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(A). During pumping, the fluid present in the apparatus is displaced from the 
urethral cuff to the reservoir located in the peritoneal cavity and through a

flow reducing system it slowly returns to the cuff, causing it
to remain deflated for about three minutes allowing urination (B).
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EDITORIAL
In ThIs IssuE

INTRODUCTION

Grading is an important prognostic indicator for tumors and for most malignancies provides 
information additional to staging. As with staging, grading criteria for individual tumors are subject 
to change, with developments reflecting contemporary advances in our understanding of the behavior 
of tumors. In the field of urological pathology, the grading classifications most commonly utilized for 
both renal cell carcinoma (RCC) and prostate adenocarcinoma (PCa) have undergone radical change. 
This evolution has, most recently, led to the establishment of novel grading systems for both of these 
tumors, under the auspices of the International Society of Urological Pathology (ISUP) (1, 2). The release 
of the Fourth Edition of the World Health Organization (WHO) Bluebook on the Classification of Tumours 
of the Urinary Tract and Male Genital Organs in 2016 (3), followed on from the development of these 
contemporary grading classifications. In this publication these novel classifications, relating to the two 
most common morphotypes of RCC and for PCa, were endorsed for international implementation. Sub-
sequently both grading classifications have been incorporated into the reporting datasets issued by the 
International Collaboration on Cancer Reporting (4, 5).

Renal cell carcinoma grading 
Numerous grading systems for renal malignancies have been proposed with validation studies 

often providing conflicting results (6). While a variety of grading parameters for RCC have been proposed 
the concept of nuclear grading for these tumors was established 50 years ago by Myers et al. This was 
followed three years later by the publication of a comprehensive nuclear grading system by Skinner; 
however, in 1972 this was modified into the four tier grading system of Fuhrman, Lasky and Limas (7-
9). Although Fuhrman grading has been utilized internationally for almost 50 years, it is now widely 
recognized that the system is hampered by uncertainties relating to reproducibility and its validity as a 
prognostic marker (10). Among the criticisms applied to Fuhrman grading is the fact that it relies on the 
simultaneous assessment of nuclear shape and size, as well as nucleolar prominence. This implies that 
these parameters increase in parallel with increasing grade. Unfortunately, in reality, these parameters 

The current status of renal cell carcinoma and prostate 
carcinoma grading
_______________________________________________
Brett Delahunt 1, Lars Egevad 2, 3, John Yaxley 4, 5, Hemamali Samaratunga 5, 6

1 Department of Pathology and Molecular Medicine, Wellington School of Medicine and Health Sciences, 
Wellington, New Zealand; 2 Department of Pathology, Karolinska Institute, Stockholm, Sweden; 
3Department of Oncology-Pathology, Karolinska Institute, Stockholm, Sweden; 4 Wesley Hospital, 
Brisbane, Queensland, Australia; 5 University of Queensland School of Medicine, Brisbane, Queensland, 
Australia, 6 Aquesta Uropathology , Brisbane, Queensland, Australia

_______________________________________________________________________________________
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are discordant in over 20% of clear cell RCC and 
as a consequence Fuhrman grading cannot be ap-
plied to these cases (10, 11).

These issues were addressed at the Con-
sensus Conference of ISUP convened in Vancou-
ver in 2012 (1). The meeting adopted a grading 
system derived from assessment of series of cle-
ar cell, papillary and chromophobe RCCs (12-14). 
These studies demonstrated that for clear cell RCC 
nuclear size and nucleolar prominence, based on 
the high power field showing the highest grade 
features, was significantly associated with outco-
me. For papillary RCC only nucleolar prominence 
correlated with outcome, while for chromophobe 
RCC not one of the three parameters of the Fuhr-
man grading system was found to have prognostic 
significance. Informed by these findings the novel 
grading system adopted by the ISUP was based 
upon nucleolar prominence (1). In this grading 
classification grade 1 tumors show inconspicuous 
to small basophilic nucleoli visible at 400x mag-
nification; In grade 2 tumours nucleoli are eosi-
nophilic and prominent at 400x magnification, 
but inconspicuous at 100x magnification. Grade 3 
tumors have nucleoli clearly seen as prominent at 
100x magnification. Features required for tumours 
to be classified as grade 4 are any of the following: 
1. sarcomatoid morphology (sarcoma-like mesen-
chymal to epithelial translocation), 2. rhabdoid 
morphology, 3. extreme nuclear pleomorphism 
and 4. anaplastic tumour giant cells. The grading 
system was formally recommended by the ISUP 
for both clear cell and papillary RCC. In the ab-
sence of evidence that grading was of prognostic 
significance for chromophobe RCC, it was agreed 
that this tumor type should not be graded (1). The 
literature relating to the ISUP grading system for 
RCC was considered at the 2014 meeting of the 
WHO Renal Tumour Classification Panel. At this 
meeting the grading system was endorsed by the 
WHO and was incorporated into the fourth edition 
WHO renal tumour classification being designated 
the WHO/ISUP Grading System (3).

While the WHO/ISUP grading system is 
applicable only to clear cell and papillary RCC it 
was agreed that it may also be utilized for descrip-
tive purposes for other morphotypes of RCC (4). If 
grading is applied to morphotypes other than clear 

cell and papillary RRC, it is recommended that it 
be clearly stated in the pathology report that gra-
ding is provided for descriptive purposes only and 
that grading has not been validated for any spe-
cific type of renal cell neoplasia, other than clear 
cell and papillary RCC (15).

WHO/ISUP grading has been validated in a 
number of studies for both clear cell and papillary 
RCC (11, 16-18). An interesting, but perhaps not 
surprising feature of the new grading system, is 
that when WHO/ISUP graded cases of both clear 
cell and papillary RCC were compared to those ca-
ses in the same series for which Fuhrman grading 
could be applied, there was a down-grading, with 
an increase in cases assigned into WHO/ISUP gra-
des 1 and 2 (11, 18). This is a reflection of the fact 
that for WHO/ISUP grades 2 and 3 tumors, the 
degree of nucleolar prominence required is greater 
than that needed to assign tumors into grades 2 
and 3 of  the Fuhrman system.

While the WHO/ISUP grading classifica-
tion provides prognostic information for clear cell 
RCC, studies have suggested that this may be im-
proved if the presence/absence of tumor-related 
necrosis is incorporated into a revised grading 
system (16, 19, 20). This specific form of necrosis 
must be differentiated from thrombo-embolic co-
agulative necrosis, being characterized by loss of 
architecture and has been shown to have prognos-
tic significance independent of both tumor gra-
de and TNM staging category (10). In a modified 
grading system, in which WHO/ISUP grade was 
sub-stratified on the basis of absence/presence of 
tumor-related necrosis it was shown that WHO/
ISUP grade 2 tumors with necrosis had an outco-
me similar to WHO/ISUP grade 3 tumors without 
necrosis and similarly that WHO/ISUP grade 3 tu-
mors with necrosis had an outcome similar to gra-
de 4 tumours without necrosis (16, 19, 20). These 
results suggest that this modified grading system 
has an enhanced positive predictive value when 
compared to WHO/ISUP grading alone.

Prostate adenocarcinoma grading
Numerous grading systems have been pro-

posed for PCa, of which the system that achieved 
worldwide acceptance for decades has been that of 
Donald Gleason (20, 21). Since the introduction of 
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the Gleason system in 1966, a number of modifi-
cations have been proposed, with the latest being 
in 2016 (22). Gleason based his grading purely on 
architecture without taking cytological atypia into 
consideration. Five grades were created from the 
lowest grade of 1 to the highest grade of 5. The 
dominant and subdominant grades were added to 
create the Gleason score of 2 to 10. In Gleason’s 
series, which pre-dated the introduction of thin 
core needle biopsy of the prostate, 88.5% of pa-
tients presented with extra-prostatic disease, with 
36% having metastases (23). This situation chan-
ged dramatically with the introduction of prostate 
specific antigen (PSA) testing in 1994 (24). Since 
then, the number of patients presenting with me-
tastatic PCa has decreased markedly (25). During 
this time, many other aspects of PCa diagnosis 
and treatment have also evolved. It also became 
apparent that not all tumor patterns in the Glea-
son system were classified correctly and in parti-
cular the designation of cribriform glands as gra-
des 2 and 3, as well as single cells and solid cords 
and masses as grade 3, was inappropriate as these 
patterns are now recognized as features of high-
-grade disease.

While initial modifications to the Gleason 
system were made by Gleason himself in 1974 and 
1977 (26, 27), other major changes were introdu-
ced in 2005 at a Consensus Conference convened 
by the International Society of Urological Patho-
logy (28). At this meeting, it was decided that 
Gleason grade 1 cancer represented adenosis, and 
therefore should not be diagnosed irrespective of 
the type of prostate specimen. It was also decided 
that grade 2 should be diagnosed rarely, if ever, 
in needle biopsies and that cribriform glands were 
indicative of, at least, grade 3 tumor. Cribriform 
cancer, which consisted of small round uniform 
glands with regular round lumina, were conside-
red grade 3, while all other patterns of cribriform 
glands were considered grade 4. As recommen-
ded by Gleason, it was agreed that the presence 
of comedonecrosis was a feature of grade 5, while 
Grade 4 was expanded to include poorly formed 
acini. There was agreement that the grading of 
all variants of PCa, other than mucinous tumors, 
should be based upon architecture, ignoring cellu-
lar changes. At this meeting, there was no con-

sensus as to how mucinous PCa should be graded 
(29). A further major change related to scoring of 
needle biopsies containing a higher grade tertia-
ry pattern. Here it was decided that the Gleason 
score should be the sum of most common gra-
de (primary grade) and the highest grade present. 
This change was recommended to avoid sample 
bias inherent in needle biopsies leading to appa-
rent downgrading in contrast to grading of radical 
prostatectomy specimens, where the entire tumor 
is available for assessment. Subsequent studies 
have confirmed the validity of these modifications 
in improving the predictive value of needle biopsy 
grading in relation to grading of radical prostatec-
tomy specimens, as well as biochemical recurren-
ce free survival and overall survival rates (30-32).

More recent studies have highlighted di-
fficulties in differentiating grade 3 cribriform PCa 
from cribriform cancers with a grade 4 morpho-
logy and it is now recognized that all cribriform 
PCa has a uniformally unfavourable prognosis 
(33, 34). A further issue related to the assignment 
of an overall grade to a cancer as in the 2005 
modified system Gleason scores ranged from 6 to 
10. From a management viewpoint it was appa-
rent that there was value in differentiating cases 
into prognostic categories such as low, interme-
diate and high-grade. In 1977, Gleason suggested 
grouping scores of 2-3, 4-5, 6, 7 and 8-10 would 
be clinically valid (27, 35). While more recently 
others have proposed a variety of different combi-
nations of Gleason scores to produce valid prog-
nostic groups (22, 36-39).

To formulate changes to PCa grading, the 
ISUP convened a further Consensus Conference in 
2014 attended by 82 experts from 19 countries (2). 
At this conference additional amendments to the 
2005 Gleason grading criteria were recommended. 
In particular all cribriform and glomeruloid pat-
terns of tumour were classified as Gleason grade 
4 and it was agreed that mucinous adenocarcino-
ma grading should be based upon the underlying 
architecture. It was also decided that intraductal 
carcinoma should not be assigned a grade. Five 
prognostic categories labelled ISUP grades were 
created. Gleason score 3+3 were reclassified as 
Grade 1, Gleason score 3+4 as Grade 2, Gleason 
score 4+3 as Grade 3, Gleason score 8 (4+4, 3+5, 
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5+3) as Grade 4, and Gleason scores 9 and 10 as 
Grade 5. It was decided that, if present, a higher 
tertiary pattern would continue to be applied to 
grading as the secondary pattern in needle biop-
sies. In contrast, there was no agreement as to 
how tertiary patterns should be dealt with in ra-
dical prostatectomy specimens, which means that  
ISUP grading cannot be strictly applied to these 
specimens. Several studies have subsequently va-
lidated this new ISUP grading system with respect 
to patient outcome (40-42).

It has subsequently been suggested that 
tertiary patterns in radical prostatectomy speci-
mens should be treated as a high-grade compo-
nent in the Gleason score if > 5% of tumor volu-
me. This recommendation has not been validated 
and was not a consensus decision of the 2014 ISUP 
meeting. Other recent recommendations are that the 

percentage of pattern 4 and 5 in both needle biop-
sies and radical prostatectomies should be recorded 
as they appear to provide additional prognostic in-
formation (43, 44). Currently, the optimum method 
for evaluating the volume of a higher-grade PCa, is 
uncertain at it could be based on measurement of 
surface area or length of the biopsy core. There is 
also debate as to whether percent pattern 4/5 should 
be reported for individual cores or for the entire 
case. Since the introduction of ISUP grading ano-
ther issue that has been highlighted is the validity of 
grouping of Gleason score 4+4, 3+5 and 5+3 tumors 
into ISUP grade 4 category, as subsequent studies 
have suggested that each of these differ in outcome 
(45). While the introduction of the ISUP grading 
system for prostate core biopsies has resulted in 
significant improvements in outcome prediction 
for PCa, it remains a system in evolution.

REFERENCES

1. Delahunt B,  Cheville JC, Martignoni G, Humphrey PA, Magi-
Galluzzi C, McKenny J,  et al: The International Society of 
Urological pathology (ISUP) grading system for renal cell 
carcinoma and other prognostic factors. Am J Surg Pathol. 
2013; 37:1490-1504. 

2. Epstein JI, Egevad L,  Amin MB, Delahunt B, Srigley JR, 
Humphrey PA et al: The 2014 International Society of 
Urological Pathology (ISUP) Consensus Conference on 
Gleason Grading of Prostatic Carcinoma Definition of 
Grading Patterns and Proposal for a New Grading System . 
Am J Surg Pathol. 2016; 40:244-52.

3. World Health Organization (WHO) Classification of tumours 
. Pathology and genetics of  the urinary system and male 
genital organs. Humphrey PA, Moch H, Reuter VE, Ulbright 
TM, editors. Lyon, France: IARC Press; 2016.

4. Delahunt B, Srigley JR, Amin MB, Billis A, Camparo P, Evans 
AJ (2017) Invasive Carcinoma of Renal Tubular Origin, 
Histopathology Reporting Guide, 1st edition. International 
Collaboration on Cancer Reporting; Sydney, Australia. ISBN: 
978-1-925687-00-2

5. Egevad L, Kench JG, Delahunt B, Humphrey PA, Kristiansen 
G, Oxley JD  et al. (2017) Prostate Cancer, Radical 
Prostatectomy, Histopathology Reporting Guide 2nd edition. 
International Collaboration on Cancer Reporting; Sydney, 
Australia. ISBN: 978-1-925687-09

6. Delahunt B: Advances and controversies in grading 
and staging of renal cell carcinoma. Mod Pathol. 2009; 
22:S24-S36.

7. Myers GH, Fehrenbaker LG, Kelalis PP: Prognostic 
significance of renal vein invasion by hypernephroma. J 
Urol. 1968; 100:420-23. 

8. Skinner DG, Colvin RB, Vermillion CD, Pfister RC, Leadbetter 
WF. Diagnosis and management of renal cell carcinoma. A 
clinical and pathologic study of 309 cases. Cancer. 1971; 
28:1165-77.

9. Fuhrman SA, Lasky LC, Limas C: Prognostic significance of 
morphologic parameters in renal cell carcinoma. Am J Surg 
Pathol. 1982; 6:655-63.

10. Delahunt B, Egevad L, Samaratunga H. Grading of renal cell 
carcinoma. Histopathology. in press (2018).

11. Dagher J, Delahunt B, Rioux-Leclercq N, Egevad L, Srigley JR, 
Coughlin G et al: Clear cell renal cell carcinoma: validation of 
World Health Organization/International Society of Urological 
Pathology grading. Histopathology. 2016; 71:918-25.

12. Delahunt B, Sika-Paotonu, Bethwaite PB, Jordan TW, Magi-
Galluzzi C, Zhou M et al: Grading of clear cell renal cell 
carcinoma should be based on nucleolar prominence. Am J 
Surg Pathol. 2011; 35:1134-39.

13. Sika-Paotonu D, Bethwaite PB, McCredie MRE, Jordan 
TW, Delahunt B. Nucleolar grade but not Fuhrman grade 
is applicable to papillary renal cell carcinoma. Am J Surg 
Pathol. 2006; 30:1091-96.

14. Delahunt B, Sika-Paotonu D, Bethwaite PB, McCredie 
MRE, Martignoni G, Jordan TW. Fuhrman grading is not 
appropriate for chromophobe renal cell carcinoma. Am J 
Surg Pathol. 2007; 31:957-60.



10611061

28. Gleason DF. Histological grading and clinical staging of prostatic 

carcinoma. In: Tannenbaum M, ed. Urologic Pathology: The 

Prostate. Philadelphia: Lea & Feibiger; 1977:171–98.

29. Delahunt B, Miller RJ, Srigley JR, Evans AJ, Samaratunga H. 

Gleason grading: past, present and future. Histopathology. 

2012; 60:75–86.
30. Epstein JI, Allsbrook WC Jr, Amin MB, Egevad LL, ISUP 

Grading Committee. The 2005 International Society of 
Urological Pathology (ISUP) Consensus Conference on 
Gleason Grading of Prostatic Carcinoma. Am J Surg Pathol.  
2005; 29:1228-42.

31. Ozok HU, Sagnak L, Tuygun COktay M, Karakoyunlu N, 
Ersoy H et al. Will the modification of the Gleason grading 
system affect the urology practice? Int J Surg Pathol. 2010; 
18:248–54.

32. Tsivian M, Sun L, Mouraviev VMadden JF, Mayes JM, Moul 
JW  et al. Changes in Gleason score grading and their effect 
in predicting outcome after radical prostatectomy. Urology. 
2009; 74: 1090–3.

33. Uemura H, Hoshino K, Sasaki TMiyoshi Y, Ishiguro H, 
Inayama Y et al. Usefulness of the 2005 International Society 
of UrologicPathology Gleason grading system in prostate 
biopsy and radical prostatectomy specimens. BJU Int.  2009; 
103:1190–4.

34. Sarbay BC, Kir G, Topal CS, Gumus E. Significance of the 
cribriform pattern in prostatic adenocarcinomas. Pathol Res 
Pract. 2014; 210:554–7.

35. Kir G, Sarbay BC, Gumus¸ E, Topal CS. The association 
of the cribriform pattern with outcome for prostatic 
adenocarcinomas. Pathol Res Pract. 2014; 210:640–4.

36. Gleason DF. Histologic grading of prostate cancer: a 
perspective. Hum Pathol. 1992; 23:273–9.

37. Samaratunga H, Delahunt B, Egevad L, Srigley JR, Yaxley 
J The Evolution of Gleason Grading of Prostate Cancer. J 
Diagn Pathol. 2017; 12:5-11.

38. Donohue JF, Bianco FJ Jr, Kuroiwa K, Vickers AJ, Wheeler TM, 
Scardino PT et al. Poorly differentiated prostate cancer treated 
with radical prostatectomy: long-term outcome and incidence 
of pathological downgrading. J Urol. 2006; 176:991–95.

