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 Photomicrographs comparing normal and diabetic groups. The arrows point to
the epithelial flaking resulting in the agglomeration of the cells in the tubular lumen

in the diabetic groups. (page 819)
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653

EDITORIAL
IN THIS ISSUE

The July-August 2019 issue of the International Brazilian Journal of Urology 
presents original contributions with a lot of interesting papers in different fields: In-
fertility, Bladder augmentation, Bladder Cancer, PCNL, Prostate Cancer, Renal Cell Car-
cinoma, Partial nephrectomy, Renal stones, Nocturnal Enuresis, Basic Research, Lapa-
roscopic Surgery, Penile Cancer, Stress Urinary Incontinence and Adrenalectomy. The 
papers come from many different countries such as Italy, Brazil, USA, UK, Turkey, China, 
France, Iran, Republic of Korea, Argentina, India and Spain, and as usual the editor´s 
comment highlights some papers. We decided to comment the paper about a very inte-
resting topic: Robotic-Assisted Radical Prostatectomy (RARP).

Doctor Neumaier and collegues from the FMUSP, Brazil performed on page 703 
(1) an interesting study about the factors involved in urinary continence and sexual 
potency recovery after robotic-assisted radical prostatectomy (RARP). They studied 104 
patients operated by two surgeons between 2008 and 2015, with a minimum 12 months 
follow-up.  The patient features (age, body mass index, PSA, date of surgery and sexual 
function), tumor features (tumor stage, Gleason and surgical margins) and follow-up 
data (time to reach urinary continence and sexual potency) were collected at 1, 3, 6 and 
12 month and every 6 months thereafter. Until the end of the study, only one patient was 
incontinent and 20.7% were impotent. The authors concluded that the age was a predic-
tor of urinary and erectile function recovery in 12 months and the body mass index was 
significant factor for potency recovery.

With the introduction of robotic surgery, some technical difficulties in laparos-
copic surgery were lessened, due to, among other factors, the three-dimensional field 
of vision, hand tremor filtration and greater ergonomic freedom of movement of the 
surgeon (2-7). RARP in comparison with the open radical prostatectomy is associated 
with smaller positive surgical margins for pT2 tumors and better sexual function results 
during 12 months, and less impairment of urinary function during 12 months (8).

 Retrospective studies indicate that urinary control rates are better in younger 
patients, although there is conflicting data in the literature (9-12). This can be explained 
by the degeneration of the rhabdosphincter, which occurs with age. In this paper the 
authors had 16 patients with body mass index (BMI) ≥ 30 kg/m2 at the time of surgery 
and there was no statistical difference in recovery of urinary continence compared to 
patients with BMI < 30 kg/m2, but the average time to reach urinary continence was 
almost double for obese patients. The present paper also confirms that the age in an 
important factor to impotence recovery. We congratulate the authors for this very im-
portant contribution.

Age and Body Mass Index: the most important factors of urinary and 
erectile function recovery after robotic assisted radical prostatectomy

Vol. 45 (4): 653-654, July - August, 2019

doi: 10.1590/S1677-5538.IBJU.2019.04.01



654

REFERENCES

1. Neumaier MF, Segall Junior CH, Hisano M, Rocha FET, Arap S, Arap MA. Factors affecting urinary continence 
and sexual potency recovery after robotic-assisted radical prostatectomy. Int Braz J Urol. 2019;45:703-12.

2. Qi F, Wang S, Xu H, Gao Y, Cheng G, Hua L. A comparison of perioperative outcome between robot-assisted and 
laparoscopic radical prostatectomy: experience of a single institution. Int Braz J Urol. 2019:Feb 10;45. [Epub 
ahead of print]

3. Cimen HI, Atik YT, Altinova S, Adsan O, Balbay MD. Does the experience of the bedside assistant effect the 
results of robotic surgeons in the learning curve of robot assisted radical prostatectomy? Int Braz J Urol. 
2019;45:54-60.

4. Gorgen ARH, Pavlovich CP. Easy, reproducible extraperitoneal pelvic access for robot - assisted radical 
prostatectomy. Int Braz J Urol. 2019;45:189.

5. Deane LA, Tan WP, Strong A, Lowe M, Antoine N, Ghai R, Ekbal S. Lowering positive margin rates at radical 
prostatectomy by color coding of biopsy specimens to permit individualized preservation of the neurovascular 
bundles: is it feasible? a pilot investigation. Int Braz J Urol. 2018;44:1081-8.

6. Kim LHC, Santok GD, Raheem AA, Chang K, Lum T, Chung BH, Choi YD, Rha KH. Retzius-sparing robot-
assisted radical prostatectomy is safe for patients with prior transurethral prostate surgery. Int Braz J Urol. 
2018;44:842-3.

7. Ergin G, Doluoglu OG, Kıraç M, Kilinc MF, Köprü B, Keseroglu BB, Hoscan MB. Comparison of renal function 
after robot - assisted laparoscopic radical prostatectomy versus retropubic radical prostatectomy. Int Braz J 
Urol. 2019;45:83-8.

8. Hu JC, Gu X, Lipsitz SR, Barry MJ, D’Amico AV, Weinberg AC, Keating NL. Comparative effectiveness of 
minimally invasive vs open radical prostatectomy. JAMA. 2009;302:1557-64.

9. Ficarra V, Novara G, Rosen RC, Artibani W, Carroll PR, Costello A, et al. Systematic review and meta-analysis 
of studies reporting urinary continence recovery after robot-assisted radical prostatectomy. Eur Urol. 
2012;62:405-17.

10. Ficarra V, Novara G, Artibani W, Cestari A, Galfano A, Graefen M, et al. Retropubic, laparoscopic, and robot-
assisted radical prostatectomy: a systematic review and cumulative analysis of comparative studies. Eur Urol. 
2009;55:1037-63.

11. Geraerts I, Van Poppel H, Devoogdt N, Van Cleynenbreugel B, Joniau S, Van Kampen M. Prospective evaluation of 
urinary incontinence, voiding symptoms and quality of life after open and robot-assisted radical prostatectomy. 
BJU Int. 2013;112:936-43.

12. Xu T, Wang X, Xia L, Zhang X, Qin L, Zhong S, et al. Robot-assisted prostatectomy in obese patients: how 
influential is obesity on operative outcomes? J Endourol. 2015;29:198-208.

EDITORIAL
IN THIS ISSUE

Luciano A. Favorito, MD, PhD

Professor Associado da Unidade de Pesquisa Urogenital da
Universidade do Estado de Rio de Janeiro

Urologista do Hospital da Lagoa Federal, Rio de Janeiro
Editor Associado da International Braz J Urol

Volume 45 | number 4 | July . August, 2019  |   INT BRAZ J UROL



655

EDITORIAL

Bladder cancer (BCa) is the second most 
common genitourinary malignancy with 81,190 
estimated new diagnoses for 2018 in the United 
States alone (1). Radical cystectomy (RC) with bi-
lateral pelvic lymph node dissection (PLND) and 
perioperative chemotherapy is the standard treat-
ment recurrent high risk non-muscle invasive and 
for muscle invasive BCa (2). However, RC as well 
as perioperative chemotherapy represent a com-
plex procedure associated with high perioperative 
morbidity and mortality as a consequence also of 
the characteristics of the population which is gene-
rally affected by multiple comorbidities when com-
pared to other surgical procedures (3, 4). One of 
the strategies proposed to reduce the perioperative 
morbidity and mortality consist in the application 
of an Enhanced recovery after surgery (ERAS) pro-
gram (5). It consists in a multidisciplinary, multi-
-element care pathway that aim to standardize and 
improve perioperative management. ERAS program 
was firstly introduced in colorectal surgery, whe-
re ERAS or fast track surgery pathways have been 
developed to accelerate recovery by attenuating 
the stress response. Thereafter, a metanalyses have 
provided level 1 evidence reporting a reduction of 
complications, and hospital stay for colorectal sur-
gery patients where ERAS was applied (6, 7).

ERAS protocol has been also proposed in 
the field of RC, however at the time only limited 
evidences exist (8, 9). It is an approach comprehen-
sive of preoperative, perioperative and postoperati-
ve interventions. During the consensus (5) 34 points 
were individuated. A preoperative counselling and 
education with verbal and written information re-
garding surgery, urinary diversion and planned 
early recovery is necessary to involve the patient 
in the therapeutic management. In this period se-
veral assessments have to be proposed: a preopera-
tive medical optimization, nutritional assessment, 
visit by a stoma nurse with advice on stoma and 
neobladder care, cardiopulmonary exercise testing 
if indicated, advice and support for cessation of 
smoking and social issue addressed and discharge 
planning. Smoke cessation in this setting has been 
demonstrated to be highly effective in increasing 
survival and perioperative outcomes after RC (10). 
These elements required a multidisciplinary team 
composed by urologists, nurses, nutritionists and 
social workers.

The day before RC, a carbohydrate loading 
is required, while no bowel preparation is recom-
mended. The day of RC, solids up to 6 hours and 
clear fluids up to 2 hours preoperative including 
carbohydrate loading are permitted. From the 
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anesthetic point of view, no long acting sedatives 
and a thrombosis prophylaxis with compression 
stocking and low molecular weight heparin is re-
commended. Only a limited antimicrobial prophyla-
xis and skin preparation with clorexidine-alcool. A 
minimally invasive approach with robotic assisted 
radical cystectomy is recommended. Fluid restric-
tion and prevention of hypothermia with removal 
of nasogastric tube in recovery. In the day 2-4 af-
ter cystectomy, prevention of postoperative nausea 
and vomiting, use of chewing gum and unrestric-
ted diet. Drain fluid routinely sent for creatinine at 
day 2 and drain removed if drain fluid indicates 
serum creatinine levels. Thrombosis prophylaxis 
with compression stockings and low molecular 
weight heparin. Early mobilization, daily nutri-
tional supplements with nutrition goal of 900 
kcal/d, fluid/electrolyte, encourage self-care. 
At day 4, discharge at home is possible when 
criteria met: pain adequately controlled, inde-
pendently mobile, regular diet/normal bowel 
function, component with neobladder or stoma 
care. These elements seem particularly difficult 
to be applied in real life setting where the type 
of health care system are very different across 
the countries. In fact, a discharge at day 4 seem 
feasible only in the presence of sub-acute fa-
cilities care or dedicated nurse that might help 
the patients to return to the normal life. At 10 
postoperative day is programmed a postoperati-
ve visit with the removal of stent 10 without a 
stentogram and the removal of clips. 

The proposal of an optimal international 
accepted pre, intra and postoperative manage-
ment of RC patients is an important guide for 
all the urologists around the world. However, 
some criticism must be highlighted. First, the 
number of elements that has to be considered 
for defining an ERAS protocol is arbitrary. The 
definition of ERAS itself might be tricky with 
several articles in the literature which propo-
sed different ERAS approaches comprehensive 
by different elements and therefore it has really 
to be questioned if it possible to test an appro-
ach comprehensive by so different numbers of 

elements. A consensus has been developed by 
world recognized urologists but it remains an 
expert opinion and therefore a low level of evi-
dence (5), therefore there might be other ele-
ments non-included in it or centers claiming 
to do ERAS but not respecting all the points 
suggested. In this context it is difficult to un-
derstand the differential impact of every point 
in reducing perioperative morbidity and mor-
tality. Second, not all the elements included in 
the RC ERAS have the same level of evidences. 
For example, in contemporary patients, the use 
of the robotic approach has rapidly increased, 
surpassing in selected American and European 
centers the traditional open approach (11). Ho-
wever, the use of robot instead the classic open 
surgery seem not have (12) enough evidences to 
be included in the ERAS protocol and its pre-
sence in the ERAS protocol seem not justified.

In this sense, ERAS protocol seems an 
important way to standardize the management 
of RC candidates. However, there is a need to 
evaluate in detail every single element inclu-
ded in this protocol before accepting it in the 
normal routine. The more elements from the 
ERAS proposal one takes, the better the outco-
me should be. In the future a standardized ERAS 
basic approach should be clearly defined and 
then the intervention is to be particularized by 
each institution and each patient. ERAS should 
be evaluated and eventually adopted by each 
Institution on the basis of their own resources, 
needs and cultural differences.
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ABSTRACT

Purpose: to critically review all literature concerning the cost-effectiveness of fl exible 
ureteroscopy comparing single-use with reusable scopes.
Materials and Methods: A systematic online literature review was performed in 
PubMed, Embase and Google Scholar databases. All factors potentially affecting surgi-
cal costs or clinical outcomes were considered. Prospective assessments, case control 
and case series studies were included.
Results: 741 studies were found. Of those, 18 were duplicated and 77 were not related 
to urology procedures. Of the remaining 646 studies, 59 were considered of relevance 
and selected for further analysis. Stone free and complication rates were similar be-
tween single-use and reusable scopes. Operative time was in average 20% shorter with 
digital scopes, single-use or not. Reusable digital scopes seem to last longer than optic 
ones, though scope longevity is very variable worldwide. New scopes usually last four 
times more than refurbished ones and single-use ureterorenoscopes have good resil-
ience throughout long cases. Longer scope longevity is achieved with Cidex and if a 
dedicated nurse takes care of the sterilization process. The main surgical factors that 
negatively impact device longevity are lower pole pathologies, large stone burden and 
non-use of a ureteral access sheath. We have built a comprehensive fi nancial cost-
effective decision model to fl exible ureteroscope acquisition.
Conclusions: The cost-effectiveness of a fl exible ureteroscopy program is dependent of 
several aspects. We have developed a equation to allow a literature-based and adapt-
able decision model to every interested stakeholder. Disposable devices are already a 
reality and will progressively become the standard as manufacturing price falls.
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INTRODUCTION

Flexible ureterorenoscopes are expensi-
ve to acquire and have limited longevity (1). The 
signifi cant improvements in fl exible ureterorenos-
copes have made fl exible ureteroscopy the main 

treatment modality to target upper urinary patho-
logies, especially stone disease (2-4). The low in-
vasiveness of the procedure has made it popular 
worldwide. Nevertheless, there is growing con-
cern globally regarding its high costs (5). Also, 
one must consider the costs of the laser machine 
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used for stone fragmentation, personnel to take 
care of cleaning and sterilization processes, and 
all the disposable instruments used within the fle-
xible ureteroscope procedure which have made it 
so efficient. Finally, when a reusable scope breaks, 
some institutions may experience a significant 
delay for its replacement or repair, obligating to 
have more than one device so that the surgical 
program is not suddenly interrupted (3-5).

 On the other hand, we are now entering 
in the era of single-use devices (6). In principle, 
the disposable ureterorenoscope eliminates the 
high costs of reusable scopes purchase and repair. 
It also abolishes the theoretical risk of cross in-
fections and the need for a sterilization process. 
Additionally, some advocate that the disposable 
scope allows more torque in the instrument during 
a stone treatment procedure without the fear of 
breakage, pushing flexible ureteroscopy bounda-
ries further.

The purpose of this study was to criti-
cally evaluate all studies concerning the cost-
-effectiveness of flexible ureteroscopy comparing 
single-use with reusable scopes in order to create 
a comprehensive equation to allow a literature-
-based decision.

MATERIALS AND METHODS

A systematic online literature review was 
performed in PubMed, Embase and Google Scho-
lar databases. The following key words were used 
to attain relevant studies regarding flexible ure-
teroscopy using reusable and disposable scopes: 
“flexible” combined with the terms “ureterosco-
py”, “ureteroscope”, “ureterorenoscopy”, “urete-
roscopic”, “ureteropyeloscopy”, “durability”, “lon-
gevity”, “cost-analysis”, “digital”, “fiber-optic”, 
“single-use”, “disposable”, “reusable”, “renal”, 
“urinary” and “sterilization”.

We performed the review of all published 
studies on flexible ureteroscopy in order to esta-
blish a literature-based decision model for flexible 
ureteroscope acquisition. For that, we aimed to 
answer pre-defined questions formulated by two 
experienced endourologists (GSM and FCT) who 
work on private and public institutions with diffe-
rent medical reimbursement policies and distin-

guished surgical supplies used for endourological 
procedures. These queries were designed to evalu-
ate the clinical and economic impact of the type 
of flexible ureteroscope used on daily practice and 
are the following:

1) Are the stone free and complication ra-
tes different between single-use and reusable fle-
xible ureteroscopes?

2) Is the operative time different between 
single-use and reusable flexible ureteroscopes?

3) Does surgeon experience impact clinical 
and economic outcomes in a individualized man-
ner between single-use and reusable scopes?

4) Is the longevity of digital and optical 
flexible ureteroscopes different? Also, is it diffe-
rent between new and refurbished scopes?

5) Does the sterilization method influence 
permanent scope longevity?

6) What is the impact of stone burden 
and surgical instrumentation on ureteroscope 
longevity?

7) How may we generate a cost-analysis 
equation based on the above-mentioned criteria 
to allow an objective and literature-based decision 
model to elect the most suitable flexible ureteros-
cope acquisition policy for our institution?

Our procedure for evaluating records iden-
tified during the literature search followed the 
Preferred Reporting Items for Systematic Reviews 
and Meta-analyses (PRISMA) criteria (7). All the 
relevant studies were gathered, organized, and 
brought to discussion. Two separate urologists 
performed the online search and reviewed all 
papers considered suitable and relevant for this 
analysis. Because of the paucity of high-quality 
publications, not only prospective assessments but 
also case control and case series studies were in-
cluded in the final analysis.

RESULTS

After extensive review of the literature, 
741 studies with the previously elected terms were 
found (Figure-1). Of those, 18 were duplicated and 
77 were not related to urology procedures and 
were excluded. Of the remaining 646 studies, 59 
published between 2000 and 2018 were conside-
red of relevance. The studies details are exposed 
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on Table-1. The experts who carefully selected all 
studies formulated literature-based answers to the 
articulated questions and developed a comprehen-
sive decision-model equation for maintaining a 
flexible ureteroscopy program.

Stone Free and Complication Rates
Somani et al. published a study comparing 

reusable digital versus fiber optic flexible urete-
roscopes and the results were similar in terms of 
accessibility to the entire collecting system and 
stone-free rates (SFRs). Complication rates were 
similar between the two modalities (5). Neverthe-
less, the authors did not use disposable scopes.

The PolyscopeTM has been introduced in 
urologic armamentarium as a modular, semi dis-
posable flexible ureterorenoscope system (8). One 

Figure 1 - Flow diagram of evidence acquisition in a 
systematic review on single-use and reusable flexible 
ureteroscopy.

Table 1 – Study details regarding design and type of flexible 
ureteroscope used.

Study Design References

Randomized controlled trials 
(Level evidence 1)

9,11,38,56

Multicenter trials (Level 
evidence 4)

17,30,33

Case series (Level evidence 4)
5,8,10,12,13,15,16,25-

29,31,32,34-37,39,41,42, 
44-52,54,55, 57-63,66

Cadaveric feasibility study 
(Level evidence 4)

18

Animal feasibility study 
(Level evidence 4)

19

Bench top studies (Level 
evidence 4)

14,20-24,40,53,64,65

Flexible Ureteroscope 
Included

References

Olympus URF-P3 
14,26,30,39,43,48,

55,56,62,66

Olympus URF-P5 5,9,18,19,33,44,46,54,61

Olympus URF-P6 10,13,49

Karl Storz Flex-X 14,30-32,39-41,50,59

Karl Storz Flex-X2 11,28,35,45,47,57,58,60,61

ACMI DUR-8 / DUR-8 elite 14,29,30,33,36,37,39,59

Richard Wolf 7330/1 14,26,30,39,63,64

Richard Wolf Cobra 20,24

Richard Wolf Viper 33

ACMI AUR-7 26

Stryker Flex Vision U-500 33

Olympus URF-V 5,18,27,28,51,52

ACMI/Olympus DUR-D 38

Karl Storz Flex-XC 11,20,24,25,28,35,42

LithoVueTM 10,11,13,20,22-24,42,51,52

PolyscopeTM 8,9,15,16,21,34

SemiFlexTM 14

PusenTM 23

YouCare Tech YC-FR-ATM 24

Neoscope NeoFlexTM 24
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study prospectively compared clinical outcomes 
of the PolyscopeTM with reusable Olympus fiberop-
tic URF-P5 scope (9). After including 180 patients 
in each arm, the single session SFR postoperative-
ly for PolyscopeTM and URF-P5 was 76.7% versus 
69.4% (p=0.12), respectively. However, for lower 
calyceal stones, URF-P5 was significantly better 
than PolyscopeTM (82.0% vs. 69.2%; p=0.022), res-
pectively. The complication rate was 15.3% ver-
sus 15% (p=0.3), respectively. Urosepsis occurred 
in 5% of patients in the PolyscopeTM group and 
3.3% in the reusable scope cohort (p=0.42).

Usawachintachit et al. performed a more 
recent prospective case-control study in which 
LithoVueTM was compared to Olympus fiberoptic 
URF-P6 (10). A total of 116 cases were performed 
with single-use scope and 65 cases with reusa-
ble scopes. The number of patients with no frag-
ments, insignificant residual fragments (≤2mm) 
and significant fragments (>2mm) was 60.0%, 
12.5%, 27.5% for LithoVueTM, and 44.7%, 13.2%, 
42.1% for URF-P6 (p=0.36), with a tendency to-
wards better outcomes with the single-use scope. 
Mager et al. (11) prospectively compared 68 con-
secutive procedures using reusable flexible urete-
rorenoscopes (Flex-X2S/Flex-XC, Karl Storz) with 
68 consecutive procedures utilizing single-use 
digital flexible ureterorenoscopes (LithoVue™). 
Patients had same stone burden and demogra-
phic characteristics. The authors found non-
-significant different SFR (82% vs. 85%; p=0.8) 
and complication rates (7 vs. 17%; p=0.06) with 
reusable and single use scopes, respectively. One 
febrile urinary tract infection (UTI) occurred in 
the single-use group and none in the reusable 
scope cohort.

Regarding perioperative complications, 
UTI remains a feared hurdle following ureteros-
copy. A study in France reports that acute pyelo-
nephritis is a rare complication of ureteroscopy 
(2.4%) (12). In the study by Usawachintachit et 
al. (10), the complication rate was lower in the 
LithoVueTM group compared to the URF-P6 group 
(5.4% vs. 18.0%; p <0.05). Interestingly, there 
were three cases of UTI in each arm. Similar ra-
tes of UTIs were seen in other studies comparing 
single-use with reusable scopes (9, 11).

As the last generation single-use devices 

have shown similar characteristics to reusable 
ureterorenoscopes, allowing similar SFRs, the 
price analysis may be performed with the know-
ledge that differences in cost do not translate in 
surgical outcomes inconsistency. In the same sen-
se, a cost reduction, no matter towards single-use 
or reusable scopes, will not impact morbidity.

Operative Time
One study prospectively comparing the 

PolyscopeTM single-use flexible ureteroscope with 
reusable scopes found similar mean procedure 
duration: 73±27 versus 74±13min (p=0.99), res-
pectively (9). In this study, both types of flexible 
ureteroscopes, disposable and reusable, were fi-
beroptic.

In the study by Somani and coworkers (5), 
the authors found that the digital flexible scope 
allowed a decreased operative time by 20% with 
similar SFR. In the study by Usawachintachit et 
al. (10), the overall mean procedure duration was 
10.4 minutes shorter for LithoVueTM than with fi-
beroptic URF-P6 (64.5 vs. 54.1min;p <0.05). This 
difference broadened to 13 minutes and remai-
ned statistically significant in cases performed 
for stone removal (70.3 vs. 57.3min;p <0.05). 
This was translated in shortened operating room 
duration in stone removal cases with LithoVueTM 
(104.3 vs. 89.8min, respectively; p <0.05).

In a subsequent study from the same 
group, Tagushi et al. (13) prospectively com-
pared flexible ureteroscopy with the fiberoptic 
Olympus URF-P6 and LithoVueTM in a micro-cost 
analysis. They found a non-significant 19.8 min 
(93.4 vs. 73.6min; p=0.09) or 21% shorter total 
operative time with the digital single-use scope. 
This was translated in a mean reduction from 
US$ 1.618.72 to US$ 1.348.64 per procedure. In 
the study by Mager et al. (11), the author com-
pared reusable scopes (Flex-X2S/Flex-XC, Karl 
Storz) with single-use LithoVueTM and found si-
milar operative time (76.2 vs. 76.8min; p=0.9). 
However the authors did not compare the specific 
operative time of single-use versus digital (Flex-
-XC) and fiberoptic (Flex-X2S) reusable scopes.

By analyzing the above-mentioned data, 
the final equation for calculating cost of a flexi-
ble ureteroscopy program should include an ope-
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rative time factor and a higher effectiveness is 
achieved with digital scopes.

Surgical Expertise Impact on Ureteroscope 
Efficiency

Several studies have evaluated the mecha-
nical, optical and irrigation properties of single-
-use ureterorenoscopes (8, 9, 14-24). The more 
recent single-use scopes have good performance 
and do not lack in endurance and maneuverability 
compared to permanent equipment. A recent mul-
ti-institutional, prospective, comparative study by 
Usawachintachit et al. paralleled procedural ou-
tcomes between LithoVueTM and reusable ureteros-
copes (10). The authors found that the LithoVueTM 
was associated with a shorter learning curve and 
had comparable procedural outcomes and compli-
cation rates when matched with reusable flexible 
optical ureteroscopes. Nevertheless, no dedicated 
learning-curve investigation was performed. The 
fact that a digital scope was compared to a fibe-
roptic one might explain the results.

There are no studies comparing scope lon-
gevity regarding single surgeon versus multiple 
surgeon’s use. However, a recent case series of fle-
xible ureteroscopy using the Storz digital Flex-XC 
by a single expert urologist with more than 1000 
flexible ureteroscopies performed has shown long 
scope longevity with a single scope lasting 159 
cases (25). It is common sense that inexperienced 
surgeons have a higher chance of damaging the 
flexible ureterorrenoscope if not properly supervi-
sed. As all surgical procedures, there is a learning 
curve that must be respected. Unfortunately, no 
study was able to identify the learning curve effect 
on single-use versus reusable scopes and this could 
not be included in the final equation for calcula-
ting the cost of a flexible ureteroscopy program.

Longevity of digital, optical, new and refurbi-
shed flexible ureteroscopes

In average, a digital ureteroscope is used 
21 times before requiring repair, while the avera-
ge fiberoptic ureteroscope is only used 6-15 times 
before going back to the manufacturer (26, 27). In 
a recent study by Legemate et al. (28), reusable di-
gital scopes had a slightly longer longevity (mean 
27 cases; 20-56) compared to fiber optic flexible 

ureteroscopes (mean 24 cases;10-37). However, a 
wider look at all published literature reveal that 
new flexible scopes may last 5 to 159 cases (25-
52). In comparison, the average longevity of re-
furbished flexible scopes ranges from 3 to 11 cases 
(35-39). In addition, one study suggests that not 
only brand-new flexible ureteroscopes are more 
resistant to damage (mean of 44 usages in this 
specific trial) than devices refurbished, but that 
scopes last more if they are repaired by original 
manufacturer (mean 11.1) than by outsourced 
vendors (mean 6.9 cases) (36).

 In modern series with single-use flexible 
scopes, the resilience of the equipment was proved 
to be adequate even for long cases (9, 10, 13, 16). 
In the European prospective multicentric clinical 
study by Doizi et al. (17), however, there were two 
failures with LithoVueTM (5%), which demanded the 
surgeons to use the permanent scope to finish the 
case. Scope longevity impacts the number of repair 
orders and was included in the final equation.

Sterilization method impact on scope longevity
Different series investigating flexible ure-

teroscope breakage report that it may occur out-
side of the operating room, during processing and 
storage in 7.7 to 22% of times, even in the hands 
of experienced and dedicated staff (26, 29).

Abraham et al. (40) studied two identical 
fiber optic ureteroscopes that underwent two di-
fferent sterilization processes: Steris 1 (peroxyace-
tic acid 35%; 30min cycle at 50°-56°C) and Cidex 
OPA (Johnson and Johnson Co., Irvine, CA; glu-
taraldehyde 2.4%; 30-40 min. soak cycle at room 
temperature followed by a rinse in sterile water). 
The authors have demonstrated that after 100 
cycles, the first ureteroscope, which was sterilized 
in the Steris system, had a 12mm tear on its shaft, 
297 damaged fibers, and a 37% drop in resolution. 
Conversely, the second ureteroscope, which was 
sterilized with Cidex, had no visible external da-
mage and had only 10 damaged fibers.

In a clinical trial by McDougall et al. (48), 
a new Olympus URF-P3 flexible ureteroscope was 
used for two 30-day independent study periods 
during which a single surgeon used the endosco-
pe for a variety of upper urinary tract procedures. 
During the first 30-day period (11 cases; operative 
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time of 457 min.), the endoscope was cleaned by 
the endourology support team using the Steris 20. 
During the second 30-day period (15 cases; 618 
min.), a separate endoscope was cleaned only by 
the surgeon using the Cidex technique. In follow-
-up evaluation of the flexible ureteroscopes, there 
was no change in the angle of flexion or deflec-
tion in either group during the study period and 
leak-proof-pressure testing was acceptable in both 
endoscopes. In Steris group, no optical fibers were 
noted to break during use. In Cidex group, during 
the study, eight fibers were broken. These findings 
are in discordance with the study by Abraham et 
al. (40). Still, the authors believe this was specifi-
cally related to a higher prevalence of lower pole 
stone location in the Cidex cohort and not to the 
sterilization process itself.

When we look at scope longevity, series 
that report longer scope duration are in general 
those where they were sterilized on Cidex and not 
Steris. Carey et al. report new scope duration of at 
least 48 cases using Cidex method (29). Delfidio et 
al. report fiberoptic ureteroscope duration of more 
than 100 cases for two scopes with the same pro-
cess (32). Multescu et al. achieved the noteworthy 
mark of 159 procedures with a single digital Storz 
Flex-XC (25). On the other hand, in a recent series 
by Mager et al. where Steris was the sterilization 
method (11), in 68 procedures utilizing reusable 
flexible ureterorenoscopes (Flex-XC and Flex-X2S), 
9 repair orders were needed caused by 5 damages 
of brand new and 4 damages of used instruments. 
In the study by Semins et al. (45), after all urolo-
gy nurses had been educated by the charge nurse 
of the urology service as to the proper endosco-
pe cleaning, processing, and sterilizing protocols 
with Steris system, the average number of uses per 
ureteroscope before repair was necessary increa-
sed from 10.8 to 28.1, with a repair cost saving of 
US$ 300.00 per use.

Single-use scopes have the clear advanta-
ge of not requiring any sterilization process as they 
are discarded at the end of the procedure. Only a 
minimal recycling cost might be considered. This 
translates in having a new scope for every procedu-
re, theoretical lower risk of cross infection, and less 
cost related to reprocessing, logistics and personnel 
required for the whole cycle of scope sterilization. 

The final formula for calculating costs of the flexible 
ureteroscopy program contains a specific factor of 
reprocessing or recycling cost per case.

Impact of stone burden and instrumentation on 
ureteroscope longevity

Several surgical and patient factors might 
affect stone free rates, morbidity and ureteroscope 
longevity (45). Access sheaths have been shown 
to protect the kidney and the ureter during flexi-
ble ureteroscopy and to potentially increase SFR 
(53). A large retrospective cohort confirmed the 
safety of the ureteral access sheath but failed to 
show any improvement in the stone free status 
among patients with compared to those in which 
the access sheath was not used (54). Pietrow et 
al. have reported that the routine use of ureteral 
access sheaths, miniaturized nitinol baskets and 
smaller laser fibers will minimize the strain placed 
on a ureteroscope during a procedure, ultimate-
ly increasing the flexible ureteroscope longevity 
(55). Other investigators have also suggested that 
the routine use of a ureteral access sheath may 
also help to improve the durability of the flexible 
ureteroscope since it provides continuous ureteral 
access, reduced ureteral trauma, and shorter ope-
rative times (56). Multescu et al. advocate routine 
use of an ureteral access sheath and have recently 
published a case series using three new genera-
tion digital flexible ureteroscopes in which they 
lasted for 96, 151 and 159 cases (25). However, 
to date, there are no well-designed prospective 
randomized trials to provide strong evidence that 
the durability of the deflection unit of the flexible 
ureteroscope is preserved using this technique.

 Jacquemet et al. (57) retrospectively com-
pared the outcomes of flexible ureteroscopy for 
stone treatment in patients with calculi in the 
lower pole (n=232) versus with calculi in other 
kidney locations (n=139). Stone burden was simi-
lar between groups but stone size <10mm (61.2% 
vs. 48.5%; p=0.018) and use of an access shea-
th were more frequent in the lower pole cohort 
(80.2% vs. 66.9%; p=0.007). In only 19.8% of 
these cases the calculus was relocated to a more 
favorable position in the kidney. SFR was similar 
between groups (68.3% in lower pole group vs. 
69.8%; p=0.77) with no difference in regards to 
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complication rates (9.1% vs. 7.9%, respectively; 
p=0.67). Jessen et al. retrospectively evaluated the 
influence of the collecting system anatomy on the 
efficacy and morbidity of flexible ureteroscopy 
and found that stone size, long infundibulum, and 
infundibulopelvic angle <30o negatively affec-
ted the SFR (58). Perlmutter et al. retrospective-
ly evaluated the impact of stone location on 86 
cases managed by flexible ureteroscopy and la-
ser lithotripsy and also found that stone location 
did not significantly affect the SFR (59). Martin et 
al. retrospectively compared 89 cases of flexible 
ureteroscopy for lower pole stones with 73 cases 
with stones in other locations and on multivariate 
analysis the presence of multiple stones was the 
only statistically significant predictive factor of 
SFR (60). Similar findings were reported by Re-
sorlu et al., who pointed as independent factors 
for success the stone size, number, composition, 
infundibulopelvic angle and renal malformations 
(61). The common intraoperative practice of sto-
ne displacement with a basket or grasper into the 
renal pelvis or upper pole for lithotripsy could ex-
plain these findings (62, 63).

 Although most studies support that SFR 
are similar for lower pole and non-lower pole 
stone, there is increasing evidence that there is a 
correlation between the technical difficulty of the 
procedure and a higher incidence of ureterosco-
pe malfunction (64, 65). Auge et al reported that 
in situ fragmentation of lower pole calculi is not 
possible in 28–34% of cases because of reduced 
ureteroscope deflection caused by the optical fiber 
(66). In those cases, potential harm to the scope 
occurs. In forced deflections where the laser fiber 
is unable to maintain total internal reflection, the 
photons may refract into the cladding and jacket 
rather than reflect back into the core fiber, with 
resultant fiber failure and ureteroscope dama-
ge (30, 31). Forbes et al. retrospectively analyzed 
laser fiber logs during flexible ureteroscopy for 
stone treatment and found that malfunction oc-
curred in 8 of 142 cases [5.6%] (50). Importantly, 
all 8 cases were in procedures for lower pole sto-
nes (8 of 79; 10.1%) and resulted in flexible ure-
teroscope damage. The combination of aggressive 
active deflection of the flexible ureteroscope and 
simultaneous passage of the holmium laser probe 

may stress the fiberoptic system and result in fiber 
breakage. In a recent series by Ozimek et al., the 
authors evaluated their reusable flexible uretero-
renoscopy program and found that in 32 of 423 
(7.5%) cases the scopes were defective after the 
procedures (51). Thirty-one of 32 cases (96.86%) 
with proven scope damage were related to explo-
ration of the lower pole and in 20 of 23 (86.96%) 
it was for stone treatment in that location. Hen-
nessey et al. treated 234 patients for renal stone 
procedures with seven new Olympus URF-V ins-
truments and had 15 major scope damages in a 
30-month period (52). Staghorn stones (p=0.016) 
and stones in the lower pole calyx or mid zone 
calyx (p=0.074) were risk factors for scope dama-
ge.

 Stone burden and instrumentation affect 
scope longevity and were considered in the final 
equation for computing flexible ureteroscopy pro-
gram costs.

Cost-analysis decision model: creating a litera-
ture-based equation

 The overall cost of a reusable scope must 
consider the financial expenditure for three main 
parameters: scope purchase, repair and steriliza-
tion. A recent series reported the cost of a new 
conventional flexible ureteroscope (Flex-X, Karl 
Storz, Germany) to be US$ 13.611 (41). The digital 
Olympus URF-V has been recently purchased by 
US$ 20.200 in an Australian series (52). The re-
pair cost, diluted by case and scope longevity, also 
has a wide range in the literature from US$ 48 to 
US$ 605 per case (40-47, 51, 52). Both purchase 
and repair costs may be influenced by the busi-
ness contract between the owner of the scope and 
the manufacturer or its dealer. The reprocessing 
or sterilization cost includes personnel (nurses, te-
chnicians), material for brushing, leakage testing, 
cleaning, packaging, and sterilization. If we do 
not consider the value of acquisition of STERRAD 
machine (system that use low-temperature, hydro-
gen peroxide gas plasma technology), recent cost-
-analysis studies show a reprocessing cost varying 
from US$ 19.9 to US$ 108.00 per case (11, 41, 49, 
52).

 When a disposable scope is being conside-
red, repair should not be considered in the equa-
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tion. Furthermore, there is no reprocessing, and 
this should be exchanged for recycling and labor. 
Tagushi et al. have shown a US$ 3.65 recycling 
cost per scope used (13). The main factor being 
considered for the single-use scope is always the 
purchase cost. This is mainly influenced by the 
generation of the disposable scope and by the bu-
siness contract with the manufacturer. Recent pur-
chase prices reported for the existing scopes are 
US$ 1300 to US$ 3180 for LithoVueTM (22, 42, 52, 
53), US$ 700 for PolyscopeTM (34), and US$ 800 
for SemiFlexTM (14). As the manufacturing process 
of single-use scopes become more effective, less 
instruments are discarded and final retail cost may 
fall. Furthermore, selling price also decreases as 
more brands are competing for the market share.

 A recent investigation by Martin et al. (42) 
assessed the economic consequences of reusable 
flexible ureteroscopes by performing a cost-bene-
fit analysis on all flexible ureteroscopies. Perma-
nent digital Flex-XC ureteroscopes were used in a 
total of 160 cases performed over a one-year pe-
riod in which eight reusable scopes required repair. 
By using market price of LithoVueTM, the authors 
linearly extrapolated the single cost to the amount 
of cases in order to estimate the total expenditure 
of their flexible ureteroscopy program if a single-
-use device was used. They have demonstrated a 
cost of US$ 848.10 per case and favored reusable 
ureteroscopes only after 99 procedures were per-
formed. The authors finally suggested that high-
-volume institutions might find reusable ureteros-
copes more cost beneficial. Mager et al. (11) also 
made a cost-analysis study and found that cost of 
reusable flexible ureterorenoscopy ranged betwe-
en US$ 436 and US$ 708 per case. When taking 
into consideration the initial purchasing costs, it 
increased to US$ 1212-US$ 1743 per case. In their 
series, LithoVueTM had a price range of US$ 1300 
(market price) to US$ 3180 (manufacturer’s sug-
gested retail price) per procedure. In a prediction 
model, after 61 to 118 cases the routine use of a 
disposable scope would become more expensive 
than the routine use of reusable scopes.

 In the German case series by Ozimek et al., 
the authors performed a retrospective evaluation 
of 102 diagnostic flexible ureteroscopies and 321 
procedures for kidney stone treatment (51). The 

average number of cases resulting in scope dama-
ge was estimated to be 14.4 and the total cost of 
all procedures was estimated to be US$ 261.332. 
This resulted in an average cost per flexible ure-
teroscopy procedure of US$ 617.4 and the authors 
concluded that the reusable scope program was 
more cost-effective than if single-use scopes were 
employed since the assumed price per LithoVueTM 
device was US$ 1.227.5.

 Hennessey et al. found a total repair cost for 
the 7 new digital scopes over the 30-month time pe-
riod to be US$ 124.800, with a mean cost per case 
of US$ 533 (US$ 276-US$ 904) (52). The cumulative 
cost of 28 cases for the reusable flexible scope was 
approximately US$ 38.360. If the single-use scope 
(LithoVueTM) was priced at US$ 1.918, then it would 
cost approximately US$ 55.239 for the same 28 ca-
ses and reusable scopes would be more economical. 
Conversely, if the single-use disposable scope was 
priced at US$ 920, then the cost for 28 cases would 
be around US$ 26.850 and this would represent a 
considerable economical saving. Figure-2 depicts 
the economic projection of published data mentio-
ned above, which did not account for operative time 
costs.

 After extensive review of literature, the au-
thors of this study used all information gathered 
as answers to the pre-defined questions to build a 
comprehensive literature-based equation to allow 
a financial cost-effective decision model to flexible 
ureteroscope acquisition (Figure-3). The main drivers 
in the analysis are purchase and repair costs when a 
reusable scope is being considered. That changes to 
purchase and recycling cost if the potential buyer 
aims a single-use scope. In addition, if an Institution 
or Health Care System is acquiring the flexible urete-
roscope, one should also consider in the equation the 
reprocessing cost for reusable scopes and operating 
room cost for any scope type. Reprocessing costs and 
operating room cost may be omitted in the equation 
if the potential buyer is the surgeon or an external 
company since their expenditures are not influenced 
by those factors. Finally, if the operating room time 
is being considered, digital scopes allow performing 
the same lithotripsy procedure with 20% less time. 
Therefore, the cost decreases and a 0.8 factor should 
be considered in this specific portion of the equation.
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DISCUSSION
 The first generation of disposable scopes had 

been tested and suboptimal surgical outcomes pre-
cluded their incorporation on daily practice (9, 15, 
16). Newer scopes provide similar maneuverability 
and clinical efficacy to reusable scopes with equal 
low complication rates and are now part of the uro-
logy routine worldwide (10, 14, 17, 18, 20, 22-24, 
42). Scope size seems not to be a significant issue for 
modern single-use digital scopes in comparison to 
reusable ureterorrenoscopes (10, 17, 18, 23). The trial 
by Usawachintachit et al. could even have shown 
superiority with LithoVueTM compared to a reusable 
scope if a larger sample size was included in the stu-
dy (10).

 Higher complication rates translate into pro-
longed hospitalization time, need for additional sur-
gical procedures and medical treatment. In a recent 
study by Ofstead et al. where reprocessing practices 
of two institutions were evaluated, contamination 
was found in 100% of ureteroscopes after the steri-
lization process (67). The authors reinforce the need 
for frequent audits of reprocessing practices and hi-
ghlight that the clinical implications of residual con-
tamination and viable microbes found on sterilized 
ureteroscopes are still unknown. In that sense, no 
study has ever shown an inferior rate of urinary tract 

infection after flexible ureteroscopy with the em-
ployment of single-use devices (10). Therefore, the 
initial fear of cross infection with reusable scopes is 
not supported by existing literature and this is only 
a potential benefit from single-use scopes which has 
yet to be proven in clinical practice.

This study allowed us to perform an extensi-
ve review of published literature concerning flexible 
ureteroscope financial aspects. We have initially for-
mulated questions to comprehensively evaluate all 
factors influencing flexible ureteroscope longevity 
and costs. The final formula was intended to con-
template the interests of specific parts involved in 
the flexible ureteroscopy industry: the surgeon who 
treats the patient, the manufacturer of the reusable 
or disposable scope, the producer of disposable ins-
truments that sometimes is responsible for bringing 
the flexible scope to the operating field, and finally 
the institution where the ureteroscopy program takes 
place. So far, after extensive literature review, we 
may recommend using the last-generation, digital 
and high-performance single-use scopes in cases of 
high risk for ureteroscope damage. Also, when the 
market price of purchasing a new scope is elevated, 
or if ureteroscope repair price is high, migrating to 
single-use devices might be more cost-effective. In 
addition, academic centers may find a place for sin-

Figure 2 - Cumulative cost analysis between single-use and reusable flexible ureteroscopes among different published series.
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gle-use devices in hands-on courses and residency 
training. Finally, no instrument is failure-proof and 
a back-up device, single-use or not, should always 
be available in case a second scope is required to 
finish the case.

 Our study has some minuses. First, it is a re-
view of existing previous studies and only four pros-
pective randomized trials were considered suitable 
for this analysis. There is a paucity of well-designed 
trials concerning flexible ureteroscopy and cost-
-effectiveness of the procedure, thought it has lar-
ge application worldwide. A second point, we have 
not addressed the patient perspective since it does 
not influence the economic aspect of the process as 
long as acceptable surgical outcomes are respected. 
Nevertheless, we must not forget that in several he-
alth care policies, the patients are the ones who are 
paying for all the expenditures involved. Third, we 
did not evaluate disposable materials as they may 

vary according to surgeon preference, institution po-
licy, and ultimately would not influence the flexible 
ureteroscope price. Fourth, for those who do not rou-
tinely use a ureteral sheath, the finding that the ure-
ter or ureteropelvic junction might be too tight for 
scope passage can only be done with the disposable 
scope already opened, significant increasing the cost 
of the unsuccessful procedure if a single-use scope is 
being used. Another issue not included in the analy-
sis is that for urologists performing flexible uretero-
renoscopy in an outpatient setting with no direct ac-
cess to a sterilization unit, higher sterilization costs 
and administrative work associated with external 
providers might favor single-use instrument instead 
of the reusable. Finally, we did not study the envi-
ronmental impact of using disposable devices inste-
ad of reusable scopes. Yet, a recent analysis by Davis 
et al. has shown that the total carbon footprint of the 
lifecycle assessment of the LithoVueTM and reusable 

Figure 3 - Literature-based equation to allow a cost-analysis decision model to flexible ureteroscope acquisition.
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scope are not derisive and very similar, 4.43kg of 
CO2 and 4.47kg of CO2 per case, respectively (68).

CONCLUSIONS

The cost-effectiveness of a flexible ureteros-
copy program is dependent of several aspects and 
not scope purchase price itself. Literature lacks well-
-designed prospective randomized trials investiga-
ting the economic aspects of flexible ureteroscopy 
with single-use and reusable ureteroscopes. Disposa-
ble devices are already a reality and will progressive-
ly become the standard as manufacturing price falls. 
We have developed an evidence-based equation that 
will allow future comparisons of flexible ureterosco-
py program cost-effectiveness with reusable versus 
single-use scopes worldwide. The main factors invol-
ved are purchase price and repair requirement-both 
affected by exclusivity agreement, replacement con-
tract and insurance; scope longevity-influenced by 
surgical training, sterilization method, stone burden 
and instrumentation; reprocessing or recycling ex-
penditure; and finally operating room expense.
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SFR = stone-free rate
UTI = urinary tract infection
PRISMA = Preferred reporting items for systematic 
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ABSTRACT

Introduction: Penile cancer (PC) occurs less frequently in Europe and in the United 
States than in South America and parts of Africa. Lymph node (LN) involvement is the 
most important prognostic factor, and inguinal LN (ILN) dissection can be curative; 
however, ILN dissection has high morbidity. A nomogram was previously developed 
based on clinicopathological features of PC to predict ILN metastases. Our objective 
was to conduct an external validation of the previously developed nomogram based 
on our population.
Materials and methods: We included men with cN0 ILNs who underwent ILN dissection 
for penile carcinoma between 2000 and 2014. We performed external validation of the 
nomogram considering three different external validation methods: k-fold, leave-one-
out, and bootstrap. We also analyzed prognostic variables. Performance was quantifi ed 
in terms of calibration and discrimination (receiver operator characteristic curve). A 
logistic regression model for positive ILNs was developed based on clinicopathological 
features of PC.
Results: We analyzed 65 men who underwent ILN dissection (cN0). The mean age was 
56.8 years. Of 65 men, 24 (36.9%) presented with positive LNs. A median 21 ILNs were 
removed. Considering the three different methods used, we concluded that the previ-
ously developed nomogram was not suitable for our sample.
Conclusions: In our study, the previously developed nomogram that was applied to our 
population had low accuracy and low precision for correctly identifying patients with 
PC who have positive ILNs.
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INTRODUCTION

Penile cancer is less frequent in Europe and 
in the United States than in other regions of the 
world. For instance, in South America and parts of 

Africa, the incidence of PC is high, where it can ac-
counts for 1-2% of malignant diseases (1, 2) in men
and represents an important public health issue.

 Nodal involvement is the most important 
prognostic factor (3) in penile cancer, and curren-
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tly available noninvasive staging methods have 
low sensitivity for detection of regional lymph 
node (LN) involvement. Optimal management of 
patients who are clinically node-negative (cN0) is 
still debated (4).

 Inguinal LN dissection (ILND) can be cura-
tive; however, the procedure has high morbidity 
rates with respect to short- and long-term compli-
cations (5). On the other hand, surveillance stra-
tegies in patients with cN0 disease (intermediate/
high risk, T1b or greater) have been associated 
with worse survival rates in recent non-randomi-
zed, retrospective studies (6-8).

 Other alternatives, such as ultrasound-
-guided fine-needle biopsy, dynamic sentinel 
node biopsy (DSNB) (9, 10) or minimally invasive 
approaches, including pure laparoscopic or ro-
botic-assisted ILND (11-14), have been described. 
However, these methods are dependent on tech-
nology, expertise, and have high costs; moreover, 
their advantages remain unclear.

 Nomograms are low cost prediction tools 
for quantifying individual risk based on prognos-
tic factors, which could be helpful in developing 
countries. For several cancers, nomograms might 
provide more precise prediction compared with the 
traditional tumor-node-metastasis (TNM) classifi-
cation. Zhu et al. (15) developed a nomogram ba-
sed on clinicopathological features (T stage, grade, 
lymphovascular invasion, p53 expression) of pe-
nile cancer and clinically negative inguinal LNs 
(ILNs). This nomogram was designed to predict 
ILN metastases in squamous cell carcinoma of the 
penis, to spare patients from unnecessary ILND, 
especially those living in poor countries. However, 
the nomogram still requires external validation. 
The objective of this study was to conduct exter-
nal validation of the nomogram developed by Zhu 
et al. (15), based on our population. 

MATERIALS AND METHODS

 After receiving Institutional Review Bo-
ard and ethics committee approval for the study, 
we included 65 men between 2000 to 2014 who 
underwent ILND as a part of treatment for prima-
ry penile squamous cell carcinoma and who pre-
sented with cN0 stage disease preoperatively. The 

definition of cN0 in our study was nonpalpable 
ILN. All patients were classified according to the 
European Association of Urology Risk Classifica-
tion (EAURC) of penile cancer (16). In our routi-
ne practice, we normally suggest bilateral ILND 
for all patients who are classified as intermediate 
or high risk, according to the EAURC (17) ILND 
is generally performed 2-6 weeks after primary 
disease resection. The time from presentation to 
primary disease treatment was unavailable becau-
se this information was unreliable in the medical 
records. All pathological reviews were performed 
by an uropathologist using primary tumor slides. 
Tumor stage was assigned using the 2002 Ameri-
can Joint Committee on Cancer (TNM) system (18). 
T2 stage was divided into two subgroups, as in 
the nomogram by Zhu et al., (15) based on depth 
of invasion (T2a and T2b, corpus spongiosum and 
corpus cavernosa involvement, respectively). We 
used T1a and T1b jointly as category T1 and used 
Broders system to classify the histologic grade (18) 
in the same manner as in the nomogram. Lym-
phovascular invasion and p53 expression (cut-off 
expression of 20%) (19) were also evaluated in our 
study. We collected data from patients at three di-
fferent instituitions, then we performed external 
validation of the nomogram by Zhu et al. (15).

Statistical analysis

 Data were analyzed using frequency and 
percentages for qualitative variables and medians 
and ranges for continuous variables. Comparisons 
between groups were performed using the chi-
-square or Fisher’s exact test for qualitative varia-
bles and the Mann-Whitney test for quantitative 
variables. Performance was further quantified in 
terms of calibration and discrimination. Discri-
mination was quantified with the area under the 
receiver operator characteristic (ROC) curve. Cali-
bration was estimated by graphic representation 
of the associations between observed outcome fre-
quencies and predicted probabilities (calibration 
curves) for the patient groups. A logistic regres-
sion model for positive LNs was developed based 
on predictor variables: T staging, tumor grade, 
vascular invasion, and p53 expression. Statistical 
analyses were performed using two-sided p<0.05 
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as significant. Models, statistics, and figures 
were prepared using IBM SPSS software version 
23.0 (IBM Corp., Armonk, NY, USA) and R 3.2.21 
(http://www.cran.r-project.org).

 We considered three different external vali-
dation methods for the nomogram by Zhu et al. (15): 
k-fold, leave-one-out, and bootstrap. We sought to 
validate and verify whether this nomogram was use-
ful for the prediction of positive ILN with good esti-
mates in terms of confidence intervals.

RESULTS

 This study analyzed 65 men with stage 
cN0 (intermediate/high risk) penile cancer who un-
derwent ILND for nonpalpable ILN (Table-1) from 3 

institutions in Brazil. The mean age was 56.8±14.7 
years (range, 25-86 years). Twenty-four (36.9%) 
patients presented with positive LNs (Table-1) on 
ILND. Either standard or modified ILND was per-
formed in all patients. Superficial and deep ILN 
were removed. A median of 21 (range, 3-60) ILN 
was removed and the mean number of positive 
ILN was 2.4 (range, 1-12). T1 stage was observed 
in 16 (24.6%) patients, T2a in 25 (38.5%), T2b in 
7 (10.8%), T3 in 16 (24.6%), and T4 in 1 (1.5%) 
patient. Low-grade tumor (G1) was observed in 20 
(30.8%) patients and G2 (61.5%) in 40 patients (Ta-
ble-1). Comparing stage and ILN metastases, 8/16 
(50%) patients with T1 stage, 13/32 (40.6%) with 
T2 stage, 3/16 (18.8%) with T3 stage, and 0/1 (0%) 
with T4 stage had ILN metastasis, respectively.

Table 1 - Clinicopathological characteristics in 65 patientes with penile cancer.

Variables Mean ± dp (min-max)

Age (anos) 56.58±14.7 (25-86)

Variables N (%)

T stage

T1 16 (24.6)

T2a 25 (38.5)

T2b 7 (10.8)

T3 16 (24.6)

T4 1 (1.5)

Grade

G1 20 (30.8)

G2 40 (61.5)

G3 5 (7.7)

Lymphovascular invasion
Absente 56 (86.2)

Present 9 (13.8)

p53 Expression
Weak 32 (49.2)

strong 33 (50.8)

EAU risk classification

low 0 (0)

Intermediate 14 (21.5)

High 51 (78.5)

pN stage

N0 41 (63.1)

N1 11 (16.9)

N2 11 (16.9)

N3 2 (3.1)

Pathologic lymph node status
positive 24 (36.9)

negative 41 (63.1)
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 In our study, tumor grade was not asso-
ciated with LN involvement (p=0.538). Regarding 
histology, we found 30.8%, 61.5%, and 7.7% of 
tumors to be G1, G2, and G3, respectively (Ta-
ble-1). On the other hand, only 4.8% of patients 
with negative LNs had G3 disease. Lymphovascu-
lar invasion was present in 20% of patients with 
positive LNs and in 10% of patients with negati-
ve LNs. In univariate analysis tumor grade and 
lymphovascular invasion were strongly correla-
ted with LN status (p<0.05). In the multivariate 
analysis, only T stage was statistically signifi cant 
(p=0.015; Table-2).

 Our study included the k-fold, leave-one-
-out, and bootstrap methods to evaluate the nomo-
gram by Zhu et al. (15). The bootstrap method de-
termined that this nomogram is random and does 
not establish a pattern of prediction of metasta-
sis. Validation using the k-fold method confi rmed 
this, which we identifi ed during the process of 
modeling. The predictors shown in the nomogram 
of Zhu et al. (15) were not statistically signifi cant 
predictors of ILN metastases in our study sample. 

All three models showed a low R2 (Table-3). These 
fi ndings demonstrate that the nomogram by Zhu 
et al. (15) has a high probability of false negatives 
in our population. The distribution of the boots-
trap test results is shown in Figure-1.

DISCUSSION

 There are some nomograms in literature to 
predict inguinal lymph nodes, for example, one of 
them was reported by Ficarra et al. (20) and inclu-
ded variables as tumor thickness, grown pattern, 
grade, LVI, local infi ltration, cN stage. Other one 
was published recently by Peak (21) that used only 
grade, cN stage, and LVI. Zhu’s nomogram used 
cT stage, grade, LVI and p53 expression and must 
be applied in N0 patients. We decided to valida-
te Zhu’s nomogram because of that idea of use a 
biomarker as p53 expression in association with 
clinical data, however in our study, this nomo-
gram applied in our population had low accuracy 
for identifying patients with penile cancer who 
had positive ILN. Our analysis showed an unde-

Table 2 - Univariate and multivariate analysis of clinicopathological factors to predict inguinal lymph node metastasis 
in 65 patients.

Variables
Univariate analysis Multivatiate analysis

% LNM p-value OR (95% CI) p-Value

T stage 0.154 0.015

T1 50.0 

T2a 32.0 0.341 (0.111-1.049) 0.061

T2b 71.4 2.20 (0.399-12.120) 0.365

T3 17.6 0.075 (0.012-0.462) 0.005

Grade 0.010 0.737

G 1 35.0 

G 2 35.0 0.731 (0.282-1.893) 0.518

G 3 60.0 1.489 (0.145-15.235) 0.737

Lymphovascular invasion 0.002 0.071

Absente 33.9 -

Present 55.6 5.965 (0.857-41.507)

p53 Expression 0.350 0.296

Weak 31.3 -

Strong 42.4 1.789 (0.602-5.318)
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restimation of positive LNs. We would like to em-
phasize that in using the nomogram by Zhu et al. 
(15) here, we could not improve the selection of 
patients with positive or negative ILN.

 The occurrence and extent of ILN metas-
tasis are the most important prognostic factors in 
patients with penile cancer and usually imply wor-
se oncologic prognosis (22). Up to 25% of patients 
with no palpable LNs have occult micrometastases 
that are not detected by physical examination (23-
25), and imaging studies, such as computed tomo-
graphy scan or conventional magnetic resonance 
imaging, are also unable to detect inguinal micro-
metastases (26). Consequently, it could be debated 
that lymphadenectomy should be performed for 

all patients with penile cancer (8, 27) because ILN 
status is the key prognostic factor for survival, and 
patients can be cured by undergoing ILND. Howe-
ver, this poses a dilemma because early ILND lea-
ds to high rates (up to 50%) (28) of complications 
with signifi cant morbidity, such as infection and/
or wound dehiscence, skin necrosis, lymphedema, 
lymphoceles, and other complications. Surveillan-
ce strategies can reduce cancer-specifi c survival 
(5, 7-9). Patient survival is over 90% with early 
lymphadenectomy and less than 40% in patients 
treated with a surveillance strategy and later lym-
phadenectomy for regional recurrence. The alterna-
tives, including DSN (9, 10) or minimally invasive 
approaches such as pure laparoscopic or robotic-
-assisted ILND (11, 12, 29, 30), are dependent on 
technology and have high costs, which make them 
extremely diffi cult to use in underprivileged po-
pulations. Nomograms could be a very interesting 
tools for improving patient outcome, however in 
daily practice they are underutilized because the 
guidelines recommendation of ILND for interme-
diate- and high-risk tumors (16), other alternatives 
as DSN and also because of lack of external valida-
tion of the available monograms.

 Our univariate analysis found that tumor 
grade and lymphovascular invasion had a strong 
correlation with LN status. In the multivariate 
analysis, only T stage was statistically signifi cant. 
Lymphovascular invasion was the only statistically 
signifi cant variable in the study published by Zhu 
et al. (15) whereas we did not fi nd statistical sig-
nifi cance for this variable in our study (p=0.212). 
In patients with positive LNs, 20.8% had lympho-
vascular invasion; this pathological fi nding was 
present in 9.7% of patients with negative LNs. The 

Table 3 - Comparison of results in 3 diferents external validation methods.

Calibration Zhu’s Nomogram K-fold Leave-one-out Bootstrap

R² 0.445 0.228-0.424 0.254-0.389 0.012-0.520

Brier 0.116 0.170-0.195 0.169-0.186 0.141-0.230

Discrimination

(ROC) Area under de curve 0.851 * * 0.783

* ROC curve was performed for bootstrap only.

Figure 1 - ROC curve generated by Bootstrap method.
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lymphovascular invasion is a strong predictor of 
positive inguinal lymph nodes as showed in other 
studies by Ficarra et al. (31), and other nomogram 
developed using the National Cancer Database 
that included 1,636 men in their analysis (21). Our 
hypothesis is that we found significance only in 
univariate because of the limited sample.

 Zhu et al. (15) developed their nomogram 
because of the unreliability of currently available 
modalities for detecting occult nodal involvement, 
the need for decisive management of regional LNs for 
improvement of long-term patient survival, and the 
challenge of avoiding overtreatment with potential 
treatment-related morbidity. We sought to validate 
this nomogram for the prediction and identification 
of patients at risk for nodal metastasis who could 
potentially be spared unnecessary ILND. In this no-
mogram, surveillance is recommended if the nomo-
gram probability of positive nodes is 0.1 (10%). The 
nomogram represents an attempt to define an ob-
jective, systematic, standardized, multivariate model 
capable of providing individual pN stage predictions. 
In our study, we performed ILND for cases with inter-
mediate and high risk, according to EAU guidelines. 
Using this classification, we performed 41 unneces-
sary ILND and detected 24 cases of ILN metastasis. 
Considering the threshold of 10% prediction risk (Zhu 
et al.) in our study, we had 35 patients (62%) that 
underwent ILND unnecessarily (true negatives), and 
we would have missed 3 (12%) patients with LN me-
tastasis (true positives). Using a threshold of 20%, 31 
(59%) underwent ILND unnecessarily (true negatives) 
and we would have missed the same 3 (12%) patients 
with LN metastases (true positives).

