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Abstract

Objective: To determine the preoperative and perioperative predictive factors of morbidity/mortality in patients
undergoing percutaneous nephrolithotomy (PCNL), using the Clavien’s classification.

Materials and Methods: We performed a retrospective chart review of patients who underwent PCNL between
January 2005 and January 2012. Preoperative and postoperative factors, such as age, obesity, surgical risk,
Charlson comorbidity index, stone complexity, access calix, type of dilator used, and surgery time, were
evaluated as predictors of complications.

Results: A total of 354 patients were included in the study. Of these, 56% were women, with the average age of
47+12.5 years. Stone-free rate for noncomplex calculi was 85% and for complex calculi it was 68%. A total of
103 complications were recorded (29.3%). According to the modified Clavien classification system, 32 (9%) were
grade 1, 39 (11%) were grade 2, 16 (4.5%) were grade 3A, 8 (2.3%) were grade 3B, 3 (0.8%) were grade 4A, 1
(0.3%) was grade 4B, and 4 (1.1%) were grade 5. In multivariate analysis female gender (odds ratio [OR] 3.1,
confidence interval [CI] 1.1-8.0), Charlson score of >3 (OR 23.2, CI 3.5-151.1), complex stone (OR 4, CI 1.6
9.6), and duration of surgery of =120 minutes (OR 2.9, CI 1.2-6.9) were associated with major complications.
Conclusions: PCNL is a safe procedure with acceptable efficacy for the resolution of renal calculi. The safety of
the procedure should improve, especially to reduce the presence of severe complications (Clavien >3). We
identified factors that are associated with severe complications: female gender, high Charlson, complex calculi,
and surgical length =120 minutes.

Introduction and reproducible way, the Clavien classification system has
been modified for PCNL and it is currently considered the
standard for reporting surgical outcomes of PCNL.'”!8

In this study we retrospectively evaluated our surgical
outcomes of PCNL performed in a tertiary center where
PCNL has been performed since 1994.'° The aim of the study

- was to determine the preoperative and perioperative prog-
Since the first successful percutaneous removal of a renal . . - . -
. 6 . nostic factors of complications associated with PCNL using
calculus in 1976,” percutaneous nephrolithotomy (PCNL)

has become the surgery of choice for kidney calculi >2cm.”® the modified Clavien classification system.
Despite the advantages compared to open surgery or extra-

corporeal lithotripsy, the incidence of complications associ- Materials and Methods

ated with PCNL is reported from 16% to 52.5%, major
complications representing only 4.7% in tertiary referral
centers.” 12 Preoperative factors, such as stone size, location, With the approval of the internal institutional review
urinary tract infections (UTIs), and staghorn calculi, have board, a retrospective chart review was performed on all
been associated with an increased risk of complications.>™'®  patients who underwent PCNL by seven surgeons between
To standardize surgical outcomes of PCNL in an objective  January 2005 and January 2012.

T HE INCIDENCE OF NEPHROLITHIASIS globally is 1% and it
affects between 5 and 10% of the population in indus-
trialized countries.' Several studies have shown an increase
in the incidence and prevalence of urolithiasis in North
America, Europe, and Asia.>™

Patients
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Only first time, scheduled, elective percutaneous pro-
cedures were included. Cases without postoperative ne-
phrostomy (tubeless) and multitract cases were excluded.
Patients with bilateral or recurrent lithiasis were considered
new events if at least 90 days passed from the initial PCNL
procedure. It was considered a single procedure if the PCNL
was carried out with a subsequent access through the same
tract, even if it was a different surgical time. Patients with
positive urine culture received appropriate antibiotic therapy
for 48 hours according to susceptibility before surgery; rest of
them were given a prophylactic antibiotic (third-generation
cephalosporin) 30 minutes before surgery.

Patient clinical characteristics, including age, gender, body
mass index (BMI), American Society of Anesthesiologist
(ASA) score, past surgical and medical history, Charlson
comorbidity index (CCI), UTI, stone characteristics, access
calix, dilators, and surgical time, were collected.

Patient’s age was grouped as >60 and <60 years; BMI
was divided into normal (19-25), overweight (25-29.9), and
obese (>30). The comorbidities were grouped according to
the Charlson rating®® (classified into three score categories:
<2, 34, and =5). Additionally, surgical risk was grouped
using the ASA score as <3 and >3; it was considered posi-
tive for infection if there was a positive urine culture prior to
the procedure.

