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Standardizing the reporting of percutaneous 
nephrolithotomy complications
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ABSTRACT 
Accurate reporting of complications is an essential component to critical appraisal and innovation in surgery and specifically 
with percutaneous nephrolithotomy (PCNL). We review the evolution of complication reporting for PCNL and suggest 
future directions for innovation. A selective review was carried out using Pubmed. Key search terms and their combinations 
included percutaneous, anatrophic, nephrolithotomy, PCNL, complications, Clavien, Martin score, bleeding, bowel injury, 
perforation, fever, sepsis. The references from relevant papers and reviews as well as AUA and EAU guidelines were also 
scanned for inclusion. PCNL has become the procedure of choice for large renal stones owing to decreased morbidity over 
alternative procedures. Both common and rare complications have been described in large case series, small randomized 
controlled trials, and case reports in an unstandardized form. Although these reports have provided an informative starting 
point, a standardized complication reporting methodology is necessary to enable appropriate comparisons between 
institutions, time periods, or innovations in technique. The Clavien-Dindo grading system has become widely accepted 
in urology and has facilitated the study of PCNL complications. Future research should focus on adaptions of this system 
to render it more comprehensive and applicable to PCNL.
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INTRODUCTION

Reporting of complications in urology is an essential 
component of good patient care and should be a 
routine part of surgical practice. Commonly, urological 
services hold weekly or monthly morbidity and 
mortality rounds in which complications are discussed. 
Short-term complications are commonly reported 
with observational studies and randomized controlled 
trials (RCT). Often the incidence of peri-operative 
complications is used as a surrogate marker of quality 
and to evaluate the appropriateness of new therapies or 

surgical procedures. However, the key problem with using 
the literature in this way is that there exists considerable 
heterogeneity of reporting practices among surgeons.

To address this problem within urology, an Ad Hoc EAU 
guidelines panel evaluated the literature and produced general 
recommendations for the reporting of complications within 
urology.[1] The authors stress the urgent need for uniform 
reporting of complications after urologic procedures, in an effort 
to establish efficacy of surgical technique and improve patient 
care.[2,3] They also note an evolution toward improvement 
in the frequency and quality of reporting, however do not 
specifically address the trend for PCNL complications. Specialty 
and treatment-specific grading systems have been developed 
in some fields and have the advantage of more completely 
addressing procedure-specific complication scenarios and to 
better assess the value and risk of particular interventions.[4,5] To 
date there is no universally accepted classification system within 
urology or for PCNL. This article will discuss the evolution 
and standardization of reporting complications for PCNL and 
highlight some current limitations and potential remedies. 

Unstandardized reporting of complications
Percutaneous nephrolithotomy (PCNL) has revolutionized 
the treatment of large renal calculi as it is an extremely 
efficacious and minimally invasive alternative to open 
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procedures.[6-8] Historically an alternative procedure, 
anatrophic nephrolithotomy, was associated with an 85 % 
stone free rate,[9] which is comparable to PCNL.[10,11] but also 
had longer procedure times, hospital stay, convalescence and 
greater blood loss.[12,13] As such, anatrophic nephrolithotomy 
is currently performed in less than 1% of patients undergoing 
stone surgery.[8,14,15] and is restricted to special cases with 
very large stone burden in patients who are inappropriate for 
a percutaneous approach.[11] In contrast PCNL has become 
an internationally accepted procedure and is performed in 
many centers across in Europe, Asia, North America, South 
America, Australia, and Africa.[16]