     Despite the fact that this nomogram is a 
noninvasive and low-cost approach, it requires ex-
ternal validation. The aim of the present study was 
to externally validate a predictive model for ILN me-
tastasis in our cohort of patients who had undergone 
ILND. Only pN status performed adequately within 
our external cohort of patients, and this finding was 
consistent using different statistical means (i.e., ove-
rall performance, discrimination, calibration, and cli-
nical usefulness).

 The nomogram proposed by Zhu et al. (15) 
is basically a model that can be used to explain the 
variability of one or more variables and the associa-
tion and correlation of this variability with other ex-

ploratory variables. The goal is to determine values 
for the parameters in the specified template that ge-
nerate the best fit of the model to the data. The best 
model is the one that produces the least unexplained 
variability, subject to the restriction that all model 
parameters must be statistically significant. One of 
the most important principles concerning the process 
of modeling is simplification of the model. The prin-
ciple of parsimony says that given a set of equally 
good possible explanations, the correct explanation 
is the simplest one. Accordingly, given a set of valid 
models, the best model is the one that: a) includes 
the least number of variables, B) is linear and con-
trasts with nonlinear models, C) is based on few sta-
tements, and D) recognizes that simple explanations 
are always preferable in comparison with complex 
explanations. In the case of the model proposed by 
Zhu et al. (15), only lymphovascular invasion was 
identified as a statistically significant predictor for 
positive ILN. We used the bootstrap method because 
this method is used to estimate the confidence inter-
val of parameters. In the bootstrap method, we set 
the answer and performed resampling of predictors 
(1,000 times) to identify confidence intervals for the 
parameters of the logistic regression and to identify 
better and greater values for R2, the c-index statis-
tic, and Brier score. Using the k-fold validation me-
thod, we measured the accuracy of the model, i.e., 
the model’s ability to faithfully represent the sample 
data. We used a third-party validation method, the 
leave-one-out method, which is a generalization of 
the k-fold method, where the number of templates is 
equal to the size of the sample. The method is useful 
for evaluating the complete behavior of the model 
and for correcting defects of the model. Considering 
that, we identified the extremes of confidence inter-
vals for the parameters of logistic regression. Again, 
we identified the values of R2 statistics, the c-index, 
and Brier score. These analyses confirmed that in our 
sample, the model proposed by Zhu et al. (15) was 
inappropriate, and even cross-validation did not im-
prove the model. In our sample, the predictors shown 
in the nomogram of Zhu et al. (15) were not statisti-
cally significant predictors of ILN. All models showed 
a low R2, including with the bootstrap technique (be-
tween 0.228 and 0.424) and leave-one-out (between 
0.254 and 0.389) method. In the bootstrap method, 
p53 expression was identified as a better parameter. 
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 We found that accuracy of this nomogram 
was lower in our sample (area under the ROC curve, 
0.79). The calibration plot showed underestimation 
of positive ILN. This indicates poor sensitivity, poor 
specificity, and a low positive likelihood ratio for the 
various values used in the nomogram by Zhu et al. 
(15). According to our findings, we would like to hi-
ghlight that the nomogram by those authors does not 
have satisfactory performance in improving selection 
of patients with positive or negative ILN disease, even 
using a threshold of 10% or 20%. The applicability of 
models derived from cohorts in China may be ques-
tionable when transferred to Latin America. These re-
sults could be explained for some reasons: different 
population and race, low accuracy of Zhu’s nomo-
gram, limited sample, lack of other biomarkers, etc.

 The limitations of the present study are inhe-
rent to any retrospective series. The number of pa-
tients was small (N=65); however, considering the 
rarity of penile cancer, our sample size is similar to 
those in other published series in the literature. Our 
population was significant and sufficient for valida-
tion of the nomogram by Zhu et al. (N=110) in pe-
nile cancer. Lymphadenectomy templates were not 
standardized; however, the three institutions and the 
surgeons involved are experts in urologic oncology 
and have extensive experience in the management 
of penile cancer. Nevertheless, our data reflect a real-
-world, multicenter experience.

CONCLUSIONS

 In our study, the nomogram by Zhu et al. 
(15) applied in our population had low accuracy 
and low precision for correctly identifying pa-
tients with penile cancer who have positive ILN. 
Our analysis showed an underestimation of posi-
tive LNs. Using this nomogram, we could not im-
prove the selection of patients with positive versus 
negative ILN. 

ABBREVIATIONS

PC = Penile cancer
LN = Lymph node
ILN = Inguinal LN (ILN)
DSNB = dynamic sentinel node biopsy
ILND = Inguinal LN dissection

EAURC = European Association of Urology Risk 
Classification
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In this interesting paper Dr. Maciel and collegues from Sao Paulo – Brazil conduct an external 
validation of a previously developed nomogram (1) to predict inguinal lymph node (ILN) metastases in 
penile cancer in patients with clinically negative lymph nodes. The authors analyzed 65 men with penile 
cancer who underwent inguinal lymph node dissection. Of 65 men, only 24 (36.9%) presented with 
positive LNs. The authors concluded that the present nomogram applied in Brazilian population had low 
accuracy and low precision for correctly identifying patients with penile cancer who have positive ILN.

Penile cancer is a rare neoplasia with low incidence in developed countries. In Brazil the incidence 
rate of penile cancer is 2.9 - 6.8/100,000 inhabitants, resulting in this country having one of the world’s 
highest incidence rates for this neoplasia (2-4). The most common sites of penile cancer metastasis are 
the superficial and deeper nodes of the inguinal and iliac region. The occurrence and extent of inguinal 
lymphatic metastasis are the most important prognostic factors in patients with penile cancer and usually 
imply worse oncologic prognosis (5). Extended Inguinal lymphadenectomy (open, laparoscopic or robotic) 
is the most useful and commonly performed surgery for staging and to cure inguinal metastasis in penile 
cancer cases. Although it is a widespread technique, post operatory complications often occur (6-8).

This paper is very important, but in the future, papers with prospective studies and with a more 
significant sample will be necessary to confirm the application of this nomogram to predict inguinal 
lymphatic metastasis in patients with penile cancer.

EDITORIAL COMMENT Vol. 45 (4): 679-680, July - August, 2019

doi: 10.1590/S1677-5538.IBJU.2018.0756.1

REFERENCES 

1. Maciel CVM, Machado RD, Morini MA, Mattos PAL, Dos 
Reis R, Dos Reis RB, et al. External validation of nomogram 
to predict inguinal lymph node metastasis in patients with 
penile cancer and clinically negative lymph nodes. Int Braz J 
Urol. 2019;45:671-8.

2. Zhu Y, Zhang HL, Yao XD, Zhang SL, Dai B, Shen YJ, Ye 
DW. Development and evaluation of a nomogram to predict 
inguinal lymph node metastasis in patients with penile cancer 
and clinically negative lymph nodes. J Urol. 2010;184:539-45.

3. Favorito LA, Nardi AC, Ronalsa M, Zequi SC, Sampaio FJ, 
Glina S. Epidemiologic study on penile cancer in Brazil. Int 
Braz J Urol. 2008;34:587-91; discussion 591-3.

4. Pizzocaro G, Algaba F, Horenblas S, Solsona E, Tana S, Van 
Der Poel H, Watkin NA; European Association of Urology 
(EAU) Guidelines Group on Penile Cancer. EAU penile cancer 
guidelines 2009. Eur Urol. 2010 Jun;57(6):1002-12.

5. Culkin DJ, Beer TM. Advanced penile carcinoma. J Urol. 
2003;1702Pt1):359-65.

6. Chiapparrone G, Rapisarda S, de Concilio B, Zeccolini G, 
Antoniutti M, Celia A. Saphenous-sparing laparoscopic 
inguinal lymphadenectomy. Int Braz J Urol. 2018;44:645-6. 



IBJU | EDITORIAL COMMENT

680

ARTICLE INFO 

Luciano A. Favorito
http://orcid.org/0000-0003-1562-6068

Int Braz J Urol. 2019; 45: 679-80

_____________________
Submitted for publication:

May 05, 2019
_____________________

Accepted after revision:
May 06, 2019

_____________________
Published as Ahead of Print:

June 10, 2019

7. Meneses AD, Mattos PAL, Eulálio WMN Filho, Fé TSM, 
Rodrigues RMM, et al. Initial experience of video endoscopic 
inguinal Lymphadenectomy in a center located at northeast 
brazilian region. Int Braz J Urol. 2019;45:325-31.

8. Favorito LA. The future of inguinal Lymphadenecotmy 
in penile cancer: laparoscopic or robotic? Int Braz J Urol. 
2019;45:208-9.

_______________________

Correspondence address:
Luciano Alves Favorito, MD, PhD
Rua Professor Gabizo, 104 / 201
Tijuca, Rio de Janeiro, 20271-320, Brasil
Fax: +55 21 3872-8802
E-mail: lufavorito@yahoo.com.br



ORIGINAL ARTICLE

681

Nonsecretory intestinocystoplasty: postoperative 
outcomes of 25 years
_______________________________________________
Rose A. F. Dantas 1, Fernanda C. F. S. Calisto 1, Fabio O. Vilar 2, Luiz A. P. Araujo 3, Salvador V. C. Lima 4

1 Programa de Pós-Graduação em Cirurgia, Centro de Ciências da Saúde, Universidade Federal de 
Pernambuco-UFPE, Pernanbuco, PE, Brasil; 2 Departamento de Urologia, Hospital das Clínicas da 
Universidade Federal de Pernambuco-UFPE, Pernanbuco, PE, Brasil; 3 Departamento de Cirurgia Pediátrica, 
Universidade Federal de Pernambuco-UFPE, Pernanbuco, PE, Brasil; 4 Departamento de Cirurgia, Centro 
de Ciências da Saúde da Universidade Federal de Pernambuco-UFPE, Pernanbuco, PE, Brasil

ABSTRACT

Objective: The objective of bladder augmentation (BA) is to create a low-pressure res-
ervoir with adequate capacity. Despite its benefi ts, the use of intestinal patches in 
bladder enlargement provides a high risk of developing complications and BA with 
demucosalised bowel represents a potential alternative. Therefore, this study evaluated 
urological parameters and long-term clinical follow-up of patients submitted to non-
secretory BA in a single center with 25 years of experience.
Materials and Methods: Patients treated with BA underwent urological evaluation, 
which included history, physical examination and urodynamic study. The main uro-
dynamic parameters (bladder capacity and bladder compliance) were assessed in the 
pre and postoperative moments, and compared by the Wilcoxon Signed Rank test. The 
main long-term complications were described.
Results: 269 patients (mean age 14±13 years, 47% male) underwent BA with the use of 
demucolised intestinal segments. Among the patients in the sample, 187 (69.52%) had 
neurogenic bladder, 68 (25.28%) had bladder exstrophy, nine had tuberculosis (3.34%), 
four had a posterior urethral valve (1.49%) and one with hypospadia (0.37%). After the 
surgical procedure, a signifi cant increment in both urodynamic parameters was found, 
with a 222% increase in bladder capacity and 604% in bladder compliance (p <0.001 
in both analyzes). Mean follow-up time ranged from 2 to 358 months, with a median 
of 72 months (IQR 74-247). Among all patients, 5 presented spontaneous perforation.
Conclusion: The study showed statistically signifi cant increase in both compliance and 
bladder capacity after non-secretory BA, with a low rate of severe complications.
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INTRODUCTION

The use of intestinal segments in bladder 
augmentation has promoted important advances 
on fi nding new ways to deal with patients with 
noncompliant bladders. Nevertheless, there is a 
concern regarding specifi c characteristics of the 

intestinal epithelium that can result in compli-
cations in the medium and long-term follow-up, 
affecting quality of life and prognosis of the pa-
tients. Among the main drawbacks are calculus 
formation, mucus production, metabolic acidosis, 
urinary tract infections, intestinal obstruction and 
increased long-term risk of cancer (1, 2). On the 
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other hand, non-secretory bladder augmentation 
may represent a potential alternative. This study is 
an update of our experience with demucolised bo-
wel segments for bladder augmentation (3-5).

MATERIALS AND METHODS

 During a period of 25 years (January 1991-
June 2016), all patients who underwent demucoli-
sed bladder enlargement in a single center were in-
cluded in the study. This study was conducted after 
a detailed animal experiment (3, 4). Patients with 
age greater than 55 years and those who had ma-
lignant disease with a life expectancy of less than 
10 years were excluded. The procedures for diagno-
sis and surgical technique have been described pre-
viously (3-6). All patients were submitted to uro-
logic evaluation, which included medical history, 
physical exam and assessment of urodynamic pa-
rameters. Data on bladder capacity and compliance 
were used to evaluate results. The same equipment 
measured cystometric maximum bladder capacity 
and compliance. Expected bladder capacity accor-
ding to the formula described by Houle et al. (7) 
was also used as a comparison. All procedures in 
the study were performed by or under the supervi-
sion of the first three authors, who have carried out 
the study from the experimental phase.

 Among all surgical interventions, 222 
(82.5%) were performed with sigmoid intestinal 
patches (Group-A) and 47 (17.5%) were performed 
using ileum intestinal patches (Group-B). Surgical 
intervention was performed as follows: In group A, 
the entire width of the bladder wall was opened, 
including the mucosa. In order to prevent retraction 
of the graft, a silicone bladder modeler was inserted 
inside the enlarged bladder. This model was filled 
with saline solution at volumes that ranged from 
40 to 250mL and maintained for two weeks. During 
this same period, the ureters were catheterized. In 
group B, the process of de-epithelialization was fa-
cilitated by insertion of a Foley with a 30mL ballo-
on inflated until 7-8mL. The amount of fluid within 
the balloon varied according to the characteristics 
of each patient’s pelvis.

 Mean and standard deviation were used 
when there was normal distribution, and median 
and interquartile range (IQR) were used when dis-

tribution was non-normal. Normality of data was 
evaluated through histograms and the Shapiro-Wilk 
test. The Wilcoxon Sign-Rank test was used to com-
pare if there was a statistically significant difference 
between preoperative and postoperative capacity 
and compliance. All statistical calculations were 
performed with SPSS software version 18.1®. In all 
situations, the maximum acceptable probability of 
error for rejection of the null hypothesis was 5% (p 
<0.05 and confidence interval of 95%). This study 
was approved by the Research Ethics Committee of 
the Center for Health Sciences, Federal University of 
Pernambuco (APPROVAL NUMBER: 2.430.399).

RESULTS

 A total of 269 patients who had undergo-
ne bladder augmentation using de-epithelialized 
intestinal segments were prospectively studied be-
tween January 1991 and June 2016. Patient age 
varied from 3 months to 55 years, with mean age 
of 14±13 years, 47% male. Of these patients, 187 
(69.5%) were diagnosed with neurogenic bladder, 
68 (25.3%) had bladder exstrophy, 9 (3.3%) pa-
tients had been treated for urinary tuberculosis, 4 
(1.5%) had sequelae of posterior urethral valves and 
1 (0.4%) presented with female hypospadia (Figu-
re-1). Ileum was chosen in cases of bladder exs-
trophy or when there was any problem with the 

Figure 1 - Diagnosis at preoperative assessment.

 Neurogenic bladder  Bladder exstrophy  Urinary tuberculosis
Posterior urethral valve Hypospadia
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colon (previous surgeries). Follow-up time varied 
from 2 to 358 months, with median follow-up of 
72 months (IQR 74-247).

Median preoperative and postoperative 
bladder compliance was 1.93mL/cm/H20 (IQR 
1.91-1.95) and 13.6mL/cm/H20 (IQR 12.8-13.9), 
respectively (p <0.001) (Figure-2). This resulted in 
an increment of 604%. Median preoperative and 
postoperative capacity was 92.1mL (IQR 90-95) 
and 296.8mL (IQR 265-308), respectively (p <0.01), 
resulting in an increment of 222% (Figure-3). The 

mean expected capacity by Houle’s formula was 
269mL (6), lower than the postoperative capacity 
levels that were obtained in the sample.

 A total of 27 patients presented some kind 
of complication (10%). Three patients (1.1%) deve-
loped peritonitis with complete dehiscence of the 
wound, 4 patients (1.4%) presented dehiscence of 
the colonic anastomosis and 5 patients (1.8%) pre-
sented spontaneous perforation. Throughout this 
period, 13 cases (4.8%) of bladder lithiasis were 
identified in patients with bladder exstrophy. In 

Figure 2 - Comparison of preoperative and postoperative bladder capacity.
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Figure 3 - Comparison of preoperative and postoperative bladder compliance.
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this group, 6 patients had a periurethral constric-
tor implanted simultaneously, and 5 of these were 
removed due to urethral erosion. Four patients in 
the exstrophy-epispadia group underwent post-
-void catheterization due to significant post-void 
residue. Spontaneous perforations were observed 
in patients diagnosed with bladder exstrophy and 
neurogenic bladder. The five cases of spontaneous 
perforation occurred at the region where the anas-
tomosis was made between bladder and demuco-
lised tissue. Out of all spontaneous perforations, 2 
happened with ileum patches and 3 with sigmoid 
patches. The first and second cases had diagno-
ses of bladder exstrophy and perforation occurred 
after 5 and 7 years; the other 3 cases were obser-
ved in with neurogenic bladder; the perforation 
occurred after 2 years, 3 years and 2 years and 7 
months, respectively. All three patients underwent 
intermittent catheterization through the urethra. 
During the 25 years follow-up of this group of 
patients, 11 deaths were verified; however, none 
of them were related to the bladder surgical pro-
cedure. Of the total sample, 35 cases (13%) were 
considered failures.

DISCUSSION

 The complications that are intrinsic to the 
traditional techniques of intestinal cystoplasty 
have made surgeons pursue alternative modalities 
of bladder augmentation over time. Non-secretory 
bladder enlargement has been presented as one 
of these alternatives, as it does not present the 
characteristic disadvantages of the secretory and 
absorptive function of the intestinal mucosa. To 
our knowledge there is no report in the literature 
of a prospective study of bladder augmentation 
for this period of time at the same institution and 
by the same team starting at experimental phase. 
Studies were published in periods of time around 
not below 5 years.

 In the present study, we found a statisti-
cally significant increase in bladder compliance 
and capacity after non-secretory bladder augmen-
tation. This result is in agreement with the current 
literature. In a recent study published by Odeh et 
al. (8), patients were compared regarding bladder 
augmentation techniques (traditional ileocysto-

plasty vs. ileocystoplasty with demucolised bowel) 
and followed for 14 years. Authors reported that 
there was an increase in bladder capacity in both 
groups (without significant intergroup differen-
ce), therefore supporting our results. Several other 
studies have demonstrated an increase in bladder 
capacity following non-secretory intestinal cysto-
plasty. Jung et al. (9) analyzed 34 patients who 
underwent demucolised intestinal cystoplasty 
with urothelial alignment. The authors described a 
2.96-fold increase in bladder capacity, and a total 
of 13 patients (39.4% of the sample) were able to 
suspend the use of anticholinergic drugs after 47.3 
months of surgery. In a study by Jednak et al. (10), 
the increase in bladder capacity was of 2.94 times.

 Regarding the complications, we found an 
incidence of 1.8% of spontaneous perforations (5 
cases), which is lower than the current literature 
statistics when compared with a similar method 
or with traditional ileocystoplasty. In a study by 
Shekarriz et al. (11), 133 patients underwent seve-
ral types of bladder augmentation and were stu-
died for a similar period. The authors found six 
cases of intestinal obstruction, 17 spontaneous 
perforations (13%), and 15 patients requiring sur-
gical revision for other reasons (12). In a case-
-control study conducted by Odeh et al. (8), the 
authors reported an incidence of 10% of sponta-
neous perforations in the sample.

 The incidence of bladder lithiasis was of 
13 cases (4.8%), which represents a lower rate 
as compared to previous reports. Additionally, 
all cases happened in patients who had bladder 
exstrophy. In a retrospective study with 91 chil-
dren that had undergone bladder reconstruction 
with various segments of the digestive tract over 
a period of 10 years, Hensle et al. (12) found an 
incidence of 44% of bladder lithiasis. Among pa-
tients with bladder exstrophy, 5 (25%) presented 
such situation. In a retrospective series performed 
by Blaivas et al. (13) with 71 patients submitted 
to enterocystoplasty, authors found 6% of recur-
rent bladder lithiasis. The bladder lithiasis cases 
accounted for 19% (13 of 68) of the sample of pa-
tients diagnosed with bladder exstrophy. It is wor-
th mentioning that 6 patients who presented with 
bladder lithiasis in our cohort had a peri-urethral 
constrictor implanted simultaneously, 5 of which 
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were removed due to urethral erosion. Since no 
more artificial devices are currently used in pa-
tients with a diagnosis of exstrophy, we expect 
this incidence to reduce, since it is known that 
procedures on the bladder neck increase the in-
cidence of lithiasis. On the other hand, long-term 
follow-up has shown a high incidence of device 
erosion both at subcutaneous port and cuff site. 
A new intraurethral removable device has shown 
considerable improvements in continence, quali-
ty of life and occurrence of symptomatic urinary 
tract infections (UTI). This device has been applied 
to females but possibilities to its use in males are 
open (14).

 Despite the visible improvements, we must 
recognize that a failure rate of 13% is still not 
ideal. New developing technologies may help im-
prove these results in the future.

CONCLUSION

 During this 25 year follow-up study, non-
-secretory bladder augmentation promoted a sig-
nificant increase in bladder compliance and ca-
pacity. As compared to traditional techniques of 
bladder augmentation, a lower number of compli-
cations was observed.
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ABSTRACT

Purpose: The present study aimed to determine whether sarcopenia after radical cys-
tectomy (RC) could predict overall survival (OS) in patients with urothelial bladder 
cancer (UBC).
Materials and Methods: The lumbar skeletal muscle index (SMI) of 80 patients was 
measured before and 1 year after RC. The prognostic signifi cance of sarcopenia and 
SMI decrease after RC were evaluated using Kaplan–Meier analysis and a multivariable 
Cox regression model.
Results: Of 80 patients, 26 (32.5%) experienced sarcopenia before RC, whereas 40 
(50.0%) experienced sarcopenia after RC. The median SMI change was -2.2 cm2/m2. 
Patients with sarcopenia after RC had a higher pathological T stage and tumor grade 
than patients without sarcopenia. Furthermore, the overall mortality rate was signifi -
cantly higher in patients with sarcopenia than in those without sarcopenia 1 year after 
RC. The median follow-up time was 46.2 months, during which 22 patients died. Ka-
plan-Meier estimates showed a signifi cant difference in OS rates based on sarcopenia 
(P=0.012) and SMI decrease (P=0.025). Multivariable Cox regression analysis showed 
that SMI decrease (≥2.2 cm2/m2) was an independent predictor of OS (hazard ratio: 
2.68, confi dence interval: 1.007-7.719, P = 0.048).
Conclusions: The decrease in SMI after surgery might be a negative prognostic factor 
for OS in patients who underwent RC to treat UBC.
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INTRODUCTION

Bladder cancer (BC) is one of the most 
common urinary tract malignancies worldwide 
(1-3). It is generally treated using transurethral 
resection of bladder tumor (TUR-BT) or radical 
cystectomy (RC), and systemic cisplastin-based 
chemotherapy is performed in cases of advanced 
or metastatic BC. However, because BC is a highly 
malignant tumor with a variable and unpredic-

table biologic potential, the survival forecast for 
patients remains poor (4, 5) The prognosis of BC 
is poor in elderly people and in those with serious 
comorbidities and poor performance status (6).

RC is the customary treatment for pa-
tients with muscle-invasive BC (MIBC), and it 
is also commonly used to treat selected patients 
with high-risk, non-muscle-invasive BC (NMI-
BC). A recent study reported that complications 
following RC are strongly associated with patient-
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-related factors, such as age, performance status, 
and comorbidities (7). Moreover, numerous stu-
dies have demonstrated that frailty is associated 
with impaired mobility, disability, poor endurance, 
and prolonged hospitalization (8, 9). In particular, 
sarcopenia—skeletal muscle wasting— is a crucial 
physiological alteration underlying frailty that 
can emerge as a result of aging and malignant di-
sease (10), and it has been identified as a prognos-
tic factor for various cancers (11). In patients with 
BC who have undergone RC, sarcopenia is asso-
ciated with poor survival (12). However, changes 
in the skeletal muscle index (SMI) after RC have 
not been established as a prognostic tool. The aim 
of the present study was to evaluate changes in 
the SMI 1 year after RC as a predictor of overall 
survival (OS) in patients with urothelial bladder 
cancer (UBC).

MATERIALS AND METHODS
Ethics statement

The ethics committee of Kyungpook Natio-
nal University Hospital reviewed and approved the 
current study protocol (approval number: KNUMC 
2016-05-021). The study was performed in accor-
dance with the ethical standards laid down in the 
1964 Declaration of Helsinki and its later amen-
dments. This was a retrospective study performed 
after approval from the institutional review board, 
who stated that consent was not required.

Patients
The present study included 80 patients 

with non-metastatic UBC who had undergone RC 
(31 robot-assisted RCs and 49 open RCs) between 
August 2008 and May 2013 and who had serial 
axial computed tomography (CT) images showing 
sarcopenia both before and 1 year after the RC. 
Before RC, all patients underwent TUR-BT. Follo-
wing histopathological examination and imaging 
studies, RC was performed. The indications for RC 
were as follows: MIBC without evidence of distant 
metastasis (clinical stage: T2–T4, Nx, M0), recur-
rent multifocal NMIBC refractory to repeated tran-
surethral resection, and Bacille Calmette-Guerin 
(BCG)-resistant carcinoma in situ. The exclusion 
criteria were as follows: previous pelvic radiation, 
clinical stage M1, and prior combination surgery. 

Open RC was performed through a midline inci-
sion in the typical manner (13). Robot-assisted RC 
was performed using the same surgical procedu-
re as reported by Bak et al. (1). Standard pelvic 
lymphadenectomy (both obturator and external 
iliac nodes) was performed in all patients, except 
for 1 patient undergoing robot-assisted RC and 6 
undergoing open RC because of severe adhesions. 
The clinical T stage was based on the guidelines 
of the 2010 American Joint Committee on Cancer 
TNM staging system for BC (14). Histological gra-
des were determined according to the 2004 World 
Health Organization (WHO) classification system 
(15). Patients with cT3, cT4, and node-positive di-
sease (based on the analysis of CT images), but 
with good performance status, received at least 3 
cycles of cisplatin-based neoadjuvant chemothe-
rapy. Each patient was followed up and managed 
according to standard practice (16).

Image analysis
 Patients underwent abdominal CT for ini-

tial cancer staging and routine diagnostic purpo-
ses. For each patient, a set of CT scans just before 
and a mean of 1 year after RC was selected. Quan-
titative assessment of muscle areas was performed 
using commercially available software (Terarecon 
4.4.7, San Mateo, CA, USA) by a subspecialty-trai-
ned urogenital radiologist. The radiologist selected 
the single cross-sectional areas at the level of the 
third lumbar vertebrae (L3) in which both trans-
verse processes could be fully seen. The cross-sec-
tional areas (cm2) of all skeletal muscles at L3 were 
computed automatically by summing the appro-
priate pixels within the CT Hounsfield unit (HU) 
range of -29 HU to 150 HU (17). After applying a 
predefined HU threshold set for each slice, boun-
daries between the different tissues were corrected 
manually when necessary.

Definition of sarcopenia
 Muscle area was normalized for the square 

of patient height in meters (m2) and reported as 
the lumbar SMI index (cm2/m2) (18, 19). In Figu-
re-1 shows the CT scans and SMI values of an 
82-year-old man before and at a mean of 1 year 
after RC. Sarcopenia was defined as a lumbar SMI 
of <43 cm2/m2 for men with a body mass index 
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(BMI) of <25 kg/m2, as a lumbar SMI of <53 cm2/
m2 for those with a BMI of ≥25 kg/m2, and as an 
SMI of <41 cm2/m2 for women, as recommended 
by Martin et al. (20).

Statistical analysis

 Patients were divided into two groups of 
40 based on their sarcopenic status one year af-
ter RC: non-sarcopenic patients and sarcopenic 
patients. Differences between the groups were 
evaluated using the chi-square test for categori-
cal variables and Student’s t-test for continuous 
variables. Multivariable Cox proportional hazards 
models were used to test the associations between 
the variables and OS, with hazard ratios (HRs) and 
95% confi dence intervals (CIs) calculated for each 
factor. OS was measured from the date of diag-
nosis to death or fi nal follow-up. All statistical 
analyses were performed using the Statistical Pa-
ckage for the Social Sciences, version 18.0 (SPSS 
Inc., Chicago, IL, USA), and P-values < 0.05 were 
considered statistically signifi cant.

RESULTS

 Of the 80 patients, 26 (32.5%) were sarco-
penic before RC, whereas 40 (50.0%) were sarco-
penic after RC. The median change in SMI was -2.2 

cm2/m2. In Table-1 presents patient demographics 
and preoperative characteristics according to SMI 
1 year after RC. Age, sex, and BMI were not signi-
fi cantly associated with sarcopenia 1 year after RC 
(P>0.05). The mean preoperative SMI was 50.51 
cm2/m2 in non-sarcopenic patients, signifi can-
tly higher than that in sarcopenic patients (43.76 
cm2/m2; P<0.001). In the cohort of patients with 
sarcopenia after RC, 47.5% had been classifi ed as 
sarcopenic preoperatively, while only 7 (17.5%) 
patients with preoperative sarcopenia were in the 
non-sarcopenic group after surgery (P=0.004). 
Higher clinical stage (≥T2) at latest TUR-BT was 
more prevalent in sarcopenic patients than in tho-
se without sarcopenia (65.0% vs. 37.5%; P=0.014). 
Sarcopenia was not signifi cantly associated with 
ASA classifi cation, presence of carcinoma in situ, 
BCG instillation history, and neoadjuvant chemo-
therapy.

 In Table-2 shows the relationship between 
sarcopenia after RC and clinicopathological featu-
res. Evaluation revealed that patients with sarco-
penia had higher tumor stage and grade than tho-
se without sarcopenia 1 year after RC. The mean 
changes in SMI were -3.80 cm2/m2 in sarcopenic 
patients and -1.12 cm2/m2 in non-sarcopenic pa-
tients (P=0.001). Notably, patients with sarcopenia 
had signifi cantly higher all-cause mortality rates 
than those without sarcopenia (P=0.012). Metas-

Figure 1 - Representative CT scans with decreased skeletal muscle index (SMI) in an 82-year-old man before (A) and at a 
mean of one year (B) after radical cystectomy.

A B
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tasis rate did not differ significantly between the 2 
groups (P=0.104).

 Twenty-two patients died during the 
median follow-up of 46.2 months. Kaplan-Meier 
estimates showed a significant difference in OS 
(P=0.012) and SMI decrease (P=0.025) between 
the 2 groups (Figure-2). In Table-3, we assessed 
the relationship between various measured pa-

rameters and OS. Although sarcopenia 1 year 
after RC was significantly associated with OS 
in univariable analysis, there was no statistical 
association between sarcopenia itself and OS in 
multivariable Cox analysis. As indicated by the 
multivariable analysis, the probability of OS in-
creased greatly as SMI decreased. When other 
factors were adjusted for, pathological T stage 

Table 1 - Patient demographics and preoperative characteristics according to skeletal muscle index one year after radical 
cystectomy.

Parameters Non-sarcopenic patients, (n = 40) Sarcopenic patients, (n = 40) P-value

Age, years 0.262

<70 24 (60.0) 19 (47.5)

≥70 16 (40.0) 21 (52.5)

Sex 0.363

Male 35 (87.5) 32 (80.0)

Female 5 (12.5) 8 (20.0)

BMI (kg/m2) 23.41 ± 3.41 22.39 ± 2.71 0.142

Preoperative SMI (cm2/m2) 50.51 ± 8.41 43.76 ± 6.40 < 0.001

Preoperative sarcopenia 0.004

No 33 (82.5) 21 (52.5)

Yes 7 (17.5) 19 (47.5)

ASA classification 0.499

1 6 (15.0) 4 (10.0)

≥2 34 (85.0) 36 (90.0)

Clinical stage at latest TUR-BT 0.014

≤T1 25 (62.5) 14 (35.0)

≥T2 15 (37.5) 26 (65.0)

Presence of CIS at latest TUR-BT 0.712

No 35 (87.5) 37 (92.5)

Yes 5 (12.5) 3 (7.5)

BCG instillation history 0.712

No 37 (92.5) 35 (87.5)

Yes 3 (7.5) 5 (12.5)

Neoadjuvant chemotherapy 0.762

No 34 (85.0) 33 (82.5)

Yes 6 (15.0) 7 (17.5)

ASA = American Society of Anesthesiologists; BCG = Bacille Calmette-Guerin; BMI = body mass index; CIS = Carcinoma in situ; SMI = Skeletal muscle index; TUR-BT 
= Transurethral tumor resection of bladder tumor
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and an SMI decrease of ≥2.2 cm2/m2 (HR: 2.689, 
95% CI: 1.007-7.719, P=0.048) were found to be 
independent predictors of OS.

DISCUSSION

 Muscle loss is expected in the elderly 
and is a rising concern in patients with cancer. 
Sarcopenia is characterized by decrease in pro-
tein synthesis and an increase in protein degra-
dation (21). Hence, the condition displays many 
similar characteristics and can be a broad and 
integrated sign of cancer cachexia. Several re-

cent studies have revealed definite connections 
between sarcopenia and mortality after RC to 
treat UBC (12, 22). To our knowledge, our cur-
rent report was the first to indicate that chan-
ges in SMI after RC are associated with OS in 
patients with UBC. In particular, we observed 
greater all-cause mortality among patients who 
were sarcopenic after RC to treat UBC (40.0% 
vs. 15.0% in non-sarcopenic patients; P=0.012). 
The median OS was 43.5 months among patients 
with sarcopenia versus 48.1 months among tho-
se with normal SMI after RC. All-cause morta-
lity was more prevalent in the sarcopenia group 

Table 2 - Comparison of clinicopathological variables according to skeletal muscle index one year after radical cystectomy.

Parameters
Non-sarcopenic patients,

(n=40)
Sarcopenic patients,

(n=40)
P-value

Pathological stage 0.028

T0, Tis, Ta 6 (15.0) 2 (5.0)

T1 15 (37.5) 10 (25.0)

T2 10 (25.0) 9 (22.5)

T3 4 (10.0) 13 (32.5)

T4 5 (12.5) 6 (15.0)

Histological grade 0.029

Low 8 (20.0) 1 (2.5)

High 32 (80.0) 39 (97.5)

Lymph node involvement 0.617

No 28 (70.0) 30 (75.0)

Yes 12 (30.0) 10 (25.0)

Lymphovascular invasion 0.712

No 37 (92.5) 35 (87.5)

Yes 3 (7.5) 5 (12.5)

SMI changes 1 year after RC (cm2/m2) -1.12±3.14 -3.80±3.59 0.001
Median follow-up period (months, 
range)

48.1 (14.4-105.1) 43.5 (12.5-93.0) 0.060

Metastasis 0.104

No 29 (72.5) 22 (55.0)

Yes 11 (27.5) 18 (45.0)

Overall death 0.012

No 34 (85.0) 24 (60.0)

Yes 6 (15.0) 16 (40.0)
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than in the cohort without sarcopenia, accor-
ding to Kaplan-Meier analysis (log-rank test: 
P=0.012; Figure-2A). Likewise, Kaplan-Meier 
analysis also revealed that patients with larger 
SMI changes (≥2.2 cm2/m2) had a worse OS rate 
than those with smaller changes (<2.2 cm2/m2; log 
rank test; P=0.0025; Figure-2B). In our multiva-
riable analysis, larger SMI decreases (≥2.2 cm2/m2) 
were associated with the risk of all-cause morta-
lity (HR: 2.689, 95% CI: 1.007-7.719, P=0.048). 

Taken together with our results, sarcopenia and 
decreased SMI after RC are clinically useful and 
highly objective predictors of OS in patients with 
UBC who have undergone RC. Although sarcope-
nia one year after RC was significantly associated 
with OS in univariable analysis, there was no sta-
tistical association between sarcopenia itself and 
OS in multivariable Cox analysis. This suggested 
that the change in SMI was more useful for pre-
diction of the OS after RC.

Table 3 - Multivariable Cox regression analysis of factors predicting overall death in patients with bladder cancer after radical 
cystectomy.

Parameters HR 95% CI P-value HR 95% CI P-value

Age 1.002 0.955 1.050 0.943 1.017 0.974 1.063 0.434

Gender 0.359 0.078 1.660 0.190 0.615 0.137 2.768 0.527

Pathological T stage 1.835 1.191 2.827 0.006 1.664 1.062 2.607 0.026

Lymph node involvement 1.329 0.515 3.424 0.556 1.719 0.675 4.383 0.256

Grade 1.315 0.133 12.977 0.815 1.381 0.149 12.815 0.776

Sarcopenia 1 year after RC (No vs. Yes) 1.714 0.645 4.558 0.280

SMI decrease (< 2.2 vs. ≥ 2.2 cm2/m2) 2.689 1.007 7.719 0.048

CI = confidence interval; HR = hazard ratio; SMI = skeletal muscle index

Figure 2 - Kaplan-Meier curve depicting overall survival according to postoperative sarcopenia (A) and change in skeletal 
muscle index (SMI) (B).

A B
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 In this regard, previous studies have also 
reported that lower SMI and sarcopenia are mo-
difiable prognostic factors in patients with UBC 
who have undergone RC. For instance, Psutka et 
al. showed that preoperative sarcopenia was in-
dependently associated with both increased can-
cer-related death and all-cause mortality in a 
multivariable analysis (22). In another study by 
Hirasawa et al. involving patients with UBC, preo-
perative sarcopenia was a significant independent 
predictor of unfavorable outcome, clinical T sta-
ge, hydronephrosis, histological type of TUR-BT 
specimens, and neutrophil-to-lymphocyte ratio 
(12). Conversely, a report by Smith et al. implied 
that sarcopenia was not significantly associated 
with worse OS rate (23). In the present study, pre-
operative sarcopenia was not associated with any 
clinicopathological features or prognoses. Howe-
ver, sarcopenia one year after RC was significan-
tly associated with various pathological features, 
including tumor state (P=0.028), tumor grade 
(P=0.029), and OS. We also observed that SMI 
change was a useful predictor of OS after RC. The-
refore, we suggest that postoperative CT should 
be performed and that clinicians should check the 
SMI during follow-up in patients with UBC. Nutri-
tional support and the prevention of cachexia mi-
ght be needed in selected patients with UBC who 
have undergone RC.

 Sarcopenia may also predict complica-
tions and OS among patients with advanced or 
metastatic UBC who have undergone RC (21, 23, 
24). In this regard, Wan et al. revealed that low 
SMI was frequently found in patients with BC who 
had undergone RC, and that this was strongly as-
sociated with early complications after surgery 
(24). Similarly, Smith et al. reported that sarcope-
nia was a predictor of major complications after 
RC in women, even after adjustment for known 
risk stratification characteristics (23). In advanced 
UBC, sarcopenia was useful in evaluating prog-
nosis (21). More specifically, in a cohort of 88 pa-
tients with advanced UBC, the median OS rates 
were 11 and 31 months among sarcopenic and 
non-sarcopenic patients, respectively. In a multi-
variable analysis, sarcopenia was a significant and 
independent predictor of shorter OS (HR: 3.36). As 
sarcopenia reflects many clinical conditions, such 

as frailty, low nutritional status, active catabolism, 
and systemic inflammation, clinicians, including 
uro-oncologists, may use it for various purposes.

 Several limitations of the current study 
must be acknowledged. First, the study had a re-
trospective design and involved a relatively small 
number of patients who underwent RC at a single 
institution. This may have led to sampling bias. 
Moreover, patients without available CT scans 
were excluded, which may also have caused selec-
tion bias. A prospective, randomized study invol-
ving a larger cohort and using multi-institutional 
methods will be required to confirm the present 
results. Second, the definition of sarcopenia was 
diverse in the present study. Although the volume 
of skeletal muscle mass differs according to ethni-
city (25), the cut-off ranges defined in a previous 
Western study were within those determined in 
the present study. Considering ethnic and cons-
titutional factors, a validated definition should be 
adopted in further studies. Despite these drawba-
cks, our present study presents a novel prognos-
tic marker for predicting OS in patients with UBC 
who have undergone RC. The study indicated that 
the correction of sarcopenia after RC, as well as 
surveillance in selected patients, will improve pos-
toperative management.

CONCLUSIONS

 Sarcopenia and SMI changes one year af-
ter RC, which can be readily followed up using 
routine CT, might be effective predictors of OS in 
patients with UBC. This novel prognostic marker 
may assist in selecting patients with UBC who 
would benefit from nutritional support and in-
terventions to prevent muscle wasting and con-
sequent sarcopenia. The clinical utility of SMI 
changes as a prognostic marker merits further 
evaluation in prospective or external validation 
studies.

ABBREVIATIONS

BC = Bladder cancer 
RC = Radical cystectomy 
MIBC = muscle-invasive BC 
NMIBC = non-muscle-invasive BC 
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SMI = skeletal muscle index 
OS = overall survival 
UBC = urothelial bladder cancer 
CT = computed tomography 
TUR-BT = transurethral resection of bladder tu-
mor 
BCG = Bacille Calmette-Guerin 
WHO = World Health Organization 
HU = Hounsfield unit 
BMI = body mass index 
HR = hazard ratio
CI = confidence interval
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A comparison of perioperative outcome between robot-
assisted and laparoscopic radical prostatectomy: experience 
of a single institution
_______________________________________________
Feng Qi 1, Shangqian Wang 1, Haoxiang Xu 1, Yiren Gao 1, Gong Cheng 1, Lixin Hua 1

1 Department of Urology, The First Affi liated Hospital of Nanjing Medical University, Nanjing, China

ABSTRACT

Purpose: To compare perioperative and pathological results in different approaches of 
robotic or laparoscopic radical prostatectomy.
Materials and Methods: We retrospectively reviewed 206 patients diagnosed with pros-
tate cancer (PC) from June 2016 to October 2017 in the First Affi liated Hospital of Nan-
jing Medical University. A total of 132 cases underwent robot-assisted laparoscopic 
radical prostatectomy (RLRP) including 54 patients on transperitoneal robot-assisted 
laparoscopic radical prostatectomy (Tp-RLRP) and 78 on extraperitoneal robot-assisted 
laparoscopic radical prostatectomy (Ep-RLRP). Meanwhile, 74 patients performed with 
extraperitoneal laparoscopic radical prostatectomy (Ep-LPR) were also included. Peri-
operative and pathological data were compared among these groups.
Results: All operations were completed without conversion. There was no signifi -
cant difference in basic and pathological characteristics of patients between each two 
groups.
In Tp-RLRP vs. Ep-RLRP: Signifi cant differences were found in the comparison in to-
tal operation time [235.98 ± 59.16 vs. 180.45 ± 50.27 min, P = 0.00], estimated blood 
loss (EBL) [399.07 ± 519.57 vs. 254.49 ± 308.05 mL, P = 0.0473], postoperative pelvic 
drainage time [5.37 ± 2.33 vs. 4.24 ± 3.08 d, P = 0.0237] and postoperative length of 
stay [8.15 ± 3.30 vs. 6.49 ± 3.49 d, P = 0.0068] while no signifi cant differences were 
detected in other variables.
In Ep-RLRP vs. Ep-LPR: Longer total operation time was observed in Ep-RLRP when 
compared to Ep-LPR [180.45 ± 50.27 vs. 143.80 ± 33.13 min, P = 0.000]. No signifi cant 
differences were observed in other variables.
Conclusion: In RLRP, Ep-RLRP was proved a safe and effective approach based on the 
perioperative results compared to Tp-RLRP. Ep-RLRP and Ep-LPR provides equivalent
perioperative and pathological outcomes.
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INTRODUCTION

Prostate cancer (PC) is the second most 
common malignant tumor in men and an im-

portant cause of cancer-related morbidity and 
mortality worldwide. In 2017, the estimated new 
PC cases and deaths were 161.360 and 26.730 
in the United States, respectively (1). Generally, 
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surgery is the standard of care for the treatment 
of localized disease to achieve an extended life 
expectancy.

 Before minimally invasive surgery was 
widely used, open radical prostatectomy (ORP) 
had been a good alternative for the treatment of 
PC. However, high incidence of iatrogenic diseases 
caused by open surgery have led people to look 
for minimally invasive ways to improve periope-
rative and postoperative conditions.

 Laparoscopic radical prostatectomy (LRP) 
technique was first systematically reported in 1997 
by Schuessler (2) and relevant studies showed that 
this technique provides better perioperative and 
postoperative outcomes compared to ORP (3-5). In 
2001, the first robot-assisted laparoscopic prosta-
tectomy (RLRP) was reported by Binder and Kra-
mer (6); since then the rapid development of RLRP 
has made it an important surgical alternative for 
prostatectomy in many countries. In the United 
States, 60% of prostatectomies were performed 
with RLRP in 2007 (7). Presently, there are two ap-
proaches for RLRP: transperitoneal robot-assisted 
laparoscopic radical prostatectomy (Tp-RLRP) and 
extraperitoneal robot-assisted laparoscopic radi-
cal prostatectomy (Ep-RLRP).

 Although there are some previous compa-
risons between LRP and RLRP (8-10), the surgical 
approach was always unclear, like a mixture of 
transperitoneal and extraperitoneal, data were li-
mited on the comparisons of extraperitoneal LRP 
(Ep-LRP) vs. Ep-RLRP and Tp-RLRP vs. Ep-RLRP. 
Therefore, a single-center retrospective analysis 
was performed in patients diagnosed with loca-
lized PC who underwent RLRP or LRP from June 
2016 to October 2017.

MATERIALS AND METHODS

Patient Selection
 From June 2016 to October 2017, pa-

tients diagnosed with organ-confined PC who un-
derwent LPR or RLRP in our institution were in-
cluded in our study. Patients were excluded from 
this research if they had had any other malignant 
tumors and serious diseases. All patients were 
newly diagnosed and had not received other tre-
atments for PC before, such as brachytherapy, ex-

ternal radiotherapy, chemotherapy, etc. A total of 
206 patients were selected into 3 groups (Ep-LRP, 
Tp-RLRP and Ep-RLRP). Detailed basic characte-
ristics of patients in each group are summarized 
in Table-1.

Surgical Technique

 Ep-LRP: Patients were placed in the supi-
ne position; five ports were used in the operation. 
The position for each trocar and general surgical 
procedures were described previously (11).

 Tp-RLRP: Patients were placed in the half 
lithotomy position with their legs outreached at 
30° higher than head level. The position for each 
trocar and general surgical procedures were des-
cribed previously (12).

 Ep-RLRP group: Unlike the transperitoneal 
approach, five ports were used lower in the pelvis. 
The position for each trocar and general surgical 
procedures were described previously (13).

 Laparoscopic technique has been carried 
out for nearly ten years and robot-assisted opera-
tion was developed successfully in our institution 
based on the mature laparoscopic technique. There 
was no specific indication for one technique to 
another, and main influence factors for choosing 
surgery techniques were patient’s will and figure. 
Whether transperitoneal or extraperitoneal surgi-
cal approach (with or without robotic assistance) 
were all common surgery styles without learning 
curve effect.

 Patients diagnosed with PC by biopsy 
underwent surgery at 6-8 weeks after biopsy 
in order to reduce the difficulty of surgery and 
postoperative complications. Additionally, pa-
tients who underwent transurethral resection of 
prostate (TURP) should wait 12 weeks for fur-
ther surgery. All operations were performed by 
the same surgeon who has worked for 30 years 
and has been involved in PC surgery. Since 2009, 
he has completed more than 1.000 cases of LRP 
(more than 100 cases of RLRP). Additionally, pos-
toperative management for each patient was the 
same, regardless in LRP or RLRP. In all surgeries, 
pelvic lymph node dissection (PLND) was perfor-
med in patients with a serum prostate specific 
antigen (PSA) greater than 10 ng / mL, or biopsy 
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Gleason score (GS) more than 7. In general, the 
range of PLND includes the nodes covered on ex-
ternal iliac arteries and veins, the nodes within 
the obturator and the nodes overlying internal 
and external side of internal iliac arteries (14). 
Moreover, nerve-sparing procedure was perfor-
med according to preoperative evaluation, such 
as age, tumor clinical grade, magnetic resonance 
Imaging (MRI) evaluation, International Index of 
Erectile Function (IIEF) score.

Data extraction
 All data analyzed in this study were ba-

sed on the documentations of our PC database 
including age, body mass index (BMI), preopera-
tive PSA, biopsy GS, prior history of abdominal 
surgery, estimated blood loss (EBL), total opera-
tion time, postoperative pelvic drainage time, the 
indwelling catheter time, postoperative length of 
stay, extra-prostatic extension (EPE), lymph node 
invasion (LNI) and cases of seminal vesicle and 
vas deferens involved. The pathological results 

including postoperative GS and positive surgical 
margin (PSM) were also documented.

Statistical analysis

 Stata software (version 12.0; StataCorp LP, 
College Station, TX) was used for the statistical 
analysis. Pearson’s chi-square test was used for 
the comparison of nominal data while the nume-
ric parameters were compared utilizing Student’s 
t-test. For all analyses, two-sided P value < 0.05 
was considered as statistical significant.

RESULTS

Preoperative data
 All operations were completed success-

fully without conversion. No significant differen-
ces in preoperative data were detected between 
every two groups except the comparison in age 
between Tp-RLRP and Ep-RLRP which may due 
to the relatively small sample size (Table-2).

Table 1 - Basic characteristics of patients in Ep-LRP, Ep-RLRP and Tp-RLRP.

Tp-RLRP Ep-RLRP Ep-LRP

N 54 78 74

Age, median (range), year 72.5 (56-80) 66 (48-79) 69 (68-81)

BMI, median (range), kg/m2 23.9 (17.8-30.8) 24.35 (14.5-30.1) 24.05 (17.5-29.8)

Biopsy GS, n (%)

≤6 2 (3.7%) 11 (14.1%) 16 (21.6%)

7 26 (48.1%) 41 (52.6%) 40 (54.1%)

>7 26 (48.1%) 26 (33.3%) 18 (24.3%)

Perioperative PSA, n (%)

≤10 17 (31.5%) 22 (28.2%) 22 (29.7%)

10-20 16 (29.6%) 29 (37.2%) 23 (31.1%)

≥20 21 (38.9%) 27 (34.6%) 29 (39.2%)

Clinical T stage, n (%)

T1-T2 38 (70.4%) 63 (80.8%) 60 (81.1%)

T3-T4 16 (29.6%) 15 (19.2%) 14 (18.9%)

A prior history of abdominal surgery, n (%) 13 (24.1%) 20 (25.6%) 20 (27.0%)

A prior history of TURP, n (%) 3 (5.6%) 5 (6.4%) 6 (8.1%)

BMI = Body Mass Index; PSA = prostate specific antigen; Tp-RLRP = transperitoneal robot-assisted laparoscopic radical prostatectomy; Ep-RLRP = extraperitoneal robot-
assisted laparoscopic radical prostatectomy; Ep-LRP = extraperitoneal laparoscopic radical prostatectomy; TURP = transurethral resection of prostate; GS = Gleason score
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Table 2 - Comparisons in preoperative data between each two groups (Ep-LRP vs Ep-RLRP and Ep-RLRP vs Tp-RLRP).

Tp-RLRP Ep-RLRP P value Ep-RLRP Ep-LRP P value

Age (mean±SD), year 70.5±6.23 66.77±7.12 0.0024 66.77±7.12 68.96±7.34 0.0638

BMI (mean±SD), kg/m2 23.98±2.56 24.19±2.83 0.6599 24.19±2.83 24.06±2.81 0.7761

Biopsy GS (mean±SD) 7.5±0.75 7.24±0.76 0.0569 7.24±0.76 7.04±0.71 0.0912

Perioperative PSA 
(mean±SD), ng/mL

24.51±24.55 24.17±25.72 0.9396 24.17±25.72 26.62±29.74 0.5879

Clinical T stage, n (%)

T1-T2 38 (70.4%) 63 (80.8%) 0.416 63 (80.8%) 60 (81.1%) 0.951

T3a 3 (5.6%) 5 (6.4%) 5 (6.4%) 4 (5.4%)

T3b 11 (20.4%) 8 (10.3%) 8 (10.3%) 7 (9.5%)

T4 2 (3.7%) 2 (2.6%) 2 (2.6%) 3 (4.1%)

A prior history of 
abdominal surgery, n (%)

13 (24.1%) 20 (25.6%) 0.838 20 (25.6%) 20 (27.0%) 0.846

A prior history of TURP, 
n (%)

3 (5.6%) 5 (6.4%) 0.839 5 (6.4%) 6 (8.1%) 0.686

PSA = prostate specific antigen; GS = Gleason score; Tp-RLRP = transperitoneal robot-assisted laparoscopic radical prostatectomy; Ep-RLRP = extraperitoneal robot-assisted 
laparoscopic radical prostatectomy; Ep-LRP = extraperitoneal laparoscopic radical prostatectomy; TURP = transurethral resection of prostate; SD= standard deviation

Perioperative outcome and pathological results
Detailed information of comparison be-

tween each two groups is shown in Table-3. The 
whole LNI, EPE rate and PSM was 7.3%, 36.4% 
and 42.2%, respectively.

Ep-LRP vs. Ep-RLRP
 Longer total operation time [180.45 ± 

50.27 vs. 143.80 ± 33.13 min, P = 0.000] was 
found in Ep-RLRP when compared to Ep-LRP. 
Additionally, no statistical difference was found 
in other variables.

Tp-RLRP vs. Ep-RLRP
 Significant differences were detected 

in the comparison of EBL [399.07 ± 519.57 vs. 
254.49 ± 308.05 mL, P = 0.0473], total operation 
time [235.98 ± 59.16 vs. 180.45 ± 50.27 min, P = 
0.00], postoperative pelvic drainage time [5.37 ± 
2.33 vs. 4.24 ± 3.08 d, P = 0.0237] and postopera-
tive length of stay [8.15 ± 3.30 vs. 6.49 ± 3.49 d, 
P = 0.0068] between Tp-RLRP and Ep-RLRP while 

difference in the comparisons of other variables 
showed no statistical significance.

DISCUSSION

 PC is a male malignant tumor with high 
incidence (1). Definitive treatment for localized 
PC includes surgery, radiation therapy, endocrine 
therapy, active surveillance and watchful waiting. 
However, radical prostatectomy has been a recog-
nized method for relatively young patients with 
a life expectancy over 10 years (15). Because of 
the decreased EBL, shorter length of stay and less 
postoperative pain that the minimally invasive te-
chniques provide in radical prostatectomy com-
pared to open surgery (16), radical prostatectomy 
has been always performed in the form of LRP or 
RLRP in recent years.

 There are some typical features favored in 
RLRP such as 3D viewing, improved ergonomics, 
elimination of hand tremor and refined dexterity 
(17, 18), which had made RLRP a good alternative 
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for radical prostatectomy. However, high cost, lack 
of training and reduced budgets of RLRP became the 
biggest obstacle to its development (19). Similarly, in 
partial nephrectomy, many studies had shown that 
robotic-assisted laparoscopic partial nephrectomy 
is only a viable approach rather than an absolutely 
better one due to equivalent postoperative outcomes 
(20) and greater economic burden and when compa-
red to laparoscopic partial nephrectomy. Also, some 
researchers considered RLRP as a product of market 
profit due to the lack of advanced evidence of surgi-
cal advantage (21, 22).

Traditionally, radical prostatectomy can be 
performed via transperitoneal and extraperitoneal 
approach. Either a transperitoneal or an extraperi-
toneal approach have been proved to be safe and 
effective, and each approach has its advantages 
and short comes. The main advantages for trans-

peritoneal approach are summarized as following: 
(1) easier for trocars placement; (2) the larger ope-
ration space for procedure, like the placement of 
a specimen bag and a broader surgical field. Ho-
wever, a steeper Trendelenburg position may lead 
to upper airway and facial swelling, which may 
result in worse postoperative recovery (23). The 
extraperitoneal approach has several advantages: 
(1) less steep Trendelenburg position can lead to 
the lower incidence rate of intestinal and perito-
neal diseases; (2) Isolation of the operating fields 
from abdominal cavity can avoid the occurrence 
of reflex ileus and urinary ascites followed by ble-
eding to the abdominal cavity (24, 25). However, 
the risk of injury to the rectum during seminal 
vesicles dissection increases.

 In our study, operation time, postoperative 
pelvic drainage time, postoperative length of stay 

Table 3 - Comparisons in perioperative and pathologically data between each two groups (Ep-LRP vs Ep-RLRP and 
Ep-RLRP vs Tp-RLRP).

Tp-RLRP Ep-RLRP P value Ep-RLRP Ep-LRP P value

operation time 
(mean±SD), min

235.98±59.16 180.45±50.27 0.000 180.45±50.27 143.80±33.13 0.000

EBL (mean±SD), mL 399.07±519.57 254.49±308.05 0.0473 254.49±308.05 316.89±200.73 0.1433

postoperative length of 
stay (mean±SD), day

8.15±3.30 6.49±3.49 0.0068 6.49±3.49 7.09±5.68 0.4255

the indwelling catheter
time, (mean±SD), day

11.52±1.47 11.73±2.88 0.6164 11.73±2.88 12.85±5.04 0.0924

cases of seminal vesicle 
involved, n (%)

11(20.4%) 8(10.3%) 0.104 8(10.3%) 7(9.5%) 0.869

postoperative pelvic 
drainage duration time 
(mean±SD), day

5.37±2.33 4.24±3.08 0.0237 4.24±3.08 4.77±5.69 0.4705

PSM, n (%) 19 (35.2%) 34(43.6%) 0.333 34(43.6%) 34(45.9%) 0.770

postoperative GS 7.35±0.87 7.35±0.98 0.9726 7.35±0.98 7.45±0.83 0.4998

EPE rate, n (%) 13 (24.1%) 30 (38.5%) 0.083 30 (38.5%) 32 (41.2%) 0.549

PLND, n (%) 16 (29.6%) 32 (41.0%) 0.178 32 (41.0%) 33 (44.6%) 0.657

LNI rate, n (%) 3 (5.6%) 5 (6.4%) 0.840 5 (6.4%) 7 (9.5%) 0.486

EBL = estimated blood loss; PSM = positive surgical margin; GS = Gleason score; Tp-RLRP = transperitoneal robot-assisted 
laparoscopic radical prostatectomy; Ep-RLRP = extraperitoneal robot-assisted laparoscopic radical prostatectomy; Ep-LRP = 
extraperitoneal laparoscopic radical prostatectomy; EPE = extra-prostatic extension; PLND = pelvic lymph node dissection; LNI = 
lymph node invasion; SD = standard deviation
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and less EBL was favored in Ep-RLRP when com-
pared to Tp-RLRP. Comparison between Ep-LRP 
and Ep-RLRP showed no statistical difference ex-
cept the longer total operation time in Ep-RLRP.

 The operation time, defined as a period of 
time from the incision of the skin to the end of 
the skin suture, was different in various surgical 
approaches. Significant difference (P < 0.0001) be-
tween Ep-RLRP and Ep-LRP could have been cau-
sed by the extra time for disposition of robot arms. 
Longer operation time in Tp-RLRP when compa-
red to Ep-RLRP may have occurred due to faster 
placement of trocars (P < 0.0001).

 In terms of EBL, patients with Tp-RLRP had 
more blood loss than those of Ep-RLRP (399.07 vs. 
254.49 mL, P = 0.0473). However, no significant 
difference was observed in the comparison betwe-
en Ep-RLRP and Ep-LRP. Therefore, a preliminary 
conclusion can be drawn that more EBL is tightly 
associated with the transperitoneal route, similar 
results can be found in some previous studies whi-
ch compare EBL between Ep-LRP and Tp-LRP (25-
27). One possibility is that a self-made gas bag can 
make enough pressure on the surrounding tissue 
to lower the bleeding in extraperitoneal route (28).

 In the comparison between Tp-RLRP and 
Ep-RLRP, we can conclude that the postoperative 
length of stay and pelvic drainage duration time 
was significant longer in Tp-RLRP. This might be 
explained by the disadvantages of Tp-RLRP men-
tioned above. However, the difference between 
Ep-LRP and Ep-RLRP showed no statistical sig-
nificance which indicated that the robot-assisted 
technique did not have especially obvious effect 
on postoperative recovery.

 Generally, postoperative pathological re-
sults were tightly to PSM and postoperative GS. 
PSM is an independent predictor of tumor pro-
gression which can probably be prevented by ap-
propriate patient selection and meticulous surgical 
technique (29). In our study, no significant diffe-
rences were observed in PSM and postoperative 
GS in each two groups. As the results of Hakimi et 
al. (30) and Eden et al. (11) research, which com-
pared PSM in (LRP vs. RLRP) and (ELRP vs. TLRP), 
showed no statistical significance in the compari-
son of PSM. However, the relatively small sample 
size and the lack of long-term follow-up data of 

biochemical recurrence limited the evaluation of 
postoperative conditions; larger sample size and 
longer follow-up are needed. The relatively high 
PSM rate (42.23%) in this series should not be ig-
nored. We reviewed the biopsy GS and pre-opera-
tive PSA of all patients included and found that 
most patients were in or above intermediate risk, 
besides, the extra-prostatic extension rate sugges-
ted the similar results in postoperative patholo-
gy. Certainly, the small sample size may also have 
played a role.

