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Abstract

Introduction: There is still no consensus on how to define and grade postoperative complications, and this hampers 
comparison of outcome data among different centers. A classification (modified Clavien system) has recently been 
proposed for this purpose, and we reviewed our experience with percutaneous nephrolithotomy (PCNL), grading 
perioperative complications according to this new classification.
Materials and methods: A total of 976 PCNLs were performed for reno-ureteral lithiasis between January 2012 and 
July 2013 in our clinic, and charts were retrospectively reviewed focusing on complications observed.  Complications 
were evaluated and stratified into five grades by the modified Clavien classification system.
Results: PCNL was performed in 141 cases (14.44%), ureteroscopy followed by PCNL in 23 cases (2.35%) and tubeless 
PCNL (double J stent) in 812 cases (83.19%). The average stone volume was 7.9 ± 3.9 cm2. A total of 322 complications 
were documented in 291 patients (29.81%). According to the modified Clavien classification, grade 1, 2, 3a, 3b, 4a, 
4b, and 5 complications were observed in 92 (9.42%), 137 (14.03%), 51 (5.22%), 31 (3.17%), 6 (0.61%), 5 (0.51%), and 0 
patients, respectively. The majority of complications were related to bleeding, urine leakage and infections. The stone 
free rate achieved at 3 months postoperative was 87.8% - 857 patients.
Conclusions: The majority of complications after PCNL are minor. The modified Clavien classification provides a stan-
dardized grading system for complications of PCNL, although consensus on specific complications would prompt 
better comparison between centers. We recommend this graded classification scheme to apply to other surgical 
procedure.
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While treating patients with nephrolithiasis, urolo-
gists currently use various methods of intervention, 
such as extracorporeal shock wave lithotripsy (ESWL), 
endoscopic methods of removing stones, and open or 
laparoscopic surgery. The use rates of these methods in 
the treatment of nephrolithiasis differ between coun-
tries, depending on the availability of hospital equip-
ment, the development of methodology, the surgeons 
experience and  the patient’s choice. 

Percutaneous Nephrolithotomy (PCNL), first de-
scribed by Fernstrom and Johansson in 1976 [1], is now 
a popular, well established, minimally invasive pro-
cedure that is considered the standard treatment for 
staghorn and large-volume renal calculi, as well as up-
per tract calculi refractory to other modalities, difficult 
lower pole stones, cystine nephrolithiasis and calculi in 
anatomically abnormal kidneys. PCNL is typically a very 
safe and well-tolerated procedure, but as with any sur-
gical intervention, PCNL is associated with a specific set 
of complications [2]. 

The true complications rates of PCNL are difficult to 
determine and compare because most contemporary 
reviews of PCNL outcomes report only rates of specific 
complications of the procedure. Other authors have 
attempted to standardize the complications of PCNL 
by utilizing the modified Clavien complication grading 
system, or by assigning Clavien grading system scores 
to the complications most commonly associated with 
PCNL [3,4].

Since it was proposed nearly 20 years ago [5], the 
Clavien classification system in which complications of 
surgery are systematically graded has been used widely 
in the hospital setting to assess the complications of a 
broad range of surgeries. This system was reevaluated 
and modified in 2004 to increase its accuracy and ap-
plicability across surgical procedures [6,7]. An interna-
tional multi-center study of 5,803 patients undergoing 
PCNL reported an overall complication rate of 20.5%. 
The study, conducted by the Clinical Research of the 
Endourological Society (CROES), utilized the modified 
Clavien system for reporting complications. The major-
ity of complications were minor, with rates of 11.1%, 
5.3%, 3.6%, 0.5% and 0.03% of for grade I, II, III, IV and V 
complications, respectively [8].

In this study we review our experience with PCNL 
over a period of 18 months, to grade perioperative 
complications according to this new classification.

Patients and methods
Between January 2012 and July 2013, 976 sessions 

of PCNL procedures were performed at our clinic and 
charts were retrospectively reviewed focusing on the 
complications observed. The modified Clavien grad-
ing system was used for evaluating perioperative and 
postoperative complications of PCNL. According to the 
modified Clavien classification system, perioperative 
complications were stratified into five grades – Table 1. 

Table 1  Classification of surgical complications ac-
cording to the modified Clavien system [9]

Grade 1: Any deviation from the normal postoperative 
course without the need for pharmacologic treat-
ment or surgical, endoscopic, and radiologic inter-
ventions. Allowed therapeutic regimens are drugs 
as antiemetics, antipyretics, analgesics, diuretics, 
electrolytes, and physiotherapy. This grade also 
includes wound infections opened at the bedside.

Grade 2: Complications requiring pharmacologic treatment 
with drugs other than such allowed for grade 1 
complications. Blood transfusions and total paren-
teral nutrition are also included.

Grade 3: Complications requiring surgical, endoscopic, or 
radiologic intervention.

