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Abstract

Introduction: Percutaneous nephrolithotomy (PCNL) is the pre-
ferred treatment for patients with large renal calculi or stones 
that have not responded to extracorporeal shock wave lithotripsy 
(ESWL). The objective of this study was to compare outcomes and 
complications of PCNL in patients of various body mass indices 
(BMI) to determine the safety of this procedure in patients with 
elevated BMI. 
Methods: A retrospective chart review of 114 patients who under-
went PCNL between 2006 and 2009 was performed. Patients were 
separated into 4 groups with respect to their BMI: (1) ideal body 
weight (BMI <25 kg/m2), (2) overweight (BMW 25-29 kg/m2), (3) 
obese (BMI 30-39 kg/m2) and (4) morbidly obese (BMI ≥40 kg/m2). 
One-way ANOVA and univariate logistic regression analysis were 
used to assess the association between BMI (classified into 4 lev-
els) and variables including age, sex, stone size, length of stay, 
incidence of complications and stone-free rates.
Results: The distribution of the 114 patients in each BMI category 
was: ideal body weight 39 (34%), overweight 24 (21%), obese 41 
(36%), morbidly obese 10 (9%). There was no difference in the 
composition of groups with respect to age, sex, pharmacologically 
treated comorbidities or stone size. Mean length of stay in days, 
intra- and postoperative complication rates were not statistically 
different. Stone-free rates showed no significant difference between 
groups: 90% ideal body weight; 87% overweight; 90% obese; 80% 
morbidly obese (p = 0.83). 
Interpretation: Outcomes of PCNL were statistically independent 
of BMI. PCNL is a safe and efficacious treatment of stone disease 
in patients of all sizes.

Introduction 

An increasingly sedentary lifestyle and high fat diet have 
resulted in obesity reaching pandemic status in the west-
ern world. Currently, more than one third of the American 

population and one quarter of Canadians are obese.1 There 
is significant regional variation of this trend, with over 60% 
of Atlantic Canadians being overweight or obese, 10% more 
than the national average.2 Individuals with elevated body 
mass index (BMI) are at an increased risk of cardiovascular 
complications, malignancies, metabolic derangements and 
premature death.3 Furthermore, obesity and weight gain have 
been demonstrated to increase the risk of nephrolithiasis.4,5 
Several studies have also shown obesity to be an indepen-
dent risk factor for surgical and anesthetic complications, 
including thromboembolic events, atelectasis and wound 
infections.6-9 To help surgeons select patients appropriately, 
risk and outcome data are needed for each type of surgical 
procedure on patients of varying BMI.

Extracorporeal shock-wave lithotripsy (ESWL) is the pre-
ferred method to treat small- and medium-sized renal cal-
culi; however, this technique is less efficacious in obese 
patients, even when adjustments are made to the treatment 
protocol.10 For larger stones (≥2 cm) or for patients who 
are not candidates for, or have failed ESWL, percutaneous 
nephrolithotomy (PCNL) is the primary treatment modal-
ity. Given the decreased effectiveness of ESWL, PCNL has 
also become popular to treat renal calculi in patients with 
elevated BMI. This approach poses several treatment chal-
lenges in obese patients because they do not easily tolerate 
prone positioning and the thicker subcutaneous fat layer 
can render nephroscopes too short.11 Studies examining the 
efficacy and safety of PCNL in obese and morbidly obese 
patients are limited and show mixed results.12-14 

Many urologists are reluctant to operate on patients with 
elevated BMI, however as obesity rates increase, the burden 
of stone disease is also expected to rise.4,5 We compared 
outcomes and complications of PCNL in patients of various 
BMI to determine the safety of this procedure in patients with 
elevated measurements.
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Methods 

Retrospective chart review was performed on all patients 
with BMI data who underwent PCNL between 2006 and 
2009. They were stratified according to their BMI into one 
of four standardized group definitions: ideal body weight 
(BMI <25 kg/m2), overweight (BMI 25-29 kg/m2), obese (BMI 
30-39 kg/m2) and morbidly obese (BMI ≥40 kg/m2). 

PCNL was performed using a multidisciplinary approach. 
Gentamicin was given intravenously at the beginning of the 
procedure and 8 hours later in patients with normal renal 
function. The affected ureter was cannulated by a urolo-
gist and a ureteric catheter was left in place to facilitate 
percutaneous access by an interventional radiologist in 
the radiology suite, where access to all imaging modalities 
was available. The tract was dilated with Amplatz (Cook 
Medical, Bloomington, IN) dilators to a diameter of 12F 
to facilitate the insertion of a high-pressure balloon dilator 
with a 30F sheath (Nephromax, Boston Scientific, Boston, 
MA). The stones were removed by graspers with or without 
ultrasonic/pneumatic lithotripsy. Once complete clearance 
of the targeted stones was confirmed by fluoroscopy and 
flexible nephroscopy, a 20F to 24F nephrostomy tube (NT) 
was introduced into the kidney under fluoroscopic guid-
ance and sutured to the skin. Re-entry versus non re-entry 
NT was selected according to the surgeon’s preference. The 
Foley catheter and the NT remained connected to straight 
drainage overnight. If the patient was stable and afebrile 
overnight, the NT was clamped at 6 am for 4 hours and then 
removed if there was no change and the patient was dis-
charged. No nephrostogram was done in these cases. If pain 
or fever (>38˚C) developed following clamping, the NT was 
unclamped and another trial of clamping was done the next 
day. If pain and/or fever recurred, the NT was unclamped 
and a nephrostogram was done once the pain and/or fever 
settled. Any further intervention was dependent on these 
findings. Patients were given analgesics, non-steroidal anti-
inflammatories and/or narcotics as needed. Vital signs were 
done routinely. All patients had a complete blood count, 

electrolytes and serum creatinine done on the morning fol-
lowing surgery. 