 In Table-3, we can found that postope-
rative duration of catheter was relatively long in 
our instruction and the pelvic drainage is today 
rarely routinely placed in many centers. Firstly, 
we attributed the longer duration of catheter to 
the different concepts we told to patients, what’s 
mean that we will try to prolong the duration of 
catheter as slightly as possible (while ensuring 
no infection) to ensure a better anastomosis be-
tween the urethra and the bladder, and to reduce 
the incidence of anastomotic leakage and urina-
ry failure after extubation. Secondly, there have 
been many reports on postoperative pelvic draina-
ge and they mentioned that incidence of adverse 
events in the no drain group was not inferior to 
the group who received a pelvic drainage (31). Ho-
wever, placement of drainage tubes is a generally 
accepted concept in China. Additionally, Patel et 
al. (32) believes that the contents of the draina-
ge tube can provide additional information after 
surgery, potential bleeding and leakage of urine or 
serious complications can be detected earlier throu-
gh the observation of the color and volume of the 
drainage or the inspection of the drainage if neces-
sary. Moreover, the drainage tube can reduce the 
formation of postoperative hematoma, and patients 
with hematoma have long been confirmed to have 
a large proportion of bladder neck contracture and 
permanent urinary incontinence (33).

 This was a single-instruction, retrospective 
study, and no strict selection criteria were applied 
when choosing the surgery technique (almost to 
be a randomized clinical trial). The surgeon has 
already been an experienced operator, and we 
thought the bias of experience accumulation can 
be minimized. The limitation for this study could 
be overcome by expanding the number of cases 
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in each group with a longer follow-up period in 
future studies.

CONCLUSIONS

In RLRP, Ep-RLRP was proved to be a safe 
and effective approach because of the shorter opera-
tion time, postoperative pelvic drainage time, posto-
perative length of stay and less EBL when compared 
to Tp-RLRP. Ep-RLRP and Ep-LPR provides equiva-
lent perioperative and pathological outcomes.

ABBREVIATIONS

PC = prostate cancer
ORP = open radical prostatectomy
LRP = laparoscopic prostatectomy
RLRP = robot-assisted laparoscopic prostatectomy
Tp-RLRP = transperitoneal robot-assisted laparos-
copic radical prostatectomy
Ep-RLRP = extraperitoneal robot-assisted lapa-
roscopic radical prostatectomy
Ep-LPR = extraperitoneal laparoscopic radical 
prostatectomy
TURP = transurethral resection of prostate
PLND = pelvic lymph node dissection
PSA = prostate specific antigen
GS = Gleason score
MRI = magnetic resonance imaging
IIEF = International Index of Erectile Function
BMI = body mass index
EBL = estimated blood loss
EPE = extra-prostatic extension
LNI = lymph node invasion
PSM = positive surgical margin
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Factors affecting urinary continence and sexual potency 
recovery after robotic-assisted radical prostatectomy
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ABSTRACT

Introduction: Robot-assisted radical prostatectomy (RARP) is the most recent surgical 
technique for localized prostate cancer. The Da Vinci (Intuitive Surgical, Sunnyvale, CA) 
system was fi rst introduced in Brazil in 2008, with a fast growing number of surgeries 
performed each year.
Objective: Our primary endpoint is to analyze possible predictors of functional outcomes, 
related to patient and tumor features. As secondary endpoint, describe functional out-
comes (urinary continence and sexual potency) from RARP performed in the Sírio-Libanês 
Hospital (SLH), a private institution, in São Paulo, from April 2008 to December 2015.
Materials and Method: Data from 104 consecutive patients operated by two surgeons from 
the SLH (MA and SA) between 2008 and 2015, with a minimum 12 months follow-up, 
were collected. Patient features (age, body mass index - BMI, PSA, date of surgery and 
sexual function), tumor features (tumor stage, Gleason and surgical margins) and follow-
up data (time to reach urinary continence and sexual potency) were the variables collected 
at 1, 3, 6 and 12 month and every 6 months thereafter. Continence was defi ned as the use 
of no pad on medical interview and sexual potency defi ned as the capability for vaginal 
penetration with or without fosphodiesterase type 5 inhibitors.
Results: Mean age was 60 years old and mean BMI was 28.45 kg/m2. BMI >30kg/m2 
(p<0.001) and age (p=0.011) were signifi cant predictors for worse sexual potency after 
surgery. After 1, 3, 6 and 12 months, 20.7%, 45.7%, 60.9% and 71.8% from patients 
were potent, respectively. The urinary continence was reached in 36.5%, 80.3%, 88.6% 
and 92.8% after 1, 3, 6 and 12 months, respectively. Until the end of the study, only one 
patient was incontinent and 20.7% were impotent.
Conclusion: Age was a predictor of urinary and erectile function recovery in 12 months. 
BMI was signifi cant factor for potency recovery. We obtained in a private hospital good 
functional results after 12 months of follow-up.
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INTRODUCTION

Prostate cancer is the most common solid 
organ neoplasm in men and the second cause of 

cancer death in Brazil. Estimates of the National 
Cancer Institute (INCA) for the year 2016 predict 
61,200 new cases. In 2013, 13,770 deaths by pros-
tate cancer were confi rmed (1).
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 Since Walsh’s nerve sparing technique, ra-
dical prostatectomy has become the preferred me-
thod for prostate cancer treatment (2). Robot-as-
sisted laparoscopic radical prostatectomy (RARP) 
was introduced in 2001 and quickly spread in 
USA. In 2008, the first RARP was performed in 
Brazil. The benefit of RARP on functional outco-
mes was demonstrated first by Tewari et al., who 
reported a faster potency and continence recovery 
over open radical prostatectomy (3).

Quality of life after surgery is strictly re-
lated to continence and potency recovery (4). 
Therefore, besides cancer control, functional ou-
tcomes have been studied in an attempt to un-
derstand which patients may be at increased risk. 
Pre-operative orientation could improve patient 
satisfaction and quality-of-life. Furthermore, the 
risk of any sequel discourages many patients and 
surgeons considering radical prostatectomy.

To our knowledge, there is no national 
publication reporting predictors of functional ou-
tcomes recovery after RARP with more than one 
hundred patients. The main objective of this study 
is to analyze predictors of functional outcomes re-
covery after robot-assisted radical prostatectomy 
in a private hospital in Brazil.

MATERIALS AND METHODS

After approval by the Research Ethics 
Committee of the Sírio Libanês Hospital, medi-
cal and hospital records data were collected from 
patients submitted to robot-assisted laparoscopic 
prostatectomy between April 2008 and December 
2015 by two surgeons of the Sírio Libanês Hospital 
(SA. e MA), a private hospital in São Paulo, Brazil. 

All patients have been diagnosed with ade-
nocarcinoma of the prostate by biopsy of the pros-
tate guided by transrectal ultrasonography with at 
least 12 fragments. Only patients with clinically 
localized disease, life expectancy greater than 10 
years and postoperative follow-up of at least 12 
months, were included. Patients with previous his-
tory of radiotherapy or any neoadjuvant therapy 
were excluded.

The data collected were age, body mass 
index (BMI), sexual function prior to the proce-
dure (by interview), PSA (ng/dL, at the time of 

diagnosis), prostate size – weighing of the piece 
performed by the pathologist (grams), date of sur-
gery, comorbidities (hypertension, dyslipidemia, 
diabetes and smoking; based on the use of medi-
cations and previous medical history), Gleason of 
the surgical piece, pathological stage (2002 TNM 
of the American Joint Committee on Cancer/Union 
for International Cancer Control), (5) sexual po-
tency recovery time (weeks; defined as the capa-
city for vaginal penetration, with or without the 
use of phosphodiesterase-5 inhibitors) and urinary 
continence (weeks; defined as the full continence 
capacity, without the use of absorbents).

 Surgeries were performed according to the 
technique described by Patel (6). Most of the time, 
Rocco’s point and bilateral nerve sparing (BNS) 
were performed when possible. Patients with a 
suspicious capsule invasion in either side of the 
prostate were usually not submitted to the BNS, 
in order to prevent positive surgical margin. The 
patient was discharged 2 to 3 days after the pro-
cedure and the bladder catheter was removed on 
the 10th postoperative day. Patients were instruc-
ted by the surgeons on sphincter rehabilitation the 
day the catheter was removed and we stimulated 
the use of iPD-5 for all patients after the first post-
-operative month, either with tadalafil 5mg on a 
daily basis, or sildenafil 50mg three times a week. 

Statistical analysis

 Continuous quantitative variables were 
described by measures of central tendency and 
dispersion, while categorical variables were des-
cribed by means of absolute and relative frequen-
cies (percentages).

The time to reach potency and continence 
was assessed through Kaplan-Meier. The compari-
son of the curves was done by the log-rank test for 
categorical variables. Patients who did not reach 
potency / continence according to the pre-establi-
shed criteria (see methods), until the last consul-
tation, were considered impotent and incontinent.

 Cox regression models were constructed to 
identify independent predictors of urinary conti-
nence and sexual potency for continuous variables. 
Only the variables that reached p<0.25 in the analy-
sis were included in the multivariate analysis.
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 The results of the statistical tests were 
considered significant when p<0.05. All variables 
were entered into a database and analyzed using 
the R statistical program (R Core Team, 2014).

RESULTS

Between 2008 and 2016, 104 consecutive 
robot-assisted laparoscopic radical prostatecto-
mies were performed at the Sírio Libanês Hos-
pital by surgeons SA and MA. The average age 
was 60 years (35-80 years) and the average BMI 
was of 28.45 kg/m2 (±4.2 kg/m2). The remaining 
descriptive (Table-1) and categorical (Table-2) 
characteristics of the series of patients are des-
cribed below.

Data from 96 and 94 patients were 
analyzed for continence and potency, respective-
ly. Two patients did not return to all the sche-
duled appointments and 6 patients had important 
data missing from their charts. Another 2 patients 
were excluded from potency analysis as they star-
ted androgen deprivation therapy (ADT) before 6 
months of follow-up.

None of the analyzed continuous variables 
(BMI, PSA, D’Amico risk, presence of positive mar-
gins, prostate volume, BNS, age and comorbidi-
ties) were shown to be related to continence reco-
very in the univariate analysis (Table-3). However, 
when age was analyzed as a categorical variable 
(>60 years old), it was significant (p=0.03). 

In the univariate analysis, BMI (p<0.001) 
and age (p=0.11) were statistically significant fac-
tors that influenced potency recovery. They also 
remained statistically significant in the multiva-
riate analysis. Figure-1 illustrates the likelihood of 
remaining impotent according to BMI over time. 
After 24 months, no patient with BMI >30 kg/m2 
regained sexual potency. 

Hypertension, diabetes, smoking, dyslipi-
demia and the presence of comorbidities also did 
not influence the recovery of sexual potency. The 
evaluation of age as a categorical variable wasn’t 
statistically significant.

The frequency of continent patients imme-
diately after removal of the bladder catheter and 
after 3, 6 and 12 months were of 36.5%; 80.3%; 
88.6% and 92.8%, respectively. After the first year, 
6 patients who were incontinent (6.2%) recovered 
urinary continence by the end of the evaluated 
period (Table-4). Figure-2 shows the evolution of 
urinary continence recovery over time. The avera-
ge time for continence recovery was 2.66 months.

Recovery of sexual potency occurred as 
early as the first month for 20.7% of patients. In 
the course of 3, 6 and 12 months, 45.7%; 60.9% 
and 71.8% recovered potency, respectively (Ta-
ble-4 and Figure-3). The average time to recover 
sexual potency was 7.72 months. Nineteen pa-
tients (20.7%) remained impotent. 

DISCUSSION

Urinary incontinence is considered the 
complication that most affects the patient’s qua-
lity of life (7). After the first year of follow-up, 
more than 90% of the patients were continent (no 
pad) in this series. The average time for continence 
recovery was 2.66 months. Our continence results, 
at the end of the first year after surgery, are within 
the range observed in the systematic review and 
meta-analysis of Ficarra et al., which showed an 
average incidence of urinary incontinence at 12 
months of 9% (8%-11%), despite considering con-
tinent patients using up to 1 pad per day (8). Ano-
ther multi-institutional study with 1,812 patients 
showed incontinence rates of 21% (considering 0 
pad) after 12 months (9). The number of patients 

Table 1 - Descriptive summary of continuous characteristics.

 N Min Median Max Mean SD

Age 104 35 61 80 60.05 8.34

BMI 62 19.08 28.39 42.93 28.45 4.2

PSA 103 0.88 5.6 41 6.48 4.67

N = Sample size; SD = Standard Deviation
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who reached urinary continence immediately af-
ter the withdrawal of the bladder catheter (36.5%) 
was also in agreement with the literature, which 
varies from 13.1% - 68.9% (3, 10, 11).

We chose to include in the study patients 
with a minimum of 12 months of follow-up, since 
it is the period in which most patients recover sexu-
al function and urinary continence. Some patients 
in the present study regained urinary continence 

after more than 2 years of follow-up. In a series by 
Ficarra et al., there was no continence recovery af-
ter 12 months (12), although another study showed 
that a slow recovery may be the case (13).

Among the possible predictors of urinary 
continence that have been reported (age, obesity, 
length of the membranous urethra, anastomotic 
stricture, experience of the surgeon, neurovas-
cular bundle preservation, large prostate volume, 

Table 2 - Descriptive summary of categorical characteristics.

 Quantity Percentage

BMI  (Kg/m ²)

<30 46 74.2

>30 16 25.8

PSA (mg/dL)

<10 90 87.4

10-20 11 10.7

>20 2 1.9

Gleason Total

6 17 16.3

7 62 59.6

8-9 25 24

Margin

Negative 89 85.6

Positive 15 14.4

Extraprostatic Extension

No Impairment 78 75

Focal Impairment 22 21.2

Extensive Impairment 4 3.8

Seminal Vesicles Impairment

Negative 97 94.2

Positive 6 5.8

Preservation of Bundles

No Preservation 4 4.8

With Unilateral Preservation 24 28.6

With Bilateral Preservation 56 66.7

Pathological Stage

pT2 78 75

pT3 26 25
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Table 3 – Descriptive data according to continence and potency status.

 Incontinence Impotence

 Quantity/Total (%) Quantity/Total (%)

BMI (Kg/m²) p=0.294 p<0.001

<30 3/45 (6.7) 35/43 (81.4)

>30 3/15 (20) 6/15 (40)

PSA (mg/dL) p=0.91 p=0.229

<10 7/85 (8.2) 60/84 (71.4)

10-20 2/11 (18.2) 6/9 (66.7)

>20 0/2 (0) 0/2 (0)

Gleason Sum p=0.355 p=0.976

6 1/16 (6.2) 12/15 (80)

7 5/60 (8.3) 42/60 (70)

8-9 3/23 (13) 13/21 (61.9)

Margins p=0.431 p=0.48

Negative 7/85 (8.2) 62/82 (75.6)

Positive 2/14 (14.3) 5/14 (35.7)

Extra-prostatic extension p=0.454 p=0.676

No extension 6/76 (7.9) 54/73 (74)

Focal extension 2/20 (10) 13/21 (61.9)

Larger extension 1/3 (33.3) 0/2 (0)

Seminal Vesicles p=0.404 p=0.815

Negative 8/92 (8.7) 63/90 (70)

Positive 1/6 (16.7) 3/5 (60)

Neurovascular Bundles p=0.678 p=0.145

No preservation 0/4 (0) 0/3 (0)

Unilateral preservation 3/20 (15) 11/20 (55)

Bilateral preservation 6/55 (10.9) 41/54 (75.9)

Pathologic stage p=0.8 p=0.75

pT2 6/76 (7.9) 54/73 (74)

pT3 3/23 (13) 13/23 (56.5)
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obstructive urinary symptoms and the preserva-
tion of the bladder neck) (14), age is one of the 
most consistent (15). Most published series have 
shown that young patients (<60 years old) present 
faster recovery and better results in 12 months 
(16-19). Lavigueur-Blouin et al. evaluated the pre-
dictive factors for early recovery (up to 1 month) 
of continence after RARP, where 57% of patients 
younger than 55 years of age were continent in 
the first month and only 33% of patients with 
more advanced age (20). In our series, age as a 
categorical variable (≤ 60 years old and >60 years 
old) was also a predictor of continence.

Obesity (BMI ≥ 30 kg/m2) has also been re-
ported as an adverse prognostic factor in radical 
prostatectomy. In a recent review study, BMI was 
responsible for longer surgical time, greater sur-
gical bleeding and worse functional results (21). 
Wiltz et al. published one of the largest series, 
with 945 patients stratified using BMI into normal 
(<25 kg/m2), overweight (≥25 and <30 kg/m2) and 
obese (≥30 kg/m2) (13). Patients with normal BMI 
presented better continence results compared to 
more obese patients after 12 months (70% vs. 68% 
vs. 57%, p=0.03) and 24 months (75% vs. 71% vs. 
57%, p=0.04). Ahlering et al. also reported worse 
results for obese patients, being 47% of patients 
with BMI≥30 kg/m2 and 91.4% of patients with 

BMI<30 kg/m2 continent (0 pad) after 6 months 
(p≤0.001) (22). In our series, 16 patients presented 
BMI ≥30 kg/m2 at the time of surgery (15 with 
complete data), and there was no statistical diffe-
rence in recovery of urinary continence compared 
to patients with BMI <30 kg/m2. Although it did 
not reach statistical significance, we observed that 
the average time to reach urinary continence was 
almost double for obese patients (5.08 months vs. 
2.71 months). This may be explained due to the 
small number of obese patients in the series.

After 1, 3, 6 and 12 months, there were 
20.7%, 45.7%, 60.9% and 71.8% of patients who 
recovered sexual potency, respectively. After 12 
months, another 7 patients regained sexual po-
tency and in

In 19 cases (20.7%) there was no recovery 
of sexual function. The average time to recover 
sexual potency was 7.72 months. Shikanov et al. 
reported similar results using the interview made 
by the surgeon. After 3, 6 and 12 months, results 
were 57%, 63% and 82%, respectively (23). Using 
SHIM (Sexual Health Index for Men) questionnai-
re, a Canadian study with 722 cases reported re-
covery of sexual potency in 1, 3, 6 and 12 months 
of 19.5%; 31.4%; 37.2% and 52.4% (24). 

The relationship between BMI and sexual 
potency recovery after RARP is suggested in some 

Figure 1 – Estimates of the probability of impotence considering BMI - Kaplan Meier Estimates.
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studies, but it is still controversial (25, 26). It is 
intuitive that the presence of a greater amount of 
periprostatic adipose tissue may increase the chan-
ce of injury to the neurovascular bundle. Obesity is 
also associated with the metabolic syndrome, the 

Figure 2 – Relation of percentage of continent patients with time (months).

use of medications that may affect the quality of 
the erection, in addition to an endothelial inflam-
mation and dysfunction (27). In the series of Wiltz 
et al. the results were significantly worse after RARP 
for obese patients when compared to overweight 

Table 4 – Recovery of urinary continence and sexual potency.

Number
Absolute percentage 

(%)
Acumulated percentage 

(%)

Time to urinary continence recovery

Immediate 35 36.5 36.5

3 months 42 43.8 80.3

6 months 8 8.3 88.6

12 months 4 4.2 92.8

Over 12 months 6 6.2 99

Time to sexual potency recovery

Immediate 19 20.7 20.7

3 months 23 25 45.7

6 months 14 15.2 60.9

12 months 10 10.9 71.8

Over 12 months 7 7.6 79.4

No recovery 19 20.7 100
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Figure 3 – Percentage of potent patients over time (months).

(BMI≥25kgm2 and <30kgm2) and normal patients 
(BMI<25kgm2), with 48.4%, 59.6% and 68.5% of 
potent patients after 12 months, and 55.9%, 78.9% 
and 80.3% after 24 months, respectively (p=0.02) 
(13). Wiltz et al. analysis considered only bilateral 
bundle preservation surgeries (13). The association 
between BMI ≥30 kg/m2 and erectile dysfunction 
12 months after RARP (p<0.001) found in our stu-
dy may be related to the prior committed sexual 
function and the presence of other comorbidities 
that were not evaluated.

The association between comorbidities 
that increase cardiovascular risk such as dia-
betes, hypertension, dyslipidemia, and smoking 
with erectile dysfunction is well recognized 
(28). Such diseases could also infl uence the re-
covery of sexual potency after RARP (29). Iso-
lated comorbidities or the presence of any of 
them (hypertension, diabetes, dyslipidemia and 
smoking history) were not signifi cant for the re-
covery of both potency and urinary continence. 
It is important to emphasize that we considered 
smokers all patients with previous or current or 
smoking history and we did not quantify packs 
consumed per year and time.

Our study presents a number of limitations 
inherent to a retrospective study. Data collected 
from medical and hospital records are not always 
complete and often underestimate complications 

and eventually overestimate the results. No speci-
fi c urinary continence or sexual potency ques-
tionnaires were applied, which could provide 
more reliable data. Nevertheless, since we con-
sidered continent all patients who did not need 
any type of pad protection, we believe that the 
results were not signifi cantly infl uenced by the 
absence of a specifi c questionnaire. Accordin-
gly, we defi ned as potent those patients who had 
sexual intercourses with or without the aid of 
phosphodiesterase-5 blocking drugs. We believe 
that this also reduced the impact of the absence 
of a specifi c questionnaire regarding sexual po-
tency. This is a pioneer study, as it comes from 
a private hospital in Brazil with no residence or 
fellow programs, analyzing a fairly recent te-
chnique that is not accessible to the majority 
of the patient and medical population. To our 
knowledge, this is also the fi rst study reporting 
predictors of functional outcome recovery after 
RARP with more than one hundred patients.

CONCLUSIONS

Age and obesity infl uenced the recovery of 
sexual potency, while only age was related to the 
recovery of urinary continence. We obtained good 
functional results, within the range of the largest 
published series, despite still within the learning 
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curve. Prospective national studies with a larger 
number of patients are needed to better analyze 
functional results in larger Brazilian series.
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Detection of clinically signifi cant prostate cancer with PI-
RADS v2 scores, PSA density, and ADC values in regions 
with and without mpMRI visible lesions
_______________________________________________
Antonio C. Westphalen 1, 2, 3, Farhad Fazel 1, Hao Nguyen 2, 3, Miguel Cabarrus 1, Katryana Hanley-Knutson 
1, Katsuto Shinohara 2, 3, Peter R. Carroll 2, 3

1 Department of Radiology and Biomedical Imaging, University of California, San Francisco, CA, USA; 
2 Department of Urology, University of California, San Francisco, CA, USA; 3 Helen Diller Family 
Comprehensive Cancer Center, University of California, San Francisco, CA, USA

ABSTRACT

Purpose: To determine if PSAD, PSADtz, and ADC values improve the accuracy of 
PI-RADS v2 and identify men whose concurrent systematic biopsy detects clinically 
signifi cant cancer on areas without mpMRI visible lesions.
Materials and methods: Single reference-center, cross-sectional, retrospective study 
of consecutive men with suspected or known low to intermediate-risk prostate can-
cer who underwent 3T mpMRI and TRUS-MRI fusion biopsy from 07/15/2014 to 
02/17/2018. Cluster-corrected logistic regression analyses were utilized to predict 
clinically signifi cant prostate cancer (Gleason score ≥3+4) at targeted mpMRI le-
sions and on systematic biopsy.
Results: 538 men (median age=66 years, median PSA=7.0ng/mL) with 780mpMRI le-
sions were included. Clinically signifi cant disease was diagnosed in 371 men. PI-RADS 
v2 scores of 3, 4, and 5 were clinically signifi cant cancer in 8.0% (16/201), 22.8% 
(90/395), and 59.2% (109/184). ADC values, PSAD, and PI-RADS v2 scores were inde-
pendent predictors of clinically signifi cant cancer in targeted lesions (OR 2.25-8.78; P 
values <0.05; AUROC 0.84, 95% CI 0.81-0.87). Increases in PSAD were also associated 
with upgrade on systematic biopsy (OR 2.39-2.48; P values <0.05; AUROC 0.69, 95% 
CI 0.64-0.73).
Conclusions: ADC values and PSAD improve characterization of PI-RADS v2 score 4 or 
5 lesions. Upgraded on systematic biopsy is slightly more likely with PSAD ≥0.15 and 
multiple small PI-RADS v2 score 3 or 4 lesions.
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INTRODUCTION

The Prostate Imaging Reporting and Data 
System (PI-RADS) (1) has standardized the diag-
nosis of prostate cancer using multiparametric 
magnetic resonance imaging (mpMRI). Improved 
characterization of cancer identifi ed on mpMRI 

may be achieved with the incorporation of pros-
tate-specifi c antigen density (PSAD) and apparent 
diffusion coeffi cient (ADC) values to the PI-RADS 
v2 guidelines (2, 3). Older studies in the urology 
literature support the use of transition zone ad-
justed PSAD (PSADtz), calculated from prostate 
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volumes estimated using transrectal ultrasound 
(TRUS), to improve the prediction of cancer 
grade in men with low and intermediate total 
serum PSA range (4, 5), but little data has been 
produced since the advent of mpMRI.

 The interpretation of continuous varia-
bles, especially those with a large number of 
possible values, e.g. PSAD, PSADtz, and ADC 
values, is not simple. An approach that simpli-
fies the use of such results in clinical practice 
is stratification into categories that represent 
different risks of an outcome. This strategy is 
often utilized; for example, PI-RADS states that 
lesions with ADC values below 750 to 900 x 
10-6mm2/s are more likely to represent prostate 
cancer (1). And a PSAD of greater than 0.15 
has been shown to be associated with a higher 
rate of Gleason ≥3+4 disease in patients with a 
positive mpMRI (2). Although the incorporation 
of these strategies has been suggested, further 
validation is required.

 Concurrent systematic biopsies are per-
formed in the vast majority of men who un-
dergo TRUS-MRI fusion biopsy. This is because 
PI-RADS v2 scores do not adequately predict 
the identification of clinically significant pros-
tate cancer in regions sampled on systematic 
biopsy that are negative on mpMRI (6, 7). For 
increased clarity, perhaps we could modify this 
paragraph slightly as suggested below.

PSAD, PSADtz, and ADC values may help 
to identify which men with visible lesions on 
mpMRI have a higher risk of having a clinically 
significant tumor detected on conventional syste-
matic biopsy. If so, the combined procedure could 
be reserved for those men. Other patients could 
undergo targeted TRUS-MRI fusion biopsy only 
and avoid the unnecessary sampling.

 Accordingly, the goals of this study are to 
determine if PSAD, PSADtz, and ADC values improve 
the accuracy of PI-RADS v2 and identify men whose 
concurrent systematic biopsy detects clinically signi-
ficant cancer on areas without mpMRI visible lesions.

MATERIALS AND METHODS

 This is a retrospective single institution 
study, approved by the institutional review bo-

ard, and compliant with the United States Heal-
th Insurance Portability and Accountability Act 
of 1996. Informed consent was waived.

Population
 All consecutive men with suspected or 

known low to intermediate-grade prostate can-
cer who underwent mpMRI from 07/15/2014 to 
02/17/2018, followed by a TRUS-MRI fusion biop-
sy, were eligible.

Inclusion criteria
• If known cancer, Gleason scores 3+3 or 

3+4
• 3-Tesla endorectal mpMRI
• PI-RADS v2 scores 3 to 5

Exclusion criteria
• Men without focal abnormalities on 

mpMRI (PI-RADS v2 scores 1 or 2)
• Patients submitted to TRUS-guided 

systemic biopsy alone, without MRI-
-fusion biopsy

• Non-retrievable clinical, imaging, or 
pathological data

• Artifact precluding imaging inter-
pretation

 Men without focal abnormalities on 
mpMRI. i.e. those who were assigned a PI-RADS 
scores 1 or 2, were not included in this study be-
cause these patients undergo systematic TRUS-gui-
ded biopsy, rather than TRUS-MRI fusion biopsy.

Data collection
 Patients were identified through a search 

of imaging reports using Nuance mPower Clinical 
Analytics® (Nuance Communications, Inc. Bur-
lington, Massachusetts). Our standardized report 
allowed us to find all scans done within the time 
frame using the key word “PI-RADS v2”. Additio-
nal data was obtained from our electronic radio-
logy and medical records. Two authors collected 
all data. A third author performed a QA review of 
a random sample of the data.

 The following data were acquired: age, 
race/ethnicity, family history of prostate cancer, 
baseline PSA, presence of palpable nodule, history 



IBJU | PSAD AND ADC IMPROVE PI-RADS V2

715

A

B

and results of previous biopsy (none, benign, po-
sitive, and highest Gleason score), mpMRI pros-
tate volume, mpMRI volume of the transition 
zone, number of lesions on mpMRI, lesion mpMRI 
characteristics (peripheral or transition zone, PI-
-RADS v2 score, three-plane diameters, volume, 
mean ADC value), lesion Gleason scores obtained 
with TRUS-MRI fusion biopsy, and highest Glea-
son score on systematic biopsy. PSAD and PSADtz 
were calculated dividing the baseline total serum 
PSA value by the prostate volume and transition 
zone volume, respectively (4, 5).

MRI protocol
 Images were acquired on a 3-Tesla magnet 

(DiscoveryTM MR750 or DiscoveryTM MR750w GEM 
(GE Healthcare LLC, Arlington Heights, IL) using an 
endorectal coil (MEDRAD® Prostate eCoil, Bayer He-
althCare LLC. Whippany, NJ). The protocol followed 
the PI-RADS v2 guidelines and included high-reso-
lution T2-weighted images, high b-value diffusion-
-weighted images, and dynamic contrast-enhanced 
images (1). Details are provided in Appendix 1.

Interpretation
 Scans were interpreted by one of 13 bo-

ard-certified, fellowship-trained, abdominal ra-
diologists as part of clinical care. Approximately 
75% of cases were interpreted by one of 5 radio-
logists, one of whom reviewed one third of the ca-
ses and the others approximately 10% each. Ima-
ges were evaluated according to PI-RADS v2 and 
suspicious findings assigned a score 3 or higher 
(1). Up to 4 lesions were identified per patient. 
Mean ADC values were measured at a single slice 
depicting the most suspicious area of the lesion. 
Regions-of-interest were drawn to cover between 
50% and 75% of the diameter of the lesion, as is 
customary at our institution (Figure-1). The gland 
and lesions were outline in DynaCAD for Prosta-
te® (Invivo, Gainesville, FL, USA) for subsequent 
TRUS-MRI fusion biopsy.

TRUS-MRI fusion biopsies
 TRUS-MRI fusion biopsies were performed 

by subspecialized urologists as part of clinical care 
using UroNav Fusion Biopsy System® (Invivo, 

Figure 1 - 75-year-old man with suspected prostate cancer. Total serum PSA=8.5ng/mL. Prostate volume=41.2cc. Transition 
zone volume=24.3cc. PSAD=0.21. PSADtz=0.35. Images demonstrate a 1.2cm PI-RADS v2 4 lesion in the left apex anterior 
transition zone (arrows). Mean ADC value=1012x10−6mm2/s (region-of-interest on D). TRUS-MRI fusion biopsy diagnosed 
Gleason 3+4 prostate cancer. No other focus of high-grade prostate cancer was diagnosed on systematic biopsy. (A) T2-
weighted image, (B) dynamic contrast enhanced (DCE) upslope parametric map, (C) diffusion-weighted image (DWI), (D) 
apparent diffusion coefficient (ADC) map.

B

DC
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Gainesville, FL, USA) and 18-gauge needles. Based 
on the size of the target, one or two samples were 
taken from the center of the lesion and one or two 
cores from its periphery. This was followed by a 
14-core extended-sextant systematic biopsy. Tar-
geted and systematic biopsies were performed du-
ring the same session, by the same urologist. One 
of 4 urologists performed all procedures, but over 
95% of these were done by two urologists with 
more than 2 years of experience with TRUS-MRI 
fusion biopsy.

Histological analysis
 Specimens were fixed on formalin and 

H&E stained; immunohistochemistry was per-
formed when deemed necessary by the patholo-
gist. Subspecialized genitourinary pathologists 
(experience ranging from 3 years to 18 years) 
interpreted the specimens using the Internatio-
nal Society of Urological Pathology guidelines. 
Targeted and systematic samples were identified 
separately.

Statistical analysis

 Histopathology results were the stan-
dard of reference. According to the PI-RADS 
v2 guidelines (1), our outcome was clinically 
significant prostate cancer, defined as a Glea-
son score ≥3+4. The units of analyses were a) 
the individual mpMRI lesion and b), individual 
patient upgrade on systematic biopsy. Upgrade 
on systematic biopsy was defined as the iden-
tification of a tumor on systematic biopsy with 
a Gleason score of at least 3+4 and higher than 
the Gleason score of the targeted lesions.

 Logistic regression analyses were uti-
lized to predict clinically significant prostate 
cancer at targeted mpMRI lesions and to pre-
dict upgrade. Analyses were cluster-corrected 
to account for the possibility of more than one 
lesion per patient. Forward and backward selec-
tion were utilized to identify variables for in-
clusion in the multivariate models. ADC values 
were categorized into four groups, high (above 
1100×10−6mm2/s), mildly low (between 1100 and 
900×10−6mm2/s), moderately low (between 900 
and 750×10−6mm2/s), and markedly low (below 

750×10−6mm2/s). These cutoff values were cho-
sen based on the suggestions of PIRADS and 
previous publications (1, 8). PSAD was similar-
ly stratified in four categories: low (less than 
0.15ng/mL/mL), mildly high (between 0.15 and 
0.20ng/mL/mL), moderately high (between 0.20 
and 0.25ng/mL/mL), and markedly high (above 
0.25ng/mL/mL). We made this option because 
0.15ng/mL/mL is a commonly used threshold in 
urology, and followed this by 0.5 increments. 
The area under the receiver-operating charac-
teristic (ROC) curves were estimated and boots-
trapping used to calculate 95% confidence in-
tervals. We tested the equality of ROC curves 
utilizing the roccomp routine. Analyses were 
performed using Stata 13.1® (StataCorp LP, 
College Station, TX, U.S.A.). All tests were two-
-tailed and a 5% level of confidence was consi-
dered significant.

RESULTS

Demographics
 761 men were eligible to this study, 

but after applying the inclusion and exclusion 
criteria, 538 were included. 198 (36.8%) were 
biopsy-näive, 55 (10.2%) had a prior negati-
ve biopsy, and 285 (53.0%) were under acti-
ve surveillance. The median age and baseline 
PSA were 66 years (IQR=61-70) and 7.0ng/mL 
(IQR=5.5-9.8). The median interval between 
mpMRI and biopsy was 57 days (IQR=27-112). 
Table-1 provides further detail.

PSAD and Imaging Findings
 Table-1 also displays the imaging findin-

gs, PSAD, and PSADtz of the sample. The me-
dian prostate and transition zone volumes were 
50.0cm3 (IQR=37.0-74.0) and 26.0cm3 (IQR=14.5-
47.8). 780 PI-RADS v2 score 3 to 5 lesions were 
identified on mpMRI; most were in the peripheral 
zone (625/780, 80.1%).

Biopsy
 Gleason score ≥3+4 was diagnosed in PI-

-RADS v2 scores of 3, 4, and 5 in 8.0% (16/201), 
22.8% (90/395), and 59.2% (109/184) of lesions 
(Table-2).



IBJU | PSAD AND ADC IMPROVE PI-RADS V2

717

Table 1 - Baseline characteristics and imaging findings.

Age (years) * 66 (61-70)
Race/ethnicity **

American indian or Alaska native 1 (0.2)
Asian 35 (6.5)
Black/african-american 19 (3.5)
Hispanic or latino 20 (3.7)
Native hawaiian or another pacific island 1 (0.2)
White/caucasian 428 (79.6)
Other 34 (6.3)

Family history of prostate cancer **
Yes 136 (25.3)
No 402 (74.7)

Palpable nodule on DRE **
Yes 58 (10.8)
No 480 (89.2)

Biopsy prior to MRI **
None 198 (36.8)
Benign 55 (10.2)
3+3 234 (43.5)
3+4 51 (9.5)

Baseline PSA (ng/mL) * 7 (5.5-9.9)
Prostate volume (cm3) * 50.0 (37.0-74.0)
Transition zone volume (cm3) * 26.0 (14.5-47.8)
PSA density * 0.14 (0.10-0.21)
PSA density categorical **

Low (≤ 0.15) 295 (54.8)
Mildly high (0.15-0.20) 82 (15.2)
Moderately high (0.20-0.25) 69 (12.8)
Markedly high (≥ 0.25) 92 (17.1)

Transition zone adjusted PSA density * 0.28 (0.16-0.51)
PI-RADS v2 scores (peripheral zone) **

3 159 (25.4)
4 343 (54.9)
5 123 (19.7)

PI-RADS v2 scores (transition zone) **
3 42 (27.1)
4 52 (33.6)
5 61 (39.4)

Number of lesions/patient **
1 335 (62.3)
2 167 (31.0)
3 29 (5.4)
4 7 (1.3)

Lesion maximum diameter (cm) * 1.3 (0.9 to 1.7)
Lesion volume (cm3) * 0.32 (0.14 to 0.71)
ADC values (x 10−6 mm2/s) * 1004 (287.7)
ADC categorical **

Very low (≤ 750) 114 (21.2)
Low (750-900) 131 (24.4)
High (900-1100) 120 (22.3)
Very high (≥ 1100) 168 (31.2)
Missing 5 (0.9)

DRE = digital rectal examination; PSA = prostate specific antigen; MRI = magnetic resonance imaging; PI-RADS v2 = Prostate Imaging Reporting and Data System, 
version 2; ADC = apparent diffusion coefficient; * = median (interquartile range); ** = count (percentage)
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 Clinically significant prostate cancer was 
diagnosed in 371 men (69.0%, 371/538). Targeted 
biopsy identified 38 of these men (10.2%, 38/371); 
systematic biopsy, 157 (42.3%, 157/371), and both 
approaches, 176 (47.4%, 176/371).

 Of the 157 men with clinically signifi-
cant disease detected only on systematic biopsy, 
56 were biopsy-näive patients (35.7%; negative 
mpMRI targets=31; Gleason 3+3 on targets=25). 
Ten had prior negative biopsy (6.4%; negative 
mpMRI targets=8; Gleason 3+3 on targets=2). And 
91 were men under active surveillance (58.0%; 
negative mpMRI targets=48; Gleason 3+3 on tar-
gets=43).

Logistic Regression-Targeted mpMRI Lesions
 Only age, palpable nodule, PI-RADS v2 

score, and categorical ADC were identified by 
both forward and backward selection models to be 
included in the multivariate models. Additionally, 
the multivariate models included PSAD, categori-
cal PSAD, or PSADtz. Table-3 summarizes the re-
sults of these analyses, including the areas under 
the ROC curves, which varied from 74% to 84%. 
The areas under the ROC curves of all models were 
significantly higher than the area under the ROC 
of PI-RADS v2 alone (all P <0.001). The area un-
der the ROC of PI-RADS v2 associated with PSAD 
was larger than the area of PI-RADS v2 and PSAD 
categorical (difference=1.87%, P <0.001), but no 
differences were seen when PSADtz was compared 
to PSAD (difference=0.84%, P=0.12) or to PSAD 
categorical (difference=1.03%, P=0.16). The area 
under the ROC curve of PI-RADS v2 plus ADC and 

PI-RADS plus ADC categorical were not signifi-
cantly different (difference=1%, P=0.24). Figure-2 
illustrates some of these results.

 Analyses stratified by location in the pe-
ripheral or transition zone showed did not signi-
ficantly change the areas under the ROC curves, 
but, as may be expected, palpable nodule was not 
a predictor of clinically significant prostate cancer 
in the transition zone.

Logistic Regression-Upgrade on Systematic 
Biopsy

 Only categorical PSAD, and the diame-
ter and number of lesions seen on mpMRI were 
identified by both forward and backward se-
lection models for inclusion in the multivaria-
te models. Additionally, the multivariate model 
also included PI-RADS v2 scores. Table-4 sum-
marizes these results. The area under the ROC 
curve of the multivariate model was 69% (95% 
CI=64-73) (Figure-3).

DISCUSSION

 Our results show that PSAD and ADC 
values independently improve the PI-RADS v2 
prediction of Gleason score ≥3+4 prostate can-
cer, and that utilizing their categorical versions 
is likely to have the same clinical impact. Also, 
adjustment of PSAD to the volume of the tran-
sition zone does not seem to provide additional 
information.

 These results corroborate those of Jor-
dan et al. (2), who found that ADC values below 

Table 2 - Biopsy results by PI-RADS v2 scores.

ISUP Group (Gleason Score)

Benign
1

(3+3)
2

(3+4)
3

(4+3)
4

(8)
5

(9-10)
Total

PIRADS v2 Score

3 144 41 12 2 1 1 201

4 190 115 70 13 5 2 395

5 35 40 69 24 5 11 184

Total 370 196 150 39 11 14 780

ISUP = International Society of Urological Pathology; PI-RADS v2 = Prostate Imaging Reporting and Data System, version 2.
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Table 3 - Targeted lesion – logistic regression analyses.
Odds Ratio P 95% CI

PI-RADS v2 alone
PI-RADS v2

4 3.41 <0.001 1.92 6.08
5 16.80 <0.001 9.24 30.55

AUROC = 0.74 (95% CI = 0.70-0.77)
PI-RADS v2 and ADC

PI-RADS v2
4 2.18 0.01 1.18 4.04
5 6.91 <0.001 3.69 12.93
ADC 0.996 <0.001 0.995 0.997

AUROC = 0.82 (95% CI = 0.78-0.85)
PI-RADS v2 and ADC categories

PI-RADS v2
4 2.22 0.01 1.21 4.08
5 6.99 <0.001 3.75 13.05

ADC categories
2 2.00 0.025 1.09 3.67
3 4.40 <0.001 2.49 7.79
4 10.59 <0.001 5.85 19.17

AUROC = 0.81 (95% CI = 0.77-0.85)
PI-RADS v2 and PSAD categories

PI-RADS v2
4 3.47 <0.001 1.92 6.25
5 15.02 <0.001 8.14 27.73

PSAD categories
2 2.59 <0.001 1.54 4.36
3 2.86 <0.001 1.65 4.98
4 4.59 <0.001 2.76 7.61

AUROC = 0.79 (95% CI = 0.74-0.82)
PI-RADS v2 and PSAD

PI-RADS v2
4 3.47 <0.001 1.89 6.38
5 14.89 <0.001 7.88 28.12
PSAD 434.39 <0.001 52.47 3596.55

AUROC = 0.80 (95% CI = 0.75-0.82)
PI-RADS v2 and PSADtz

PI-RADS v2
4 3.37 <0.001 1.80 6.31
5 15.18 <0.001 7.94 29.04

PSAD transition zone 3.44 <0.001 1.88 6.32
AUROC = 0.80 (95% CI = 0.76-0.83)

PI-RADS v2, PSAD categories, and ADC categories
PI-RADS v2

4 2.25 0.008 1.23 4.11
5 6.58 <0.001 3.52 12.31

PSAD categories
2 2.48 0.002 1.40 4.39
3 2.22 0.009 1.22 4.04
4 3.67 <0.001 2.21 6.10

ADC categories
2 1.77 0.07 0.95 3.29
3 3.67 <0.001 2.07 6.52
4 8.78 <0.001 4.76 16.20

AUROC = 0.83 (95% CI = 0.79-0.86)
PI-RADS v2, PSAD categories, ADC categories, age, and palpable nodule

Age 1.03 0.031 1.00 1.06
Palpable Nodule 2.46 0.006 1.30 4.69
PI-RADS v2

4 2.16 0.012 1.18 3.95
5 6.18 <0.001 3.30 11.58

PSAD categories
2 2.46 0.003 1.36 4.46
3 2.21 0.01 1.20 4.07
4 3.75 <0.001 2.25 6.25

ADC categories
2 1.76 0.07 0.95 3.23
3 3.46 <0.001 1.96 6.13
4 7.73 <0.001 4.18 14.3

AUROC = 0.84 (95% CI = 0.81-0.87)

P = probability; CI = confidence interval; PI-RADS v2 = Prostate Imaging Reporting and Data System, version 2; AUROC = area under the receiver-operating characteristic curve; PSAD = 
prostate-specific antigen density; tz = transition zone; ADC = apparent diffusion coefficient
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Figure 2 - Prediction of clinically signifi cant prostate cancer at targeted lesions, ROC curves. The greatest separation 
between the curve of the model that included only PI-RADS v2 scores and the other three models is seen in the segment that 
corresponds to PI-RADS v2 scores 4 and 5. The model that incorporated both categorized (cat) ADC values and PSAD provided 
better discrimination.

800x10−6mm2/s improved the characterization PI-
-RADS v2 score 4 lesions in a population of men 
seen in a community clinic. More recently, Gaur 
et al. found that mean ADC values and normali-
zed ADC helped to characterize lesions assigned 
a PI-RADS v2 score 4 or 5 (9). The authors did 
not categorize ADC values, but their ROC analysis 
suggested that a 1050x10−6mm2/s mean ADC value 
threshold increases the diagnostic accuracy of PI-
-RADS v2. This number is within our category of 
mildly low ADC values that were associated with 

at least doubling of the odds of clinically signifi -
cant prostate cancer. Lin et al., however, did not 
identify an improvement in the diagnostic perfor-
mance of PI-RADS v2 with the addition of ADC 
value measurements (10). It is diffi cult to explain 
this discrepancy, which is likely multifactorial. Po-
tential reasons include variability of ADC values 
across imaging platforms and protocols (11), di-
fferences in the ADC value threshold used in each 
study, and inter-reader variability of PI-RADS 
v2 (12), which would impact the sensitivity and 

Table 4 - Upgrade of systematic biopsy – logistic regression analysis.

Odds Ratio P 95% CI
PI-RADS v2

4 1.20 0.41 0.78 1.84
5 0.48 0.02 0.26 0.88

PSAD categories
2 2.39 0.003 1.35 4.21
3 2.39 0.008 1.25 4.54
4 2.48 0.003 1.37 4.47

Number of lesions on MRI 1.41 0.02 1.06 1.89
Lesion diameter on MRI 0.76 0.06 0.57 1.01

AUROC = 0.69 (95% CI = 0.64-0.73)

P = probability; CI = confi dence interval; PI-RADS v2 = Prostate Imaging Reporting and Data System, version 2; PSAD = prostate-specifi c antigen density; MRI = magnetic 
resonance imaging; AUROC = area under the receiver-operating characteristic curve
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Figure 3 - Prediction of upgrade on systematic biopsy, ROC curve. The area under the ROC curve of the model was 0.69, only 
marginally discriminating between men in whom systematic biopsy will and will not lead to upgrade to clinically signifi cant 
prostate cancer.

specifi city of the method, and therefore the incre-
mental usefulness of ADC values. Yet, because at 
any given institution these factors tend to be more 
or less constant, so does the range of ADC values 
that are measured. Thus, although the range may 
differ across imaging sites, ADC values can be ea-
sily obtained and should better characterize disea-
se status of patients imaged at individual centers.

 PSAD has been previously shown to impro-
ve the diagnosis and characterization of lesions seen 
on TRUS and mpMRI. Almost 30 years ago, Vene-
ziano S. et al. showed that PSAD calculate using 
TRUS could identify men who had an elevated PSA 
due to BPH rather than cancer (13). Later, Catalo-
na et al. showed that a PSAD ≤0.15 could be used 
to predict favorable pathology on prostatectomy 
(14). Similarly, PSAD can improve the accuracy of 
mpMRI; a PSAD ≥0.15 doubles the rate of clinically 
signifi cant prostate cancer in men with PI-RADS 
v2 4 or 5 lesion (3). And Kotb et. al. suggest that 
re-biopsy is not necessary in men prior negative 
biopsy, PSAD <0.15, and low PI-RADS score (15). 
Our results show similar impact on the diagnosis 
of clinically signifi cant prostate cancer. Although 
the area under the ROC curve of PI-RADS v2 and 
PSAD was statistically larger than the area under 
the ROC curve of PI-RADS v2 and ADC categorical, 
the difference between the two was not clinically 

relevant. While either approach can be used, the in-
terpretation and clinical application of a categorical 
variable may be simpler and easier to understand.

 PI-RADS v2 does not aim at identifying 
prostate cancer in areas without a visible lesion on 
mpMRI. Yet, it is known that around 5 to 20% of 
clinically signifi cant prostate cancers are identi-
fi ed in such areas (6, 7). In our population, upgra-
de on systematic biopsy was slightly more likely 
to be seen in men with PSAD ≥0.15 and multi-
ple small PI-RADS v2 3 or 4 lesions on MRI. The 
presence of a PI-RADS v2 5 lesion, though, made 
upgrade less likely, as these often already repre-
sent clinically signifi cant prostate cancer. As size 
is one of the criteria to assign a PI-RADS v2 score 
5 to a lesion, it is not surprising that small lesions 
are more likely than large ones to be associated 
with upgrade on systematic biopsy. It is impor-
tant to note that multifocal clinically signifi cant 
prostate cancer is not excluded by the presence 
of a PI-RADS v2 5 lesion. And multifocality may 
explain the association of multiple lesions on MRI 
and upgrade on systematic biopsy.

 The PI-RADS guidelines asks for the sole 
assessment of imaging fi ndings, but basic clinical 
data, e.g. total serum PSA, is routinely available to 
radiologists at the time of imaging interpretation. 
This data is utilized daily by urologists to assist 
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with management decisions. Similarly, radiologists 
should not ignore other existing information, but 
incorporate these to practice to better serve our pa-
tients and colleagues. PI-RADS is a work in pro-
gress and, as new data becomes available, revised 
versions are expected to be released. Until large stu-
dies that investigate the impact of imaging on hard 
outcomes as death or metastases become available, 
the identification of clinically significant prostate 
cancer will continue to serve a surrogate marker. 
It is our hope that the results of this study help to 
develop a new version of PI-RADS, enhance the 
characterization of lesions visible on mpMRI, and 
improve the identification of men with clinically 
significant prostate cancer.

 This study has limitations inherent to a re-
trospective, single institution research. The rate of 
clinically significant prostate cancer per PI-RADS 
v2 scores was lower than the average in the lite-
rature (16), suggesting a high sensitivity threshold 
of readers. This may reflect different experience 
of the various readers who interpreted the scans. 
Accordingly, the impact of ADC and PSAD of PI-
-RADS v2 may not be the same at other sites with 
different sensitivity and specificity profiles. This 
study was based on the review of medical charts, 
so images nor slides were re-analyzed. We made 
this option because we aimed at learning the value 
of using ADC and PSAD in daily practice, but the 
method is prone to errors in data collection. To 
minimize this problem, the authors who collected 
the data were trained, we used a standardized abs-
traction forms, and we had a quality and assuran-
ce process in place. Our standard of reference was 
not prostatectomy, but TRUS-MRI fusion biopsy, 
and therefore only samples of the gland were con-
sidered to determine our outcomes. We made this 
option because TRUS-MRI fusion biopsy is quickly 
becoming the standard of practice and to avoid 
selecting only men who underwent surgery, whi-
ch would have inflated our sample with patients 
diagnosed with clinically significant prostate can-
cer.

CONCLUSIONS

 ADC values and PSAD help to characteri-
ze lesions that are assigned a PI-RADS v2 score 4 

or 5 as clinically significant prostate cancer. The 
predictive value of categorized ADC values and 
PSAD are not markedly different from the conti-
nuous versions and can, therefore, be utilized in 
daily practice. Men with PSAD ≥0.15 and multiple 
small lesions assigned a PI-RADS v2 score 3 or 4 
are marginally more likely to be upgraded on sys-
tematic biopsy.
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Is possible to rule out clinically signifi cant prostate cancer 
using PI-RADS v2 for the assessment of prostate MRI?
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ABSTRACT

Objectives: To evaluate the diagnostic performance and interobserver agreement of 
PI-RADS v2.
Materials and Methods: In this Institutional Review Board approved single-center ret-
rospective study, 98 patients with clinically suspected PCa who underwent 3-T multi-
parametric MRI followed by MRI/TRUS fusion-guided prostate biopsy were included 
from June 2013 to February 2015. Two radiologists (R1 and R2) with 8 and 1 years of 
experience in abdominal radiology reviewed the MRI scans and assigned PI-RADS v2 
scores in all prostate zones. PI-RADS v2 were compared to MRI/TRUS fusion-guided 
biopsy results, which were classifi ed as negative, PCa, and signifi cant PCa (sPCa).
Results: Sensitivity, specifi city, NPV, PPV and accuracy for PCa was 85.7% (same for all 
metrics) for R1 and 81.6%, 79.6%, 81.2%, 80.0% and 80.6% for R2. For detecting sPCa, 
the corresponding values were 95.3%, 85.4%, 95.9%, 83.7% and 89.8% for R1 and 93.0%, 
81.8%, 93.7%, 86.7% and 86.7% for R2. There was substantial interobserver agreement 
in assigning PI-RADS v2 score as negative (1, 2, 3) or positive (4, 5) (Kappa=0.78). On 
multivariate analysis, PI-RADS v2 (p <0.001) was the only independent predictor of sPCa 
compared with age, abnormal DRE, prostate volume, PSA and PSA density.
Conclusions: Our study population demonstrated that PI-RADS v2 had high diagnostic 
accuracy, substantial interobserver agreement, and it was the only independent predic-
tor of sPCa.
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INTRODUCTION

Prostate cancer (PCa) is one of the most 
common cancer, being the most commonly diag-
nosed cancer in men in the United States and the 
second most common one worldwide (1). The de-
tection of clinically signifi cant PCa (sPCa) is ga-

thering growing interest in the literature, because 
a signifi cant number of patients with indolent tu-
mor has been unnecessarily treated with aggres-
sive treatment, with potential complications (2).

 International PCa diagnosis and manage-
ment guidelines are predominantly based on lite-
rature originating from developed countries (3-6). 
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This is also the case for cancer imaging guidelines, 
such as the Prostate Imaging Reporting and Data 
System (PI-RADS) (7). The use of multiparametric 
prostate magnetic resonance imaging (mpMRI) 
has increased exponentially in the last few years 
in several countries, supported by vast literature 
demonstrating its usefulness in multiple contexts 
regarding PCa diagnosis, treatment planning and 
selection, determination of active surveillance 
eligibility and follow-up and post-treatment as-
sessment. PI-RADS was originally introduced in 
2012 (8) and updated as a version 2.0 in 2015 (7), 
with the primary aim of standardizing multipa-
rametric prostate MRI acquisition and reporting. 
It is based on a combination of the existing lite-
rature synthesized by an expert panel.

 There is increasing literature validating 
the use of PI-RADS v2 concerning accuracy and 
repeatability (9-13). In this scenario, the purpo-
se of the study was to evaluate the diagnostic 
performance and interobserver agreement of PI-
-RADS v2 in detecting clinically significant PCa 
in a Brazilian population.

MATERIALS AND METHODS

Study population
 In this single-center retrospective study, 

Institutional Review Board approval was obtai-
ned and the requirement for informed written 
consent was waived. The Hospital Sírio-Libanês 
database was retrospectively queried to identify 
patients who underwent 3-T mpMRI followed by 
MRI/TRUS fusion-guided prostate biopsy from 
June 2013 to February 2015.

 Inclusion criteria were: (a) patients 
with clinically suspected PCa, based on incre-
ased PSA levels and/or abnormal digital rectal 
examination, and (b) MRI/TRUS fusion-guided 
prostate biopsy performed within 6 weeks follo-
wing the date of the 3-T mpMRI. The exclusion 
criteria were patients with previous diagnosis 
of PCa, history of prostate biopsy up to 3 mon-
ths before the MRI, or histological data unavai-
lable for review. 

 We included 106 consecutive patients 
who underwent 3-T mpMRI followed by MRI/
TRUS fusion-guided prostate biopsy within 6 

weeks during the selected period. We excluded 8 
patients: 5 patients with known PCa, 2 patients 
with recent prostate biopsy, and 1 patient due 
to absence of histological samples. All 98 remai-
ning patients were included in the final study 
population. The median interval between the 3-T 
mpMRI and MRI/TRUS fusion-guided prostate 
biopsy was 14 days (range, 2-42).

Prostate mpMRI
 Prostate mpMRI was performed using a 

3.0-T GE Signa HDxt MR Scanner (GE Health-
care, Milwaukee, USA) with receive only pelvic 
phased-array coil with 18 channels without en-
dorectal coil. All patients fasted for at least 4 
hours before the examination. The prostate ima-
ges were acquired before and after intravenous 
injection of 0.2mL/kg of gadoversetamide (Opti-
mark; Mallinckrodt Inc., St. Louis, MO) at a rate 
of 3mL/second by power injector, followed by 
20mL of saline flush.

 The MRI examinations were performed 
using a standardized clinical protocol as recom-
mended in PI-RADS v2 (7), including T2-weighted 
imaging (T2WI), dynamic contrast-enhanced 
(DCE) imaging, and diffusion-weighted imaging 
(DWI) (Table-1).

Image analysis
 The radiologists were blinded to clinical 

status, initial report, laboratory tests and histo-
pathological results.

 Both readers had been routinely using PI-
-RADS v2 as part of their clinical practice prior 
to this study. In addition, both readers met for 
one hour and reviewed the PI-RADS v2 literatu-
re and instructions together with 15mpMRI ca-
ses (not in the study population) to practice and 
align interpretation of the scoring system (7). In 
patients with more than 1 lesion, the index lesion 
(IL) was selected. We defined as IL the one with 
the highest PI-RADS score, when multiple lesions 
had the same score, the largest one, measured as 
the largest dimension on T2-weighted images in 
any plane. The ILs were described by location, 
dimensions (mm), and PI-RADS v2 score. Prosta-
te mpMRI exams were considered positive if the 
PI-RADS scores were 4 or 5.
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Transrectal US-guided biopsy
 All patients underwent MRI/TRUS fusion-

-guided prostate biopsy using an iU22 Ultrasound 
System (Philips, Amsterdam, Netherlands), with 
an operating bandwidth of 8-4MHz equipped 
with an end-fire endorectal biopsy probe. All 
biopsies were performed by a board-certificated 
interventional radiologist X.Z. with 20 years of 
experience and were supervised by the radiologist 
who had performed the prostate mpMRI during 
clinical routine. Standardized 12-core biopsy was 
performed and additional cores were taken from 
the suspicious areas in mpMRI using the ima-
ge fusion approach. In this method, transrectal 
TRUS was performed by the radiologist and the 
MRI, which was performed previously, was fused 
with the real-time TRUS using a digital overlap. 
Therefore, the suspicious areas previously deli-
neated on MRI were possible to be target on US. 
All prostatic cores were obtained by using an 
18-gauge biopsy needle (Argon Medical Devices, 
Athens, Texas, USA) and were labeled to iden-
tify the location. The median number of biopsy 
cores per patient was 21 (IQR, 18-22). Of these, 
12 standardized core biopsies and 6 to 10 were 
made by the MRI/TRUS fusion technique directed 
to the suspicious areas.

Pathological analysis
 Two genitourinary pathologists (X.X.Y and 

Y.Y.H.) with 20 and 10 years of experience reviewed 
the samples according to International Society of 
Urological Pathology Consensus (14), regarding the 
presence of tumor, if present, the Gleason score, the 
number of cores with tumor and the percentage of 
tumor in each core.

Statistical analysis

 We classified the PI-RADS v2 as negative 
(scores 1 to 3) or positive (scores 4 or 5) and final 
diagnosis, based on clinical status and biopsy results, 
as negative, any PCa, and significant sPCa (sPCa). 
sPCa was defined as those of non-very low risk group, 
according to risk classification adopted on National 
Comprehensive Cancer Network Guidelines (NCCN), 
including low, intermediate, high, and very high risk, 
and metastatic (3). Men with all of the following tu-
mor characteristics are categorized in the very-low-
-risk group: clinical stage T1c, biopsy Gleason score 
≤6/Grade Group-1, PSA <10ng/mL, presence of disea-
se in fewer than 3 biopsy cores, ≤50% prostate cancer 
involvement in any core, and PSA density <0.15ng/
mL/g. Data were analyzed through the statistical pro-
gram Software SPSS 22.0 version, using chi-square 

Table 1 - Sequence parameters of prostate mpMRI.

Parameter
Axial
T2WI

Axial DWI
(B50 / 1500 

/2000)

Multi plane
T2 3D 

Axial
Dixon Pelvis

Axial
DCE

Repetition time (msec) 7500 5500 1200 5.73 3.80

Echo time (msec) 116 84 126 2.46 and 3.69 1.41

Flip angle (degrees) 150 - 120 90 150

Field of view (mm) 150 300 300 280 180

Acquisition matrix 218 x 256 144 x 160 256 x 256 192 x 256 154 x 192

Section thickness (mm), 
no gaps 

3 3.5 1.17 3.0 3.5

Reconstruction voxel 
imaging resolution (mm/
pixel) 

0.3 x 0.3 1.5 x 1.5 0.59 x 0.59 1.1 x 1.1 0.9 x 0.9

Acquisition time (min:sec) 04:15 08:43 06:59 00:16 04:58
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and Mann-Whitney U tests. Multivariate logistic re-
gression was also used if association were detected on 
univariate analysis. P values p <0.05 were conside-
red significant. Interobserver agreement on PI-RADS 
v2 (grouped as scores 1-3 vs. 4-5) was assessed using 
weighted Kappa. Kappa values were interpreted as 
follows: 0.00-0.20, slight agreement; 0.21-0.40, fair 
agreement; 0.41-0.60, moderate agreement; 0.61-0.80, 
substantial agreement; and 0.81-1.00, almost perfect 
agreement (15).

