and their causes in recent years (8,9). These
studies include general urological surgical procedures, and
there are limited studies examining potential predictive factors
for endourology and stone surgery (10,11). This study aimed
to examine patient-related independent risk factors that may
increase the unplanned hospital readmission possibility after PNL.

METHODS
Data of 485 patients over the age of 18 years who were admitted
to our clinic with upper urinary system calculi and underwent
PNL operation between January 2015 and December 2019 were
analysed retrospectively. The study protocol was approved by the
local ethics committee of the Bakırköy Dr. Sadi Konuk Training
and Research Hospital Ethics Committee, and the study was
conducted according to the Declaration of Helsinki (approval
number: 2020-17, approval date: 24.08.2020). Written informed
consent, approved by our institutional review board, was obtained
from all patients.
Hospital
readmission
was
defined
as
unscheduled
rehospitalisation within 30 days after discharge. Patients with a
history of malignancy, concomitant surgery or readmitted to the
hospital for other reasons were excluded from the study. Postoperative complication scoring was conducted according to the
Clavien-Dindo classification (12).
Patients were evaluated using contrast-enhanced computed
tomography (CT) and/or intravenous pyelography, which were
taken before the operation. The preoperative total volume of stone
(cm3) was calculated from axial images with coronal reconstructions

of non-contrast CT scan with length×height×width×π×1/6 formula
(13). Urine cultures of all patients were sterile preoperatively.
Second-generation cephalosporin prophylaxis was given to all
patients before the operation. All procedures were performed
under general anaesthesia in the prone or supine position by
three different surgeons with similar PNL experiences (Y.O.D.,
M.G.Y. and F.A.A.). Calculi were fragmented through pneumatic
lithotripter (Vibrolith®, Elmed, Ankara, Turkey) using 24 Fr
nephroscope (Karl Storz GmbH & Co. KG, Tuttlingen, Germany)
following ultrasonography-guided fluoroscopic access and
extracted with the help of forceps. In all cases, a 14 Fr nephrostomy
tube was placed in the renal pelvis or the involved calyx. If there
were no contraindications, they were removed at the 24th hour
postoperatively. A routine ureteral catheter is not placed unless
there are indications such as pelvic or ureter injury, high volume
residual fragment or obstruction. In cases where they are required,
ureteral catheters are removed 2-3 weeks later. Stone-free status
of the patients was evaluated using direct urinary system graphy
in the post-operative early period and by low dose non-contrast
abdominal CT in the third month.

Statistical Analysis
Categorical data were presented as numbers and percentages.
Data on continuous variables are presented as mean and standard
deviation. Dependent t-test and Mann-Whitney U tests were used
to compare the mean differences of normally and non-normally
distributed data, respectively. Frequencies of categorical variables
were compared using the Pearson chi-square test. A p-value of
<0.05 was considered statistically significant. Logistic regression
analysis was performed to determine readmission predictors after
PNL. Multivariate logistic regression analysis was used to evaluate
independent prognostic risk factors on readmission after PNL.
Statistical analysis was performed using the Statistical Package
of Social Sciences version 21 (IBM SPSS Statistics; IBM Corp.,
Armonk, USA).

RESULTS
A total of 390 patients were included in the study. The
characteristics and demographic data of the patients are
presented in Table 1. Of patients, 24 (6.1%) were readmitted to our
clinic in the post-operative period. The reasons for readmission
after surgery were renal colic (n=7, 29.1%), urinary tract infection
(n=6, 25%), haematuria (n=6, 25%), leakage (n=2, 8.3%), ureteral
stent displacement (n=1, 4.1%), urinary retention (n=1, 4.1%)
and urinothorax (n=1, 4.1%). The study cohort was divided into
two groups: The readmission group (group A; n=24) and nonreadmission group (group B; n=366).
Group A consisted of 20 (83.3%) male and 4 (16.7%) female
patients with a mean age of 44.8±17 years and group B of 238
(65%) male and 128 (35%) female patients with a mean age of
44±13.8 years. The mean stone volumes were 2,630±1,171 and
2,311±1,036 mm3 in groups A and B, respectively. No significant
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Table 1. Comparison of patients’ characteristics according to readmission
Variables

Group A (readmission)

