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Abstract The aim of the study to compare outcomes of

flexible ureterorenoscopy in patients with different body

mass index (BMI) scores and to explore whether the BMI

has an effect on outcomes of RIRS. Five hundred and two

patients who underwent flexible URS in 3 centers between

2008 and 2012 for the management of single upper urinary

tract calculi were retrospectively reviewed. Patients were

categorized as normal weight BMI 18.5 to 24.99 kg/m2,

overweight 25 to 29.99 kg/m2, obese 30 to 39.99 kg/m2

and morbid obese[40 kg/m2.The groups were assessed in

terms of demographic parameters including age, gender,

stone size, intraoperative and postoperative variables. The

mean patient age was 41.3 ± 15.51 (18–81) years and with

an average BMI 26.68 ± 5.2 kg/m2 (16.64–55.15 kg/m2).

Of the patients, 43.2 % had normal weight (NW), 32.2 %

were overweight (OW), 21.9 % were obese (O) and 2.5 %

were morbidly obese (MO). Stone-free rates after single

procedure in NW, OW, O, MO groups were 60.8, 61.7,

73.6, 61.5 %, respectively (p = 0.079). Overall targeted

stone-free rates were also similar in four groups (88.9,

90.1, 93.6, 90.4 %, p = 0.586). There were no statistically

significant differences in the frequency of complications

and mean hospitalization time among the groups

(p [ 0.05). In conclusion, this study demonstrated that

flexible URS is a valuable option for the treatment of

kidney stone in both obese and non-obese patients. BMI

did not influence the postoperative outcomes.

Keywords Flexible ureterorenoscopy � BMI �
Nephrolithiasis � Obese

Introduction

Obesity is a chronic disease and its prevalence is increas-

ing. It affects more than 300 million people worldwide, and

recent studies have shown that people who are overweight

or obese have an increased risk of urolithiasis [1–3].

Hyperinsulinemia, hyperoxaluria, low urinary volume,

high sodium intake, and hypercalciuria are well-known

lithogenic risk factors associated with obesity and increase

the risk of stone formation [4]. Obesity is an important risk

factor for surgery, and the complication rates are higher in

obese patients than in non-obese patients. There are also

various physiological changes, such as cardiac, metabolic,

respiratory and hemostatic functions, that may predispose a

patient to certain comorbidities and increase their risks [5].

Modern techniques, such as shockwave lithotripsy

(SWL), percutaneous nephrolithotomy (PNL) and urete-

rorenoscopy (URS) have made open surgery a rare occur-

rence. These minimally invasive techniques are safe and

require short hospitalization times. Although SWL has
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been recommended as the first-line treatment for ureteral

calculi measuring\1 cm, the success rate of SWL in obese

patients is not the same as in non-obese patients because of

the increased stone-to-skin distance [6–9]. For PNL, per-

cutaneous puncture, it can be difficult to obtain the correct

access into a calyx in obese patients because of the

increased distance. Positioning the patient in the prone

position for a long time also increases the anesthesia

complication risks [3].

The development of flexible ureteroscopes and advances

in intracorporeal lithotripsy techniques, such as holmium:

yttrium–aluminum-garnet (Ho: YAG) laser, has allowed

safe and effective operations. As mentioned in the 2012

guidelines of the European Association of Urology (EAU),

URS is a good option for small-to-moderate sized kidney

stones [10].

We aimed to present our experience with flexible URS

in a large series and to explore whether the increased body

mass index (BMI) affected the outcomes of flexible URS.

Materials and methods

The files of 502 patients who underwent flexible URS in

three referral hospitals in Turkey between 2008 and 2012

to manage upper urinary tract calculi were retrospectively

reviewed. Patients younger than 18 years and patients who

had anatomic anomalies were excluded. Patient’s demo-

graphic characteristics, including age, gender, BMI, history

of ipsilateral kidney surgery, and the size, number, and

location of the stones were recorded. According to the

WHO, the following BMI classifications were used:

underweight \18.50; normal, 18.50–24.99; overweight,

25.00–29.99; obese, 30.00–39.99; and morbidly obese

C40.00.

Preoperative laboratory tests included serum creatinine

and hemoglobin measurements, platelet counts, coagula-

tion screening tests, and urine cultures. All patients

underwent sterile urine cultures before surgery. Intrave-

nous urography (IVU) and/or computerized tomography

(CT) were performed for all patients. Stone size was

assessed as the surface area, which was calculated

according to the European Association of Urology guide-

lines [10].