RESULTS

Baseline demographics and prostate mpMRI 
findings

 Considering the skewed distribution of our 
data we used median and IQR to demonstrate our re-
sults. There were 98 patients with a median age of 
60 years (IQR: 54-69), median serum PSA of 6.3 ng/
mL (IQR: 4.5-9.7), median PSA density of 0.15ng/
mL/g (IQR: 0.09-0.23) and median prostate volume of 
32cm3 (IQR: 40.5-56.8). Twenty-one of the 98 patients 
(21.4%) had an abnormal digital rectal examination.

 The mean size of the index lesion on mpMRI 
was 14.4mm (R1=14.3mm; R2=14.5mm). According 
to R1 and R2, 49/98 (50%) and 50/98 (51%) of patients 
were assigned PI-RADS scores of 4 or 5. Forty-nine 
of 98 (50%) men were diagnosed with PCa and 43/98 
(44%) with sPCa, 84% were located in the peripheral 
zone and 16% in the transition zone, for both PCa 
and sPCa combined. Among the 49 patients with PCa, 
11 (22%) were assigned a Gleason score of 6 and 38 
(78%) the Gleason scores were greater than or equal 
to 7 (median, 7; IQR: 7-8). The characteristics of the 
patients without PCa, with PCa and sPCa are displayed 
in Table-2, the whole distri bution of Gleason score (6, 
7, 8, 9 and 10) in groups is displayed in Table-3, the 
distribution of PIRADS classification in each category 
is displayed in Ta ble-4, the accuracies, sensitivities, 
specificities, negative predictive values, and positive 
predictive values of PI-RADS v2 for the diagnosis of 
PCa and SPCa are displayed in Table-5 and the num-
bers that allow estimation of the different diagnostic 
accuracy parameters are displayed in Table-5.1.

Diagnostic performance of prostate mpMRI
 For the detection of PCa, R1 had the same 

sensitivity, specificity, NPV, PPV and accuracy 

Table 2 - Characteristics of the 43 patients with sPCa. ª

Parameter % (n/total)

DRE abnormal 34.8% (15/43)

Gleason score > 6 88.4% (38/43)

PSA > 10 ng/mL 55.8% (24/43)

PSA density ≥ 0.15 ng/mL/g 72.1% (31/43)

Three or greater than 3 prostate biopsy 
cores positives

90.7% (39/43)

> 50% cancer in any biopsy core 83.7% (36/43)

a Clinically significant prostate cancer was considered as those non-very low risk 
group as according to National Comprehensive Cancer Network (NCCN).

Table 3 - Distribution of Gleason score (6, 7, 8, 9 and 10) in 
groups for patients with sPCa. ª

Parameters % (n/total)

Gleason 6 5/43 (11.6%)

Gleason 7 19/43 (44.1%)

Gleason 8 10/43 (23.2%)

Gleason 9 9/43 (20.9%)

ª Clinically significant prostate cancer was considered as those non-very low risk 
group as according to National Comprehensive Cancer Network (NCCN).

(85.7%). The sensitivity and specificity of R1 for 
the detection of sPCa were 95.3% and 85.4%, and 
the NPV and PPV were 95.9% and 83.7%, respec-
tively. The overall accuracy for detection of sPCa 
was 89.8%.

 For R2, the sensitivity, specificity, NPN 
and PPV for detection of PCa were 81.6%, 79.6%, 
81.2%, and 80.0%, respectively and the accuracy 
was 80.6%. Considering the sPCa, the sensitivity 
and specificity were 93.0% and 81.8%, the NPV and 
PPV were 93.7% and 86.7% and the accuracy was 
86.7%. The performances of readers separately are 
summarized in Table-3.

 The interobserver agreement in assigning 
PI-RADS v2 score was substantial (Kappa=0.78).

sPCa missed on prostate mpMRI
 R1 missed 2 patients with sPCa, one with 

PSA density >0.15ng/mL/g and one with Gleason 
of 8 (4+4). R2 missed the same 2 cases in addition 
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Table 5 - Accuracies, sensitivities, specificities, negative predictive values, and positive predictive values of PI-RADSv2 for 
the diagnosis of PCa and SPCa.

RADIOLOGIST 1 RADIOLOGIST 2

PCa % (CI) sPCa % (CI) PCa % (CI) sPCa % (CI)

Accuracy 85.7% (77.4–91.3) 89.8% (82.2 – 94.4) 80.6% (71.7–87.2) 86.7% (78.6–92.1)

Sensitivity 85.7% (73.3–92.9) 95.4% (84.5 – 98.7) 81.6% (68.6–90.0) 93.0% (81.4–97.6)

Specificity 85.7% (73.3–92.9) 85.4% (73.8 – 92.4) 79.6% (66.4–88.5) 81.8% (69.7–89.8)

NPV 85.7% (73.3–92.9) 95.9% (86.3 – 98.9) 81.2% (68.1–89.8) 93.7% (83.2–97.8)

PPV 85.7% (73.3–92.9) 83.7% (71.0 – 91.5) 80.0% (67.0–88.8) 86.7% (78.6–92.1)

PZ = peripheral zone; TZ = transitional zone; NPV = negative predictive value; PPV = predictive positive value

Table 5.1 - Numbers that allow estimation of the different diagnostic accuracy parameters.

Patients with sPCa Patients without sPCa p-value
 Frequency (%) Frequency (%)
PIRADS (RAD 1)

Positive (4 or 5) 41 (95.3%) 8 (14.5%) <0.001
Negative (1,2 or 3) 2 (4.7%) 47 (85.5%)

PIRADS (RAD 2)
Positive (4 or 5) 40 (93.0%) 10 (18.2%) <0.001
Negative (1, 2 or 3) 3 (7.0%) 45 (81.8%)

Patients with PCa Patients without PCa p-value
Frequency (%) Frequency (%)

PIRADS (RAD 1)
Positive (4 or 5) 42 (85.7%) 7 (14.3%) <0.001
Negative (1, 2 or 3) 7 (14.3%) 42 (85.7%)

PIRADS (RAD 2)
Positive (4 or 5) 40 (8.6%) 10 (20.4%) <0.001
Negative (1,2 or 3) 9 (18.4%) 39 (79.6%)

Table 4 - Distribution of PIRADS classification in each category. 

WITHOUT PCa TOTAL CANCER sPCa PCa
RAD 1 RAD 2 RAD 1 RAD 2 RAD 1 RAD 2 RAD 1 RAD 2

PI-RADS 1 or 2
28/49 

(57.1%)
32/49 

(65.3%)
3/49 (6.1%)

6/49 
(12.2%)

0/43 (0%) 1/43 (2.3%) 3/6 (50%)
5/6 

(83.3%)

PI-RADS 3
13/49 

(26.5%)
7/49 

(14.2%)
4/49 (8.1%) 3/49 (6.1%) 2/43 (4.6%) 2/43 (4.6%) 2/6 (33.3%)

1/6 
(16.6%)

PI-RADS 4
5/49 

(10.2%)
10/49 

(20.4%)
23/49 

(46.9%) 
18/49 

(36.7%)
22/43 

(51.1%)
18/43 

(41.8%)
1/6 (16.6%) 0/6 (0%)

PI-RADS 5 2/49 (4%) 0/49 (0%)
19/49 

(38.7%)
22/49 

(44.8%)
19/43 

(44.1%)
22/43 

(51.1%)
0/6 (0%) 0/6 (0%)

WITHOUT PCa TOTAL CANCER sPCa PCa

RAD 1 RAD 2 RAD 1 RAD 2 RAD 1 RAD 2 RAD 1 RAD 2
PI-RADS 1, 2 
or 3

42/49 
(85.7%)

39/49 
(79.6%)

7/49 (14.3%)
9/49 

(18.4%)
2/43 (4.7%) 3/43 (7%) 5/6 (83.3%) 6/6 (100%)

PI-RADS 4 or 5
7/49 

(14.3%)
10/49 

(20.4%)
42/49 

(85.7%)
40/49 

(81.6%)
41/43 

(95.3%)
40/43 (93%) 1/6 (16.6%) 0/6 (0%)
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using PI-RADS v2 higher than 86% and a NPV 
higher than 93%. Our study also demonstrates a 
substantial interobserver agreement in assessing 
the PI-RADS v2 score as negative or positive. Fur-
thermore, PI-RADS v2 was the only independent 
predictor of sPCa on multivariate analysis.

 Using PI-RADS v2 it was possible to rule out 
the vast majority of sPCa with substantial reproduci-
bility between 2 independent radiologists, even bro-
adening the criteria of signifi cant tumors as we did 
including low risk patients as sPCa (3). The reason 
that motivated us to include it was the fact that our 
gold standard was transrectal biopsy, and it is kno-
wn that there is a potential risk of patients classifi ed 
as low risk PCa on biopsy to end up with sPCa after 
radical prostatectomy (16, 17). On the other hand, 
in contrast to other studies, on multivariate analy-
sis PSA density was not signifi cantly correlated with 
sPCa, probably due to our small sample size.

to another case with serum PSA of 10ng/mL and 
more than 3 prostate biopsy cores positive and 
90% cancer in any core. All sPCa missed were lo-
cated in the peripheral zone. Figure-1 illustrates 
one representative false negative case. Figure-2 
demonstrates a case of disagreement between the 
readers.

Clinical risk stratifi cation
 Serum PSA, PSA density, prostate volu-

me and PI-RADS v2 scores were associated with 
sPCa on univariate analysis (p <0.05 in each). 
However, on multivariate analysis, PI-RADS v2 
was the only signifi cant independent predictor 
of sPCa with an odds ratio of 120 (95% CI: 24-
599, p <0.001) for R1 and odds ratio of 60 (95% 
CI: 15-233, p <0.001) for R2.

DISCUSSION

 In our study cohort of 98 Brazilian patients 
with clinically suspected PCa, we found accuracy 
for both readers in detecting sPCa on mpMRI 

Figure 1 - A focal lesion was identifi ed by both radiologists 
on T2WI (a) in the prostate left middle third, but with 
slightly restricted diffusion (c, d) and negative perfusion 
(b). PI-RADS fi nal score 3 was assigned by the two readers. 
Pathological analysis revealed Gleason 8 in the right middle 
third and Gleason 7 in the left.

Figure 2 - MpMRI showing suspected lesion on T1WI 
(a), T2WI (b), DWI (c), ADC map (d) and perfusion (e) 
sequences. The radiologist 1 identifi ed lesion in the 
prostate right middle third and assigned as PI-RADS 5 with 
extra-prostatic extension. The same lesion was scored as 2 
for the radiologist 2. The pathological analysis diagnosed 
a Gleason 6 in the right middle third. The patient was 
classifi ed as having signifi cant cancer due to PSA of 10ng/
mL. In this case, the presence of blood may have limited the 
interpretation of the reader 2.
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 With regards to accuracy of PI-RADS v2, 
our results are consistent with prior studies, whi-
ch have reported accuracies ranging from 70% to 
87% (9, 18). Our results are equivalent even if we 
compare it with studies in which the endorectal 
coil was used (9). These reinforce the notion that 
3T mpMRI with pelvic phased-array coil is compa-
rable to 1.5TmpMRI for detection of PCa (19).

 The interobserver agreement in assigning 
the PI-RADS v2 varies in the literature from mo-
derate to substantial (9-11, 18), being the modera-
te more frequent, even when selected key-images 
were used in these studies. Our substantial inte-
robserver agreement (kappa=0.78) is comparable 
with that demonstrated by Kasel-Seibert et al. 
(kappa=0.68) (10), which also evaluated the in-
terobserver agreement between radiologists from 
the same institution. Nevertheless, it was better 
than the results demonstrated by Muller et al. (ka-
ppa=0.46) (9) and Rosenkrantz et al. (kappa=0.59 
in peripheral zone; and kappa=0.51 in transition 
zone) (11) among readers from different centers.

 In the other study from Brazil, 54 patients 
were also retrospectively included and 2 readers 
with different levels of experience in uroradiology 
(1 and 10 years) reviewed the mpMRI. The primary 
outcome was the histological analysis after biop-
sy or surgery, but without classification between 
PCa and sPCa. In comparison to this study, our 
results of diagnostic performance of mpMRI in 
the diagnosis of PCa were overall similar; howe-
ver, our values of NPV were higher (81%-86% vs. 
66%-67%) whereas our PPV results were slightly 
lower (80% to 86% vs. 87% to 89%). With regards 
to interobserver agreement, our result was better 
than those presented by them (kappa=0.78 vs. ka-
ppa=0.53), but it was not specified if the analysis 
was made considering each score separately or 
grouped in negative vs positive (18).

 Our observations suggest that PI-RADS 
v2 is feasible to be implemented in institutions 
without previous experience on that, and it is re-
producible between readers with different experti-
se after a specific training. Our results are similar 
with those performed in different study popula-
tions such as in the US and Europe, which empha-
size the added value of PI-RADS v2 to standardize 
the acquisition, interpretation, and reporting of 

prostate mpMRI. Using PI-RADS v2 it was possi-
ble to rule out the vast majority of sPCa, howe-
ver, the fact that the readers did not detect some 
patients with sPCa reinforces that the approach 
of PCa should not be focus on a sole exam, but 
on a multidisciplinary approach, which includes 
the mpMRI.

 There are several limitations to our stu-
dy. First, it was a retrospective assessment with 
inherent limitations of this study design and small 
sample size. In addition, the gold standard was 
transrectal MR/ultrasound fusion biopsy, which 
is known to potentially underestimate the diag-
nosis and grade of the PCa, on the other hand it 
reflects the reality of the clinical management of 
patients with suspected PCa, who don’t all proce-
ed to surgery which provides the best standard of 
reference (whole-mount prostatectomy specimen). 
Considering that, our results may be overestima-
ted. Furthermore, considering that we did not use 
whole-mount as the reference standard it was 
not possible to do a precise correlation between 
mpMRI and pathology. Additionally, even though 
the readers have different levels of expertise, they 
work at the same institution which could have 
overestimated the inter-observer agreement; ho-
wever, they had different educational background. 
Finally, considering that the study was performed 
at a comprehensive cancer hospital, we may have 
included a high proportion of significant PCa 
when compared with other center, it also could 
have overestimate the performance of the PI-RA-
DS and of the readers.

 In conclusion, our study in a Brazilian po-
pulation demonstrates high diagnostic accuracy 
of PI-RADS, and also a substantial interobserver 
agreement in differentiating PI-RADS v2 1, 2 and 
3 from PI-RADS 4 and 5 between readers with 
different levels of expertise. Overall, the mpMRI 
using PI-RADS v2 could rule out the vast majority 
of sPCa and it was the only independent predictor 
of sPCa.
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ABSTRACT

Minimally invasive urologic surgery has been developing in Brazil and now is a rou-
tine part of care in many regions and patients with different conditions benefi t from 
it. Training in laparoscopic and robotic surgery has evolved and concerns exist both 
over the quality of surgical training and the practical effect on results of the urological 
training. This is an unprecedented study which undertook a census to determinate the 
current state of laparoscopic and robotic urological practice and to know the mains 
barriers to adequate practice in Brazil. In august 2017, surveys, consisting of an anony-
mous questionnaire with 15 questions, were sent via internet to the mailing list of the 
Brazilian Society of Urology (SBU). With these data, activities related to laparoscopy 
and robotic surgery of our urologists and the mains diffi culties and barriers to practice 
laparoscopy and robotic surgery were evaluated. In our survey, 413 questionnaires 
were completed. Majority of the responders were currently working in the southeast 
region of Brazil (52.1%) and 75.5% of the surgeons performed laparoscopic surgery 
while, only 12.8%, robotic surgery. The lack of experience on the technique and the 
lack of equipment were the mains barriers and diffi culties for not executing laparo-
scopic and robotic surgeries, respectively. Proper longitudinal training and access to 
good equipment in minimally invasive surgery are still barriers for urologists in our 
country.

ARTICLE INFO 

Pedro H. de Oliveira Filgueira
http://orcid.org/0000-0002-5766-1729

Keywords:
Education; Robotic Surgical 
Procedures; Urology

Int Braz J Urol. 2019; 45: 732-8

_____________________
Submitted for publication:
January 12, 2019
_____________________
Accepted after revision:
March 23, 2019
_____________________
Published as Ahead of Print:
May 28, 2019

INTRODUCTION

Urological laparoscopic surgery has been 
steadily developing and is now a part of the rou-
tine care of many urological conditions. Howe-
ver, laparoscopic surgery poses specifi c challenges 
that require acquisition of diffi cult skills and lead 
to a steeper learning curve when compared with 
open surgery (1). Training in laparoscopic surgery 

has evolved since its inception in the 1980s with 
the creation of multiple simulation centers where 
surgeons can acquire skills outside of the opera-
ting room (2, 3).

 Since the introduction of robotic surgical 
systems at the last century, the growth of robotic 
surgical practice in urology has been exponential 
(4). This growth, in the use of robotic platforms, 
has occurred without a simultaneous shift in the 
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manner by which training takes place (5). Con-
cerns exist both over the quality of robotic surgi-
cal training and the effect of robotic practice has 
had on urological training in general (6).

 The objectives of this study are to undertake 
a census to determinate the current state of laparos-
copic and robotic urological practice and to know 
the mains barriers to adequate practice in Brazil.

MATERIALS AND METHODS

 In August 2017, the department of mini-
mally invasive surgery of the Brazilian Society of 
Urology (SBU) designed non-validated surveys ba-
sed on the vast experience of the members of the 
department, consisting of an anonymous question-
naire with 15 questions prepared through the Goo-
gle® Forms website (7). This method of questions 
was sent via internet through the mailing list of the 
SBU to all active members and a link to the survey 
website was set in the covering letter. Responses 
were taken using the automated process of the we-
bsite and were kept open for 3 months.

 A minimum sample was calculated so 
that the data could be significantly analyzed. The 
calculation was used for sampling a finite popu-
lation, adopting the error of 5% and confidence 
interval of 95%, reaching the result of a minimum 
sample of 359 participants (8).

 The mains topics evaluated in the survey 
were if the urologist performed minimally invasi-
ve surgery, how many they operated in average, 
which exact surgery they performed by pure la-
paroscopy or robotic, motive for not performing 
minimally invasive surgery, how long they were 
in the field, demographic information and if they 
would participate in hands-on courses. In some 
questions, participants were able to choose more 
than one response (Table-1).

 With these data, activities related to lapa-
roscopy and robotic surgery of our urologists and 
the mains difficulties and barriers to minimally 
invasive practice were evaluated and we correla-
ted the experience as urologist, the region in Bra-
zil they worked and the area they were located 
with performing video surgery and robotic sur-
gery using the Chi-square Test of independence.

 All the answers were collected in the Goo-
gle® Forms` database in the internet and the in-
formation was transferred to Microsoft® Excel. 
Subsequently, analysis was done using IBM SPSS 
Statistics for Windows, Version 22.0 (IBM, New 
York, USA). A p <0.05 was considered to indicate 
statistical significance.

RESULTS

In all, 413 questionnaires were completed, 
sent and analyzed. The majority of the respondents 
were currently working in the Southeast region of 
Brazil (52.1%), followed of South region (20.3%), 
Northeast region (17.9%), Mid-west region (6.5%) 
and North region (3.1%). Urologists currently 
working in the capital corresponded to 55.7%, while 
44.3% of the respondents were in the interior.

Considering an estimated total number 
of urologists with a specialist title in Brazil to be 
5328 (9) and the 413 questionnaires analyzed, 
the overall urology specialist’s response rate was 
7.75% and the 95% confidence interval (CI) was 
7.03%-8.47%.

Among the respondents, 61.9% were 
working in cities with >500.000 inhabitants, 
28.9% in cities with 100-500.000 inhabitants and 
9.2% in cities with <100.000 inhabitants.

Most part of respondents had less than 10 
years as urologists (50.9%) and experienced uro-
logists were less common (23.2% between 10 to 20 
years and 25.9% with more than 20 years).

In our survey, 75.5% of the surgeons per-
formed laparoscopic surgery and only 12.8% ro-
botic surgery. When asked about the number of la-
paroscopic surgeries performed per month, 61.8% 
were performing five procedures, 24.9% between 
five to ten surgeries and 13.2% more than 10 pro-
cedures. Among robotic surgeons, the number of 
monthly surgeries were 5 or less in 77.4%, betwe-
en 5 to 10 in 14.5% and more than 10 in 8.1%.

Including the laparoscopic procedures, the 
most frequently done is total or radical nephrectomy 
by 95.7% of respondents, followed by pyeloplasty 
(85.2%). Partial nephrectomy and adrenalectomy 
are performed by 72.5% of laparoscopic urologists. 
Less than half of laparoscopic urologists made 
radical prostatectomies (47.2%), sacrocolpopexy 
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Table 1 - Questions and possible answers sent for SBU members.

Questions Possible answers

Do you perform videosurgery? Yes or No.

If yes, how many videosurgeries do you perform in a month? 
(average)

0-5 or 5-10 or >10

If laparoscopy is performed, which of the following do you do?* Total and radical nephrectomy, Partial nephrectomy, 
Radical prostatectomy, Prostatectomy for benign 

prostatic hyperplasia (BPH), Cystectomy, Pyeloplasty, 
Sacrocolpopexy, Adrenalectomy, Others

If you answered no or consider doing a small number of procedures, 
what would be the reason?*

Lack of trained support staff (assistants, nursing, etc.), Lack 
of patients, Lack of practical experience in the method, Lack 
of equipment/infrastructure in the hospital I attend, Lack of 

theoretical knowledge about the method

Do you perform robotic surgery? Yes or No.

If yes, how many robotic surgeries do you perform in a month? 
(average)

0-5 or 5-10 or >10

If robotic surgery is performed, which of the following do you do?* Total and radical nephrectomy, Partial nephrectomy, Radical 
prostatectomy, Prostatectomy for BPH, Cystectomy, 
Pyeloplasty, Sacrocolpopexy, Adrenalectomy, Others

If you answered no or consider doing a small number of robotic 
procedures, what would be the reason?*

Lack of trained support staff (assistants, nursing, etc.), Lack 
of patients, Lack of practical experience in the method, Lack 
of equipment/infrastructure in the hospital I attend, Lack of 

theoretical knowledge about the method

How long have you been a professional urologist? (Years) 0-10 or 10-20 or >20

What region of Brazil do you perform your urological activity? Northeast or Southeast or Mid-West or South or North.

Your area of activity is located in the interior or capital of the state? Interior or Capital

What is the approximate number of inhabitants of the municipality in 
which you operate? (Thousands)

<100 or 100-500 or >500

Would you participate in theoretical and practical courses (hands-on 
and live surgeries) taught by national and international experts in 
your region?

Yes or No.

How far would you travel to participate in this type of course? (Km) 0-50 or 50-200 or >200

Give a suggestion of a city of your region to carry out a course of 
this type

Open question

*Participants were able to choose more than one response.
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(18.4%), prostatectomy for BPH (17.2%) or radical 
cystectomy (12.1%) (Figure-1).

 All robotic surgeons inquired performed 
radical prostatectomy (100%) and 86.8%, partial 
nephrectomy. Also, urologists trained in robotic 
surgery responded that they performed total or ra-
dical nephrectomy (56.6%), pyeloplasty (50.9%), 
adrenalectomy (34%), prostatectomy for BPH 
(34%), sacrocolpopexy (20.8%) or, less commonly, 
radical cystectomy (18.9%) (Figure-2).

 When inquired about the main diffi culties 
for not executing or performing a small number 

of laparoscopic surgeries, the lack of practical ex-
perience on the method was pointed out in 62.8% 
of responders. Following, the lack of patients 
(39.2%), of equipment and structure (25.6%), of 
trained support staff (14.4%) and of theoretical 
knowledge (9.6%) were highlighted (Figure-3).

 Mains barriers and diffi culties for not exe-
cuting robotic surgery were the lack of equipment/
infrastructure (74.6%), of experience in this moda-
lity (62.2%), of theoretical knowledge (30.7%), of 
trained support staff (24.5%) and lack of patients 
(23.9%) (Figure-4).

Figure 1 - Surgeries performed by laparoscopic surgeons.

Figure 2 - Surgeries performed by robotic surgeons.
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Figure 3 - Mains diffi culties in laparoscopic surgeries.

Figure 4 - Mains diffi culties in robotic surgeries.

 Among all respondents, 78% would parti-
cipate in theoretical and practical courses (hands-
-on and live surgeries) taught by national and in-
ternational experts.

 A Chi-square test of independence was 
calculated comparing the time as they worked as 
urologists and if they performed laparoscopy whi-
ch found a signifi cant interaction (χ2(2)=20.576, p 
<0.05) and if they performed robotic surgery whi-
ch was not signifi cant (p=0.507).

 A Chi-square test of independence was 
calculated comparing the region in our country 
they worked and if they performed laparosco-
py which did not found a signifi cant interaction 
(χ2(4)=5.870, p=0.209) and if they performed ro-

botic surgery which was signifi cant (χ2(4)=11.745, 
p=0.019).

 A Chi-square test of independence was 
calculated comparing the area (capital or inte-
rior) they worked and if they performed lapa-
roscopy which found a signifi cant interaction 
(χ2(2)=34.749, p <0.05) and if they performed ro-
botic surgery which was signifi cant (χ2(2)=27.200, 
p <0.05).

DISCUSSION

 This study, for the fi rst time, provides an 
overview of laparoscopic and robotic urological 
practice in Brazil. In our country, the fi rst laparos-
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copic surgery was done in 1991 in Rio de Janeiro 
and the initial experience in robotic surgery took 
place at São Paulo in 2008 (9).

 A significant number of responses were 
obtained and the distribution of the answers were 
very similar of that of the urologists of our coun-
try according to our Federal Medical Council (10). 
All 5328 Brazilian urologists are divided as follo-
ws: North region (4.3%), Northeast region (16.5%), 
Southeast region (52.2%), South (16.9%) and Mid-
-west region (10%) (10). While our responses were 
obtained from the following regions: North region 
(3.1%), Northeast region (17.9%), Southeast region 
(52.1%), South (20.3%) and Mid-west region (6.5%).

 Our study has some limitations. Since it 
was an internet survey, a bias was introduced to 
those who regularly check and use e-mail. Uro-
logists, who respond to e-mail surveys, may be 
more likely to embrace technological advances 
and answer questions involving new and mini-
mally invasive techniques. Also, the survey was 
sent only to those who are members of the SBU.

 Half of the urologists who participated of 
the census (50.2%) had less than 10 years of ex-
perience, 23.2% had a professional career betwe-
en 10 to 20 years and 25.9% had more than 20 
years. The median time of experience of all 5328 
urologists in Brazil is 23.4 years according to our 
federal council (10).

 Considering that laparoscopy was intro-
duced more frequently in our resident’s practice in 
the 2000s, the years of experience as formed uro-
logists might also have a significant consequen-
ce about questions of laparoscopic surgery, once 
urologists are more likely to perform laparoscopic 
procedures if they were trained during residency 
than if they had no experience (11, 12). The per-
centage of those who perform laparoscopic sur-
gery is 75.5%, which demonstrates a strong imple-
mentation of this technique among the urologists 
of our country. Among these professionals, 56.4% 
have less than 10 years of experience, 22.7% have 
between 10 to 20 years and 20.8% have more than 
20 years as specialists (p <0.05).

 As robotic surgery was initiated relatively 
10 years ago in Brazil, the training occurred outsi-
de public hospitals with residents, and more expe-
rienced urologists in private’s hospitals were able 

to train with the robotic platform (9). In our sur-
vey, between those who performed robotic sur-
gery, 43.3% had less than 10 years of experience, 
26.4% between 10 to 20 years and 30.1% more 
than 20 years. We demonstrate that the majority 
(56.5%) of robotic surgeons inquired in Brazil 
have more than 10 years as specialists (p=0.507).

 Total or radical nephrectomy is the most 
performed procedure by urologic laparoscopists 
(95.7%) and partial nephrectomy which had an 
increasing number of indications, is less com-
monly performed (72.5%) probably due to major 
complexity in some cases. Total or radical robo-
tic-assisted nephrectomy is performed only by 
56.6% of the surgeons already trained and could 
be explained due to lesser complexity, high costs 
and similar oncological and functional results 
when compared to pure laparoscopic techni-
que. Nevertheless, partial nephrectomy, which is 
theoretically more complex and has advantages 
with the robotic platform, is performed by 86.8% 
of robotic surgeons.

 Perhaps, the more complex steps in pure 
laparoscopic radical prostatectomy might be the 
main cause of only 47.2% being able to perform 
this technique and, on the other hand, 100% 
of robotic surgeons perform the robotic radical 
prostatectomy (13).

 The main limitation in performing la-
paroscopic procedures is, the lack of practical 
experience with the technique (62.8%). Other 
factors considered relevant were the lack of pa-
tients (39.2%) and of equipment and structure 
(25.6%). In Brazil, we have several difficulties in 
our public health system, like lack of equipment 
for minimally invasive surgery, infrastructure 
and trained teams, not only in the interior of the 
country but also in some less developed capitals.

 On the other hand, when we observe ro-
botics surgeries, the main barriers are availabi-
lity and access to the robotic platform (74.6%), 
followed by the lack of experience (62.2%). The 
small number of robotic platforms, around 30, 
when the census was distributed between August 
and October of 2017 and the limitations impo-
sed, by the hospitals, to practice, explain these 
related difficulties. Almost all robots in Brazil 
are situated at the capitals, except for one, in 
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the interior of São Paulo, which reflects a bigger 
proportion of robotic surgeries performed in the 
capitals of the states of Brazil.

CONCLUSIONS

 At our country, we have specific difficul-
ties on the development of minimally invasive te-
chnologies, mainly in some regions, including the 
lack of equipment, experience and trained support 
staff. There are still barriers like high costs of the 
robotic platform, few urologists able to practice 
on the robotic platform and inadequate medical 
compensation (some minimally invasive surgeries 
are not included in the medical insurance fee hall).
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Intraoperative serious complications of laparoscopic 
urological surgeries: a single institute experience of 4,380 
procedures
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ABSTRACT

This study aimed to share a single institute experience of 4,380 procedures about 
in-traoperative serious complications of laparoscopic urological surgeries. From Janu-
ary 2005 to December 2013, 4,380 cases of laparoscopic urological surgeries were 
recruited in our department. The distribution, incidence, and characteristics of intraop-
erative serious complications were retrospectively sorted out and analyzed. The surger-
ies were divided into three groups: very diffi cult (VD), diffi cult (D), and easy (E). The 
com¬plication at Satava class II was defi ned to be serious. One hundred thirty one cas-
es with intraoperative serious complications were found (3.0%). The incidence of these 
complications was signifi cantly increased along with the diffi culty of the surgeries 
(P<0.05). The highest morbidity of serious complication belonged to total cystectomy 
with a ratio of about 17% as compared with other surgeries (P<0.05). The types of these 
complications included small vascular injury demanding blood transfusion (101 cases, 
77.1%), large vascular (venous and artery) injury (16 cases), hypercapnia & acidosis 
(8 cases), and organ injury (6 cases). The cases of conversion to open surgery were 37 
(≤1%). There was no signifi cant difference in the rates of conversion to open surgery 
among the three groups (P>0.05). The overall tendency of the intraoperative serious 
complications was decreasing with the time from 2005 to 2013. In conclusion, through 
standardized training including improving the surgical technique, being familiar with 
the anatomic relationship, and constantly summarizing the experience and lessons, 
laparoscopic surgery could be safe and effective with not only minimal invasion but 
also few complications.
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INTRODUCTION

Minimally invasive surgery is more and 
more popular in the fi eld of surgery, where in espe-
cial, laparoscopic surgery is a representative one. 
It is well known that the benefi ts of laparoscopic 
surgery are obvious. At present, the indication of 

laparoscopic surgery has covered all aspects of 
urology surgery for its extremely obvious advan-
tages. However, in the awake of the broadening of 
its indications and then extensive application, the 
operation number and the diffi cult surgeries such 
as highly challenged urology reestablishment and/
or destruction are continuously increasing. Mo-
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reover, the spatial horizon is always limited du-
ring the operation. Thus the occurrence of some 
intraoperative complications with varying degrees 
may be inevitable. Generally, slight complica-
tions such as peritoneal injury and pneumoderm 
will not cause grave consequences. However, as 
for some serious complications including the he-
morrhage of major abdominal vessels and organ 
injury, if treated improperly, patients may die (1).

 A meta-analysis focusing on the carcino-
ma of urinary bladder treatment by peritoneos-
copy and radical cystectomy suggested that la-
paroscopic surgery with less complication would 
give rise to smaller positive rate of incisal edge 
and faster postoperative recovery (2). Therefore, 
the full understanding of the occurrence charac-
teristics and treatment methods of intraoperative 
complications will promote the avoidance of the 
complications as far as possible and enhance the 
success rate and effectiveness of the operation in 
the future. However, it is yet not well disclosed 
up to now. In this study, we analyzed the in-
traoperative serious complications of 4380 cases 
of laparoscopic urological surgeries. These cases 
were completed in our hospital from Jan 2005 to 
Dec 2013. The intraoperative serious complica-
tions were defined by Satava hierarchy system 
and altogether, 131 cases of these complications 
were reported.

MATERIALS AND METHODS

Clinical information
 From Jan 2005 to Dec 2013, 4380 cases 

of laparoscopic urological surgeries were re-
cruited in our department. The study protocol 
was reviewed and approved by the Institutional 
Ethics Committee, the First Affiliated Hospital 
of Nanchang University, China. All patients 
had signed written informed consent forms. 
The operative types and intraoperative serious 
complications were retrospectively sorted out 
and analyzed.

 According to European scoring system 
(ESS) (1), the laparoscopic urological surgeries 
were divided into three groups: very difficult 
(VD), difficult (D), and easy (E), based on the 
complexity of the surgery. Thereinto, the group 

VD included total cystectomy, radical prosta-
tectomy, and partial nephrectomy; the group 
D was composed of radical resection of renal 
carcinoma, adrenal tumorectomy, ligation of 
renal lymphatic vessel, simple nephrectomy, 
dismembered pyeloplasty, and radical resection 
of renal pelvic carcinoma; renal cyst decortica-
tion was incorporated into the group E. Some 
other unusual or ambiguously diagnosed surge-
ries with great variations and varied difficulty 
such as ureterolysis of retroperitoneal fibrosis 
and laparoscopic exploration were incorporated 
into one of the above groups as other surgeries 
based on the finally defined difficulty. The in-
traoperative complications were defined on the 
basis of Satava hierarchy system (3): the fault 
without harmful consequence or negligible 
fault was evaluated as class I and the fault that 
was immediately identified and corrected was 
assessed as class II. Meanwhile, with reference 
of Inoue et al.’s definition (4), Satava class II 
was defined as serious complication.

Statistical analysis

 All data were analyzed by using a SPSS 
17.0 software (SPSS, Chicago, IL, USA). Diffe-
rence was justified to be significant at P < 0.05.

RESULTS

General information
 The general information of the total 

4380 cases and the 131 cases with intraoperati-
ve serious complications are shown in Table-1. 
Effective measures were adopted during the 
operation, so no adverse effects were found du-
ring the perioperative period. We found the in-
cidence of intraoperative serious complications 
was approximately 3%. Most cases that recei-
ved laparoscopic urological surgeries were male 
and the proportion was nearly 2/3. However, the 
difference in incidence of intraoperative serious 
complications between genders decreased. As 
compared with the total cases, the average age 
of patients with intraoperative serious compli-
cations was obviously older. Although the ave-
rage total length of stay between the total cases 
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and the cases with intraoperative complications 
was similar, the average postoperative length of 
stay in the cases of intraoperative serious com-
plications was remarkably increased by about 4 
days. As was expected, both the intraoperative 
bleeding volume and operative duration were 
obviously elevated when the intraoperative se-
rious complications occurred.

Intraoperative serious complications among 
various groups

 The incidence of intraoperative serious 
complications in the E, D, and VD groups are 
demonstrated in Figure-1. We revealed that the 
difficult surgery rather than the easy and very 
difficult ones was most common. The inciden-
ce of intraoperative serious complications was 
significantly increased along with the difficulty 
of the surgeries, which was analyzed by chi-
-square test (P < 0.05).

Intraoperative serious complications among 
diverse surgical procedures

 The intraoperative serious complica-
tions among diverse surgical procedures are 
demonstrated in Table-2. The highest morbidity 
of serious complication belonged to total cys-
tectomy with a ratio of about 17% as compared 
with other surgeries (P < 0.05). In the next pla-
ce, radical resection of renal pelvic carcinoma 
and radical prostatectomy suffered relatively 
high ratio of serious complications (5-10%). 

Table 1 - General information of the total cases and 131 cases with intraoperative serious complications.

Total cases
Cases of intraoperative 

complications

Number 4,380 131 (3.0%) a

Gender
Male 2801 (63.9%) a Male 95 (3.4%) b

Female 1579 (36.1%) a Female 36 (2.3%) b

Age 9-88 (Average 49.7) 18-82 (Average 57.2)

Total length of stay (days) 4-85 (Average 15.2) 7-85 (Average 14.7)

Postoperative length of stay (days) 1-75 (Average 6.4) 4-75 (Average 10.3).

Intraoperative bleeding (mL) 2-3000 (Average 61) 50-3000 (Average 653)

Operative duration (min) 7-840 (Average 74) 70-840 (Average 291)

a Values in the bracket represented the ratio to the total cases. b Values in the bracket represented the ratio to the corresponding total cases of male or female.

The types of these complications are sho-
wn in Figure-2. There were small vascular injury, 
hypercapnia & acidosis, large vascular (venous 
and artery) injury, and organ injury. The overwhel-
ming majority of complications were small vas-
cular injuries demanding blood transfusion with 
a percentage of 77.1%. Venous injuries including 
postcava injury (6 cases), renal vein injury (3 ca-

Figure 1 - The number of intraoperative serious 
complications in the easy (E), difficult (D), and 
very difficult (VD) groups. The percent on the right 
column was the cases ratio of intraoperative serious 
complications to all surgeries.
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ses), and external iliac vein injury (3 cases) were 
found. The artery injuries were comprised of 1 
case of aorta abdominalis injury, 2 cases of re-
nal artery, and 1 case of external iliac artery 
injury. Organ injuries included 1 case of spleen 
injury, 3 cases of pleural injury, and 2 cases of 
mild rectal injury. The last 8 cases of complica-
tions were hypercapnia & acidosis.

Intraoperative conversion to open surgery among 
various groups

 As shown in Table-2, the cases of conver-
sion to open surgery were 37 and its percentage 
was less than 1%. Among them, 22 cases resulted 
from the complications and the other 15 cases were 
related to surgical difficulty. The intraoperative 
conversion to open surgery among VD, D, and E 
groups are summed in Table-3. By statistical analy-
sis, there was no significant difference in the occur-
rence rates of the intraoperative conversion to open 
surgery among the VD, D, and E groups (P>0.05).

Intraoperative serious complications by the year
 Rates of intraoperative serious complications 

and cases of laparoscopic urological surgeries by the 
year are depicted in the Figure-3. We could observe 
that the cases of laparoscopic urological surgeries 
gradually increased with the time, but the overall 
tendency of the intraoperative serious complications 

Table 2 - The intraoperative serious complications among diverse surgical procedures.

Groups Surgical procedures
Total 
cases

Cases of conversion to 
open surgery

Intraoperative serious 
complications

VD

Total cystectomy 154 2 26 (16.9%)*

Radical prostatectomy 232 0 14 (6.0%)

Partial nephrectomy 280 4 8 (2.9%)

Other surgery 87 1 2 (2.3%)

D

Radical resection of renal pelvic carcinoma 152 3 15 (9.9%)

Radical resection of renal carcinoma 606 10 24 (4.0%)

Dismembered pyeloplasty 228 0 0

Adrenal tumorectomy 713 9 21 (2.9%)

Ligation of renal lymphatic vessel 368 2 8 (2.2%)

Simple nephrectomy 340 4 6 (1.8%)

Ureterolithotomy 305 1 3 (1.0%)

Spermatic vein ligation 170 0 0

Other surgery 152 0 1 (0.7%)

E

Renal cyst decortication 518 1 3 (0.6%)

Other surgery 75 0 0

Total 4,380 37 (0.8%) 131 (3.0%)

Values in the bracket represented the ratio to the cases of corresponding surgical procedures. European scoring system (ESS): VD = very difficult; D = difficult; E = easy;
* P < 0.05 vs. other surgeries by chi-square test.

Figure 2 - The types of the intraoperative serious 
complications.
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decreased with the time. The occurrence rate of the 
intraoperative serious complications was smallest in 
2013 (1.3%). However, relatively large rates of the 
intraoperative serious complications over 4.5% were 
found in 2008 and 2009.

DISCUSSION

 It is obvious that the incidence of the 
complications is elevated along with the difficul-
ty increase of the laparoscopic surgery. According 
to ESS (1), the laparoscopic surgeries are divided 
into VD, D, and E groups based on the complexi-
ty of the surgery. Our results suggested that the 
VD group including total cystectomy and radical 
prostatectomy exhibited the highest incidence of 
intraoperative serious complications, which was 
followed by the D and subsequent E group. Their 
incidence during total cystectomy was apparen-
tly higher than other surgeries. The procedures of 
urology reestablishment and/or destruction with 

high challenge were complicated. Furthermore, 
the complicate anatomy and great operative di-
fficulty were bound to high incidence of operative 
serious complications.

 Plenty of small vascular injuries deman-
ding blood transfusion were found. In the early 
stage, the unfamiliarity with anatomy and ope-
ration caused blood oozing of the wound, or the 
conversion to open surgery, and needed blood 
transfusion. After the surgical technique was ma-
tured, these complications were mainly origina-
ted from the surgical adhesion, the abundance of 
tumor surface vessels, and the main position of 
difficult surgery.

 During the laparoscopic renal and adre-
nal surgeries in the D group, postcava injury was 
the most common vascular injury. In this study, 6 
cases of postcava injury were originated from ra-
dical nephrectomy and ligation of renal lymphatic 
vessel. These vascular wall avulsions of postcava 
mainly resulted from the operation mistakes and 
all the avulsions were located in the junction of 
renal veins and postcava.

 Pelvic lymphadenectomy in the total cys-
tectomy or radical prostatectomy easily damage 
iliac vessels and abdominal vessels (5). In this stu-
dy, there were three cases of external iliac vein 
injury which all occurred during total cystectomy. 
In one of these three cases, when dissociating the 
bladder inferior wall, we damaged the external 
iliac vein accidentally due to the tight adhesion of 
the bladder with surrounding tissues. Consequen-
tly, we enhanced the pneumoperitoneum pressure 
and sutured the crevasse under a laparoscope. The 
bleeding volume was about 1000mL during this 
process. The other two cases of serious compli-
cations occurred during abdominal lymphadenec-
tomy. Owing to the tight adhesion of the lymph 

Table 3 - The sum of the intraoperative conversion to open surgery among VD, D, and E groups.

Group VD Group D Group E

Total cases 753 3034 593

Cases of conversion to open surgery 7 29 1

Occurrence rate 0.9% 1.0% 0.2%

European scoring system (ESS): VD = very difficult; D = difficult; E = easy. The difference in the occurrence rates of the intraoperative conversion to open surgery among 
the VD, D, and E groups was not significant (P > 0.05).

Figure 3 - The intraoperative serious complications and 
total cases by the year from 2005-2013.
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nodes with external iliac vein, the external iliac 
vein was carelessly lancinate when we dissociated 
the lymph nodes. One was urgently converted to 
open surgery and the other one was sutured under 
a laparoscope. There were diverse reasons for the 
large vascular injury during the laparoscopic sur-
gery (6): Firstly, the laparoscopic anatomy was lack 
of understanding; secondly, overexertion or mi-
soperation might induce unforeseen circumstan-
ces; thirdly, anatomic variation or local dysplasia 
might be the disadvantage as well; last, surgical 
adhesion would increase the operative difficulty. 
The laparoscopic treatments of large vascular in-
jury were recommended as follows: Hemostasis 
by clamping or pressing, appropriate dissociation 
of perivascular tissues to occlude blood vessels, 
suture like number 8 with 4-0 atraumatic suture, 
and clamping of blood vessels by using vascular 
clamp. However, the most important issue was to 
prevent large vascular injury. The surgeons were 
required to be very familiar with local anatomy. 
The location of the main vessels must be well 
understood. Preoperative computed tomography 
angiography should be performed to understand 
individual vascular differences. The dissociation 
should be moved gently along the running direc-
tion of the vessels as far as possible.

 If the definite hemorrhage of large blood 
vessels and inability to form a visible environment 
or to create an operating environment were found, 
patients should be converted to open surgery. If 
excessive bleeding was from the tumor vessels, or 
vessels at unclear location and the bleeding could 
not be effectively stopped in a short time, patients 
should be converted to open surgery as well.

 Rectal injury was the most serious intrao-
perative complication in the radical prostatectomy 
(6). History of prostate surgery, abdominal sur-
gery, perineal operation, radiotherapy, or castra-
tion would augment the surgical difficulty and the 
subsequent occurrence of complications (7). Here, 
two cases of rectal injury were found in the 232 
cases of radical prostatectomy (0.9%). Guillonne-
au et al. retrospectively analyzed 1000 cases of 
laparoscopic radical prostatectomy and altogether 
13 cases of rectal injury took place (1.3%) (8). 
Guillonneau thought that rectal injury was likely 
to take place in two procedures. First, when opera-

tors dissociated the plane between Denonvillier’s 
fascia on the prostate apex and the rectum, it 
might happen by reason of the near location of 
Denonvillier’s fascia to the rectum, small disso-
ciation gap, and especially the existence of tumor 
infiltration or preexistent envelope perforation of 
transurethral resection of the prostate. Besides, 
when the Denonvillier’s fascia was incised, the 
rectum might be injured on account of the exces-
sive adjacency of the incision to the rectum and 
the distant location of the incision to pars basilaris 
of seminal vesicle behind the prostate. The dis-
sociation at right anatomical level played a cru-
cial role in the prevention of rectal injury. When 
dissociating the Denonvillier’s fascia, surgeons 
should use the gap of fat layer in front of the rec-
tum as marks. Sharp dissection is recommended 
to reduce the risk of rectal injury. Intraoperative 
electric injury which would produce postponent 
intestinal fistula was often neglected. The overuse 
of BiClamp to stop the bleeding of the rectal ante-
theca should be avoided. Before operation, bowel 
preparation should be improved and during ope-
ration, special attention should be paid to whether 
there is rectal injury after the separation of the 
prostate and rectum.

 Spleen injury is occasionally reported in 
renal and adrenal surgeries and its incidence rate 
is about 0-2.5%. Tractive operations of the upper 
pole of left kidney and left adrenal surgeries easi-
ly can damage the spleen and the dissociation of 
the upper pole of left kidney damages splenic vein 
easily (9). Mostly, the pleural injury is seconda-
ry to diaphragmatic injury. It is common in sur-
geries with high operation plane such as adrenal 
and upper pole of kidney operations (10). After 
pleura rupture, carbon dioxide rapidly enters into 
thoracic cavity, leading to pneumothorax. Here, 
two cases of pleural injury occurred during radi-
cal nephrectomy and renal cyst decortication. Du-
ring operation, the fascia around the upper pole of 
kidney was tightly adhesive to the fat and it was 
difficult to perform dissociation. The pleura was 
ruptured when forcibly dissociated.

 In comparison with open surgery, the spe-
cific complications of laparoscopic surgery inclu-
de hypercapnia, acidosis, and the damage induced 
by puncture cannula. After pneumoperitoneum 
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establishment, carbon dioxide enters the bodies 
and patients may suffer hypercapnia and various 
degrees of acidosis (11). In this study, there were 
8 cases of hypercapnia and acidosis which were 
mostly due to age of patients, long operative time, 
and hemorrhage during operation. Once severe 
hypercapnia occurred, surgical procedures should 
be suspended immediately. Turn off pneumope-
ritoneum tube and extract intra-peritoneal gas 
completely by using an aspirator. Furthermore, 
the operator should enjoin an anesthetist to incre-
ase tidal volume. Hypercapnia should be correc-
ted. The surgery could go on until the recovery of 
some indexes such as oxyhemoglobin saturation 
of the peripheral blood and carbon dioxide pres-
sure; moreover, low abdominal pressure should be 
maintained and the surgery should be finished as 
soon as possible (12). Cannula insertion is indis-
pensable to laparoscopic surgery and it is also the 
first step of the surgery. Serious complications re-
lated to the cannula insertion stage are reported 
sometimes. The cannula shall be inserted by direct 
incision as far as possible. First cannula is inserted 
directly through the incision and other cannulas 
are inserted under direct vision, which can effecti-
vely reduce this kind of complications.

 Here, the incidence of intraoperative se-
rious complications reached peak value in 2008, 
which was associated with the extensive develop-
ment of a large number of highly difficult laparos-
copic surgeries including total cystectomy and the 
operator change of laparoscopic surgeries from a 
few experts to a lot of fresh professionals in our 
department since 2007. Hereafter, the incidence 
of intraoperative serious complications declined 
year by year, which was connected with the ac-
cumulation and proficiency of the operation and 
conformed to the learning curve and regularity of 
laparoscopic surgeries.

 Although there are still a variety of un-
predictable complications in retroperitoneal lapa-
roscopic surgery, the operation time and compli-
cation rate will be certainly and greatly reduced 
with the continuous improvement of surgical te-
chnique. The indications of laparoscopic surgery 
shall be strictly controlled and the microscopic 
structure shall be clearly understood during ope-

ration, so as to avoid accidental injury of perito-
neum and abdominal organs. These complications 
can be reduced or avoided by improving the sur-
gical technique, being familiar with the anatomic 
relationship, and constantly summarizing the ex-
perience and lessons. Only in this way can we give 
full play to the advantages of minimally invasive 
surgery.

 In summary, the occurrence of intraopera-
tive serious complications was associated with the 
laparoscopic technique, the grasp of anatomy, and 
the difficulty of operation. Vascular and visceral 
injuries could be repaired by laparoscopic or open 
surgery according to objective conditions and the 
prognosis was satisfying. Through standardized 
training, laparoscopic surgery could be safe and 
effective with not only minimal invasion but also 
few complications.
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ABSTRACT

Purpose: This study aimed to compare perioperative and postoperative results of right 
and left laparoscopic adrenalectomy (LA), and to evaluate the impact of challenging 
factors on these outcomes.
Materials and Methods: A total of 272 patient’s medical records that underwent single 
side LA between October 2006 and September 2017 were retrospectively reviewed. The 
patients were divided into 2 groups according to operation side. Moreover, pheochro-
mocytoma, metastatic masses and adrenal lesions >5cm in size were considered to be 
diffi cult adrenalectomy cases and the outcomes of these cases were compared between 
two groups.
Results: 135 patients (49.6%) underwent right LA and 137 patients (50.4%) underwent 
left LA. Operation time, estimated blood loss (EBL) and hospitalization time were simi-
lar between the groups (p=0.415, p=0.242, p=0.741, respectively). Although EBL was 
higher on the right side than the left (p=0.038) in the fi rst 20 cases, after this learning 
period has been completed, there was no signifi cant difference between the groups. In 
patients with pheochromocytoma, metastatic mass and a mass >5cm in size, despite 
bleeding complications were clinically higher on the right side, this difference was not 
statistically signifi cant.
Conclusions: During the learning period of LA, EBL is higher on the right side. Due to 
the greater risk of bleeding complications on the right side even on the hands of ex-
perienced surgeons, extra care and preoperative planning are required in patients with 
pheochromocytoma, metastatic masses and masses >5cm in size.
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INTRODUCTION

The laparoscopic treatment of adrenal mas-
ses was fi rst described by Gagner et al. in 1992 (1). 
When compared with open adrenalectomy (OA), 
laparoscopic adrenalectomy (LA) is known to have 
better cosmetic results in addition to less blood 
loss and a shorter length of stay in hospital (2, 
3). Despite current controversy in the laparoscopic 

surgery of large and metastatic adrenal masses, 
LA has become the standard surgical method for 
benign adrenal masses (4, 5).

 Both of the adrenal glands have different 
anatomical features. The right adrenal gland has 
a partial retrocaval localisation, is adjacent to 
the liver and duodenum and drains to the infe-
rior vena cava (6, 7). It has been reported that LA 
on the right side could be more diffi cult because 
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of these differences between the two sides (6, 7). 
Although there are few studies in literature that 
have compared adrenalectomy on both sides, di-
fferent interpretations can be seen in these studies. 
In this article, considering our large clinical data, 
we compared the perioperative and postoperative 
results of right and left LA. Moreover, herein we 
firstly evaluated the challenging factors, such as 
surgical experience and histopathological proper-
ties on these outcomes.

MATERIALS AND METHODS

 Between 2006 and 2017, data of patients 
submitted to LA in our clinic were retrospective-
ly reviewed. Patients were excluded if they un-
derwent bilateral LA, had a history of surgery for 
the same reason, or had a bleeding diathesis or 
a skeletal deformity. The patients were separated 
into 2 groups; Group 1 comprised cases submit-
ted to right-side LA, and Group 2 comprised ca-
ses submitted to left-side LA.

 In accordance with the recommended 
guidelines, surgery was performed to adrenal 
lesions expressing hormone with clinical im-
portance, non-functioning lesions that were 
determined radiologically to have a risk of ma-
lignancy and lesions showing a tendency for 
growth (8, 9). All the operations were perfor-
med with a lateral transperitoneal approach 
method by 3 different surgeons.

 The groups were compared in respect of 
age, gender, mass size, operating time, estima-
ted blood loss (EBL), length of stay in hospital 
and complications. The measurement in the pa-
thology report was taken as the mass size. The 
operating time was calculated as the time from 
entry of the camera and working portals to clo-
sure of the incision after removing the mass from 
the body. EBL was measured by collecting the 
postoperative drainage amount and subtracting 
the amount of fluid irrigation from the amount 
aspirated during the operation.

 Based on the previous studies, the first 20 
cases in the series were accepted as the learning 
period and the data of this period were compa-
red (10). In addition, as pheochromocytoma, me-
tastatic masses and adrenal lesions >5cm in size 

were accepted as difficult adrenalectomy cases, 
the results of these cases were compared separa-
tely for the two groups.

 Data obtained in the study were analysed 
statistically using SPSS v 22 software (Chicago, 
IL, USA). Categorical data were compared using 
the Chi-square test. Quantitative data were com-
pared using the Independent Samples t-test and 
the Mann Whitney U-test. A value of p <0.05 was 
accepted as statistically significant.

RESULTS

 Totally 272 patients were analysed, com-
prising 107 (39.3%) males and 165 (60.7%) females. 
Group 1 included 135 (49.6%) cases of right-side 
LA, and Group 2 included 137 (50.4%) cases of 
left-side LA. No statistically significant difference 
was determined between the groups in terms of 
age, gender, operating time, EBL, mass size, and 
length of hospital stay (p=0.888, p=0.130, p=0.415, 
p=0.242, p=0.184, p=0.741 respectively) (Table-1).

 Considering the first 20 cases as in the le-
arning period, comparisons of the right and left 
LA of these cases are shown in Table-2. Althou-
gh the differences were not statistically signifi-
cant, the mean operating time on the right side 
was longer than the left side (p=0.766). However, 
the size of the adrenal mass on both sides was 
similar, the mean estimated blood loss (EBL) was 
statistically significantly higher on the right side 
(55.5±19.2mL) than on the left side (41.1±7.8mL) 
(p=0.038) (Table-2). After this learning process has 
been completed, there was no significant differen-
ce regarding EBL.

 The results of the 41 patients submitted 
to right and left LA because of pheochromocyto-
ma were found to be similar (Table-2). The EBL 
of the right-side LA was greater than that of the 
left side, but not to a statistically significant 
level (75.2±98.4mL vs. 51.1±22.2mL) (p=0.386) 
(Table-2). In 1 patient (case no: 80) submitted 
to right LA because of a 5cm right-side adre-
nal pheochromocytoma, 1 unit erythrocyte (ES) 
replacement was administered perioperatively 
because of 500cc blood loss.

 No significant difference was determi-
ned between the patients submitted to right 
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and left LA because of the pathology report of 
metastasis (Table-2). The EBL was found to be 
79.6±75.7mL in the right side and 47.2±38.8mL 
in the left-side operations (p=0.148) (Table-2).

 The results of the patients submitted 
to right and left LA because of adrenal mass 

>5cm were found to be similar (Table-2). The 
EBL of the right-side LA surgeries for mass 
>5cm in size was greater than that of the left 
side but not to a statistically significant level 
(80.6±88.3mL vs. 52.6±40.6mL) (p=0.106) (Ta-
ble-2). Open conversion was employed in one 

Table 1 - Comparison of right and left laparoscopic adrenalectomy cases.

Right Side (n:135) Left Side (n:137) P value

Age

Mean (sd) 51±11.7 50.7±11.8 0.888t

Median (range) 51 (24-82) 50 (21-88)

Gender

Male 47 (34.8%) 60 (43.8%) 0.130ch

Female 88 (65.2%) 77 (56.2)

Operation Time (min)

Mean (sd) 98.7±36.6 100.6±33.2 0.415m

Median (range) 90 (45-210) 92 (40-210)

Estimated Blood Loss (mL)

Mean (sd) 59.3±61.2 47±27.5 0.242m

Median (Range) 50 (100-500) 50 (10-200)

Mass Size (mm)

Mean (sd) 41.4±19 39.2±19.3 0.184m

Median (range) 40 (10-150) 35 (10-100)

Pathology

Adenoma 72 68

Pheochromacytoma 22 19

Adrenocortical Carcinoma 5 2

Metastasis 14 20

Leomyosarcoma 1 0

Malign Pheochromacytoma 1 0

Other Benign 20 28

Hospital Stay (day)

Mean (sd) 2.9±1.5 2.9±2.4 0.741m

Median (range) 3 (1-8) 2 (1-26)

t = Independent Simple Test; m = Mann-Withney u Test; n = Number; sd = Standart Deviation



IBJU | LAPAROSCOPIC ADRENALECTOMY

750

Table 2 - Comparison of challenging right and left laparoscopic adrenalectomy cases.

Right Side Left Side P value

Mean ± sd Min-Max (Median) Mean ± sd Min-Max (Median)

First 20 Cases

n: (Right:11 / Left:9)

Age 52.2±8.3 37-68 (50) 47.7±11 26-64 (48) 0.310t

Operation Time (min) 160±36.6 120-210 (180) 154.4±36.1 100-210 (150) 0.766m

Estimated Blood Loss (mL) 55.5±19.2 30-100 (50) 41.1±7.8 30-50 (40) 0.038m

Mass Size (mm) 33.6±11.6 20-60 (32) 35.6±12.4 20-60 (35) 0.766m

Hospital Stay (day) 3.8±1.7 2-7 (3) 3±1 2-5 (3) 0.331m

Pheochromocytoma

n: (Right:22 / Left:19)

Age 49.1±14.4 24-75 (50.5) 42.8±13.3 21-65 (43) 0.780t

Operation Time (min) 106.6±42.6 45-210 (97.5) 118.7±33.6 45-180 (120) 0.196m

Estimated Blood Loss (mL) 75.2±98.4 10-500 (50) 51.1±22.2 25-100 (50) 0.386m

Mass Size (mm) 42.6±16.3 10-80 (45) 51.3±16.8 20-80 (52) 0.104m

Hospital Stay (day) 3±1.5 1-6 (3) 2.9±1 1-5 (3) 0.871m

Metastasis 

n: (Right:14 / Left:19)

Age 55.5±8.0 41-71 (54) 58.1±9.2 40-72 (60.5) 0.400t

Operation Time (min) 98.5±27.6 60-150 (95) 100±40.1 45-120 (90) 0.823m

Estimated Blood Loss (mL) 79.6±75.7 25-300 (50) 47.2±38.8 15-200 (50) 0.148m

Mass Size (mm) 38.5±16.7 13-73 (34) 41.3±26.8 10-100 (33.5) 0.877m

Hospital Stay (day) 2.6±1.3 1-6 (2.5) 4.7±5.3 1-26 (3) 0.148m

Mass Size >5cm

n: (Right:45 / Left:41)

Age 47.1±12.5 24-71 (46) 48.8±12.8 28-88 (46) 0.545t

Operation Time (min) 106.2±32.9 60-180 (95) 106.1±31.7 45-180 (100) 0.878m

Estimated Blood Loss (mL) 80.6±88.3 10-500 (50) 52.6±40.6 10-200 (50) 0.106m

Mass Size (mm) 61.7±18.2 50-150 (55) 62.6±15.7 50-100 (55) 0.606m

Hospital Stay (day) 2.8±1.3 1-6 (3) 3.3±3.8 1-26 (3) 0.919m

t = Independent Simple Test; m = Mann-Whitney u Test; n = Number; sd = Standard Deviation
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patient with diagnosis of 5cm of functional ri-
ght adrenal adenoma due to excessive bleeding 
in number of 119th of the series.

DISCUSSION

With the current prominence of minimally 
invasive treatments, laparoscopic and robotic me-
thods have started to be used in place of open sur-
gery. Following the first description of minimally 
invasive adrenalectomy, LA started to be conside-
red as a treatment method (1, 11). Laparoscopy is 
now applied as the standard in the surgical treat-
ment of several pathologies (6). Although different 
surgical techniques have been described such as 
anterior, lateral and retroperitoneal approaches, 
the lateral transperitoneal approach is the most 
commonly used (7). The most important advanta-
ges of the lateral transperitoneal method are that 
it provides the opportunity to work in a wider sur-
gical area and there is clearer visualisation of the 
surrounding organs (12).

