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Objectives: We aimed to evaluate the effect of
American Society of Anesthesiology (ASA)

classification scoring and age on complications and surgical
outcomes during and after percutaneous nephrolithotomy
(PCNL) operation.
Material and methods: The records of 263 patients, above the
age of 18 years, that underwent PCNL surgery between
October 2014 and May 2017 were evaluated retrospectively.
The patients were divided into three groups based on their ASA
risk scores (ASA 1, 2, 3) and into two groups based on their
age (younger and older than 65 years). Postoperative complica-
tions were assessed according to the ASA groups and age and
according to the Clavien classification system.
Results: The number of patients in the ASA 1, 2, and 3 groups
were 97 (36.8%), 131 (49.8%) and 35 (13.3%), respectively.
Four patients in ASA4 were not included in the study. There
was no significant difference in ASA 1, 2, 3 groups in terms of
changes in Hgb values, mean duration of operation, and mean
hospital stay. When ASA1 was compared to ASA3 and ASA2
was compared to ASA3, there was no significant difference in
the incidence of all complication rates.
There were 159 (60.4%) patients in the young group and 104
(39.5%) patients in the elderly group. Postoperative PCNL com-
plications of these 2 groups were compared according to
Clavien classification system and no significant difference was
found in incidence of complications.
Conclusions: We believe that PCNL operation can be performed
effectively and safely in both ASA3 patients and patients above
the age of 65 years.
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(PCNL) is a standard operation in following cases:
staghorn stones larger than 20 mm, stones resistant to
shock wave lithotripsy (SWL), cystine stones, patients with
anatomically anomalous upper urinary system, patients
with anatomical defects (scoliosis, kyphosis or spastici-
ty), lower pole stones larger than 15 mm and stones in
transplant kidneys (2, 3). The reliability, efficacy and
complication rates of the PCNL operation in elderly
patients have been evaluated in many studies, just like
the impact of the American Society of Anesthesiologist
(ASA) classification scores (4-10).
The prevalence of systemic diseases increases with aging.
The ASA classification is a system in which patients are
evaluated according to the risk of anesthesia prior to sur-
gery. This system can be used to choose the type of anes-
thesia, to determine the monitoring method, and to
assess the tolerance of patients to various surgical manip-
ulations such as surgical position. Staying in prone posi-
tion during PCNL can lead to some difficulties; such as
those in controlling the airway, maintaining the vascular
access and ventilation of patients with lung diseases in
particular (11, 12).
In this study, we aimed to compare the effect of ASA risk
classification scores on complications during and after
PCNL surgery.

MATERIALS AND METHODS
We retrospectively reviewed the records of 263 patients
over the age of 18 years who underwent PCNL surgery in
our clinic between October 2014 and May 2017. Patients
were divided into three groups: ASA1, ASA2 and ASA3.
Patients with an ASA score of 4 were excluded from the
study. Patients were also divided into two groups accord-
ing to their age: elderly (65 years and over) and young
(18-65). Local ethics committee approved our study. An
expert anesthesiologist evaluated all the patients preoper-
atively. The risk of surgery was determined according to
the ASA classification score (Table 1).
Demographic, surgical and perioperative anesthetic data
and postoperative outcomes were obtained from patient
records (Table 2 and 3). Patients with sterile urine cul-
ture were taken into operation. Patients with urinary
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INTRODUCTION
Nephrolithiasis is one of the most common diseases,
affecting nearly one in thirteen women and one in seven
men (1). Certain factors such as location and composi-
tion of the stone, patients’ anatomy and comorbidities
play an important role in the choice of treatment in uri-
nary system stone disease. Stone size is the most impor-
tant factor in choosing the surgical modality for the
removal of the stone. Percutaneous nephrolithotomy
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tract infections were treated according to the antibi-
ogram. All patients were assessed by direct urinary sys-
tem RX-graphy and unenhanced computerized tomogra-
phy (CT) preoperatively. The locations of the renal stones
were identified as upper, middle or lower calyx, and
pelvis. The stone size was calculated by multiplying the
widest width and height of the stone. In patients with
multiple stones in their urinary system, stone sizes were
calculated separately and added. Isolated stones in the
upper, middle or lower calyces were classified as non-