Group B (no readmission)

p-value

Number of patients
Sex, n (%)
Male
Female
Mean age ± SD (years)
Mean BMI ± SD (kg/m2)
Mean stone volume (mm3)
Mean stone density ± SD (HU)
Mean HD ± SD (day)
Mean operation time ± SD (min)
ASA score, n (%)
1
2
3
Post-operative complication, n (%)
Clavien 0
Clavien 1
Clavien 2
Clavien 3a and 3b
Post-operative blood transfusion, n (%)
Positive
Negative
Preoperative hydronephrosis, n (%)
Positive
Negative
Residual stone, n (%)
Positive
Negative
Staghorn calculi, n (%)
Positive
Negative
Preoperative culture positive, n (%)
Positive
Negative
Post-operative fever, n (%)
Positive
Negative
Preoperative nephrostomy catheter, n (%)
Positive
Negative
Preoperative ureteral stent, n (%)
Positive
Negative
Open stone surgery history, n (%)
Positive
Negative

24

366

20 (83.3)
4 (16.7)
44.8±17
25.6±1.4
2,630±1,171
771.1±290.8
4.1±2.1
75.7±12.8

238 (65.0)
128 (35.0)
44±13.8
26.8±3.2
2,311±1,036
1004.8±324.7
3.6±1.5
80.6±18.2

4 (16.7)
5 (20.8)
15 (62.5)

136 (36.4)
214 (57.2)
24 (6.4)

3 (12.5)
5 (20.8)
10 (41.7)
6 (25)

310 (84.7)
34 (9.3)
10 (2.7)
12 (3.3)

<0.001

14 (58.3)
10 (41.7)

20 (5.5)
346 (94.5)

<0.001&

15 (62.5)
9 (37.5)

132 (36.1)
234 (63.9)

<0.001&

7 (29.2)
17 (70.8)

76 (20.8)
290 (79.2)

0.330&

4 (16.7)
20 (83.3)

44 (12.0)
322 (88.0)

0.502&

6 (25.0)
18 (75.0)

20 (5.6)
338 (94.4)

<0.001&

2 (8.3)
22 (91.7)

50 (13.8)
312 (86.2)

0.446&

2 (8.3)
22 (91.7)

18 (5.0)
344 (95.0)

4 (16.7)
20 (91.7)

50 (13.8)
312 (86.2)

0.446&

0 (0)
24 (100)

48 (13.1)
318 (86.9)

0.058&

12 (50)
12 (50)

114 (31.1)
252 (68.9)

0.056&

7 (29.2)
17 (70.8)

96 (26.2)
270 (73.8)

0.752&

0.066&
0.802*
0.076*
0.148*
0.001*
0.373*
0.143**
<0.001&
ASA 3 vs ASA
1-2
<0.001&

0.472&

Endourologic surgery history, n (%)
Positive
Negative
Surgical method, n (%)
Supine position
Prone position

SD: standard deviation, BMI: body mass index, HD: hospitalisation duration, HU: hounsfield unit, ASA: American Society of Anaesthesiologists, *Independent
t-test, **Mann-Whitney U test, &Pearson chi-square test
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differences were noted between the two groups in gender, age,
body mass index and stone volume (p>0.05). In the preoperative
evaluation, the mean stone density was 710.7±451.2 Hounsfield
units (HU) in group A and 1004.8±324.7 HU in group B (p=0.001).
In all PNL procedures, 103 (26.4%) were performed in the supine
position and 287 (73.6%)in the prone position. A total of 21 (27.2%)
and 56 (72.8%) complications were observed in patients who
underwent supine and prone PNL, respectively. In group A, PNL
was performed in 7 (29.1%) and 17 (70.9%) patients in the supine
and prone positions, respectively. The positions in the procedures
have no statistically significant difference in complication and
rehospitalisation rates (p=0.8 and 0.752, respectively). The rate
of patients with Clavien 3a and 3b complications was statistically
higher in group A than in group B (25% vs 3.3%; p<0.001). In both
groups, the American Society of Anaesthesiologists (ASA) score
was significantly higher in group A (p=0.047). The proportion
of patients with ASA III score was 62.5% in group A and 6.6% in
the other group (p<0.001). Post-operative blood transfusion was
applied to 58.3% of patients in group A and 5.5% of patients in
group B (p<0.001). Preoperative hydroureteronephrosis (HUN)
was present in 62.5% and 36.1% of the patients in groups A
and B, respectively (p<0.001). When the patients who received
antibiotherapy due to positive preoperative urine culture were
examined, there were statistically significant differences between
the groups (group A: 25%; group B: 5.6%; p<0.001).
According to multivariate logistic regression analysis, ASA score,
presence of Clavien 3a and 3b complications, post-operative
blood transfusion requirement, presence of preoperative HUN,
preoperative urine culture growth and presence of low stone
density were determined as significant independent risk factors
for readmission (Table 2). According to the receiver operating
characteristic (ROC) curve analysis, the threshold value for stone
density was 859 HU, with a sensitivity of 66.7% and specificity
of 65.7%, and values under this threshold were regarded as low
stone density. In predicting readmission, the area under the curve
(AUC) values for preoperative HUN and low stone density (<859
HU) were 0.714 [95% confidence interval (CI) 0.557-0.872; p=0.007]
and 0.768 (95% CI 0.677-0.858; p=0.001), respectively (Figure 1
and Table 3).
Table 2. Multivariate analysis of potential predictors for
readmission after PNL