Initial complications reported for PCNL were derived through 
descriptive analysis of surgical series and case reports. The 
major types of complications identified include hemorrhage, 
renal pelvic injury, fluid absorption, infection, and associated 
organ injury. A recent review by the Cochrane collaboration 
addressed complications as a secondary endpoint. This 
review identified only two low quality RCTs that specifically 
reported urinary tract infection, ileus, sepsis, hematoma, 
obstruction, perforation, transfusion, and arteriovenous 
fistula. Unfortunately, the sample size and quality of these 
RCTs do not allow for reliable extrapolation of incidence 
rates.[17] Bleeding requiring transfusion has been reported 
from 6% to 23% across series.[11,18-21] Bleeding requiring 
embolization has been reported in 0.8% of 2200 patients 
in one large series[22] and second large series reported rates 
of bleeding requiring embolization or blood transfusion of 
0.8% from 1585 procedures.[23] The recent CROES series, 
which included 5803 consecutive PCNLs, reported a rate 
of significant bleeding of 7.8% with a transfusion rate 
of 5.7%.[16] An additional series reported an increase in 
transfusion rate from 20% to 42% when greater than two 
punctures are required.[24] Unfortunately, many reports do 
not distinguish between immediate post-op and delayed 
hemorrhage and definitions for significant bleeding are 
not uniform. One large series reports rates of delayed 
hemorrhage of 1.2%[25] and seemed to vary between 0.8% and 
3.2% based on indication for percutaneous procedure (stone, 
urothelial carcinoma, or stricture). However, multivariate 
analysis was not performed on this un-randomized sample 
therefore it is not possible to identify independent predictors 
of severe bleeding in this case. One can see from the 
heterogeneity of these results that it is difficult to precisely 
define complication rates in the absence of standardized 
reporting and data collection procedures. Based on these 
data and expert opinion, contributing factors to bleeding are 
thought to include medial punctures, multiple punctures, 
abnormal anatomy, anticoagulant and antiplatelet therapy, 
supra-costal access, increasing tract size, prolonged operative 
time, and renal pelvic perforation. 

Renal pelvic injury has been estimated to occur in 7% of 
cases based on a large series and review of literature.[26] 
However, the severity of pelvic injury reported in this series 

is not clear, nor the therapy required to treat such injuries. 
Most pelvic injuries are identified intra-operatively by direct 
vision or by a sudden collapse of a previously distended 
collecting system. Post-operatively, renal pelvic injuries can 
manifest with abdominal distension, ileus, or fever. Massive 
fluid absorption has been shown to occur[27,28] therefore the 
use of saline irrigant is recommended to avoid dilutional 
hyponatremia. However, the true incidence and long-term 
consequence of extravasation are unclear. 

Post-operative fever is considered a frequent occurrence 
with reported rates between 15% and 30%.[29,30] In contrast, 
septicemia is thought to be relatively rare and has been 
reported to occur with 0.9-4.7% of PCNL procedures.[31-33] 
Unfortunately, the definitions for fever and sepsis are not 
standardized in the literature, nor are the methods of data 
collection; as such reported rates of fever vary greatly. The 
majority of these patients can be adequately treated with 
intravenous antibiotic and close observation; however, some 
patients may require more extensive resuscitation in an 
intensive care setting. Once again a difficulty in interpreting 
the true magnitude of occurrence stems from lack of uniform 
definition for fever or sepsis/systemic inflammatory response 
syndrome, as well as the mechanism of detecting and 
reporting these complications. 

Adjacent organ injuries represent another group of rare 
complications. Injuries to the lung, liver, spleen, biliary 
system, colon, or small bowel have been reported. The 
most common of these complications are pulmonary and 
colonic. In one review pulmonary complications have been 
reported to occur in 2.3-3.1% of PCNL;[31] however, these 
authors did not stratify by level of puncture. Punctures 
below the 12th rib are associated with hydro/pneumothorax 
in <0.5% of cases, compared to 3-15% above the 12th rib, 
and 10-100% above the 11th rib.[34-37] Unfortunately, the 
reported incidence of hydro/pneumothorax represents a 
range of severity for which differing management options 
may be appropriate. Treatment of hydro/pneumothorax 
can range from observation for smaller asymptomatic 
injuries to inserting a pleural drain. Precise indications for 
intervention and optimal management approach cannot 
be directly compared from these data. Colon injury is 
a rare complication of PCNL and is thought to occur in 
0.2-0.8% of procedures.[18,26,31] Based on review of case series 
the risk factors associated with colon injury are low body 
weight, female gender, and lateral puncture. If the injury 
is extraperitoneal then separate drainage of colon and 
urinary system might be sufficient management, whereas 
intraperitoneal injury typically requires open repair. Small 
bowel injury to the duodenum or jejunum is an order of 
magnitude more rare and has been described in several 
case reports.[38,39] Likewise, injury to the spleen and liver are 
reportable rare but are more likely to occur in the presence 
of organomegaly or with high punctures above the 11th or 
10th rib.[37,39,40] Treatment of these rare complications is not 