39. Tolonen TT, Kujala PM, Tammela TLJ, Tuominen VJ , Isola 
JJ, Visakorpi  T et al. Overall and worst Gleason scores are 
equally good predictors of prostate cancer progression. 
BMC Urology. 2011; 11:21

40. Eifler JB, Feng Z, Lin BM, Partin MT, Humphreys  EB,  Han M 
et al. An updated prostate cancer staging nomogram (Partin 
tables) based on cases from 2006 to 2011. BJU Int. 2013; 
111:22–9.

41. Samaratunga H, Delahunt B, Gianduzzo T, Coughlin G, Duffy 
D, LeFevre I et al. The prognostic significance of the 2014 
International Society of Urological Pathology (ISUP) grading 
system for prostate cancer. Pathology. 2015; 47:515–9.

15. Delahunt B, McKenney JK, Lohse CM, Leibovich BC, Thompson 

RH, Boorjian SA et al. A novel grading system for renal cell 

carcinoma incorporating tumor necrosis. Am J Surg Pathol. 

2013; 37:311-22.

16. Sukov WR, Lohse CM, Leibovich BC, Thompson RH, Cheville 

JC. Clinical and pathological features associated with 

prognosis in patients with papillary renal cell carcinoma. J 

Urol. 2012; 187:54-9. 

17. Cornejo KM, Dong F, Zhou AG, Wu C-L, Young RH, Braaten 

K et al. Papillary renal cell carcinoma: correlation of tumor 

grade and histologic characteristics with clinical outcome. 

Hum Pathol. 2015; 46:1411-17.

18.  Khor L-Y, Dhakal HP, Jia X, Reynolds JP, McKenney JK, 

Rini BI et al. Tumor necrosis adds prognostically significant 

information to grade in clear cell renal cell carcinoma. A 

study of 842 consecutive cases from a single institution. Am 

J Surg Pathol. 2016; 40:1224-31.

19. Dagher J, Delahunt B, Rioux-Leclercq R, Egevad L, Coughlin 

G, Dunglison N et al. Assessment of tumour associated 

necrosis provides prognostic information additional to 

WHO/ISUP grading for clear cell renal cell carcinoma. 

Histopathology. in press (2018).

20. Delahunt B, Srigley JR, Lamb DS. Gleason grading: 

consensus and controversy. Pathology 2009; 41:613-14.

21. Gleason DF. Classification of prostatic carcinomas. Cancer 

Chemother Rep. 1966; 50:125-8.

22. Srigley JR, Delahunt B, Egevad L, Samaratunga H, Yaxley 

J, Evans AJ. One is the new six: the International Society 

of Urological Pathology (ISUP) patient-focused approach to 

Gleason grading. CUAJ. 2016; 10:339-41.

23. Bailar JC 3rd, Mellinger GT, Gleason DF. Survival rates of 

patients with prostatic cancer,

24. tumor stage, and differentiation – preliminary report. Cancer 

Chemother Rep. 1966; 5:129-36.

25. Ruckle HC, Klee GG, Oesterling JE. Prostate-specific antigen: 

critical issues for the practicing physician. Mayo Clin Proc. 

1994; 69:59-68.

26. Scosyrev E, Wu G, Mohile S, Messing EM. Prostate-specific 

antigen screening for prostate cancer and the risk of overt 

metastatic disease at presentation: analysis of trends over 

time. Cancer. 2012; 118:5768-76.

27.  Gleason DF, Mellinger GT. Prediction of prognosis for 

prostatic adenocarcinoma by combined histological grading 

and clinical staging. J Urol. 1974; 111:58–64.



10621062

42. Delahunt B, Egevad L, Srigley JR Steigler A, Murray 
JD, Atkinson C et al. Validation of International Society 
of Urological Pathology (ISUP) grading for prostatic 
adenocarcinoma in thin core biopsies using TROG 03.04 
’RADAR’ trial clinical data. Pathology. 2015; 47:520–5.

43. Berney DM, Beltran L, Fisher G, North BV, Greenberg D, 
Moller H et al. Validation of a contemporary prostate cancer 
grading system using cancer death as outcome. Br J Cancer. 
2016; 114:1078–83.

44. Kır G, Seneldir H, Gumus E. Outcomes of Gleason score 3.4 
7 prostate cancer with minimal amounts (<6%) vs ≥6% of 
Gleason pattern 4 tissue in needle biopsy specimens. Ann 
Diagn Pathol. 2016; 20:48–51.

45. Sauter G, Steurer S, Clauditz TS, Krech T, Wittmer C, Lutz 
F et al. Clinical utility of quantitative Gleason grading in 
prostate biopsies and prostatectomy specimens. Eur Urol. 
2016; 69:592–8.

46. Egevad L, Delahunt B, Evans A, Grignon DJ, Kench JG, 
Kristiansen G et al. International Society of Urological 
Pathology (ISUP) grading of prostate cancer. Am J Surg 
Pathol 2016; 40:858-61.

Brett Delahunt, PhD

Department of Pathology and Molecular Medicine
Wellington School of Medicine and Health Sciences, 

University of Otago
PO Box 7343, Wellington, New Zealand

Fax: (64) 4 385 5930
E-mail: brett.delahunt@otago.ac.nz



1063

Microdissection is the best way to perform sperm 
retrieval in men with non-obstructive azoospermy? | 
Opinion: Yes

Renato Fraietta 1

1 Setor Integrado de Reprodução Humana, Universidade Federal de São Paulo, São Paulo, SP, Brasil
________________________________________________________________________________________ 

Keywords: Azoospermia; Microdissection; Sperm Retrieval; Fertility

______________________________________________________________________________________________

Non-obstructive azoospermia (NOA) is the diagnosis of one percent of all men and 10% 
of men complaining about infertility (1, 2). All NOA patients should be evaluated with complete 
history and physical examination, with genetic testing (karyotype analysis and Y chromosome 
microdeletion testing) being offered and performed, which will identify the causes of NOA in up 
to 17% of men (3, 4). Hormonal profile is also important as up to 47% of men that have impai-
red spermatogenesis with NOA were found to have hypogonadism (4,5).

For this situation and after the breakthrough of intracytoplasmic sperm injection (ICSI) 
in 1992, a man with NOA can be a genetic father if it is possible to obtain viable sperm directly 
from his testis. Classically, there are two ways to perform it: percutaneously (TESA – TEsticular 
Sperm Aspiration) through fine needle aspiration (FNA) - which is dependent on a small amount 
of sampling - or surgically. Nowadays, there are two basic surgical techniques to retrieve sperm: 
conventional TEsticular Sperm Extraction (cTESE) and testicular microdissection (or also micro-
-TESE), which is the topic of this session Difference of Opinion.

Until recently, cTESE was considered gold standard for retrieving sperm in men with 
NOA (6). During a cTESE procedure, the testis is exposed through a small incision and one or 
multiple biopsies - more commonly - are taken randomly under direct sight (6). According to 
Donoso et al., cTESE has an average retrieval rate around 50% in NOA men (6, 7). This procedu-
re is performed under general or regional anesthesia in a daily-basis clinical center.

Testicular microdissection was first introduced in 1999 (6, 8). Micro-TESE consists of an 
equatorial testicular opening in order to retrieve engorged seminiferous tubules that are more 
likely to contain active spermatogenesis, with the use of a surgical microscope (6). This proce-
dure requires admittance to a hospital and general or regional anesthesia.

Microdissection-TESE (micro-TESE) versus conventional TEsticular Sperm Extraction (cTESE)
Some authors have shown that microdissection is the best way to perform sperm retrie-

val in men with NOA, not only in terms of sperm retrieval (SR) but also when considering com-
plications to the technique itself. Three recent studies are more representative of this subject, a 
systematic review and meta-analysis (2), a systematic review (6) and a review (4), which deserve 
the following considerations:
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Sperm retrieval
Bernie et al. performed a systematic 

review and meta-analysis that identified fif-
teen studies of 1,890 total patients, published 
between 1997 and 2012 (2). In a direct com-
parison of cTESE to micro-TESE, the unadjus-
ted SR was 35% for cTESE (95% CI 30%-40%) 
and 52% for micro-TESE (95% CI 47%-58%) 
(2). Performance of micro-TESE was 1.5 times 
more likely (95% CI 1.4-1.6) to result in suc-
cessful SR as compared with cTESE (2).

The aim of the study by Deruyver et 
al. was to compare the outcome of cTESE with 
micro-TESE through a systematic review of 
the literature comparing these two methods 
(6). Primary outcome was sperm retrieval rate 
in the micro-TESE group and in the cTESE 
group. Secondary outcome was other clinical 
predictors of positive sperm retrieval. Seven 
studies were included: two were prospecti-
ve, non-randomized studies (Schlegel, 1999; 
Amer et al., 2000) (8, 9). Three studies were 
retrospective (Okada et al., 2002; Tsujimura et 
al., 2002; Ramasamy et al., 2005) (10-12) and 
the two remaining studies were pseudo-ran-
domized controlled studies (Colpi et al., 2009; 
Ghalayini et al., 2011) (13, 14). The SR in the 
cTESE group ranged from 16.7 to 45% and 
in the micro-TESE group from 42.9 to 63%. 
Five of the seven studies showed a significant 
difference (p < 0.05) in favor of micro-TESE.

Sertoli cell only syndrome, a histolo-
gical condition characterized by absence of 
germ cells with only normal Sertoli cells li-
ning the seminiferous tubules predicted a sig-
nificant better result in the micro-TESE group 
according to two studies (Okada et al., 2002; 
Ghalayini et al., 2011) (10, 14). Results ran-
ged from 22.5 to 41% in the micro-TESE and 
from 6.3 to 29% in the cTESE group. No safe 
clinical predictors of sperm retrieval were de-
monstrated for both procedures (6).

In their review, Schlegel et al. repor-
ted an overall experience result with micro-
-TESE of 52% (607/1176) sperm retrieval rate 
including post-chemotherapy, Klinefelter’s 
syndrome, cryptorchidism and AZFc deletion 
patients (4). According to the authors, for men 
who undergo cTESE and fail to have sperm 

retrieval, a repeat cTESE causes further testi-
cular damage with limited success (4). In case 
of a failed cTESE, a salvage micro-TESE can 
be offered and sperm retrieval is possible in 
45% of times (4, 15).

Complications
Aside from better sperm retrieval re-

sults, micro-TESE represents the technique 
with lower chances of complication. Compa-
ring with micro-TESE, possible complications 
after cTESE are low but include loss of signi-
ficant amount of testicular tissue, hematoma, 
inflammatory changes and permanent devas-
cularization (6, 16). With this in mind, a pos-
sible advantage of the micro-TESE technique 
is a better identification of sub-tunical vessels 
and, as a consequence, reducing the risk of 
devascularization (6).

Although fewer sonographic compli-
cations may occur after micro-TESE, clinical 
complication rate between both procedures 
seems not to differ (6). Three of the included 
studies systematically compared the sonogra-
phic changes at different months of follow-up 
(Amer et al., 2000; Okada et al., 2002; Rama-
samy et al., 2005) (9, 10, 12). Hematoma was 
less frequent in the microTESE group after 1 
and 3 months. Fibrosis and decreased testicu-
lar volume (> 2 mL) were also less frequent 
in the micro-TESE group at 6 months. In the 
study of Okada et al., a significant decrea-
se in serum testosterone after 6 months was 
observed in two patients in the cTESE group, 
whereas none occurred in the micro-TESE, 
although this was not statistically significant 
(9). Ramasamy et al. reported no significant 
difference in return to baseline testosterone 
levels between the two procedures (12).

Limitations
Histological findings from the testis of 

men with NOA vary and may include Sertoli 
cell only syndrome, maturation arrest (preco-
cious or late) or hypospermatogenesis.

According to Bernie et al., the diffe-
rence in sperm processing, the patient hetero-
geneity that exists in the population of men 
diagnosed with NOA, and the practice pat-
terns and differing surgeon skill levels often 
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make it difficult to know the true differences 
between the extremely varied SRs for these 
procedures (2).

The choice of SR technique to perform 
in a man with NOA is not only dependent on 
the predicted SR, but also should be oriented 
by previous procedure history, knowledge of 
testicular pathology, potential for postope-
rative complications, cost of the procedure, 
and knowledge and skill of the surgeon (2).

A considerable number of cases of 
surgeon experience are necessary to reach a 
relative plateau level of SR, and at least 50 
cases are needed to pass the steepest portion 
of the learning curve. Subtle continued in-
creases in SRs appear to occur as a surge-
on exceeds experience with more than 500 
micro-TESE procedures (4).

When it comes to duration of the pro-
cedure and cost, in comparison with cTESE, 
micro-TESE procedures are much more time-
-consuming and require the use of an opera-
ting microscope, which increases the cost of 
the technique (6).

In the review published by Schlegel et 
al., the mean operative time was 1.8 h (ran-
ge 0.5-6.6 h) for successful micro-TESE and 
2.7 h (range 0.8-7.5 h) for attempts in which 
sperm were not found (4). Besides, a higher 
number of embryologists is necessary to look 
for sperm during the whole attempt.

Final considerations
As already known, it is very difficult 

to consider pregnancy rates after intervening 
in the male factor because they involve fe-
male potential impact which is not always 
evaluated in the studies. According to Ber-
nie et al., because of incomplete reporting, 
analysis of other patient characteristics and 
outcomes (e.g., pregnancy) was not possible 
in their work (2). On the other hand, Schlegel 
et al. reported a pregnancy rate of 48% out 
of 1,414 overall experience NOA men cycles 
(4).

Furthermore, so far no clinical stu-
dies have compared birth rate between cycles 
using spermatozoa retrieved through cTESE 
and micro-TESE procedures (6).

A reason for bias in the studies that 

compare cTESE and micro-TESE is the fact 
that the latter is usually indicated in more 
severe situations.

Therefore, SR through micro-TESE 
may actually be artificially lowered by the 
fact that many men undergoing micro-TESE 
have failed a previous TESA or cTESE, sug-
gesting that if all men treated with NOA were 
randomized from the very beginning, the di-
fference between micro-TESE and cTESE mi-
ght be even more pronounced (2).

CONCLUSIONS

Recent studies have shown that testi-
cular microdissection is the best way to re-
trieve sperm from men with non-obstructive 
azoospermia.

Although micro-TESE provided the hi-
ghest SR in these analyzes, the authors do not 
necessarily recommend that this be the only 
method of SR performed in men with NOA. 
Studies with standardized reporting are ne-
cessary that may allow for a better unders-
tanding of the true differences in SRs for each 
technique in men with NOA, as well as help to 
guide when it may be reasonable to perform a 
particular procedure (2).
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In the last 23 years, Intracitoplasmic Sperm Injection (ICSI) has given non-obstructive 
azoospermic man the opportunity to become biological fathers, if sperm could be found in their 
testicles. These men present the biggest challenge in the routine of infertility clinics around the 
World, since there are no positive, clinical or laboratory, prognostic factors for sperm recovery. 
Once testicular sperm has been regularly used for ICSI, discussion about which technique for 
testicular sperm retrieval has been done. Sperm can be harvest from testicular parenchyma by: 
open biopsy (Testicular Sperm Extraction-TESE), percutaneous aspiration (Testicular Sperm As-
piration), open guided biopsy by previous cytology (Testicular fine-needle Aspiration) and open 
biopsy using microsurgery technique (Testicular Microdissection). The proposed techniques have 
the same objective, to find sperm with minimal testicular damage and in a reproducible way (1).

TESE can be done by a large longitudinal incision on the testicular albuginea and exci-
sion of a representative large testicular fragment where multiple tubule samples can be exami-
ned for sperm presence. A variation is a multiple biopsy approach by incision of multiple sites 
and searching for sperm in each fragment. Both techniques have similar results once spermato-
genesis is diffusely distributed, but sometimes very sparse, making it difficult to find sperm by 
random biopsies (2).

Testicular fine needle aspiration (TFNA) had been defined for histologic testis examina-
tion, and brought to infertility use as a tool to identify spermatogenesis foci and guide sperm 
retrieval for ICSI. A simple procedure done under local anesthesia that correlates almost 90% 
with histology, although it is necessary a second intervention for sperm retrieval (3).

Testicular Microdissection described by Schlegel brought a new concept for sperm retrieval 
by using optical magnification to identify spermatogenesis foci based on the morphological testicu-
lar tubules characteristics and initial better results with minimum parenchyma amount excised (4).

The key questions are: what sperm recovery rate (SRR) is considered good and how to 
find spermatogenesis foci with minimal testicular damage? Multiple sampling, fine needle ci-
tology or magnification? The present techniques have positive and negatives aspects, but the 
debate about those aspects was interrupted after testicular microdissection, despite different 
experiences.
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Sperm recovery rate for TESE varies 
among published data:Silber et al. 1997, 51%; 
Ostad et al. 1998, 58%; Tournaye 1999, 48%; 
Amer et al. 1999, 49%; Silber 2000, 55%; Bet-
tella et al. 2005, 59%. All papers report SRR 
around 50%, and varieing according histolo-
gic findings (2, 5-9).

Testicular microdissection SRR was 
reported in a review from 42 to 63% and 
Schlegel’s group showed 52% after 1,414 ca-
ses (10, 11).

Comparison between the different te-
chniques is quite difficult because of the di-
fferences in histologic paterns, but published 
data shows an advantage for Microdisscetion 
TESE, although SRR for TESE in analized pa-
pers was  bellow 50% (16.5-45%) (12, 13). A 
prospective study done by Ghalayini et al. 
showed significant difference in SRR for tes-
ticular microdissection compared with con-
ventional TESE, but in other studies the me-
dian SRR for TESE was under 40%; this could 
be explained by taken only 3 samples from 
upper, median and lower testicular portion. 
FSH and testicular volume were prognostic 
factors for sperm retrieval adding some more 
discussion on the theme; papers differ on that 
opinion, and the classification chosen by the 
authors for FSH levels and testicular volume 
may have justified the results (14). One fun-
damental aspect discussed by authors was the 
fact that histological evaluation showed 61% 
of sperm on tissue retrieved for anatomical 
exam, enlightening the importance of micro-
manipulation laboratory for better SRR.

Microdissection TESE also have sho-
wed published irregular results as reported 
in one study conducted in Japan between 
2014-2015 with 83% response rate from 47 
infertility centers in the country analyzing the 
treatment results of 7,268 patients. Azoosper-
mia was present in 1185 patients. Conventio-
nal TESE was performed in 231 patients with 
98.3% sperm retrieval rate (SRR) and 56.2% 
pregnancy rate. Testicular microdissection 
was performed in 695 patients with 34% SRR 
and 11.8% pregnancy rate. The question with 
these data is the absence of clear azoospermia 
classification, once they showed good results 
for conventional TESE, probably because they 

were treating obstructive azoospermia. The most 
important conclusion about these data was the 
low SRR for testicular microdissection among 
Japanese certified specialists revealing some di-
fficulty in finding classic dilated seminal tubu-
les which sustains spermatogenesis (15).