complex, while partial or complete staghorn
stones and stones located in both renal pelvis and
a single calyx were classified as complex stones.
All PCNL operations were performed in prone
position and under general anesthesia and fluo-
roscopy. A single dose of appropriate intravenous
antibiotic was used as antimicrobial prophylaxis.
A ureteral catheter fixed to the Foley catheter was
placed. Tract dilation up to 30-French was
achieved with Amplatz dilators and a 30-French
plastic Amplatz sheath was introduced. A 26-
French rigid nephroscope and ultrasonic
lithotripter were used in all cases. A 24-French
nephrostomy tube was used for drainage when
necessary. The complications of the patients in
ASA risk groups were classified according to the
modified Clavien scoring system (Table 4). Same
criteria were used to compare the patients in the
age groups (Table 5). All patients underwent non-
contrast CT at first month postoperatively and
overall stone-free rate was evaluated.
Since the numerical variables in the groups did not
show normal distribution, the median (minimum-
maximum) was used as the descriptive statistic.
Moreover, the number (%) was used as a descrip-
tive statistic for the categorical variables. A non-
parametric Kruskal-Wallis test was used to deter-
mine whether there is a difference in numerical
variables among the groups. The two proportions
Z Test or the Fisher exact test were used to assess

the difference between the prevalence percentages of cat-
egorical variables within the groups, depending on the
assumptions. For all tests, the probability of Type I error
was set to α = 0.05. The R Project 3.2.5 package program
was used for all statistical analyses.

RESULTS
The mean age of the groups, the stone dimensions, the
ratio of complex to non-complex stones, the distribution

of stone location, and the average
number of accesses are shown in
Table 2.
The changes in hemoglobin (Hgb)
levels before and after the opera-
tion, the mean duration of opera-
tion, and the mean hospital stay
of the groups are shown in Table
3. There was no statistically signif-
icant difference between the
groups in terms of Hgb change,
mean duration of operation and
mean hospital stay (p = 0.474,
0.389 and 0.674, respectively). 
The overall stone free rates in
patients in the ASA 3 group were
compared with those in ASA 2
and ASA 1 groups (Table 3). 
The overall stone-free rates of the
groups were 71.1% for ASA1,
67.9% for ASA2, and 71.4% for
ASA3. The separate comparison

Table 1. 
ASA scoring system.

ASA-I       A completely healthy patient
ASA-II     A patient with mild systemic disease 
ASA-III A patient with severe systemic disease that is not incapacitating 
ASA-IV    A patient with incapacitating disease that is a constant threat to life
ASA-V     A moribund patient who is not expected to live for 24 h with or without surgery

Table 2. 
The patients’ demographic data and stone locations.

ASA 1 ASA 2 ASA3
Patients, n (%) 97 (36.9%) 131 (49.8%) 35 (13.3%)
Mean age ± standard deviation 44.4 ± 14.8 44 (18-75) 59.7 ± 11.6
median (min-max) 65 (29-87) 65.8 ± 8.8 66 (50-93)
Mean stone burden (mm2) 443.9 ± 364.3 500.2 ± 438.8 434.6 ± 311.7
± standard deviation 322 375 399
median (min-max) (60-2275) (112-2772) (126-1880)
Complex stone, n (%) 54 (55.6%) 61 (46.5%) 20 (57.1%)
Noncomplex stone, n (%) 43 (44.3%) 70 (53.4%) 15 (42.8%)
Stone location                                                     

Superior n = 8 n = 8 n = 0
Middle n = 13 n = 13 n = 2
Inferior                 n = 45 n = 72 n = 21   
Pelvis n = 31 n = 38 n = 12

Average access number 1.2 (117/97) 1.1 (152/131) 1.2 (42/35)

Table 3. 
Study results by groups.