The following surgical variables were analyzed: duration
of surgery (divided into <120 and =120 minutes from the
moment of puncture until the nephrostomy tube was in-
serted), whether access was through the posterior-inferior
calix or another one, and the type of dilator used, with me-
tallic dilators considered the least risky. Analysis of com-
plications was performed according to surgeon experience.

The presence of hydronephrosis was determined through
excretory urogram or noncontrasted computerized tomogra-
phy of the abdomen, and the characteristics of the stone were
analyzed, those with volume 2>400 mm?> (stone burden=
width x length x 7 x 0.25)*"*? and those found in three or more
collectors or present in kidneys with anatomical alterations
being considered complex.

Surgical technique

The percutaneous access was obtained under fluoroscopic
guidance in two planes with the patient in decubitus prone
position; after puncturing the desired calix, a rigid guide rod
was inserted. Dilation of the tract was done with telescopic
dilators, which were serial or balloon dilators, depending on
the preference of the surgeon; nephroscopy was done through
an Amplatz sheath. Ballistic lithotripsy was used for all
procedures. At the end of the procedure, a nephrostomy tube
was inserted under fluoroscopic monitoring.

QOutcome

An adverse outcome was defined as complications within
the first 30 days after the procedure, with these categorized in
accordance with de la Rosette'® using the modified Clavien
classification system. In the event of complications with the
second procedure through the same tract, the more serious
complication was used for the analysis. As a secondary out-
come, the stone-free rate was considered, this being defined
as lack of clinically significant calculi (>4 mm) on a simple
abdominal X-ray or noncontrasted computerized abdominal
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tomography (patients with radiolucent stones) after the third
week from the procedure, or if a secondary procedure is not
required (shock wave lithotripsy [SWL], ureterorenoscopy,
or other PCNL through a new tract).

Statistical analysis

Bivariate analysis was performed calculating the relative
risk (RR) (with 95% confidence interval [CI]) to determine
the relationship of the preoperative and transoperative factors
to complications globally or Clavien <3 or =3. The factors
that were analyzed were as follows: age >60 years, BMI
225, ASA =3, positive urine culture, CCI, complex stone,
access through a calix other than posterior-inferior, balloon
dilator, and duration of surgery > 120 minutes.

Multiple logistic regression (MLR) was used to determine
the specific weight of the factors and a risk index by points
was designed to predict complications taking into account the
factors that turned out to be significant.

Statistical significance for the bivariate analysis was
p<0.05, and for MLR it was p <0.10. The statistical program
SPSS version 19, from IBM (Chicago, IL), was used.

Results
Patients and their characteristics

A total of 392 PCNL procedures were performed between
January 2005 and January 2012. A total of 354 procedures on
312 patients who met our inclusion criteria were included in
this study; of these 174 patients (55.8%) were women. The
average age was 47+ 12.5 years.

Overall, 279 (78.8%) patients were rendered stone free
after one procedure, and 71 of these (20.1%) required a
second-stage procedure through the same tract for resolution
of the residual stones. Stone-free rate for noncomplex and
complex stones was 85% and 68%, respectively (Table 1).

Thirty-eight patients were lost for follow-up. There were
no hospital readmissions or deaths recorded.

Postoperative complications

Overall, 103 (29.3%) procedures were associated with
adverse events.

Of the 354 procedures, there were 99 complications after
first PCNL procedure (1 to 6 complications per patient), in-
cluding fever in 48, acute renal failure in 14, a Double-J stent
due to perforation of the collector system in 13, and Double-J
stent due to a leak in the nephrostomy orifice in 12.

Of the 71 procedures that required a second procedure,
only 10 (14%) experienced complications, including fever in
7, acute renal failure in 1, blood transfusion in 1, and inten-
sive care requirement in 1. The overall transfusion rate was
1.4%.

Using the modified Clavien classification, those with <3
were categorized as follows: grade 0, 251 (70.9%); grade 1,
32 (9%); and grade 2, 39 (11%).