Testicular damage is caused by injury 
of sub albugineal vessels and may be verified 
by symptoms, ultrassonographic changes and 
hormonal levels. Ultrasonographic evaluation 
after TESE showed parenchyma hematomas 
and acute inflammatory alterations (82% and 
64% after 3 and 6 months respectively) and 2 
patients complained about unilateral testicular 
atrophy (3%); unfortunately about 50% of the 
initial patients had not the ultrasonography 
done (16). Post TESE testosterone levels data 
were unconclusive in two studies showing 
divergents results (17, 18). The excision of a 
large sample or multiple biopsies are hypo-
thetic more harmful to sub albugineal arteries 
and the use of magnification may avoid the 
damage and subsequently scars and testicular 
atrophy, but requires surgical microscope (2). 
TFNA also can diagnose sperm in testicular 
parenchyma, with minimal damage showed 
by immediate post-operative ultrasound and 
with a good cytology/histology correlation 
but demands a second intervention for sperm 
recovery (3).

We propose a different technique that 
was inspired on testicular fine needle aspira-
tion (TFNA) together with TESE. The idea is 
to associate mapping from TFNA and the bet-
ter amount of tissue for analysis provided by 
TESE, with no need for a second procedure on 
ICSI day, that we called Open Testicular Ma-
pping (OTEM). Under sedation and cord blo-
ck the testicle is delivered through a median 
scrotal incision and multiple testicular punc-
tures are made in the tunica albuginea using 
a 19-gauge needle. The needle is used to open 
a tiny hole in the tunica. With compression of 
the testicle a portion of testicular tissue pro-
trudes and is pulled out with the help of two 
microsurgical tweezers. The testicular samples 
are placed on a sterile Petri dish containing 
0.6 mL of culture medium, minced with micro 
scissor and finally passed through a 24-gauge 
angiocatheter. The analysis is done by FIV la-
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INTRODUCTION

Living related kidney donation evolved 
significantly between 1960s and 1970s and be-
came a routinely acceptable practice (1). With the 
improvements and availability of maintenance di-
alysis in the 1980s and 1990s, deceased donor kid-
ney transplantation led to enhanced numbers but 
with limited success (1). Traditional cultural beliefs 
continue to persist in some countries like in China 
wherein dead bodies should be kept intact and no 
organ should be used for donation (2). The gap 
between supply and demand of kidneys continues 
to rise and is expected to rise more with a clear 

inconsistency between the number of transplants 
and the number of patients on the waiting list (3). 
For instance, in China, around 1.5 million Chinese 
patients are placed on the organ waiting list every 
year, while less than 1% receive an organ, because 
only relatives are allowed to donate (2). Absence 
of donors in Qatar has obliged most patients with 
end-stage renal disease to seek commercial donors 
abroad and return with high postoperative com-
plications (4). Anecdotal evidence also shows that 
commercial kidney transplants take place in third 
world countries such as in India, Pakistan, Cam-
bodia, Sri Lanka wherein potential recipients or 
patients may seek poor donors (5).
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The most commonly accepted method of 
live kidney donation, altruism, remains insuffi-
cient since it does not help halt the illegal buy-
ing and selling of kidneys (1). Altruism occurs 
very rarely due to its challenges in trying to find 
such donors. Although many countries, like Chi-
na, have initiated the deceased donor organ do-
nation, the issue of shortage has not been solved 
(2). Additionally, the paucity of deceased donor 
organs has recently contributed to the surge of 
living unrelated transplants (1) as evidence shows 
that even if supposedly all kidneys were supplied 
from deceased donors, the supply would still not 
be enough to satisfy the increasing demand (6). 
However, the solution of living unrelated dona-
tion especially with commercialization has result-
ed in ethical dilemmas.

In 2008, the Transplantation Society in 
Turkey organized the International Summit on 
Transplant Tourism and Organ Trafficking. The 
Summit released the Istanbul Declaration which 
emphasizes the importance of preventing organ 
trafficking and transplant commercialism and 
encourages legitimate transplantation protocols 
(1). However, severe organ scarcity along with in-
creasing suffering and death of patients on wait-
ing lists have overpowered the rejection of com-
mercialization and altruistic paradigm (7). On 
another note, living donation seems promising as 
it aims to add the number of donor organs and en-
hance the overall efficacy of transplants (6); it can 
also reduce trafficking, but waiting lists continue 
to grow (8). As a result, a great focus has been put 
on integrating financial rewards to increase the 
number of unrelated living donations rather than 
relying solely on altruistic donors.

The American Society of Transplantation’s 
Live Donor Community of Practice organized a 
Consensus Conference on Best Practices in Live 
Kidney Donation in 2014 (9). The group gener-
ated the following guidelines: assign resources for 
standardized reimbursement of lost wages and in-
cidental costs for live kidney donation; pass leg-
islation to propose employment and insurability 
protections to live kidney donations; generate live 
kidney donation financial toolkit to deliver stan-
dardized and evaluated education to donors and 
providers about options to increase donor cover-

age and reduce financial effect within the current 
climate; and endorse additional research to recog-
nize possible barriers to living donation and live 
kidney donation to ensure the creation of poten-
tial strategies (9).

In this review, we highlight the different 
types of kidney donation and emphasize the ethi-
cal dilemmas in financial rewards for living kidney 
donors, and discuss the reasons for the emerging 
of compensation in donation with a focus on some 
known models of compensation for unrelated kid-
ney donation as practiced by some countries.

MATERIALS AND METHODS

A comprehensive search was made on 
Pubmed for studies, review papers and meta-analy-
ses discussing different types of kidney donation, fi-
nancially driven kidney transplantation and the eth-
ics revolving around compensation. The inclusion 
criteria were based on the most relevant, most recent 
and most cited studies present in Pubmed. A sum-
mary table of the studies is presented in a Table-1.

DISCUSSION

The Middle East region features some in-
sufficiencies in the transplantation mechanism. 
These comprise inadequate preventive medicine, 
uneven health infrastructure, and poor aware-
ness in the general public and medical community 
about organ donation. Severe organ shortage and 
political instability have resulted in major unethi-
cal practices such as transplant tourism and organ 
trafficking (1), even though the Consensus Confer-
ence on Best Practices in Live Kidney Donation 
aimed to achieve financial neutrality for live kid-
ney donations (9).

Several studies were conducted to poll the 
opinion of the general public, health profession-
als and patients in regards to this issue. Question-
naires completed by medical and nursing staff at 
West London Renal Transplant Center showed that 
the highest acceptable mode of donation reported 
by the participants was from blood related donors 
(100%) followed by non-blood relatives and friends 
(92.6%) and strangers (47.2%). Direct financial re-
wards were not considered an important motive 
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Table 1 - Summary of discussed studies.

Author and year of publication Sample size (if present) Findings

Ghods, 2009 (1) Not applicable Iran has a 20-year experience with a compensated and 
regulated living unrelated kidney donation program. This 

transplantation model was adopted in 1988 and was able to 
eliminate kidney transplant waiting list in 1999.

Wu & Fang, 2013 (2) Not applicable Financial compensation policy initiated in five pilot 
provinces and cities in China helped increase the concept 

of organ donation.

Ghahramani et al., 2013 (3) Survey of 1280 nephrologists from 
74 countries.

Thirty-seven percent agreed with the provision of free life-
long health insurance to donors. Forty-nine percent agreed 

with some form of compensation, and 26% agreed with 
direct financial compensation for living donors. Thirty-one 

percent believed that living unrelated donors should receive 
financial rewards, while 23% favored rewards to related 
donors.  Twenty-seven percent were in favor of financial 

rewards for families of deceased donors.

Alkuwari et al., 2014 (4) Not applicable Hamad Medical Corporation initiated the Doha Donation 
Accord (DDA) in 2010 to develop deceased organ donation 
and live related kidney transplantation prohibiting trade in 
human organs and financial rewards for organ donation. It 

covers expenses throughout the whole process.

Chapman, 2018 (5) Not applicable A review paper discussing organ trafficking and transplant 
commercialism.

Akkina et al., 2011 (6) Not applicable A review discussing donor exchange programs.

Schweda & Schicktanz, 2009 (7) Focus group discussions with 66 
European citizens.

The group resisted organ commercialization. Many 
respondents stated that the altruistic form of donation 
is not a one-way relationship, but is based on mutual 

exchange.

van Buren et al., 2010 (8) Survey of 250 living kidney donors. Almost half of the respondents were in favor of financial 
compensation for living donors by the government.  The 
majority of the living donors would not have wanted any 
financial reward for themselves, because they donated a 
kidney out of love for the recipient or altruistic principles.
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Tushla et al., 2015 (9) Not applicable Consensus Conference on Best Practices in Live Kidney 
Donation took place in 2014. The following recommendations 

were established:
(1) allocate resources for standardized reimbursement of 

living kidney donors’ lost wages and incidental costs; (2) pass 
legislation to offer employment and insurability protections to 
living kidney donors; (3) create an living kidney donor financial 

toolkit to provide standardized, vetted education to donors 
and providers about options to maximize donor coverage and 

minimize financial effect within the current climate and (4) 
promote further research to identify systemic barriers to living 
donation and living kidney donor transplantation to ensure the 

creation of mitigation strategies.

Mazaris et al., 2009 (10) Survey completed by 108 medical 
and nursing staff in a Renal and 

Transplant center in London.

Live donor kidney transplant was considered ethically 
acceptable between blood relatives (100%), non-blood 
relatives and friends (92.6%) and strangers (47.2%). 
Around 34.3% believed there should be no financial 

reward, not even compensation for expenses, for donors; 
8% favored direct financial rewards for donors known 

to recipients and 18% favored rewards for donors 
not known to recipients, while 57.4% of respondents 

supported compensation for expenses incurred for donors 
known to the recipient and 50.0% supported this kind of 

compensation when the donor was a stranger.

Mazaris et al., 2011 (11) There were 464 participants (63.8% 
patients and 36.2% health-care 

professionals).

Around 80% were willing to donate to children, siblings, 
parents; around 70% to non-blood relatives or friends and 

around 15% to strangers. Around 50% were willing to 
receive a kidney from a stranger versus 80% from parents, 
siblings, children or relatives and friends. Around 29% did 
not approve financial reward for donors and 60% approved 

covering expenses for donors.

Peters et al., 2016 (12) There were 1011 respondents from 
the US (427 males and 584 females).

Around 65% were willing to donate a kidney to anyone 
and around 59% were willing if a payment of $50,000 was 

made.

Kute et al., 2014 (13) There were 56 patients and 140 
KPDs in a single center in India 

between 2000 and 2013.

For the 56 KPD transplantations, graft survival was 97.5%. 
KPD was done to avoid blood group incompatibility (n = 

52) or positive cross-match (n = 4).

Mierzejeweska et al., 2013 (14) Not applicable A review paper discussing improvement in transplant 
numbers in several countries that have adopted KPD.

Pham et al., 2017 (15) Not applicable A review discussing KPD and desensitization.

Kute et al., 2017 (16) There were 3616 living donor kidney 
transplantations, 561 deceased 
donor kidney transplantations.

There were 300 transplants done by KPD in a single center 
in India between January 2000 and July 2016.
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by the majority of participants wherein a substan-
tial minority favored direct financial returns (10). 
Another study exploring attitudes towards live 
kidney donation and commercialism was con-
ducted among 1105 participants from health pro-
fessionals and patients. Most participants accept-
ed the idea of alternative types of donation while 
the minority (10%) of the participants found that 
commercialism is acceptable (11). An international 
survey investigated the attitudes and perceptions 
of nephrologists. The study showed that 49% of 
the physicians expressed agreeable attitudes to-
wards some form of compensation with the higher 
number from the Middle East region, while 66% 
mentioned that financial rewards will contribute 

to an increase in living kidney donation (3). An-
other study in the Netherlands conducted on 250 
donors showed that 20% would have wanted some 
forms of financial compensation for their dona-
tion and 47% wanted a decreased fee or a free 
health insurance premium (8). In a survey com-
pleted by 1011 participants in the United States 
(US), 68% were willing to donate and 59% would 
be more compelled to donate if a monetary sum 
was given (12).

Since the greatest obstacle in kidney trans-
plantation is the limited availability of deceased / 
living kidney donors, all possible solutions to in-
crease access to kidney transplant should be taken 
into consideration before resorting to paid dona-

Catwell et al., 2015 (17) Not applicable A review paper discussing the four years’ experience of 
KPD in Australia.

Kute et al., 2017 (18) There were 380 KPD 
transplantations.

There were 77 transplants done by KPD in a single center 
in India between 1 January, 2015 and 1 January, 2016. 
The reasons for KPD were ABO incompatibility (n = 45), 

sensitization (n = 26) and better matching (n = 6).

Ghods and Savaj, 2006 (19) Not applicable A review paper discussing the Iranian model which was 
adopted in 1998 to regulate and compensate living-

unrelated donor renal transplant program and has helped 
decrease the number of patients on the waiting list.

Bailey et al., 2016 (20) Semi-structured interviews with UK 
32 deceased-donor kidney transplant 

recipients.

The following themes were identified for those who were 
against altruistic donation: Prioritizing other recipients above 

self; fear of acquiring an unknown donor's characteristics 
and concern for the donor for unnecessary risk.

For those willing to accept a non-directed altruistic living 
donor kidney transplantation the following themes were 
identified: Prioritizing known above unknown persons, 

belief that they are as deserving as other potential 
recipients, and advantages of a living donor kidney 

transplantation.

de Castro, 2003 (21) Not applicable A review paper discussing commodification of human organs.

Ghods et al., 2001 (22) There were 1000 patients in Iran 
(500 living unrelated donors and 500 

recipients).

The majority of living unrelated donors (84%) were poor 
and no single wealthy individual was listed in the category.

Friedman, 2006 (23) Not applicable A review paper discussing the need to legalize payment for 
living organ donation to prevent exploitation of organs.
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tion. This has given rise to another type of dona-
tion known as kidney paired donation (KPD) that 
has been established to prevent commercial trans-
plantation (13). It takes place when a potential 
kidney recipient who has a willing but incompat-
ible live donor receives a kidney from the donor 
of another incompatible pair and vice versa (13). 
KPD programs have been established to increase 
availability of organs and to overcome several ob-
stacles such as blood group incompatibility, tissue 
compatibility, highly sensitized recipients to do-
nors, and improvement in transplant quality such 
as graft size and age difference (14). The first KPD 
took place in South Korea in 1991 (15). This model 
has been proven to be practical, legal, cost-saving 
and time-saving for facilitating living donor re-
lated transplant for patients who are incompatible 
with their healthy and willing living donor (13).

Numerous transplant centers have adopted 
this program with amounted increase in transplant 
numbers. For instance, in the US the number of 
paired kidney exchanges has increased from 2 in 
2000 to 400 transplants annually (14). In India, 
there were 3616 living donor kidney donations 
and 561 deceased donor kidney donations in one 
center between January 2000 and July 2016, while 
300 of these were through KPD. The success of the 
program was due to maintaining registry for in-
compatible pairs, good teamwork and counselling 
on KPD (16). In Australia, the KPD program was 
established in 2010 and the four years’ experience 
has proven to achieve a sufficiently large pool of 
donors and recipients to be able to find the best 
match. It also helped highly sensitized patients by 
combining KPD with antibody removing strategies 
(17). KPD was also proven to be beneficial to un-
paired patients since by removing all patients with 
potential living donors from the waiting list, and it 
will decrease their waiting time (17).

The KPD program requires a national data-
base that is absent in some countries like in India, 
in addition to lack of coordination between trans-
plant centers (18). There are still inefficiencies 
in this system; high number of patients waiting 
on the list (more than 500 patients in one center 
in India). Another hurdle is that blood group O 
recipients had lower rate of transplantation and 
high mortality rate due to financial incapability to 

afford dialysis (13). The authors also discussed the 
issue of putting more pressure on women to donate 
since KPD eliminates the excuse of incompatibility 
as there is gender imbalance with women donat-
ing more than men and receiving less donations 
than men (13). Moreover, desensitization has arisen 
for highly sensitized patients such as patients in 
need for repeat kidney transplants (15). Although 
this technique involves plasmapheresis, it is costly 
and there is the risk of increase in antibody levels. 
However, there are not many studies discussing the 
outcome of desensitization (15).

The past decade has witnessed an upsurge 
in innovative mechanisms for living kidney dona-
tion such as altruistic donation, KPD, donor chains 
and exchange programs (3). However, these strate-
gies, especially the last three were not capable of 
increasing the kidney donor pool nor capable of al-
leviating renal transplant waiting lists (19). As a re-
sult, altruistic donation may seem ideal for kidney 
transplantation, yet safety and ethical concerns re-
main. Living donors are at risks without any direct 
medical benefit to themselves (1) putting their safe-
ty and welfare at risk. Another note to take into ac-
count is whether these altruistic donors have health 
insurance and can maintain their health insurance 
following donation (3) or whether their medical ex-
penses can be secured by another party (1). Thus, 
what if a healthy and altruistic individual is willing 
to donate but there is no available center that of-
fers free medical tests or post-op follow-up for any 
complications, especially in developing countries? 
Altruistic donation provokes a feeling of indebted-
ness and guilt to the recipients (7). These recipients 
may be willing to discover who their donor is when 
sometimes the system does not allow them or they 
may express worries about the nature of the kidney 
donated or about the characteristics of the donor. A 
qualitative study examined the attitudes of 32 renal 
patients (17 females and 15 males) towards non-
directed altruistic living donation (20). Concerns 
were raised over transmission of donor characteris-
tics, feeling responsible for the risks donors would 
be exposed to and feeling guilty (20). Nevertheless, 
providing compensation for altruistic donors does 
not essentially lead to exploitation, but may help 
minimize the level of exploitation that already ex-
ists in current organ procurement systems (21).



ibju | Financially driven live donor kidney transplantation

1077

If it is already taken for granted that finan-
cial rewards for organ donation are pernicious and 
accordingly prohibited by laws worldwide, why 
do these rewards still receive heightened atten-
tion? Why are they practiced clandestinely? What 
are the reasons behind the rise of compensation in 
kidney donation? Possible explanations include: 
surge of commercial kidney transplants even in 
the presence of strict rules against them, limited 
success of altruistic donations and incapability of 
governments to secure organs through organized 
networks. Only under exceptional conditions, does 
the human being exhibit willingness for uncom-
pensated transfers and generosity to others? (19). 
Altruistic donation failed to eliminate severe or-
gan shortage and lessen the number desperate re-
cipients on the waiting list (21). These desperate 
patients refer to other means to secure a kidney in 
developing countries whether they are natives or 
coming from developed countries (1). Therefore, 
altruistic donation has not been successful in pro-
viding kidneys to those in need and in shorten-
ing the waiting period (21). In developing coun-
tries, altruistic living unrelated kidney donations 
are less commonly experienced and these donors 
are usually secured through commercial trans-
plants (1). Kidney markets are regularly seen in 
developing countries, since dialysis is usually not 
funded by the governments and deceased donor 
kidney transplantation is scarce due to poor and 
inefficient procurement mechanisms (1). Howev-
er, this does not mean that all kidneys that have 
been purchased go through unfair practices. Many 
recipients rely on more ‘negotiable’ and ‘demo-
cratic’ ways for receiving kidneys wherein they try 
to financially secure kidneys from their relatives, 
friends or colleagues without imposing serious or 
direct harms to these donors (19).