 Grade 3a:  Intervention not under general anes-
thesia

 Grade 3b: Intervention under general anesthesia

Grade 4: Life-threatening complications (including central 
nervous system complications) requiring intensive 
care unit stay

 Grade 4a:  Single organ dysfunction (including 
dialysis)

 Grade 4b: Multiorgan dysfunction

Grade 5: Death of the patient

Patient’s pre-operative assessment included medi-
cal history, physical examination, urine analysis, urine 
culture, serum haematocrit, platelet count, coagulation 
profile, kidney function test and liver function test. The 
use of anticoagulant drugs was stopped at least one 
week before the operation. All patients also underwent 
simple X-ray of the kidney-ureter-bladder (KUB), ultraso-
nography along with intravenous urography. The stone 
burden was determined by radiographic studies, and 
stone were basically classified as simple (isolated renal 
pelvis or isolated caliceal stones) or complex (partial or 
complete staghorn stones, renal pelvis stones accom-
panying caliceal stones), regardless of their size [10].

Each case had a documented negative urine cul-
ture or treated with antibiotic according to the culture 
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eral or spinal anesthesia, in dorsal lithotomy position, 
a retrograde catheter was inserted into the proper site 
using 21F cystoscope, fixed to a 16F Foley catheter and 
connected to a syringe containing contrast media. The 
patient was turned to prone position, a retrograde py-
elogram was performed in all cases to visualize and dis-
tend the collecting system in addition to identification 
the site, size and number of stones. 

Percutaneous access into the calyx was obtained 
using an 18-guage needle, under biplanar C-arm flu-
oroscopic guidance. Contrast medium was injected 
through the puncture needle to confirm the depth of 
the dilators during the PCNL tract dilatation. The per-
cutaneous tract was dilated to 30-Fr before placement 
of an Amplatz sheath in the collecting system. Rigid 
nephroscopy was performed, with a pneumatic litho-
tripsy device being used to crush the stone. Fragments 
were also retrieved with stone- grasping forceps for 
chemical analysis. Additional tracts were established 
when necessary, using the same access technique. The 
completeness of stone clearance was achieved by vi-
sualization the whole accessible collecting system and 
fluoroscopy at the end of the procedure. A nephros-
tomy tube or a double J stent or a simple ureteral cath-
eter was placed at the conclusion of procedure.

On first day post-operatively, the Foley and ureteral 
catheters were removed, if the urine was not hema-
turic. A plain film of the kidneys, ureters and bladder 
was obtained 24-48 hours postoperatively to assess 
the status of residual fragments. In patients who were 
rendered stone free or in those with no clinically sig-
nificant residual fragments, the nephrostomy tube was 
remove on postoperative day 2. If a double JJ stent was 
place this was remove at 7 days after the procedure.

All patients were seen three months after discharge, 
KUB and ultrasound were requested to evaluate pres-
ence of residual significant stone and the condition of 
the kidneys.

Results
In table 2 we present the descriptive data of patients 

and the overall postoperative outcome. The mean age 
of the patients was 46.4 ± 12.7 years, with 462 (47.33%) 
males and 514 (52.66%) females in the study. The av-
erage stone volume was 7.9 ± 3.9 cm2. In recent years 
in our clinic we perform PCNL tubeless (double J stent) 
– 83.19% frequently than PCNL – 14.44%. The most 
common site of puncture was subcostal in 866 pacients 

(88.72%). PCNL was considered successful if the patient 
was either free of stone or had any CIRFs (clinical in-
significant residual fragments) defined as < 4mm, non-
obstructive, noninfectious and asymptomatic residual 
fragments. The overall success rate at three months 
follow up were 87.8%, including CIRFs observed in 
18.44% - 180 pacients. Success rate was higher in sim-
ple stones – 95.73% (404/422 patients) than complex 
stones – 81.76% (453/554). Auxiliary treatment, includ-
ing ESWL, re- PCNL and ureteroscopy  were performed 
for residual stones.

Table 2  Descriptive data of patients undergoing 
percutaneous nephrolithotomy and their 
overall surgical outcome

Mean age: 46.4 ± 12.7 years 
(range: 18–85)
Male/Female: 462/514
Mean stone burden: 7.9 ±  
3.9 cm2 (range: 2.8–24.5 cm2)

Classification of stones:
Simple: 43.44% (n = 422)
Complex: 56.76% (n = 554)

Type of operations:
PCNL: 14.44% (n=141)
Ureteroscopy followed by 
PCNL: 2.35% (n = 23)
PCNL tubeless (double J 
stent): 83.19% (n = 812)

Mean percutaneous  
access no.:

Single access: 89.13%  
(n = 870)
2 accesses: 9.42% (n = 92)
3 accesses: 1.43% (n = 14)

Mean operation time: 57.9 ± 
22.5 min (range: 20–180 min)

Location of percutaneous 
access:

Subcostal access: 88.72%  
(n = 866)
11th–12th intercostal access: 
10.75% (n = 105)
10th–11th intercostal access: 
0.51% (n = 5)

Overall postoperative 
outcome:

Mean urethral 
catheterization time:  
1.4 ± 0.3 d (range: 1–3 d)
Mean duration with 
nephrostomy tube:  
3.2 ± 0.5 d (range: 1–8 d)
Mean hospital stay:  
5.1 ± 0.8 d (range: 3–15 d)