Patients with Clavien complications >3 were categorized
as follows: grade 3A, 16 (4.5%); grade 3B, 8 (2.3%); grade
4A, 3 (0.8%); grade 4B, 1 (0.3%), and grade 5, 4 (1.1%)
(Table 2).

Stratifying complications according to surgeon experience
(=10 and <10 years) were as follows: patients undergoing
surgery by the most experienced group (n=129) showed up
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TABLE 1. PATIENT DEMOGRAPHICS
AND CLINICAL CHARACTERISTICS

N=354 n (%)
Men/women 150/204 (42.4/57.6)
Age (SD) 47.6+12.5
BMI

<25 89 (25)

>25 265 (75)
Comorbidity

Single kidney 45 (12.7)

Diabetes mellitus 57 (16.1)

Hypertension 97 (27.4)

Cardiopathy 11 3.1)

COPD 5(1.4)

Chronic renal disease 38 (10.7)
Previous renal surgery 120 (33.9)
ASA

1-2 301(85)

>3 53 (15)
CCI

1-2 303 (85.5)

34 40 (11.3)

=5 11 (3.2)
Abnormal urinalysis 169 (47.7)
Positive urinary culture 103 (29.1)
Affected side

Right 180 (50.8)

Left 174 (49.2)
Complex stone 138 (38.9)
Hydronephrosis 111 (31.4)

ASA =American Society of Anesthesiologist risk score; BMI=
body mass index; CCI=Charlson comorbidity index; COPD=
chronic obstructive pulmonary disease; SD =standard deviation.

Clavien rating <3 in 21.7% and Clavien =3 in 9.3% and by
the less-experienced group (n=225) had Clavien <3 in
19.1% and Clavien =3 in 8.8%. It should be noted that the
less-experienced group had only 36% complex calculi and its
counterpart had 42%.

Prognostic factors

The majority of patients (74.9%) were overweight or obese,
27.4% had high blood pressure, and 12.7% had diabetes; the
CCIwas low in 85.5%, moderate in 11.3%, and high in 3.2%. Of
all patients, 29.1% had a positive urine culture prior to surgery,
38.9% had complex calculi, and 31.4% had hydronephrosis.

Access was via the inferior calix in 96.6% of cases, serial
metallic dilators were used in 91% of cases, and duration of
surgery was =120 minutes in 42.4% of cases (Table 1).

Relationship of factors to comorbidity

Overall, female gender (RR 1.3, 95% CI 0.96-1.9), high
CCI(RR 2.6,95% CI 1.7-3.9), complex stone (RR 2.01, 95%
CI 1.4-2.7), hydronephrosis (RR 1.4, 95% CI 1.01-2), and
duration of surgery =120 minutes (RR 1.8, 95% CI 1.3-2.5)
are the prognostic factors associated with overall complica-
tions. In the MLR, being a woman (odds ratio [OR] 1.5, 95%
CI 0.9-2.5), high CCI (OR 6.5, 95% CI 1.5-27.8), complex
stone (OR 2.3, 95% CI 1.4-3.9), and duration of surgery

TABLE 2. CATEGORIZATION OF COMPLICATION CLAVIEN >3

Clavien Number
3A (n=16)
Renal pelvic perforation managed by 7
nephrostomy tube
Urine leakage managed by ureteric stenting 4
Renal pelvic perforation managed 3
by ureteric stenting
Colon perforation managed conservatively 1
using controlled colocutaneous fistula
Hydrothorax managed by intercostal 1
draining under local anesthesia
3B (n=8)
Nephrectomy due to renal abscess 2
Bleeding managed by angioembolization 4
Bleeding managed by renorraphy 1
Bleeding due to renal vein perforation 1
managed by surgical repair
4A (n=3)
Acute renal failure requiring 3
ICU management
4B (n=1)
Urosepsis with multiple organ failure 1
requiring ICU admission
V (n=4)
Any complications leading to death 4

>120 minutes (OR 2, 95% CI 1.2-3.3) maintained their
prognostic weight as independent factors.

High CCI (RR 2.8, 95% CI 1.3-5.3), complex stone (RR
1.9, 95% CI 1.2-2.8), and duration of surgery =120 minutes
(RR 1.8, 95% CI 1.1-2.7) were associated with Clavien
complication rating <3; the MLR demonstrated that the fac-
tor with the greatest impact was complex stone (OR 1, 95%
CI 1.1-3.5).