 The vascular properties and the organs 
around the adrenal glands, which are located in 
the upper retroperitoneal area, are different on the 
right and left sides. Due to these anatomic diffe-
rences between the right and left adrenal glands, 
there is an opinion that right-side LA is more di-
fficult than left-side (6, 7, 13). Moreover, there are 
different interpretation in studies in literature that 
have compared the perioperative data of right and 
left LA. Although right-side surgery has been repor-
ted as shorter in some series made with an anterior 
approach there are also studies that have emphasi-
sed that the operating time is similar on both sides 
(14, 15). In cases submitted to the transperitoneal 
method, Reider et al. reported that right-side sur-
gery was shorter and tended to be less bleeding on 
the right side (6). Although Cianci et al. found the 
operating time to be longer on the left side in cases 
submitted to the lateral transperitoneal method, it 
was emphasised that left side surgery was more 
complex (7). The longer operating time on the left 
side was associated by both of these authors with 
renal hilus dissection and mobilisation of the sple-
en and splenic colonic flexure during adrenalec-
tomy. In the current study, the operating times and 
blood loss values were found to be similar on both 

sides (Table-1). This shows that when the surgeon 
is sufficiently experienced, renal hilus dissection 
and mobilisation of the spleen and splenic colonic 
flexure, which are thought to make left-side sur-
gery more complex, can be applied quickly and 
without problems.

 Although there are different views in lite-
rature related to the LA learning curve, Higashiha-
ra et al. reported this period to be 20 cases (10, 
16-19). In the first 20 cases of the current series, 
despite larger-sized left-side masses, the amount 
of bleeding was greater in right-side operations, 
but this difference was eradicated as the number 
of cases increased (Table-2). This shows that in 
adrenalectomies performed before sufficient expe-
rience is acquired, there is a greater possibility of 
bleeding from the right side, even if the mass is of 
small dimensions, and when a certain level of ex-
perience is reached, the bleeding risk on the right 
side was seen to decrease.

 Even for experienced surgeons, laparosco-
pic surgery of pheochromocytoma has been repor-
ted to be more difficult than other adrenal lesions 
(20). In addition, surgery of metastatic lesions may 
be more difficult because of adhesions to surroun-
ding tissues, and masses >5cm have been reported 
to constitute a risk for conversion of laparoscopy 
to open surgery (21). Despite the similarity of pre-
operative results and length of hospital stay of the 
adrenalectomy cases in the current study with this 
difficult adrenalectomy cases, it was noticeable that 
the mean amount of bleeding was greater from the 
right side than from the left in all three groups (Ta-
ble-2). Furthermore, as the cases with bleeding re-
quiring ES replacement and the one case that was 
converted to open surgery were on the right side, 
this showed that right-side LA could be more dan-
gerous than left-side LA in difficult adrenalectomy 
cases. However, experienced the surgeon is, if sur-
gery is performed because of a pheochromocytoma, 
metastasis or a mass >5cm, on the right side, more 
care must be taken. It is also important that in the-
se difficult cases where there is the possibility of 
sudden bleeding, the anaesthetist must be warned 
for a broad vascular route or central catheterisation 
to be able to make the necessary rapid intervention 
and the operation should only be started after the 
preoperative preparation of ES.



IBJU | LAPAROSCOPIC ADRENALECTOMY

752

 With the exception of patients submitted to 
bilateral adrenalectomy, all patients submitted to LA 
were included in the study. Therefore, there was no 
selection bias in this study. However, that the study 
was retrospective and that the operations were per-
formed by 3 different surgeons, albeit of similar ex-
perience, can be considered limitations of the study.

CONCLUSIONS

 In conclusion, although the adrenal glands 
show different anatomic features on the right and 
left sides, after acquiring a certain level of expe-
rience, the results of right and left LA are similar 
and the operations have an equal degree of diffi-
culty. However, as there is a greater risk of bleeding 
during right-side LA performed in the learning pe-
riod, right-side LA can be said to be more difficult 
for a surgeon at this stage. Furthermore, even for 
experienced surgeons, as there is a greater risk of 
bleeding on the right side, extra care and preopera-
tive planning are required for pheochromocytoma, 
metastatic masses and masses >5cm in size.

ABBREVIATIONS

LA = Laparoscopic adrenalectomy
OA = Open adrenalectomy
EBL = Estimated blood loss
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ABSTRACT

Purpose: This study aimed to study morphological and renal structural changes in rela-
tion to different ischemic times and types of renal vascular pedicle clamping. 
Methods: Sixteen pigs were divided into two groups (n = 8): Group AV - unilateral 
clamping of the renal artery and vein and Group A - unilateral clamping of the renal 
artery only, both with the contralateral kidney used as control. Serial biopsies were 
performed at 0, 10, 20, 30, 40, 50, 60, 70, 80, and 90 minutes after clamping.
Results: there is a correlation between the occurrence of renal damage as a function 
of time (p <0.001), with a higher frequency of Group A lesions for cellular alterations 
(vascular congestion and edema, interstitial infl ammatory infi ltrate, interstitial hem-
orrhage and cell degeneration), with the exception of in the formation of pigmented 
cylinders that were evidenced only in the AV Group.
Conclusion: the number of lesions derived from ischemia is associated with the dura-
tion of the insult, there is a signifi cant difference between the types of clamping, and 
the AV Group presented a lower frequency of injuries than Group A. The safety time 
found for Group A was 10 minutes and for Group AV 20 minutes.
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INTRODUCTION

Nephron-sparing renal surgery with renal 
ischemia (partial nephrectomy) is the gold stan-
dard technique, during which it is observed blood 
fl ow interruption to the vascular pedicle in order 
to reduce intra-operatory bleeding and to ease 
dissection. Kidneys, differently of other organs, 
endure lack of up to 20% of their blood fl ow. Ho-

wever, patients submitted to this procedure may 
develop acute transitory renal failure (that may 
last days, hours or even weeks). It also can cause 
defi nitive failure (1, 2).

There are two paradigms related to renal 
ischemia (RI). First, safety time to induce ischemia 
without harming renal function. Different values 
are reported, with a safety window varying from 
25, 30 to 60 minutes. Some authors suggest a safety 
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window of 25 minutes, while others report 30 or 60 
minutes (3, 4). The second paradigm is associated 
to the type of clamping used to interrupt blood 
flow (5). Some authors recommend clamping only 
the renal artery, causing less harm to the kidney 
due to the presence of venous flow. Other studies 
suggest that clamping all renal vascular pedicle 
may result in lower number of renal lesions 
following surgery (6, 7).

 Most studies using experimental models 
of ischemia-reperfusion collect samples before 
and after the surgical procedure (hours or even 
days) (8). Differently than the reference articles, 
the appointed study was made “in loco”, collecting 
renal parenchyma samples in timely intervals, in 
order to map histological alterations according to 
time (length) of renal ischemia. Pigs were used as 
experimental animals due to their anatomic and 
physiologic similarities to human kidney.

 In the present study, we checked the main 
renal histological alterations according to diffe-
rent times of ischemia and types of clamping in 
pigs, in order to verify safety time for renal ische-
mia and significant differences between clamping 
techniques.

MATERIAL AND METHODS

Pigs
 Large white female pigs two months old, 

weighting 25 to 30 kg, were used. This project was 
approved by the Ethical and Animal Experimen-
tation Committee of the Hospital Israelita Albert 
Einstein, São Paulo, Brazil, protocol #2617.

Study design
 Sixteen pigs were used, divided in two 

major study groups: AV group (artery and vein) 
and A group (artery), distributed in 8/16 each: the 
right kidney was the control (no clamping) and 
the left kidney the experiment (clamped). Meaning 
that clamping was unilateral in both groups. Biop-
sy samples were collected timely at 0, 10, 20, 30, 
40, 50, 60, 70, 80 and 90 minutes of clamping in 
each of the major study groups, bilaterally. Sam-
ples were kept in vials containing buffered form-
aldehyde 10% that were posteriorly processed and 
blocked in paraffin. Slices of 3μm were obtained 

and stained with HE technique (hematoxylin-eo-
sin) and were analyzed at the optical microscope.

Experimental protocol to induce ischemia
 Animals were sedated via intramuscu-

lar with an injection of ketamine (10mg/kg body 
weight) and midazolam (0.25mg/kg body weight). 
After 15 minutes, a catheter caliber 20 or 22 (BD 
Insystem, BectonTherapy Systems Inc., USA) was 
inserted in the marginal vein of right ear to induce 
anesthesia with thiopental (7mg/kg body weight). 
Fastening was balanced with an initial dose of 
2mL/kg/hour of rapid crystalloids and maintained 
with 10mL/kg/hour during surgical procedure. 
For endotracheal intubation it was used tubes 6.5 
to 8.5 diameter (Portex®). Likewise, hypoxia was 
induced lowering oxygen inspired flow to 0.06-
0.0, and anesthesia was maintained with inhal-
ing isoflurane 2%. At the same time, current vol-
ume of 10mL/kg was maintained and analgesia 
was maintained with fentanyl (2-5mg/kg). Each 
animal was submitted to hemodynamics monitor-
ing with invasive arterial pressure, heart rate and 
oxygen level. The anesthetized animal was kept 
in horizontal dorsal decubitus, local hygiene and 
with surgical fields with non-sterile technique. A 
midline abdominal incision was made to evaluate 
the kidneys with easy handling via retroperitone-
al. Open surgical technique was chosen to access 
both kidneys (simultaneously) since laparoscopy 
does not allow for this procedure. Although bilat-
eral, laparoscopy is not performed simultaneously 
(needing right and left lateral decubitus). With 
this approach, the right kidney (control) and the 
experimental (left kidney) would be approached 
simultaneously in each animal, lowering the num-
ber of animals needed. Next, left renal pedicle (AV 
group) and renal artery (A group) were clamped 
with a bulldog vascular clamp for 90 minutes, 
during which time the serial renal parenchyma 
biopsies, in the appointed times, were collected, 
using a scalpel #11. Biopsies were standardized in 
1x1cm2 in the cortical region. After each biopsy, 
the local was compressed with gauze to control 
bleeding, that did not need any extra procedure 
for control (kidney pigs show a good hemostatic 
response). Serial biopsies did not affect negatively 
the kidneys, since they were performed at the cortex 
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in different locals. After 90 minutes surgical clamps 
were removed, and in the end of the surgical pro-
cedure the animals were euthanized under general 
anesthesia with an overdose of thiopental and potas-
sium chloride 19.1% IV (dose 15-30mg/kg).

Experimental results
 Ischemia effects were observed by histo-

pathological qualitative analysis. The presence or 
absence of histological changes (frequency and 
prevalence) were compared between study groups 
according to time and type of clamping.

 Described cellular alterations included: 
(a) degenerative alterations and vacuolization of 
tubular cells; (b) presence of pigmented cylin-
ders; (c) vascular congestion; (d) edema; (e) in-
terstitial neutrophilic infiltrate; and (f) intersti-
tial hemorrhage.

Statistical analysis

 Results are presented in proportions, stan-
dard errors and 95% confidence intervals obtained 
by general estimative equation model (GEE) with 
binomial distribution.

 Also, several multiple comparisons of 
medium values were made using the sequential 
Bonferroni test, using the SPSS software (IBM 
Corp. 2016). P <0.05 was considered statistically 
significant (9).

RESULTS

 In this study, we used a non-lethal model 
of renal lesion and no animal or data were ex-
cluded during analysis.

Histological results
 Forty biopsies were collected to analyze 

histologically each of the studied groups: Groups 
A and AV, n=10/20 kidney control and n=10/20, 
experimental kidney for each group.

 Five tissue lesions were identified at re-
nal biopsies: vascular congestion and edema, 
interstitial inflammatory infiltrate, degenerative 
alteration of tubular epithelial cells, pigmented 
cylinders and interstitial hemorrhage (Figure-1). 
However, in some instances, all biopsies in some 

of the groups showed determined lesion or any of 
them or in any group had any lesion. Therefore, it 
was not possible to evaluate the effects in the pro-
posed times and groups using inferential methods 
or hypothesis tests.

 Presence of vascular congestion and ede-
ma was observed in 90% of biopsies of ischemic 
kidney and 76.5% of control kidneys in Group-A. 
However, in AV Group, such lesions were present 
in 63.8% of ischemic kidney biopsies and 52.5% 
of control kidneys.

 Tubular degenerative alterations (lumi-
nal dilatation, cytoplasm vacuolization, loss and 
peeling of epithelial cells) were observed mainly 
in proximal twisted tubules. The same alterations 
were identified in 67.5% of biopsies of ischemic 
kidneys and in 57.5% of control kidneys in Group 
A. In relation to AV group, the same was observed 
in 52.5% of biopsies of ischemic kidneys and in 
43.7% of control kidneys.

 Pigmented cylinders were observed in 
6.25% of biopsies of ischemic kidneys and in none 
of control kidneys in Group A. In Group AV, the 
same lesion was seen in 30% of biopsies of ische-
mic kidneys and in 15% of control kidneys.

 Interstitial hemorrhage was observed in 
32.25% of biopsies of ischemic kidneys in Group 
A, and in 38.7% in control kidneys. In group AB, 
the lesion was observed in 5% of biopsies of ische-
mic kidneys and in 15% of control kidney biop-
sies.

 Finally, the presence of interstitial inflam-
matory infiltrate was observed in 30% of biopsies 
of ischemic kidneys in group A and in 17.5% in 
control kidneys biopsies. The same alteration was 
found in relation to the number of cellular altera-
tions in 15% of ischemic kidneys and 5% of con-
trol kidneys in Group AV.

 The number of cellular alterations accor-
ding to time and type of clamping is shown in 
Figure-2.

Time (minutes)
• Artery group (ischemic kidney) Artery 

group (control kidney);
• Artery and vein group (ischemic kid-

ney) Artery and vein group (control 
kidney);
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Figure 1 - A) Tubular degenerative changes; B) pigmented cylinders; C) vascular congestion and edema; D) interstitial 
neutrophilic infiltrate; E) interstitial haemorrhage. All histological findings were stained with Hematoxylin-Eosin technique 
and analyzed under light microscopy.

A C

B

E

D

• Number of biopsies with degenerative 
alterations of tubular cells;

• Number of biopsies with inflammatory 
interstitial infiltrate;

• Number of biopsies with interstitial 
hemorrhage;

• Number of biopsies showing pigmen-
ted cylinders;

• Number of biopsies with vascular con-
gestion;

Alterations according to clamping times
 Analysis of total number of lesions was 

made using the General Estimative Equation mo-
del (GEE), that considered the total number of ob-
served lesions in each biopsy (variable response), 
study groups (groups A and AV with respective 
ischemic and control kidneys-explicative variable) 
and clamping time (10, 20, 30, 40, 50, 60, 70, 80 
and 90 minutes).

 Table-1 shows the multiple comparisons 
among study groups (total number of lesions 
observed according to clamping time). After 
20 minutes (p <0.001), there was a significati-
ve increase of the number of lesions, compared 
to basal time in ischemic kidneys in group A. 
Likewise, in the control kidneys, it was obser-
ved that at 30 minutes (p=0.001), 50 minutes (p 
<0.001), 70 minutes (p <0.001) and 80 minutes 
(p <0.001) there was significant increase of the 
number of lesions in comparison to basal time. 
On the other hand, in the ischemic kidneys of 
AV group there was significant increase of the 
number of lesions compared to basal time at 
40 min (p <0.001), 50 min (p <0.001), 60 min 
(p=0.001), 70 min (p <0.001) and 90 min (p 
<0.001).

Finally, Table-2 shows the proportion of 
estimated lesions according to type of clamping; 
in Group A, after 20 minutes (both experimental 
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Figure 2 - From left to right, the following cellular changes are observed as a function of the ischemia and type of 
clamping: degenerative tubular alteration, interstitial inflammatory infiltrate, interstitial hemorrhage, pigmented 
cylinders and vascular congestion.
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Table 1 - Estimated proportions for the presence of lesion in the biopsies performed.

Comparison (min x Basal)

Study groups
Artery and vein Artery

Control Kidney Ischemic Kidney Control kidney Ischemic kidney

10 0.555 0.102 0.046 0.028

20 0.137 0.038 0.003 <0.001

30 0.135 0.004 0.001 <0.001

40 0.094 <0.001 0.003 <0.001

50 0.008 <0.001 <0.001 <0.001

60 0.001 0.001 0.003 <0.001

70 0.019 <0.001 <0.001 <0.001

80 0.001 0.002 <0.001 <0.001

90 0.137 <0.001 0.025 0.002

P values corrected by the sequential Bonferroni method

Table 2 - Results of multiple comparisons between moments regarding the presence of lesions using Bonferroni Method with 
p value <0.001.

Basal (min)

Clamping type

Artery and vein Artery

Control kidney
n (%)

Ischemic kidney
n (%)

Control kidney
n (%)

Ischemic kidney
n (%)

0 10.0 (3.5) 7.5 (4.9) 10.0 (7.1) 17.5 (6.6)

10 7.5 (3.4) 12.5 (4.9) 20.0 (3.5)* 32.5 (4.9)*

20 20.0 (5.0) 25.0 (5.9)* 30.0 (6.1)* 42.5 (6.6)*

30 27.5 (7.0)* 32.5 (4.9)* 42.5 (7.4)* 45.0 (5.9)*

40 27.5 (6.1)* 37.5 (5.5)* 40.0 (5.0)* 47.5 (7.0)*

50 30.0 (5.0)* 37.5 (6.6)* 45.0 (6.8)* 55.0 (5.9)*

60 37.5 (8.2)* 40.0 (7.1)* 45.0 (6.8)* 50.0 (7.1)*

70 35.0 (8.5)* 47.5 (7.0)* 50.0 (8.7)* 50.0 (5.0)*

80 37.5 (5.5)* 45.0 (7.7)* 52.5 (7.9)* 57.5 (4.2)*

90 30.0 (9.4)* 47.5 (7.0)* 45.0 (8.5)* 52.5 (8.6)*

*Significant difference in relation to basal time. Data represent estimated proportions and standard errors obtained with the general estimative equation model.
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and control kidneys) 20% an 32.5% showed a 
significant increase of the number of lesions 
according to the type of clamping, respectively. 
Also, in group AV, the ischemic kidneys showed 
after 20 minutes (25%) a significant increase 
of number of lesions. In kidney controls such 
increase was observed following 30 minutes 
(27.5%).

DISCUSSION

 When we analyze the occurrence of renal 
lesion only in relation to time, there is an inter-
action between these two variables (p <0.001): 
the number of lesions increases proportionally 
to the ischemia time (Figure-3). These results are 
coincident with those of literature (10, 11). Sam-
ples from ischemic kidneys show higher number 
of lesions compared to control kidneys.

Percentage of biopsies with the presence of lesions

Time (minutes)
• Artery group (ischemic kidney)
• Artery group (control kidney)
• Artery and vein group (ischemic kid-

ney)
• Artery and vein group (control kidney)

 In relation to groups A and AV, most tissue 
lesions (vascular congestion and edema, tubular 
degenerative alterations, infl ammatory interstitial 
infi ltrate and interstitial hemorrhage) were more 
prevalent and frequent in Group-A in relation 
to group AV. Lesions were identifi ed 10 minutes 
after induction of ischemia in Group-A and after 
20 minutes in Group AV. The only alteration with 
higher prevalence and frequency in Group AV was 
the presence of pigmented cylinders, particularly 
in the ischemic kidney after 60 minutes. Based on 
these results, it was shown a signifi cative difference 
between the types of clamping of renal pelvis. 
Early histological alterations were detected when 
only the renal artery was clamped, suggesting a 
renoprotective effect, compared to clamping renal 
artery and vein. These results are in accordance to 
Thompson et al., that demonstrated that renal artery 
clamping causes lower grade of renal alterations 
compared to clamping of renal artery and vein (12). 
However, our results are opposite of those of Mir et 
al., that suggested that clamping renal artery and 
vein during open surgery of pigs causes more harm 
them the clamping of only the renal artery, and that 
venous fl ow  would benefi t renal homeostasis (13). 
Chan et al. suggested that arterial clamping must be 
avoided since it causes vasospasm that are closely 
related to renal dysfunction (14).

Figure 3 - Distribution of the proportion of biopsies with presence of lesion.
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 In relation to the results of time, data of 
the AV group (20-30 minutes) are in accordance 
to those observed at literature, that recommends 
ischemia time between 25 and 30 minutes (Vol-
pe et al., 5). In humans, there are several studies 
that considers that kidneys are able to endure 
30 to 60 minutes of ischemia, without dama-
ging renal function (15). It is known that renal 
lesion is to an extension reversible, and the iden-
tification of the transition time for irreversibility 
must still be determined. Variables such as surgi-
cal technique, patient’s age, comorbidities such as 
diabetes and hypertension, arterial vascularization 
and pre-operatory renal function determine that 
the ischemic damage must be reduced to a mini-
mum, and it is suggested the use of hypothermia 
after 30 minutes of ischemia (16).

 It is important to have in mind that fac-
tors such as the maintenance of anesthesia, mo-
nitoring blood pressure and hydration are funda-
mental for hemodynamics stability and reduction 
of negative effects on renal function (17).

 The use of these data must guide the de-
sign of clinical trial protocols. In patients with 
normal pre-operatory function, 30 minutes is 
the safe considered time for ischemic injury. 
However, this value is been questioned by some 
researches that considered it a failed algorithm 
(18, 19). The quantity and quality of remaining 
renal parenchyma interfere directly in the re-
covery of renal function; however, in order to 
confirm this hypothesis, the use of new bioma-
rkers, as well as more sensitive immune histo-
chemical studies are required (20).

 According to our study, the presence of 
lesion in control kidneys in both groups may be 
justified by crosstalk phenomenon (21). Cross-
talk is observed when there is a lesion from a 
ischemia-perfusion event, that may diffuse to 
other organs such as lungs, liver and heart. 
Patho-physiologically, the lesion caused by 
ischemia-reperfusion promotes activation of 
pro-inflammatory and pro-apoptotic mediators, 
and the generation of oxidative stress and pro-
duction of reactive oxygen species (ROS), that 
activate leukocytes and modify vasoactive cy-

tokine levels (TNF-α, IL-1β, IL-6, IL-12, IL-15, 
IL-18, IL-32, and endotelin-1) and chemokines 
such as the product of leucocyte-endothelium 
adhesion and leucocyte activation (a character-
istic process of ischemic lesion) (22).

 The present study had some limitations, 
such as the reduced number of animals and 
the dichotomic qualitative statistical analysis 
that did not englobe all levels of renal lesion 
(mild, moderate and severe).

 The safe time interval depends on se-
veral intrinsic and extrinsic variables of the 
surgery. However, literature shows a great 
number of studies that analyze differently the 
ischemic lesion. Until nowadays, there is no 
available algorithm to predict the risk of acu-
te renal lesion in patients submitted to intra-
-operatory ischemia. Pre-operatory evalua-
tion and planning surgical strategy in each 
case will bring better post-surgical results in 
relation to renal function maintenance.

CONCLUSIONS

 The number of cellular alterations 
caused by renal ischemia is associated to du-
ration of ischemic injury. It was also verified 
that there is a significant difference between 
clamping only the renal artery and that AV 
group showed lower frequency of lesions than 
group A (that showed higher number of lesions 
in lower interval of ischemia time). Minimum 
time for the occurrence of histological lesions 
in group A was 10 minutes and for group AV 
was 20 minutes. The frequency of morphologi-
cal and structural renal alterations are related 
to type of clamping and time of ischemia.
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Mazzeo and collegues from Sao Paulo - Brazil shows in a very interesting paper the morphologic 
and structural changes of renal parenchyma during the clamping of the renal pedicle. Partial nephrec-
tomy (open, laparoscopic or robotic) is considered the gold standard for treating localized renal tumors 
(1-6). Warm renal ischemia is commonly performed during partial nephrectomy to achieve a bloodless 
surgical field, however renal ischemia has been associated with renal function impairment (7).

Previous studies shows that the swine is the most adequate model for comparison to human 
kidney anatomy and physiology (8, 9). Traditionally, 30 minutes is considered the maximum safe time 
for renal warm ischemia. In a recent study with swine model (10), the renal warm ischemia of 30 minutes 
by arterial clamping did not caused significant glomerular damage or nephron loss, but if an artery and 
vein (en bloc) clamping was used, the 30 minutes of warm ischemia caused a decrease in the number of 
glomeruli.

In the present paper the authors shows that the number of renal parenchymal lesions derived 
from ischemia is associated with the duration of the insult, but a interesting result was the significant 
difference between the types of clamping, and the group with clamping of artery and vein presented a 
lower frequency of injuries than the group with only the renal artery clamping.

According the results of this experimental study during a partial nephrectomy, the en bloc clam-
ping for warm ischemia should be favored over only the renal artery clamping to minimize renal injury 
after partial nephrectomies, but more studies will be necessary in the future to confirm these results.

EDITORIAL COMMENT Vol. 45 (4): 763-764, July - August, 2019

doi: 10.1590/S1677-5538.IBJU.2018.0559.1
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A prospective study assessing feasibility of performing 
percutaneous nephrolithotomy in chronic kidney disease 
patients - What factors affect the outcome?
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ABSTRACT

Objectives: To primarily evaluate the functional outcomes of PCNL for bilateral renal 
calculi/calculi in solitary functioning kidney with Chronic Kidney Disease(CKD). To 
identify factors affecting the renal replacement therapy following PCNL.
Materials and Methods: Patients with bilateral renal calculi/calculi in solitary kidney 
and CKD (eGFR<60/s.creatinine>2) and Good Performance Status [Eastern Cooperative 
Oncology Group (ECOG): 0–2] were included in the study.
Results: A total of 60 patients with CKD who had bilateral renal calculi/calculi in soli-
tary functioning kidney underwent PCNL. At 6 months, eGFR improved or stabilized in 
45 (75%) patients, while in 15 (25%) patients eGFR deteriorated. A total of 5 (14.28%) 
and 2 (25%) patients of CKD stage 4 and 5 respectively had improvement in eGFR as 
well as CKD stage. Fourteen (82.35%), 21 (60%), 3 (37.5%) patients of CKD stage 3, 
4, 5 had improvement in eGFR but not signifi cant enough to cause stage migration. 
Again 3 (17.65%) , 9 ( 40%) and 3 (37.5%) patients of CKD stage 3, 4, 5 had reduction 
in eGFR but not signifi cant enough to cause stage migration. None of the patients had 
worsening of CKD stage. Preoperative CKD stage and eGFR were compared with mea-
surements made at the fi nal follow up visit (6 months).
Conclusion: Our results indicate that most patients of renal calculi with CKD show im-
provement or stabilization of renal function with aggressive stone removal. Improve-
ment is more in patients who have mild to moderate CKD. Aggressive management of 
comorbidities, peri-operative UTI and complications may delay or avoid progression of 
CKD status in such patients.

ARTICLE INFO 

Samarth Agarwal 
https://orcid.org/0000-0003-1390-6488

Keywords:
Nephrolithotomy, Percutaneous; 
Kidney Diseases; Urinary Tract 
Infections

Int Braz J Urol. 2019; 45: 765-74

_____________________
Submitted for publication:
December 06, 2018
_____________________
Accepted after revision:
February 24, 2019
_____________________
Published as Ahead of Print:
May 03, 2019

INTRODUCTION

Chronic kidney disease(CKD) is a common 
public health disorder that is defi ned as sustai-
ned kidney injury of more than 3 months resul-
ting in a GFR of less than 60 mL/ min/1.73 m2

by Kidney Disease Outcomes Quality Initiative (K/
DOQI) Advisory Board (1). Current estimates sug-

gest that chronic kidney disease affects 10%-13% 
of the adult American population (2). In India, it 
has been recently estimated that the age-adjusted 
incidence rate of ESRD is 229/million population, 
and >100,000 new patients enter renal replace-
ment programs annually (3).

Patient with CKD represent 0.8%-17.5% of 
those presenting with urinary stone disease (4, 5). 
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The incidence of developing end stage renal di-
sease (ESRD) in patients with renal calculi is 0.2-
3.2% (6). The aetiology of renal insufficiency in 
patients with nephrolithiasis is multifactorial and 
includes renal obstruction, recurrent urinary tract 
infections, frequent surgical interventions and co-
existing medical disease (4, 5, 7).

Patients with chronic kidney disease fre-
quently have various medical comorbidities, such 
as diabetes, hypertension, anaemia and bleeding 
disorders. The likelihood of comorbid conditions 
may increase the operative risk, the incidence of 
postoperative complications, and negatively im-
pact the success rate.

Gupta et al. reported that 75.8% of patients 
with urinary stone disease and deranged renal 
function requires multiple procedures for stone 
clearance, including ESWL, PCNL, uretero-renos-
copy and open surgical procedures (4).

In the modern era, percutaneous ne-
phrolithotomy (PCNL) has emerged as the gold 
standard intervention for large burden and 
complex renal stone disease and is associated 
with the highest stone free rates (SFRs), usually 
in a single setting. However, potentially signi-
ficant complications include bleeding (requi-
ring blood transfusion or embolization), sepsis, 
pleural and visceral injury. Therefore, the op-
timal management plan needs to be tailored to 
individual patient (8).

Many studies have shown the long-term 
safety of PCNL in patients with normal renal 
function. However, there are limited data on the 
outcomes of patients with CKD who undergo 
PCNL. In this study, we prospectively evaluated 
the outcomes of renal function in patients with 
bilateral renal calculi/calculi in solitary kidney 
with CKD who underwent PCNL, and determined 
the factors affecting outcome.

AIM AND OBJECTIVES

Primary end point - To evaluate the func-
tional outcomes of PCNL for bilateral renal calcu-
li/calculi in solitary functioning kidney with CKD.

Secondary end point - To identify factors 
affecting the renal replacement therapy following 
PCNL in CKD patients. 

MATERIALS AND METHODOLOGY

Place of Study
This prospective study was conducted at 

the Department of Urology, King George’s Medical 
University, Lucknow from October 2015 to October 
2017 after Institutional review board clearance.
Consent

Written informed consent was taken from 
all the patients included in this study.

Inclusion Criteria
1. Patients with bilateral renal calculi/

calculi in solitary kidney and CKD 
(eGFR<60/s.creatinine>2)

2. Good Performance Status [Eastern Co-
operative Oncology Group (ECOG): 0 
– 2]

Exclusion Criteria
1. Poor performance status [Eastern Co-

operative Oncology Group (ECOG) >2]
2. Patient not giving consent for PCNL
3. Uncorrected bleeding diathesis
4. Pregnancy 

MATERIALS AND METHODS

 Initial clinical data including complete 
blood count, random blood sugar (RBS), serum 
urea and serum creatinine, electrolytes (sodium, 
potassium, calcium), prothrombin time (PT and 
INR), urine routine and culture sensitivity(c/s), 
X-ray KUB, ultrasound KUB and non-contrast 
computerized tomography (NCCT) KUB were re-
corded. Stone complexity was calculated using 
Guy’s stone score (9). The eGFR for each patient 
was calculated using a 4-variable MDRD equation 
(10). CKD was classified using the National Kidney 
Foundation Kidney Disease Outcome Quality Ini-
tiative classification system (11). Pre PCNL serum 
creatinine and eGFR measurement were done 1 
day before the surgery.

 Performance status was evaluated using 
Eastern Cooperative Oncology Group (ECOG) 
Scale (12).

 Renal decompression with either Double-
-J (DJ) stent or percutaneous nephrostomy(PCN) 
was done for obstructed and infected units. 
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Post-decompression renal function was assessed 
serially and patients underwent surgery only af-
ter stabilization of eGFR reading recorded at two 
separate settings.

 Antibiotic therapy was given to all patients 
who had positive urine cultures till documentation 
of sterile urine. Nephrology consultation was taken 
regarding optimization of comorbidities and periope-
rative renal replacement therapy. Appropriate Renal 
Replacement therapy was given whenever required 
and as advised by the nephrologist. All PCNL’s were 
performed at our center by senior consultant urolo-
gists or resident trainees under faculty supervision.

SURGICAL TECHNIQUE 

 Following induction of anesthesia, a 5-Fr 
ureteral catheter (open-ended) was placed to the sto-
ne side in lithotomy position via cystoscopy. After 
returning to prone position, the anatomy of collec-
ting system was delineated using a radiocontrast me-
dium and/or air under fluoroscopy guidance. Punc-
ture and dilatation of the tract was done as per Bull’s 
eye technique using Amplatz dilators, and procedure 
performed with a 24-French rigid nephroscope (Ri-
chard Wolf, Germany), pneumatic lithotripter (swiss 
lithoclast®), and grasping forceps. All fragments that 
were accessible by a rigid nephroscope were removed 
with a grasping forceps. At the end of procedure, a 
20-French nephrostomy tube and 5 French DJ stent 
were placed in all patients as per our institutional 
protocol.

 Operative time was defined as time elapsed 
from induction of anesthesia till termination of pro-
cedure. Site of puncture (supra vs infra-costal), num-
ber of punctures, size of tract, and number of sessions 
were recorded for each patient.

 On postoperative day 1, X-ray KUB and/or 
USG KUB (for radiolucent calculi) was done in all pa-
tients to document stone clearance. The decision of 
removing the nephrostomy tube was based on ne-
phrostomy tube output, normal intra-operative ne-
phrostogram and normal postoperative X-ray KUB/
renal ultrasound (in case of radiolucent calculi). Pa-
tients were discharged next morning after removal of 
per-urethral catheter.

Complete stone clearance was defined as no 
visible calculi in X ray or NCCT KUB. Clinically in-

significant residual fragments were defined as <4 
mm. These patients were managed conservatively 
according to European Association of Urology gui-
delines (13).

Complications were recorded according to 
modified Clavien-Dindo classification of postopera-
tive complications (14). In patients with bilateral cal-
culi, PCNL was performed on 2nd side after an interval 
of 1 month.

All patients were followed up at 2 weeks (for 
DJ stent removal) and at 6 months when urinalysis, 
serum creatinine, X-ray KUB and USG KUB, serum 
creatinine and eGFR were measured. Preoperative 
CKD stage and eGFR were compared with measu-
rements made at 6 months follow-up visit. Patients 
were divided into 2 groups by changes in CKD (eGFR) 
status:

Group 1- improved or stable disease and
Group 2- worsened disease.
 The effects of independent variables on kid-

ney function after PCNL, were evaluated by compa-
ring the two groups.

Statistical considerations
The data were entered in an Excel database 

and analysed with an SPSS version 21.0 (IBM SPSS 
statistics 21 SPSS Inc.) statistical software package 
using the Chi-square test, Student’s t-test, and Fischer 
exact test. P < 0.05 was considered as statistically 
significant.

OBSERVATION AND RESULTS

A total of 60 patients with CKD who had 
bilateral renal calculi/calculi in solitary functioning 
kidney underwent PCNL during the period from Oc-
tober 2015 to October 2017. Thirty-one patients had 
bilateral renal stones while the remaining 29 patients 
had calculi in solitary functioning kidney (congenital 
absent kidney-3, history of nephrectomy-2, congeni-
tal atrophic kidney-24). Thus, a total of 91 renal units 
in 60 patients underwent PCNL.

PREOPERATIVE PARAMETERS

Demographic parameters
Mean ± SD age was 43.16 ± 16.3 years, the 

youngest being 12 and the eldest being 75 years of 
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age. 43 (71.67%) were male and 17(28.33%) were 
female. 12 (20%) patients had history of previous 
open surgery while 48 (80%) did not. None had a 
history of PCNL or ESWL. Fifty two patients had 
presented with anuria and underwent some form 
of urinary diversion either with DJ stenting or 
percutaneous nephrostomy.

Patients were preoperatively classified as 
having CKD stage 1, 2, 3, 4, 5 respectively accor-
ding to KDOQI classification. None had stage 1 or 
2 CKD while 17, 35 and 8 patients were classified 
as CKD stage 3, 4 and 5 respectively. Stone com-
plexity was given by Guys stone score and 30, 23, 
23, 15 renal units had Guys stone score of 1, 2, 3, 
4 respectively.

OPERATIVE PARAMETERS:

Operative duration:
 Mean ± SD operative time was 120.01 ± 

38.24 minutes/renal unit. Operative duration was 
>100 mins in 62 renal units. A single puncture 
was used in 44 renal units, while 47 renal units 
required multiple punctures. Amongst these  25 
(27%) renal units required supracostal punctures, 
while in 66 (73%) kidneys infracostal puncture 
was achieved.

COMPLICATIONS

A total of 46 complications were noted in 
20 patients which was summarized according to 
Clavien Dindo classification. Bleeding necessitating 
transfusion (26.6%) was the most common compli-
cation. Seven (11.6%) patients developed fever that 
resolved with antipyretics. Ten (16.67%) patients de-
veloped UTI necessitating antibiotic therapy. Three 
(5%) patients developed seizures in immediate pos-
toperative period, that were managed by anticon-
vulsants. Three (5%) patients developed urosepsis 
necessitating antibiotics, vasopressors and fluid re-
suscitation. DJ replacement for prolonged urine leak 
was required in 4 (6.67%) patients, 3 of whom had 
urinoma. No mortality was seen in our study. There 
were no Grade 3b, 4a, 5 complications.

Stone clearance  was complete in 49 pa-
tients (81.6%) (defined as no residual calculi on 
NCCT KUB or X-ray KUB) after PCNL.

As an auxiliary treatment, ESWL was 
done in 2 patients, ureteroscopy in 4, while 5 
patients with asymptomatic clinically insigni-
ficant residual stones (<4 mm) were followed 
conservatively. Spontaneous stone passage was 
seen in 2 patients who were followed conserva-
tively at 3 months.

FOLLOW UP

eGFR value during follow-up
At 6 months follow up, eGFR improved or 

stabilized in 45 (75%) patients, while in 15 (25%) 
patients eGFR deteriorated.

CKD stage at follow-up
At 6 months follow up, a total of 5 

(14.28%) and 2 (25%) patients of CKD stage 4 
and 5 respectively had improvement in eGFR as 
well as CKD stage. Fourteen (82.35%), 21 (60%), 
3 (37.5%) patients of CKD stage 3, 4, 5 had im-
provement in eGFR but not significant enough to 
cause stage migration. Again 3 (17.65%), 9 ( 40%) 
and 3 (37.5%) patients of CKD stage 3, 4, 5 had 
reduction in eGFR but not significant enough to 
cause stage migration. None of the patients had 
worsening of CKD stage.

These changes are shown in Figure-1.
Preoperative CKD stage and eGFR were 

compared with measurements made at the final 
follow-up visit (6 months). Patients were divided 
into 2 groups by changes in CKD stage, including:

Group 1-improved or stable disease and 
Group 2-worsened disease since the final follow-
-up visit.

The effects of independent variables on kid-
ney function after PCNL, including patients age, 
gender, history of open surgery, comorbid diseases 
(DM and HTN), stone complexity (GSS), hydrone-
phrosis degree, number of access sites, operative 
duration, peri-operatory complications, stone-free 
status at postoperative month 6 and recurrent uri-
nary infections during follow up, were evaluated 
by comparing the 2 groups as shown in Table-1.

On univariate analysis, diabetes, peri-ope-
ratory complications, patients with history of re-
current UTI and eGFR at follow up were found to 
be the significant factors affecting outcome.
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Figure 1- Comparison of pre op and post op GFR and stage migration.

A multivariable analysis using a logistic 
regression model was used to determine if any of 
the potential risk factors was also associated with 
risk of renal replacement in future. The indepen-
dent risk factors identified as predictors of RRT 
were eGFR (coefficient 2.85, P = 0.025),  degree of 
hydronephrosis (coefficient 2.10, P = 0.04) diabe-
tes ( coefficient 1.67, P = 0.045) and recurrent UTI 
( coefficient 2.50  P= 0.034).

DISCUSSION

CKD is a major public health problem, and 
in the surgical setting, not only is it associated with 
higher risk of anesthetic complications, but also 
greater risk of post-procedure complications (15). In 
addition to achieving good stone clearance, surgical 
interventions employed in the treatment of stone di-
sease must try and preserve maximal renal function. 
Management of nephrolithiasis in patients with CKD 
is therefore a difficult challenge for the endourolo-
gist as well as nephrologists and calls for careful 
consideration of the risks against the benefits.

In our study, mean age of patients was 
43.16 ± 16.3 years which was slightly lower com-
pared to studies by Kurien et al. (16), Bilen et al. 
(17), Kumar et al. (18), Akdeniz et al. (19) where 
the reported mean age of distribution varied from 
45-59.5 years. This could be due to larger number 
of patients of younger age group (<20 years, 6 
patients) in our study compared to these studies.

The mean preoperative eGFR was 24.9 ± 
8.56 (mL/min/1.73 m2), which was lower than that 
reported in literature (15-17, 19, 20). This could be 
due to the inclusion criteria of higher serum cre-
atinine > 2 mg/dL in our study, which was higher 
than inclusion criteria (eGFR <60/Serum creatini-
ne >1.5) taken in these studies.

Seven (11.6%) patients had diabetes. This 
was comparable to the incidence of DM in stu-
dies reported by Akdeniz et al. (19), Akman et al. 
(15), Sairam et al. (21) and 12 (20%) patients had 
hypertension. There has been large variation in 
the reported incidence (8.6-42%) of hypertension 
in other studies (15, 17, 19). Jones et al. (8) in 
a systemic review of 9 studies (n=1851), reported 
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Table 1 - Univariate analysis of patient and procedure related factors affecting kidney function after PCNL.
Variable Group 1(n) Group 2 (n) P value

eGFR (Mean) mL/min/1.73m2

Baseline 25.65 22.44 0.20

Follow-up 29.07 20.71 0.004

Age(Mean ± SD)years 41.6 ± 15.5 47.13 ± 18.2 0.25

Gender 0.61

M 33 10

F 12 5

Diabetes 3 4 0.03

Hypertension 7 5 0.13

Previous open surgery 7 5 0.13

Hydronephrosis grade 0.27

Mild to moderate 60 17

Severe 9 5

Guys Stone Score 0.92

1-2 40 13

3-4 29 9

CKD stage 0.55

1 0 0

2 0 0

3 14 3

4 26 9

5 5 3

Access no. 0.85

Single 33 11

Multiple 36 11

Supracostal puncture 20 5 0.56

Operative time 0.59

<100 min. 23 6

>100 min. 46 16

Blood transfusion due to bleeding 0.72

Yes 10 4

No 35 11

Stone free status 0.08

Yes 39 10

No 6 5

Complications 0.01

Yes 11 9

No 34 6

Recurrent UTI 0.03

Yes 3 4

No 42 11
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30.7% incidence rate of hypertension which was 
comparable to our study.

 The mean operative time was 120.01 ± 
38.24 (range 60-250) minutes, which was higher 
than those reported in literature (15, 18, 19). This 
could be due to trainees performing some of the 
procedures, leading to longer operative time or 
due to more complex stones (43% GSS 3 or 4). 
None of other studies reported stone burden in 
form of GSS but mean stone size in these studies 
was 706.8 mm2 (range 357-1484 mm2).

Single access was gained in 48.3% of ca-
ses with a mean of 1.57 punctures/renal unit. This 
was lower compared to various studies that re-
port frequency of single access to be 68-80%. This 
could be due to the high frequency of complex 
calculi (GSS 3-4, 41.7%) which required multiple 
access to achieve maximal stone clearance. Com-
plete stone clearance was achieved in 81.6% cases 
which is also in concordance with that reported in 
literature (70-90%) (15-19).

Complications
 Seven (11.6%) patients developed fever 

(grade 1) which was managed successfully by con-
servative management. Blood transfusion due to 
postoperative drop in haemoglobin was the most 
common complication seen in 16 (26.6%) patients. 
This was similar to the reported incidence of blood 
transfusion in various studies from 9.6-36% (16-
19). Such high rates of blood transfusion could 
be attributed to pre-existing anemia and platelet 
dysfunction in CKD patients. None of the patients 
reported with delayed haemorrhage or required 
angioembolization.

Seizures was seen in 3 patients in imme-
diate postoperative period which was managed 
successfully by anti-convulsants. Seizures could 
be attributed to altered anaesthetic drug metabo-
lism or electrolyte imbalance seen in CKD patients.

 DJ stent was routinely done in all our 
patients. However, 9 patients developed urinary 
leakage following nephrostomy removal. In five 
patients it subsided by conservative management 
like anticholinergics and compression dressing. 
In 4 patients who did not respond to conservati-
ve management, DJ stent replacement was done 

following which it resolved. Akman et al. (15) in 
his series of 177 patients reported 2.2% inciden-
ce of DJ stenting for prolonged urine leak. Ansari 
et al. (22) in their study of 576 patients, found 
stone complexity, grade of hydronephrosis, renal 
parenchymal thickness in access line, intra-paren-
chymal renal pelvis, multiple punctures, surgeon’s 
experience, and residual stones as factors for 
prolonged urinary leakage post-PCNL. Possible 
explanation of this high incidence (6.6%) of pro-
longed urine leak in our study could be multiple 
punctures (2 patients), gross hydronephrosis (1 
patient) and presence of CKD which is associated 
with delayed wound healing.

 Urosepsis (Grade 4b) occurred in 3 (5%) 
patients, which was similar to incidence reported 
in literature of 2.8-9.9% (15-17). Such high inci-
dence of sepsis could be due to immune-deficiency 
in CKD patients, staghorn calculi, presence of DJ 
stent/PCN in patients. All of these patients were 
managed aggressively in ICU setting with antibio-
tics, fluid resuscitation, vasopressors. No mortality 
was seen.

FOLLOW-UP RENAL FUNCTION

Mean eGFR during the preoperative pe-
riod, and at 6 months follow-up was 24.9 ± 8.56 
and 27 ± 10.13 mL per minute/1.73 m2 respective-
ly. Overall renal function improvement was seen 
in 45 (75%) patients, while in 15 (25%) patients it 
deteriorated. This was in concordance with overall 
improvement in renal function seen in reported 
literature (15-19). Fourteen (82.3%), 26 (64.28%) 
and 5 (62.5%) patients in stage 3, 4, 5 showed 
improvement in eGFR post intervention respecti-
vely. Kurien et al. in their study suggested that an 
improvement in eGFR was greater in patients with 
mild to moderate renal failure than in those with 
severe CKD (16). It would be reasonable to assume 
that those patients with severe renal failure would 
be less likely to gain benefit, principally because 
the damage already done to the kidney was severe 
and irreversible.

 However, in a study done by Bilen et al., 
patients with late stage CKD, although a small 
number, achieved significant improvement, while 
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unexpected deterioration was seen in some pa-
tients with less severe CKD (17).

 Urinary tract infection appeared to be the 
underlying cause of the observation in the latter 
study, emphasizing the need for constant vigilan-
ce against infection in all PCNL cases regardless 
of CKD status. However studies agreed that throu-
gh ever more aggressive stone removal and more 
effective prevention of infection, renal replace-
ment therapy can still be deferred in most patients 
with renal stone disease (16, 17).

 The results of other studies are summed 
up in Table-2.

On univariate analysis, diabetes (p=0.03), 
perioperative complications (p=0.01) and recur-
rent UTI (p=0.03) were found to be significant fac-
tors that negatively impact the outcome.

 Akman et al. (15) in their study of long-
-term outcomes of percutaneous nephrolithotomy 
in 177 patients with chronic kidney disease, found 
that diabetes and preoperative or postoperative com-
plications predicted renal function on multivariate 
regression analysis. Kurien et al. (16) in their stu-
dy of 91 patients found postoperative complications 
and peak eGFR (less than 30 mL/minute/1.73 m2) at 
follow-up to predict renal deterioration and need for 
renal replacement therapy(RRT). Renal parenchymal 
thickness (<8 mm) also predicted the need for RRT.

 Bilen et al. (17) in their study found that 
only the presence of urinary-tract infections had a 
tendency to negatively affect the GFR.

 Ozden et al. (20) reported that diabetes 
mellitus (odds ratio 15.82, P=0 .036) and urinary 
infection (odds ratio 10.6, P=0.04) were predictive 

Table 2 - Different studies  comparing various preop, intra op and post op characteristics.

Study Age Mean 
(SD, range) 

years

Diabetes Inclusion 
criteria

(eGFR (mL/
min./1.73 

m2)

Mean 
Pre-Op.
eGFR 
(mL/

min./1.73 
m2)

Mean 
Operative 

time
Min. 

(SD,range)

Complication 
Haemmorhage 

requiring

Follow up 
eGFR(mL/

min/1.73m2)

Overall 
change

Transfusion Sepsis

Present study 43.16 
(16.38, 
12-75)

11.6% <60/S. 
Creatinine 

>2

24.9 ± 
8.56

120.01 
(38.24, 
60-250)

26.6% 5% 27 improved

Bilen et al. (17) 53.2 (NR, 
20-81)

1.62% <60 S. 
Creatinine 

1.87

101.4 (NR, 
NR)

36% 3% 48.4 improved

Kurien et al. (16) 52.5 (13, 
NR)

- S. 
Creatinine 

>1.5

S. 
Creatinine 

3.2

NR 20.5% 9.9% 43.3 improved

Akman et al. (15) 54.3 ± 12.1 
years

19.8% <60 44.8 65.12 
(22.83, 

NR)

9.6% 2.8% 48 improved

Ozden et al. (20) - - <60 39.9 NR - - 51.3 improved

Akdeniz et al. (19) 59.5 (7.85, 
39-78)

11.8% <60 44.8 NR 11.8% NR 51.8 improved

Sairam et al. (21) - 18.8% - - 89 (52.3, 
NR)

- - - improved

Kumar et al. (18) 45 (NR, 
18-65)

- s.creat. 
>4.5

s.creat. 
-6.3

110 
(32,NR)

20% 20% 2.56 
(s.creatinine)

improved
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of renal function deterioration at 1 year on multi-
variate analysis.

 Our results indicate that most patients of 
renal calculi with CKD show improvement or sta-
bilization of renal function with aggressive stone 
removal. Improvement is more frequent in pa-
tients who have mild to moderate CKD. Although 
complications are higher in CKD patients most are 
of low grade, thereby confirming the safety and 
efficacy of PCNL in CKD patients. Aggressive ma-
nagement of comorbidities and perioperative UTI 
and complications in these patients may delay or 
avoid progression of CKD status in these patients.

LIMITATIONS OF OUR STUDY

 Our study comprised of only 60 patients 
with limited follow-up period of 6 months. More 
insight can be achieved on the renal function 
status with a longer follow-up. The other limita-
tion is the lack of metabolic evaluation and stone 
analysis in our study. Recent studies highlighted 
the impact of aggressive medical treatment toge-
ther with metabolic evaluation on post-PCNL sto-
ne recurrence and residual stone regrowth (23).

CONCLUSION

PCNL can be carried out with acceptable 
complication rates in patients with CKD. Diabetes, 
peri-operative complications in form of bleeding 
and recurrent UTI’s are significantly associated 
with deterioration of renal function. Post-operati-
ve complications are significantly associated with 
negative outcomes and  hence one should be cau-
tious to prevent them or manage them aggressive-
ly for a successful outcome.
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Correlation of tools for objective evaluation of infravesical 
obstruction of men with lower urinary tract symptoms
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ABSTRACT

Purpose: To identify how the most frequently used parameters in daily clinical practice 
diagnosing bladder outlet obstruction (BOO) due to benign prostate hyperplasia (BPH) 
correlate to each other.
Materials and methods: The study included 452 patients with lower urinary tract 
symptoms (LUTS) of the UNICAMP urology outpatient clinic of LUTS. Inclusion crite-
ria: patients with BOO due to BPH who agreed to participate in the study. Exclusion cri-
teria: patients with urinary tract infection, neurological diseases that compromised the 
lower urinary tract, prior prostatic surgery, radiotherapy or urethral stenosis. Patient 
assessment: history, international prostate symptoms score (IPSS), nocturnal quality of 
life score (NQoL) questionnaires, physical and digital rectal examination (DRE), PSA, 
transabdominal ultrasound with intravesical prostate protrusion (IPP), post-mictional 
residue and free urofl owmetry.
Results: There was no strong Spearman correlation among the studied variables. The 
only moderate correlations occurred between IPSS and NQoL (p <0001; c=0.56) and 
between IPP and prostate volume (p <0001; c=0.57). Weak correlations between IPP and 
post-mictional residue (p <0001; c=0.31) and free urofl owmetry (p <0001; c=-0.26); and 
between IPSS and free urofl owmetry (p <0001, c=-0.21) were observed.
Conclusion: In this study, we found moderate, weak, very weak and absent correlation 
among the various parameters used in the diagnosis and management of BOO due to BPH. 
As the value of these tools is variable, the creation of a logical and objective algorithm 
was not possible and the treatment is based on the interpretation of clinical symptoms.
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INTRODUCTION

Lower urinary tract symptoms (LUTS) are 
frequent in adult males, with an incidence appro-
ximately of 40% of those with more than 65 years 
old. They are consequent of prostate and bladder 
micturition disorders and include storage symp-
toms (urgency, frequency, nocturia and inconti-
nence), emptying symptoms (weak stream, urina-
ry exertion, hesitancy and terminal dripping) and 

post-micturition symptoms (incomplete emptying, 
post-micturition dripping) (1, 2).

Evaluation of patients with LUTS inclu-
des anamnesis, validated questionnaires, physical 
exam (particularly digital rectal examination-
-DRE), and auxiliary tests (urine, PSA, ultrasound).

Among all validated questionnaries, the 
most used is the International Prostatic Symptoms 
Score (IPSS), that includes eight questions, seven 
related to symptoms and one related to quality of 
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life (IPSS-QoL). It rates the symptoms as mild (0-7 
points), moderate (8-19 points) and severe (20-35 
points), and it is an important tool to characteri-
ze the severity of symptoms and the follow-up of 
patients (3).

PSA values above 1.5ng/mL may be rela-
ted to prostates >30g, with positive predictive va-
lue of 78%, and positively correlates to the risk of 
progression of LUTS (4).

The effect of nocturia on quality of sleep 
and life may be evaluated by the “Specific Ques-
tionnaire of Nocturia and Quality of Life” (NQoL), 
that includes three domains: sleep/energy (7 ques-
tions, scale 0-28), bothersome/worry (5 questions, 
0-20 points), and a global question about quality 
of life (0-4), totalizing 13 items; the question form 
is self-admnistered , takes 5 minutes to conclude, 
and proved to be consistent and reproductible (5), 
although not much used in clinical practice.

While severe LUTS are correlated to pros-
tate anatomy, particularly intravesical protrusion of 
prostate (IPP), lower quality of life and predispose 
to inguinal hernia (6, 7), mild LUTS do not linearly 
correlate with the intensity of symptoms and bladder 
outlet obstruction; also, progressive benign prostatic 
hyperplasia causes bladder dysfunction that interfe-
res with the intensity of LUTS, regardless the degree 
of bladder outlet obstruction (8-11).

Strope et al. showed that in the USA, des-
pite the availability of guidelines proposed by the 
American Urological Society to treat benign pros-
tatic hyperplasia (BPH), it is observed a great di-
versity of use and precision of available tools (12).

OBJECTIVE

To correlate the most frequent parameters 
used in daily clinical practice to diagnose and tre-
at bladder outlet obstruction (BOO) due to BPH.

MATERIALS AND METHODS

The study included 452 patients 
that signed a free informed consent CAAE 
84939917.6.0000.5404, during the first interview. 
All patients attended the ambulatory of Urology 
of UNICAMP from May, 2018 to September, 2018, 
complaining of LUTS.

Inclusion criteria: Patients with LUTS that 
agreed to participate in the study after signing the 
free informed consent.

Exclusion criteria: Patients with prostate 
cancer, urinary infection, neurological diseases 
that affected the urinary system, previous pros-
tatic surgery, radiotherapy or urethral stenosis.

Patient evaluation: Patients were evalu-
ated by history, International Prostatic Symp-
tom Score (IPSS), Nocturnal Quality of Life Score 
(NQoL), general physical exam and systematized 
rectal examination (13), serum PSA, transabdo-
minal prostate ultrasound evaluating intravesical 
prostatic protrusion (IPP), prostatic volume and 
post-micturition residue, and free uroflowmetry 
(Qmax) determined by one of the authors (OM). 
Patients were evaluated before the introduction of 
drugs in order to avoid bias.

Statistical analysis

Data were analysed (medium, standard 
deviation, minimum, maximum, median) and 
multiple regression models and Spearman Test 
with Bootstrap method were used to correlate 
multiple variables among themselves: age, IPSS, 
IPSS-QoL, NQoL, Qmax, IPP, prostate volume, 
post-micturition residue and PSA. Significan-
ce level was p ≤0.05 and correlation coefficient 
(c) was classified as very weak (0.00-0.19), weak 
(0.20-0.39), moderate (0.40-0.59), strong (0.60-
0.79) and very strong (0.80-1.00).

RESULTS

Demographic data of this cohort are sum-
marized at Table-1.

Significant correlations included:
1. Moderate:

a) IPP with prostate volume (p<0.0001; 
c=0.57), Figure-1;
b) IPSS and NQoL (p<0.0001; c=0.56), 
Figure-2.

2. Weak:
a) IPP and post-micturition residue 
(p <0.0001; c=0.31) and Qmax (p 
<0.0001; c=0.26);

b) IPSS and Qmax (p <0.0001, c=-0.21).
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Table 1 - Characteristics of the studied group.

Number of 
observations

Medium±SD Minimum/Maximum

Age (years) 452 65.8±9.2 30/90

NQoL (Nocturnal quality of life) 452 19±10.3 0/52

IPSS (International prostatic symptoms score) 452 16.2±8.53 0/35

Qol (Quality of life 452 3.02±1.49 1/6

Qmax (maximum flow) 452 10.4±4.8 1/39

Urinated volume 452 155±45.7 16/480

Prostate weight (g) 452 40.9±24.4 7/179

Post-micturition residue (mL) 452 74.3±87.4 0/630

Intravesical protusion of prostate (mm) 452 5.6±5.8 0/33

Figure 1 - Spearman significant correlations for IPP.

3. Very weak:
a) Age and IPP (p=0.003; c=0.14), 
Qmax (p=0.0003, c=-0.17) and IPSS-
-QoL (p=0.002, c=-0.14);
b) IPSS and post-micturition residue 
(p=0.0006; c=0.16) and PSA (p=0.04, 
c=0.14);

c) Prostate weight and age (p <0.0001, 
c=0.18).

DISCUSSION

 Since there are no measure to evaluate re-
liable clinical symptoms or specific and sensitive 
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exams to evaluate the severity of bladder outlet 
obstruction (14), it is necessary to understand a 
series of correlated events and their potential pa-
thophysiological disturbances.

There is no accepted universal “standar-
dization” to diagnose and treat prostatic benign 
hyperplasia (BPH) with bladder outlet obstruction 
(BOO). Age, bladder perfusion, innervation and in-
teractions of urothelium are responsible for LUTS 
and not only BOO (15-18).

Since clinical symptoms do not correlate 
with the grade of obstruction, at present, only uro-
dynamic evaluation is the only objective method 
to diagnose BOO, and it is considered the gold 
standard method (17-21). However, urodynamics 
is an invasive method, expensive, that needs equi-
pment not always available in different centers, 
and its routine use is improbable (20-23).

Physiologically, micturition is a complex 
phenomenum that depends on the interaction of 
several factors such as: apherent sensitive compo-
nent, central nervous system (CNS), that coordina-
te these stimuli, muscle contraction and epherent 
component, including neurotransmitters; these 
components are not individualized but work to-
gether, and the weight of each one on micturition 

is variable; all these factors are responsible for the 
symptoms, and even men with obstruction may be 
asymptomatic (24).

BOO may present different heterogeneous 
signs and symptoms; clinical history is inaccurate 
for early diagnosis, and also, detrusor hypocon-
tractility may be a differential diagnosis or also be 
present, since its clinical presentation is similar, 
with different pathophysiology and completely di-
fferent treatment (25).

The most used tools to diagnose BPH and 
BOO include: complete medical history, IPSS and 
NQoL questionnaires, general physical exam and 
digital rectal examination, PSA, transabdominal 
prostatic ultrasound and free urofl owmetry.

In this study, IPSS did not correlate with 
age or prostate weight, but there was a weak ne-
gative correlation with maximum fl ow, and posi-
tive very weak with residual urine and PSA, since 
their characteristics are not exclusively related to 
BOO as shown in literature (26).

In order to improve the evaluation of quali-
ty of life it is possible to use other parameters such 
as productivity, sleep and vitality. In this matter, 
NQoL is a question form that does not quantify 
obstruction (the same as IPSS), but complements 

Figure 2 - Spearman signifi cant correlations of IPSS.
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clinical evaluation of its impact on quality of life. 
In this study, IPSS and NQoL correlated modera-
tely (p <0.0001; c=0.56), and the results were very 
similar to those of a Japanese study (p <0.0001; 
c=0.58) (27).

With ultrasound, it was observed a mode-
rate correlation of IPP and prostate weight, and 
weak of IPP and residual urine and maximum 
flow, meaning that the higher the prostate volume, 
the higher the chance of IPP, in agreement with a 
previous study (6).

 The study of free uroflowmetry is recom-
mended due to its non-invasive nature, and it is 
used to screen and investigate BOO for a long 
time; however, although identifies patients with 
normal or low flow, it is not specific and does not 
differentiate low flow due to obstruction or hypo-
contractility.

 Urinary flow results of a contraction of 
detrusor muscle against urethral resistance, and 
the loss of energy due to friction is 70% in men 
and 50% in women; therefore, low flow may be 
caused by lower contraction of detrusor muscle 
or higher urethral resistance, and maximum flow 
analysis may be inaccurate to diagnose BOO (23).