Voilette and Denstedt: Reporting PCNL Complications

86 Indian Journal of Urology, Jan-Mar 2014, Vol 30, Issue 1

standardized and may involve conservative management or 
open surgery.[39,41,42] 

Some important information has been gained from 
reporting PCNL complications in an unstandardized fashion. 
Primarily, we have gained an understanding of the types of 
complications that can occur and a reasonable estimate of 
frequency of the occurrence for common complications. 
For this reason, we suggest that the contemporary use 
of unstandardized reporting may still be beneficial in 
the context of providing a detailed description of very 
rare complications. The major limitation of reporting 
complications in an unstandardized fashion is the inability 
to accurately compare between reported series or generalize 
results. Without standardized definitions of complications 
and their consequence it becomes difficult to compare 
different techniques, management options, estimate relative 
risk, or justify a rational for sequencing multimodality 
approaches. This problem is widely recognized and is 
the driving force for the development and acceptance of 
standardized systems for reporting surgical complications. 

Standardized reporting of complications
Given the wide acceptance of PCNL among urologists, it is 
especially important to standardize reporting of complications 
for this procedure. There have been several classification 
systems for reporting surgical complications in the past 20 
years.[1] In a paper which emphasized a call to reform the 
practice of reporting surgical complications, Martin et al. 
evaluated 119 articles reporting outcomes in 22,530 patients 
and identified 10 criteria for reporting of surgical complications 
[Table 1].[43] The authors found a high rate of inconsistency in 
reporting complications and no systematic principle of accrual, 
display, and analysis of complication data within the surgical 
literature. A systematic approach to quantifying and categorizing 
complications allows for an accurate assessment of complication 
rates, objective performance assessment, comparison across 
institutions or over time within an institution, and assessment 
of novel techniques and management options. 

One of the most widely accepted classification systems 
within surgery and urology was proposed by Clavien et al.[44] 

The Clavien system was initially validated using a series of 
650 patients who underwent elective cholecystectomy and 
stratified complications into four grades based on the severity 
of the intervention required to treat the complication and 
the presence of lasting disability. This system was further 
modified by Clavien and Dindo using a cohort of 6336 
patients and validated through a multinational survey.[45] 
The modification refined the grading of life-threatening 
complication and disability, and was shown to be reliable 
and acceptable to respondents [Table 2]. The accuracy and 
reliability of this classification system was further assessed and 
was found to be increasing in popularity from 2004 to 2009 
across surgical subspecialties in which 14% of articles using 
the Clavien-Dindo classification were from urology.[46] 

To date, the Clavien-Dindo classification system is the most 
accepted approach for classifying surgical complications 
within urology and is becoming a standard in reporting 
complications from PCNL. The CROES PCNL study group 
has adopted Clavien-Dindo classification system for a large 
prospective cohort study of 5803 patients from 96 participating 
centers in 26 countries.[16] The authors found that 20.5% of 
patients experienced one or more complications, the majority 
of which were Clavien-Dindo grade I (54%) with very few 
life-threatening complications (0.5%) and two deaths (0.03%). 
This concurs with data synthesized in a recent review by 
Seitz et al. which reported similar rates of complications by 
Clavien-Dindo grade.[47] The large CROES PCNL dataset was 
further used to identify ASA score and prolonged OR times 
as strong independent predictors of increasing Clavien-Dindo 
grade.[48] This information can potentially be used to risk-
stratify and counsel patients pre-operatively. 