Figure 1. Receiver operating characteristic curves of readmission
predicting factors of patients
ROC: receiver operating characteristic

Table 3. Receiver operating characteristic curve analysis for
predictive factors for readmission
AUC

95% CI

p-value

Variables
Clavien 3a and 3b complication

0.521

0.362-0.680

0.792

Post-operative blood transfusion

0.619

0.447-0.791

0.131

Preoperative hydronephrosis

0.714

0.557-0.872

0.007

Preoperative urine culture
positive

0.613

0.442-0.784

0.152

Low Hounsfield score

0.768

0.677-0.858

0.001

AUC: area under the curve, CI: confidence interval, the cut-off value for HU
was 859, with a sensitivity of 66.7% and specificity of 65.7%

OR

95% CI

p-value

ASA score

1.990

0.866-4.573

<0.001

Clavien 3a and 3b complications

2.998

1.864-4.789

0.042

The readmission rate of patients after PNL operation, which is

Post-operative blood transfusion

2.450

0.594-10.112

<0.001

frequently applied for treating kidney stones, and the predictive

Preoperative hydronephrosis

3.190

1.022-9.957

0.046

factors causing this were determined in our study. Studies in the

Preoperative urine culture
positive

1.120

1.100-1.160

0.215

Hounsfield unit <859

3.669

1.176-11.449

0.025

Variables

OR: odds ratio, CI: confidence interval, ASA: American Society of Anaesthesiologists, PNL: percutaneous nephrolithotomy

DISCUSSION

literature provide us with an idea about the reasons and incidence
of recurrence of general urological procedures. However,
studies on readmission rates and predictive factors, especially
in endourological stone surgeries, are limited in the literature.
Unplanned hospital readmissions in the early post-operative
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period can also impair the quality of life of patients and the current
functioning of urology clinics (14). Post-operative readmissions to
the ER are negative indicators of the quality of healthcare services
and cause significant economic burdens. In the United States
of America, only in 2010, insurance companies were paid $17.5
billion for referrals to the hospital, and it was decided to impose
sanctions on centres with high readmission rates (8). Unplanned
hospital readmissions after surgery constitute a source of concern
for all endourologists working in the field of stone surgery (5).
When cystoscopy, transurethral bladder tumour resection,
transurethral prostate resection, hydrocele excision and urethral
sling surgeries, as five surgical procedures most applied in urology
were examined in a study, the hospital readmission rate was 3.7%.
Cancer history, male gender, bleeding disorders and ASA score >
III were detected as significant risk factors (8). In a similar study by
Kumar et al. (14), male gender, smoking, chronic obstructive lung
disease, diabetes mellitus (DM), coronary artery disease, bleeding
disorders and ASA score >III were risk factors for readmission.
Consistent with the literature, a significantly higher readmission
rate was detected in patients with an ASA score of III, and this was
an independent predictive factor in our study. In the literature, the
readmission rates after PNL were between 1.7% and 9% (6,14,15).
In two different studies conducted in Turkey, readmission rates
were 5.27% and 27.1% (10,11). In our study, the rate of hospital
readmission was 6.5%, which is consistent with the literature.
Advanced age was related to post-operative morbidity in
urological surgeries (16). There is evidence in the literature that
advanced age increases the readmission rate (8,9,14). Johnston
et al. (17) determined that the readmission rates after PNL were
18.7% and 7.1% in patients aged over 75 and under 18 years,
respectively. Considering that our data exclude patients younger
than 18 years, the mean age between both groups was statistically
similar.
In endourological procedures such as PNL, perioperative and
post-operative complications related to urinary infections are
common problems. The severity of these infections ranges from
simple bacteriuria to severe sepsis, which can cause multiple organ
failure (1). In a systematic review investigating PNL complications
including 12,000 patients, fever and sepsis were observed at
a rate of 10.1% and 0.5%, respectively (18). The most common
reason for hospital readmissions in the post-operative period is
urosepsis (14). Risk factors for post-PNL sepsis include positive
urine culture, stone size, infection stone, neurogenic bladder
dysfunction, abnormal kidney anatomy, long operation duration,
presence of nephrostomy tube and/or urethral catheter (19). In
our current study, no significant difference was found between the
two groups in terms of post-operative fever. Although a significant
difference was observed among the two groups in preoperative
urine culture positivity, it was not identified as an independent risk
factor in multivariate analysis.
Perioperative and post-operative bleeding is a complication of
PNL that may cause mortality. It can be seen in different stages
of the operation such as percutaneous access, tract dilatation,