 BOO due to BPH is related to mant more 
characteristics than mechanical obstruction, due 
to alterations of detrusor muscle, perfusion, ex-
pression of neurotransmitters at urothelium, that 
contribute to symptoms. This is the new concept 
of LUTS due to BOO secondary to BPH, related to 
many more hypothesis for understanding its pa-
thophysiology (15, 17, 28).

 A Chinese study corroborated our result, 
it described an evident overlapping of parameters 
used to evaluate LUTS. Despite significant corre-
lations, it is not possible to predict the intensity 
of symptoms of obstruction, using isolated tools 
(29). Also, a Danish study observed statistically 
significant but weak correlations among non-in-
vasive objective parameters during evaluation of 
LUTS (30).

 Taken all together, these data support a 
complex correlation among the studied parame-
ters, however IPSS shows a good correlation with 
patient’s perception of his quality of life, a main 
aspect to define and propose treatment and res-
ponse evaluation in clinical trials (26).

 Prospective evaluation with validated 
different and correlated tools in the same group 
of patients with LUTS, attended in a systemized 
manner in urological ambulatories, is important 
as demonstrated in the present study, that has also 
some limitations. This is a series of LUTS patients 
and the results can not be extrapoled to different 
scenarios, and not all patients had PSA values 
available.

 Although the impact of nocturia on qua-
lity of sleep and life was evaluated, in urologi-
cal researches this is an aspect not much stu-
died. Our study is the second to correlate IPSS 
and NQoL (27).

 Future studies are needed to confirm and 
broad the current results and should include uro-
dynamics studies, although invasive when com-
pared to the used tools, in order to evaluate in 
detail bladder function, and to classify patients 
with hyperactive bladder, urinary incontinence 
and with obstruction.

CONCLUSIONS

 In this study, we have found moderate, 
weak and very weak correlations among several 
parameters used to diagnose LUTS with BOO due 
to BPH. Since the value of these parameters is va-
riable, particularly when the symptoms are mild, 
the creation of a logic and objective algorithm in 
the beginning and monitoring of treatment was 
not possible, and at present it is still based on in-
terpretation of clinical symptoms.
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Effi cacy and tolerability of mirabegron in female patients 
with overactive bladder symptoms after surgical treatment 
for stress urinary incontinence
_______________________________________________
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ABSTRACT

Purpose: To evaluate the effi cacy and tolerability of mirabegron in females with overac-
tive bladder (OAB) symptoms after surgical treatment for stress urinary incontinence (SUI).
Materials and Methods: The study was conducted with a prospective, randomized and 
double-blinded design. 62 patients over the age of 40 who met the inclusion-exclusion 
criterias of the study were enrolled and randomly divided into two groups as Group A 
(mirabegron 50mg) and B (solifenacin 5mg). Patients were compared based on effi cacy 
of treatment [Patient Perception of Bladder Condition (PPBC) scale and micturition dia-
ries], safety of treatment (heart rate, systolic and diastolic blood pressure, adverse events), 
number of micturitions per day, patient’s satisfaction status after treatment [Visual Analog 
Scale(VAS)] and quality of life.
Results: The mean age of the population was 48.2±3.8 years and the duration of OAB 
symptoms was 5.9±2.9 months. Baseline values for the mean number of micturitions, 
volume voided in each micturition, nocturia episodes, urgency and urgency incontinence 
episodes were 15.3±0.34, 128±3.88mL, 3.96±1.67, 5.72±1.35 and 4.22±0.69, respective-
ly. After treatment, values for these parameters were 11.7±0.29, 164.7±2.9mL, 2.25±0.6, 
3.38±0.71, 2.31±0.49 respectively. Quality of life score, symptom bother score, VAS for 
treatment satisfaction score, PPBC score after treatment were 66.1±0.85, 43.7±0.77, 
4.78±0.14, 4.78±0.14, respectively. There were no signifi cant differences between two 
groups on any parameter. However, mirabegron showed better tolerability than solifena-
cin, particularly after 6 months.
Conclusion: Mirabegron is safe, effective and tolerable in the long-term treatment of fe-
males with OAB symptoms after surgery for stress urinary incontinence.
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INTRODUCTION

Urinary incontinence is a bothersome 
symptom that has a serious impact on quality of 
life (1). It is classifi ed into three types as stress 
urinary incontinence, urgency incontinence and 

mixed type incontinence due to the different 
pathophysiological mechanisms underlying (2).

Stress urinary incontinence (SUI) is caused 
by the impairment of pelvic and vaginal support 
to the urethra due to aging and decreasing estrogen 
levels in the perimenopausal period (2). If pelvic 
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floor training which contributes to the support of 
the female urethra fails, surgical treatment for SUI 
is considered (3).

 Overactive bladder is a symptom complex 
defined by urinary urgency, with or without ur-
gency urinary incontinence (UUI), usually accom-
panied by frequency and nocturia in the absence 
of any obvious pathology. UUI is characterized by 
overactive bladder (OAB) symptoms mentioned 
above and additionally urinary incontinence (2). 
It may be seen purely, without SUI, or with SUI 
that is classified as mixed urinary incontinence. 
Patients undergoing surgical treatment for SUI 
may experience aggravation of OAB symptoms or 
develop de novo UUI after the intervention (3).

 Oral anti-muscarinic agents have played 
the main role in the treatment of UUI for sever-
al decades (4). Although UUI frequently requires 
long-term treatment, inadequate response and 
significant adverse effects of anti-muscarinics 
have limited their long-term use (4), also led to 
frequent changes in treatment schedules.

 Mirabegron is a relatively new drug, an 
oral ß3 adrenoreceptor agonist which facilitates 
urine storage by relaxing detrusor muscle (5). 
This different mechanism of action provides mi-
rabegron comparable efficacy to anti-muscarinics, 
also less side effects than them such as dry mouth, 
constipation, blurred vision or cognitive impair-
ment (4). Acceptable safety and tolerability of mi-
rabegron leads to less discontinuation by patients 
in long-term treatment.

 After SUI surgery, OAB symptoms con-
stitute a major problem for patients who are in 
hopes of being cured. Stanford et. al. (6) reviewed 
the complications of suburethral sling procedures, 
including 20 studies with a total of 1950 patients. 
They found an overall incidence of de novo OAB 
symptoms of 15.4%, ranged from 1.7% to 42% (6). 
The first step in the management of OAB symp-
toms after SUI surgery is to rule out urinary tract 
infection, bladder outlet obstruction, mesh ero-
sion, foreign body in the urethra or bladder. Then, 
OAB symptoms can be managed as primary OAB 
(treated by an antimuscarinic or a ß3 adrenore-
ceptor agonist).

 Besides, this article aims to discuss wheth-
er efficacy and tolerability of mirabegron is ade-

quate and acceptable in female patients with OAB 
symptoms after surgical treatment for SUI.

MATERIALS AND METHODS

 The study was designed as a prospective, 
randomized and double blinded study and con-
ducted in accordance with ethical principles derived 
from The Declaration of Helsinki and Good Clinical 
Practice. Ethical approval was obtained from the lo-
cal ethical committee. In addition, a written infor-
med consent was taken from all patients participa-
ted.

 Female patients who had a history of sur-
gery for SUI and older than the age of 40 were 
prospectively enrolled to the study. Patients were 
randomized into two groups (Groups A and B). Blo-
ck design was used for randomization. Mirabegron 
(oral, 50mg once a day) was given to patients (n=35) 
in Group A whereas solifenacin (oral, 5mg once a 
day) was given to patients (n=36) in Group B at the 
first visit. Follow-up visits were performed in every 
3 months till 12th month.

 Primary endpoints of our study were evalu-
ation of the efficacy and safety. Efficacy and safety 
were both evaluated by a single urologist in each 
outpatient visit. In addition, number of micturitions 
per 24h was accepted as a primary endpoint. All data 
were collected at the last visit (12th month). Patients 
who lost to follow-up were excluded from the study.

 Patient Perception of Bladder Condition 
(PPBC) scale and micturition diaries were used for 
the evaluation of efficacy. PPBC is a six-point scale 
on which patients are asked to rate their perceived 
bladder condition, ranging from 1 “no problems at 
all” to 6 “many severe problems”. Number of mictu-
ritions, voided volume in each micturition, nocturia 
episodes, urgency episodes and urgency incontinen-
ce episodes were recorded in 3-day micturition dia-
ry. In addition, a Visual Analog Scale (VAS) ranging 
from 0 to 10 was used for the evaluation of patient’s 
satisfaction after treatment. Moreover, Health Re-
lated Quality of Life (HRQoL) and symptom bother 
score were performed to assess the improvement in 
quality of life.

 Safety was assessed by evaluating vital 
signs as fever, heart rate (n/min) and blood pres-
sure; by performing electrocardiogram (ECG) and 
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laboratory tests (urinalysis, complete blood count, 
electrolytes, renal and hepatic function tests). Dur-
ing follow-up, all adverse events were recorded. 
Expected side effects of mirabegron or antimus-
carinics such as cardiac arrythmias, hypertension, 
nasopharyngitis, dry mouth, constipation were 
reported in details in each visit. Indication for 
the treatment cessation is accepted as any life-
threating event or significant decrease in patient 
satisfaction assessed by Health Related Quality of 
Life (HRQoL) questionnaire. A hypertensive event 
was considered as any measurement of systolic 
blood pressure ≥140mm Hg or any measurement 
of diastolic blood pressure ≥90mm Hg, addition-
ally an increase of ≥20mm Hg in systolic blood 
pressure or an increase of ≥10mm Hg in diastolic 
blood pressure.

 Prior use of antimuscarinics or any other 
treatments for urinary incontinence were record-
ed in the first visit. Because, it was mandatory to 
stop using all anti-incontinence treatments before 
the beginning of the study, those who used anti-
muscarinics at the last 3 months were excluded 
from the study. Additionally, patients who had 
any perioperative complication (permanent uri-
nary retention, mesh erosion, bladder perforation 
or adjacent organ injury) during SUI surgery were 
excluded. Other drugs used for different co-mor-
bidities such as diabetes mellitus, hypertension or 
any other chronic disease were permitted to be 
used during the study, but recorded carefully for 
close follow-up in case of any adverse events.

Statistical analysis

 For analysis, SPSS 22.0 (IBM Company, 
Chicago) was used (7). Changes in all parameters 
of efficacy and safety from the first visit to the 
final visit for both groups were analyzed by using 
analysis of covariance model (ANCOVA) to obtain 
adjusted means. For statistical significance, p-va-
lue of <0.05 was accepted.

RESULTS

 Table-1 provides an overview of the base-
line characteristics of the study population. A total 
of 71 patients participated in the study; however. 

9 were excluded due to lacking any of the visits 
(5 in Group-A, 4 in Group-B). The data of remain-
ing 62 patients were evaluated. The mean age of 
the population was 48.2±3.8 years and similar in 
both groups (Table-1). Vast majority of the par-
ticipants were treatment-naive patients, only 33% 
had a history of prior use of any drug for OAB 
symptoms. Patients with MUI constituted majority 
of the participants in the study, as only 9 patients 
reported de novo OAB symptoms. Mean duration 
of OAB symptoms was 5.9±2.9 months. The mean 
duration time between SUI surgery and enroll-
ment in the study protocol was 26 months. Trans-
obturator tape (TOT) and Tension-free vaginal tape 
(TVT) procedures were performed for SUI surgery 
in 48 and 14 patients, respectively. Three patients 
in TOT and 1 patient in TVT group described in-
significant residual SUI that required lower than 2 
pads daily.

 Efficacy assessments are summarized in Ta-
ble-2. Several parameters were assessed to compare 
the efficacy of both drugs for the treatment of OAB 
symptoms in women after surgery for SUI. There 
was no statistically significant difference between 
the baseline values of two groups in any parameter. 
In post-treatment results, Group-A showed similar 
results with Group-B in all parameters (Table-2). Mi-
rabegron group provided even slightly better results 
for number of micturitions per 24h though the dif-
ference was not statistically significant (p: 0.37).

 Patient reported outcomes (PPBC and TS-
VAS) all revealed that the efficacy of mirabegron 
was comparable to that of solifenacin. In addi-
tion, quality of life which was assessed by the re-
sponder analyses, was similar and better than the 
beginning in both groups.

 Safety assessments are provided in Table-3 
in details. Possible side effects, adverse events or 
any factor leading discontinuation of treatment 
were reported. Hypertensive events were more fre-
quent in Group-B. A total of 12 events in 8 dif-
ferent patients were recorded (Table-3). All of the 
hypertensive events were temporary so did not re-
quire to stop the treatment. Sinus tachycardia was 
observed in 2 patients of Group-A. It was asymp-
tomatic, only recorded in ECG and did not persist 
in the follow-up visits. QT interval prolongation 
was not recognized in any patients participated.
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 Nephrotoxicity and hepatotoxicity was as-
sessed by monitoring serum creatinine levels and 
liver enzymes in each visit performed. Insignifi-
cant and temporary changes as slightly elevated 
serum alanine transaminase levels in 2 patients 
and creatinine levels in 3 patients, were observed 
but did not require to stop the treatment. No cog-
nitive impairment was recognized in any partici-
pants of the study. Acute urinary retention (AUR) 
was observed in only one patient of Group-B but 
did not persist despite continuation of the treat-
ment. Urinary tract infection (UTI) rates were 
similar in both groups. UTIs were not severe that 
oral antibiotics therapy was adequate in all cases.

 A total of 17 patients stopped the treat-
ment before the end of the study. In all cases, 
certain side effects were responsible for discon-
tinuation rather than inadequate response. Mean 
duration of treatment was 10.8 months in total 
but significantly longer in the mirabegron group. 

(11.4 vs. 10.3, p:0.042) Vast majority of patients 
quitted participated in the solifenacin group (13 
of 17, 76%) and dry mouth was the primary fac-
tor leading to the discontinuation of treatment 
(11 of 13 patients in Group B). Four patients dis-
continued mirabegron due to the side effects, 
particularly headache and nasopharyngitis. But 
in general mirabegron provided higher tolerabil-
ity than solifenacin.

DISCUSSION

 Urinary incontinence has always been 
under debate in Urology (8). Several choices of 
treatment, indispensable side effects in each op-
tion and challenging clinical cases make urinary 
incontinence a certain point of interest for most 
urologists (8).

 One of the most troublesome aspects of 
treatments for urinary incontinence is low patient 

Table 1 - Characteristics  and baseline values of  study  population.

All patients Group A Group B p value

Mean Age (years) 48.2±3.81 47.3±4.82 49.1±2.73 0.21

Patients Participated (n) 71 35 36 -

Patients Excluded (n) 9 5 4 -

Patients Evaluated (n) 62 30(48%) 32(52%) -

Prior Use of Any Drug for OAB symptoms (n) 21(33%) 12(40%) 9(28%) 0.17

De Novo OAB symptoms (n) 9(14%) 4(13%) 5(15%) 0.28

Preexisting and Persisting OAB symptoms(n) 53(85%) 26(86%) 27(84%) 0.26

Duration of OAB symptoms(months) 5.9±2.9 6.2±2.3 5.7±3.3 0.32

Number of micturitions per 24 h, Mean±SD 15.35±0.34 15.43±0.29 15.27±0.38 0.35

Volume voided in each micturition during 3-day 
micturition diary(mL), Mean±SD

128.69±3.88 129.73±3.85 127.65±3.92 0.18

Nocturia episodes during 3-day micturition diary, 
Mean±SD

3.96±1.67 3.89±1.83 4.03±1.52 0.42

Urgency episodes during 3-day micturition diary, 
Mean±SD

5.72±1.35 6.24±0.73 5.21±1.91 0.24

Urgency incontinence episodes during 3-day 
micturition diary, Mean±SD

4.22±0.69 4.17±0.77 4.26±0.61 0.43

OAB = Overactive  Bladder 
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satisfaction rates (9). Probably there are so many 
reasons for unsatisfaction of the patients but seri-
ous side effects might be the leading problem for 
patients to overcome in the long-term treatment 
of urinary incontinence.

 This study aims to determine whether 
mirabegron is safe and effective in females who 
has a history of surgical intervention for SUI by 
comparing with solifenacin which is a widely ac-
cepted anti-muscarinic in the treatment of OAB 
symptoms. There are several studies in the liter-
ature that shows the efficacy of mirabegron but 
most of them focus on pure UUI or mixed urinary 
incontinence with a predominantly component of 
OAB symptoms. Our study focuses on a different 
population. After a surgical intervention for SUI, 
either de novo or persisting and aggravating OAB 
symptoms lower the satisfaction rate of patients if 
it is not managed properly. This clinical condition 
would be considered as a different situation from 
primary OAB due to its different etiology.

 Urodynamic studies show that detrusor 
overactivity occur in these patients (10). The reason 
why detrusor activity is observed in these patients 
is yet to be revealed but a possible mechanism 

is the adaptation of detrusor muscle to the new 
circumstances occurred in the lower urinary tract. 
In other words, it may be regarded as a response 
by detrusor to the increased urethral resistance 
provided by SUI surgery. Frequently patients suf-
fering from OAB symptoms apply to their physi-
cian after a few weeks following surgery. Probably 
this period of time is required for gaining detrusor 
overactivity particularly in de novo OAB patients.

 Long-term treatment would be required in 
these patients to overcome OAB symptoms. There-
fore, mirabegron seems to be a good option in 
these cases with its well tolerability.

 Several anti-muscarinics have been used 
in the treatment of de novo or preexisting and 
persisting OAB symptoms after surgery for SUI 
since their efficacy was proven for the treatment 
of UUI. Among other anti-muscarinics, solifenacin 
would be a sensible option with its once a day us-
age to compare with mirabegron, in this way we 
tried to avoid a possible bias due to the multiple 
usage of another anti-muscarinic, because of its 
short half-life time. But the main reason of choos-
ing solifenacin 5mg for comparison with mira-
begron is its widely availability in Turkey. Some 

Table 2 - Parameters  for  Efficacy  Assessment.

All patients Group A Group B p value

Number of micturitions during 3-day micturition 
diary, Mean±SD

11.73±0.29 11.62±0.27 11.81±0.32 0.37

Volume voided in each micturition during 3-day 
micturition diary(mL), Mean±SD

164.71±2.96 165.73±2.94 163.69±2.98 0.19

Nocturia episodes during 3-day micturition diary, 
Mean±SD

2.25±0.61 2.20±0.57 2.30±0.64 0.41

Urgency episodes during 3-day micturition diary, 
Mean±SD

3.38±0.71 3.15±0.73 3.62±0.68 0.29

Urgency incontinence episodes during 3-day 
micturition diary, Mean±SD

2.31±0.49 2.27±0.47 2.36±0.51 0.42

HRQoL Score, Mean±SD 66.1±0.85 65.8±0.82 66.2±0.87 0.30

Symptom Bother Score, Mean±SD 43.7±0.77 44.1±0.79 43.4±0.75 0.22

VAS for treatment satisfaction, Mean±SD 4.78±0.14 4.72±0.16 4.84±0.12 0.39

PPBC Scale, Mean±SD 3.93±0.17 3.91±0.20 3.95±0.15 0.73

HRQoL = Health Related Quality of Life; VAS = Visual Analog Scale; PPBC = Patient Perception of Bladder Condition
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other kinds of antimuscarinics are not licensed or 
easily achievable in Turkey. 5mg dosage of solif-
enacin would be more tolerable than 10mg for the 
long-term treatment of OAB symptoms.

 The reason why we included women over 
the age of 40 in our study is to exclude women 
who were still in desire to have a child. Both drugs 
in our study were category C in pregnancy, there-
fore we aimed to select women without an expec-
tation of a child anymore.

 Chapple et al. (4) discussed the efficacy 
and safety of mirabegron by comparing 50mg and 
100mg dosage with tolterodine 4mg over 2444 
patients in 12 month follow-up and concluded 
that mirabegron was safe and effective in the 
long-term treatment of OAB. Marcelissen et al. (3) 

conducted a literature review including 10 studies 
and 3132 patients. The study concluded that pa-
tients with MUI were more likely to develop OAB 
symptoms after surgery for SUI as mentioned in 
our study (only 9 patients developed de novo OAB 
symptoms).

 Similarly to our study, in a retrospective 
study including 342 women suffering from OAB 
symptoms, Schiavi et al. (11) compared efficacy 
and tolerability of mirabegron 50mg/day with so-
lifenacin 5mg/day. Both drugs provided significant 
improvements in OAB symptoms. Detrusor ove-
ractivity decreased similarly in both groups (from 
58.3% to 13.1% in the solifenacin group, from 58% 
to 11% in the mirabegron group). However, soli-
fenacin showed more side effects and mirabegron 

Table 3 - Parameters  for  Safety  Assessment.

All patient Group A Group B

Hypersensitivity (n) - - -

Hypertensive Event (n) 12 8 4

Cardiac Arrhythmia (n) 2 - 2

Prolonged QT Interval (n) - - -

Nasopharyngitis (n) 1 1 -

Headache (n) 3 3 -

Sinusitis (n) 1 1 -

Backpain (n) 3 2 1

Arthralgia (n) 2 - 2

Diarrhea (n) 1 - 1

Constipation (n) 2 - 2

Dry Mouth (n) 11 - 11

UTI (n) 8 3 5

AUR (n) 1 - 1

Syncope (n) 1 - 1

Nephrotoxicity (n) 3 2 1

Hepatotoxicity (n) 2 - 2

Cognitive Impairment (n) - - -

Side Effects in Total (n) 53 20 33

UTI = Urinary Tract Infection; AUR = Acute Urinary Retention
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was recommended as a good option for long-term 
treatment of OAB. To our knowledge, the largest 
OAB study to date was conducted by Herschorn et 
al. (12) (SYNERGY Study) They evaluated the effi-
cacy of combination therapy with mirabegron and 
solifenacin, comparing with monotherapy and 
placebo 3398 patients were divided into 6 groups 
as placebo, solifenacin 5mg, mirabegron 25mg, 
mirabegron 50mg, solifenacin 5mg+mirabegron 
25mg, solifenacin 5mg+mirabegron 50mg. After 
18 weeks, the results showed that both of mono-
therapies were superior in efficacy to placebo and 
combination therapies superior to monotherapies, 
and the differences were statistically significant. 
(p <0.05) There was no significant difference in 
efficacy between solifenacin 5mg/day, mirabegron 
25 mg/day and mirabegron 50mg/day monothera-
pies. However, solifenacin had more adverse ef-
fects than mirabegron. Our results are compatible 
with these studies. Both drugs provided significant 
improvements in OAB symptoms in our study, ho-
wever mirabegron showed better tolerability than 
solifenacin particularly after 6 months of treat-
ment, because of the significant side effects of so-
lifenacin, primarily dry mouth.

Limitations of the study
 Although according to our power analysis 

we have adequate sample size, our population is 
small. The main reason of this is the low socio-
cultural status and rate of literacy of the female 
population in this region of our country. There-
fore, it was hard to find sufficient number of pa-
tients who were enabled to understand and accept 
the study protocol. Additionally, we could include 
several types of antimuscarinics in our study so 
that a more decisive result about the efficacy and 
tolerability of mirabegron would be determined. 
However, according to the health insurance in our 
government, most of the patients are not enable to 
achieve most of the anti-muscarinics.

 Twelve months seem to be adequate to 
find out the safety and tolerability of mirabegron, 
however, longer follow-up would reveal whether 
any tolerance may develop to its efficacy or a dose 
increase may be required.

 Some patients may still have residual SUI 
after surgery. Severity of SUI as assessed by num-

ber of pads used a day is an important predictor of 
the surgery outcome. We were not enable to pro-
vide adequate information from the participants 
about this topic. Although majority of the par-
ticipants benefited from surgery, severity of SUI 
before surgery may affect postinterventional uri-
nary complaints so as OAB symptoms. Moreover, 
evaluation of prior treatments for OAB would sig-
nificantly contribute to the quality of the study 
but the data is lacking.

 The study results provided that mirabe-
gron was an effective treatment option for OAB 
symptoms after surgery for SUI. Safety assess-
ments showed similar results for both drugs but 
tolerability was significantly better for mira-
begron particularly after 6 months of treatment 
when most patients using solifenacin reported to 
suffer from dry mouth or constipation. Relative-
ly less and acceptable side effects of mirabegron 
make it a tolerable drug for long-term treatment 
of UUI (13).

CONCLUSIONS

 In this study, we highlight that mirabegron 
is safe, effective and tolerable in the long-term 
treatment of OAB symptoms in females after sur-
gery for SUI. In order to provide more definitive 
recommendations, more studies including larger 
sample sizes, more types of drugs and longer peri-
ods of follow-up are required.
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Association between enuresis and obesity in children with 
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ABSTRACT

Objective: The purpose of this study was to determine whether the presence of obesity 
was related with symptoms of nocturnal enuresis (NE) and the effi cacy of behavioral 
intervention in the treatment of NE.
Materials and Methods: The patients diagnosed with primary monosymptomatic noc-
turnal enuresis (PMNE) were studied retrospectively. NE severity was classifi ed as mild, 
moderate, and severe according to the frequency of enuresis. The children were divided 
into three groups, namely normal weight (5th-84th percentile), overweight (85th-94th 
percentile), and obesity (≥95th percentile), according to their Body Mass Index (BMI) 
percentage. The relationship between obesity level and enuresis severity was analyzed. 
After three months of behavioral therapy, the effi cacy of treatment among normal, 
overweight, and obese groups were evaluated. Moreover, the predictive risk factors for 
treatment failure were investigated.
Results: The rates of severe enuresis in patients with normal weight, overweight, and 
obesity were 63.9%, 77.5%, and 78.6%, respectively. Obese children depicted higher 
odds of having severe enuresis compared with normal-weight children (OR: 1.571; 95% 
confi dence interval [CI]: 1.196-2.065; P=0.001). The odds of presenting with severe 
enuresis were 1.99 times higher in children who are obese or overweight compared to 
children with normal weight (OR: 1.994; 95% CI: 1.349-2.946; P=0.001). The complete 
response of the normal group was higher than those of the overweight and obese 
groups (26.8% vs. 14.0%, P=0.010; 26.8% vs. 0.0%, P=0.000). Overweight children 
showed higher complete response than obese ones (14.0% vs. 0.0%, P=0.009). Logistic 
regression analysis revealed that obesity level and enuresis frequency were signifi -
cantly related to the treatment failure of behavioral intervention.
Conclusions: Obesity is associated with severe enuresis and low effi cacy of behavioral 
therapy in children with nocturnal enuresis.
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INTRODUCTION

Nocturnal enuresis (NE) is the most com-
mon pediatric urological developmental disorder 
(1). The prevalence of enuresis is up to 20% in 

children aged 5 years old, and severe enuresis can 
persist indefi nitely with prevalence rate of 2%-
3% in adulthood (2, 3).  Primary monosymptoma-
tic nocturnal enuresis (PMNE) occurs in children 
who have previously been dry for <6 months wi-
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thout any (other) lower urinary tract symptoms 
or a history of bladder dysfunction (4). Although 
many different underlying pathophysiological 
mechanisms have been proposed to explain NE, 
its etiology remains unclear (5-8).

Obesity is a common and growing pro-
blem worldwide. According to Freedman et al., 
childhood obesity negatively affects blood pres-
sure, lipid profiles, glucose metabolism, and car-
diovascular diseases (9). Obese children are more 
likely affected by some other health problems, 
such as respiratory diseases, infertility, degene-
rative joint diseases, proteinuria, depression, an-
xiety, and discrimination in social life and the 
workplace, as compared with non-obese ones 
(10).

Obesity is related to the prevalence of 
enuresis and the treatment response of enuresis 
(11-13). However, analysis on the relationship 
between the symptoms of enuresis and obesity is 
lacking. In addition, the relations between enu-
resis and obesity have been controversial, inclu-
ding the association between body mass index 
(BMI) and therapeutic efficacy in the treatment of 
enuresis. According to several scholars, obesity 
and NE are not associated (14-16). Hence, fur-
ther research evaluating the association between 
obesity and enuresis is needed to understand the 
possible role of obesity in the pathogenesis and 
treatment responses of enuresis.

This study aims to assess the association 
between obesity and enuresis, including the re-
lationship of symptom classification of enuresis 
and the treatment responses of behavioral thera-
py for obese enuretic patients. The relationship 
between treatment failure and possible risk pre-
dictive variables is also analyzed.

MATERIALS AND METHODS

Participants and methods
This study was approved by the ethics 

committee of Beijing Children’s Hospital and 
was designed in accordance with the Declaration 
of Helsinki. The participants were children and 
adolescents who were referred from the enuresis 
outpatient clinic in Beijing Children’s Hospital 

between May 2016 and December 2017 and who 
had been diagnosed with PMNE. Consent forms 
were signed by their parents or caregivers. The 
inclusion criteria were as follows: PMNE without 
previous treatment of any kind during the past 
6 months, aged between 5 and 15 years old, and 
signed informed consent. Exclusion criteria were 
defined as known anatomical, urological, gas-
trointestinal, cardiovascular, endocrinological, 
and/or neurological pathologies, and abnorma-
lities in abdominal ultrasound or urinalysis that 
would interfere with evaluation. Demographic 
and disease characteristics, including age, gen-
der, weight, height, family history of enuresis, 
frequency of enuresis, daytime lower urinary 
tract symptoms (such as urinary urgency, urina-
ry frequency, and daytime urinary incontinen-
ce), and any treatment for NE were assessed by a 
questionnaire administered to the parents. After 
history taking and physical examination, all par-
ticipants underwent urine analysis, urine culture, 
and urinary tract ultrasound. Patients with ab-
normal results were excluded. NE severity was 
categorized as mild, moderate, and severe accor-
ding to the frequency of enuresis. NE every night 
or 5-6 wet nights a week was defined as severe, 
1 or 2 days a week was considered mild, and so-
mewhat in between was regarded as moderate.

BMI was calculated using the formula 
weight/height2 (kg/m2). In this study, the stan-
dardized growth curve of Chinese children and 
adolescents aged 0-18 years established by Li et 
al. was used (17). The children were divided into 
three groups, namely normal weight (5th-84th 
percentile), overweight (85th-94th percentile), 
and obesity (≥95th BMI percentile), according to 
their BMI percentage (18).

Behavioral intervention is the first line of 
treatment and pharmacotherapy should not be 
initiated in children unless nonpharmacological 
interventions have failed. Behavioral interven-
tion strategies involve educating families regar-
ding enuresis and its treatment, offering sugges-
tions for voiding patterns and frequency, limiting 
fluid intake, carrying the child to the toilet at 
night or waking the child up for urination, pro-
viding daily motivation and exercises aimed at 
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increasing bladder capacity, and treating cons-
tipation when present. The child must have an 
active role in bed cleaning after bed-wetting, 
should never be punished for wetting his/her 
bed, and must be rewarded if he/she reached the 
goal, as monitored by the signed wet and dry 
nights in a calendar. All patients were required 
to record daytime and overnight bladder diaries. 
If the patients experienced any difficulty, they 
sought help from their parents. We evaluated 
the efficacy of treatment in 3 months among the 
three groups after the start of behavioral thera-
py on the basis of the voiding diary kept by pa-
tients or their parents. Night-time urine volume 
was calculated as the weight of diapers plus the 
first voided volume in the morning. The presence 
of nocturnal polyuria was defined as an average 
night-time urine volume exceeding 130% of ex-
pected bladder capacity (30 + [age in years × 30] 
mL) (4, 19). The treatment response was defined 
by the 2014 ICCS criteria as follows: no response, 
partial response (<50% reduction of wet nights, 
50%-99% reduction in the frequency of NE), and 
complete response (100% reduction of enuresis 
episodes) (20). Moreover, the predictive risk fac-
tors for treatment failure (partial response and 
no-response) were investigated.

Statistical analysis

Statistical analyses were performed using the 
SPSS 19.0 software (SPSS Inc., Chicago, IL, USA). 
Univariate logistic regression and Pearson chi-square 
test were conducted to investigate the possible rela-
tionship between enuresis severity and obesity level. 
Enuretic patients were stratified by age, and chi-
-square test was then used to compare the differen-
ces in the treatment responses among patients aged 
11-15 years and 5-10 years. Multivariable logistic re-
gression model was performed to identify risk factors 
among age, gender, frequency of enuresis, degree of 
obesity, family history of enuresis, presence of noc-
turnal polyuria, and treatment failure. A P value less 
than 0.05 was considered statistically significant.

RESULTS

A total of 666 patients with PMNE were in-
cluded in this study. Demographic information of 
these participants is shown in Table-1. The children 
were aged 5-14.5 years with a median age (interquar-
tile range) of 6.5 (5.1-9.1) years. No significant di-
fferences on age, gender, family history of enuresis, 
and nocturnal polyuria were found among normal, 
overweight, and obese groups (Table-1).

Table 1 - Baseline clinical characteristics and demographic features.

Variables Normal (n, %) Overweight (n, %) Obese (n,%) Total (n) P value

Gender

Male 248 (52.1%) 67 (55.8%) 34 (48.6%) 349
0.608

Female 228 (47.9%) 53 (44.2%) 36 (51.4%) 317

Age (years)

5-9 356 (74.8%) 78 (65.0%) 54 (77.1%) 488
0.071

10-15 120 (25.2%) 42 (35.0%) 16 (22.9%) 178

Family history of NE

No 337 (70.8%) 83 (69.2%) 41 (58.6%) 461
0.118

Yes 139 (29.2%) 37 (30.8%) 29 (41.4%) 205

Nocturnal polyuria

Present 265 (55.7%) 56 (46.7%) 41 (58.6%) 362
0.158

Absent 211 (44.3%) 64 (53.3%) 29 (41.4%) 304
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A total of 214 patients (32.2%) had mild-
-moderate NE, and 452 (67.8%) had severe NE. 
The rates of severe enuresis in patients with nor-
mal weight, overweight, and obesity were 63.9%, 
77.5%, and 78.6%, respectively. The rate of severe 
enuresis in patients with normal weight was lower 
than that in overweight children, and the differen-
ce was statistically significant (P=0.005, adjusted 
P-value=0.0125). No statistically significant diffe-
rences were found in the rate of severe enuresis 
between obese and overweight groups and betwe-
en obese and normal groups (P=0.864; P=0.015). 
The relationship between NE severity and the pre-
sence of obesity is shown in Table-2. Obese chil-
dren depicted higher odds of having severe enu-
resis compared with normal-weight children (OR: 
1.571; 95% confidence interval [CI]: 1.196-2.065; 
P=0.001). The odds of presenting with severe enu-
resis were 1.99 times higher in children who were 
obese or overweight compared to children with 
normal weight (OR: 1.994; 95% CI: 1.349-2.946; 
P=0.001).

Among the 666 patients, 48 did not follow 
the doctor’s advice, 32 did not regularly consult 
a doctor, and 28 were lost to follow-up. Thus, 
a total of 558 participants completed this treat-
ment phase. The complete response of the normal 
group was higher than those of the overweight 
and obese groups, and the differences were sta-
tistically significant (26.8% vs. 14.0%, P=0.010; 
26.8% vs. 0.0%, P=0.000). Overweight children 
showed higher complete response than obese 
ones, and the difference was statistically signifi-
cant (14.0% vs. 0.0%, P=0.009). Among the 5-to 
10-year-old patients, the complete response of the 
obese group was lower than that of the normal 
group (P=0.000); however, no significant differen-
ces were found regarding complete response be-

tween the normal and overweight groups and be-
tween the overweight and obese groups (P=0.045, 
P=0.019, adjusted P-value=0.0125). Among the 
11- to 15-year-old patients, the complete respon-
se of the normal group was higher than that of 
the overweight group (P=0.007). However, no sta-
tistically significant differences were observed in 
the complete response between the normal and 
obese groups and between the overweight and 
obese groups (P=0.026, P=0.016, adjusted P-va-
lue=0.0125, Table-3).

 Multivariable logistic regression analysis 
of predictive risk factors for treatment failure.

 A logistic regression model was used to 
investigate the relationship between treatment 
failure and possible risk predictive variables by 
using six factors (age, gender, frequency of NE, 
family history of NE, presence of nocturnal polyu-
ria, and obesity) as independent variables and tre-
atment failure as a dependent variable (Table-4). 
Logistic regression analysis revealed that obesity 
level (OR: 2.633, 95% CI: 1.615-4.291) and enu-
resis frequency (OR: 3.350, 95% CI: 2.082-5.390) 
were significantly related to the treatment failure 
of behavioral therapy.

DISCUSSION

NE has been found to be related to obesi-
ty. Overweight and obese children tend to consu-
me an unhealthy diet that may overwhelm their 
functional bladder capacity and result in NE (21, 
22). Weintraub et al. reported that NE affects 9% 
of children with normal weight, 16% of overwei-
ght children, and 30% of obese children and ado-
lescents (7-18 years old) (12). Their results also 
showed that the odds ratio of enuresis in obese 
children was 6.5 folds more than that in nor-

Table 2 - The relationship between enuresis severity and the presence of obesity.

Groups Mild-moderate n 
(%)

Severe n (%) Total n (%) X2 P Value

Normal n (%) 172 (36.1%) 304 (63.9%) 476 (100.0%)

12.279 0.002Overweight n (%) 27 (22.5%) 93 (77.5%) 120 (100.0%)

Obese n (%) 15 (21.4%) 55 (78.6%) 70 (100.0%)
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Table 3 - The treatment responses of behavioral therapy.

Groups Nonresponse 
n (%)

Partial Response 
n (%)

Complete Response 
n (%)

X2 P Value

5-15 
years

Normal n (%) 67 (17.4%) 214 (55.7%) 103 (26.8%)

28.314 0.000Overweight n (%) 18 (15.8%) 80 (70.2%) 16 (14.0%)

Obese n (%) 12 (20.0%) 48 (80.0%) 0 (0.0%)

5-10 
years

Normal n (%) 46 (16.0%) 164 (56.9%) 78 (27.1%)

22.205 0.000Overweight n (%) 16 (21.6%) 48 (64.9%) 10 (13.5%)

Obese n (%) 8 (17.0%) 39 (83.0%) 0 (0.0%)

11-15 
years

Normal n (%) 21 (21.9%) 50 (52.1%) 25 (26.0%)

14.071 0.001Overweight n (%) 2 (5.0%) 32 (80.0%) 6 (15.0%)

Obese n (%) 4 (30.8%) 9 (69.2%) 0 (0.0%)

mal weight children. Guven et al. and Sally et al. 
analyzed the effect of obesity on the treatment 
responses of enuresis, but their conclusions were 
contradictory (13, 16). This finding led us to in-
vestigate a possible association between obesity 
and enuresis in children and adolescents. In the 
present study, we examined the relationship be-
tween enuresis severity and obesity degree, which 
has not been explored in previous studies.

In our study, children who are obese and 
overweight were more likely to develop severe 
enuresis compared with those with normal wei-
ght. Some common pathogenesis for obesity and 
enuresis may explain this result. First, obesity ex-
poses the pelvic floor to elevated intra-abdominal 
and intra-vesical pressure, thereby compromising 
the functional bladder capacity (23). This redu-

Table 4 - Logistic regression analysis on therapeutic effect of behavioral therapy.

Factors B Standard 
error

Wald value P value OR 95% confidence interval

Lower limit Upper limit

Gender 0.093 0.233 0.159 0.690 1.097 0.694 1.734

Age 0.032 0.276 0.013 0.909 1.032 0.600 1.774

Enuresis frequency 1.209 0.243 24.816 0.000 3.350 2.082 5.390

Family history of NE -0.428 0.237 3.263 0.071 0.652 0.410 1.037

Nocturnalpolyuria -0.001 0.218 0.000 0.995 0.999 0.651 1.531

Obesity level 0.968 0.249 15.075 0.000 2.633 1.615 4.291

ced functional bladder capacity plays an impor-
tant role in the pathogenesis of enuresis. Second, 
monosymptomatic NE occurs after psychological 
stress or trauma and results in increased psycho-
logical distress for the child (24). Obese children 
are also under higher psychological distress than 
their non-obese peers (25). Obesity and enuresis 
are closely related to psychological factors, in-
dicating that several shared mechanisms may be 
involved in their pathogenesis. Third, obesity is 
associated with hyperglycemia, which can cause 
diuresis and lower urinary tract symptoms. Fourth, 
adolescent obesity is related with sleep-disordered 
breathing (SDB) conditions, such as habitual sno-
ring, obstructive sleep apnea (OSA), upper airway 
resistance syndrome, and hypoventilation (26-28). 
SDB is directly related to NE. Habitual snorers are 
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at a greater risk of having NE than non-snorers 
(29). Moreover, bedwetting is predictive of OSA 
in children (30). The association between SDB 
and enuresis may be explained by large amounts 
of overnight sodium and urine excretion, which 
are probably caused by the increased secretion of 
atrial natriuretic peptide in patients with SDB (31). 
Thus, explaining the association between obesity 
and severe enuresis is not difficult.

In this study, the incidence of comple-
te response was lower in overweight and obese 
patients than in normal-weight enuretic patients. 
Moreover, the level of obesity (OR: 2.633, 95% CI: 
1.615-4.291) was an independent risk factor for the 
treatment failure of behavioral therapy. This result 
was consistent with previous studies. Guven et al. 
observed a good response to standard treatment in 
patients with a BMI below the 85th percentile (13). 
They speculated that the low treatment success ra-
tes in patients with high BMI suggest that obesity 
and incontinence may share a common etiology. 
Obesity is related to hormonal abnormalities in 
some children, and NE may be associated with 
an abnormality of antidiuretic hormone secretion 
(10, 32). Hence, pituitary or other central nervous 
system abnormality could be the cause of both 
conditions. Kovacevic et al. also reported that the 
low response rate in patients with NE is associated 
with obesity (33). Obese children often suffer from 
SDB, which is closely correlated with NE (34). The 
association between enuresis and SDB in children 
is supported by the decrease in enuresis frequency 
or even by the complete resolution of enuresis af-
ter the successful treatment of SDB (35). Although 
we did not evaluate this condition in our study, 
obesity may have increased the NE via the mecha-
nism of SDB and negatively affected the treatment 
outcomes.

In our study, multivariable logistic regres-
sion analysis revealed that enuresis frequency 
(OR: 3.350, 95% CI: 2.082-5.390) was significan-
tly related to the treatment failure of behavioral 
therapy. This result is in line with previous fin-
dings. Kurt et al. reported that NE frequency is a 
predictive factor in estimating the effectiveness of 
behavioral treatment (36). In their study, nearly 
half of the patients who had all days or 5-6 days 

of enuresis in a week did not show any response 
to behavioral interventions. Similarly, Önol et al. 
showed that NE severity is an independent risk 
predictor of complete response (37).

In view of the above findings of this stu-
dy, some suggestions may be helpful in guiding 
clinical practice. First, although losing weight is 
fraught with difficulties and challenges, weight 
control should be attempted as the initial step in 
obese children with NE. Second, obesity is asso-
ciated with an unhealthy diet. Ferrara et al. re-
ported that specific dietary advices can effectively 
manage PMNE (38). Thus, dietary recommenda-
tions may be necessary for enuretic children with 
obesity. Third, a previous study suggested that 
obesity is associated with a low rate of voiding 
diary completion (13). In this case, behavioral in-
tervention, including alarm therapy, may be prone 
to failure. Pharmacological intervention might be 
appropriate. Fourth, several medical conditions, 
such as SDB, psychopathological disorders, and 
type 2 diabetes mellitus, co-occur at increased ra-
tes among obese and enuretic children. Therefore, 
the active treatment of comorbidity may be bene-
ficial to the remission of both in some extent.

 The limitations of this study are as follo-
ws: First, risk factors affecting treatment response, 
which are indicators for detrusor overactivity (e.g., 
bladder wall thickness, and bladder volume), have 
not been analyzed and thus must be investigated 
in the future. Second, this study reveals an asso-
ciation between enuresis and obesity, but does not 
prove the cause and effect. Third, the duration of 
behavioral therapy is only for 3 months. Further 
study is needed to clarify the role of obesity in the 
efficacy of long-term behavioral intervention.

In conclusion, obesity is associated with 
severe enuresis and low efficacy of behavioral 
therapy in children with NE. Obesity should be 
considered in enuretic patients, especially if they 
display severe symptoms of enuresis or they fail to 
respond to behavioral therapy.
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ABSTRACT

Objectives: To determine the differences between voiding symptoms obtained by open 
anamnesis (VS-Open) versus voiding symptoms obtained by directed anamnesis (VS-
Directed) to predict voiding dysfunction in women.
Materials and Methods: Retrospective study of women with prior anti-incontinence 
surgery evaluated during 5 years. In a standardized clinical history taking, each patient 
was asked to answer question number fi ve of the UDI-6 questionnaire (“Do you experi-
ence any diffi culty emptying your bladder?”). If the answer was positive, the following 
voiding symptoms spontaneously described by the patient were documented: slow 
urine stream, straining to void, intermittent stream and feeling of incomplete bladder 
emptying, which were considered VS-Open. If the answer to this question was negative 
or if the patient had not reported the four voiding symptoms, she was asked in a di-
rected manner about the presence of each of them, which were considered VS-Directed. 
Voiding dysfunction was considered the presence of a maximum fl ow ≤ 12 mL/s and/
or a postvoid residual > 100 mL.
Results: Ninety-one women are analyzed. Eighteen patients presented voiding dys-
function (19.8%), There was a statistical association between voiding dysfunction and 
the presence of any VS-Open (p = 0.037) and straining to void obtained by open anam-
nesis (p = 0.013). Sensitivity, specifi city, PPV, NPV, positive likelihood ratio and nega-
tive likelihood ratio, respectively, were 44.4% and 27.8%, 80.8% and 94.5%, 36.3% 
and 55.6%, 85.5% and 84.1%, 2.324 and 5.129, and 0.686 and 0.764. There was no 
statistical association between voiding dysfunction and VS-Directed.
Conclusions: VS-Open may predict better voiding dysfunction than VS-Directed in women.
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INTRODUCTION

Large epidemiologic studies have demons-
trated that the prevalence of voiding symptoms in 
women ranges between 14.9 and 19.5%, and that 
these are generally related to storage symptoms 

(1, 2). The NICE (The National Institute for Health 
and Care Excellence, U.K.) guidelines for manage-
ment of urinary incontinence in women confers 
value to the presence of “symptoms suggestive of 
voiding dysfunction” and recommends the perfor-
mance of a multichannel urodynamics assessment 
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before undergoing anti-incontinence surgery in 
women presenting with such symptoms (3).

 Several studies have aimed at correlating 
voiding and/or post-micturition symptoms with 
voiding dysfunction in women, and have found 
difficulties at establishing such correlation. On 
one hand, there is a lack of consensus regarding 
the definition and diagnosis of voiding dysfunc-
tion in females (4), and there are studies that use 
only one criterion, such as either the urinary flow 
rate decrease or the increased post-void residual 
volume (PVR) (5-8). On the other hand, symptoms 
may be retrieved either through a medical inter-
view (5, 6, 9-11) or through the implementation 
of standardized questionnaires (1, 2, 7, 12), thus 
generating variations in their value to predict voi-
ding dysfunction.

 In their most recent terminology report, the 
International Urogynecological Association (IUGA) 
and the International Continence Society (ICS) defi-
ne voiding dysfunction as an abnormally slow and/
or incomplete voiding and recommend it is studied 
with the use of uroflowmetry and PVR measure-
ment, although there is still no consensus on the 
values that are considered as abnormal (13).

 The purpose of the present exploratory 
work is to study whether the voiding symptoms 
are predictive for voiding dysfunction in women in 
accordance with the definition of the main inter-
national societies, and to define whether there are 
differences between voiding symptoms obtained by 
open anamnesis (VS-Open) versus voiding symp-
toms obtained by directed anamnesis (VS-Directed).

MATERIALS AND METHODS

 We retrospectively reviewed an electronic 
database of patient’s medical records in a univer-
sity referral center. Patient information was col-
lected and entered into a database at the time of 
history taking, and before conducting urodyna-
mics according to ICS and IUGA definitions and 
recommendations (13-15). All patients provided 
informed consent for the use of their clinical in-
formation in research studies, and the confiden-
tiality of the data was guaranteed. The project 
was approved by the Institutional Scientific Ethics 
Committee of our institution.

 As part of a standardized clinical history 
procedure performed before every urodynamic 
study by the two urologist directly involved, each 
patient was asked to answer question number five 
of the Urogenital Distress Inventory Short Form 
Questionnaire (UDI-6) (“Do you experience any 
difficulty emptying your bladder?”) (16). If the 
answer was positive, the following voiding symp-
toms spontaneously described by the patient were 
documented: 1) slow urine stream, 2) straining to 
void, 3) intermittent stream (intermittency) and 4) 
a feeling of incomplete bladder emptying (accor-
ding to the ICS, incomplete bladder emptying is a 
post-micturition symptom) (14). Any or all of the 
symptoms expressed spontaneously were conside-
red VS-Open. If the answer to this question was 
negative or if the patient had not spontaneously 
reported experiencing the four voiding symptoms, 
she was asked in a directed manner about the pre-
sence of each of them. These symptoms were consi-
dered VS-Directed (VS-open were always described 
as VS-Directed subsequently). Symptoms were con-
sidered as either present or absent, with no severity 
stratification. All women with prior anti-inconti-
nence surgery during 5 consecutive calendar ye-
ars were selected, for being a group with a higher 
likelihood of presenting voiding dysfunction. The 
following exclusion criteria were applied: 1) pel-
vic organ prolapse over stage II, 2) “urethrolysis” 
surgery prior to the testing, 3) use of uroselective 
drugs, 4) neurological diseases, 5) bladder pain syn-
drome and 6) history of pelvic radiotherapy.

 Urodynamic testing was performed in 
accordance with the recommendations of the 
ICS (15). First, a non-invasive uroflowmetry was 
performed in private and the PVR was measured 
through catheterization; the procedure was repea-
ted in those patients presenting abnormal voiding 
testing or voiding volume <150 mL (until a proper 
volume was obtained). Subsequently, interactive 
filling cystometry was performed. A double lumen 
6F urethro-vesical catheter was used for bladder 
filling and intravesical pressure measurement and 
a rectal 8F balloon catheter was used for abdo-
minal pressure measurement. External pressure 
transducers were positioned at the upper edge of 
symphysis pubis and the system was zeroed to at-
mospheric pressure. Room temperature 0.9% sa-
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line solution was infused at a rate of 70 mL/min. 
Pressure transmission was assessed with coughing 
at the beginning and at the end of each testing, 
every 1 minute, during the complete testing and 
before and after each major event, in order to 
correct artifacts immediately; this was the only 
method used to provoke detrusor overactivity. 
The stress test was conducted in a standardized 
and stepped manner, with the use of progressive-
ly increasing cough intensity, following successi-
ve stages in case of not evidencing urodynamic 
stress incontinence: 1) with 300 mL infused in the 
sitting position, 2) with 300 mL infused in stan-
ding position and 3) at the maximum cystometric 
capacity in standing position (with the correspon-
ding change of the position of the transducers). In 
patients with maximum cystometric capacity of 
less than 300 mL, it was generally conducted at 
capacity in the sitting and the standing positions. 
The pressure-flow study was performed in priva-
te. Finally, the PVR was measured through the 
urethro-vesical catheter.

 The repeated presence of a maximum 
flow rate less than or equal to 12 mL/s and/or 
a PVR higher than 100 mL were considered as 
voiding dysfunction. The following was defined 
in the pressure-flow analysis: 1) bladder outlet 
obstruction was defined as a maximum flow rate 
≤12 mL/s in association with detrusor pressure at 
maximum flow rate ≥25cm H2O (17); 2) reduced 
detrusor contractility was defined as a maximum 
flow rate ≤12 mL/s in association with a detrusor 
pressure at maximal flow rate ≤10cm H2O modi-
fied from Gotoh et al. (18) and 3) mixed voiding 
dysfunction was defined as a maximal flow rate 
≤12 mL/s in association with a detrusor pressure 
at maximal flow rate between 11 and 24cm H2O), 
with a concordant free uroflowmetry in all cases.

 The Chi square test or the Fisher’s exact 
test were used to evaluate statistically significant 
association between voiding dysfunction and the 
presence of any of the VS-Open and VS-Directed. 
The procedure was applied likewise for each one 
of the symptoms individually. In case of obtai-
ning a statistically significant result (p <0.05), 
the sensitivity, specificity, positive predictive va-
lue (PPV), negative predictive value (NPV), accu-
racy and positive and negative likelihood ratio 

and strength of agreement were calculated using 
Cohen’s kappa coefficient. Data were processed 
with Stata 12.1 program® (StataCorp, 2012). Fi-
gure-1 shows a flowchart of the “Material and 
Methods” and Figure-2 shows a flowchart of the 
standardized clinical history procedure perfor-
med before every urodynamic study.

RESULTS

 From a total of 114 women with prior 
anti-incontinence surgery undergoing urody-
namics, 23 were excluded (6 for having pelvic 
organ prolapse over stage II, 5 for prior “ure-
throlysis”, 6 for using uroselective drugs, 5 
for neurological diseases and 1 due to bladder 
pain syndrome), and 91 patients underwent the 
analysis. All patients were evaluated 6 or more 
months after the anti-incontinence surgery. Ta-
ble-1 displays the clinical history of the patients. 
Twenty-three patients had VS-Open, 70 patients 
had VS-Directed (including the 23 patients with 
VS-Open) and only 21 patients didn´t have any 
kind of voiding symptoms (23.1%). Table-2 sho-
ws urodynamic diagnoses of the patients accor-
ding to urinary incontinence symptoms. Of the 
total, 18 patients presented voiding dysfunction 
(19.8%): 13 had bladder outlet obstruction, 3 had 
reduced detrusor contractility and 2 had mixed 
voiding dysfunction. There were 4 patients with 
PVR higher than 100 mL (22.2% of patients with 
voiding dysfunction), all with a maximal flow 
rate less than or equal to 12 mL/s. Table-3 dis-
plays statistically significant associations betwe-
en the presence of voiding dysfunction and VS-
-Open and VS-Directed. Due to small numbers 
we are unable to describe variation in voiding 
symptoms according to the time elapsed since the 
surgery. There was a statistically significant as-
sociation between voiding dysfunction and a) the 
presence of any VS-Open and b) straining to void 
obtained by open anamnesis. There was no sta-
tistically significant association between voiding 
dysfunction and VS-Directed. Table-4 shows 
sensitivity, specificity, PPV, NPV, accuracy, po-
sitive and negative likelihood ratio and strength 
of agreement (Cohen’s kappa) of symptoms with 
statistically significant association.
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DISCUSSION

 This exploratory study, despite being retros-
pective and that included a limited number of pa-
tients, has the strength to evaluate a homogeneous 
group of women in a standardized manner, with 
documentation of analyzed data upon examination, 
following the definitions and recommendations of 
the IUGA and the ICS.

 Correlation between voiding and/or post-
-micturition symptoms and voiding dysfunction is 
difficult to assess due to a lack of consensus in the 
definition and diagnosis of voiding dysfunction and 
in the way symptoms are retrieved.

 For the diagnosis of voiding dysfunction, 
some studies use only the criterion of decreased uri-
nary flow rate (5) or just the increase in PVR criterion 
(6-8). Other studies use both criteria but independen-
tly of one another (11, 19), and this modifies all the 
results obtained. Additionally, there is another group 
of studies that only considers the bladder outlet obs-
truction diagnosis, without assessing those patients 

with a reduced detrusor contractility, thus having an 
impact on conclusions (10, 12, 20). The present study 
follows the IUGA and ICS definition, and therefore 
the voiding dysfunction diagnosis considers both a 
decreased urinary flow criterion as well as the cri-
terion of increased PVR. However, any definition of 
voiding dysfunction in females has a certain degree 
of arbitrariness. We chose the criteria of maximal 
flow rate ≤12 mL/s based on the main studies that 
use such cutoff to define bladder outlet obstruction 
in women when associated to high detrusor pressu-
re at maximum flow rate (17, 21), that additionally 
coincides with the cutoff to define a reduced detrusor 
contractility when associated to low detrusor pressu-
re at maximum flow rate described by Gotoh et al. 
(18). With regard to PVR, the IUGA/ICS joint report 
on the terminology for female pelvic floor dysfunc-
tion indicates different values for the upper limit of 
normal (30, 50 and 100 mL) (13). In the present study 
a value higher than 100 mL was chosen as abnormal. 
Such value is observed in only 5% of asymptomatic 
peri and post-menopausal women (22). Anyhow, in 

Figure 1 - Flowchart of “Material and Methods”.
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Figure 2 - Flowchart of the standardized clinical history procedure performed before every urodynamic study (UDI-6: 
Urogenital Distress Inventory Short Form Questionnaire).

the present study, all patients with increased PVR had 
decreased maximal flow rates, therefore the results 
would not have been affected if higher PVR criterion 
had been defined, a fact that cannot be guaranteed in 
studies that do not consider both criteria.

 To be able to compare our results, focus must 
be only on the scant studies that diagnose voiding 
dysfunction with urinary flow rate and PVR criteria, 
and that also include not only bladder outlet obstruc-
tion but also reduced detrusor contractility. It is with 
this perspective that Groutz et al., applying a medi-
cal interview apparently in a directed manner to 206 
women, assessed the presence of at least one voiding 
symptom (hesitancy, straining to void, weak or pro-
longed stream, intermittent stream, double voiding, 
feeling of incomplete emptying, reduction and posi-
tional changes to start or complete voiding) and con-
cluded that voiding dysfunction defined as a maxi-
mal flow rate less than 12 mL/s and/or a PVR higher 
than 150 mL (present in 40 patients) could be found 
in women with and without suggestive symptoms 
(in 21.2% and 16.5% respectively) (9). On the other 
hand, Hubeaux et al., using 5 items of the Bristol Fe-

male Lower Urinary Tract Symptoms Questionnaire 
(hesitancy, straining to void, intermittency, strength 
of urine stream, feeling of incomplete bladder emp-
tying) in 93 women with genuine stress urine inconti-
nence with no evident obstruction cause undergoing 
urodynamic testing, did not find an association with 
voiding dysfunction defined as a maximal flow rate 
less than 15 mL/s and/or a PVR higher than 50 mL 
and an abnormal pattern of the flow curve (23). Our 
study, that considered voiding dysfunction as the 
presence of a maximal flow rate less than or equal 
to 12 mL/s and/or a PVR higher than 100 mL, failed 
to find an association with VS-Directed, concurring 
with the study of Groutz et al., and similarly to the 
results of Hybeaux et al., if we consider that there 
is a similarity between asking about the presence of 
each symptom in a directed manner and applying a 
questionnaire that includes them all. Noteworthy, a 
reasonable association was found between voiding 
dysfunction and the presence of “any VS-Open” and 
with “straining to void obtained by open anamnesis” 
(Table-4). It is interesting to comment that Jeffery 
et al. also described the importance of the symptom 
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Table 1 - Medical history in women with previous anti-incontinence surgery undergoing urodynamics (n = 91).

Variable Results

Age (range) 62.7 ± 11.06 (34 – 81)

Vaginal deliveries (range) 2.79 ± 1.91 (0 – 11)

Previous hysterectomy 31 (35%)

Type of anti-incontinence surgery

Mid-urethral sling 50 (54.9%)

Burch colposuspension 29 (31.9%)

Mid-urethral sling and Burch surgery 5 (5.5%)

Unknown vaginal surgeries 7 (7.7%)

Symptoms of

Stress urinary incontinence 11 (12.1%)

Urge urinary incontinence 20 (22.0%)

Mixed urinary incontinence 54 (59.3%)

Other types of urinary incontinence a 6 (6.6%)

VS-Open b 23 (25.3%)

Slow stream 5

Straining to void 9

Intermittent stream 13

Feeling of incomplete emptying c 3

VS-Directed d 70 (76.9%)

Slow stream 20

Straining to void 15

Intermittent stream 24

Feeling of incomplete emptying c 45

Without any voiding symptom 21 (23.1%)

a = Insensible urinary incontinence, nocturnal enuresis; b = VS-Open: voiding symptoms obtained by open anamnesis; c = A post micturition symptom according to 
ICS; d = VS-Directed: voiding symptoms obtained by directed anamnesis

“straining to void” as a predictor of voiding dysfunc-
tion, although they evaluated separately the maximal 
flow rate and the PVR. Through a standardized ques-
tionnaire applied to 116 patients, they evaluated the 
presence of voiding symptoms that occurred “more 
commonly than occasionally” (straining to void, 
double voiding, post-micturition leakage, slow urine 
stream and feeling of incomplete bladder emptying), 

and found that “straining to void” was the only pre-
dictor of decreased maximal flow rate (less than 15 
mL/s) and of increased PVR (PVR higher than 100 mL 
and 150 mL) (11).

 If the outcomes would be applied in the 
clinical practice, the “straining to void obtained by 
open anamnesis” almost ensures the diagnosis of 
voiding dysfunction (94.5% specificity, which is in-
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Table 2 - Urodynamics results in women with previous anti-incontinence surgery according to the type of urinary incontinence 
symptoms (n = 91).

Type of symptom Filling cystometry Pressure-flow study

Stress urinary incontinence
(n = 11)

Urodynamic stress incontinence 11 (100%) Bladder outlet obstruction 2(18%)

Urge urinary incontinence a

(n = 20)
Detrusor overactivity 11 (55%) Bladder outlet obstruction

Mixed voiding dysfunction
4(20%)
1(5%)

Mixed urinary incontinence
(n = 54)

Urodynamic stress incontinence
Detrusor overactivity

Mixed filling diagnosis b                      

21(39%)
4(7.4%)
27(50%)

Bladder outlet obstruction
Reduced detrusor contractility

Mixed voiding dysfunction

4(7.4%)
3(5.6%)
1(1.9%)

Other types of urinary 
incontinence
(n = 6)

Urodynamic stress incontinence 3 (50%) Bladder outlet obstruction 3(50%)

a = In patients only with urge urinary incontinence symptoms the stress test wasn’t done; b = Mixed filling diagnosis: Urodynamic stress incontinence + Detrusor overactivity

Table 3 - Statistical associations between voiding dysfunction and voiding symptoms in women with previous anti-
incontinence surgery.