The use of the Clavien-Dindo system has allowed for more 
accurate reporting of complications and a standardized quality 
measure for evaluating new interventions or innovations in 
technique. Zeng et al. reviewed their 20 year experience (n= 

Table 1: Martin evaluation criteria for reporting surgical 
complications

Criteria for article evaluation
Criteria Requirement

Method of accruing 
data

Prospective or retrospective accrual of data 
are indicated

Duration of follow‑up 
indicated

Report clarifies the time period of 
postoperative accrual of complications such 
as 30 days or same hospitalization

Outpatient information 
included

Study indicates that complications first 
identified following discharge are included in 
the analysis

Definitions of 
complications provided

Article defines at least one complication with 
specific inclusion criteria

Mortality rate and 
causes of death listed

The number of patients who died in the 
postoperative period of study are recorded 
together with cause of death

Morbidity rate and 
total complications 
indicated

The number of patients with any complication 
and the total number of complications are 
recorded

Procedure‑specific 
complications included

Pancreatectomy: Pancreatic fistula or leak, 
delayed gastric emptying, and bile leak
Esophagectomy: Anastomotic leak, 
pulmonary and cardiac complications
Hepatectomy: Bile leak, intra‑abdominal 
abscess, and hepatic failure

Severity grade utilized Any grading system designed to clarify 
severity of complications including “major 
and minor” is reported

Length‑of‑stay data Median or mean length of stay indicated in 
the study

Risk factors included 
in the analysis

Evidence of risk stratification and method 
used indicated by study

Reprinted from Martin RC et al. Ann Surg 2002; 235:803-13 with permission 
from Lippincott Williams andWilkins.
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12,482) with the Chinese minimally invasive PCNL and found 
comparable rates of complications to previously reported large 
series.[49] Similarly, Tepeler et al. have compared the bull’s 
eye and triangulation techniques for gaining percutaneous 
access,[50] and Honey et al. have evaluated the prone-flexed 
position[51] and found similar rates of complications. In contrast, 
bileteral PCNL was shown to have greater complication rates 
as compared to unilateral PCNL.[52] Likewise, Fuller et al. have 
demonstrated higher rates of Clavien III-IV complications in 
super obese patients[53] and de la Rosette et al. were able to 
demonstrate decreasing rates of complications over time.[54] 
The authors attribute this decrease in complication rate to 
increasing familiarity with the procedure and the creation of 
a dedicated stone center. In the pediatric literature, Ozden et 
al have shown that stone burden and OR time are independent 
predictors of Clavien complication.[55] Similarly, in the adult 
literature, Mandal et al. from India successfully correlated stone 
complexity, using Guy’s stone score (GSS), to Clavien-Dindo 
complication rate.[56] This built on earlier work by Thomas et 
al. that demonstrated the GSS could predict stone free rate but 
they failed to demonstrate the GSS could predict Clavien grade 
due to small sample size.[57] Globally, these studies illustrate 
the strength of adopting a uniform complication reporting 
system, which allows investigators to build on each other’s 
work through being able to make uniform comparisons of 
complications across techniques, institutions, time-periods. 

Table 2: Clavien‑dindo classification of surgical complications

Grade Definition

I Any deviation from the normal postoperative course 
without the need for pharmacological treatment or 
surgical, endoscopic, and radiological interventions
Allowed therapeutic regimens are: drugs as antiemetics, 
antipyretics, analgetics, diuretics, electrolytes, and 
physiotherapy. This grade also includes wound infections 
opened at the bedside

II Requiring pharmacological treatment with drugs other 
than such allowed for grade I complications
Blood transfusions and total parenteral nutrition are also 
included

III Requiring surgical, endoscopic or radiological intervention

IIIa Intervention not under general anesthesia

IIIb Intervention under general anesthesia

IV Life‑threatening complication (including CNS 
complications)* requiring IC/ICU management

IVa Single organ dysfunction (including dialysis)

IVb Multiorgan dysfunction

V Death of a patient

Suffix “d” If the patient suffers from a complication at the time 
of discharge (see examples in table 2), the suffix 
“d” (for “disability”) is added to the respective grade of 
complication. This label indicates the need for a follow‑up 
to fully evaluate the complication

*Brain hemorrhage, ischemic stroke, subarrachnoidal bleeding, but excluding 
transient ischemic attacks. CNS=Central nervous system, IC=Intermediate 
care, ICU=Intensive care unit. Reprinted from de la Rosette JJ et al. Eur 
Urol. 2012; 62:246-55. with permission from Elsevier.