For the presence of a Clavien rating >3, being a woman
(RR 2.6,95% CI 1.1-5.9), having a positive urine culture (RR
2.2,95% CI 1.1-4.1), high CCI (RR 5.3, 95% CI 2.6-11.2),
complex stone (RR 3.4, 95% CI 1.7-6.8), and duration of
surgery =120 minutes (RR 2.5, 95% CI 1.5-5) are factors
associated with complications. In the MLR, being a woman
(OR 3.1, 95% CI 1.1-8.0), high CCI (OR 23.2, 95% CI 3.5-
151.1), complex stone (OR 4, 95% CI 1.6-9.6), and duration
of surgery =120 minutes (OR 2.9, 95% CI 1.2-6.9) main-
tained their relationship (Table 3 and Fig. 1).

An index was designed to predict the risk of Clavien
complication ratings <3 and =3. It was determined through
the following point system: being a woman =1 point, dura-
tion of surgery =120 minutes=2 points, complex stone=4
points, Charlson =5=8 points. The sum of the points deter-
mined three levels of risk: slight (1-4), moderate (5-6), and
severe (7-8). Overall, patients with slight risk have compli-
cations in 14.1% of cases, moderate in 27.6% (OR 2.3, 95%
CI1.2-4.4, p<0.012), and severe in 47.1% (OR 5.4, 95% CI
2.9-9.9, p<0.0005) (Table 4).

Discussion

According to American Urological Association Guidelines
on urolithiasis, PCNL is the procedure of choice for large
kidney stones.*
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TABLE 3. RELATIVE RIsK OF ANALYZED RISk FACTORS
All Clavien/
total

Risk (103/354) Clavien <3 Clavien =3
factor (%) RR (95% CI) p (71/322%)* RR (95% CI) p (32/285’%)b RR (95% CI) p
Sex

Male 36/150 (24) 1 29/143 (20) 1 7/121 (5) 1

Female 67/204 (32) 1.3 (0.9-1.9) 0.07 42/179 (23) 1.1 (0.7-1.7) 0.19 25/162 (15) 2.6 (1.1-5.9) 0.01
Age (years)

<60 83/298 (27) 1 58/273 (21) 1 25/240 (10) 1

>60 20/56 (35) 1.2 (0.8-1.9) 0.2 13/49 (26) 1.2 (0.7-2) 0.4 7/43 (16) 0.8 (0.7-1) 0.1
BMI

<25 26/89 (29) 1 19/82 (23) 1 7/70 (10) 1

>25 77/265 (30) 0.9 (0.6-1.4) 0.9 52/240 (21) 0.9 (0.5-1.4) 0.7 25/213 (11) 1.1 (0.5-2.5) 0.7
Positive urine culture

No 66/251 (26) 1 49/234 (20) 1 17/202 (8) 1

Yes 37/103 (35) 1.3 (0.9-1.9) 0.06 22/88 (25) 1.1 (0.7-1.8) 0.2 15/81 (18) 2.2 (1.1-4.1) 0.01
CCI

1-2 84/303 (28) 1 58/277 (20) 1 26/245 (10) 1

34 11/40 27) 0.9 (0.5-1.6) 0.9 9/38 (23) 1.1 (0.6- ) 0.6 2/31 (6) 0.6 (0.1-2.4) 045

>5 8/11 (72) 2.6 (1.7-3.9) 0.0005 4/7 (47) 2.8 (1.3-5.3) 0.004 4/7 (57) 5.3 (2.5-11.2) 0.0005
ASA

<2 82/301 (27) 1 56/275 (20) 1 26/245 (10) 1

>3 21/53 (40) 1.4 (0.9-2.1) 0.06 15/47 (31) 1.5(0.9-2.4) 0.08 6/38 (15) 1.4 (0.6-3.3) 0.34
Complex stone

No 45/172 (26) 1 34/205 (16) 1 11/182 (6) 1

Yes 58/138 (40) 2.01 (1.4-2.7) 0.0005 37/117 (31) 1.9 (1.2-2.8) 0.002 21/101 (20) 3.4 (1.7-6.8) 0.0005
Hydronephrosis