Flexible URS technique:

A standardized flexible URS procedure was performed in

all cases, as described elsewhere [11]. For the flexible URS

procedure, all stages of the procedure were performed

under fluoroscopic control with the patient placed in the

lithotomy position on an endourological table. After per-

forming a detailed cystoscopy and inserting the guide wire

to the ureter under fluoroscopy, rigid ureteroscopy was

used to visualize inside the ureter (for any unexpected

pathology) and to facilitate placing the ureteral access

sheath. We performed the balloon dilation in cases when a

narrowing part of the ureter in any location from the ure-

teral orifice to the proximal ureter would not allow us to

advance the ureteral access sheath. A ureteral access sheath

(Cook Medical, Bloomington, IN) was placed in 368 of

502 cases (73.3 %). In the remaining cases, a ureteral

access sheath was not placed because of a narrow ureter

portion. A 7.5- (Storz FLEX-X2, Tuttlingen, Germany) or

8.4-Fr fiberoptic (Olympus, Center Valley, PA) and an

8.7 F digital flexible ureteroscope (DUR-D Gyrus ACMI,

Southborough, MA) with a 200 or 273-lm laser fiber were

used during the intervention. We used a holmium laser

machine (Stone Light, Mountain View, CA, Quanta Sys-

tem, Group, Italy) set at 0.8 to 1.5 J and 5 to 10 Hz. At the

end of the laser lithotripsy, stone fragments measuring

\2 mm were left for spontaneous passage, and basket

stone retrieval was performed for fragments measuring

[2 mm. A systematic inspection of the collecting system

was performed at the end of the procedure to confirm the

achievement of adequate fragmentation and stone clear-

ance. Postoperatively, a double-J stent was placed based on

the surgeon’s discretion (Table 1).

The operative time was described as the time elapsed

from the insertion of a cystoscope to the completion of the

stent placement. Postoperative complications were grouped

according to the Clavien-Dindo classification system [12].

The initial postoperative stone-free rates were evaluated at

the time of hospital discharge using radiography of the

kidneys, ureters, and bladder (KUB). Postoperatively, the

stone-free rates were primarily evaluated in an outpatient

clinic setting at 3-month intervals with KUB and urinary

US or low-dose spiral CT. Clinical insignificant residual

fragment (CIRF) was described as residual stones mea-

suring \4 mm, and residual stone fragment (REST) was

described as stones measuring C4 mm, according to the

radiologic examination.

Statistical analysis

Data were analyzed with SPSS software, version 15.0, for

Windows (SPSS, Chicago, IL). A normality test (Kol-

mogorov–Smirnov test, p [ 0.05) was performed to eval-

uate the distributions of numeric variables. If the

distribution of the numeric variables was normal, a statis-

tical analysis was performed using a one-way analysis of

variance (ANOVA) post hoc test. Proportions of categori-

cal variables were analyzed using Pearson’s Chi squared

test or Fisher’s exact test; if the minimum expended count

was \5, the comparisons of the categorical variables rate

were performed using Fisher’s exact test.
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Results

We operated on a total of 502 patients who were stratified

into four groups according to the WHO BMI classification

of [13]. The mean patient age was 41.3 ± 15.51 years

(range 18–81 years), and the average BMI was

26.68 ± 5.2 kg/m2 (range 16.64–55.15 kg/m2). Of the

patients, 43.2 % had normal weight (NW); 32.2 % were

overweight (OW); 21.9 % were obese (O), and 2.5 % were

morbidly obese (MO). There was no discrepancy between

the groups with regard to the effect of age and gender at the

time of surgery.

In a preoperative evaluation, O and MO patients had

significant comorbidities, such as hypertension, diabetes

mellitus, sleep apnea, and previous myocardial infarction

when compared with the NW and OW patient groups

(p = 0.000). There was no significant difference between

the four groups in terms of previous treatments for urinary

stone disease, stone size, stone location (ureter, renal pel-

vis, lower pole, upper pole, and middle calix) and grade of

hydronephrosis. In the MO group, the percentage of

radiolucent stones was significantly higher than the other

three groups (p = 0.001).

Table 2 shows the operative characteristics of 502

patients. There was no statistically significant difference in

terms of perioperative outcomes between the four patient

groups. The stone-free rates after one procedure in the NW,

OW, O, MO groups were 60.8, 61.7, 73.6, and 61.5 %,

respectively (p = 0.079). The overall targeted stone-free

rates were also similar in the four groups (88.9, 90.1, 93.6,

90.4 %, respectively, p = 0.586).