Preoperative, intraoperative and postoperative factors 
were compared across groups to assess for selection bias 
and compare outcomes. Preoperative variables included 
age, gender, BMI, stone size, stone location, stone side, 
presence of staghorn calculi, prior surgical intervention for 
stone disease (ESWL vs. PCNL), pharmacologically treated 
comorbidities and preoperative hemoglobin (Hb) and glo-
merular filtration rate (GFR). Intraoperative factors assessed 
were operating room (OR) time and intraoperative compli-
cations. Postoperative analysis included targeted stone-free 
rate, length of hospital stay, need for readmission and post-
operative complications, Hb and GFR. 

Demographic and perioperative data were reported as 
mean ± standard error of the mean (SEM) for quantitative 
variables. One-way ANOVA was used to determine the asso-
ciation between BMI categories and continuous patient char-
acteristics. Univariate logistic regression analysis was used 
to assess the association between BMI categories and patient 
characteristics. All tests were evaluated at a 0.05 significance 
level. Statistical analyses were performed using SAS/STAT 
Release 9.2 (SAS Institute, Inc., Cary, NC). Complications 
were graded from 1 to 5 in a standardized fashion, accord-
ing to the Clavien classification system.

N=114
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Fig. 1. Distribution of patients by body mass index. BMI: body mass index.

Table 1. Characteristics of patient and stone parameters 
and previous treatments 

Variable
<25

N=39
OW

OB
BMI  

30-39.9

MO
BMI ≥40

N=10
Mean age 
(years)  

55 (2.6) 60 (2.8) 60 (2.2) 53 (4.1) 0.1*

Gender
  Male
  Female

23
16

10
14

15
26

5
5

0.2
**

Mean stone size 
(cm)

2.3 
(0.14)

2.3 
(0.2)

2.2 
(0.16)

2.4 
(0.39)

0.9*

Stone location
  Upper pole
  Middle pole
  Lower pole
  Pelvicalyceal
  Pelvic

2
1
10
1
24

1
0
12
0
10

0
1
14
0
26

1
0
2
0
7

0.4 
**

Stone side
  Right 
  Left

18
21

7
17

18
22

3
7

0.6 
**

Staghorn stones 17 (43%) 9 (37%) 12 (29%) 3 (30%)
0.5 
**

Struvite stones 5 (13%)
3 

(12.5%)
5 (12%) 1 (10%)

0.9 
**

Previous surgery
  ESWL
  PCNL

13
4

9
0

14
5

4
0

0.5 
**

BMI: body mass index; OW: overweight; OB: obese; MO: morbidly obese; ESWL: 
extracorporeal shock wave lithotripsy; PCNL: percutaneous nephrolithotomy. *ANOVA; 
**logistic regression analysis.
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Results 

We included 114 individuals in the study; they were distrib-
uted among BMI groups (Fig 1). Analysis of all preoperative 
variables revealed no statistically significant difference in the 
composition of the BMI groups (Table 1, Table 2, Table 3). 
Three patients in the ideal body weight group underwent 
supracostal punctures; all others were infracostal. Three 
patients in the morbidly obese group were positioned later-
ally; all others were in the prone position. Two patients in 
each of the ideal body weight and obese groups underwent 
a second-look nephroscopy.

Mean length of stay in days ± SEM and stone-free rates 
for each group were not significantly different (Table 4). 
Intra-operative complication rates between groups were also 
comparable (Table 5). When complications were categorized 
according to the Clavien classification, there was only one 
Grade 3 complication, which occurred in the ideal body 
weight group and required surgical intervention (colonic 
injury). The remaining complications were Grade 1 or 2. 
No patient required blood replacement and there were no 
deaths. No NTs were dislodged and no one developed a 
perirenal urinoma.