No 61/243 (25) 1 40/223 (17) 1 20/202 (9) 1

Yes 42/111 (38) 1.4 (1.091-2) 0.012  27/99 (27) 1.5 (0.9-2.3) 0.054 12/81 (14) 1.5 (0.7-2.9) 0.2
Surgical time (min)

<120 44/204 (22) 1 32/192 (16) 1 12/172 (6) 1

>120 59/150 (40) 1.8 (1.3-2.5) 0.0005 39/130 (30) 1.8 (1.1-2.7) 0.005 20/111 (17) 2.5 (1.5-5) 0.006
Dilator

Alken 94/322 (30) 1 65/293 (22) 1 29/257 (11) 1

Amplatz 1/7 (14) 0.4 (0.079-3) 04 1/7 (14) 0.5 (0.08-3.5) 0/6 (0) NA

Balloon 8/25 (32) 1.1 (0.6-1.9) 0.7 522 (22) 1.1 (04-2.2) 0.6 3/20 (15) 1.3 (0.4-3.9) 0.6
Access calix

Lower  99/341 (30) 1 69/311 (22) 1 30/272 (11) 1

Other 4/13 (30) 1.1 (0.4-2.4) 0.8 2/11 (18) 0.8 (0.2-3) 0.8 2/11 (0) 1.5 (0.4-5.7)

“Risk was calculated excluding the Clavien >3.
Risk was calculated excluding the Clavien <3.
CI=confidence interval, RR =relative risk, NA =not available.

Our overall stone-free rate was 85%, which is similar to
contemporary PCNL series published in the literature. The
global PCNL study that included over 5800 patients from 96
centers around the world reported a stone-free rate of 76%,l !
similar to what we found in our study.

The Clavien classification used in our project is the one
recently published by de la Rosette et al.,'® in which the
specific type of complications are detailed for each grade,
noting that the series referenced in what follows used the
prior classification in which the particular complication for
each grade is not indicated.’

In the Tefekli series, which had characteristics similar to
ours, the Clavien 2 characteristics were the ones reported
most frequently,'? similar to what we found in our study; this
is due to the use of antibiotics in addition to prophylactics,
which means it gets classified as Clavien 2. Fever secondary
to UTIs was reported in different series between 10.5% and

39%, including the percutaneous nephrolithotomy global
study (PCNLGS)16 with a cut-off point for fever (=38°C).

Clavien complications 23 were between 4.13% and 10.9%
in the two studies with the greatest number of patients,'*"?
similar to what was found in this study. The cases of death
secondary to the surgery were reported at a rate between 0.1%
and 0.03% in the different series. In our study, there were four
deaths (1.1%): two due to septic shock, one because of bleeding
of the upper digestive tract, and the other because of heart
failure secondary to pneumonia; in the series in which deaths
have been reported, the causes of these have not been indicated.
It is notable that we had higher mortality compared with what
was reported, although only two of these were considered to be
a direct result of the surgery (urosepsis) and two due to medical
complications within 30 days of the procedure.

Selection and adequate preparation of the patients prior to
the surgical procedure is important to reduce complications.
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Various published studies have attempted to identify the risk
factors that could predict complications. On average, 46% of
the population of the studies with larger numbers of patients
were women.' 2 In contrast, in our study 55.8% were wo-
men. This is significant since we had a higher number of
complications in women compared with men, and a higher
risk of complications with Clavien rating =3. The studies
reported in the literature have not shown differences between
men and women on the prevalence of serious complications
among women. We found more complex stones and pro-
longed surgical time in these cases; however, the most sig-
nificant difference was the presence of a positive urine
culture. In our country due cultural and socioeconomic fac-

tors, we hypothesize that women have suboptimal nutritional
status and a delayed access to health services.>*2°

Obesity continues to be a major problem for many mini-
mally invasive procedures as a risk factor for complications.
Fuller et al."” in the PCNLGS study reported that patients
with BMI >40 had increased risk of complications with
Clavien grade of 23 (3.7% vs. 10.5%, p=0.049) compared
with patients with normal BMI ranges. Conversely, despite
most patients in our series were overweight or obese to some
degree, we did not find BMI as a significant predictor of
complications. This may be due to advanced skills of our
surgeons who have been performing PCNL procedures rou-
tinely at a tertiary referral center. This is consistent with