There is a major argument against com-
pensation of living unrelated kidney donation. It 
revolves around the concept of commodification. 
This argument assumes that there are limits to 
what can be sold and since organs are valuable 
and priceless then this means that they cannot be 
sold. Once a kidney is put into marketplace, it de-
nies the definite valuable organ of a human being 
and denies his / her dignity and worth (21). The 
argument, at first glance, may seem convincing, 

but many objections follow. It is true that organs 
in general should not be sold or purchased, but 
in most cases the individual who has made the 
choice of donation is actually doing so for a valid 
reason and humane excuse. No one can imagine 
the circumstances that force the person to make 
a vehement decision of giving up one of his / her 
kidney (21). These persons have probably no other 
means of securing money and the reasons would 
not necessarily include luxury goods. Most donors 
actually decide to sell their kidneys either to pro-
vide financial support to their families or to secure 
money for other reasons (21). Commercialization 
seems to be a win-win-situation wherein both the 
donor and recipient benefit (7) provided that the do-
nor has been compensated fairly and has not been 
abused. If commercialization is prohibited, not only 
will the recipient be put at disadvantage, but also the 
donor who was willing to make some money. How-
ever, the recipient may still win by travelling to an-
other country to look for another donor or by trying 
to pay the same donor furtively in the same center by 
pretending to be relatives or friends. This shows how 
difficult it is to stop commercialization even when it is 
prohibited by law in the host country since recipients 
may travel to other countries to secure kidney.

What would seem a good solution to end 
the malevolent practice of kidney trafficking? In an 
attempt to explore the reasons donors propel to sell 
their organs, a primary overall factor appears: pover-
ty. To compensate for such unethical practices, adopt-
ing a regulated system incorporated with financial 
incentives can help eliminate commercial transplants. 
This can be done when KPD has failed for a specific 
donor. An example of such a successful program is 
the Iranian model, initiated in 1988 and governed 
by a charitable organization called the Dialysis and 
Transplant Patients Association (DATPA). The DATPA 
provides compensation for those who provide kidneys 
without the need for a broker or mediator since the 
government covers for the hospital expenses, immu-
nosuppressive drugs and provides award and health 
insurance to the unrelated donor (19). As a result, the 
number of renal transplants performed increased no-
ticeably in Iran and the renal transplant waiting list 
was completely eliminated in 1999 (1). Prior to this 
model, most patients in Iran used to travel to India 
to undergo paid transplantation and many of these 
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transplants were associated with transmission of hep-
atitis and surgical complications (19). A controlled 
living unrelated donor renal transplant program was 
introduced in Iran in 1998 wherein volunteered living 
unrelated donors introduce themselves to the Dialysis 
and Transplant Patients Association without any need 
for  middle men or agencies (22).

The concept of financial incentives was 
grouped in three categories. The first class focuses 
on the subject of compensation, wherein the donor is 
covered for the incurred detriments such as medical 
tests and examinations, health insurance, etc. This is 
important because many of the donors may not have 
insurance to cover for their tests and out-of-pocket 
expenses are linked to more extensive medical care 
in the long term (9). The second category is known as 
rewarded gifting that involves monetary or non-mon-
etary form of appreciation without direct intention 
to encourage donation. Lastly, the market model is 
based on procurement and allocation of organs. Such 
a system will help control the existence of black mar-
kets, organ trafficking and coercive methods target-
ing underprivileged and economically disadvantaged 
persons (7). Donors should be competent enough to 
understand the risks and benefits of kidney donation 
and undergo psychological evaluation and sign an 
informed consent (1). In China, the Red Cross is the 
third party that is  responsible for implementing the 
donation policy wherein they raise and manage funds 
for the financial compensation in a fair manner (2). 
This includes covering funeral expenses and financial 
assistance for the family of the donor in case the fam-
ily was classified as a low-income family by the local 
Bureau of Civil Affairs (2).

What would be the benefits of a system that 
adopts a model similar to the Iranian model? Ghods 
elaborates this topic by addressing several concerns 
that could be raised by opponents of this type of do-
nation. Patient and graft survival rates, as well as do-
nor morbidity and mortality in Iran have comparable 
results when compared to conventional transplant 
centers in the country, since all donors are positively 
selected and screened for diseases (19). The Iranian 
model has not forced poor citizens to donate their 
kidneys due to its rewarding nature, as one study has 
indicated that among 500 participants, 50.4% of kid-
neys from paid donors were given to poor individuals 
(22). The model has not even eliminated the number 

of kidneys from deceased persons, as deceased-donor 
organ transplantation has increased steadily since its 
legislation from 1.8% in 2000 to 12% in 2004 and 
2005 (19). As mentioned previously, this model also 
helped reduce the number of commercial or illegal 
transplants that used to take place prior to its intro-
duction and the model also prohibits foreigners to 
benefit from this system (19). It is also important that 
donors display utmost understanding of the possible 
risks and complications of the surgery.

On the other hand, the Hamad Medical Cor-
poration (HMC) has initiated the Doha Donation Ac-
cord (DDA) in 2010 which aims at meeting the needs 
for transplantation as to discourage patients from un-
dergoing unsafe practices abroad (4). The DDA pro-
vides a broad health insurance for life for the donor, 
covers the whole incurred expenses and prioritizes the 
donor in case of end-stage organ failure. While this 
seems to be encouraging and has actually resulted in 
the reduction of transplant travel, the rise of recipi-
ents on the waiting list has increased remarkably from 
21% in 2010 to 73% in 2014 (4). The National Living 
Donor Assistance Center (NLDAC) was initiated in the 
US in 2007 wherein donors were provided financial 
support to travel to the transplant center for eligible 
living donation (9). The program received 3918 ap-
plications until August 2013 and approved 89% of 
them and 74% of donors mentioned that they would 
have not donated without the support of NLDAC (9). 
The question remains whether the country is able to 
fulfill this high demand when solely relying on living 
related donors. Although the DDA seems to be more 
ethical than the Iranian model, it is inevitable to state 
that the DDA model is not applicable to most coun-
tries since they cannot afford to have such a system 
especially noting that Qatar is a wealthy country with 
a high Human Development Index.

If countries decide to adopt a model that 
provides financial reward to donors, payment 
should be governed by a balanced, objective and 
multidisciplinary body which determines stan-
dardized protocols for donors and recipients as 
well as a uniform fee (23). If countries are not 
ready to accept such a model due to cultural rea-
sons or financial difficulties, it these rely heavily 
on raising awareness about organ donation. When 
asked about ways to encourage living donation, 
50% of the 250 donors mentioned that the media 
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plays a major role especially when living donors 
discuss their experiences to the public (8). Media 
can a play a robust role in encouraging deceased 
organ donation or altruistic organ donation.

CONCLUSIONS

Kidney transplantation is currently the ac-
cepted mode of renal replacement therapy, which 
provides long-term and robust survival advantage 
(10). A drawback represents the shortage of organ 
availability whether cadaver or living. This has 
given rise to the implementation of other strate-
gies, each with its own challenges. Unethical prac-
tices still take place in countries with refugees or 
poor and displaced people (23). Many centers are 
not even able to detect the secret planned financial 
reward wherein they pretend to be relatives in order 
to get accepted for transplantation. It is important 
to start considering financial compensation in or-
der to protect the indigent donors and avoid organ 
trafficking. Thus, the idea of initiating governmen-
tal supervision with regulated compensation to liv-
ing donors should be revisited, especially that no 
alternative solution is available until today (23).
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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
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INTRODUCTION

Prostate cancer remains the most common 
solid organ malignancy in men globally with al-
most 181.000 new cases in the United States in 
2016 (1). Albeit a topic of tremendous controversy, 
there have been significant advances in screening 
methods utilizing novel imaging, serum and uri-
nary biomarkers. However, the diagnostic hallmark 

remains a transrectal ultrasound guided biopsy of 
the prostate for microscopic tissue and histopath-
ological diagnosis (2, 3). A major advancement in 
this field was the introduction of multiparamet-
ric magnetic resonance imaging (mpMRI) of the 
prostate gland, conferring the ability to detect le-
sions with low, intermediate or high suspicion of 
being malignant (4). This development permitted 
targeted biopsies to be taken, focusing on these 
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ABSTRACT 

Objective: To evaluate whether color-coding of prostate core biopsy specimens aids in 
preservation of the neurovascular bundles from an oncological perspective.
Materials and Methods: MRI guided transrectal ultrasound and biopsy of the prostate 
were performed in 51 consecutive patients suspected of being at high risk for harboring 
prostate cancer. Core specimens were labeled with blue dye at the deep aspect and red 
dye at the superficial peripheral aspect of the core. The distance from the tumor to the 
end of the dyed specimen was measured to determine if there was an area of normal 
tissue between the prostate capsule and tumor.
Results: Of the 51 patients undergoing prostate biopsy, 30 (58.8%) were found to have 
cancer of the prostate: grade group 1 in 13.7%, 2 in 25.5%, 3 in 7.8%, 4 in 7.8% and 5 
in 3.9% of the cohort. A total of 461 cores were analyzed in the cohort, of which 122 
showed cancer. Five patients opted to undergo robotic assisted laparoscopic radical 
prostatectomy. No patients had a positive surgical margin (PSM) or extra prostatic ex-
tension (EPE) on radical prostatectomy if there was a margin of normal prostatic tissue 
seen between the dye and the tumor on prostate biopsy.
Conclusion: Color-coding of prostate biopsy core specimens may assist in tailoring the 
approach for preservation of the neurovascular bundles without compromising early 
oncological efficacy. Further study is required to determine whether this simple modi-
fication of the prostate biopsy protocol is valuable in larger groups of patients.
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suspicious areas in addition to standard sextant 
template biopsies.

However, the ability of mpMRI to distin-
guish extracapsular extension (ECE) from organ-
confined disease when a lesion appears to be in 
contact with the capsule remains poor and has 
very limited sensitivity (5). There are several sur-
rogates indicative of ECE including tumor contact 
length and PIRADS score of the lesion in ques-
tion, perineural invasion and Gleason score, but 
determination of extension at a microscopic level 
is not possible at this time (6, 7). A multitude of 
nomograms have been validated to estimate the 
risk of ECE, seminal vesicle invasion, lymph nodal 
involvement, organ confined disease and the clin-
ical decision whether to spare or resect the neuro-
vascular bundles (NVB) is largely based on these 
combinations and the judgment and experience of 
the surgeon.

Unless peri-prostatic fat, extra-prostatic 
neural tissue or rectal mucosa remain adherent to 
the biopsy core, it is difficult to orient the speci-
men into superficial versus deep regions. Current-
ly, to our knowledge, no attempts have been made 
to localize the site of the cancer within individual 
biopsy cores nor to quantify its distance from the 
capsule. This could have significant implications 
for altering the surgical plan especially now that 
mpMRI is gaining wide acceptance. We sought to 
evaluate whether a system for color-coding tran-
srectal mpMRI guided fusion prostate biopsy cores 
could reliably show where cancer was located in 
relation to periphery (i.e capsular aspect of the 
sample) in comparison to the deep aspect of the 
sample (i.e distant from the capsule).

MATERIALS AND METHODS

We performed an Institution Review Board 
(IRB) approved retrospective analysis of a pro-
spectively collected and maintained database 
consisting of all patients undergoing mpMRI tran-
srectal ultrasound guided fusion prostate biopsy 
performed by a single urologist (LAD) for clini-
cal features concerning the presence of prostate 
cancer. mpMRI of the prostate was performed us-
ing a Siemens MAGNETOM 3T machine (Munich, 
Germany) as previously described (8). Each MRI 

scan was reviewed and reported by an attending 
radiologist.

Each patient received prophylactic oral an-
tibiotics (fluoroquinolone) prior to the procedure 
and an augmented regimen with an intramuscu-
larly administered antibiotic if deemed high risk. 
Standard fleet enema was also administered the 
night before and at the morning of the procedure. 
All biopsies were performed transrectally using 
3-dimensional modeling software (Invivo Corpo-
ration, Gainesville, FL, USA) and mpMRI / US fu-
sion biopsy of the prostate was performed with an 
end-fire Philips iU22 transrectal ultrasound probe 
and sonographic system (Amsterdam, The Neth-
erlands). A total of 5 cc of 0.5% bupivacaine was 
injected into the tissue in the angle of the seminal 
vesicle and prostate, and the periprostatic nerve 
plexus under transrectal ultrasonic guidance for 
intra-procedural patient comfort. Each biopsy 
sample was taken using an 18-gauge Bard Max-
Core (Bard Medical Division, Covington, GA) and 
immediately handed to the circulating nurse or 
medical assistant. A minimum of 3 cores was tak-
en from each suspicious lesion, largely dependent 
on the size of the volume hotspot on mpMRI (Fig-
ure-1). When obtaining the sample, a concerted 
effort was made to ensure that the needle insertion 

Figure 1 - volume hotspot on mpMRI of the prostate.

A
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site was as close to a perpendicular entry across 
the capsule for peripheral zone lesions. The sam-
ple was placed onto a small square (3 x 4 cm) of 
Telfa (Kendall Telfa, Tyco Healthcare, Mansfield, 
MA) and verbally confirmed to be an intact core 
of adequate length. Pre-drawn insulin syringes 
with red dye (capsular aspect) and blue dye (deep 
aspect) (Davidson Tissue Marking System, Bradley 
Products Inc, Bloomington, MN) were used to color 
code each sample and the correct orientation was 
verbally affirmed prior to placing the sample into 
the specimen container, which was pre-labeled. 
A single drop of each color dye was applied to 
the core in its respective orientation. Each sample 
was allowed 30 seconds for the dye to dry prior to 
placing it into formalin in the specimen container 
and sent for pathological analysis.

Images from the mpMRI of the sample sites 
of each biopsy core were archived and saved for 
future reference and review (Figure-2). These were 
both 3-dimensional renderings and gray-scale im-
ages to demonstrate the path of the biopsy needle 
relative to each targeted lesion.

Each prostate biopsy core was read by a 
team of genitourinary pathologists and reviewed 

with the treating urologist. Each sample was re-
ported as either benign or malignant, the latter 
being assigned a Gleason Score and allocated to 
Grade Groups 1 through 5 (Figure-3).

If cancer was present, the distance from 
the tumor to the end of the dyed specimen was 
measured to determine if there was an area of nor-
mal tissue between the prostate capsule and tumor 
(Figure-4).

Patients who were found to have cancer 
were informed of all treatment options available. 
For patients electing to undergo robotic radical 
prostatectomy, the decision for nerve sparing was 

Figure 2 - 3-D image of prostate core acquisition.

Figure 3 - Relationship of cancer to peripheral margin.

Figure 4 - Example of tumor distance from end of dyed 
specimen.
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deemed based on established and accepted clinical 
standards and clinician oncologic judgment, irre-
spective of the distance of cancer from the dyed 
peripheral margin of the biopsy core. On all pa-
tients, on the involved side, complete neurovascu-
lar bundle excision was performed as per standard 
of care. On patients that did not have any can-
cer involving a particular side on mpMRI, only 
complete neurovascular bundle preservation was 
performed.

RESULTS

Of the 51 patients undergoing prostate bi-
opsy, 30 (58.8%) were found to have cancer of the 
prostate. This was Grade Group 1 in 13.7%, 2 in 
25.5%, 3 in 7.8%, 4 in 7.8% and 5 in 3.9% of the 
cohort. 21 patients (41.2%) did not have cancer on 
biopsy. A total of 461 cores were analyzed in the 
cohort, of which 122 showed cancer. The mean dis-
tance of tumor from the most superficial aspect of 
the red dye was 5.2 mm (Range 0 - 23 mm) (Ta-
ble-1) (Figure-5). There were 10 cores with cancer 
< 1 mm from the red dye margin. 5 patients opted 
to undergo robotic assisted laparoscopic radical 
prostatectomy (RALP), 7 patients opted for radia-
tion therapy, 1 patient switched provider and 17 
patients were placed on active surveillance.

After reviewing these 5 patients in detail, all 
5 patients had a lesion that appeared to be abutting 
or distorting the prostatic capsule (Table-2). Two 
patients had a lesion that was positive for cancer at the apex of the prostate and 3 patients had a lesion 

that was located in the lateral peripheral zone. Of 
the 2 patients that were positive for cancer at the 
apex, one patient had a tumor that distorted the 
prostatic capsule at the apex concerning of extra-
capsular extension seen on mpMRI while the other 
patient had a tumor abutting the prostate capsule 
on mpMRI. Both these patients had tumors involv-
ing the blue dye (deep) on the MRI / US guided fu-
sion biopsy specimen and both these patients had 
ECE on the apical region on final pathology. This is 
because both these lesions were anterior and given 
the biopsy needle was activated from posterior to 
anterior, the blue dye represents the superficial as-
pect of the anterior prostate. Of the three patients 
who had tumors involving the red dye (superficial), 
one patient had tumor involving the edge of the 

Table 1 - Details of Cohort.

PATIENT CHARACTERISTICS

Age, median (first/third quartile) 67 (62/70) years

Ethnicity, n (%)

Caucasian 17 (33)

African American 28 (55)

Hispanic 5 (10)

Indian 1 (2)

PSA, median (first/third quartile) 6.7 (5.0-10) ng/mL

Clinical Stage, n (%)

No cancer 21 (41.2)

T1c 27 (52.9)

T2a 3 (5.9)

Gleason Grade Group, n (%)

No cancer 21 (41.2)

1 7 (13.7)

2 13 (25.5)

3 4 (7.8)

4 4 (7.8)

5 2 (3.9)

Distance from red dye, median 
(first/third quartile)

4 (2-7) mm

PIRADS score (first/third quartile) 3 (3/4)

Figure 5 - Distance from peripheral margin to malignant 
cells.
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red dye on the prostate biopsy specimen and he 
was found to have ECE on RALP. The other two 
patients that had a lesion in the lateral peripheral 
zone were found to have a margin between the red 
dye (superficial) and cancer. These two patients 
were subsequently found to be negative for ECE on 
radical prostatectomy, indicating that theoretically, 
the neurovascular bundle could have been spared.

No patients had a positive surgical mar-
gin (PSM) or extra prostatic extension (EPE) on 
radical prostatectomy if there was a margin of 
normal prostatic tissue seen between the dye and 
the tumor on prostate biopsy (Figure-6). The first 

post-operative prostate specific antigen level PSA 
was undetectable (< 0.01 ng / mL) in all patients 
undergoing surgery.

 The cost of the dye is $27.50 per 2 oz vial 
and this lasted throughout this entire initial pilot 
cohort. The total amount of dye used per biopsy 
was < 0.5 cc. The cost per box of insulin syringes is 
$17.38 and two syringes were used per patient at 
an additional cost of $0.35. As a result, the overall 
additional cost per biopsy was < $1.00, nominal 
when one considers the potential impact on surgi-
cal risk stratification and operative outcome, both 
oncologic and functional.