Symptom p value

VS-Open a

Any spontaneous symptom 0.037

Slow stream 0.256

Straining to void 0.013

Intermittent stream 0.068

Feeling of incomplete emptying b 0.488

VS-Directed c

Any directed symptom 0.551

Slow stream 0.072

Straining to void 0.179

Intermittent stream 0.368

Feeling of incomplete emptying b 0.317

a = VS-Open: voiding symptoms obtained by open anamnesis; b = A post micturition symptom according to ICS; c = VS-Directed: voiding symptoms obtained by 
directed anamnesis

dependent of the voiding dysfunction prevalence). If 
we generalize our results, in patients with overactive 
bladder syndrome, this symptom would be useful to 
decide a full urodynamic study to clarify the reason 

of the voiding dysfunction, considering that a blad-
der outlet obstruction can cause detrusor overactivity 
(4) and that antimuscarinc therapy in patients with 
voiding dysfunction may deteriorate their clinical 
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conditions. As well as, patients with stress-predo-
minant urinary incontinence, this symptom would 
help to determinate the need of a full urodynamic 
study to evaluate voiding dysfunction, which is as-
sociated with obvious worse surgical outcomes (the 
ValUE trial reported that 11.9% of the patients of the 
urodynamic-testing group had voiding dysfunction 
despite having a PVR less than 150 mL and that the-
se patients had less satisfactory outcomes (62.1% vs. 
78.3%) (24). Finally, we have to be careful with the 
interpretation of the high NPV of “any VS-Open” and 
“straining to void obtained by open anamnesis”: wi-
thout considering any voiding symptom our cohort 
has a 80.2% probability of not having voiding dys-
function (19.8% patients with voiding dysfunction), 
which increases only to 85.5% if the patient reports 
“any VS-Open” and to 84.1% if the patient reports 
“straining to void by open anamnesis”.

CONCLUSIONS

 This study shows that VS-Open may predict 
better voiding dysfunction than VS-Directed in wo-
men. To date, we are not aware of prior publications 
having studied this matter. Additional larger and pros-
pective studies are required to confirm these findings.

ABBREVIATIONS

VS-Open = voiding symptoms obtained by open 
anamnesis

VS-Directed = voiding symptoms obtained by direc-
ted anamnesis
PVR = post-void residual volume
PPV = positive predictive value
NPV = negative predictive value
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Vesicostomy button: how is it placed, in whom, and how is 
quality of life affected?
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ABSTRACT

Purpose: The vesicostomy button has been shown to be a safe and effective bladder 
management strategy for short- or medium-term use when CIC cannot be instituted. 
This study reports our use with the vesicostomy button, highlighting the pros and cons 
of its use and complications. We then compared the quality or life in patients with 
vesicostomy button to those performing clean intermittent catheterization.
Materials and Methods: Retrospective chart review was conducted on children who 
had a vesicostomy button placed between 2011 and 2015. Placement was through 
existing vesicostomy, open or endoscopically. We then evaluated placement procedure 
and complications. A validated quality of life questionnaire was given to patients with 
vesicostomy button and to a matched cohort of patients performing clean intermittent 
catheterization.
Results: Thirteen children have had a vesicostomy button placed at our institution 
in the 4 year period, ages 7 months to 18 years. Indications for placement included 
neurogenic bladder (5), non-neurogenic neurogenic bladder (3), and valve bladders 
(5). Five out of 7 placed via existing vesicostomy had leakage around button. None of 
the endoscopically placed buttons had leakage. Complications were minor including 
UTI (3), wound infection (1), and button malfunction/leakage (3). QOL was equal and 
preserved in patients living with vesicostomy buttons when compared to CIC.
Conclusion: The vesicostomy button is an acceptable alternative to traditional vesi-
costomy and CIC. The morbidity of the button is quite low. Endoscopic insertion is the 
optimal technique. QOL is equivalent in patients with vesicostomy button and those 
who perform CIC.
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INTRODUCTION

The vesicostomy button is an adaptation 
of the gastrostomy button placed into the bladder. 
It was fi rst described as a means of bladder drai-
nage in 1996 and became popularized by our Eu-
ropean colleagues in 2007 (1-3).The vesicostomy 
button is an attractive option for those patients 
in which clean intermittent catheterization (CIC) 

cannot be instituted. CIC is not feasible in some 
children due to anatomic variations, neurologic 
reasons, or pain and discomfort from catheter in-
sertion. It has been well established that the goals 
of bladder management include preservation of 
the upper tracts, low pressure storage, and a so-
cially acceptable means of drainage. CIC has been 
the gold standard owing to low risk of infection, 
stone formation, and erosion (4). Alternatives to 
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CIC have been investigated including continuous 
indwelling Foley catheter, suprapubic tube, Mitro-
fanoff vesicostomy, and the vesicostomy button; 
each modality has unique risks and benefits and 
can be chosen with appropriate physician and fa-
mily discussion (1).

 The vesicostomy button ideally allows the 
patient to enjoy the benefits of urinary continen-
ce with intermittent bladder drainage without the 
use of a bag or catheter insertion. Placement can 
be done by an open technique, endoscopic techni-
que, percutaneous technique, or insertion into an 
established vesicostomy tract (2). The literature has 
shown the vesicostomy button is a safe and effec-
tive alternative with minor complications including 
leakage around the button, local wound infections, 
and UTIs; no major complications were reported.

 Improving quality of life for pediatric pa-
tients in an important consideration for pediatric 
urologists. Quality of life impacts care options and 
surgical decisions. Milliken et al. (5) postulated an 
improved quality of life in children managed with 
the vesicostomy button, owing to ease of use and 
discretion, however no study has objectively asses-
sed the impact of using the vesicostomy button on 
quality of life.

 We aim to discuss our experience with the 
vesicostomy button focusing on patient selection 
factors, technique of placement, and complications 
associated with the vesicostomy button. We also 
evaluated quality of life of the button and compared 
it to CIC patients. We hypothesized that quality of 
life would be improved with vesicostomy button use.

MATERIALS AND METHODS

 Institutional Review Board approval was 
obtained. A retrospective chart review was con-
ducted on children who had a vesicostomy button 
placed between 2011 and 2015. Data collected in-
cluded patient name, age, presentation to urology, 
underlying diagnoses, indication for vesicostomy 
button placement, length of placement at time of 
review, complications at the first follow-up after 
placement, complications within the first 30 days 
after placement, UTI’s 12 months before and after 
placement up to the date of review, creatinine befo-
re and after placement, and upper tract imaging.

 We also prospectively identified pa-
tients undergoing CIC and matched them to the 
vesicostomy button patients by age and gender. 
A validated Intermittent Self-Catheterization 
Questionnaire (ISC-Q) was administered to the 
patient or family during a scheduled clinic visit 
(6). The ISC-Q is a self-report survey that focu-
ses on quality of life (Figure-1). The survey was 
adapted to vesicostomy button with 5 questions 
eliminated that relate to the single use nature of 
a urethral catheter. The adapted ISC-Q includes 
19 items that evaluate 4 domains: ease of use, 
convenience, discreteness and psychological 
well-being. Patients and/or primary caregivers 
were encouraged to fill out the questionnaire 
depending on age and cognitive ability or the 
participant.

Technique for primary placement: open tech-
nique

The open placement is performed via 
2-3cm incision 2 finger breadths above the pu-
bic symphysis. A cystotomy is created to ac-
commodate an 18-French catheter. The button 
is then directly inserted into the bladder, the 
balloon is inflated, and a purse-string absorba-
ble suture is placed to create a snug fit of the 
detrusor and mucosa around the button. The 
button is the exact button used for gastrostomy 
tubes and comes with extension tubing that at-
taches to the button. To drain the bladder the 
extension tubing is connected and can drain di-
rectly into toilet or urinal (Figure-2).

Technique for primary placement: Endoscopic/
Percutaneous Technique

 Patient is positioned into dorsal lithotomy 
position and the appropriate cystoscope is inser-
ted into the bladder. The dome of the bladder is 
visualized. A small skin incision is made and a 
finder needle is inserted followed by a 0.038 wire 
under direct vision. The finder needle is removed 
leaving the wire in place; dilators are then pas-
sed over the wire to a maximum of 18-French. 
A vesicostomy button measuring device is used 
to measure the length of the tract and chose the 
appropriate button size. The vesicostomy button 
is placed over the wire under direct vision.
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Figure 1 - Intermittent Self-Catheterization Questionnaire (ISC-Q) adapted for Vesicostomy (Mic-Key) Button Users.
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Placement into an established tract
 This technique is used for children with a 

pre-existing vesicostomy. In the operating room 
the vesicostomy tract is dilated to 18F and the 
vesicostomy button measuring device is used to 
choose the appropriate button size. The button is 
then placed directly into the vesicostomy tract and 
the balloon inflated.

 After placement it is our practice to con-
tinue the button to constant drainage for 24-48 
hours then began intermittent bladder drainage 
via the extension tubing. We change the button 
every 6-8 weeks in the office with a nurse or by 
the parent at home.

RESULTS

 Thirteen children have had a vesicostomy 
button placed at our institution from 2011 to 2015, 
ages 7 months to 18 years with an average age of 

5 years (median 3.8 years). Follow-up has been 
24.75 months on average (range 3-54); only 2 pa-
tients do not have ongoing urology follow-up as 
one is followed solely by nephrology and the other 
has transitioned to adult urology care. Indications 
for placement included neurogenic bladder (5), non-
-neurogenic neurogenic bladder disorders (3), and 
valve bladders (5). Currently 10 children are still 
using the vesicostomy button while 2 children have 
had the button removed and are voiding sponta-
neously and 1 child was converted back to a tradi-
tional vesicostomy. All buttons were placed either 
because patient or family was unable to cathete-
rize secondary to patient anatomy or patient was 
sensate and did not tolerate CIC. Table-1 shows 
the patient demographics.

 Three patients with vesicostomy buttons 
were transplant recipients. All three children had 
a diagnosis of a posterior urethral valve. All three 
patients have normal sensation and had a vesi-
costomy performed soon after birth for valve and 
renal failure. Two of the three patients still have 
buttons in place. The third patient, an 11-years-
-old, had the button placed for assessment of bla-
dder capacity and possible function as he had had 
a vesicostomy since birth. However, the patient’s 
creatinine rose after placement and he was not 
compliant with drainage schedule, he was conver-
ted back to a vesicostomy.

 Postoperative complications (within 30 
days) were minor including UTI (3), wound in-
fection (1), and button malfunction (3). Button 
malfunction was considered a complication if 
the patient was seen in the emergency depart-
ment or clinic for significant leakage requiring 
button or tubing change before the planned 
initial change or for dislodged buttons. Seven 
patients had the vesicostomy button placed 
through an existing vesicostomy track at time 
of vesicostomy revision. Five patients had the 
button placed via the endoscopic approach. One 
patient had an open vesicostomy button inser-
tion. Five out of the seven patients (71%) with 
buttons placed into previous vesicostomy and 
the one patient (100%) who underwent open 
placement had leakage around the vesicostomy 
button. Conversely, none of the patients with 
the endoscopic approach had leakage.

Figure 2 - Vesicostomy Button with attachment tubing.
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 To assess for upper tract deterioration cre-
atinine and imaging were used if available. 
Creatinine was measured before and approxi-
mately 1 month after button placement in 10 
patients. Creatinine remained stable in all 10 
patients (maximum change = 0.12 mg/dL). The 
patient in which the button was removed for 
non-compliance and creatinine elevation oc-
curred 3 months after placement, this eleva-
tion was concomitant with a UTI and resolved 
with vesicostomy button removal. Upper tract 
imaging was available in 12 patients. Ten re-

nal ultrasounds confirmed absence of hydrone-
phrosis or stable to improved hydronephrosis 
post-placement. The other two patents had nu-
clear medicine scans (MAG3 renal Lasix scan 
and DMSA) confirming equal and stable func-
tion bilaterally. 

One patient in our series used the button for 
bladder cycling prior to successful transplantation. 

Four children had recurrent UTI’s documen-
ted before insertion and continued to have infec-
tions after placement.  Three additional children 
began experiencing UTI’s after placement.  

Table 1 - Patient Demographics.

Patient Age (years) Diagnosis Indications Placement Technique

1 3 Neurogenic Bladder Acute Retention, Unable 
to Tolerate CIC

Existing Vesicostomy

2 3.8 Valve Bladder Unable to Tolerate CIC, 
Prior Vesicostomy

Existing Vesicostomy

3 0.6 Neurogenic Bladder Parents Unwilling to 
Perform CIC

Endoscopic

4 4.8 Non-neurogenic 
Neurogenic Bladder

Unable to do CIC due to 
Anatomy

Endoscopic

5 1.6 Valve Bladder Placed to Cycle Bladder 
Pre-transplant

Existing Vesicostomy

6 4.3 Valve Bladder Parents Unwilling to 
Perform CIC

Endoscopic

7 13 Neurogenic Bladder Unable to do CIC due to 
Anatomy

Existing Vesicostomy

8 5.6 Neurogenic Bladder Parents Unwilling to 
Perform CIC

Open

9 5.6 Non-neurogenic 
Neurogenic Bladder

Patient Unable to 
Tolerate CIC

Existing Vesicostomy

10 18.3 Non-neurogenic 
Neurogenic Bladder

Patient Unable to 
Tolerate CIC, Prior 

Vesicostomy

Existing Vesicostomy

11 2.8 Valve Bladder Acute Retention, Unable 
to Tolerate CIC

Endoscopic

12 11.6 Valve Bladder Patient Unable to 
Tolerate CIC, Prior 

Vesicostomy

Existing Vesicostomy

13 3.1 Neurogenic Bladder Cloacal Malformation, 
Patient Unable to 

tolerate CIC

Endoscopic
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hort had an average score of 69.8 while the CIC 
cohort averaged 72.3 (p-value=0.65).  Thus, there 
was no statistical difference in QoL when using 
the vesicostomy button versus CIC. 

DISCUSSION

 The vesicostomy button is an acceptable 
alternative to traditional vesicostomy or CIC. An 
important consideration in the use of the vesicos-
tomy button is that is it a temporary measure to 
allow the child to achieve his/her voiding base-
line and develop a definitive plan while keeping 
his/her upper tracts safe and bladder functioning 
with social continence. The 30 day morbidity of 
the button is quite low. Generally, the button is 
used as a bridge to a more definitive procedure 
or reconstruction. In our series, the average length 
of button placement was around 2 years. The plan 
for the majority of these patients is eventual re-
construction to achieve continence. However, some 
patients have been very happy with the button and 
do not desire reconstruction. Because the tube is a 
vesicostomy button and not a Foley catheter, there 

 One child presented with erythema at 
the vesicostomy button site was diagnosed with a 
wound infection; this was treated with Keflex® for 
local cellulitis. 

 Three patients were reported to have but-
ton malfunction issues within their first 30 days 
after placement. These issues included leakage 
around the button ultimately requiring button re-
vision (1), the button became dislodged requiring 
nursing replacement (1), and difficulty with the 
drainage tubing to the button (1) which was resol-
ved with nurse teaching.

Eight vesicostomy patients and 6 CIC pa-
tients were compared in regards to QOL using the 
questionnaire. Mean age of vesicostomy button 
patient at time of survey was 6.6 compared to CIC 
group at age 7.3. Table-2 shows patient demogra-
phics for both groups. 

 Mean scores were evaluated for each do-
main and an overall QoL score as shown in Ta-
ble-3. Figure-3 shows the mean scores for the 
cohorts in each domain. An overall QoL score in-
cluded a total of 19 questions with the highest 
possible score of 95. The vesicostomy button co-

Table 2 - Patient Demographics.

CIC Cohort Vesicostomy Button Cohort

Age (years) Sex Indication for CIC Age (years) Sex Indication for Vesicostomy Button

11 M Neurogenic bladder 7 M Valve bladder

7 F Neurogenic bladder 10 F Non-neurogenic neurogenic bladder

12 M Neurogenic bladder 8 M Neurogenic bladder

7 M Neurogenic bladder 7 M Valve bladder

2 M Neurogenic bladder 4 M Valve bladder

4 M Neurogenic bladder 7 M Neurogenic bladder

4 M Valve bladder

6 M Non-neurogenic neurogenic bladder
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is a maximum length of 5 cm and in one larger pa-
tient the button required removal because she had 
grown larger than the maximum offered length. 

 Urinary tract infections were a prominent 
finding throughout the study. We found that if the 
child had recurrent uti’s prior to button placement 
that this was likely to continue after placement. 

Our leakage rate of 71-100% for those pa-
tients that had placement into an existing vesi-
costomy or open button placement was consistent 
with the findings described by Haider et al. (2). 
The leakage was significant in 2 patients (40%), 
these patients eventually required button revision. 
Endoscopic placement is superior in regards to 
achieving dryness post-operatively.  Existing ve-
sicostomy tract should be avoided if end goal of 
treatment is total dryness.

 We found when reviewing our QoL sur-
veys that the vesicostomy button is comparable to 
CIC, specifically in regards to ease of use, conve-
nience, discreetness and psychological well-being. 
Vesicostomy is a good alternative to CIC when it 
cannot be tolerated due to patient anatomy or in-
tact genital sensation. 

 To our knowledge, this is the first study 
to assess pediatric patients’ perceived quality of 
life while using alternate bladder emptying stra-
tegies. Mosiello et al. (7) studied their experience 
with cystotomy button in the pediatric population 
and found that it was well accepted by patients 

Table 3 - QoL Scores.

 CIC Cohort Vesicostomy Button Cohort p-value

Overall QoL Score 
Max = 95

72.3 69.75 0.65

Mean QoL Score (SD)
Max = 5

3.77 (1.47) 3.71 (1.48)

Overall Ease of Use Score 
Max = 35

27 26.13 0.88

Mean Ease of Use Score (SD)
Max = 5

3.63 (0.51) 3.64 (0.99)

Overall Convenience Score 
Max = 15

13.83 11.88 0.19

Mean Convenience Score (SD)
Max = 5

4.62 (0.66) 4.19 (0.92)

Overall Discreetness Score 
Max = 15

12 10.38 0.20

Mean Discreetness Score (SD)
Max = 5

3.99 (0.83) 3.45 (0.69)

Overall Psychological Well-Being Score 
Max = 30

19.5 21.38 0.52

Mean Psychological Well-Being Score (SD)
Max = 5

3.26 (1.01) 3.6 (0.73)

Figure 3 - CIC versus vesicostomy QoL scores by domain.
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and families. While they concluded that it could 
improve patient satisfaction and quality of life, no 
objective data was collected. We found both co-
horts were satisfied with their quality of life, both 
had average Qol scores over 3 (3.77 for CIC cohort 
and 3.71 for vesicostomy button cohort). Satisfac-
tory QoL is a score greater than 2.5 (6).

 We look forward to the growing body of 
literature in regards to vesicostomy button place-
ment and hope to identify those that would bene-
fit the most from its use. 

CONCLUSIONS

We conclude that the button does not de-
crease UTI’s in the child with a history of UTI’s 
prior to placement. We also found that endoscopic 
placement is the best option with the least amount 
of button leakage. Quality of life is reported as 
equally good among children doing CIC and using 
the vesicostomy button for bladder drainage. 
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ABSTRACT

Introduction: Chronic hyperglycemia is caused by diabetes mellitus-committed genital 
morphophysiology, and oxidative stress is one of the main factors involved in this 
process. Alpha lipoic acid (ALA) can prevent metabolic and morphological changes in 
diabetic individuals.
Objectives: In present study, we evaluated the effects of regular ALA consumption on 
the spermatogenesis and histoarchitecture in the male genital system of diabetic rats.
Materials and Methods: Thirty-two Wistar rats were divided into groups: Control (CG); 
Diabetic Control (DCG), receiving commercial diet: ALA Group (ALAG) and Diabetic 
ALA Group (DALAG), fed diets with added ALA (300 mg/Kg bw). The diabetic groups 
received a single injection of streptozotocin (60 mg/kg). After sixty days of the diet, the 
animals were euthanized, and semen, testis and epididymis samples were collected. A 
histomorphometric analysis was performed to determine the epithelial height, tubular 
and luminal diameter, tubular and luminal area of seminiferous tubules and each epi-
didymal region. Sertoli cells were evidenced using the antivimentin antibody and were 
quantifi ed. The results were statistically analyzed by the ANOVA test.
Results: At the end of the experiment, the DALAG glycemia was signifi cantly lower 
than DCG. The histomorphometric parameters of the seminiferous and epididymal tu-
bules did not show improvement in the DALAG. However, there was an improvement 
in the DALAG in terms of the concentration, motility and percentage of spermatic 
pathologies, as well as in the number of Sertoli cells (p<0.001).
Conclusions: The results demonstrated that supplementation with the ALA antioxidant 
retards testicular lesions and preserve the process of spermatogenesis in diabetes.
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INTRODUCTION

Diabetes mellitus (DM) is a globally-
-known metabolic disorder characterized by 

chronic hyperglycemia and triggering systemic 
complications, among them cardiovascular di-
seases, nephropathies, and neuropathies (1, 2). 
The increased oxidative stress due to excess 
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glucose in the body’s circulation results in a 
higher production of reactive oxidative species 
(ROS) or free radicals (3).

 Testicular morphological changes as a 
consequence of the hyperglycemic effect of DM 
have been documented (4). The effect of DM on 
endocrine control of spermatogenesis is that it 
alters sexual gonads and their morphology (5). 
Decreased seminiferous and epididymal tubu-
les, alterations in sperm parameters, decrease in 
Sertoli cell index, and damage in epithelial mor-
phology with depletion and apoptosis of germ 
cells are associated with the resulting sperma-
togenesis impairment of oxidative stress (6, 7). 
The damage in the vimentin filaments of Sertoli 
cells causes dissociation of germ cells allowing 
apoptosis, which may result in sperm alterations 
in type I diabetes (8, 9).

 Alpha lipoic acid (ALA) is known as a 
potent natural antioxidant with promising the-
rapeutic applications, capable of restoring endo-
genous antioxidants (vitamins C and E), chela-
ting free metals, and repairing oxidized proteins 
(10). It is used in the prevention of chronic con-
ditions associated with oxidative stress, such as 
aging, cardiovascular diseases, as well as dia-
betes and its complications (11). ALA has been 
associated with improvement in the quality of 
life because it attenuates the symptoms of neu-
ropathic diabetic patients who are given daily 
oral doses of the antioxidant (12).

 Supplementation with antioxidants has 
been fundamental to prevent oxidative dama-
ge triggering reproductive dysfunction (13) and 
reverse testicular changes (14). The antioxidant 
effect of ALA on diabetes has been observed to 
be reflected in the decrease in glycemia levels 
(15). Mohasseb et al. (13) observed a reduction of 
oxidative damage in restoring the activity of the 
enzymes superoxide dismutase and glutathione 
peroxidase when ALA associated with vitamin C 
and vitamin E was administered, resulting in the 
improvement of testicular morphology.

 Known for its potential in regenerating 
other antioxidants like vitamin C and vitamin E 
(16), ALA has been suggested as a therapeutic 
resource in dietary supplementation, whether 
associated with a normal diet or isolated oral 

supplement (17), reducing the oxidative damage 
of diabetes. The objective of this study was to 
evaluate the antioxidant effect of alpha lipoic 
acid in rats with STZ-induced diabetes on chro-
nic hyperglycemia and its potential protective 
effect on spermatogenic dysfunction and male 
infertility (4, 13, 18).

MATERIALS AND METHODS

Experimental Protocol
 The procedure with animals was appro-

ved by the Statistical Committee for the Use of 
Animals of the Federal Fluminense University 
(protocol CEUA-UFF number 799/16). All proce-
dures followed the norms of the National Resear-
ch Council (US) Institute for Laboratory Animal 
Research. Adult male rats of the Rattus norvegicus 
albinus variety, also known as Wistar, were kept in 
individual cages in the experimental animal room 
with relatively humid environments of 21–23ºC 
with 60% humidity, clear and dark cycle control, 
and water provided ad libitum.

Animals
 Thirty-two rats (12 weeks of age and 

weighing 250g) were randomly divided (n=8/
group) into: Control Group (CG) and Diabetic 
Control Group (DCG) had a casein-based diet; 
ALA Group (ALAG) and Diabetic ALA Group 
(DALAG) were supplemented with ALA at a dose 
of 300 mg/kg body weight mixed with mash 
commercial feed.

Streptozotocin treatment and induction of 
diabetes

 Before receiving the experimental diets, 
16 rats were separated and induced with diabetes 
with a single intraperitoneal injection of buffer (0.1 
moL/L sodium citrate, pH 4.5) of streptozotocin 
(STZ, Sigma Aldrich S0130) at a dose of 60 mg/kg 
(19). Normal groups were given citrate buffers to be 
submitted to the same injection protocol. After 72 
hours, diabetes was confirmed by the measurement 
of glycemic levels after a 5-hour fasting period, and 
animals that had plasma levels of 270 mg/dL or 
greater were considered in the experiment (13). The 
animals were divided to initiate treatment.
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Experimental Diet
 The experimental diet was prepared in the 

Laboratory of Experimental Nutrition (LabNe) of 
UFF. The control groups consumed pelleted com-
mercial feed (Nuvilab®, Nuvital, Paraná, Brazil) 
(Table-1). ALAG and DALAG consumed rations 
supplemented with 4-6g/kg ALA ration: purified 
R-isomer (Sigma Aldrich 62320). The ingredients 
were weighed and homogenized with boiling water 
in a Hobart® industrial mixer (São Paulo, SP, Bra-
zil). The obtained mass was transformed into pellets 
and dried in a ventilated oven (Fabbe-Primar® nº 
171, São Paulo, SP, Brazil) at 60ºC for 24 hours.

Glycemic Analysis 
After confirmation of diabetes by STZ induc-

tion the weight and glycemia of all the animals was 
measured. Establishing the 5-hour fasting period, the 
blood was punctured through the caudal vein and 
analysed with the Accu-Check Perfoma (Glucome-
ter®, Roche) glycometer (14) weekly until the end of 
the experiment.

Sperm Parameters
After 60 days of consumption, the rats were 

euthanized with ketamine (75 mg/kg) along with 
xylazine (10 mg/kg). Immediately after the sacrifice, 
both testes and epididymis were collected. The tail of 
the right epididymis was sectioned and washed with 
1mL of powdered milk thinner (20). Then a drop of 
this solution, placed on a heated blade at 35ºC, was 
covered with cover slip for evaluation of motility 
(percentage) and vigour (0-5). These parameters were 
observed through optical microscopy, following the 
protocol established by the Brazilian College of Ani-
mal Reproduction (21). Subsequently, the hyposmotic 
test was performed as proposed by Dell’Acqua et al. 
(22). Spermatozoa diluted in Kenney’s medium, (20) 
in a ratio of 1:100 in saline formalin, were taken to 
the Neubauer chamber to calculate the sperm con-
centration (million/mL). The spermatozoa were also 
evaluated for their morphology following the recom-
mendation of Filler (23).

Histological Processing
 The left testicles and epididymis were se-

parated. The testes were cleaved transversally and 
the epididymis longitudinally for visualization of 
the epididymal regions (6). The samples were fixed 
in Bouin’s solution and then stored in 10% bu-
ffered formalin. All material was included in the 
standard paraffin technique and 5 μm thick sec-
tions were subsequently stained with hematoxylin 
and eosin for histopathological examination and 
by immunohistochemistry for vimentin detection.

Morphometric analysis of the seminiferous tu-
bules and epididymal regions

 Sections stained with hematoxylin and 
eosin, visualized on an optical microscope cou-
pled to a digital camera, were obtained from 
analysis and quantification of the seminiferous 

Table 1 - Food composition of experimental groups.

Humidity (max) 125 g/kg

Crude protein (min) 220 g/kg

Ethereal extract (min) 40 g/kg

Mineral Matter (max) 90 g/kg

Gross Fiber (max) 70 g/kg

Calcium (min- max) 10-14 g/kg

Phosphorus (min) 8 g/kg

Alpha Lipoic acid* 4 – 6 g/kg

Vitamin A (min) 13.000 IU

Sodium (min) 2.7 g/kg

Iron (min) 0.05 g/kg

Manganese (min) 0.06 g/kg

Zinc (min) 0.06 g/kg

Copper (min) 0.01 g/kg

Iodine (min) 0.002 g/kg

Selenium (min) 5 x 10-5 g/kg

Cobalt (min) 0.0015 g/kg

Fluorine (max) 0.08 g/kg

Lysine (min) 12 g/kg

Methionine (min) 4 g/kg

Composition for each kg of food (minimum and / or maximum quantities). The 
groups consumed pelleted commercial feed (Nuvilab®, Nuvital, Paraná, Brazil) 
*Addition in Alpha Lipoic acid group and Diabetic Alpha Lipoic acid group.
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and epididymal tubules. Fifty seminiferous tubules 
were captured after the selection of the most rounded 
tubules according to Leblond and Clermont’s criteria 
(24). From the epididymal tubules, 20 tubules from 
the head, body, tail were randomly captured. All ima-
ges were scanned for total area (TA) and luminal area 
(LA) measurement, total (TD) and luminal diameter 
(LD), and epithelial height (EH), which were analysed 
using ImageJ® software (version 1.50g, National Ins-
titutes of Health, Bethesda, MD, USA).

Histomorphometric Parameters
 The tubule area was verified by delimiting 

the tubule in the basal membrane (TA) and bypassing 
the seminiferous tubule spermatids (LA). The TD and 
LD were measured using the average of two perpen-
dicular lines. The EH was evaluated by the mean of 
four measurements in the epithelium (25).

Immunohistochemical Processing
 Immunolabeling for mapping Sertoli Cells 

with an anti-vimentin monoclonal antibody (mou-
se 1:100) (Clone v9, Dako) was associated with the 
EnVision FLEX development system using 4 μm 
thick histological slices on salinized slides. The 
cuts were submitted to the automated process of 
dewaxing, hydration, and antigenic recovery in a 
single step in the PTLink Dako PT100 equipment. 
Then, the cuts were circled by the DAKO S2002 
hydrophobic pen to prevent the diluted antibody 
solution from flowing. Subsequently, the slides 
were dehydrated in alcohol with increasing con-
centrations and submitted to four xylol baths. The 
slides were assembled with ALLKIMIA Synthetic 
Canada Balm for further microscopic analysis.

Evaluation of Sertoli Cells
 The intermediate filaments of the Sertoli cells 

were labelled with vimentin and counted by the Cell 
Counter plugin of the Image J program. The mean 
number of cells counted per tubule of each experi-
mental group was calculated according to the me-
thod proposed by Corrêa et al. (25).

Statistical analysis

 The results were statistically evaluated 
using the one-way ANOVA test associated with 

the Bonferroni multiple-comparison test in the 
GraphPad InStat® version 3.01 program. The gra-
phs shown were performed on GraphPad Prism® 
version 5. The significance in all tests was set at 
the p<0.05 level.

RESULTS

Glycemia
 To begin the experiment, the animals were 

induced with STZ and after 72 hours the increa-
se in glycemia above 270 mg/dL determined the 
establishment of type 1 diabetes. At the end of 
60 days, DCG presented significant elevation of 
hyperglycemia (P<0.001). Unlike DALAG, at week 
8, hyperglycemia was not statistically significant 
compared to the beginning of the experiment. Ac-
cording to Table-2, the hyperglycemia presented 
at the 8th week by DCG was significantly higher 
than the glycemic increase presented by DALAG.

Testicular Histomorphometry
 Observed in the STZ-induced groups, there 

was a marked decrease in tubular diameter, des-
quamation of germ cells, and agglomeration of 
cells in the tubular lumen (Figure-1). In the tes-
ticular histomorphometry of Table-2, the para-
meters showed tubular reduction of the diabetic 
groups compared to the control groups (P<0.001). 
The results showed that DALAG and DCG did not 
present significant differences between them.

Epididymal Histomorphometry
 The groups induced by STZ presented 

a significant decrease compared to the control 
groups in the parameters of the total and luminal 
areas, including the total and luminal diameters 
(p<0.001) of all epididymal regions. There was no 
significant change in epididymal tubules between 
DALAG and DCG (Table-3).

Sperm Evaluation
 According to Figure-2, the diabetic groups 

had lower means for concentration (Figure-2A), mo-
tility (Figure-2B), vigour (Figure-2C), and hyposmo-
tic tests (Figure-2D). There was significant improve-
ment in concentration and motility in the diabetic 
group supplemented with ALA as compared to the 
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Table 2 – Glycemia, biometric of the testes and epididymis and histomorphometric analysis of the seminiferous tubules.

Glycemia (mg/dL) CG ALAG DCG DALAG P value

After 72h 127.04±6.76 124.64±7.93 440.12±52.66 a, b 429.66±62.68 a, b <0.0001

Last Day 118.33±9.07 138.33±17.78 576.50±30.13 a, b 498.50±51.83 a, b, c <0.0001

Parameters 

Testicle weight (g) 1.77±0.11 1.81±0.15 1.62±0.41 1.39±0.34 0.0598

Epididymis weight (g) 1.03±0.08 1.31±0.33 0.57±0.33 a, b 0.62±0.13 b <0.0001

Testicle + Epididymis 
Weight (g)

2.74±0.20 3.47±0.93a 2.19±0.54 a 2.02±0.47 a 0.0003

Epithelial Height (µm) 59.09±7.75 58.61± 3.61 23.44±2.41 a, b 24.64±2.54 a, b 0.0001

Total diameter (µm) 340.77±18.06 318.35±9.24 114.60± 27.15 a, b 127.47± 26.22 a, b 0.0886

Luminal diameter (µm) 208.33±38.84 205.33± 10.22 97.82± 8.58 a, b 100.69± 2.16 a, b 0.9054

Total area (µm²) 88.62x103±59.11x102 82.99x103±53.06x102 35.58x103±28.11x102 a, b 35.52x103±19.74x102 a, b 0.0001

Luminal area (µm²) 73.29 x103±47.29x102 69.37x103±28.08x102 30.25x103±30.67x102 a, b 31.82x103±13.46x102 a, b 0.0001

Data are presented as mean±s.d. Values obtained from ANOVA test. a = Statistically significant differences from GC; b = Statistically significant differences from 
ALAG; c  = Statistically significant differences from DCG. CG = Control Group; ALAG - ALA Group; DCG = Diabetic Control Group; DALAG = Diabetic ALA Group.

Figure 1 - Photomicrographs comparing normal and diabetic groups. The arrows point to the epithelial flaking resulting in the 
agglomeration of the cells in the tubular lumen in the diabetic groups.

A - Control Group; B - ALA Group; C - Diabetic Control Group; D - Diabetic ALA Group. (HE, 200x)

A

C

B

D
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Table 3 - Histomorphometric analysis of epididymal tubules - head, body and tail.

Parameters CG ALAG DCG DALAG

Head 

TA (µm2) 32.77x103±16.29x102 29.83x103±20.03x102 25.97x103±27.30x102 a, b 26.26x103±22.22x102 a

LA (µm²) 16.86x103±33.47x102 15.16x103±34.87x102 10.22x103±28.75x102 a, b 11.96x103±15.31x102 a

TD (µm) 209.58±21.64 201.73±25.20 174.03±19.63a, b 180.17±8.94

LD (µm) 143.89±12.74 135.01±14.33 109.34±17.83a, b 120.78±9.53a

EH (µm) 32.15±5.76 30.91±6.75 30.49±2.90 28.34±2.35

Corpus 

TA (µm²) 99.98x103±11.24x103 95.53x103±14.47x103 74.95x103±91.35x102 a, b 70.36x103±76.50x102 a, b

LA (µm²) 76.91x103±97.75x102 74.59x103±12.30x103 53.42x103±81.73x102 a, b 49.81x103±69.53x102 a, b

TD (µm) 351.68±22.96 344.61±26.52 307.32±18.35 a, b 294.63±17.61 a, b

LD (µm) 307.77±20.80 300.78±25.11 255.37±19.24 a, b 244.28±19.62 a, b

EH (µm) 20.39±1.55 19.28±1.43 23.22±2.32 a,b 22.90±1.49 b

Tail 

TA (µm²) 23.09x104±42.66X103 28.53x104±51.23x103 13.88x104±34.60x103 a, b 97.25x103±31.84x103 a, b

LA (µm²) 20.34x104±40.28x104 24.87x104±61.19x103 10.73x104±41.34x103 a, b 73.13x103±32.85x103 a, b

TD (µm) 525.39±46.25 577.24±65.18 397.08±71.87 a, b 339.85±60.18 a, b

LD (µm) 493.44±46.42 543.16±69.27 354.89±76.48 a, b 284.91±72.42 a, b

EH (µm) 13.99±1.46 14.12±2.74 21.41±3.15 a, b 25.95±3.42 a, b

Data are presented as mean±s.d. Values obtained from ANOVA test. a = Statistically significant differences from GC; b = Statistically significant differences from ALAG;  
c = Statistically significant differences from DCG. CG = Control Group; ALAG = ALA Group; DCG = Diabetic Control Group; DALAG = Diabetic ALA Group; TA = Total 
area; LA = Luminal area; TD = Total diameter; LD = Luminal diameter; EH =- Epithelial height.

control diabetic group (p<0.0001). The sperm patho-
logies (total head and tail) were present in most dia-
betic groups. For this parameter, the group supple-
mented with ALA presented lower pathologies than 
DCG (p<0.0001).

Sertoli Cell Count
 Sertoli cells were evidenced by the im-

munohistochemical labelling of vimentin (Figu-
re-3). The diabetic groups had lower numbers 
of cells than CG and ALAG. In the cell count by 
tubules (Figure-2F), the number of cells in DA-
LAG was significantly higher compared to DCG 
(p <0.001).

DISCUSSION

 The induction of DM by streptozotocin was 
efficient in establishing pathological lesions affec-
ting spermatogenesis. Chronic hyperglycemia is the 
main cause of increased production of ROS that 

favours tissue oxidative damage and may lead to 
sexual dysfunction (18). Antioxidants are known to 
reduce such tissue damage, especially in the diabe-
tic setting (11-14).

 Induction of diabetes by streptozotocin was 
confirmed in diabetic groups (>270mg/dL). Hyper-
glycemia was evaluated throughout the experiment 
and, at the end of 8 weeks, the supplemented rats 
presented an attenuation of the serum level com-
pared to the first glycemic measurement. The dia-
betic group supplemented with ALA had lower fi-
nal hyperglycemia than the control diabetic group. 
This data agrees with Mohasseb et al. (13) that sho-
wed that oral administration of ALA in combina-
tion with ascorbic acid and tocopherol promoted 
attenuation of glucose after 60 days of experiment. 
Alpha lipoic acid has the ability to restore other 
antioxidants, such as ascorbic acid and tocopherol 
to allow hypoglycemic action in diabetes (18). 

Histopathological changes were observed 
and evidenced in testicular histomorphometry in 
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diabetic groups after induction by streptozotocin 
caused by free radicals. Kaplanoglu et al. (19) sub-
mitted diabetic rats to the oral dose of vitamin E for 
4 weeks and found that the testicular morphology 
altered by streptozotocin-induced diabetes did not 
improve and had satisfactory results with the asso-
ciation of green tea. Aguirre-Arias et al. (14), eva-
luating vitamin C alone, observed a reversal in the 
histological changes of the seminiferous tubules of 
diabetic rats supplemented for 63 days. Mohasseb 
et al. (13) evaluated glycemia reduction and protec-
tive effect on spermatogenic cells in diabetes-indu-
ced rats after oral administration of ALA associated 
with vitamins C and E. However, in our experiment, 
the alpha lipoic acid provided in the diet did not 

favour the improvement of testicular histomorpho-
metric parameters.

Regarding epididymal regions, the histo-
morphometric analysis showed tubular decrease 
of all epididymal regions influenced by diabetes. 
Similar results were observed by Soudamani et al. 
(6), who reported changes in the different regions 
of the epididymis as a decrease in tubular and lu-
minal diameter in diabetic rats. The oxidative stress 
of diabetes can inhibit steroidogenesis without mo-
difying the gonadal histoarchitecture (26). The diet 
supplemented with ALA had no effect on epididy-
mal morphology in the diabetic rats.

 The damage of diabetes on sperm parame-
ters is similar to previous studies (27). Alpha lipoic 

A

D E

F

B C

Figure 2 - Sperm parameters.

Graph representing the averages of A - Concentration. B - Sperm Motility. C - Vigour. D - Hyposmotic Test and E - Spermatic Pathologies of the normal and diabetic 
groups after the supplementation of ALA. F - Count of Sertoli cells by seminiferous tubule after labeling with vimentin. DCG presented a reduced mean number of 
Sertoli cells compared to the other groups. 
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acid administered under conditions of oxidative 
stress improved the motility and concentration of 
the diabetic group, possibly through interaction 
with other antioxidants. Aguirre-Arias et al. (14) 
observed that the antioxidant ascorbic acid was 
able to reverse testicular damage, but the restora-
tion of sperm motility or fertility was insufficient. 
ALA is capable of improving viability and sperm 
motility, minimizing DNA damage by its ability to 
penetrate the Krebs cycle, aiding in the production 
of ATP (28). Studies indicate that the use of ALA 
restoring spermatological parameters disturbed by 
the use of industrial substances improves sperm 
quality in cases of high testicular temperature and 
increased oxidative stress from varicocele (29, 30).

The expression of vimentin is found in 
Sertoli cells associated with membrane integrity. 
Xu et al. (8) observed a decrease of Sertoli cells 
in diabetics. This data was confirmed by our stu-
dy. The group of diabetic rats supplemented with 
the ALA antioxidant presented higher numbers 

of cells, suggesting its effectiveness in protecting 
and delaying the apoptosis of Sertoli cells. It see-
ms reasonable to suppose that this positive action 
on the Sertoli cells directly influences the parame-
ters of the sperm evaluation of the diabetic group 
treated with ALA, which could explain the impro-
vement observed in all parameters analysed.

CONCLUSION

DM is a disease known worldwide for com-
promising reproductive physiology. Our results 
suggest that oral ALA supplementation attenuates 
the loss of Sertoli cells and improves the concen-
tration and sperm motility affected by diabetes.
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ABSTRACT

Purpose: No comprehensive information is available about uterus fatty acid (FA) change 
during implantation period and possible effects of the seminal vesicle secretion on it. 
Materials and Methods: In this study, we evaluated FA composition of uterus phos-
pholipids during the implantation period in intact and seminal vesicle-excised (SVX) 
mated female mice. Forty NMRI female mice were divided into control (mated with 
intact male) and seminal vesicle excised (SVX)-mated (mated with SVX-male) groups. 
The phospholipid fatty acids composition was monitored during the fi rst fi ve days of 
pregnancy using gas chromatography and also implantation rate was evaluated on 
fi fth day of pregnancy. 
Results: We found that levels of linoleic acid (LNA) and arachidonic acid (ARA) showed 
a decreasing trend from the fi rst to the third day of pregnancy and then started to in-
crease on the fourth day and peaked on the fi fth day. In contrast, the level of saturated 
FA (SFA) increased on the second and third day of pregnancy compared to the fi rst 
(p<0.05) and then decreased on the fourth and fi fth. We also found that the seminal 
vesicle secretion could affect the levels of LNA, ARA, SFA, and PUFA in uterine phos-
pholipids especially on second and third day. Moreover, there was a positive correla-
tion between ARA level and implantation rate in control but not SVX-mated groups.
Conclusions: It can be concluded that several uterus FA that have important roles in 
early pregnancy could be affected by seminal vesicle secretion.
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INTRODUCTION

In addition to maintaining cell integrity, 
modulating cell-cell and cell-matrix interactions 
and signal transduction, cellular membrane is also 
a crucial source of various lipid mediators. The 
phospholipid fatty acids (FA) affect the membrane 

lipid matrix and consequently the mobility, con-
formation, and function of the membrane proteins 
(1). On the other hand, successful implantation of 
the embryo takes place during a specifi c period 
known as the window of implantation in which 
fusion of the blastocyst and uterus cells mem-
branes is an important event. In support of this, 
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essential roles of lipid molecules in mice embryo 
invasion have been emphasized previously (2). Be-
neficial effects of various FA (especially polyun-
saturated FA, PUFA) on embryo implantation, and 
maintenance of pregnancy have been also obser-
ved (3). Experimental studies have confirmed the 
importance of FA as energy source for endome-
trium decidualization which is a necessary step 
for implantation (4). It has also been suggested 
that biophysical properties of the uterus and blas-
tocyst membranes, such as bulk lipid fluidity or 
phospholipid bilayer polarity change in favor of 
membrane fusion and consequently the embryo 
implantation (5).

Phospholipids as a main component of the 
biological membrane are involved in the produc-
tion of prostaglandins (PG) and related compoun-
ds which have a role in inflammatory processes 
and immune-mediated responses (6). Roles of such 
compounds in female fertility have been widely 
described by previous studies [reviewed by Sugi-
moto et al. (7)]. Also, change in uterine FA has 
been considered important in maintaining early 
pregnancy (8). Since membrane FA of uterus cells 
are the main precursors of uterus PG (8) and there 
is a growing body of evidence about crucial roles 
of PG in embryo implantation, any change in FA 
composition of the uterus phospholipids during 
the implantation period may affect the implanta-
tion and consequently the pregnancy outcome.

Seminal fluid (SF) contains different mole-
cules that interact with epithelial cells in the fema-
le reproductive tract and influence expression of 
various genes and immune system responses and 
thus prepare the endometrium for implantation (9). 
It has been demonstrated that in the female mice 
deprived of contact with the male SF, the fetal loss 
rate was higher (10). Moreover, it has been seen that 
SF can induce expression of PG related genes in 
swine and horse endometrial cell (11). It was repor-
ted that one of the mechanisms through which SF 
is involved in implantation and pregnancy is regu-
lating PG amount in the female genital tract (12). 
So, uterus phospholipids FA as the main precur-
sors of the PG production can be possibly affected 
following mating and insemination. However, there 
is no information available regarding insemination 
and SF effects on uterus FA. 

 There is no detailed information about 
uterus FA changes during the implantation period 
in mice which takes place in first five days after 
mating. Moreover, possible effects of the seminal 
vesicle secretion as the main part of SF on uterus 
remain to be clarified. To address these issues, we 
evaluated FA composition of uterus phospholipids 
during the implantation period in intact and semi-
nal vesicle-excised (SVX) mated female mice.

MATERIALS AND METHODS

Animals 
Forty female and 16 male adult albino Na-

val Medical Research Institute (NMRI) two-month-
-old mice were obtained from RAZI institute, Iran. 
The average weight of the animals was 20.5±3.4 g. 
Animals were housed under standard conditions 
of 25±2ºC temperature, 60–70% humidity with 
12 hrs light/dark cycle and received food (stan-
dard pellet manufactured by RAZI institute, Iran), 
and water ad libitum. Fatty acid composition of 
the standard chow pellet is shown in Table-1. All 
animal procedures were approved by the Animal 
Ethical Committee of Tabriz University of Medical 
Sciences (code TBZMED.REC.1394.357). 

After one week of adaptation, the male 
mice were randomly divided into normal (n=8) 
and excised seminal vesicle (n=8) groups. To exci-

Table 1 - Fatty acid composition of standard chow pellet. 

Composition Standard chow

14:0 (%) 1.1

16:0 (%) 40.6

16:1 (%) 1.4

18:0 (%) 6.8

18:1 (%) 28.8

18:2 (%) 19.6

18:3 (%) 1.4

Carbohydrate 58

Protein 28

Fat 14

Data are expressed as percentage (%) of total
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se the seminal vesicle glands, the male mice were 
first anaesthetized with an IP injection of ketamine/
xylazine solution, 0.1 mL per 10 g body weight [1 
mL ketamine (100 mg mL-1) + 0.5 mL of xylazine 
(20 mg mL-1) + 8.5 mL of saline] and total bilateral 
removal of seminal vesicles was performed through 
the posterior abdominal wall. At three weeks after 
the operation, the female mice were randomly di-
vided into two groups: 1) the control group (n=20) 
which was allowed to mate with intact male mice 
and 2) SVX-mated group (n=20) which was allo-
wed to mate with male mice without seminal ve-
sicle glands. For natural mating, three female mice 
were placed overnight in a separate cage with a 
male mouse with or without seminal vesicle glands 
depending on the type of group. 

Observation of a vaginal plug (for control 
group) or spermatozoa in the vaginal smear (for 
the SVX-mated group) in next morning indicates 
day one of pregnancy. The pregnant mice of each 
group were sacrificed on days 1-5 of pregnancy 
(four mice for each day of pregnancy). The uterus 
was surgically removed from each sacrificed fe-
male and washed with phosphate buffered saline 
(PBS). To determine counts of the implantation si-
tes, 0.1 mL of 1% Chicago blue (Sigma Chemical 
Co., St. Louis, MO) in saline was injected via a 
tail vein based on the previously described me-
thod (13). The blue bands on uterine horns were 
considered as implantation sites (Figure-1) and 
the number of implantation sites per uterus was 
considered as implantation rate.

Fatty acids analysis
The Bligh-Dyer method was used to extract 

total lipids from the uterine tissues (14). Briefly, 
tissue was crushed in MeOH/chloroform solution 
(2:1) and centrifuged. After centrifugation, the su-
pernatant was collected in another tube, chloro-
form and distilled water were added and the con-
tents were mixed vigorously. The tube was again 
centrifuged and chloroform part which now con-
tained lipids was collected. The chloroform-lipid 
fraction was partially dried under nitrogen stream. 
Thin layer chromatography (TLC) was performed 
on silica gel plate to separate the phospholipids. In 
hexane/diethyl ether/glacial acetic acid (70:30:1) 
solvent system, phospholipids remain in spotting 

place. After separation, the phospholipid fraction 
was scraped in a glass tube containing the hexa-
ne/methanol solution and methylated tridecanoic 
acid (13:0, Sigma chemicals) as an internal stan-
dard. For esterification of the FA, methanol with 
acetyl chloride was used as described previously 
(Lepage and Roy 1986). Fatty acid methyl esters 
(FAME) were prepared using a one-step direct 
transesterification. The reaction included a nu-
cleophilic attack of methoxy ion (-CH3O-) to the 
esteric bonds of between fatty acids and alcohol 
(glycerol or sphingosine) at 100ºC which led to 
methyl ester formation. After trans-esterification 
reaction, 5 mL K2CO3 was added to stop the re-
action and separate organic and aqueous phases. 
FAME located in organic (hexane) phase were 
collected and the derivatized samples were then 
injected into a 60×0.25-mm×0.2μM Teknokroma 
TR CN100 capillary column (Spain) using a Buck 
Scientific model 610 gas chromatograph (SRI Ins-
truments, Torrance, USA). The oven temperature 
was increased from 170–210ºC at the rate of 1ºC/
min and then maintained stable for 45 minutes. 

Figure 1 - Embryo implantation sites on the mice uterine 
horns at the fifth day of pregnancy using Chicago blue dye; 
the arrows indicate implantation.
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Helium was applied as the carrier gas and the de-
tection was done by flame ionization detector. 
To determine the retention times of the known 
FA, standards from Sigma chemicals were in-
jected. Following fatty acids as the main and 
detectable fatty acids of uterus phospholipid were 
evaluated: 16:0, 16:1, 18:0, 18:1, 18:2, 18:3, and 
20:4. The levels of individual FA were expressed 
as percentage share of the total. It should be noted 
that the data for the control group were previously 
used in a parallel study to evaluate effect of ome-
ga-3 and -6 enriched diets (15).

Statistical analysis

Normal distribution of the data was con-
firmed by Skewness and Kurtosis tests. To com-
pare the FA levels among various pregnancy days 
and groups the two-way ANOVA was applied. In 
the case with significant difference, Tukey’s test 
was performed as the follow up test. Also, ho-
moscedasticity of the variances was confirmed by 
Levene’s test. The Pearson correlation test was em-
ployed to evaluate possible associations between 
FA levels and implantation rate (p-values <0.05 

were considered significant). SPSS V.16 software 
was used for the statistical analysis. 

RESULTS

The uterine weight and uterine/body 
weight ratio of the animals are shown in Ta-
ble-2. In control group, the uterine weight and 
uterine/body weight ratio on day one of preg-
nancy were significantly higher than days two, 
three and four (p<0.05), but surprisingly these 
factors did not significantly differ between days 
one and five of pregnancy. Although wet uteri-
ne weight on day five was higher than day two 
(p<0.05). We observed almost a similar pattern 
of change in the uterine weight of the SVX-
-mated group. Although in this group, the ute-
rine/body weight ratio in days four and five of 
pregnancy were higher than days two and three 
(p<0.05). Besides, the ratios in days four and 
five were significantly higher in the SVX-mated 
group compared to the control group (Table-2).

We applied two-way ANOVA to find out if 
there are significance differences across the two 
groups or preimplantation days. Our results sho-

Table 2 - Animals and their wet uterine weight as well as uterine weight/body weight ratio on various pregnancy days in 
control (n=20) and seminal vesicle excised (SVX)-mated (n=20) groups.

Day 1 Day 2 Day 3 Day 4 Day 5

Control group

Body weight (gr) 33.82±3.67 29.80±3.37 33.90±3.04 32.40±2.56 32.70±1.67

Wet uterine weight 
(mg)

142.25±26.66 70.25±22.06a 89.00±12.73a 88.33±22.68a 115.00±30.47b

(Uterine weight/body 
weight ratio)×1000

4.27±1.14 2.41±0.90a 2.54±0.19a 2.72±0.43a 3.49±0.75c

SVX-mated group

Body weight (gr) 31.97±1.62 30.97±0.38 30.22±0.94 32.50±3.54 29.90±3.94

Wet uterine weight 
(mg)

124.25±26.41 78.75±22.29a 75.75±26.86a 118.00±6.68b,c 139.50±11.12b, c

(Uterine weight/body 
weight ratio)×1000

3.90±0.88 2.55±0.76a 2.50±0.85a 3.65±0.50b, c, $ 4.69±0.35b,c,d, $

Data are shown as Mean ± S.D; Levene’s test confirmed homoscedasticity of variances and two-way ANOVA Was used to evaluate interaction between groups and days.
Significant difference (p<0.05) in comparison with a Day 1; b Day2; c Day 3 and d Day 4
$ Significant difference in comparison with the control group
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wed that the levels of palmitoleic acid (16:1), ste-
aric acid (18:0, STA), oleic acid (18:1, OLA) and 
linolenic acid (18:3) did not significantly change 
throughout this period (p>0.05, Table-3). Howe-
ver, levels of palmitic acid (16:0, PAM) were sig-
nificantly lower on day five compared with days 
two and three of pregnancy (p<0.05). 

We found that levels of linoleic acid (18:2, 
LNA) and arachidonic acid (20:4, ARA) and conse-
quently PUFA showed a significant decrease from 
day one to day three of pregnancy. However, their 
levels increased on days 4 and 5 of pregnancy as 
these levels were significantly higher than days 
2 and 3 of pregnancy (p<0.05). The levels of the 
omega-6 FA on day five were clearly higher com-
pared to the second, third and fourth day of preg-
nancy (p<0.05). In sharp contrast, the level of sa-
turated FA (SFA) indicated an increase on days 
two and three compared to day one (p<0.05) and 
then decreased on the fourth and fifth days of 
pregnancy. The SFA/PUFA ratio changed similarly 
but the PUFA levels changed exactly in inverse 
proportion to the ratio and SFA levels. We obser-
ved that the ratio was higher on day three than 
day one of pregnancy and then started to decrease 
from the fourth day and reached the lowest level 
on the fifth day of pregnancy in our experimen-
tal window (Table-3). The linolenic (18:3) level did 
not change significantly during the implantation 
period and just was statistically lower on day five 
than day one of pregnancy (p<0.05).

To find out possible effects of seminal ve-
sicle secretion on phospholipid FA composition in 
uterus tissue of mice during the window of im-
plantation, we compared the FA levels between 
control and SVX-mated groups (data presented 
in Table-3). Our results demonstrated that effect 
of seminal vesicle secretion on the composition 
of the FA was prominent mostly on the second 
and third day of pregnancy. The levels of LNA 
on day three were significantly higher in SVX-
-mated group compared to controls (p=0.047). We 
observed that the levels of ARA and PUFA on the 
second and third day, were significantly lower in 
control group compared to the SVX-mated group. 
In contrast, the levels of SFA and SFA/UFA on 
those days were higher in control group than the 
SVX-mated group. Also, the PAM level was sig-

nificantly higher in control group than the SVX-
-mated group on the second day of pregnancy 
(p=0.045). On the fifth day, only the level of ARA 
showed a significant difference between control 
and SVX-mated groups (p=0.043, Table-3).

 The implantation rate on day five of preg-
nancy was significantly higher in control group 
in comparison with SVX-mated females (9.5±1.29 
and 7.25±1.25, respectively; p=0.047). We also 
evaluated the possible correlation between im-
plantation rate and uterine phospholipid FA levels 
on the fifth day of pregnancy and found positive 
correlations between implantation rate and ARA 
and PUFA levels in control group and not SVX-
-mated mice (Figure-2).

DISCUSSION

Our results showed that in control group 
LNA and ARA, as well as PUFA levels, tended to 
decrease from first to the third day of pregnancy. 
It is possible that this happens as a result of the 
initiation of inflammatory processes following 
the mating and semen contact with the uterus 
and consumption of LNA and ARA as the main 
precursor of PG synthesis (6). Following deposi-
tion of semen, inflammatory response has been 
reported previously in the uterine lumen (16). In 
accordance with this, we found that the levels of 
LNA and ARA on the second and third day in the 
control group were lower than the SVX-mated 
group; which implies the pivotal role of seminal 
vesicle secretion in mating-induced inflammation 
and consequently, uterus phospholipid FA compo-
sition. We also found that the levels of LNA and 
ARA started to increase on days four and five of 
the pregnancy. Such an increasing slope in the 
levels of LNA and ARA could increase the avai-
lability of PG precursors. In support of this hy-
pothesis, a close association between FA change 
and PG biosynthesis in endometrium has been re-
ported previously (17). ARA participates in series 
2 PG production such as prostaglandin E2 (PGE2) 
and prostaglandin F2 (PGF2); increased levels of 
PGE2 and PGF2 has been observed on day five of 
pregnancy (18). Moreover, previous studies have 
found rising trends in the expression of enzymes 
involved in PG synthesis and action in the uterus 
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Figure 2 - Correlation between implantation rate with a) arachidonic acid (ARA) and b) polyunsaturated fatty acid (PUFA) 
levels on the fifth day of pregnancy in the control mice.

A B

of mice during the preimplantation period (19). 
Possible explanation for the observed increase 
in LNA and ARA levels on days four and five of 
pregnancy is the presence of an embryo. However, 
as a limitation of our study it should be mentio-
ned that we evaluated whole uterus and for better 
clarification future studies should investigate im-
plantation site alone rather than whole uterus. In 
contrast with LNA and ARA, the PAM and SFA 
level increased on days two and three and decre-
ased on days four and five of pregnancy. Increa-
se in PUFA and decrease in PAM and SFA levels 
in total uterine phospholipids on days four and 
five could possibly augment the membrane lipid 
fluidity. Since during implantation the membranes 
of blastocyst and uterus are fused together, such 
alterations might be in favor of embryo implanta-
tion (5). Another reason for reduction of PAM and 
SFA could be consumption as an energy source, 
since the importance of FA as an energy source for 
decidualization has been previously reported (4).

Comparison of the FA composition betwe-
en the groups showed that LNA and ARA, as well 
as PUFA levels, were significantly higher and SFA 
level was lower on the second and third day of 
pregnancy in mice mated with SVX males com-
pared to the control group. Presence of semen in 

the female reproductive tract, especially in mice 
where the semen directly comes in contact with 
the uterus, could induce inflammatory responses 
(20). It has been well documented that the im-
mediate response to insemination in the mice is 
induction of proinflammatory cytokines synthe-
sis in uterine epithelial cells, such as interleukin 
6 and 8, macrophage chemotactic protein-1 and 
granulocyte-macrophage colony-stimulating fac-
tor (GM-CSF) (21). Production of PG, especially 
series 2 is essential for promoting inflammation 
and their production depends on the supply of 
precursors such as LNA and ARA. Possible reason 
for the higher levels of LNA and ARA on days two 
and three in female mice mated with SVX male is 
a weaker post-coital inflammatory response in the 
female, and consequently less LNA and ARA de-
pletion from the pool of membrane phospholipids. 
In accordance with this explanation, in our recent 
study we observed lower expression of enzymes 
responsible for PG biosynthesis in the uterus of 
mice mated with SVX male, compared to that of 
the control (12). In the present study, we found a 
higher level of ARA on implantation day in the 
uterus of the control group than the SVX-mated 
group. The increased level of ARA on the day of 
implantation possibly was observed due to the 
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presence of an embryo. Considering that a higher 
implantation rate was observed in control than 
the SVX-mated group, the higher ARA level in 
the control group could be due to higher im-
plantation rate and embryo numbers. 