The Clavien-Dindo classification system has been formally 
validated for PCNL.[58] The investigators used a series of 
528 patients with complications to generate a set of 70 
complication-management scenarios. These scenarios were 
distributed to a cohort of urologists from 26 countries who 
were asked to assign a Clavien-Dindo grade. The survey 
demonstrated only moderate overall agreement between 
urologists (κ = 0.457; P = <0.0001). Urologists demonstrated 
good to very good agreement with Clavien III, IV, and V 
complications (κ = 0.769, κ =0.810, and κ = 0.986, respectively) 
and only fair agreement for Clavien 0 and I (κ = 0.297, 
κ = 0.358, respectively). This finding points to interrater 
reliability as one potential limitation of the Clavien-Dindo 
classification system. To improve the reliability and 
consistency of this system, a detailed categorization scheme 
for PCNL complication has been proposed [Table 3]. Although 
there is a clear need for standardization of complication 
reporting, and the Clavien-Dindo system offers one useful 
solution there remains work to do to improve the reliability 
and acceptance of this system within urology. 

Limitations and future directions
Although the Clavien-Dindo classification system is a very 
powerful tool there remain several limitations. The primary 
limitation is a result of lack of systematic data evaluation 
and collection procedures. Dindo et al. conducted a quality 
assessment study to evaluate validity of recorded data in a 
prospective quality database maintained by residents and 
junior staff.[59] The authors found that up to 80% of negative 
post-op events were not recorded and co-morbidities were 
incorrectly captured in up to 20% of cases. Surprisingly these 
rates did not significantly change with additional active and 
focused training in data recording procedures. A survey 
conducted in parallel with their quality assessment revealed 
that residents and junior staff were responsible for recording 
surgical outcome data in 80% of participating European 
centers. The authors conclude that standardized evaluation 
procedures should be conducted by dedicated personnel to 
improve accuracy of reporting. Additionally, the Clavien-
Dindo classification system does not account for long-term 
complications which can have significant implications for 
patient care. This is a more complicated obstacle because 
obtaining long-term data of sufficient quality is difficult, and 
thus limits the ability to generate a standardized approach.

Further, most studies that use the Clavien-Dindo system 
report pooled complications or simply the most severe 
complication experienced as a result of a procedure. 
The assignment of severity to a given complication is 
from the physician’s perspective and may not accurately 
represent the burden of morbidity experienced by the 
patient. In an attempt to account for this, Slankamenac 
et al. have devised the Comprehensive Complication 
Index (CCI) based on the Clavien-Dindo classification.[60] 
The CCI is a standardized approach which incorporates 
weighted median reference values for each Clavien grade 
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Table 3: Categorization of PCNL complications according to clavien‑dindo grade

Clavien score Clavien score complication‑management definitions*

None Normal postoperative trajectory without any unexpected deviation

Blocked nephrostomy managed by removal of nephrostomy (without consequences)

Nephrostomy tube discomfort that requires removal of nephrostomy

Postoperative pain managed by nonopioid analgesics

1 Postoperative pain managed by opioid with or without adjunct analgesic regimen

Postoperative fever (>38.0 8C) managed by observation without antibiotics

Deranged renal function that requires IV fluid management only

Bleeding managed using IV fluid without need for blood transfusion

Bleeding that requires a single episode of nephrostomy clamping

Bleeding that requires skin compression/pressure dressing

Renal pelvic perforation managed by watchful waiting

Urine leakage managed by watchful waiting

Ureteric clot managed by watchful waiting

Bladder retention without blood clot that requires bladder catheterization

Pneumothorax managed by watchful waiting

Hydrothorax managed by watchful waiting

Displaced nephrostomy managed by watchful waiting

Intestinal obstruction managed without nasogastric decompression

2 Bleeding requiring blood transfusion

Nephrostomy site cellulitis managed by antibiotics

Symptomatic UTI managed using antibiotics

Postoperative fever (>38.0 8C) managed with antibiotics in the ward

Colon perforation managed conservatively using IV fluid and antibiotics without controlled colocutaneous fistula