 We have also confirmed that color coding 
the specimen does not alter the cellular architec-
ture, nor does it affect the integrity of DNA / RNA 
material, thus having no potential for impacting 
genomic assessment of the tissue for further clini-
cal risk analysis and stratification. There was 1 / 
467 (0.002%) specimen core that was dyed incor-
rectly where the superficial and deep region of the 
core was inadvertently inverted. We realized this 
on pathology as there were fat cells and neural 
tissue seen on the specimen, thus confirming the 
true peripheral aspect of the core. The mpMRI im-
ages were reviewed in detail and showed the le-
sion in the central peripheral zone, and confirmed 
the trajectory of the biopsy needle.

Table 2 - Pathological features of patients who underwent a radical prostatectomy.

Patient Location of lesion 
on mpMRI

Distance of red 
dye from the edge 

of the biopsy 
specimen (mm)

Distance of blue 
dye from the edge 

of the biopsy 
specimen (mm)

Gleason Score 
on Biopsy

Gleason 
Score on Final 

Pathology

Extra Capsular 
Extension

1 Anterior Peripheral 
Zone

0; 0 4+3 3+4 Yes

2 Anterior Peripheral 
Zone 0; 0; 0; 0 4+5 4+5 Yes

3 Left Peripheral 
Zone 12; 9; 12; 1 4+4 4+3 No

4 Left Lateral 
Peripheral Zone

9; 8; 0 4+3 3+4 Yes

5 Left Lateral 
Peripheral Zone 3; 5; 5 3+4 3+4 No

Figure 6 - Capsular margin seen at radical prostatectomy 
- Distance from capsule to malignant cells demonstrated.
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DISCUSSION

The technique of prostate biopsy continues 
to evolve and the specialty has progressed from 
finger guided, hand activated tru-cut sampling, 
through ultrasound guided sextant sampling with 
a trigger activated biopsy gun, and now mpMRI 
transrectal ultrasound fusion guided biopsy (9, 
10). Despite significant advances in the ability to 
image the prostate, definitive imaging evidence 
of ECE on mpMRI remains elusive, unless gross 
tumor extension is observed. The accurate iden-
tification and reporting of biopsy specimens and 
their orientation is clinically relevant when it per-
tains to in office breast biopsy, frozen section in 
the operating room, and surgical specimens in all 
specialties (11-13). However, this concept has not 
been applied for prostate cancer biopsy specimens. 
This pilot study sought to assess the feasibility of 
color-coding prostate biopsy core samples with a 
view to determining how close the tumor was to 
the capsule cancer and if indeed the capsule was 
involved.

We obtained early evidence to show that 
a “normal tissue” interface between capsule (most 
peripheral aspect of the core dyed red) and ma-
lignant cells may be associated with a similar 
“normal tissue” interface at radical prostatectomy. 
This may have potential implications for surgeons 
in the decision-making algorithm regarding NVB 
sacrifice versus preservation.

Employing clinical risk nomograms such 
as the Memorial Sloan Kettering Prostate Risk 
Stratification Nomogram (MSKCC Nomogram), 
Cancer of the Prostate Risk Assessment tool 
(CAPRA), Partin tables, and the Stephenson No-
mogram have characterized the risks of such en-
tities as ECE and positive margins based on large 
cohorts of patients submitted to radical prosta-
tectomy with pathologic and long-term clinical 
data and outcomes (14). In each of these nomo-
grams, there is a defined risk of the pathologi-
cal entity being present and similarly an inverse 
risk of the entity not being present. However, 
with the burgeoning field of genomic profiling 
of tumors and outcomes based on this informa-
tion independent of clinical nomograms, we are 
aware that despite lesions having the same Glea-

son characteristics on biopsy and volume of can-
cer, they have biologically different behaviors. We 
are also cognizant that the nomograms in current 
use have not taken the spatial tumor location into 
consideration, as many were developed in an era 
pre-dating advanced imaging.

It is currently unclear as to what the peri-
tumoral region on mpMRI is home to and what 
zone of mpMRI invisible tissue is positive sur-
rounding the volume hot spot (15). One may argue 
that this is irrelevant as it relates to Gleason hot 
spot, however, and that any tumor outside of the 
hot spot (which represents high grade disease) that 
is not seen is likely to be lower grade disease. But 
we do not know this to be always true.

With this in mind, an ancillary pathologic 
correlate which is easily obtainable from the bi-
opsy tissue, namely color-coding, and increased 
accuracy of tumor localization may be useful to 
incorporate into future nomograms which would 
also include mpMRI findings such as PIRADS 
score, overall tumor volume, tumor location, tu-
mor-capsule contact length and a combination of 
single or multi-genomic data. Conceptually, this 
approach could also serve as a forewarning for 
the use of technologies such as confocal micros-
copy, optical coherence tomography and confo-
cal laser endo-microscopy from the perspective of 
pre-emptively alerting the surgeon that malignant 
cells are known to be at a predetermined distance 
from the given plane of dissection (16-18). These 
factors may enable surgeons to take a more indi-
vidualized approach to sparing of the NVB in a 
patient specific and disease-centric manner.

We acknowledge that our data is limited 
due to its small sample size and the few patients 
that went on to have radical prostatectomy as 
definitive therapy. It may also be best applied to 
posterior peripheral zone lesion but can also be 
applied to anterior zone lesions by careful study 
of the mpMRI lesion and the tract of the biopsy 
needles relatively to the anterior capsule (in this 
instance the blue dye would be the most periph-
eral as seen in 2 of our patients). Another limita-
tion is this approach does not account for anteri-
orly based lesions and the propensity for a PSM at 
this site (19, 20). Handling this area at the time of 
prostatectomy remains a clinical / surgical judg-
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ment heavily reliant on imaging and intraopera-
tive cues.

Despite the aforementioned shortcomings, 
we are enthused that this data represents an early 
proof of concept and have expanded the study to 
collect more patient data using this simple modifi-
cation to the well-established biopsy protocol. It is 
our intention to incorporate that “normal tissue” 
interface concept into an algorithm with other no-
mograms, the goal being to predict the likelihood 
of cancer at the margin and ECE on a more indi-
vidualized basis. This data may not be applicable 
in patients undergoing a transperineal biopsy.

CONCLUSION

Color-coding of prostate biopsy samples 
obtained by mpMRI transrectal ultrasound and 
fusion biopsy is a simple adjunct to standard bi-
opsy techniques, which may yield useful informa-
tion regarding the proximity of malignant cells to 
the capsule and may provide useful information 
to complement surgical planning. Further study, 
with a larger patient cohort and pathological out-
comes from radical prostatectomy, is needed to 
validate whether this approach may be beneficial 
when tailoring preservation of the NVB on an in-
dividualized basis.
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INTRODUCTION

The number of new cases of prostate can-
cer worldwide is higher than 1.1 million each year, 
which represents 15.3% of all incident cancer ca-
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ses in developed countries and 4.3% of the cases 
in developing countries (1). For patients with a 
clinically localized disease, a series of alternative 
treatment options is currently available. However, 
for patients with a life expectancy exceeding 10 
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years, radical prostatectomy (RP) continues to be 
one of the standard treatments (2).

 After its first description in 1905 by H.H. 
Young (3), RP was initially associated with signi-
ficant peri and postoperative morbidity. However, 
the technique of retropubic radical prostatectomy 
(RRP) was subsequently standardized by Walsh et 
al. (4), with significant improvement in periope-
rative, oncological, and functional outcomes (5). 
The practices of hospitalization and convalescence 
time post-RRP have also clearly accompanied the 
evolution in the refinements of the RRP technique. 
With improvements in the anesthetic technique 
and intra-operative care, the mean hospitalization 
time has decreased (6-8); subsequently, this time 
was further reduced by the establishment of opti-
mized strategies for perioperative care after RRP, 
which resulted in short hospitalization, without an 
associated increase in the postoperative complica-
tion rates (9).

 This perioperative care pathway can be 
further optimized by determining potentially 
modifiable predictive factors for prolonged hos-
pitalization after RP. The importance in evalua-
ting those predictors becomes even clearer when 
we observe that the primary definitive treatment 
has the highest impact in the overall costs of 
prostate cancer care, both in the short and long 
term (10, 11). Therefore, determining the factors 
that predict longer hospitalization after RRP may 
impact significantly in hospital costs, in patient 
management and, finally, in the governmental 
spending plans in public institutions involved in 
prostate cancer care.

 However, studies evaluating predictors for 
prolonged hospitalization after PRR are still rare in 
the literature (12) and non-existent in our setting - 
a public high volume teaching hospital. We cannot 
overemphasize that the real benefits of minimally 
invasive RP over RRP are still unclear in the litera-
ture (13) and that in many areas of the World open 
RP is still the most common surgical approach to 
treat clinically localized prostate cancer (14).

 We sought in this study to evaluate the 
length of hospital stay and the impact of pre, in-
tra, and post-operative factors on the incidence 
of prolonged hospitalization in patients who un-
derwent RRP in a high-volume teaching hospital.

MATERIALS AND METHODS

Study Design
 The study was a retrospective analysis of 

prospectively collected data in a standardized da-
tabase for patients with clinically localized prosta-
te cancer who underwent surgical treatment in our 
institution. The surgical procedures were perfor-
med by residents during their last year of training 
under the supervision of one of the staff members; 
the rotation of each resident in the Urology On-
cology Department lasts 5 months, and over this 
period each resident performs on average 300 sur-
gical procedures, being 100 PRRs.

Patient Selection
 We included in this study all patients with 

clinically localized or locally advanced prostate 
cancer, who underwent RRP in the instituting be-
tween January 2010 and January 2012. All pa-
tients with PSA>10mg/mL and/or Gleason score 
≥8 underwent preoperative bone scans, in order 
to excluded the presence of bone metastases. All 
patients included in the study signed an informed 
consent form authorizing data collection.

Pre-operative Evaluation
 All patients had demographic and clini-

cal data collected and underwent a standardized 
pre-operative evaluation, including Digital Rec-
tal Exam (DRE), ultrasound-guided trans-rectal 
biopsy (TRUS), evaluation of the serum PSA level 
and bone scan when necessary. Prostate magne-
tic resonance imaging (MRI) was done in select 
cases, at the discretion of the attending physi-
cian. The preoperative clinical risk stratification 
was done by cardiologists or general practitio-
ners following the American Cardiology Associa-
tion guidelines (16).

Surgical Technique - RRP
 RRP was done using the technique stan-

dardized by Srougi et al. (17, 18). The preferred 
anesthetic modality was the combination of ge-
neral and epidural anesthesia. RR|P was perfor-
med through a medial infra-umbilical incision; 
the pre-peritoneal retropubic space was dissected 
to expose the anterior aspect of the prostate and 
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the vesico-prostatic transition. When indicated, 
pelvic lymph node dissection (PLND) was per-
formed prior to RP including only the obturator 
fossa (level I). As a rule, PLND was performed in 
intermediate and high risk patients according to 
NCCN criteria. A standard retrograde approach to 
RP was performed in every case including ope-
ning of the endopelvic fascia, ligation of the dor-
sal venous complex, retrograde dissection of the 
prostatic apex and neurovascular bundles, bladder 
neck dissection (without sparing), seminal vesicle 
dissection, bladder neck closure in “tennis racket” 
and, finally, vesicourethral anastomosis. A Pen-
rose drain was left in place and removed before 
patient discharge.

Intraoperative Data Collection
 The data collected intra-operatively inclu-

ded: type of anesthesia, operative time, estimated 
blood loss (EBL) (calculated through the weighting 
of surgical sponges and volume of blood aspirated 
from the surgical field), blood transfusion, neuro-
vascular bundle preservation (unilateral/bilateral, 
partial, or complete), presence or absence of a me-
dium lobe, lymph node dissection and extension, 
intraoperative complications (vascular injury, rec-
tal injury, obturator nerve injury, etc.).

Perioperative Care and Hospital Discharge Criteria
 A sole dose of an intravenous first genera-

tion cephalosporin was administered during anes-
thesia induction. Intermittent compression sto-
ckings were routinely used in the trans-operative 
period. Pharmacological prophylaxis of thrombo-
embolic events was not done routinely.

 In the immediate post-operative period 
(iPO) the patients were offered oral liquids freely; 
regular diet was offered in the morning after the 
surgery. Walking was also started in the first pos-
toperative day. Analgesia was done routinely with 
common painkillers combined with anti-inflamma-
tory medication intravenously in the iPO and orally 
in the first day after surgery. The Penrose drain was 
removed usually due to hospital discharge.

 The patients received hospital discharge 
within 2 days post-operatively as long as they ful-
filled the following criteria: were afebrile, no signs 
of orthostatic hypotension, pain controlled with 

oral medication, were able to walk with minimal 
discomfort, tolerated the diet without nausea or 
vomiting, did not present post-operative compli-
cations or intercurrences that required daily medi-
cal evaluation (Table-1).

Anatomopathological Evaluation
 The surgical specimens were processed 

according to the recommendations of the Ameri-
can Society of Clinical Pathologists (19). Clinical 
staging was done according to the TNM system 
(15). Histopathological findings were analyzed as 
potential predictors for prolonged hospitalization 
including prostate weight, Gleason score, patholo-
gical stage, tumor volume, PSMs and its location 
and number of lymph nodes removed.

Post-operative Evaluation
 The length of the hospital stay was calcu-

lated by subtracting the date of admission from 
the date of discharge. Patients who were re-hos-
pitalized within 28 days after the surgery were 
considered “readmissions” (20). Since there is no 
standardized definition, neither national nor in-
ternational, for prolonged hospitalization, it was 
defined in this study as a hospital stay longer than 
the upper quartile of hospitalization time in our 
series (>2 days).

 Complications that occurred during the 
surgical procedure or within 90 days after the sur-
gery were analyzed and classified according to the 
modified Clavien-Dindo system (21).

Definition of Complications
Perioperative blood transfusion was ge-

nerally indicated for patients with symptomatic 
anemia and serum hemoglobin levels < 7g/dL. For 
intermediary levels of hemoglobin (7-10 g/dL), 
blood transfusion was indicated in case of real or 
potential continuous hemorrhage, or in the pre-
sence of risk factors for secondary complications 
to insufficient oxygenation (for example, ischemic 
heart disease).

Paralytic ileus was defined as nausea, 
vomiting and/or abdominal distension post-
-operatively requiring hospitalization for lon-
ger than 2 days in the absence of mechanical 
intestinal obstruction.
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Symptomatic lymphocele was defined as a 
pelvic fluid collection (especially along the iliac 
vessels) in patients who underwent lymphade-
nectomy associated with pelvic pain or pressu-
re, lower limb edema, hydronephrosis, deep vein 
thrombosis, or infection/sepsis.

Statistical analysis

 Descriptive statistics was used initially to 
analyzed the frequency of the variables included 
in the study. Univariate analysis was performed to 
select the potential predictors to be included in the 
logistic regression model. Logistic regression was 
then used to determine the factors that indepen-
dently predict prolonged hospitalization after RRP 

in our institution. A model including only preop-
erative variables was initially built to determine 
the factors that predict hospitalization time before 
surgery; subsequently a second model, includ-
ing pre, intra, and postoperative variables were 
analyzed. Preoperative variables included in the 
model were age, race, BMI, PSA, Charlson comor-
bidity index (CCI), ASA score, previous abdominal 
surgery, clinical stage, prostate volume, biopsy 
(Gleason score) and percentage of positive cores, 
NCCN risk stratification. Intra and postoperative 
factors included in the analysis were: type of an-
esthesia, operative time, EBL, transfusion, nerve-
sparing approach, lymph node dissection, prostate 
weight, tumor volume, Gleason score specimen, 
positive margin rates, pathologic stage and post-

Table 1 - Peri-operative Care and Hospital Discharge Criteria.

Immediate post-operative First/second days P.O. Hospital Discharge Criteria

Activity - Sit on the armchair 4 hours 
after surgery

-Respiratory Physiotherapy 
in cases with higher risk of 

pulmonary complications, at 
the surgeon’s discretion

- Walking in the morning on 
the first P.O.

-Motor and respiratory 
Physiotherapy, at the surgeon’s 

discretion

- Able to walk with minimal 
discomfort, being confident 
and comfortable to leave the 

hospital.

Diet Liquid diet Laxative general diet -Tolerating general diet without 
nausea or vomiting

Analgesia and medication - NSAIDs + common 
painkillers in routine (opioids 

orally if necessary)
-Prophylactic antibiotic 

therapy until 24 hours after the 
procedure

- Proton pump inhibitors

- NSAIDs + common 
painkillers in routine (opioids 

orally if necessary)
- Mass forming laxatives orally

- Proton pump inhibitor
-Reintroduction of the usual 

medications

-Afebrile, without orthostatic 
hypotension, pain controlled 

with oral medication

Care and recommendations - Recommendations about 
care with the drain, incision, 

collecting pouch, fall 
prevention

No lab exams were ordered 
routinely

-Penrose drain removed
- Recommendations about the 

use of the urine collector at 
home (leg collector offered to 

the patients)

Attested ability of the patient, 
family member, or companion 
to understand the guidelines 

about physical activity, 
medication, pain control, 

constipation prevention, care 
with the incision, care with the 

Foley, return at the clinic
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operative complications. For statistical analyses 
purposes, CCI was analyzed as a binary (0 vs. ≥1 
comorbidities) and also as a continuous variable, 
in order to ensure that the categorization of CCI 
did not affect the results. The data were analyzed 
using Stata® 13.1 software. P-values lower than 
0.05 were considered statistically significant. 

RESULTS

Clinical and demographic data and pre-opera-
tive tumor characteristics 

 Between January 2010 and January 
2012, 1011 patients underwent a RRP in our 
institution and were included in the study; no 
patient who underwent RRP for primary treat-
ment of a localized prostate cancer during the 
period was excluded from the study. However, 
110 patients undergoing laparoscopic RP and 5 
patients submitted to salvage RP after radiothe-
rapy in this time frame were excluded from the 
study.The pre-operative clinical, demographic, 
pathological characteristics of the patients are 
presented in Table-2.

Perioperative Outcomes
 The most common type of anesthesia 

used was general anesthesia associated with epi-
dural (92.2%), which is the standard at our ins-
titution for RRP. The median operative time was 
130 minutes (IQR, 110-160); the median EBL was 
600 mL (IQR, 300-1000) and 52 patients (5.14%) 
received blood transfusions peri-operatively. 
PLND was performed in 63% of patients; no pa-
tient underwent extended PLND, since it was not 
the standard at our institution during the period 
of this study.

 The median hospitalization time was 
2 days (IQR, 1-2; mean 1.86±1.27 days); 217 
(21.5%) patients presented prolonged hospitali-
zation according to the definition adopted in this 
study (>2 days). Figure-1 shows a Box Plot graph 
of the hospitalization time in this study.

 Hospital readmission was necessary in 28 
(2.7%) patients, while 74 (7.3%) patients had non-
-scheduled visits to the emergency room or clinic 
without need for hospitalization.

 Perioperative results are shown in Table-3.

Table 2 – Pre-operative clinical, demographic, and 
pathologic characteristics.