ASA 1 ASA 2 ASA3 P
1Hgb preop-postop 1.70 (-0.80-8.70) 1.50 (-0.40-5.50) 1.50 (-0.30-6.10) 0.474
Median (min-max)
1Mean operative time (min) 93.0 ± 34.2 92.5 ± 37.3 100.5 ± 37.5 0.389
Mean ± standard deviation 90 (40-230) 85 (45-210) 90 (55-225)
Median (min-max)
1Mean hospitalization (days) 2.8 ± 1.3 3 ± 1.7 3.0 ± 1.9 0.674
Mean ± standard deviation 2 (2-8) 2 (2-10) 2 (2-10)
Median (min-max)
2Postop 1-month stone free (%) 69 (71.1) 89 (67.9) 25 (71.4) 0.974ac, 0.687bc
Complications
3Grade1 n (%) 5 (5.1%) 5 (3.8) 1 (2.8) 0.999ac, 0.999bc
3Grade2 n (%) 8 (8.1%) 16 (12.1%) 5 (14.2%) 0.356ac, 0.752bc
3Grade3 n (%) 3 (3.0%) 6 (4.5%) 2 (5.7%) 0.608ac, 0.676bc
3Grade4 n (%) 0 2 (1.5%) 1 (2.8%) 0.265ac, 0.511bc
2Overall complication rates 16.4% 22.1% 25.7% 0.266ac, 0.664bc
1 Kruskal-Wallis Test; 2 Two Proportion Z Test  (Bonferroni Correction was made); 3 Fisher Exact Test (Bonferroni Correction was made).
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between ASA3 and ASA1, ASA3
and ASA2 groups at 1-month fol-
low-up did not reveal any statisti-
cally significant difference in terms
of stone-free percentage (p = 0.974
and 0.687, respectively). 
The complications in patients in the
ASA 3 group were compared with
those in ASA 2 and ASA 1 groups
(Table 3). There was no significant
difference between ASA1 and ASA3
groups in terms of the separate inci-
dence of grade 1, grade 2, grade 3,
and grade 4 complications (p =
0.999, 0.356, 0.608, 0.265, respec-
tively). The comparison of ASA2
and ASA3 groups also did not show
any significant difference in terms of
the separate incidence of grade 1,
grade 2, grade 3, and grade 4 com-
plications (p = 0.999, 0.752, 0.676,
and 0.511 respectively). When
ASA1 and ASA3, ASA2 and ASA3
groups were compared separately,
there was no significant difference
in terms of percentage of overall
complication rates (Bonferroni cor-
rection, p = 0.266 and 0.664,
respectively).
There were 104 patients (39.5%) in
the elderly group and 159 patients
(60.4%) in the young group. 
The post-PCNL surgery complica-
tions of these two groups were
compared according to modified
Clavien classification system
(Table 5). There was no significant
difference in the incidence of
Grade 1, Grade 2, Grade 3 compli-
cations between the age groups (>
= 65 and < 65) (p = 0.689, 0.323,
and 0.999, respectively).
Patients' comorbidities were divid-
ed according to the groups. 
The mean number of comorbidities
in ASA1 was 0.06 (6/97), in ASA2
was 1.2 (158/131), and in ASA3
was 2.1 (75/35). The most com-
monly observed comorbidity was
hypertension (100/263, 38%).   

DISCUSSION
The PCNL surgery is the standard
treatment option for large kidney
stones. Many studies have shown
that PCNL can be successful in
high-risk patients (ASA3 and ASA4)
(8-10). An increase in the rate of
systemic disease is expected in
patients with advanced age. 
In a study by Kuzgunbay et al. the

Table 4. 
Modified Clavien classification according to ASA groups.

Clavien complication rates ASA 1 n (%) ASA 2 n (%) ASA3 n (%)
GRADE 1
Fever (over 38.5°C, requiring antipyretic treatment) 5 (5.1) 5 (3.8) 1 (2.8)
GRADE 2
Blood transfusion 6 (6.1) 13 (9.9) 4 (11.4)
Urinary tract infection requiring additional antibiotics 
(instead of prophylactics) 2 (2.0) 3 (2.2) 1 (2.8)
GRADE 3a
Double-J stent placement for urine leakage > 24 h (local anesthesia) 1 (1.0) 3 (2.2) 1 (2.8)
Pleural effusion 0 1 (0.7) 0
Pneumothorax 0 1 (0.7) 0
GRADE 3b
Double-J stent placement for urine leakage > 24 h 
(ureter stone, general anesthesia) 1 (1.0) 1 (%0.7) 1 (2.8)
AV fistula 0
Perirenal hematoma needing intervention 1 (1.0) 0 0
Perioperative bleeding requiring termination of the operation 0 0 0