TABLE 4. Risk INDEX FOR COMPLICATIONS IN PCNL

Global complication (%) OR (95% CI)

Clavien <2 (%)

OR (95% CI)  Clavien 23 (%) OR (95% CI)

1-4 14.1 1 12.8
5-6 27.6 2.3 (1.244) 22
7-8 47.1 5.4 (2.9-9.9) 34.7

1 1.7 1
.9 (0.9-3.9) 9 5.7 (1.1-28.29)
3.6 (1.8-6.9) 26.4 20.8 (4.7-91.2)

Each risk factor has a value that is added if the factor is present. Women=1, surgical time >120 minutes =2, complex stone=4,
Charlson >3 = 8. For example, a woman with a complex stone has a 1+4=5 risk score.

OR =o0dds ratio; PCNL = percutaneous nephrolithotripsy.
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previous reports that there is inverse correlation between the
number of procedures performed annually and incidence of
complications.

The PCNLGS reported 16.2% positive preoperative urine
cultures and it was found to have a significant correlation with
postoperative fever in multivariate analysis.'® In our series, it
had a tendency toward significance in the bivariate analysis.

Recently, Unsal et al.2’ reported similar study using CCI in
patients who underwent PCNL, and demonstrated an increase
in complications in patients with CCI >2 (RR 4.4, 95% CI
2.1-9.1); they only referred to complications that required
medical treatment. In our series, high CCI was the most
important independent factor for predicting a complication
with Clavien grade of >3.

Tefekli et al. considered 47.7% of cases with complex
calculi and they were associated with grade 2 or 3 compli-
cations. However, the PCNLGS only indicated whether the
calculi in the risk analysis were staghorn or not, finding that
complications, positive urine cultures, and longer duration of
surgery were associated with the presence of a staghorn
calculi.' In this study, 138 cases were considered complex
calculi, of which 42% resulted in some type of complication.
The presence of complex calculi was also shown to be a
predictive factor for Clavien complication grade =3.

Various studies'*'>*’ have demonstrated that prolonged
duration of surgery is a risk factor for complications; in our
patients we noted that procedure duration =120min was
associated with complications. For this reason, a procedure in
two parts might be a better option in those cases in which the
duration of surgery might be prolonged.

A greater surgeon experience has been shown to improve
surgical outcomes.>® In our analysis there was no difference
in complications between the surgeons with different number
of procedures. However, the most experienced group of
surgeons performed more complex and challenging cases.
All surgeons, but one, had completed their learning curve (60
cases) prior to the start of series included in the study.

Careful patient selection and surgical planning (control of
the identified comorbidities) are crucial for successful surgical
outcomes. Efforts should be made to limit the operating time to
no more than 120 minutes. This can be achieved by compiling
a team and their training. For patients with challenging stag-
horn stones, we recommend to perform a staged surgery. It is
preferable to perform a two-step surgery than one extended
with potential severe complications. With the intention of
having a useful clinical tool for predicting which cases will
have complications, we designed a risk index applicable to our
population. It involves four risk factors and three risk cate-
gories were established. This is the first clinical index reported
that attempts to predict the occurrence of complications.

More prospective studies are needed using the Clavien
classification proposed by the PCNL global study'® in order to
validate and elucidate its predictive ability. There is contro-
versy that if there is a need for auxiliary treatment at a later
time, then extracorporeal lithotripsy and ureteroscopy should
be considered part of overall treatment or whether they should
be considered a complication, as has already been suggested.'?
We believe that when there were procedures that had not been
planned, these should be considered complications 3A and 3B,
and we considered them as such in the analysis of our results.

Retrospective design of this study is the main limitation.
However, we used standardized methods of data collection
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and recording of complication to minimize variations and
limitations in the study. Prospective studies are needed that
would establish the risk factors that could determine the
prognosis for patients undergoing this surgery, as well as
establish whether female gender is a factor that could indicate
whether or not there will be complications.

Conclusions

Percutaneous nephrolithotomy is an efficient and safe
procedure with acceptable complication rate. Defining of
preoperative factors will help to better select patients and
prevent complications and improve surgical outcomes. In our
study we identified risk factors that were associated with
serious complications, such as female gender, high CCI,
complex calculi, and duration of surgery =120 minutes.
Much attention should be given to these factors in order to
reduce the risks of complications after PCNL.