Characteristics N=1011

Age (years) - median (IQR) 65.4 (60.2-69.7)

Race (%)

White 825 (81.6%)

Black 73 (7.2%)

Yellow 20 (2%)

Other 93 (9.2%)

BMI, kg/m2- median (IQR) 26.6 (24.2-29.4)

Charlson Comorbidity Index (CCI)

0 738 (73%)

≥1 273 (27%)

CCI continuous variable – median 
(IQR)

0 (0-1)

ASA Score 

1 304 (30.1%)

2 656 (64.9%)

3 51 (5%)

Previous abdominal surgery 193 (19.1%)

PSA (ng/mL) - median (IQR) 9.1 (6-14.3)

Prostate volume TRUS (mL) - 
median (IQR)

42 (30-68.2)

Biopsy Gleason score 

≤6 672 (66.5%)

7 263 (26%)

≥8 76 (7.5%)

Clinical Stage

T1c 539 (53.3%)

T2 404 (40%)

T3 68 (6.7%)

Risk stratification - NCCN 

Low or very low 296 (29.3%)

Intermediate 497 (49.1%)

High or very high 218 (21.6%)
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Surgical Complications
 We observed 156 postoperative compli-

cations in 141 patients (14.5%). Intra-operative 
complications included 5 rectal injuries and one 
obturator nerve injury. These complications were 
not classifi ed according to the Clavien system, 
since it applies solely to post-operative complica-
tions.

 The classifi cation of complications accor-
ding to the Clavien System is presented in Table-4. 
There were no deaths within 90 days after surgery 
and/or due to the surgical procedure (Grade 5).

Histopathological Findings
 The histopathological fi ndings are presen-

ted in Table-5.
 The median prostate weight was 43 (34-

68.2) g. The majority of patients (74.2%) presented 
organ-confi ned disease; 15.1% were pT2a, 7.2% 
were pT2b, and 51.8% were pT2c. Seminal vesi-
cle invasion (pT3b) was identifi ed in 10.2% of the 
patients and extra prostatic extension (pT3a) was 
found in 15.6%.

 The most common Gleason score in the 
surgical specimen was 7, which corresponded to 
52.8% of the patients (396 patients Gleason 3+4, 
39.1%; 138 patients Gleason 4+3, 13.6%). The me-
dian tumor volume was 15 (10-30)%.

 The overall PSM rate was 26.6%; in pa-
tients with pT2 disease the PSM rate was 23.3% 
while in patients pT3 disease the rate was 36.2%. 
The most common location of positive margins 
was in the prostate apex (74/1011, 7.3%).

Predictors of prolonged hospitalization – Univa-
riate analysis

 We initially conducted a univariate analy-
sis of predictors of prolonged hospitalization in-
cluding pre, intra, and post-operative variables. In 
this analysis, among the pre-operative variables, 
the following were correlated with prolonged hos-
pitalization: age, race, ASA score, CCI both as a 
binary and continuous variable, and prostate vo-
lume in the TRUS (Table-6A).

 Considering intra and post-operative va-
riables, the following were correlated with prolon-
ged hospitalization: EBL, blood transfusion rate, 
operative time, presence of post-operative compli-

Figure 1 - Hospitalization Time.

Table 3 - Peri-operative outcomes.

Perioperative variables N=1011

Anesthesia

General 62 (6.1%)

Peridural + general 932 (92.2%)

Rachianesthesia + general 17 (1.7%)

Obturatory fossa lymphadenectomy

Yes 638 (63%)

No 373 (37%)

Operative time (min) - median 
(interquartile variation)

130 (110-160)

Estimated bleeding (mL) - median 
(interquartile variation)

600 (300-1000)

Rate of blood transfusion 5.14%(52/1011)

Hospital stay -  median (interquartile 
variation)

2 (1-2)

≤2 days 794 (78.5%)

>2 days 217 (21.5%)

Non-scheduled visits to the ER or clinic 74 (7.3%)

Hospital readmissions 28 (2.7%)
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cations (of any grade, minor and major complica-
tions), and prostate weight in the histopathologi-
cal evaluation (Table-6B).

Predictors of prolonged hospitalization inclu-
ding pre-operative variables

 In this first logistic regression model, only 
preoperative variables were included (Table-7A). 
CCI was initially analyzed as a binary variable (0 
vs. ≥1); subsequently, we also performed a sensi-
tivity analysis including CCI as continuous varia-
ble, to ensure that our categorization of CCI did 
not affect the results. The independent predictors 
of prolonged hospitalization in this model were 
age (OR 1.050, CI 95% 1.023-1.078, p<0.001), CCI 
as a binary (ICC ≥1 vs, ICC 0, OR. 1.818, IC95% 
1.272-2.6, p=0.001) and as continuous variable 
(OR 1.401, CI 95% 1.118-1.756, p=0.003), TRUS 
prostate volume (OR 1.006, CI 95% 1.001-1.011, 
p=0.033) and black race (OR 1.910, CI 95% 1.103-
3.307, p=0.021).

Predictors of prolonged hospitalization including 
pre, intra, and post-operative factors combined

 In the second logistic regression model we 
analyzed predictors of prolonged hospitalization 

based on pre, intra, and post-operative factors 
combined. Similarly to the first model, we evalu-
ated CCI as a binary and as a continuous variable. 
The independent predictors of prolonged hospita-
lization in this model were age (OR 1.042, CI95% 
1.016-1.070, p=0.002), CCI both as a binary va-
riable (CCI ≥1 vs. CCI 0, OR 1.832, CI 95% 1.277-
2.682, p=0.001) or as a continuous variable (OR 
1.461, CI 95%, 1.150-1.855, p=0.002), ASA score 
3 (OR 3.192, CI 95% 1.585-6.430, p=0.001), bla-
ck race (OR 1.788, CI 95% 1.037-3.083, p=0.036), 
operative time (OR 1.006, CI 95% 1.001-1.011, 
p=0.019), presence of any grade of post-operative 
complications (OR 1.7945, CI 95% 1.072-3.008, 
p=0.026) or major complications (OR 2.104, CI 
95% 1.100-4.025, p=0.0125), and pathology 
prostate weight (OR 1.009, CI 95% 1.003-1.015, 
p=0.006) (Table-7B).

DISCUSSION

 Hospital admission and discharge practic-
es represent an important indicator of the quality 
and efficiency of medical care and have a clear 
impact on the healthcare costs. In an effort to 
minimize these costs without compromising clini-

Table 4 – Complications (1).

Clavien Classification Number of 
Patients

Percentage of 
Patients, %

Incidence of 
Complications

I 21 14.3% 2.0%

II 66 44.9% 6.5%

IIIa 23 15.6% 2.3%

IIIb 18 12.2% 1.8%

IVa 11 7.5% 1.1%

IVb 2 1.4% 0.2%

V 0 0 0

Total 147 100 14.5% (147/1011)

Minor post-operative complications (Grades I + II) * 87 61.7% 8.5%

Major post-operative complications (Grades III + IV) * 54 38.3% 5.4%

(1) - When patients presented more than one complication, the higher Clavien Score was considered.
*- . Excluding intra-operative complications.
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cal outcomes, physicians and hospital managers 
have increasingly focused on reducing the hospital 
stay following surgical procedures (12). Thus, the 
identification of factors that correlate with longer 
hospitalization time not only helps to plan expen-
ditures, but also can help in the modification of 
variables that potentially increase the admission 
period of the patients. Our study demonstrated 
several interesting points regarding perioperative 
care, practices to minimize hospitalization and 
modifiable factors correlated with prolonged hos-
pitalization.

 The feasibility of promoting early hospi-
tal discharge after RRP has been demonstrated in 
several previous studies and different approaches 
have been described in order to optimize the perio-
perative recovery. Abou-Haidar Het al. (22) recen-

tly described a multidisciplinary approach which 
involves meeting with nurses prior to surgery for 
perioperative instructions, provision of an appro-
priate booklet to reinforce perioperative care, visit 
by an internist before and after surgery for opti-
mization of medications, early mobilization, res-
piratory physiotherapy, use of PCA pump in the 
iPO with transition to oral medications on the first 
postoperative day. By adopting this standardized 
strategy of care, the authors were able to reduce 
hospital stay from a median of 3 (IQR 3 to 4 days) 
to a median of 2 days (IQR, 2 to 3 days, p<0.0001). 
The complication rates, emergency room visits 
and hospital readmissions were not significantly 
different in the pre and post-intervention groups 
(17% vs. 21%, p=0.80, 12% vs. 12%, p=0.95, and 
3% vs. 7%, p=0.18, respectively). The perioperati-
ve care post-RRP at our institution is very similar 
to the one presented by these and some authors 
(23-25), as shown in Table-1. While hospitaliza-
tion time is considered a marker of efficiency, hos-
pital readmission is a prominent marker related to 
the quality of health services (26). A recent study 
evaluating Medicare patients, estimated that the 
annual cost with hospital readmissions reaches $ 
17.4 billion (26-28). The impact of early hospital 
discharge on readmission rates has also been ac-
cessed in recent studies. Kaboli et al. (26) evalu-
ated 4,124,907 admissions to 29 hospitals of the 
American Veterans Affairs (VA) system and de-
monstrated that the reduction in length of hospital 
stay does not necessarily occur at the expense of 
increased readmission rates; In the last 14 years, 
the mean length of stay in the VA system decre-
ased by 27% (1.46 days) without any significant 
increase in the incidence of hospital readmission. 
However, in the same study, hospitals that tended 
to discharge earlier than expected (considering ba-
seline disease and overall length of hospital stay 
in the VA system) had significantly higher rates of 
readmission (growth rate of 6% for each day less 
hospitalization than expected). It is clear, therefo-
re, that an ideal balance between hospitalization 
and readmission rates should be the ultimate goal, 
in order to obtain the highest degree of efficiency 
without impairing the quality of patients’ care. To 
this end, the adoption of strict hospital discharge 

Table 5 – Histopathological findings.

Histopathological findings N=1011

Prostate weight (g) – median (IQR) 43 (34-68.2)

Pathological staging

pT2a 153 (15.1%)

pT2b 74 (7.3%)

pT2c 524 (51.8%)

pT3a 157 (15.6%)

pT3b 103 (10.2%)

Tumor volume (%) – median (IQR) 15 (10-30)

Positive surgical margin rates - overall 269 (26.6%)

pT2 175/751(23.3%)

pT3 94/260 (36.2%)

Positive surgical margins – location 

Apex 74 (7.3%)

Bladder neck 11 (1%)

Circumferential 121 (12%)

Multifocal 63 (6.2%)

Gleason Score – Specimen 

≤6 375 (37.1%)

7 534 (52.8%)

≥8 102 (10.1%)
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Table 6 - A) Univariate analysis – Predictors of prolonged hospitalization amongst pre-operative variables.

Pre-operative variables Hospital stay P-value

≤2 days >2 days

Age (years) - median (IQR) 64.86
(59.59- 69.36)

67.22
(63.51-71.13)

<0.001

BMI (kg/m2)- median (IQR) 26.7
(24.27 -29.40)

26.40
(23.80-29.30)

0.531

Race 

White 670 (84.4%) 155 (71.4%)

<0.001
Black 45 (5.6%) 28 (13%)

Asian 16 (2%) 4 (1.8%)

Other 63 (8%) 30 (13.8%)

ASA score

1 241 (30.8%) 53 (24.4%)

0.0012 513 (65.4%) 143 (65.9%)

3 30 (3.8%) 21 (9.7%)

CCI

0 602 (75.8%) 136 (62.7%)
<0.001

≥1 192 (24.2%) 81 (37.3%)

CCI as continuous variable - median (IQR) 0 (0-1) 0 (0-1) 0.001

Previous abdominal surgery

Yes 158 (19.9%) 35 (16.1%)
0.248

No 636 (80.1%) 182 (83.9%)

PSA (ng/mL) - median (IQR) 9.25 (6.00-14.25) 8.55 (5.7-14.30) 0.469

Clinical stage

T1c 429 (54%) 110 (50.7%)

0.671T2 313 (39.4%) 91 (42%)

T3 52 (6.6%) 16 (7.3%)

Gleason Score – biopsy 

≤6 533 (67.1%) 139 (64%)

0.6247 201 (25.3%) 62 (28.6%)

≥8 60 (7.6%) 16 (7.4%)

Risk stratification– NCCN

Low or very low 236 (29.7%) 60 (27.6%)

0.783Intermediate 386 (48.6%) 111 (51.2%)

High or very high 172 (21.7%) 46 (21.2%)

Prostate volume TRUS (mL) - median (IQR) 40 (30 - 50) 43 (30-60) 0.006
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Table - 6B) Univariate analysis – Predictors of prolonged hospitalization amongst intra and post-operative variables.

Intra and post-operative variables Hospital stay P-value
≤ 2 days >2 days

Intra-operative factors
Anesthesia

General 45 (5.7%) 17 (7.8%)
0.47Peridural + general 735 (92.6%) 197 (90.8%)

Rachianesthesia + general 14 (1.7%) 3 (1.4%)
Estimated bleeding (mL) - median (IQR) 600 (300-900) 700 (350 -1100) 0.02
Blood transfusion rate 

Yes 30 (3.8%) 22 (10.1%)
<0.001

No 764 (96.2%) 195 (89.9%)
Operative time (min) – median (IQR) 130 (110 -155) 140(120-180) 0.004
Type of preservation of the neurovascular bundle

No preservation 68 (8.6%) 22 (10.2%)
0.104Bilateral 629 (79.2%) 157 (72.7%)

Unilateral 97 (12.2%) 37 (17.1%)
Obturator lymphadenectomy 

Yes 500 (63%) 138 (63.6%)
0.929

No 294 (37%) 79 (36.4%)
Post-operative factors
Any complication (All Clavien grades) (1)
Yes 95 (12%) 52 (24%)

<0.001
No 699 (88%) 165 (76%)
Minor complications (Clavien I and II)

Yes 59 (7.4%) 28 (13%)
0.016

No 735 (92.6%) 189 (87%)
Major complications (Clavien III and Iv)

Yes 30 (3.8%) 24 (11%)
<0.001

No 764 (96.2%) 193 (89%)
Rate of positive surgical margins

Overall 205 (25.8%) 64 (29.5%) 0.157
pT2 134/591(22.7%) 41/160 (25.6%) 0.498
pT3 71/203 (35%) 23/57 (40%) 0.555

Pathological staging
pT2a 121 (15.3%) 32 (14.7%)

0.523
pT2b 64 (8%) 10 (4.7%)
pT2c 406 (51.1%) 118 (54.4%)
pT3a 122 (15.4%) 35 (16.1%)
pT3b 81 (10.2%) 22 (10.1%)

Specimen Gleason score

≤6 312 (39.3%) 71 (32.7%)

0.3427 405 (51%) 125 (57.6%)

≥8 77 (9.7%) 21 (9.7%)

Tumor volume(%) median (IQR) 16 (10-30) 15 (10-30) 0.944

Prostate weight (g) median (IQR) 41 (34-54) 43.5 (34-62) 0.006

1-Included intra-operative complications, but were not classified in the Clavien system
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criteria respecting not only the clinical conditions, 
but also the logistics and patient safety are funda-
mental.

 Direct comparisons of complication rates 
among different RRP series are limited due to the 
variations in definitions and methods of classi-
fication of surgical complications in the studies 
currently available in literature; additionally, very 
few studies evaluated the correlation between 
postoperative complications and hospitalization 
time (29). Donat et al. (30) recently analyzed the 
quality of the available studies evaluating compli-
cations after different urological surgeries. A total 
of 109 studies were identified of these, only 36 
studies reported the severity of the complications 
and only 7 studies used some numerical classifica-
tion. Furthermore, Martin et al. (31) lately propo-
sed some strict criteria that should be followed in 
high quality studies reporting surgical complica-
tions including: data collection methods, duration 
of follow-up, outpatient information, definitions 
of complications, mortality and morbidity rates, 
specific complications rate for each procedure, 
graduation system and length of hospital stay. Our 
study is one of the rare publications on RRP ou-
tcomes available in the literature which complies 
with all Martin criteria (32).

 We initially built a regression model in-
cluding only preoperative variables; the aim of 
this model was to explore factors that may predict 
prolonged hospitalization based only on clinical 
parameters and tumor characteristics, which are 
available through medical history and clinical 
staging prior to the surgical procedure. Therefore, 
the findings of this model could be used for ac-
curate preoperative patients counseling and could 
aid hospitals and healthcare payment sources in 
managing cost- effectiveness, hospital bed avai-
lability and healthcare resources according to the 
characteristics of patients awaiting RRP in each 
institution. In this preoperative model, we identi-
fied as independent predictors of prolonged hos-
pital stay age, ICC (as a binary or continuous va-
riable), ASA 3 score, TRUS prostate volume and 
black race.  The independent predictors for 
prolonged hospital stay identified in our study are 
similar to those observed in other recent studies. 

The correlation between comorbidities and 
age with hospitalization time after RRP has been 
confirmed in two recent studies. Kelly et al.(33) 
evaluated 2411 RRPs of the Irish Cancer Registry 
between 2002 and 2009. The median length of 
hospital stay was 8 days and in the adjusted analysis 
the main predictors of prolonged hospitalization 

Table - 7A) Multivariate analysis – Predictors of prolonged hospitalization including solely pre-operative factors.

Pre-operative variables Odds ratio CI 95% P value

Age Continuous variable 1.050 1.023 - 1.078 <0.001

CCI Continuous variable 1.401 1.118 - 1.756 0.003

CCI (Binary) 0 Reference - -

≥1 1.818 1.272 - 2.600 0.001

ASA score 1 Reference - -

2 1.175 0.791 - 1.744 0.425

3 3.192 1.616 - 6.308 <0.001

Prostate volume
(TRUS) – (mL)

Continuous variable 1.006 1.001 - 1.011 0.033

Race White Reference - -

Black 1.910 1.103 - 3.307 0.021

Asian 1.546 0.789 - 3.031 0.204

Other 1.317 0.410 - 4.228 0.644
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Table - 7 B) Multivariate analysis – Predictors of prolonged hospitalization including combined pre, intra, and post-
operative factors.