Patients with residual stones after flexible URS were

generally treated with SWL. Only a few patients underwent

a second-look flexible URS during the same hospital

admission (6.7 %). In the MO group, 3 of the 13 patients

were successfully treated with second-look flexible URS.

Table 1 Patients characteristics and operative data

BMI (kg/m2) 18.5–24.99 25–29.99 30–39.99 C40 Overall p

Number of patients: n (%) 217 (43.2 %) 162 (32.2 %) 110 (21.9 %) 13 (2.5 %) 502

Mean age (years) (mean ± SD)

(range)

40.38 ± 14.3

(18–73)

42.16 ± 15.2

(18–81)

40.88 ± 15.2

(18–68)

41.54 ± 16.7

(25–70)

41.31 ± 15.51

(18–81)

0.437

Gender (female/male): n (%) 99/118 (45.6 %) 77/85 (47.5 %) 62/48 (56.4) 8/5 (61.3 %) 248/256 (49.4 %) 0.131

Left or right kidney (L/R) 96/118 74/84 63/47 7/6 240/255 0.224

Left + right kidney (L + R) 3 4 7

Comorbidity: n (%) 51 (23.5 %) 53 (32.7 %) 55 (50 %) 10 (76.9 %) 169 (33.7 %) 0.000

History of urolithiasis

Previous stone treatment: n (%)

ESWL 83 (38.2 %) 72 (44.4 %) 60 (54.5 %) 7 (53.8 %) 222 (44.2 %) 0.152

URS 20 (9.2 %) 16 (9.8 %) 9 (8.1 %) 1 (7.6 %) 46 (9.2 %) 0.247

PCNL 45 (20.7 %) 20 (12.3 %) 11 (10 %) 2 (15.8 %) 78 (15.5 %) 0.084

Open surgery 37 (17 %) 20 (12.3 %) 14 (12.7 %) 2 (15.8 %) 73 (14.5 %) 0.188

Hydronephrosis: n (%) 0.352

Grade 0 62 (28.6 %) 43 (26.5 %) 26 (23.6 %) 2 (15.4 %) 133 (26.5 %)

Grade 1 95 (43.8 %) 67 (41.4 %) 38 (34.5 %) 4 (30.8 %) 204 (40.6 %)

Grade 2 46 (21.2 %) 42 (25.9 %) 36 (32.7 %) 5 (38.5 %) 129 (25.7 %)

Grade 3 14 (6.5 %) 10 (9.1 %) 10 (9.1 %) 2 (15.4 %) 36 (7.2 %)

Grade 4 0 0 0 0 0

Stone size (mm2) (mean ± SD) 164.1 ± 88.3 165.8 ± 92.9 185.5 ± 97.9 192.6 ± 85 169.07 ± 94.29 0.128

(range) (42–512) (60–671) (31–581) (78–620) (31–671)

Stone location: n (%) 0.124

Ureter 6 (2.8 %) 3 (1.9 %) 0 0 9 (1.8 %)

Renal pelvis 34 (15.7 %) 23 (14.2 %) 11 (10 %) 1 (7.7 %) 69 (13.7 %)

Lower pole 81 (37.3 %) 73 (45.1 %) 65 (59.1 %) 8 (61.5 %) 227 (45.2 %)

Upper pole 18 (8.3 %) 12 (7.4 %) 4 (3.6 %) 0 34 (6.8 %)

Middle pole 18 (8.3 %) 16 (9.9 %) 8 (7.3 %) 0 42 (8.4 %)

Multiple locations 60 (27.6 %) 35 (21.6 %) 22 (20 %) 4 (30.8 %) 121 (24.1 %)
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No difference in the mean hospitalization time was

observed in the groups (p = 0.527). Regarding the surgical

complications, Clavien grade 1 was observed in 46 patients

(9.1 %) including a fewer (5 patients, 1 %), and renal colic

(41 patients, 8.1 %). Clavien grade 2 complications,

including urinary tract infection (20 patients, 4 %) and

hematuria (12 patients, 12.3 %), were observed in 32

patients (6.3 %), Clavien grade 3b complications, includ-

ing stone street (4 patients, 0.7 %) and urinoma (1 patients,

0.1 %), were observed in 5 patients (1 %). There were no

significant differences in the frequency of complications

among the groups (Table 2).