stone fragmentation and post-operative period (5). The presence
of DM, perioperative complications, operation duration, imaging
method used during access (ultrasonic or fluoroscopic), tract
dilatation technique, tract diameter and renal parenchymal
thickness were significant risk factors for bleeding and the need
for transfusion (20). In a multicentre prospective study, the blood
transfusion rate after PNL was 5.7% (21). In the study by Armitage
et al. (6), readmission was observed because of haematuria or
haemorrhage with a rate of 1.7% after PNL. Although haematuria
and bleeding have not been examined separately, we concluded
that blood transfusion, which may have a consequence, is an
independent risk factor for hospital readmission.
Renal parenchymal thickness and stone density are factors that
may affect PNL outcome (20). In the study examining complication
rates, the operation time and blood loss were stated to increase
in patients with a stone density of <1000 HU (22). Although data
such as perioperative haemorrhage and decrease in haematocrit
are indirectly related to readmission, there are no data in the
literature examining the direct relationship between HU and
readmission rates. Thus, this study is the first to determine HU
as a risk factor for unplanned readmission within post-operative
early period following PNL. In the ROC analysis, the threshold
value for stone density was 859 HU, and a stone density lower
than 859 HU was a risk factor for patients’ readmission. According
to the ROC analysis, it was determined to have the highest AUC
value. Although the composition of stones was not determined in
the patients in our study, low HU determined in the readmission
group constitutes the possibility of these patients having infection
stones (1).
Complications due to residual stone fragments may be a marker
for readmission (23). In the study in which a high stone burden
was found to be a significant risk factor for readmission, it was
concluded that this condition was associated with prolonged
operation time and more residual stone fragments. It has been
reported that if surgery is planned when patients are asymptomatic
and the stone burden is not high, it may be possible to decrease
the readmission rate (10). Although we did not find a significant
difference between the two groups in terms of stone volume, the
presence of preoperative HUN is an independent risk factor for
readmission. Based on these data, surgeries performed with less
stone burden in the early period and before HUN development
may have a significant effect on readmission rates.
Complication rates reaching 83% were reported after PNL (5). In
the study by Tepeler et al. (11), Clavien grades 1, 2, 3a+3b and 4
complication rates were 1.8%, 3.2%, 1.3% and 0.1%, respectively.
In our study, the post-operative complication rates in group A
were significantly higher than in group B.

Study Limitations
One of the main limiting factors was the retrospective nature
of our study. In addition, the comorbidities of the patients were
not evaluated separately, and data on stone analysis, time until
readmission and intraoperative complications were lacking in
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our study. The absence of stone localisation can be considered a
limitation, but most of the patients who applied to our clinic have
staghorn and semistaghorn stones. Thus, stone localisation of the
patients could not be included in the study.

CONCLUSION
Hospital readmissions after PNL affect patient comfort and
constitute a burden on the healthcare system. According to our
study, ASA scores, the presence of Clavien 3a and 3b complications,
the need for post-operative blood transfusion and the presence
of preoperative HUN, preoperative urine culture growth and
low stone density were risk factors for hospital readmissions.
Choosing the patient and the surgical method according to these
risk factors will reduce both the complication and readmission
rates. Our study may help surgeons take constructive precautions
in the treatment planning of patients with risk factors and may
enlighten the way of future studies on this subject.
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