Postoperative ileus managed by nasogastric decompression

Postoperative pneumonia managed by antibiotics

Heart failure (NYHA I and II) requiring management by medications in the ward

Hyposaturation managed by oxygen in the ward

Pulmonary oedema managed by diuretics

Supraventricular arrhythmias requiring antiarrhythmic medications

Minor atelectasis requiring medical management

3A Febrile UTI or suspected sepsis without organ failure requiring supportive therapy and enhanced monitoring

Bleeding requiring multiple bladder washouts/irrigations

Bleeding managed with haemostatic agents placed endoscopically

Bleeding that requires multiple episodes of nephrostomy clamping (>4 h apart)

Bleeding managed by postoperative ureteric stenting without general anaesthesia

Bleeding managed by postoperative placement of new larger‑bore nephrostomy tamponade

Colon perforation managed conservatively using controlled colocutaneous fistula

Hemothorax managed by intercostal draining under local anaesthesia

Hydrothorax managed by intercostal draining under local anaesthesia

Pneumothorax managed by intercostal draining under local anaesthesia

Renal pelvic perforation managed by prolonged nephrostomy tube or postoperative placement of nephrostomy

Renal pelvic perforation managed by ureteric stenting without general anaesthesia

Ureteric clot obstruction managed by ureteric stenting without general anaesthesia

Urine leakage managed by postoperative placement of a new nephrostomy tube

Urine leakage managed by ureteric stenting without general anaesthesia

Blocked nephrostomy managed by ureteric stenting without general anaesthesia

Misplaced double‑J stent managed by repositioning

Displaced nephrostomy requiring ureteric stenting without general anaesthesia

(Contd...)
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of complication experienced from both physician and 
patient perspectives and is expressed as a number from 
0 to 100. This tool, which has been validated by four 
separate approaches, appears to be more sensitive and 
comprehensive than existing morbidity measures and 
may represent a standardized outcome measure for future 
studies in surgery and urology. 

Specifically with regard to PCNL, the Clavien approach 
does not account for the routine use of auxiliary treatments 
such as second look PCNL, ureteroscopy, or extracorporeal 
shock wave lithotripsy.[47,61] In fact it may be a measure 
of good judgment to abort a procedure and plan for a 
second attempt in the setting of poor visibility due to 
bleeding or the presence of pus intra-operatively. Under 
the current grading scheme [Table 2], these planned repeat 
procedures may be mistakenly interpreted as grade III 
complications. To overcome these limitations, procedure-
specific modifications to the Clavien-Dindo system could 
be devised and validated in prospective series [Table 3]. 
Potentially, these modifications can then be incorporated 
into a more comprehensive system such as the CCI. Other 
procedure-specific classifications systems, such as PULS for 
ureteral injury during ureteroscopy, have been developed 
and can assist intra-operative decisions making once a 
complication is noted to have occurred.[62] Similar such 
systems should be developed to optimize the management 
of complications from PCNL in the future. 

CONCLUSION

Historically, complication data was primarily derived 
from case series and small trials. Variations in procedures 
and definitions greatly limited generalizability of this 
data. Recently, there have been efforts to standardize the 
reporting of complications for PCNL. This has allowed a 
better understanding of risks associated with PCNL and 
a means to compare complications on a more objective 
standard. However, there remain several limitations to 
current reporting systems and procedures future research 
may focus on adapting procedure-specific modifications to the 
Clavien system and validating the use of CCI within urology. 
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