0 0
GRADE 4a
Pulmonary Emboli (requiring intensive care unit) 0 1 (0.7) 0
Neighboring organ injury 0 0 0
Nephrectomy 0 0 0
Urosepsis 0 1 (0.7) 1 (2.8)
GRADE 5
Death 0 0 0

Table 5. 
Modified Clavien scoring according to the age groups.

Clavien complication 65 < elderly 65> young P
n = 104 n = 159

n (%) n (%)
GRADE 1 0.6891

Fever 5 (4.8) 6 (3.8)
GRADE 2 0.3231

Blood transfusion 12 (7.5) 11 (10.5)
Urinary tract infection requiring additional antibiotics 
(instead of prophylactics) 2 (1.2) 4 (3.8)
Total 14 15
GRADE 3a 0.9992

Double-J stent placement for urine leakage > 24 h (local anesthesia) 1 (0.6) 1 (0.6)
Pleural effusion 0 4 (3.8)
Pneumothorax 2 (1.2) 0
GRADE 3b -
Double-J stent placement for urine leakage > 24 h 
(ureter stone, general anesthesia) 0 1 (0.9)
AV fistula 0 1 (0.9)
Perirenal hematoma needing intervention 0 1 (0.9)
Perioperative bleeding requiring termination of the operation 4 0
Total 0 7
GRADE 4a -
Pulmonary Emboli (requiring intensive care unit) 1 (0.6) 0
Neighboring organ injury 0 0
Nephrectomy 0 0
Urosepsis 1 (0.6) 0
GRADE 5 -
Death 0 0
1 Two Proportion Z Test; 2 Fisher Exact Test
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patients who underwent PCNL surgery were divided into
two groups based on their age: elderly (65 years and older)
and the control group (18-36 years). The comparison of
comorbidity prevalence showed that while 73% of
patients in the elderly group had at least one comorbidity,
there were no comorbidities in control patients (13). In a
study by Nouralizadeh et al. the number of co-morbidities
in high-risk patients was 2, while this ratio was 5.4 in a
study by Patel et al. (8-10). In our study, we observed that
the average number of co-morbidities increased from 0.06
to 2.1 when going from ASA1 to ASA3. This increased rate
increases the number of medications used by patients,
which in turn is an important factor to consider before,
during and after the operation by both surgeons and the
anesthesiologists, especially in ASA3 patients.
In the literature, the proportion of the elderly individu-
als among patients undergoing PCNL surgery ranges 10
to 12% (14). However, in a study by Anagnostou et al.,
where they set the lower age limit to 70 years, 17% of the
patients undergoing PCNL surgery were in that group
(4). In our study, the ratio of elderly patients was 39%.
We believe that our ratio is high because the age limit in
our study was 65, our hospital is an institution that
receives many referrals, and because the patients who
need intensive care after operation were also treated in
our hospital.
Bleeding and septic complications of PCNL may become
more significant in elderly patients with impaired car-
diopulmonary and renal function (15). For this reason,
the risks associated with anesthesia may be more preva-
lent in older patients compared to younger patients. 
The anesthesiologists and surgeons are always concerned
about invasive treatments such as PCNL when it comes
to older patients with renal stones. Therefore, when eval-
uating treatment alternatives in these patients, general
health of the patient should be considered along with the
size and location of the stone (16). Careful pre-operative
examinations can provide comprehensive safety for sur-
gical procedures in elderly patients (4).
Higher prevalence of complex stones in elderly and high-
risk patients can be explained by patients’ and surgeons’
initial reluctance to do surgery in favor of more conser-
vative treatments and as a result stones get bigger and
develop a staghorn formation (10). Sahin et al. reported
that stone sizes are larger in elderly patients compared to
younger patients (1077.92 mm2 versus 920.85 mm2) (5).
Similarly, in our study, the median stone size and per-
centage of complex stone structures were higher in ASA3
patient group.
Although PCNL surgery has been shown to be safe and
effective in all age groups, minor and life-threatening com-
plications can occur during and after surgery (7, 17, 18).
PCNL related fever (0-32.1%), hemorrhage requiring
transfusion (0-20%), embolization (0-1.5%), urinoma (0-
1%), sepsis (0.3-1.1%), thoracic complications (0-1.6%),
organ injury (0-1.7%), and death (0-0.3%) can be
observed at varying rates (19). In 2007, Tefekli et al. devel-
oped a modified Clavien classification system for PCNL
surgeries in order to better evaluate and inform patients
about possible complications. This system also classifies
complications seen during and after the operation by grad-
ing them (20).