Overall success rate at 
postoperative month 3: 87.8% 
(n = 857)

In our retrospective study we found a total of 322 
complications in 291 (29.81%) pacients. Table 3 con-
tains the complications of PCNL classified according 
to the modified Clavien system. Our results showed 
that grade II complications were the most commonly 
observed after PCNL. The most common complication 
seen in our series was bleeding necessitating blood 
transfusion – 9.11%, classified as grade 2 complications. 
Grade 1 complications were encountered in 9.42%, 
grade 2 in 14.03%, grade 3a in 5.22% and 3b in 3.17%, 
grade 4a in 0.61% and 4b in 0.51%. No death – grade 5 
complication, was recorded in our study group.
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nephrolithotomy classified according the 
modified Clavien system

Grade 1
Fever
Transient elevation of 
serum creatinine

Grade 2
Blood transfusion
Urine leakage < 12 h
Infections requiring 
additional antibiotics 

Wound infection
Urinary tract infec-
tion
Pneumonia

Grade 3a
Double-J stent place-
ment for urine leakage 
≤ 24 h
Double-J stent place-
ment for UPJ and 
pelvis injury

92
73
19

137
89
16
32

2
25

5

51
18

5

Urinoma
Pneumothorax
Retention and colic due 
to blood clots

Grade 3b
Ureter-bladder stone
UPJ obstruction
AV fistula
Perirenal hematoma need-
ing intervention
Perinephritic abcess
Perioperative bleeding 
requiring quitting the 
operation

Grade 4a
Neighboring organ injury
Nephrectomy

Grade 4b
Urosepsis

Grade 5

3
2

23

31
14
2
5
2

2
6

6
3
3

5
5

0

UPJ – ureteropelvic junction; AV - arteriovenous

Discussion
The indications of percutaneous management of 

renal stones has been established  depending on the 
size, site, composition of renal stones and presence of 
distal obstruction, in addition to failure of fragmenta-
tion of stones after ESWL sessions or there is contra-
indication to ESWL procedure [11]. PCNL as a primary 
treatment for patients with renal stones has been re-
surgent during the last decade, leading to an increase 
in variations of the technique.

Despite high success rates, major concerns in per-
cutaneous renal surgery involve serious complications 
such as blood loss, life-threatening infections and ad-
jacent organ injuries. It is important to grade the peri-
operative complications accurately according to their 
severity. An EAU guidelines panel and others have rec-
ommended use of the Clavien classification system to 
standardise reporting of complications after urologic 
procedures, such as PCNL [12].

The CROES PCNL Global Study was a prospective 
observational study during which data were collected 
for consecutive patients who were treated at each par-
ticipating center over a 1-year period; they reported 
an overall complication rate of 20.5% [8]. In our centre, 

the complication rate was higher – 29.81%. This can be 
partly explained by the large number of urologists who 
perform PCNL, over 15, some of them have a broad ex-
perience and some are acquiring it. 

According to the modified Clavien classification, 
the majority of complications (229/322 – 71.11%) were 
classified as Clavien grade I and grade II, which can be 
considered as minor. The lower incidence of grade 1 
complications could explained by the retrospective 
nature of the present study, as some of the minor, self-
limited complications, were not recorded. Grade 3, 4 
and 5 can be considered as major according to oldest 
classification system and they represent only 28.89% of 
complications 

One of the most serious complications is renal hem-
orrhage. Blood loss is a normal feature of PCNL because 
some bleeding may occur during renal puncture, tract 
dilation, use of nephroscopy between calices, and stone 
disintegration. It is considered a complication only 
when a blood transfusion is required. Fortunately, in 
most cases bleeding can be controlled with conserva-
tive measures, such as clamping the nephrostomy, hy-
dration and diuretics and hemostatic medications. The 
necessity of renal embolization to control severe bleed-
ing was low in our series – 5/976 patients – 0.51%. Renal 
angiography with selective embolization represents the 
most suitable therapy for renovascular complications 
after PCNL, with a succesfull rate of 87.5% [13].

Every complication of any surgical procedure can be 
classified because the parameter of classification is not 
cause or clinical appearance but its treatment modal-
ity. The Clavien system may allow us to (1) evaluate the 
safety of procedures, (2) compare different approaches 
based on standardized classification, (3) analyze learn-
ing curves of surgical techniques, (4) use it as the basis 
of internal quality control, and (5) use it to standardize 
surgical errors, thereby improving management and 
prevention [14].

The CROES PCNL Global Study showed the high va-
lidity of the Clavien score for the impact of PCNL com-
plication on duration of stay, but its interrater reliability 
is low for minor complications [4].

Conclusions
PCNL is the first line treatment option for manage-

ment of large renal stones, with a high success rate and 
low major complications rate. Selection of the patient, 
establishing percutaneous renal access, a well stan-
dardized technique and post-operative follow up are 
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achieving a high stone free clearance rate.
The Modified Clavien Grading System for report-

ing complications of percutaneous nephrolithotomy 
is useful for monitoring and reporting outcomes. We 
recommend this graded classification scheme to apply 
to other surgical procedure.
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