Acknowledgment

The authors would like to thank Dr. Maria Ocharan from
the Instituto Politécnico Nacional for her support during this
study.

Disclosure Statement

The authors have nothing to disclose.

References

1. Bartoletti R, Cai T, Mondaini N, Melone F, Travaglini F,
Carini M, et al. Epidemiology and risk factors in urolith-
iasis. Urol Int 2007;79 Suppl 1:3-7.

2. Ramello A, Vitale C, Marangella M. Epidemiology of ne-
phrolithiasis. J Nephrol 2000;13 Suppl 3:S45-S50.

3. Curhan GC. Epidemiology of stone disease. Urol Clin
North Am 2007;34:287-293.

4. Romero V, Akpinar H, Assimos DG. Kidney stones: a
global picture of prevalence, incidence, and associated risk
factors. Rev Urol 2010;12:e86—96.

5. Routh JC, Graham DA, Nelson CP. Epidemiological trends
in pediatric urolithiasis at United States freestanding pedi-
atric hospitals. J Urol 2010;184:1100-1104.

6. Fernstrom I, Johansson B. Percutaneous pyelolithotomy. A
new extraction technique. SgaidedalitglNopbrgl 1976;
10:257-259.

7. Skolarikos A, Alivizatos G, de la Rosette JJ. Percutaneous
nephrolithotomy and its legacy. Eur Urol 2005;47:22-28.

8. Valdivia Uria JG, Valle Gerhold J, Lopez Lopez JA,
Villarroya Rodriguez S, Ambroj Navarro C, Ramirez Fa-
bian M, et al. Technique and complications of percutaneous
nephroscopy: experience with 557 patients in the supine
position. J Urol 1998;160(6 Pt 1):1975-1978.

9. Seitz C, Desai M, Hacker A, Hakenberg OW, Liatsikos E,
Nagele U, et al. Incidence, prevention, and management of
complications following percutaneous nephrolitholapaxy.
Eur Urol 2012;61:146—-158.

10. de la Rosette JJ, Zuazu JR, Tsakiris P, Elsakka AM,
Zudaire JJ, Laguna MP, et al. Prognostic factors and per-
cutaneous nephrolithotomy morbidity: a multivariate analy-
sis of a contemporary series using the Clavien classification.
J Urol 2008;180:2489-2493.

11. de la Rosette J, Assimos D, Desai M, Gutierrez J, Linge-
man J, Scarpa R, et al. The Clinical Research Office of the



http://online.liebertpub.com/action/showLinks?pmid=1006190
http://online.liebertpub.com/action/showLinks?pmid=17678980&crossref=10.1016%2Fj.ucl.2007.04.003
http://online.liebertpub.com/action/showLinks?pmid=17678980&crossref=10.1016%2Fj.ucl.2007.04.003
http://online.liebertpub.com/action/showLinks?pmid=21978422&crossref=10.1016%2Fj.eururo.2011.09.016
http://online.liebertpub.com/action/showLinks?pmid=15582245&crossref=10.1016%2Fj.eururo.2004.08.009
http://online.liebertpub.com/action/showLinks?pmid=20811557
http://online.liebertpub.com/action/showLinks?pmid=17726345&crossref=10.1159%2F000104434
http://online.liebertpub.com/action/showLinks?pmid=18930485&crossref=10.1016%2Fj.juro.2008.08.025
http://online.liebertpub.com/action/showLinks?pmid=9817303&crossref=10.1016%2FS0022-5347%2801%2962217-1
http://online.liebertpub.com/action/showLinks?pmid=20650479&crossref=10.1016%2Fj.juro.2010.05.018
http://online.liebertpub.com/action/showLinks?pmid=11132032

PROGNOSTIC FACTORS OF MORBIDITY IN PCNL

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Endourological Society Percutaneous Nephrolithotomy
Global Study: indications, complications, and outcomes in
5803 patients. J Endourol 2011;25:11-17.