As we also reported previously (15), the-
re were positive correlations between levels 
of ARA and PUFA on the day of implantation 
with the implantation rate in normally mated 
group. In accordance with this findings, a hi-
gher amount of ARA in the uterus of pregnant 
cows than non-pregnant cows has been de-
monstrated previously (22). The observed asso-
ciation could be due to the important role of 
ARA as the precursor of PG which are essential 
for implantation through inducing angiogene-
sis and vascular permeability (23). We did not 
observe the same association in the SVX-mated 
group, which could be due to disruption of im-
plantation time and/or signaling in this group. 
Also, increase in ARA and PUFA in the mem-
brane of uterus cells can increase the membra-
ne fluidity and so provoke cell signaling and 
membrane permeability which can potentially 
affect embryo-endometrial crosstalk through 
protein and exosomes/microvesicles mediated 
signaling during implantation (24). Induction 
of cell membrane fluidity following increase in 
PUFA and ARA levels could also affect the en-
dometrial cell- matrix and cell-cell interactions 
which can potentially affect embryo apposition, 
adhesion, and invasion. The phospholipid fatty 
acids (FA) affect the membrane lipid matrix and 
consequently the mobility, conformation, and 
function of the membrane proteins (1). On the 
other hand, successful implantation of the em-
bryo takes place during a specific period known 
as the window of implantation in which fusion 
of the blastocyst and uterus cells membranes is 
an important event. In support of this, essential 
roles of lipid molecules in mice embryo inva-
sion have been emphasized previously (2). 

 However, our study was preliminary and 
it remained to be clarified how the changes in 
phospholipid FA in the uterus during implan-
tation could play a role in implantation and 
pregnancy outcome. Besides, the present study 
evaluated effect of seminal vesicles secretion at 

implantation window and it needs to be inves-
tigated that if it can also affect the pregnancy 
at post-implantation level or not. Future study 
could be conducted on phospholipids changes 
during implantation and implantation period in 
different cells of the uterus as well as in implan-
tation and non-implantation sites.

CONCLUSIONS

 In conclusion, our results showed that the 
phospholipid FA composition, especially LNA and 
ARA levels were changed during the window of 
implantation in mice uterine tissue. Levels of these 
FA increased on the day of implantation, while 
the SFA level decreased. Also, we observed that 
the seminal vesicle secretion could possibly affect 
the levels of LNA, ARA, SFA, and PUFA in uteri-
ne phospholipids, especially on days 2 and 3 of 
pregnancy. Considering such changes in uterine 
FA composition during the implantation period, it 
could be concluded that FA, especially those par-
ticipating in PG biosynthesis, may have an impor-
tant role in early pregnancy. Moreover, seminal 
vesicle secretion could affect implantation process 
partly through affecting the uterine fatty acids 
composition.

ABBREVIATIONS

ARA = arachidonic acid
FA = fatty acid 
LNA = linoleic acid 
PG = prostaglandins
PGE2 = prostaglandin E2
PGF2 = prostaglandin F2 
SVX = seminal vesicle-excised
SFA = saturated fatty acid
SF = Seminal fluid 
TLC = Thin layer chromatography 
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Thyroid-like follicular carcinoma of the kidney presenting 
on a ten year-old prepubertal girl
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ABSTRACT

The very rare thyroid-like carcinoma of the kidney (TLCK) is microscopically similar to 
thyroid follicular cell carcinoma (TFCC). Differential diagnosis with secondary thyroid 
tumors depends on non-reactivity to immunohistochemical  (IHC) markers for TFCC  
(thyroglobulin - TG and TTF1). We herein describe the fourth Pediatric case in literature 
and extensively review the subject. Only 29 cases were published to the moment. Most 
cases were asymptomatic and incidentally detected. Most tumors are hyperechoic and 
hyperdense with low grade heterogenous enhancement on CT and MRI. Most patients 
were treated with radical nephrectomy, but partial nephrectomy was used in some 
cases, apparently with the same results. Metastases are uncommon and apparently do 
not change prognosis, but follow-ups are limited.  Up to the moment, TLCK presents as 
a low grade malignancy that may be treated exclusively with surgery and frequently 
with partial kidney renal preservation. A preoperative percutaneous biopsy is a com-
mon procedure to investigate atypical tumors in childhood and adult tumors. To rec-
ognize the possibility of TLCK is fundamental to avoid unnecessary thyroidectomies in 
those patients, supposing a primary thyroid tumor.
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INTRODUCTION

Thyroid-like carcinoma of the kidney (TLCK) 
is microscopically similar to thyroid follicular cell 
carcinoma (TFCC) and depends on non-reactivity to 
immunohistochemical (IHC) markers for TFCC (thyro-
globulin-TG and TTF1) and on exclusion of other pri-
mary renal tumors for diagnosis. We describe a Pe-
diatric case with a literature review.

CLINICAL SCENARIO AND RATIONAL

Clinical and pathologic fi ndings
 A 10 year-old pre-pubertal female presen-

ted with abdominal pain and occasional nausea 
and vomiting for two months. Her physical exa-
mination was normal. An abdominal ultrasound 
showed an encapsulated 82x69x42mm solid mass 
with mixed echogenicity, predominantly hype-

Vol. 45 (4): 834-842, July - August, 2019

doi: 10.1590/S1677-5538.IBJU.2018.0471
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rechoic, in the medium/superior poles of the ri-
ght kidney. A thoracoabdominal CT confirmed 
an exophytic, lobulated, solid, circumscribed 
63x60x47mm mass in the superior and anterior 
medium third of the right kidney, with hete-
rogeneous low enhancement after contrast in-
jection. Necrotic and cystic areas were present, 
abutting but not invading the renal pelvis and 
hilar vessels. Augmented perihilar and perica-
val lymph nodes were present (Figure-1). Her 
thyroid was functionally normal. No thyroid, 
ovarian, pelvic, cervical or thoracic tumors 
were demonstrated.

 Right radical nephrectomy and locore-
gional lymphadenectomy were performed. The 
kidney mass measured 55x50x50mm and was 
well encapsulated, showing cystic and solid are-
as (Figure-1). Microscopically the main feature 

was the strong resemblance to thyroid tissue. At 
low magnification the tumor was composed of 
follicles of variable size. The follicles were lined 
by cuboidal or flattened epithelial cells and the 
material in the follicles was eosinophilic. The 
nuclei were round with uniform distribution of 
chromatin. Calcification, fibrosis, hemorrha-
ge and necrosis were focally seen. The mass 
was restricted to the kidney, without vascular, 
adrenal, renal sinus or lymphatic invasion. The 
lymph nodes showed no metastases. Immuno-
histochemistry demonstrated non-reactivity for 
TTF-1 and thyroglobulin. The tumor cells were 
also non-immunoreactive with CK20, CD117 and 
RCC. Other markers were tested with positive re-
sults for PAX8, CK7, EMA and vimentin. After 1 
year 7 months the patient persists asymptomatic 
with normal abdominal ultrasounds.

Figure 1 - Thyroid-like carcinoma of the kidney. (A) CT with contrast, showing heterogeneous low grade enhancement of the 
tumor. (B) Well defined tumor showing cystic, hemorrhagic and solid areas. (C) Follicular architecture with microfollicles 
and macrofollicles filled with colloid-like material.

C

A

B
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DISCUSSION AND FUTURE PERSPECTIVES

 Twenty-five cases of TLCK have been 
described. Another 4 are available in Chinese 
(n=3) and German (n=1). Females predominate 
(14 females, 6 males, 1 unknown). Ages vary be-
tween 19-83 years-old (mean 42.7, median 35). 
Females tended to be younger (median 32 versus 
55 years-old for males). Only 3 other pediatric 
cases were published (5.3-14 years-old, 2/3 fe-
males) (1).

 Most cases were asymptomatic, inci-
dentally detected. Approximately 1/5 presented 
hematuria and/or flank pain. One patient each 
showed weight loss, anemia and hypertension 
(cured after resection of a perihilar tumor) (2). 
Many tumors were associated with previous ma-
lignancy (5/22) or pre-neoplastic conditions (1 
case, adult polycystic renal disease).

 TLCK predominates in the right kidney 
(14/22 cases, 63.6%), maximal dimensions va-
rying between 11 and 118mm (mean 44.8mm). 
Four (18.2%), 11 (50%) and 7 (31.8%) affected 
the upper, mid and lower poles, respectively.

 Most tumors were hyperechoic (con-
trasting with TFCC, usually hypoechoic) and 
hyperdense with low grade heterogenous enhan-
cement on CT and MRI. On pre-contrast MRI 
TLCK showed high signal on T1 and low signal 
on T2, as compared to the kidney parenchyma 
(3). Some presented calcifications. No vascular 
or urothelial invasion were described, but ves-
sels and renal calices might be displaced. Only 
two PET scan results are available, both positive 
to FDG marking (3, 4). Abdominal lymph nodes 
augmentation most commonly did not corres-
pond to metastasis.

 Most patients were treated with radi-
cal nephrectomy. Partial nephrectomy was used 
in 6 cases, apparently with the same results. 
Three patients presented lung metastases (3, 5). 
Curiously, in one case the metastatic nodule was 
immunoreactive to TTF1, as opposed to the kid-
ney specimen (6). Three adults showed abdomi-
nal lymph node metastasis (5, 7).

 Follow-up is limited (median 20 months). 
Most patients did not show progression of the 
disease or metastases (Table-1).

Differential diagnosis depends on IHC pro-
file. The diseases to be considered are:

1. Malignancies:
a. Renal metastasis from TFCC from nor-

mal or ectopic thyroid tissue (possible 
on the neck and/or thorax, mainly in 
the vicinity of the thyroid gland, but 
not in kidney tissue (6)). Less than 40 
cases were described (4), generally as-
sociated with widespread metastatic 
disease (mostly to the lungs, lymph 
nodes and bones). The metastases are 
positive to TTF1/TG. A primary tumor 
should be detectable.

b. Metastasis from struma ovarii (2% 
of the ovarian tumors, malignant in 
5-10% of the cases). Metastases are 
rare (5%), preferentially to the liver 
and peritoneum, and positive to TTF1/
TG (6).

c. Papillary renal cell carcinoma may 
show patchy “thyroid-like” areas, but 
the typical architecture usually predo-
minates. IHC is positive to kidney tu-
mor markers.

d. Renal carcinoids may show zonal 
“follicular” architecture, positive to 
neuroendocrine markers (synaptophy-
sin, CD 56 and chromogranin). On-
cocytomas and metanephric adenomas 
may also show focal or patchy “folli-
cular” architecture, due to eosinophilic 
intraluminal deposits in areas of tubu-
lar differentiation.

2. Benign entities:
a. Kidney “thyreodization” associated to 

end-stage kidney disease/pyelonephri-
tis, caused by the deposit of colloid-
-like protein material in the lumina 
of atrophic distal tubules/collecting 
ducts. This is a diffuse and bilateral 
process, not associated with tumors.

 TLCK are well circumscribed, yellow/whi-
tish. Hemorrhagic and necrotic areas are common 
and may present as intratumoral “cysts” (2, 8, 9). 
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Table 1 - Summary of clinical characteristics of the tumors described in the literature plus present case.

Author/publication 
year

Age 
(years)/

sex

Presentation Past history Local/
size 

(mm)

Imaging Nephrectomy 
(T/P)/FU

Alesssandrini, 2012 
(16)

76 M Hematuria Prostate cancer L UP, 50 (CT) Hyperdense, 
well vascularized, 
necrotic center, 

extension to 
adipose tissue, 
enlarged lymph 

nodes (no 
metastases).

T/ 11 months NED

41 F Incidental Hodgkin lymphoma R LP, 50 (CT) complex 
cystic, 

hyperdense no 
enhancement. 

(MRI) solid septa

P/ 4 months NED

Muscara 2017 (12) 27 M Incidental - Left UP, 65 - P/8 months NED

Amin 2009 (7) N=6 (29-
83), 3M 3 F

All incidental 1 Colon cancer, 1 
osteosarcoma

5R 1L / 
1 UP, 4 

MP, 2 LP/ 
19-40

- 6 T/ 7-84 months, 
NED

Dawane 2015 (17) 49 F Incidental - L MP 24 (CT) contrast 
enhancement, 
extension to 

adipose tissue.

P/ 5 years, NED

Khoja 2014 (18) 31 F Hematuria, 
weight loss, 
flank pain (3 

years), anemia

Normal thyroid (I/F), 
normal ovaries (I)

L UP 43 (CT) 
heterogeneous 

enhancing, 
distorting 
collecting 
system, 

lymph node 
enlargement (no 

metastases).

T/ 21 months NED

Jung 2006 (13) 32 F Incidental Normal thyroid (I/F), 
normal ovaries (I)

R LP/ 118 (CT) contrast 
enhancing, 

hydronephrosis.

T/ 6 months NED
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Dhillon 2011 (5) 34 F Hematuria, flank 
pain

Normal thyroid (I/F) R MP/ 63 Multiple 
pulmonary 

nodules (biopsy 
“thyroid 

carcinoma”)

“systemic  
treatment”  for 
thyroid cancer 

(1 year) + T 
nephrectomy/ 3 

months NED

Lin 2014 (8) 65 M Hematuria (4 
years), back pain 

(1 week)

Normal thyroid (I/F) R MP, 80 Hypoechogenic 
hilar mass, 
(CT) “renal 
carcinoma”, 

normal fascia/
lymph nodes.

T/ 2 years NED

59 F Incidental Normal thyroid (I/F) R MP, 60 Normal fascia/
lymph nodes.

T/ 1 month NED

Wu 2014 (4) 19 F Incidental Leukemia (5 years-old) R LP 28 (CT) 
heterogeneous 
hyperdense. No 

lymph nodes. No 
metastasis. PET 

(+).

Biopsy + P 
nephrectomy/ 21 

months NED.

Wang 2017 (2) 25 F Severe 
hypertension 
(normal post-

operative)

Normal thyroid (I/F), 
normal ovaries (I)

R MP 30 (CT) 
inhomogenous 
enhancement, 
calcifications. 

Ovaries normal 
(imaging).

P/ 2 years NED.

Ghaouti 2014 (10) 68 F Incidental Normal thyroid (I/F), 
normal ovaries (I)

R MP 11 (MRI) Cystic, no 
enhancement

P/ no FU reported

Volavsek 2013 (11) 34 ? Incidental Nephrolithiasis,polycystic 
disease, adult type.

L LP 50 
mm

Hyperechogenic 
cyst

T/ 6 months NED.

Sterlacci  2008 (6) 28 F Incidental L MP 44 (CT) 
Heterogeneous, 

no capsule 
infiltration, 

displacement of 
blood vessels. 

Left lung nodule.

Thyroidectomy 
(presumed 

metastatic thyroid 
cancer, despite 

normal imaging). 
Lung lumpectomy. 
T nephrectomy/ 5 

years NED.
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Vicens 2014 (3) 24 F Hematuria, flank 
pain

R MP, 60 (CT) displaying 
calices, 

bilobulated, 
peripheral 

calcification, 
hyperdense, 
low grade 

enhancement, 
peak on delayed 
phase. Multiple 

pulmonary 
nodules, enlarged 

abdominal 
lymphonodes. 

(MRI) increased 
signal T1, 
low signal 

T2, low grade 
enhancement. 
PET scan: mild 

FDG uptake.

T/post op therapy 
with sunitinib for 

lung metastases. No 
FU data.

Malde 2013 (19) 29 F Flank pain Thyroid normal (F) L LP, 58 (CT) Complex 
multiseptated 

partially cystic, 
low attenuation, 
no enhancement. 

(MRI) no 
enhancement.

T. No FU data.

Our case 10 F Flank pain, 
nausea, vomiting

Thyroid (I/F) and ovaries 
I) normal

R +SP/MP, 
63

US hyperchoic 
heterogeneous, 
CT exophytic 

anterior superior/
medium pole, 
heterogeneous 
enhancement, 
necrotic and 
cystic areas, 
lymph node 

enhancement (no 
metastases)

T. NED, normal 
imaging after 19 

months.

NED =  no evidence of disease; FU = follow up; F = female; M = male; Fu = function; I = imaging;  UP = upper pole; MP = mid pole; LP = lower pole; L = left; R = right; 
T = total; P =partial
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Histologically there are macro and microfolli-
cles filled with amorphous eosinophilic colloid-
-like material (5, 10), similar to TFCC. The folli-
cles are lined with cuboidal cells with scant 
eosinophilic cytoplasm, round/oval nuclei and 
evenly distributed chromatin. Mitotic activity 
is absent or scarce. There may be focal areas 
of papillary differentiation, patchy lymphoid 
aggregates, calcifications (2, 3, 10-12) and cho-
lesterol crystals (12). Fibrous septa presenting 
muscle and a fibrous pseudocapsule have been 
described (7, 12). No cases presented with vas-
cular or collecting system invasion. Capsular 
invasion was seen in two cases (11).

 The tumor is, by definition, negative to 
TG/TTF1, positive to epithelial markers (cytoke-
ratyns AE1/AE3, 7, PAX 2 and 8, Vimentin 
and EMA) and negative to renal tumor markers 
(WT1, RCC, CD10).

 TLCK was described in 2006 (13), is an 
emerging entity and has not yet been included 
in the WHO classification of tumors (14). A pos-
sible previous case was positive for thyroid IHC 
markers (15) and is questionable. The predomi-
nance of young women suggests some hormo-
nal influence and the relatively high incidence 
of previous malignancies suggests that previous 
treatments and/or specific genetic constitutions 
predispose to TLCK.

 Extra-renal extra-thyroid tumors (cho-
langiocarcinoma, breast and urothelial carcino-
mas, endolymphatic sac tumor, plasmacytoma, 
papillary renal cell carcinoma) may also pre-
sent “follicular” architecture and are negative 
for TG and TTF1 (4, 7, 16). Tubular deposits 
of Tamm-Horsfall glicoprotein are probably the 

explanation for the colloidal aspect in kidney 
tumors, including TLCK (5, 10).

 Primary thyroid tumors are positive to 
TTF1/TG, except for poorly differentiated or 
sarcoma-like malignancies. For kidney tumors, 
the IHC panel includes vimentin, CK 7, AMACR, 
CCR and CD10 and WT1 in atypical tumors or 
children. A ”thyroid tumor” on a kidney speci-
men is unexpected and at least one patient was, 
quite understandably, submitted to a thyroidec-
tomy with the presumed diagnosis of metastatic 
TFCC, despite normal thyroid imaging (6). Non-
-reactivity to TG/TTF1 and no primary tumor 
are the clues to avoid this. Table-2 summarizes 
the IHC profiles and differential diagnosis for 
TFCC, kidney tumors and TLCK.

 Surgical resection with clear margins 
is probably curative, despite the limitations of 
follow-up data. Partial nephrectomy seems to be 
as successful as total nephrectomy, but the high 
proportion of mid pole tumors may impose tech-
nical difficulties. Metastases are rare and apparen-
tly do not compromise the results in most patients. 
Adjuvant therapy has not been established.
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Table 2 - IHC characteristics of TLCK, other kidney tumors and thyroid tumor.

Tumor Positive Negative

RCC (Clear cell) Vimentin HMWCK

AE1/AE3 CK7, CK20

RCCM e-cadherin,

PAX2/PAX8 CD117

AMACR

RCC (papillary) Vimentin CD117

AE1/AE3

CK7

AMACR

RCCM

PAX2/PAX8

Chromophobe RCC/oncocytoma e-cadherin Vimentin

CD117 AMACR

AE1/AE3

CK7 (Chromophobe)

WT CD 57 (tubules (+), blastema (-) CK7

CK22, CK18, CK8 Myoglobin

EMA Chromogranin A

actin RCC

WT1 P53

desmin Vimentin - blastema, focally (+)

TFCC PAX 8 PAX 2

TTF1, TG, BME1, galactin 3

TLCK CK 7, AE1/3 TTF1, TG

PAX 2, 8 WT1

Vimentin RCC

EMA CD10

CEA

p53
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ABSTRACT

Introduction: Cancer is one of the most important leading cause of death in man and 
woman in the world. The occurrence of new cancer has become more frequent in recent 
years due to strict screening protocols and occupational and environmental exposure 
to carcinogens. The incidence of secondary malignancies has also increased due to 
close medical follow-up and advanced age. Herein, we report a case and its man-
agement diagnosed as synchronous peritoneal malignant mesothelioma and muscle-
invasive urothelial carcinoma.
Case Description: A 71-year-old male presented with macroscopic hematuria and ab-
dominal distension increasing gradually. A contrast enhanced computerized tomogra-
phy demonstrated bladder mass and diffuse ascites with nodular peritoneal thickening 
and umbilical mass. He was treated with the multidisciplinary team working including 
urologist, medical oncologist and general surgeon.
Conclusions: To our knowledge, this is the fi rst case of peritoneal malign mesothe-
lioma with synchronous muscle-invasive urothelial carcinoma. Because of the rarity 
of this condition, there is still no consensus on the defi nitive treatment protocols, 
yet. Individualized treatment with multidisciplinary close follow-up might improve the 
survival outcomes.
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INTRODUCTION

Malign mesothelioma is a relatively rare 
cancer that arises from mesothelial cells of pleu-
ra, peritoneum, pericardium, and tunica vaginalis. 
Primary peritoneal mesothelioma (PM) accounts 
for 10% to 30% of all cases of malignant meso-
thelioma (1). Even though asbestos exposure plays 
an important role in the development of tumor 
cells, PM is rarely associated with asbestos expo-
sure and tends to present at the younger age (2, 
3). On the other hand, bladder cancer is one of 

the most common urologic malignancies. It was 
the 4th and 12th most frequent malignant tumor 
among men and women, respectively (4). Transi-
tional cell cancer of bladder is the most common 
form and it accounts for about 90% of cases (5). 
Advanced age and smoking are identifi ed as the 
most important independent risk factors for the 
development of this tumor. Although the inciden-
ce of the secondary malignancy in patients who 
have bladder cancer increase with the advanced 
age and longer follow-up, invasive urothelial car-
cinoma and synchronous malignant PM is a very 
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rare entity at the current literature. In this case, we 
aim to report this unusual case of muscle-invasive 
bladder cancer with synchronous peritoneal ma-
lign mesothelioma and discuss its management 
and treatment alternatives.

CASE DESCRIPTION

 A seventy-one-year-old male patient wi-
thout any history of asbestos exposure has admit-
ted to our hospital with complaints of macroscopic 
hematuria and abdominal distension increasing 
gradually. In his medical history, he underwent 
transurethral resection of the prostate due to be-
nign enlargement 5 years ago. Physical examina-
tion revealed abdominal distention with flank and 
shifting dullness. An umbilical nodule was also 
noted. The urinalysis revealed pyuria and micros-
copic hematuria, but the urine culture was sterile. 
An abdominal ultrasonography showed bladder 
mass measured as 15mm and diffuse intra-ab-
dominal free fluid collection. A computerized to-
mography (CT) demonstrated diffuse ascites with 

nodular peritoneal thickening and multiple lymph 
nodes over 10mm at the internal iliac, common 
iliac and paraaortic regions. An umbilical mass 
measured as 30mm was also seen on CT imaging 
(Figure-1). Surgical treatment in the same session 
was desired by the patient. After written informed 
consent was obtained, a transurethral bladder 
tumor resection and laparoscopic peritonectomy 
were carried out consisting of the omentum, left 
and right hemidiaphragm, pelvic peritoneum and 
umbilical mass. Pathologic examination revealed 
high-grade urothelial carcinoma with the muscu-
laris propria invasion on the TUR specimen and 
malign PM on the peritoneal specimens. Immu-
nohistochemistry was used to confirm pathologic 
diagnoses for both cancers. Immunohistochemi-
cally, urothelial carcinoma was widely positive-
ly stained with GATA and a focal positive with 
uroplakin III but no mesothelioma cells were stai-
ned. Additionally, mesothelioma cells were stron-
gly and diffusely stained with calretinin, howe-
ver, urothelial carcinoma cells were not stained 
(Figure-2). Sixth cycles of pemetrexed, cisplatin, 

Figure 1 - A) Peritoneal thickening on the right hemidiaphragm (black arrow). B) Diffuse omental invasion of peritoneal 
mesothelioma (omental caking, white arrow). C) CT imaging of umbilical mass (white arrow) D) Bladder mass with sessile 
growth pattern (white arrow).

A

C

B

D



IBJU | SIMULTANEOUS OCCURRENCE OF MALIGN TUMORS

845

bevacizumab every three weeks were chosen for 
systemic chemotherapy for the treatment of both 
cancers. Patient tolerated well systemic chemothe-
rapy and a CT scan showed no evidence of di-
sease progression at the sixth months follow-up 
visit. After the interview with the patient about 
treatment options, hyperthermic intraperitoneal 
chemotherapy (HIPEC) with cisplatin and doxo-
rubicine was planned for peritoneal malign me-
sothelioma. He is still monitored closely by the 
multidisciplinary team consisting of the urologist, 
medical oncologist, and general surgeon.

DISCUSSION

 Peritoneal mesothelioma is a rare variant 
of malignant mesotheliomas. The prognosis de-
pends primarily on the type of tumor. Localized 
and well-differentiated PM tends to be clinically 
indolent with survival in the range of years and 
even decades. However, diffuse and high-grade 
tumors are more destructive and infiltrative with a 
median survival time of less than 1 year (6). Seve-
ral histologic parameters have been identified as 
predictors of worse prognosis. These are depth of 
invasion, mitotic count, nuclear grade, sarcoma-
toid differentiation, desmoplastic and lymphoid 
response, and lymph node metastasis (7). Althou-
gh systemic chemotherapy has historically been 
the treatment of choice, there is still no certain 
consensus about optimal treatment of PM due to 
lack of comparative and high-quality studies.

 Treatment alternatives for PM include 
observation, chemotherapy alone, cytoreducti-
ve surgery (CRS) alone, CRS combined with che-
motherapy and CRS combined with HIPEC. One 

of the largest studies by Verma et al. suggested 
that combined modalities such as CRS/chemo and 
CRS/HIPEC had the most favorable results in ter-
ms of overall survival rates (8). On the contrary, 
treatment of muscle-invasive bladder cancer is 
well known at present. Definitive treatments are 
radical cystectomy with suitable urinary diver-
sion and external beam radiation therapy for the 
organ-confined disease. Bladder-sparing modali-
ties with trimodality therapy consisting of deep 
transurethral resection of bladder tumor combined 
with chemo and radiotherapy can be also conside-
red in selected cases. Systemic chemotherapy with 
platinum-based regimes remains the first-line tre-
atment for the advanced bladder cancer (9). In the 
presented case, we were not willing to perform ra-
dical cystectomy due to synchronous diagnose of 
PM.

 Synchronous primary cancer with peri-
toneal malign mesothelioma is an extremely rare 
condition. There are only a few reports related to 
this topic in the current literature. Jacobsen et al. 
reported a case of PM in a patient with non-mus-
cle invasive urothelial carcinoma (10). The other 
published case reports only consist of gynecologic 
cancers (11). One of the largest studies by Atte-
noos et al. reported that incidence of secondary 
malignancy after malign mesothelioma as 1-2% at 
post-mortem examination. However, none of the-
se were urogenital tumors (12). Additionally, Chen 
et al. reported that the incidence of renal cell car-
cinoma has increased in patients with malign me-
sothelioma. But they didn’t declare any significant 
etiologic and genetic association among these tu-
mors (13). On the other hand, the most frequent 
secondary malignancies after bladder cancer were 

Figure 2 - A) Immunohistochemical GATA positivity in urothelial carcinoma cells. B) Immunohistochemical focal uroplakin III 
positivity in urothelial carcinoma cells. C) Immunohistochemically, diffuse positivity with calretinin in mesothelioma cells.
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as follows: lung, prostate and breast cancer (14). 
Increased risk of secondary tumors may be attri-
butable due to smoking and close medical follow-
-up after primary diagnose of the bladder tumor.

In conclusion, to our knowledge, this is 
the first case published in the literature who have 
muscle-invasive bladder cancer with synchronous 
peritoneal malign mesothelioma. As in the pre-
sented case, precise pathologic examination with 
correct immunohistochemical staining is essen-
tial to confirm the diagnosis and exclude other 
types of malignancies. In addition, accurate cli-
nical staging of these tumors is needed in order 
to plan treatment options. However, no curative 
or definitive treatment is determined at the cur-
rent literature since its extremely rare condition. 
Such challenging cases must be addressed through 
direct communication in a multidisciplinary tu-
mor board setting. Individualized treatment with 
multidisciplinary close follow-up schemes might 
improve the survival outcomes in these patients.
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ABSTRACT

Testicular germ cell tumor is the most com-
mon cancer in 20-to 35-years-old men. There are 
known risk factors such as undescended testicle(s) 
and history of testicular cancer. Most lesions are 
germ cell tumors with two main subtypes: semi-
nomas and non-seminomatous germ cell tumors.

INTRODUCTION

 Testicular germ cell tumor is the most com-
mon cancer in 20-to 35-years-old men. There are 
known risk factors such as undescended testicle(s) 
and history of testicular cancer. Most lesions are 
germ cell tumors with two main subtypes: semi-
nomas and non-seminomatous germ cell tumors. 
Burned out testicular tumor (BOTT) refers to a his-
tological fibrous regression of the primary testi-
cular lesion that generally presents at the stage 
of metastases (1). This case series shows imaging 
findings in three men with an atypical presenta-
tion of this malignancy, gas-containing retrope-
ritoneal mass revealing in each case a BOTT. To 
our knowledge, this gas-containing mass has just 
been illustrated once (2).

CASE PRESENTATIONS

Case 1 - The first patient, a 57-years-
-old Caucasian man, came to the hospital with 
afebrile abdominal pain. Physical examination 

Spontaneous gas in a retroperitoneal mass: check the testis!
_______________________________________________
Jérémy Dana 1, Florian Maxwell 1, 2, David. Eiss 3, Laurence Rocher 1, 2, 4

1 Department of Diagnostic & Interventional Radiology, Hôpitaux Universitaires Paris Sud, Site Bicêtre, 
Le Kremlin-Bicêtre, France; 2 Faculté Paris Sud, Le Kremlin-Bicêtre, France; 3 IR4M, CNRS, imagerie 
par résonance magnétique médicale et multi-modalités, CNRS Université Paris Sud, Orsay Cedex, 
France; 4 Department of Diagnostic & Interventional Radiology, Hôpital Necker, Paris, France

_______________________________________________________________________________________

was normal. The biology laboratory results showed 
slight leukocytosis. Urine culture was sterile. Con-
sidering the abdominal pain with leukocytosis, we 
performed a contrast-enhanced CT-scan. The CT-
-scan showed a retroperitoneal hypodense mass 
containing gas (Figure-1A). There was no vascular 
thrombosis. At first, our diagnostic hypothesis was 
an abscess. However, there wasn’t any argument for 
an associated infection such as pyelonephritis, diver-
ticulitis or spondylitis: there was no focal nephritis, 
bowel fistula or bone abnormalities.

Given a medical history of bilateral un-
descended testicles treated by orchidopexy in 
childhood, we carried out a testicular ultra-
sound (US) showing bilateral testicular atrophy, 
microlithiasis, and hypoechoic areas involving 
the left testis (Figure-2A). Nevertheless, the 
scrotal examination was normal. On the other 
hand, tumor markers including lactate dehydro-
genase, alpha-fetoprotein and human chorionic 
gonadotropin levels were normal.

 The patient underwent radical orchiec-
tomy of the left testis and a seminoma with bur-
ned out main component was diagnosed. Finally, 
the patient underwent a fine needle biopsy of the 
mass revealing ischemic necrosis without any tu-
mor cell.

Case 2 - The second patient, a 41-years-
-old Caucasian man, came to the hospital for 
the same reason, afebrile abdominal pain. Phy-
sical examination was also normal. The labo-
ratory results showed slight leukocytosis and 
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urine culture was sterile. In the same way, a 
contrast-enhanced CT-scan was performed and 
showed the same results: necrotic retroperitoneal 
mass containing gas (Figure-1B). The scrotal US 
revealed a diffuse hypoechoic aspect of the left 
testis compared to the contralateral testis. Tumors 
markers were normal.

Radical orchiectomy was performed and 
pathological examination found hyaline fi brosis 
without any tumor cell consistent with BOTT (Fi-
gure-2B). The CT guided biopsy of the retroperito-
neal mass revealed a necrotic seminoma.

Case 3 - The third patient, a 34-years-old 
Caucasian man came to the hospital with afebrile 
lumbar pains and presented similar physical exa-
mination (including scrotal examination) and la-
boratory results.

 The contrast-enhanced CT-scan also reve-
aled a gas-containing retroperitoneal mass (Figure 
1C). The scrotal US showed a hypoechoic hypo-
vascular area with microlithiasis in the left tes-
tis (Figure-2C). Tumor markers were normal. The 
patient underwent a mass CT guided biopsy and 

an orchiectomy. The pathological analysis showed 
respectively necrosis and hyaline fi brosis without 
tumoral cells. Considering these results, we perfor-
med a second biopsy of the retroperitoneal mass 
that allowed to diagnose lymph node metastasis of 
a BOTT (Figure-3A). The retroperitoneal mass had 
spontaneously decreased in size, from 46 to 35mm 
(largest diameter) during the 4 weeks between the 
fi rst CT scan and the second biopsy.

 To summarize, each patient presented with 
abdominal pain and leukocytosis revealing gas-
-containing retroperitoneal mass and hypoechoic 
hypovascular area with microlithiasis in the testis. 
In all three cases, tumor markers including lactate 
dehydrogenase, α-fetoprotein and human chorio-
nic gonadotropin levels were normal.

Pathological examination has been a chal-
lenge to diagnose BOTT with metastatic nodes (Figu-
res 3B and 3C) .

 After orchiectomy, each patient received 
chemotherapy by Bleomycin, Etoposide and Cispla-
tin. They are still free of disease after 14 years (Case-
1), 8 years (Case-2) and 1 year (Case-3) of follow-up.

Figure 1 - Abdominal contrast-enhanced CT-scan axial cut showing gas-containing retroperitoneal mass (white arrows).

a) 57 years old patient; b) 41 years old patient; c) 34 years old patient; same patient as c) spontaneous decrease in size 4 weeks after the fi rst CT.

A B C

Figure 2 - Testicular Color Doppler Ultrasound of three patients (in the same order) demonstrating avascular hypoechoic 
areas (white arrows) with some microlithiasis suggestive of burned out tumors.

A
B C
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DISCUSSION

 Most reported BOTT are discovered be-
cause of symptomatic metastatic nodes, such as 
presenting with back or flank pain (3-5). Gene-
rally, presence of gas in a retroperitoneal mass 
is usually attributed to retroperitoneal-bowel 
fistula, abscess or superinfection. BOTT reve-
aled by gas-containing retroperitoneal mass 
have been shown in only one study to our kno-
wledge (2). This unusual presentation led the 
authors to perform drainage through endosco-
pic ultrasound-guided transduodenal puncture. 
Our cases series reinforces the recommenda-
tion of performing scrotal physical exam and 
scrotal US in case of retroperitoneal masses in 
men, with aim of avoiding inappropriate ma-
nagement such as extensive surgery or percu-
taneous drainage. In our series, the presence of 
gas was attributed to tumor ischemic necrosis. 
Nevertheless, samples should be sent to culture 
in order to rule out superimposed infection.

 The fi brous replacement and the residual 
seminomatous part in BOTT may be explained 
by an intensive immunological response. This 
mechanism has not been demonstrated in the 
case of BOTT but an autoimmune response was 
described in a testicular ‘in situ’ carcinoma (6). 
Indeed, Lehmann and Müller reported a case in 
which immunohistochemical examination of 

the testicular biopsy demonstrated remarkable 
intracellular and membranous accumulation of 
IgG antibodies in the atypical spermatogonia. 
These specifi c antibodies were found only in the 
patient’s serum and not in 500 control sera.

 The spontaneous regression of the tes-
ticular germ cell tumor results in hypoechoic 
avascular areas corresponding to hyaline fibro-
sis, and sometimes in atrophy of the testis (7).

 Due to the abundance of necrosis, it is 
sometimes impossible to identify any tumor cell 
in the retroperitoneal biopsy sample. In these 
cases, repeat biopsy may be needed. In the se-
cond case, the core biopsy was performed with 
a 16G needle.

 Orchiectomy is generally followed by 
cisplatin-based combination chemotherapy 
protocols. This therapy is very effective in the 
treatment of seminomas and non-seminoma-
tous germ cell tumors.

CONCLUSION

 Presence of gas in a retroperitoneal mass 
is an uncommon presentation of metastatic retro-
peritoneal lymph nodes of testicular cancer.

It is mandatory to perform a testicular 
ultrasound in the diagnostic process, despite, so-
metimes, a normal physical examination. Hypoe-
choic hypo/avascular areas at US may suggest the 
diagnosis of BOTT. Retroperitoneal biopsy with a 

Figure 3 - Pathological examinations of the third 34 years old patient.

A CB

a) Microscopic view of the second retroperitoneal biopsy using placental alkaline phosphatase (PLAP) marker (arrow), magnifi cations x 10.9; b) Macroscopic view showing 
a scarred focus (arrow) corresponding to a regressed germ cell tumor; c) Microscopic view of the same testis demonstrating prominent lymphoplasmacytic infi ltrate around 
the hyalinized fi brosis (arrow).
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large needle in the less necrotic part may be the 
key of the diagnosis.
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INTRODUCTION
 

We report an 18F-choline PET/CT scan 
performed on a 74-year-old patient with history 
of prostate neoplasm in the clinical context of 
progressive PSA elevation (10ng/ml) with negati-
ve imaging tests. Pelvic images were acquired at 
5 min. post-injection of standardized radiotracer 
dose, while whole-body images were obtained 45 
and 120 min. after injection (Figure-1; MIP ima-
ges). A homogeneous increased uptake of tracer in 
the whole axial and appendicular muscle structures 
was highlighted in all series. A SUVmax of 4.8, 5.0 
and 4.9 were reached in a reference ROI at left glu-
teus maximus muscle (Figure-1; axial fused ima-

Whole muscle 18F-choline uptake due to intense physical 
exercise
_______________________________________________
Francisco Javier García-Gómez 1, Pablo Antonio de la Riva-Pérez 1, Ana Agudo-Martínez 1, Gertrudis Sabatel-
Hernández 1, María Cinta Calvo-Morón 1

1 Department of Nuclear Medicine, Virgen Macarena University Hospital,Seville, Spain
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ges). Additionally, a fracture of the eleventh left rib 
arch was also observed (head-arrow). An intense 
basal physical activity mainly based on long walks, 
farming tasks and dance classes were referred when 
the patient was re-interrogated. Taking medication 
that might interfere with tracer distribution, such 
as colchicine (1), was also ruled out. It is well kno-
wn that 18F-choline can be uptake in different tis-
sues including striated muscle (2, 3), although it is 
a poor referred finding which seems to be related 
to physical activity, being most likely due to incre-
ased local perfusion and probably unavoidable to 
some extent (3). Knowledge of these variability of 
physiological uptake, benign findings and pitfalls, 
is crucial in order to get the most out of the scan.

Vol. 45 (4): 851-852, July - August, 2019
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Figure 1 - MIP and fused PET/CT images acquired at 5 min, 45 min and 120 min after intravenous injection of 18F-Choline. 
An intense and difuse uptake of radiotracer was observed in all the series of the study. The muscle activity was measured 
by circular ROI in gluteus maximus muscle (axial fused images) demonstrating stable activity throughout the exploration. 
Incidentally, a fracture of the eleventh left rib arch was also observed (head-arrow).



IBJU | RADIOLOGY PAGE

852

REFERENCES

1. Roef MJ, van der Poel H, van der Laken CJ, Vogel WV. 
Colchicine must be stopped before imaging with [18F]-
methylcholine PET/CT. Nucl Med Commun. 2010;31:1075-7.

2. Beheshti M, Haroon A, Bomanji JB, Langsteger W. Fluorocholine 
PET/computed tomography: physiologic uptake, benign 
fi ndings, and pitfalls. PET Clin. 2014;9:299-306.

_______________________
Correspondence address:

Francisco Javier García-Gómez, MD
Department of Nuclear Medicine

Virgen Macarena University Hospital
Av. Dr. Fedriani 3

41009, Seville, Spain
Fax: + 34 95 500-9162

E-mail: javier191185@gmail.com

ARTICLE INFO 

Francisco Javier Garcia Gomez 
https://orcid.org/0000-0001-9307-5017

Int Braz J Urol. 2019; 45: 851-2

_____________________
Submitted for publication:

August 16, 2018
_____________________

Accepted after revision:
February 18, 2019

_____________________
Published as Ahead of Print:

April 10, 2019

3. Roef M, Vogel WV. The effects of muscle exercise and bed 
rest on [18F]methylcholine PET/CT. Eur J Nucl Med Mol 
Imaging. 2011;38:526-30.



853

VIDEO SECTION

Iatrogenic foreign body in urinary bladder: Holmium laser 
vs. Ceramic, and the winner is…
_______________________________________________
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Dellabella 1
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ABSTRACT         _______________________________________________________________________________________

Introduction: Urological surgery is estimated to be the third most common cause of iatrogenic-retained foreign bodies (1).
Presentation: A 76-year old man was undergoing a transurethral resection of bladder tumor with a 26-Ch continuous 
flow resectoscope (Karl Storz, Germany). Before starting resection, a detachment of resectoscope sheath tip was noted. 
The ceramic tip was free-floating in the bladder lumen, and it would not fit within the sheath, making direct extraction 
using the loop impossible.  An attempt was made to break it with a stone punch, but it was unsuccessful due to impos-
sibility of closing it in the branches. Therefore, we decided to fragment the tip with holmium laser (RevoLix®, LISA Laser 
products, Germany), using an 800-micron, front-firing fiber. Laser device was settled at with 2.5 J energy and 5 Hz fre-
quency. Ceramic appeared very hard, but it was difficult to carry on breaking with this setting because of tip retropulsion. 
Then, laser setting was switched to lower energy and higher frequency (1 J and 13 Hz). This setting guaranteed the same 
power of 13 W, but with minimal retropulsion. 
Results: Tip was fragmented against the posterior bladder wall in seven pieces, which were retrieved trough the outer 
sheath. A total 5.62 kJ were used to fragment it. At the end, superficial lesions of the posterior bladder wall were high-
lighted. Surgical time was 55 minutes. Patient was discharged home next day without problems.
Conclusions: Holmium laser fragmentation is a safe and effective approach to remove foreign bodies from the bladder.
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Single-Port Trans-Perineal Approach to Cystoprostatectomy 
with Intracorporeal Ileal Conduit Urinary Diversion and 
Lymph-Nodes Dissection using a Purpose-Built Robotic 
System: Surgical Steps in a Preclinical Model
_______________________________________________
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ABSTRACT         
_______________________________________________________________________________________

Aim: To report the technique for single-port trans-perineal cystoprostatectomy with intracorporeal ileal conduit urinary 
diversion and lymph nodes dissection using a purpose-built robotic platform (da Vinci SP1098, Intuitive Surgical, Sunny-
vale, CA, USA).
Materials and Methods: In a male cadaver the SP1098 robotic system was used to perform cystoprostatectomy with 
intracorporeal ileal conduit urinary diversion and lymph nodes dissection by single-port trans-perineal approach. The 
surgery was completed through a 2.5-cm perineal incision through which a GelPOINT Mini advanced access platform 
(Applied Medical, Rancho Santa Margarita, CA, USA) and a dedicated 25-mm multichannel port accommodating a 12 x 
10-mm oval articulating robotic camera, three 6-mm double-jointed articulating robotic instruments and a 6-mm acces-
sory laparoscopic instrument were positioned. At the planned level of the stoma for the ileal conduit, a 12-mm port was 
placed through which the EndoGIA® stapler was used to mature the urinary diversion
Results: The total operative time was 185 min. The procedure was successfully completed without the need for additional 
ports placement. The benefits of the trans-perineal approach, particularly in longer procedures as radical cystectomy with 
intracorporeal urinary diversion, might include the avoided need of Trendelenburg position, with undoubtful advantages 
for the patient and the anesthesiologist in terms of respiratory mechanics and hemodynamics.
Conclusions: The feasibility of single-port trans-perineal cystoprostatectomy with intracorporeal ileal conduit urinary 
diversion and lymph nodes dissection using the SP1098 purpose-built robotic platform is demonstrated. The duplication 
of the described surgical steps in the clinical model is awaited when the platform will be available on the market.
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Sacrospinous hysteropexy with a low weight transvaginal 
polypropylene mesh for treatment of complete 
uterovaginal eversion
_______________________________________________
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ABSTRACT         _______________________________________________________________________________________

Introduction: Pelvic Organ Prolapse (POP) is a common condition in elderly resulting from the weakening of the organ 
suspension elements of multifactorial origin.  It compromises significantly the quality of life and can affect more than 
50% of multiparous women. Stage IV prolapse or complete uterovaginal eversion corresponds to 10% of the cases and 
the only form of curative treatment is the surgical correction. The aim of this video is to demonstrate our technique of 
sacrospinous hysteropexy with a low weight transvaginal polypropylene mesh for treatment of this challenge condition, 
focusing on technical details in order to prevent mesh related complications. Major, but rare complications, include: 
infection, prolapse recurrence, abscess formation, bladder perforation and urinary fistula. These situations are related 
mostly to low volume centers.
Materials and Methods: A 70 years old female with a stage IV POP had obstructive lower urinary tract symptoms. Only 
after reducing prolapse, it was possible to urinate, but without stress urinary incontinence. No topic estrogen was pre-
scribed before the surgery and she also didn´t take any kind of hormone replacement therapy. Transvaginal ultrasound 
and the Pap smear screening were done with normal results. Cystoscopy wasn´t employed at anytime of this procedure. 
Hydrodissection of vaginal wall was followed by longitudinal incision from the level of bladder neck to the cervix. Notice 
that the ideal dissection should maintain the vaginal thickness, and address the plane of the connective tissue between 
the bladder and the vagina. Bladder base is then released from the anterior aspect of the cervix in order to create a site 
to pericervical ring repair and to fix the apex of the Calistar Soft® with polypropylene 3.0 stitches. A blunt dissection 
extended downwards through the lateral aspect of the levator ani fascia till the identification of the ischial spine and 
sacrospinous ligaments bilaterally. Two polypropilene 2.0 threads mounted on a specially designed tissue anchor system 
(TAS) are then fixed into each sacrospinous ligament 1.5 to 2 cm away from the ischial spine and repaired for further 
prosthesis anchoring. Then, a longitudinal incision is done at the posterior vaginal wall and the recto-vaginal fascia 
detachment from the posterior aspect of the pericervical ring is identified and corrected with interrupted polypropylene 
2.0 stitches to the cervix and to the pericervical aspect of elongated uterosacrus ligaments bilaterally. The Calistar Soft 
A (anterior) and P (posterior)® prosthesis were fixed at the anterior and posterior aspects of the cervix, respectively, with 
interrupted polypropylene 3.0 stitches and meshes’ arms are fixed to the sacrospinous ligament using the previously 
implanted TAS. Then, the distal Calistar Soft A® arms were bilaterally fixed into the internal obturator  muscles using its 
fish spine–like multipoint fix device in order to prevent mesh folding. Finally, perineal body repair was done and vaginal 
wall was closed with individual absorbable interrupted polyglactin 2.0 sutures and a 16 Fr Foley catheter as well as a 
vaginal pack embedded on neomicin-bacitracin cream were kept overnight.
Results: A high satisfaction rate has been computed with synthetic mesh to POP surgery correction. Approximately 10% 
of cases of mesh exposure may occur, most of them oligosymptomatic and easy handed by excision or with topic estrogen 
preparations. After 1 year follow-up, our patient is still satisfied without any complain and no relapse.
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Conclusion: We described a successful treatment of stage IV POP in an old female patient. This technique can be used for 
advanced end stage POP patients, especially those with some contraindication to sacropromontopexy, but who want to 
keep vaginal length and uterus. Anatomical knowledge, obedience to technical care, and intensive training are the keys 
for minimizing the risk of complications. Although we had success with this technique, more studies with proper random-
ization are necessary to compare success and complications of sacrospinous hysteropexy with a low weight transvaginal 
polypropylene mesh to sacropromontopexy.
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Robot-assisted Simple Prostatectomy with Tunnel-Shaped 
Trigonization (RASP-TST) – A Novel Technique
_______________________________________________
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ABSTRACT         _______________________________________________________________________________________

To describe a technical modifi cation for robotic-assisted simple prostatectomy (RASP) using three-steps reconstruc¬tive 
technique to achieve a 360� trigonization of the bladder mucosa. Through fi ve-trocars transperitoneal access, we perform 
a longitudinal incision of the bladder wall and prostate capsule. Our technique of RASP is very similar to the standard 
operative technique described during laparoscopic and robotic removal of adenoma, however, for reconstruction, we pro-
pose the Tunnel-Shaped Trigonization (TST). The fi rst step is the advancement of a bladder mucosa fl ap until the posterior 
part of the prostatic urethra. The second step, a running suture between the advanced mucosa and the prostatic capsule is 
done bilaterally. At this point, the prostate capsule should be totally isolated from the rest of the urinary tract. Finally, the 
third step is closing both sides of the capsule and bladder mucosa anteriorly identical to a tunnel conformation. Hiding 
the prostatic capsule optimizes the patient recovery since hematuria is the most related factor for hospital stay length. 
This pilot-case has shown satisfactory results without the need for continuous bladder irrigation. The prostate volume in 
the TRUS was 130 cm3 and the preoperative International Prostate Symptom score was 24. He was discharged at second 
postoperative day and no late complications were detected. In conclusion, the TST-RASP seems to be a safe and feasible 
modifi cation of the RASP. We hope that the application of the TST can lead us to lower rates of blood loss, transfusion 
and postoperative complications in comparison to the standard technique.

Vol. 45 (4): 858-858, July - August, 2019

doi: 10.1590/S1677-5538.IBJU.2018.0611

_____________________
Submitted for publication:
August 28, 2018
_____________________
Accepted after revision:
December 04, 2018
_____________________
Published as Ahead of Print:
February 10, 2019

_______________________
Correspondence address:

Cristiano Linck Pazeto, MD
Departamento de Urologia,

Faculdade de Medicina do ABC
Rua Dr. Henrique Calderazo 321 Paraiso, 2 andar 

Santo André, SP, 09190-615, Brasil
Telephone: +55 11 9 8203-9812

E-mail: cristianolinckpazeto@gmail.com

ARTICLE INFO

Cristiano Linck Pazeto
http://orcid.org/0000-0003-3662-6454

Available at: http://www.intbrazjurol.com.br/video-section/20180611_Tobias-Machado_et_al
Int Braz J Urol. 2019; 45 (Video #17): 858-858

CONFLICT OF INTEREST

None declared.



859

VIDEO SECTION

Robotic partial nephrectomy after pazopanib treatment in 
a solitary kidney with segmental vein thrombosis
_______________________________________________
Juan D. Garisto 1, Julien Dagenais 1, Daniel Sagalovich 1, Riccardo Bertolo 1, Brian Rini 1, Jihad Kaouk 1
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ABSTRACT         _______________________________________________________________________________________

Objective: To demonstrate our surgical technique of robotic partial nephrectomy (RPN) in a patient with a solitary kidney 
who received neoadjuvant Pazopanib, highlighting the multidisciplinary approach.
Materials and Methods: In our video, we present the case of 77-year-old male, Caucasian with 6.6cm left renal neoplasm 
in a solitary kidney. An initial percutaneous biopsy from the mass revealed clear cell RCC ISUP 2. After multidisciplinary 
tumor board meeting, Pazopanib (800mg once daily) was administered for 8 weeks with repeat imaging at completion of 
therapy. Post-TKI image study was compared with the pre-TKI CT using the Morphology, Attenuation, Size, and Structure 
criteria showing a favorable response to the treatment. Thereafter, a RPN was planned3. Perioperative surgical outcomes 
are presented.
Results: Operative time was 224 minutes with a cold ischemia time of 53 minutes. Estimated blood loss was 800ml and 
the length of hospital stay was 4 days. Pathology demonstrated a specimen of 7.6cm with a tumor size of 6.5cm consistent 
with clear cell renal carcinoma ISUP 3 with a TNM staging pT1b Nx. Postoperative GFR was maintained at 24 ml / min 
compared to the preoperative value of 33ml / min.
Conclusions: A multidisciplinary approach is effective for patients in whom nephron preservation is critical, providing an 
opportunity to select those that may benefi t from TKI therapy. Pazopanib may allow for PN in a highly selective subgroup 
of patients who would otherwise require radical nephrectomy. Prospective data will be necessary before this strategy can 
be disseminated into clinical practice.
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To the editor,

We read with interest the recent paper by da Silva et al. examining effects of antibiotic pro-
phylaxis and risk of urinary tract infection for spinal cord injured patients undergoing urodynamic 
studies. The authors describe a multi institutional study involving 661 patients who underwent uro-
dynamic evaluation over 2 years (1). Three different antibiotic protocols are described in separate 
institutions and a cumulative infection rate of 3.18% was found. No differences between patient age 
or ASIA classification were found to have an association with the development of subsequent urinary 
tract infection. However, patients with injuries at T6 or above were at increased risk of developing 
urinary tract infection following urodynamic evaluation (1).

The authors are to be commended for conducting this study as there remains a paucity of 
literature regarding the topic with only 1 trial to date examining the topic (2).

The authors should acknowledge that the length of time between injury, first and subsequent 
urodynamic evaluation is not recorded and the rate of autonomic dysreflexia (if any) is not men-
tioned. It is stated that in the consideration of variables a numbers that several factors were included 
yet there is no baseline assessment of subjective symptoms based on patient questionnaires such as 
the neurogenic bladder symptom score (3). In  the spinal cord injured patient videourodynamic as-
sessment is the preferred method of urodynamic assessment.

Specific to our Spinal cord injury unit we routinely perform videourodynamic evaluation of 
spinal cord injured patients both as inpatients and outpatients and all undergo mandatory dipstick 
assessment prior to the procedure.  If suggestive of infection the procedure is deferred but we do not 
prescribe antimicrobials pre investigation. Additionally we record bladder symptom scores at base-
line with a validated questionnaire (SF Qualiveen) and repeat scores following definitive treatment 
to evaluate response (4).

Yours Sincerely, 
Authors 
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We thank you for your comments on our latest publication (1). Indeed, what has motivated us the 
most to carry out this investigation was the lack of evidence concerning the usage of antimicrobials prior 
to urodynamic studies in spinal cord injured patients (2). An unexpected result for us was the greater 
incidence of urinary tract infection upon patients with injuries at T6 or above, regardlessly of the use of 
antimicrobials prior to the procedure.

At this exact moment we are working on a new publication that details the incidence of urinary 
tract infection specifi cally amongst the 379 spinal cord injured patients with injuries at T6 or above, now 
considering the presence of autonomic dysrefl exia and urodynamic parameters. The results are becoming 
clinically relevant.

Yours Sincerely, 
Authors 
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To the editor,

Prostate cancer is the second most common cancer in men worldwide. The incidence 
increases above 50 years. Although prostate cancer is observed in more than 80% of males 
over 80 years of age, most patients have a slow course and no clinical symptoms. As with all 
malignancies, early diagnosis is important in prostate cancer. The most important diagnostic 
methods used in prostate cancer are digital rectal examination, transrectal ultrasonography 
and PSA. The definitive diagnosis is made by histopathology. Nowadays, it is diagnosed at 
localized stage (1-4).

The correct staging of the disease after the diagnosis of prostate cancer is very im-
portant in terms of the effectiveness and prognosis of treatment planning. In the staging, 
thoraco-abdominal Computed Tomography (CT), pelvic Magnetic Resonance Imaging (MRI), 
bone scintigraphy (TVKS), NaF-PET / CT imaging and 68Ga-PSMA-PET/CT imaging, which 
are currently used as a new diagnostic method, are used. Fluorine-18 (2-fluoro-2-deoxy D-
glucose) used in 18F-FDG PET / CT is generally not used in staging because of its low or no 
involvement in prostate cancer (1-3).

Although the role of 68Ga-PSMA-PET/CT in the management of prostate cancer has 
not yet taken place in the international guidelines, in the recent studies 68Ga-PSMA-PET/
CT staging, treatment plan determination, suspicion of recurrence or biochemical recur-
rence in the presence of existing lesions has a significant contribution to the evaluation of 
the response to treatment with high diagnostic accuracy. PSMA is a type II transmembrane 
protein which increases expression in prostate cancer cells. This can be accurately detected 
in prostate cancer cells by 68Ga-PSMA-PET/CT examination. However, since 5% of patients 
with prostate cancer may not have PSMA expression, a false negative result can be obtained 
with 68Ga-PSMA-PET/CT examination (3-6). In the study performed by Eiber et al., the PSA 
value of 68Ga-PSMA-PET/CT was 2ng / dl or above, 96,8%, 93% between 1-2, 72% between 
0,5-1 and 0,2-0,5. 57.9% of the patients had diagnostic accuracy. 68Ga-PSMA-PET/CT was 
reported to have high diagnostic accuracy in lesion detection even at low PSA (less than 0.5) 
(2). Maurer et al. compared the mid-high-risk group with 68Ga-PSMA-PET/CT and conven-
tional radiological imaging (CT or MRI) in nodal smear diagnosed with prostate cancer (130 
patients). According to the data obtained, the sensitivity, specificity and diagnostic accuracy 
of 68Ga-PSMA-PET/CT were 65.9%, 98.9% and 88.5%, respectively, whereas these rates were 
43.9%, 85.4% and 72.3%, respectively. The diagnostic accuracy of 68Ga-PSMA-PET/CT was 

Re: The role of 68Ga-PSMA-PET/CT in radiotherapy planning 
in prostate cancer
_______________________________________________
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reported to be higher in nodal staging (3). Pyka et al. reported that 68Ga-PSMA-PET/CT was 
more sensitive and specific in demonstrating bone metastasis in a study of 68 patients with 
prostate cancer compared with TVKS findings and 6 68Ga-PSMA-PET/CT findings (4).

Both primary and definite radiotherapy (RT) can change the target area in salvage 
RT. Schmidt-Hegemann et al. examined the reliability of the 68Ga-PSMA-PET / CT, the treat-
ment plan in many patients; both primary definitive RT and salvage can change the target 
area in RT. Compared with conventional CT, 68Ga-PSMA-PET/CT reported a significant effect 
on the radiotherapeutic approach, especially in postoperative patients (5). In a prospective 
study, Roach et al. evaluated 68Ga-PSMA-PET/CT  images for restaging because of suspicion 
of recurrence or biochemical recurrence in the middle and high risk group. They found that 
51% of the patients’ treatment plan changed when they evaluated the treatment plan with  
before and after the treatment plan. This rate was found to be 21% for primary staging. As 
a result, 68Ga-PSMA-PET/CT reported higher sensitivity in detecting biochemical recurrence 
(6). In another study, 68Ga-PSMA-PET / CT and CT were compared in patients with salvage 
radiotherapy. It has been reported that 28.6% more pathological involvement is detected in 
68Ga-PSMA-PET/CT , CT, and 68Ga-PSMA-PET/CT has been reported to be more useful in de-
termining RT volume and indication (7). Zamboglou et al. compared 68Ga-PSMA-PET/CT with 
MRI for the detection of gross tumor volume (GTV) in primary prostate cancer. It was reported 
that 68Ga-PSMA-PET/CT may play an important role in focal radiation planning in lesions (8).

As a result, 68Ga-PSMA-PET/CT is a more frequently used test because of its high 
specificity and sensitivity in detecting recurrent lesion and localization even in low PSA 
levels. In addition, the metabolic activity of the primary site and the local area in the patient 
with staging as well as the RT plan provides valuable advantages about the width of the RT 
area. According to all the findings, prospective studies are needed to determine the role and 
importance of 68Ga-PSMA-PET/CT in RT plan in prostate cancer.
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Use black text over light to mid grey and 
white text over dark grey or black shades.
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4) IMPORTANT - Avoid - Do Not
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them as a separate fi le 
b) DO NOT supply artwork as a native fi le. Most 
illustration packages now give the option to “save 
as” or export as EPS, TIFF or JPG.
c) DO NOT supply photographs in PowerPoint or 
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bic numerals. Each table should be typed on a sin-
gle page, and a legend should be provided for each 
table. Number tables consecutively and cites each 
table in text in consecutive order.
REFERENCES: The References should be numbered 
following the sequence that they are mentioned in 
the text. The references should not be alphabeti-
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bic numerals in parenthesis. Do not include unpu-
blished material and personal communications in 
the reference list. If necessary, mention these in 
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in Index Medicus” (http://www.nlm.nih.gov). The 
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must be included; when exist more than six au-
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The initial and the fi nal pages of the reference 
should be provided:
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� The sequence of manuscript arrangement is according to the Information for Authors.

� The Article is restricted to about 2,500 words and 6 authors.

� Abbreviations were avoided and are defi ned when fi rst used and are consistent throughout the text.

� Generic names are used for all drugs. Trade names are avoided.

� Normal laboratory values are provided in parenthesis when fi rst used.
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numbered consecutively, following the sequence that they are mentioned in the text. They were identifi ed in the text using 
Arabic numeral in parenthesis. The names of all authors were provided. When exist more than six authors, list the fi rst 
sixauthors followed by et al. The initial and the fi nal pages of the reference should be provided. The number of references 
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or tables.

� Confl ict of Interest – Any confl ict of interest, mainly fi nancial agreement with companies whose products are alluded to in 
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� Check that each fi gure is cited in the text. The illustrations are not merged in the text.

� The photographs are supplied as TIFF or JPG fi les and saved at a resolution of 300 dpi (dots per inch) at fi nal size.

� The photographs should be scanned at 300 dpi, with 125mm width, saved as TIFF fi le and in grayscale, not embed in Word 
or PowerPoint.
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