Combined pre, intra, and post-operative 
variables

Odds ratio CI 95% P value

Age Continuous 
variable

1.042 1.016 - 1.070 0.002

CCI Continuous 
variable

1.461 1.150 - 1.855 0.002

CCI (binary) 0 Reference - -

≥1 1.832 1.277 - 2.628 0.001

ASA score 1 Reference - -

2 1.028 0.702 1.506 0.887

3 3.192 1.585 -6.430 0.001

Race White Reference - -

Black 1.788 1.037 - 3.083 0.036

Asian 1.189 0.604 - 2.338 0.616

Other 1.639 0.565 - 4.756 0.363

Estimated bleeding (mL) Continuous 
variable

1.000 1.000 - 1.001 0.552

Operative time (min) Continuous 
variable

1.006 1.001 - 1.011 0.019

Blood transfusion rate No Reference - -

Yes 1.312 0.562 - 3.063 0.530

Any complication (any Clavien Grade) No Reference - -

Yes 1.795 1.072 - 3.008 0.026

Minor complications
(Clavien I and II)

No Reference - -

Yes 1.180 0.581 - 2.398 0.647

Major complications
(Clavien III and Iv)

No Reference - -

Yes 2.104 1.100 - 4.025 0.025

Prostate weight (g)-
specimen 

Continuous 
variable

1.009 1.003 - 1.015 0.006



ibju | Predictive factors for Prolonged hosPital stay after retroPubic radical

1101

were: presence of comorbidities (OR = 1.64, 95 % 
1.25-2.16), advanced stage (III-IV, OR 2.19, 95% 
CI 1.44-3.34), and marital status single (OR = 1.71 
CI 95% 125-2.34). In addition, patients submitted 
to treatment in high-volume hospitals (median 
annual PRRs> 49) or by high-volume surgeons 
(annual volume> 17 PRRs) had significantly lower 
chances of having prolonged hospitalization (OR = 
0.34, 95% CI, 26-0.45, OR = 0.55, 95% CI 0.42-0.71, 
respectively). Co-morbidities in the study by Kelly 
and colleagues were assessed using the Elixhauser 
index (34), which includes a broad spectrum of 
31 comorbidities and have demonstrated a higher 
discrimination power than CCI to predict in-
hospital mortality in previous studies (35). The 
presence of any of the comorbidities listed in the 
Elixhauser index in this study correlated with a 
64% greater chance of prolonged hospitalization 
compared to patients without comorbidities. In 
our series, the presence of comorbidities (ICC≥1 
vs. 0) correlated with an 82% greater chance of 
prolonged hospitalization; In turn, when assessing 
ICC as a continuous variable, we observed that each 
increase of 1 point in the index correlated with a 
40% higher risk of prolonged hospitalization.

 In turn, Trinh et al. (12) recently published 
an analysis of the Nationwide Inpatient Sample 
evaluating 89,883 RPs between 2001 and 2007. 
Prolonged hospitalization was defined as hospital 
admission greater than 3 days (75th percentile). 
In the multivariate analysis, the predictors of pro-
longed hospitalization were age (as a continuous 
variable, OR 1.01, 95% CI 1.01-1.02), year of sur-
gery (2006-2007 vs. 2001-2003 OR 0.50 , 95% CI 
0.48-0.53), surgical volume (3 tercile vs. 1 terci-
le, OR 0.21, 95% CI 0.20-0.23), hospital location 
(West vs. Northeast, OR 0 , 95% CI 0.63-0.71), pre-
sence of comorbidities (ICC≥1 vs. ICC 0, OR 1.32, 
IC95% <0.001), surgical approach (minimally in-
vasive vs. RRP, OR 0, 61, 95% CI 0.54-0.69), race 
(black versus white, OR 1.52, 95% CI 1.42-1.62), 
type of health insurance (Medicare versus private, 
OR 1, 21 95% CI, 1.16-1.28) and presence of sur-
gical complications (OR 6.86, 95% CI 6.54-7.19). 
Confirming our findings, Trihn et al. (12) also ob-
served that both CCI and age were predictors of 
prolonged hospitalization; each additional year of 

age correlated with a 1% increase in the risk of 
prolonged hospitalization in the Trihn et al. (12) 
series and with a 5% increase in our series, while 
the presence of comorbidities increased by 32% 
the risk of prolonged hospital admission in their 
study and by 82% in our series.

 The ASA physical status classification 
system has been underused in the recent litera-
ture on prostate cancer. However, the importance 
of this classification as a predictor of complica-
tions, length of hospital stay and mortality after 
RRP has been demonstrated in several prior stu-
dies (36, 37). Froehner et al. (36) evaluating 444 
consecutive patients with a median follow-up of 
6 years demonstrated that the ASA classification 
is an accurate tool to improve the prognostic clas-
sification of comorbidities in RRP patients, with a 
greater discriminative power than the ICC in terms 
of overall survival and non-cancer mortality. In 
turn, Dillioglugil et al. (37) evaluated 472 patients 
treated with RRP by a single surgeon and demons-
trated that ASA score of 3 correlated with a three-
-fold increase in the risk of complications, prolon-
ged hospital stay, postoperative admission to ICU 
and blood transfusions. Major complications were 
also almost 3 times more frequent in ASA score 3 
(21.3%) than in score 1 or 2 (7.6%) (p<0.005). Our 
results confirm this strong correlation between 
the ASA score 3 and perioperative RRP outcomes; 
in our logistic regression ASA 3 patients had a 
3.2 times higher risk of prolonged hospitalization 
compared to ASA 1 patients. 

 Perhaps one of the most intriguing findin-
gs in our study is the correlation between black 
race and prolonged hospitalization; black patients 
had approximately a two-fold greater odds of pro-
longed hospitalization than white patients in our 
series. Similar findings were obtained by Trinh et 
al. (12), in their analysis, black patients presented 
a 52% higher chance of prolonged hospitaliza-
tion compared to white patients. In our study, this 
result is probably correlated with variables that 
are potentially linked to the black race but were 
not included in our regression model (confoun-
ding variables). In our country, there is still a great 
socioeconomic disparity between white race and 
African-Americans, according to a recent cen-
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sus (38), a black worker earns, on average, just 
over half (57.4%) of the income received by white 
workers. Moreover, the data (38) shows that while 
22% of the white population had completed high 
school in 2013, less 10% of African Americans 
had reached the same level of schooling. In this 
way, socioeconomic factors can justify the lon-
ger hospitalization obtained among black patients 
in our series. Unfortunately, data on income and/
or socioeconomic status were not available in our 
institutional database, preventing the inclusion of 
these variables in our regression model

 When including pre, intra and post-ope-
rative variables in the regression model, CCI (con-
tinuous or binary), age, ASA score 3, black race 
and prostate weight maintained their statistically 
significant correlation with prolonged hospitali-
zation. All variables had only small variations in 
their Odds Ratios, confirming, therefore, the inde-
pendent correlation of these predictors with the 
length of hospital stay. Additionally, in this mo-
del, operative time, the presence of complications 
of any grade or major complications (Clavien III 
and IV) were identified as independent predic-
tors for prolonged hospitalization. The impact of 
surgical complications on hospital stay time has 
been clearly established in prior series (12, 39-
41), this correlation seems to be unequivocal and 
obvious, since patients who suffer complications 
require longer hospitalization time for diagno-
sis, treatment, and recovery from these compli-
cations. In the already cited study of Trinh et al. 
(12), the presence of complications was the most 
important predictor of prolonged hospitalization; 
patients who presented perioperative complica-
tions had a 7 times greater risk of prolonged hos-
pitalization when compared to patients without 
complications. In the series by Chang et al. (41), 
perioperative complication was also an indepen-
dent predictor of longer hospital stay; the rates of 
complication were significantly lower (p=0.013) in 
the group of patients who were discharged within 
2 days (2.3%) in comparison with the group which 
stayed hospitalized for 3 days (7.0%). In our study, 
the presence of complications (any complication 
or major complications) was associated with an 
approximately 2 times greater odds of prolonged 
hospitalization, constituting one of the most sig-

nificant predictors, together with an ASA score 3. 
Finally, the correlation between prolonged opera-
tive time, complications and prolonged hospita-
lization is in line with other studies. Rabbani et 
al. (40) evaluated 4592 consecutive patients who 
underwent RRP (3458) or VLRP (1134) in a single 
institution. In their multivariate analysis, operati-
ve time was identified as an independent predictor 
of surgical complications of any grade (p=0.001), 
together with CCI (p<0.001), BMI (p=0.01), estima-
ted bleeding (p=0.006), and black race (p=0.027), 
results which are very close to the ones obtained 
in the present series. In our study, each additio-
nal minute of operative time was correlated with a 
statistically significant increase of 0.6 to 0.7% in 
the odds of prolonged hospitalization.

 Both the complication rates and operative 
time can be considered as potentially modifiable 
variables that could reduce the risks of prolon-
ged hospitalization. The main factors that can de-
termine a clear decrease of both variables, with 
subsequent impact on length of hospital stay, are 
the surgeon’s experience and the hospital surgi-
cal volume. It has been demonstrated that more 
experienced surgeons and high volume hospitals 
tend to present reduced complication rates, opera-
tive time, and even costs; Judge et al. (42) recently 
evaluated 18,027 RRPs performed between 1997 
and 2004 in hospitals of the English National He-
alth Service. The mean length of hospital stay de-
creased by 2.96% (95% CI, 1.98-3.92, P<0.001) per 
quintile of increase in hospital surgical volume, 
the probability of hemorrhagic complications de-
creased by 6% (95% CI 1-11, P=0.02) and medical 
complications by 10% (CI 95% 0-19, P=0.04) per 
quintile increase in hospital surgical volume; also 
re-hospitalizations within one year decreased by 
15% (95% CI 6-22, P=0.001) and genitourinary 
complications by 5% (95% CI 2-8, P=0.002), per 
quintile of increase in hospital surgical volume., 
Finally, Coelho et al. (29) demonstrated, in a series 
of 2500 RRPs performed by a single surgeon, a 
reduction in the complication rate from 9.3% in 
the first 300 cases of the series to 3.3% in the last 
300 cases, highlighting the concept that more ex-
perienced surgeons have less complication rates. 

 Our study has a number of limitations. First 
of all, some postoperative complications and read-
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missions may be underreported, especially minor 
complications and those managed in other hospi-
tals. Second, our hospital is a high-volume cancer 
care center and, therefore, the outcomes presented 
herein may not be representative of general urolo-
gists in a community setting (limited external va-
lidity). Third, as the data on socioeconomic aspects 
were not available in our database we could not 
evaluate it as confounding variables in our predic-
tion models; undoubtedly, residual confusion may 
explain at least some of the observed findings, sin-
ce other complex and unknown factors involved 
in patient selection may have been left out of the 
regression model. Finally, it is important to highli-
ght that CCI, used as one of the main instruments 
for the evaluation of comorbidities in this study, is 
an index initially designed to evaluate serious dise-
ases in hospitalized patients; thus, this instrument 
does not address the full range of common comor-
bidities among patients with prostate cancer, such 
as hypertension, pulmonary disease and coronary 
artery disease (in the absence of myocardial infarc-
tion), hyperlipidemia and asthma.

 Among the strengths of the study we hi-
ghlight the comprehensiveness of the data collec-
ted; all patients were included in the regression 
models increasing its statistical power. Additio-
nally, it is one of the few RRP series following not 
only the Clavien graduation system (28) but also 
fulfilling all the Martin criteria (31). As already 
pointed out, RRP series reporting complications 
and peri-operative morbidity through standardi-
zed methodology are fundamental for accurate 
patient counseling and to facilitate the compa-
rison between different institutions and surgical 
approaches; such series are, however, scarce in the 
literature and our study adds important findings 
to the body of this literature. Undoubtedly, our 
data demonstrate realistic outcomes and expecta-
tions for patients undergoing RRP in our setting.

CONCLUSIONS

 The independent predictors of prolonged 
hospitalization in our series were ICC, age, ASA 
score 3, prostate volume on USG-TRUS, African-
-American race, operative time, presence of any 
complications and major complications. The iden-

tification of these factors allows not only better 
planning of institutional costs related to RRP but 
also proper counseling of patients undergoing 
RRP. Potentially modifiable risk factors, such as 
OR time and complications, can be optimized to 
shorter length of hospital stay after RRP.
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INTRODUCTION

Brazilian data shows that prostate cancer 
(PCa) is the most common non-cutaneous malig-
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ABSTRACT 

Purpose: Ultrasound-magnetic resonance imaging (US-MRI) fusion biopsy (FB) im-
proves the detection of clinically significant prostate cancer (PCa). 
We aimed to compare the Gleason upgrading (GU) rates and the concordance of the 
Gleason scores in the biopsy versus final pathology after surgery in patients who 
underwent transrectal ultrasound (TRUS) systematic random biopsies (SRB) versus US-
MRI FB for PCa.
Materials and Methods: A retrospective analysis of data that were collected prospec-
tively from January 2011 to June 2016 from patients who underwent prostate biopsy 
and subsequent radical prostatectomy. The study cohort was divided into two groups: 
US-MRI FB (Group A) and TRUS SRB (Group B).
US-MRI FB was performed in patients with a previous MRI with a focal lesion with a 
Likert score ≥3; otherwise, a TRUS SRB was performed. 
Results: In total, 73 men underwent US-MRI FB, and 89 underwent TRUS SRB. The 
GU rate was higher in Group B (31.5% vs. 16.4%; p=0.027). According to the Gleason 
grade pattern, GU was higher in Group B than in Group A (40.4% vs. 23.3%; p=0.020). 
Analyses of the Gleason grading patterns showed that Gleason scores 3+4 presented 
less GU in Group A (24.1% vs. 52.6%; p=0.043).
The Bland-Altman plot analysis showed a higher bias in Group B than in Group A 
(-0.27 [-1.40 to 0.86] vs. -0.01 [-1.42 to 1.39]).
In the multivariable logistic regression analysis, the only independent predictor of GU 
was the use of TRUS SRB (2.64 [1.11 – 6.28]; p=0.024).
Conclusions: US-MRI FB appears to be related to a decrease in GU rate and an increase 
in concordance between biopsy and final pathology compared to TRUS SRB, sug-
gesting that performing US-MRI FB leads to greater accuracy of diagnosis and better 
treatment decisions.
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nancy in men. The estimated incidence of PCa for 
2016 is 61,200 new cases, with an estimated risk 
of 61.82 new cases per 100,000 men (1). PCa is 
commonly diagnosed by transrectal ultrasound 
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(TRUS)-guided random biopsies. The Gleason sco-
re of PCa has been shown to be an important crite-
rion to predict tumour behaviour and to determine 
the appropriate course of treatment (2). However, 
the randomness and non-targeted nature of TRUS 
biopsy can result in inaccurate sampling of the 
cancer and misclassification of cancer risk. Rese-
archers have demonstrated discrepancies in the 
Gleason score of TRUS biopsy compared to the 
final surgical specimens, with under-estimation 
reported in approximately 30% of cases (3).

 Recently, multiparametric magnetic reso-
nance imaging (mpMRI) of the prostate has been 
shown to be valuable in the detection, localization 
and characterization of prostatic tumour foci (4). 
Target biopsy of the abnormality detected by MRI 
was initially performed by cognitive guidance of 
the topographic location of the cancer, but in re-
cent years, devices were developed to combine ul-
trasound and mpMRI images. The US-MRI fusion 
images can guide biopsy and improve the detec-
tion of clinically significant prostate cancer (5, 6). 
A more accurate diagnostic method is desirable 
to avoid misclassification, which is particular-
ly important in appropriate decision-making for 
the treatment of PCa (active surveillance or focal 
therapy or radical treatment). It is plausible that 
the Gleason score misclassification and upgrading 
noted in radical prostatectomy specimens can be 
reduced by employing more accurate biopsy tech-
niques.

 The aim of this study was to compare the 
Gleason upgrading rates and the concordance of 
the biopsy versus final pathology Gleason scores 
in patients who underwent TRUS systematic ran-
dom biopsies (SRB) versus US-MRI fusion biopsies 
(FB) for prostate cancer.

MATERIALS AND METHODS

Patient selection and data collection
 We included all consecutive patients who 

underwent prostate biopsy and subsequent radical 
prostatectomy at our institution. The study cohort 
was divided into those who had US-MRI FB (from 
June 2013 to July 2015) (Group A) and TRUS SRB 
(from June 2010 to February 2015) (Group B). 
Pathological analyses of the prostatectomy spe-

cimens were reviewed by a single, experienced 
pathologist and were considered as the standard 
of reference. Patients who did not undergo biopsy 
and radical prostatectomy at our institution and 
those with pathologic specimens that were not re-
viewed by the same pathologist were excluded to 
avoid bias. IRB approval and a waiver for infor-
med consent were obtained for this retrospective 
study using prospectively collected data from our 
institution database.

 US-MRI FB was performed in all patients 
with mpMRI-detected abnormalities and Likert 
scores ≥3. Patients with a normal mpMRI or Li-
kert scores <3 underwent TRUS SRB. All radical 
prostatectomies were performed by our institution 
Urology staff either by robot-assisted radical pros-
tatectomy or by an open approach.

 Data related to clinical, biopsy, histopa-
thological and MRI characteristics were collected.

Multiparametric MRI
 MRIs were performed on 3T scanners (Sie-

mens Prisma 3T, Siemens PetRM 3T, GE 750W 
3,0T, Philips 3,0T) with a phased-array coil and 
included high-resolution T2-weighted imaging, 
diffusion-weighted imaging and dynamic con-
trast-enhanced imaging. A Likert scale score, that 
is a subjective assessment on the likelihood of the 
presence of prostate cancer on a 5 point scale (7), 
was assigned by one of our uro-radiologist with 
years of experience in interpreting prostate MRI 
(median of 7 years of experience; range 5 to 15 
years) and every exam were reviewed by other 
experienced radiologist, and if there was a discre-
pancy in the analyses, the score was assigned after 
a consensus. Only lesions classified with scores ≥3 
were defined as targets for US-MRI fusion biopsy.

US-MRI Fusion Biopsy
 Targeted biopsies were performed by our 

institution interventional radiologist team, with ex-
perience in non-elastic fusion prostate biopsy and 
experience in reading prostate MRI (median of 9 ye-
ars of experience with TRUS SRB and 2 years with 
target US-MRI FB) using different US-MRI fusion 
systems: MyLab 60 (Esaote, Florencea, Italy), Aplio 
500 Smartfusion (Toshiba, Nasu, Japan) and Logiq 
E9 VNav (GE Healthcare, Milwaukee).
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 Each biopsy was performed with the pa-
tient in a left lateral decubitus position, using 
endocavitary 4 to 9 MHz broadband curved ar-
ray end-fire transducers and an 18-gauge side-
-notch cutting core biopsy needle (20-mm stroke 
length). Patients first underwent systematic 14-
core biopsies (six from each lobe and one more 
from each transitional zone), followed by targe-
ted biopsies generally consisting of 2 or 3 cores 
from each target.

Histopathology
 Gleason scoring was performed according 

to the 2005 International Society of Urological 
Pathology consensus recommendations (8). We 
classified the patients according to the 2014 ISUP 
consensus meeting held in Chicago in 2014, which 
classify the Gleason scores into grade groups (Gle-
ason score ≤6 = ISUP 1; Gleason score 3+4 = ISUP 
2; Gleason score 4+3 = ISUP 3; Gleason score 4+4 
= ISUP 4; Gleason score 9 or 10 = ISUP 5) (9).

 Cores from each lesion were numbered 
and labelled according to the target, enabling 
radiology-pathology correlation in patients with 
multiple targets.

 Surgical specimens were processed using 
a modified Stanford technique; 3- to 5-mm trans-
verse sectioned samples were taken from the apex 
to the base and from the sagittal section of the 
distal 5 to 8 mm of the apex and base.