Discussion

The obesity epidemic in many developed countries

emerged as a result of the worldwide pattern of increased

food intake and sedentary lifestyles. Recently, WHO esti-

mated that 80.5 % of males and 76.5 % of females in the

United States had a BMI of 25 kg/m2 or over [13]. It is

widely recognized that obesity is associated with lithogenic

factors, such as increased secretion of calcium and oxalate,

insulin resistance, and urinary pH related to metabolic

syndrome. In 2010, Semins et al. [14] reported that

increased BMI is related to the increased risk of stone

Table 2 Preoperative and postoperative outcomes

BMI (kg/m2) 18.5–24.99 25–29,99 30–39.99 C40 Overall p

(n: 217) (n: 162) (n: 110) (n: 13) (n: 502)

Procedural characteristics

Operative time (min): mean ± SD 45.8 ± 7.2 45.1 ± 7.1 45.5 ± 9.4 44 ± 3.6 45.5 ± 7.66 0.523

Fluoroscopy time (min): mean ± SD 1.94 ± 1.57 1.85 ± 1.48 1.60 ± 1.27 1.79 ± 1.32 1.8 ± 1.49 0.204

Ureteral dilatation: n (%) 0.072

None 92 (42.3 %) 80 (49.3 %) 67 (61.8 %) 5 (38.4 %) 244 (48.6 %)

Balloon 11 (5 %) 9 (5.5 %) 3 (2.7 %) 0 23 (4.6 %)

Rigid URS 114 (52.5 %) 74 (45.1 %) 39 (35.4 %) 8 (61.5) 235 (46.8 %)

Access sheat: n (%) 165 (76 %) 119 (73.5 %) 74 (67.3 %) 10 (76.9 %) 368 (73.3 %) 0.398

Stone relocation: n (%) 71 (32.7 %) 51 (31.5 %) 24 (21.8 %) 3 (23 %) 149 (29.7 %) 0.284

Postoperative drainage: n (%) 195 (89.8 %) 145 (89.5 %) 97 (88.1 %) 13 (92.3 %) 450 (89.2 %) 0.379

Results 0.079

Stone-free rates after one procedure (%) 60.8 % 61.7 % 73.6 % 61.5 % 63.9 %

Stone-free patients (n) 132/217 100/162 81/110 8/13 321/502

CIRF 30 (13.8 %) 14 (8.6 %) 5 (4.5 %) 2 (15.3 %) 51 (10.1 %)

REST 55 (25.3 %) 48 (29.6 %) 24 (21.8 %) 3 (23 %) 130 (25.8 %)

0.154

Use of the additional treatment: n (%) 55 (25.3 %) 41 (8.2 %) 18 (3.6 %) 4 (0.7 %) 118 (23.1 %)

SWL 38 (17.5 %) 28 (17.3 %) 11 (10 %) 1 (7.6 %) 78 (15.5 %)

URS 0 1 (0.6 %) 1 (0.9 %) 0 2 (0.2 %)

Second-look flex URS 14 (6.5 %) 12 (7.4 %) 5 (4.5 %) 3 (23 %) 34 (6.7 %)

PCNL 3 (1.4 %) 0 1 (0.9 %) 0 4 (0.8 %)

Overall stone-free rates: n (%) 193 (88.9 %) 146 (90.1 %) 103 (93.6 %) 12 (92.3 %) 454 (90.4 %) 0.586

Mean hospitalization time (h) 25.8 ± 25.4 22.72 ± 12.2 24.83 ± 18.4 25.8 ± 14.5 24.6 ± 20.16 (7-220) 0.527

Complications: n (%)

Clavien-Dindo Grade 1

Fever 2 (0.9 %) 1 (0.6 %) 1 (0.9 %) 1 (7.7 %) 5 (1 %)

Renal colic 19 (8.7 %) 13 (8 %) 8 (7.2 %) 1 (7.7 %) 41 (8.1 %)

Clavien-Dindo Grade 2

Infection 9 (4.1 %) 6 (3.7 %) 5 (4.5 %) 0 20 (3.9 %)

Hematuria 5 (2.3 %) 4 (2.4 %) 3 (2.7 %) 0 12 (2.3 %)

Clavien-Dindo Grade 3b

Stone street 2 (0.9 %) 1 (0.6 %) 1 (0.9 %) 0 4 (0.7 %)

Urinoma 0 1 (0.6 %) 0 0 1 (0.1 %)

Overall 36 (16.5 %) 27 (16.6 %) 18 (16.3 %) 2 (15.4 %) 83 (16.5 %)

0.127
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disease. However, cardiovascular, respiratory, and meta-

bolic comorbidities accompanying to obesity dramatically

increase the perioperative morbidity and make the surgical

procedure more challenging.