Discussion 

Obese and morbidly obese patients present multiple treat-
ment challenges for physicians and surgeons because they 
are more likely to have complex medical comorbidities, 
including orthopedic, cardiovascular, respiratory and meta-
bolic derangements. Elevated BMI also confers a decreased 
life expectancy by as much as 20 years.15 For surgical 
patients, a high BMI increases the risk of complications and 
renders many surgical procedures more difficult and less 
satisfactory.6,11 Additionally, morbid obesity is an indepen-
dent risk factor for mortality in patients undergoing surgery.16 
With more and more overweight and obese people in many 
developed countries, medical and surgical practices must 

prioritize safe and effective treatments for these patients.
Stone disease affects about 10% to 15% of North 

Americans and is more common in those with elevated 
BMI.4,17 With various treatment modalities available, it is 
important to establish which methods of treatment are supe-
rior for obese patients. While ESWL is less invasive than 
PCNL, it is not as effective for stones >20 mm and has 
limitations in large patients.18 PCNL, on the other hand, is 
the method of choice for larger stones and staghorn cal-
culi. While this method is invasive, it is associated with 
more morbidity than ESWL, but less than open procedures. 
Whether PCNL is safe to perform in heavy patients has 
not been studied previously in Canada and has had mixed 
reports in the existing literature.19,20 

To perform PCNL in obese individuals, careful attention 
must be paid to moving and positioning. For example, stan-
dard prone positioning presents challenges for ventilating 
heavy patients and impairs venous blood flow.21 Placement 
in the lateral decubitus position can alleviate some of 
these concerns and still allow access to the affected flank. 
Although there has been recent interest in supine position-
ing, there is no suggestion that it will facilitate treatment in 
obese patients.22 In addition to positioning, thicker subcuta-

Table 2. Number of pharmacologically treated common 
comorbidities in each BMI group

IBW OW OB MO p value
Hypertension 12 10 21 5 0.3

Diabetes mellitus 5 2 8 2 0.6

Ischemic heart disease 2 6 2 1 0.06

Hypertension + diabetes mellitus 3 0 6 1 0.7

Ischemic heart disease + 
diabetes mellitus

0 0 1 0 0.99

Ischemic heart disease + 
hypertension

0 1 0 1 0.94

Ischemic heart disease + 
hypertension + diabetes mellitus

1 2 1 0 0.68

BMI: body mass index; IBW: ideal body weight; OW: overweight; OB: obese; MO: morbidly 
obese. 

Table 3. Comparison of changes in perioperative hemoglobin 
and renal function and O.R. times across BMI groups

IBW OW OB MO p value
Preoperative 
hemoglobin

134 (2.7)
140 
(2.8)

142 
(2.1)

144 
(6.5)

0.09

Postoperative 
hemoglobin

124 (3.9)
122 
(3.4)

130 
(2.2)

129 
(7.5)

0.22

Preoperative GFR 80 (4.7)
76 

(4.1)
78 (3) 78 (6.4) 0.9

Postoperative GFR 76 (4.4) 68 (4)
73 

(3.1)
81 (5.8) 0.3

Operating room 
time (minutes)

44.6 
(2.4)

43.4 
(4.9)

47 
(2.6)

55 (8.2) 0.3

BMI: body mass index; IBW: ideal body weight; OW: overweight; OB: obese; MO: morbidly 
obese; GFR: glomerular filtration rate.  

Table 4. Comparison of intra- and postoperative 
complications, stone-free rates, length of stay and need for 
re-admission across BMI groups

IBW OW OB MO p value
Intraoperative 
complications

3 (8%) 2 (8%) 1 (2%) 0 (0%) 0.55

Post-op 
complications

1 (3%) 5 (21%) 4 (10)% 2 (20%) 0.1

Stone free rate 90% 87% 90% 80% 0.8

Length of stay 
(days)

1.6 (0.3) 1.9 (0.3) 1.5 (0.2) 1.7 (0.3) 0.59

Need of 
re-admission 

0 (0%) 1 (4%) 3 (8%) 1 (10%) 0.3

BMI: body mass index; IBW: ideal body weight; OW: overweight; OB: obese; MO: morbidly 
obese.  
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neous tissue makes access to the renal pelvis more difficult. 
Making larger incisions and employing longer instruments 
have been used successfully to overcome this problem.19,20 

Despite the challenges, studies from the United States, 
United Kingdom and Egypt have demonstrated that PCNL 
can be performed safely and effectively in obese patients if 
extra precautions are taken to prevent potential respiratory 
and circulatory compromises.13,23,24 Here, we show for the 
first time in a Canadian patient population, that PCNL can 
be performed safely regardless of BMI.

Our study parameters and outcome measures are similar 
to those used by others. PCNL and percutaneous endopyelot-
omy were safely performed in individuals regardless of BMI 
and that success rates were comparable across all groups.21 
This result concurs with three other retrospective studies that 
found no significant difference in stone-free rates, length of 
stay, change in hemoglobin and complication rates across 
the same four BMI groups defined in our study.13,25,26 Another 
small study revealed that length of stay was longer for indi-
viduals with normal body weight and that when treating a 
large stone burden, obese and morbidly obese patients were 
more likely to require a second-look nephroscopy.23 One 
group has also reported that complication rates are higher 
in obese patients.27 Another review showed that patients 
undergoing PCNL had similar outcomes and complication 
rates regardless of BMI and that the cost of treatment was 
not significantly different for any group.24

Conclusion 

The present study is limited by its use of retrospective analy-
sis, but the results are validated when compared to existing 
literature. Our outcomes for PCNL were statistically inde-
pendent of BMI. This procedure is a safe and efficacious 
treatment of stone disease in patients of all sizes. 
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