Patel et al. found that the overall risk of complications
was higher in the high-risk group compared to the low-
risk group (21.2% vs. 18.5%). The majority of compli-
cations in the high-risk group consisted of grade 2 com-
plications (12.1%), while grade 1 complications made
up 9.1%. However, there was no significant difference
between the complication rates of high-risk group and
the low risk group (8). Similarly, the most common com-
plication in our study was grade 2. When ASA1 was
compared with ASA3 and ASA2 was compared with
ASA3 there was no significant difference in terms of per-
centage of overall complication rates. Moreover, the
comparison of age groups (older and younger than 65
years) also did not show any significant difference in
terms of percentage of overall complications.
The studies on bleeding complications during and after
PCNL operation in high-risk and elderly patients are con-
troversial. Resorlu et al. have shown that the probability of
bleeding increases when comorbidity increases (21).
Similarly, Nouralizadeh et al. found that the rate of blood
transfusion was higher in in high-risk group compared to
the low-risk (ASA1, 2) groups, but Hgb replacement was
similar in all groups (10). However, Patel et al. assessed the
patients’ complications based on the modified Clavien sys-
tem, and found no difference in terms of bleeding and
transfusion requirements between high and low risk
groups (8). In the study by Stoller et al. the patients were
divided into groups: over and below the age of 65 years.
Although both groups had similar preoperative Hgb levels,
post-operative blood transfusion rates were higher in eld-
erly group compared to the younger group (26% to 13.7%)
(6). In our study, we did not find any differences in Hgb
exchange and blood transfusion requirements in both ASA
risk groups and in patients younger and older than 65
years. At the same time, there was no difference in terms of
Hgb exchange and blood transfusion requirements.
Comorbidities and older age have been shown to affect
stone-free rates. Karami et al. reported not seeing any sig-
nificant difference in stone-free rates between patients
younger and older than 65 years (7). Resorlu et al. report-
ed that the increase in the Charlson comorbidity score
had significantly reduced the stone-free rates (21). 
In the study by Patel et al. the total stone-free rate was
61% in the high-risk group and 92% in the low-risk
group, and this difference was significant (8). In our
study, according to the results of the CT scans on 1-
month postoperative follow-up there was no significant
difference in terms of complete stone-free percentage
when we compared ASA1 with ASA3 and ASA2 with
ASA3 groups (p = 0.974 and 0.687, respectively).
The first limitation of this study is that it was performed
retrospectively. Our second limitation is that although
the diameter of the access sheath is gradually reduced in
PCNL surgeries, we have used 30F sheath in our study.
However, since the blood transfusion rates in our study
were compatible with the current literature, we decided
not to change the sheet diameter.

CONCLUSIONS
With increase in the life expectancy and aging of the
world population improving quality of life has become
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very imperative. Aging is associated with increased
prevalence of comorbidity and other concomitant risks.
We found that although the number of comorbidities
and the risk of anesthesia are higher in ASA3 risk group
compared with patients in the ASA1 and ASA2 risk
groups, there was no significant difference in terms of
complete stone-free rates, complication rates, and hospi-
talization times following a PCNL surgery. Therefore, we
believe that PCNL surgery can be performed safely and
effectively in both high-risk patients with comorbidities
as well as elderly patients.
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