The limitations of SWL in obese individuals have been

previously well documented and are associated with the

table weight restrictions, difficult stone localization and

increased skin-to-stone distance with the resultant attenu-

ation of shock wave energy [15]. Thomas and colleagues

used the abdominal compression to reduce shockwave

attenuation and used extended shock pathway if the stone

was too deep to be positioned at the focal point; the authors

reported a 68 % stone-free rate [16]. It is accepted that

BMI is an independent predictor factor of SWL outcomes.

Moreover, high BMI may result in SWL failure for upper

urinary calculi measuring 5 mm to 10 mm, and patients

may be better treated with other options, such as PNL or

URS [17].

The effect of obesity on PNL outcomes has been pre-

viously investigated by several authors [18–21]. Difficul-

ties with patient lifting and positioning, interpreting

anatomical landmarks and increased skin-to-stone depth

make PNL more challenging in obese patients. Although

comparable success rates have been reported with PNL

when compared with non-obese patients, some studies have

reported increased hospitalization time, transfusion, and

complication rates [19, 20]. In the CROES study with

larger number of PNL cases, although no significant dif-

ference was observed in the overall complication rate

among the different BMI groups, high BMI was associated

with a longer operative time, a lower stone-free rate and a

higher re-intervention rate [21].

Although, different treatment modalities have been

previously described, endoscopic approach with flexible

URS and fragmentation with Ho: YAG laser is a minimally

invasive procedure associated with a low morbidity for the

management of upper urinary tract calculi [4, 6, 9]. Pre-

vious studies have demonstrated that this technique pro-

vided low morbidity and successful outcomes in the

general population [22]. Regarding obese and morbid

obese patients, flexible URS might be a valuable treatment

option; however, safety and efficacy have been reported in

several trials [23–27]. The goal of the current study was to

evaluate the influence of BMI on flexible URS outcomes in

a large case series.

In the current study, the mean stone-free rate after one

procedure was 63.9 %, and the overall stone-free rate was

90.4 %. However, there was no significant difference

between the four BMI groups in terms of both stone-free

rates (p = 0.079 and p = 0.586). Our results aligned with

previous reports of success rates ranging between 70 and

89.2 % [23–25].

Delorme et al. [15] compared flexible URS results in

non-obese and obese patients; they found 86.2 and 85.2 %

stone-free rates, respectively. Stone size is an important

predictive factor affecting the outcomes of flexible URS. In

our study, the mean stone size was 169 mm2, and an

additional procedure was needed in 23.3 % of the patients.

However, they were not affected by the BMI (p = 0.12).

Residual calculi were successfully managed with SWL

procedure in non-obese patients and with second-look

flexible URS in obese patients, which was confirmed in

previous reports [23–28].

As expected, comorbidity increases with increasing

BMI. In a large PNL, cohort study revealed significantly

longer operative time with obesity [21]. In an elderly

population, Akman et al. [29] demonstrated that the total

operative time was longer in patients who were treated with

flexible URS compared with those treated with PNL. With

the development of flexible instruments and the introduc-

tion of new generations of flexible ureteroscopes with

higher degrees of deflexion, maneuvers in the kidney have

become easier. The treatment of challenging cases, such as

obese patients and patients with anatomical abnormalities,

with flexible ureteroscopy become possible instead of

prolonged and multiple sessions of SWL.

Regarding postoperative morbidity, we compared the

mean hospitalization time and complications between the

BMI groups and significant difference was not observed. A

recent study reported an approximately 10 % complication

rate after flexible URS in both obese and non-obese

patients [14]. The overall complication rate was 20 % in

the current study, and all were Clavien-Dindo grades I, II

and III; however, no specific complications were observed

in obese patients.

This study had several limitations because of its

multicentric and retrospective nature. In addition, there

were a relatively small number of patients in the MO

group. Despite these shortcomings, this study is impor-

tant, and it is the largest study exploring the effect of

BMI on the outcomes of flexible ureteroscopy in treating

kidney stones.

Conclusion

The results of our study demonstrate that flexible URS is a

valuable treatment option in both obese and non-obese

patients. Furthermore, BMI does not affect the postopera-

tive outcomes of flexible URS. However, these findings

must be confirmed by additional prospective studies.
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