Tefekli A, Ali Karadag M, Tepeler K, Sari E, Berberoglu Y,
Baykal M, et al. Classification of percutaneous nephro-
lithotomy complications using the modified clavien grading
system: looking for a standard. Eur Urol 2008;53:184-190.
Labate G, Modi P, Timoney A, Cormio L, Zhang X, Louie M,
et al. The percutaneous nephrolithotomy global study: clas-
sification of complications. J Endourol 2011;25:1275-1280.
Desai M, De Lisa A, Turna B, Rioja J, Walfridsson H,
D’Addessi A, et al. The clinical research office of the en-
dourological society percutaneous nephrolithotomy global
study: staghorn versus nonstaghorn stones. J_Endourol
2011;25:1263-1268.

Fuller A, Razvi H, Denstedt JD, Nott L, Pearle M, Cauda F,
et al. The CROES percutaneous nephrolithotomy global
study: the influence of body mass index on outcome. J Urol
2012;188:138—-144.

Gutierrez J, Smith A, Geavlete P, Shah H, Kural AR, de Sio
M, et al. Urinary tract infections and post-operative fever in
percutaneous nephrolithotomy. World J Uro] 2013;31:
1135-1140.

Dindo D, Demartines N, Clavien PA. Classification of
surgical complications: a new proposal with evaluation in a
cohort of 6336 patients and results of a survey. Ann Surg
2004;240:205-213.

de la Rosette JJ, Opondo D, Daels FP, Giusti G, Serrano A,
Kandasami SV, et al. Categorisation of complications and
validation of the Clavien score for percutaneous ne-
phrolithotomy. Eur Urol 2012;62:246-255.

Cedillo ULE, Moreno J. Nefrolitotricia percutanea: primeros
5 afos, en el Hospital de Especialidades del centro Médico
Nacional Siglo XXI. Bol Mex Urol 2002;17:140-146.
Unsal A, Resorlu B, Atmaca AF, Diri A, Goktug HN,
Can CE, et al. Prediction of morbidity and mortality after
percutaneous nephrolithotomy by using the Charlson Co-
morbidity Index. Urology 2012;79:55-60.

Tiselius HG, Andersson A. Stone burden in an average
Swedish population of stone formers requiring active stone
removal: how can the stone size be estimated in the clinical
routine? Eur Urol 2003;43:275-281.

Tiirk C, Knoll T, Petrik A, Sarica K, Seitz C, Straub M, Traxer
O. Guidelines on Urolithiasis. European Association of Urol-
ogy, 2010. EAU Guidelines Office, Arnhem, the Netherlands.

23

24

25

26

27

28

7

. Wen CC, Nakada SY. Treatment selection and outcomes:
renal calculi. Lol Clin North Am 2007;34:409-419.

. Frenk J, Gomez-Dantes O, Langer A. A comprehensive
approach to women’s health: lessons from the Mexican
health reform. BMC Wamens Health 2012;12:42.

. Frenk J, Gonzalez-Pier E, Gomez-Dantes O, Lezana MA,
Knaul FM. Comprehensive reform to improve health sys-
tem performance in Mexico. Lancet 2006;368:1524—1534.

. Gil-Romo SE, Coria SD. [Food and nutrition studies in
Mexico: a gender perspective] (Spa). Salud Publica Mex
2007;49:445-453.

. Kukreja R, Desai M, Patel S, Bapat S, Desai M. Factors
affecting blood loss during percutaneous nephrolithotomy:
prospective study. J Endourol 2004;18:715-722.

. de la Rosette JJ, Laguna MP, Rassweiler JJ, Conort P.
Training in percutaneous nephrolithotomy—a critical re-
view. Eur Urol 2008;54:994—-1001.

Address correspondence to:

Jorge Moreno-Palacios, MSc
Servicio de Urologia

UMAE Hospital de Especialidades
Centro Médico Nacional Siglo XXI
Instituto Mexicano del Seguro Social
Avenida Cuauhtémoc No 330

Col. Doctores

Delegacion Cuauhtémoc CP 06720
México D.F.

Meéxico

E-mail: jorgemorenomd @ gmail.com

Abbreviations Used

ASA = American Society of Anesthesiologists
BMI = body mass index

CCI = Charlson comorbidity index
MLR = multiple logistic regression

OR = odds ratio

PCNL = percutaneous nephrolithotomy
PCNLGS = percutaneous nephrolithotomy global study
RR =relative risk
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