Statistical analysis

 The primary endpoint of this study was 
to compare the rate of any Gleason score upgra-
de of RP compared to US-MRI fusion biopsy and 
random biopsy alone. Descriptive statistics were 
used for patient characteristics. An independent 
Student’s t, Mann-Whitney, chi-square or Fisher’s 
exact test was used to compare characteristics of 
the patients when appropriate. Gleason upgrading 
was compared by comparison of proportions. A 
multivariable logistic regression using forced en-
try was carried out to assess the independent pre-
dictors of Gleason upgrading. The results are pre-
sented as odds ratios (ORs) and 95% confidence 
intervals. Agreement between Fusion US-MRI and 
histopathology and Random Biopsy and histopa-

thology was assessed using a Bland-Altman plot, 
and bias was calculated with their respective 95% 
confidence intervals.

 All analyses were conducted with SPSS 
v.20 (IBM SPSS Statistics for Windows, Version 
20.0. Armonk, NY: IBM Corp.) or R v.2.12.0 (R 
Foundation for Statistical Computing, Vienna, 
Austria). For all analyses, two–sided p < 0.05 were 
considered significant.

RESULTS

Characteristics of the cohort
 A total of 73 men who underwent US-

-MRI fusion biopsies and 89 who underwent TRUS 
systematic random biopsies were included in our 
analyses. In both groups, the patient demographics 
were similar (Table-1). There were no differences 
according to prostate volume (histopathology), 
PSA, clinical and pathologic staging and number 
of lymph nodes. However, there was a significant 
difference in biopsy Gleason score between both 
groups. Patients from Group A had fewer Gleason 
score 6 tumours (11% vs. 28%), and patients from 
Group B had greater total tumour volumes (15% 
vs. 10%) and fewer clinically significant tumours 
(70.8% vs. 89%) (Table-1), defined as patients with 
Gleason score greater or equal to 3+ 4 or greater 
than ISUP 1.

Primary endpoint
Gleason upgrading was higher in patients 

who underwent TRUS SRB compared to US-MRI 
FB (31.5% vs. 16.4%; p=0.027) (Table-2). When 
analysing Gleason upgrading according to the 
Gleason grade group, there was also a higher rate 
of Gleason upgrading in patients who underwent 
TRUS SRB compared to those who underwent US-
-MRI FB (40.4% vs. 23.3%; p=0.020) (Table-2). 
Analyses from separate Gleason grade groups sho-
wed that Gleason scores of 3+4 presented less Gle-
ason upgrading in the FB group (24.1% vs. 52.6%; 
p=0.043) (Table-2). Finally, there was no difference 
in Gleason upgrading when considering only pa-
tients with Gleason scores of 6 on biopsy (Table-2).

 The Bland-Altman plot analysis showed 
a higher bias for patients submitted to TRUS 
systematic random biopsy compared to those 
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Table 1– Patients characteristics.

US- MRI fusion Random
p value

(n = 73) (n = 89)

Age (years), median (IQR) 65.0 (57.5 – 69.0) 64 (59 – 69) 0.838

PSA (ng/mL), median (IQR) 4.8 (3.7 – 6.4) 5.5 (4.2 – 7.2) 0.060

Prior biopsy status, n (%) 9 / 73 (12.3) 10 / 89 (11.2) 0.829

Biopsy Gleason grade group, n (%)

0.007

Less or equal to 6 8 / 73 (11.0) 25 / 89 (28.1)

3+4 = 7 29 / 73 (39.7) 19 / 89 (21.3)

4+3 = 7 21 / 73 (28.8) 23 / 89 (25.8)

8 8 / 73 (11.0) 18 / 89 (20.2)

9-10 7 / 73 (9.6) 4 / 89 (4.5)

Number of total cores, median (IQR) 18.0 (12.0 - 19.5) 15.0 (14.0 - 17.5) 0.144

Number of random cores, median (IQR) 14.0 (11.0 - 18.0) 14.0 (14.0 - 17.0) 0.171

Number of targeted cores, median (IQR) 4.0 (3.0 – 5.0) ND

Positive cores, n (%) 61 / 71 (85.9) 13 / 20 (65) 0.007

Positive targeted cores, median (IQR) 6.0 (4.5 – 10.0) ND

Prostate volume at histopathology (grams), median (IQR) 42.0 (30.0 – 56.0) 40.0 (32.5 – 47.0) 0.223

Surgical specimen Gleason grade group, n (%)

0.205

Less or equal to 6 2 / 73 (2.7) 9 / 89 (10.1)

3+4 = 7 32 / 73 (43.8) 29 / 89 (32.6)

4+3 = 7 28 / 73 (38.4) 31 / 89 (34.8)

8 5 / 73 (6.8) 8 / 89 (9.0)

9-10 6 / 73 (8.2) 12 / 89 (13.5)

Total tumor volume (%), median (IQR) 10.0 (7.0 – 20.0) 15.0 (10.0 – 20.0) 0.024

Bilateral tumor, n (%) 54 / 73 (74.0) 67 / 89 (75.3) 0.848

Multifocal tumor, n (%) 60 / 73 (82.2) 76 / 89 (85.4) 0.580

Positive lymph node, n (%) 1 / 70 (1.4) 3 / 87 (3.4) 0.424

Clinically significant tumor, n (%) 65 / 73 (89.0) 63 / 89 (70.8) 0.004

Time between biopsy and surgery (days), median (IQR) 30.0 (30.0 – 60.0) 60.0 (30.0 – 60.0) 0.224

Numbers of lesions on MRI, median (IQR) 1.0 (1.0 – 2.0) ND ---
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submitted to US-MRI fusion biopsy (-0.27 [-1.40 
to 0.86] vs. -0.01 [-1.42 to 1.39]) (Figure-1). In 
the multivariate logistic regression, the use of 
TRUS systematic random biopsy, compared to 
US-MRI fusion biopsy, was the only independent 
predictor of Gleason upgrading (2.64 [1.11 – 
6.28]; p=0.024) (Table-3).

 The comparison analysed by the Bland-
-Altman plot of Group A and Group B showed 

that the agreement bias between Gleason score on 
biopsy and Gleason score on surgical specimen 
was lower in Group A (Figure-1).

DISCUSSION

 In our study, we found a significantly lo-
wer rate of Gleason upgrading using US-MRI FB, 
showing that this method can improve prosta-

Table 2 – Gleason upgrading.

Fusion
(n = 73)

Random
(n = 89)

p value

Biopsy Gleason score 7.0 (7.0 – 7.0) 7.0 (6.0 – 7.5) 0.137

Surgical specimen Gleason score 7.0 (7.0 – 7.0) 7.0 (7.0 – 7.0) 0.765

Gleason upgrading* 12 / 73 (16.4) 28 / 89 (31.5) 0.027

Gleason upgrading in patients with Gleason 6 on biopsy** 6 / 8 (75.0) 17 / 26 (65.4) 0.611

Gleason upgrading according to Gleason grade pattern 17 / 73 (23.3) 36 / 89 (40.4) 0.020

3+3 6 / 8 (75.0) 16 / 25 (64.0) 0.687

3+4 7 / 29 (24.1) 10 / 19 (52.6) 0.043

4+3 3 / 21 (14.3) 3 / 23 (13.0) 1.000

Accuracy*** 51 / 73 (69.9) 56 / 89 (62.9) 0.353

* defined as the number of patients with Gleason score in surgical specimen greater then biopsy sample.

** defined as the number of patients with Gleason score 6 in biopsy sample (clinically non-significant disease) that presented a Gleason score greater than 6 in surgical 
specimen (clinically significant disease). Patients with Gleason score greater than 6 were excluded from this analyses.

*** defined as the number of patients who presented the same Gleason score in biopsy sample and surgical specimen.

Figure 1 - Bland - Altman Plot Group A vs. Group B.
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te cancer characterization at biopsy. All mpMRI, 
biopsies and surgical specimens were evaluated by 
the same team and methods to keep the pattern 
and to reduce bias in the Gleason and Likert score 
classifications.

 The use of US-MRI FB was associated with 
a lower rate of Gleason upgrading compared to 
the use of TRUS SRB (16.4% vs. 31.5%; p=0.027). 
In the clinical setting, a diagnostic tool that can 
determine the “true” Gleason score plays a cru-
cial role in guiding the clinician in making the 
best therapeutic decision, mainly for low- and 
intermediate-risk PCa. In the active surveillance 
scenario, it is imperative to decrease the risk of 
missing a high-grade disease and delaying a ra-
dical treatment, providing more confidence to the 
urologist and patient with conservative manage-
ment of PCa.

 For patients who will be treated by prosta-
tectomy or radiation therapy, the biopsy Gleason 
score is considered a key point in most nomogra-
ms for determining the indication of extended 
lymphadenectomy and changes in the irradiation 
field or the time of hormone therapy in patients 
under radiation therapy, thus changing the impact 
on the morbidity (10-14).

 Data reported in the literature show that 
the Gleason score is frequently lower for TRUS 
guided biopsies compared to that for surgical 
specimens, with under-estimation reported in 
about 30% of cases. In patients with low-grade 
prostate biopsies, the risk of upgrading may in-
crease up to 50% (3).

 Our study showed that patients with ini-
tial Gleason scores of 6 presented more Glea-
son upgrading in the US-MRI FB group (75% 
vs. 65.4%; p=0.611); however, this difference 
was not statistically significant, probably due to 
the relatively small number of patients. Biopsies 
with Gleason scores of 3+4 presented less Glea-
son upgrading in the US-MRI FB group (24.1% 
vs. 52.6%; p=0.043). The concordance was hi-
gher when the highest Gleason grading pattern 
was analysed between biopsy and surgical spe-
cimens, consistent with our hypothesis that US-
-MRI FB increases the detection of the highest-
-grade tumour (3, 15, 16).

 Arsov et al. reported an MRI FB and TRUS 
random biopsy upgrading of 21.2% and 32.7%, 
respectively (17). In this study, Gleason upgrading 
was twice as frequent in patients who underwent 
US-MRI FB compared with TRUS SRB (31.5% ver-
sus 16.4%).

 Multiparametric MRI of the prostate has 
shown its value in the detection, localization and 
characterization of prostatic tumour foci (4) and 
plays an important role to avoid unnecessary 
biopsies in patients with previously negative ones, 
showing accuracies of approximately 90% for the 
diagnosis of significant prostate cancer (18-20).

 In our institution, most urologists are 
using mpMRI in biopsy-naïve patients, avoiding 
some biopsies in patients with low probability of 
clinically significant prostate cancer, which can 
explain the lower rate of Gleason 6 in patients 
who underwent US-MRI FB (11% vs. 28.1%)

Table 3 – Logistic Regression (outcome: Gleason upgrading).

Univariate Multivariate

OR (95% CI) p value OR (95% CI) p value

Age 1.01 (0.97 – 1.06) 0.596 --- ---

Baseline PSA 1.05 (0.94 – 1.19) 0.371 1.03 (0.91 – 1.17) 0.632

Prostate volume 0.99 (0.97 – 1.01) 0.277 0.99 (0.96 – 1.01) 0.282

Time between biopsy and surgery 1.00 (0.99 – 1.01) 0.358 0.99 (0.97 – 1.01) 0.173

LIKERT score 1.26 (0.56 – 2.81) 0.575 --- ---

Random biopsy 2.33 (1.09 – 5.01) 0.030 2.64 (1.11 – 6.28) 0.028

PSA = prostate-specific antigen; OR = odds ratio; CI = confidence interval
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 Prostate mpMRI and target biopsy could 
be incorporated into active surveillance selection 
criteria, having a higher accuracy for risk strati-
fication (21). Prostate mpMRI can also reduce the 
need for repetitive biopsies by as much as 68% 
through non-invasive serial monitoring for those 
on active surveillance (22). Disease reclassifica-
tion on those in active surveillance with normal 
mpMRI appears to be very low, with negative pre-
dictive value ranges from 81–90% (23-25).

 One limitation of this study is the non-
-randomized retrospective study design and the 
heterogeneous population studied, which might 
lessen the generalizability of our results because 
of potential selection bias. Another possible selec-
tion bias is the small number of patients with Gle-
ason 6 biopsy scores, because we perform mpMRI 
in biopsy naïve patients and avoid the biopsy on 
those with LIKERT 1 or 2. A prospective rando-
mized study might eliminate this bias and might 
confirm our hypothesis.

CONCLUSIONS

 US-MRI FB appears to be associated with 
a lower Gleason upgrading rate and a higher con-
cordance between biopsy and final pathology 
compared to TRUS SRB, leading to greater accu-
racy of diagnosis and therefore better treatment 
decisions. The routine use of MRI before biopsy 
is associated with a decrease in the detection of 
clinically insignificant tumours.
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INTRODUCTION

Baseline prostate-specific antigen (PSA) 
has been proposed as a possible marker to detect 
those who would be at increased risk for develo-
ping prostate cancer. The concept of baseline PSA 
began when Gann et al. (1995) showed the role of 
this test as a predictor of prostate cancer in men 
with PSA > 1.0 ng / mL at a median age of 62.9 
(1). Similarly, in a subgroup of The European Ran-
domized study of Screening for Prostate Cancer 
(ERSPC), subjects with baseline PSA > 1.0 ng / mL 
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ABSTRACT 

Purpose: The baseline PSA has been proposed as a possible marker for prostate cancer. 
The PSA determination before 40 years seems interesting because it not suffers yet 
the drawbacks related to more advanced ages. Considering the scarcity of data on this 
topic, an analysis of PSA kinetics in this period seems interesting.
Materials and Methods: A retrospective assay in a database of a private diagnostic 
center was performed from 2003 to 2016. All subjects with a PSA before 40 years were 
included.
Results: 92995 patients performed PSA between the ages of 21 - 39. The mean value 
ranged from 0.66 ng / mL (at age 22) to 0.76 ng / mL (at age 39) and the overall mean 
was 0.73 ng / mL. As for outliers, 3783 individuals presented a baseline PSA > 1.6 ng 
/ mL (p95). A linear regression model showed that each year there is a PSA increase of 
0.0055 ng / mL (β = 0.0055; r² = 0.0020; p < 0.001). A plateau in PSA between 23 and 
32 years was found and there were only minimal variations among the ages regardless 
of the evaluated percentile.
Conclusion: It was demonstrated that PSA kinetics before 40 years is a very slow and 
progressive phenomenon regardless of the assessed percentile. Considering our results, 
it could be suggested that any PSA performed in this period could represent the base-
line value without significant distortions.
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and > 2.0 ng / mL had an increased hazard ratio 
for prostate cancer specific mortality (4.0 - fold 
and 7.6 - fold respectively) compared with those 
who had < 1.0 ng / mL levels (2). Regarding PSA 
in young adulthood, a study enrolling 325 men 
have demonstrated that the fourth quartile of ba-
seline PSA (0.56 ng / mL) was associated with an 
increased odds of prostate cancer before age 65 
(3). Additionally, Lilja et al. reported the largest 
association between baseline PSA and subsequent 
prostate cancer in those with 40 years (4). Despite 
this, data on this topic is scarce which justifies 
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more studies. Thus, we aim to determine the PSA 
kinetics before 40 years.

MATERIAL AND METHODS

A retrospective assay in Fleury® insti-
tute database was performed to determine how 
many subjects had measured the PSA between 
ages 21 and 39. The Fleury® institute is a private 
diagnostic center represented by a conglomera-
te of 33 laboratory units in Sao Paulo, Brazil. 
We highlight however that this is not a speci-
fic center for cancer diagnosis and the tests are 
usually performed by request of private clinics 
and companies. Clinical data were not available.

Considering the same PSA ultra - sen-
sitive kit, all samples from 2003 to 2016 were 
included. In cases of repeated dosages for the 
same subject, only the first PSA was included in 
the study. The PSA values > 4.0 ng / mL were 
analyzed separately for the major association 
with prostate pathologies such as prostatitis 
and prostate cancer. Measures of central ten-
dency, variability (mean and standard devia-
tion), median, confidence interval, values ran-
ge and percentiles were used for quantitative 
variables. The distribution of data was verified 
with Shapiro - Wilk test. For PSA age - specific 
levels comparisons, the Kruskal - Wallis with a 
Dunn’s post - test was applied. The Spearman’s 
test was used for correlation analysis of “PSA” 
and “Age”. Finally, a linear regression analysis 
considering dependent variable “PSA” and inde-
pendent variable “Age” was included. Due to the 
non - normality of the “PSA” variable, the lo-
garithm transformation method was performed.

After this first analysis, we divided the 
individuals in two groups: “Group 1”, with men 
who performed ≥ 2 dosages and “Group 2” with 
those who performed dosage only once. Again, 
only the first PSA was considered and an analy-
sis of mean, median and percentiles was perfor-
med for each age in both groups. Additionally, 
the Chi - Square test was applied to compare the 
number of men with PSA > 1.0 ng / mL in both 
groups. The statistical analysis was performed 
using STATA version 12.0 with a level of signi-
ficance of 5%.

RESULTS

 During the period analyzed (2003 - 2016), 
92.995 men performed a PSA between 21 - 39 years 
(Baseline Group). A total of 128.948 dosages were 
accounted. There were 32.721 men who repeated the 
PSA (Group 1) and 60.274 who did not (Group 2).

 Considering the “Baseline Group” (Ta-
ble-1), the most common age was 39 years with 
14.525 men (15.62%). The mean PSA value ranged 
from 0.66 (at age 22) to 0.76 ng / mL (at age 39) 
and the overall mean was 0.73 ng / mL ± 0.45. 
Most values remained between 0.3 - 1.0 ng / mL 
(Figure-1). As for outliers, we found 3783 indi-
viduals with a baseline PSA > 1.6 ng / mL (p95) 
distributed among all ages (Figure-2).

 The annual PSA variation was not statis-
tically significant, except for the ages 22 - 23, 34 
- 35 and 37 - 38 (Table-2). However, there was 
a positive correlation between “PSA” and “Age” 
in the Spearman test (Figure-3). Besides that, the 
linear regression model showed that in each year 
there is a PSA increase of 0.0055 ng / mL (β = 
0.0055; r² = 0.0020; p < 0.001). When plotting 
the “Baseline Group” on graphic model, a plateau 
between 23 and 32 years and a progressive rise 
after 33 years could be noted. Thus, the values for 
the ages 36 - 39 remained above the group mean 
(0.73 ng / mL) (Figure-4). Concerning percentiles, 
there were only minimal variations among ages 
demonstrating thus, a similar kinetics (Figure-5).

 When comparing “Group 1” and “Group 2”, 
the number of men with baseline PSA > 1.0 ng / 
mL was higher in last group (17.6% vs. 17.3%; p < 
0.001) and graph curves presented a similar trend 
(Table-3 and Figure-6). In a separate analysis, con-
sidering the remainder with PSA > 4.0 ng / mL, 
we found 596 individuals with a mean age of 33.8 
years and mean PSA of 9.0 ng / mL (Figure-7).

DISCUSSION

PSA determination before 40 years se-
ems interesting because it not suffers yet the 
drawbacks related to more advanced ages. Some 
other studies have examined PSA levels in 
young men. Preston et al. (5), for example, ba-
sed on 1176 samples from a military screening 
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Figure 1 - Distribution of PSA values. Figure 2 - Box plot of PSA according to age.

Table 1 - Descriptive analysis of total PSA according to age.

Age 
PSA

n (%) Mean (SD) Median Min Max
Percentiles

25;75
Percentiles 90;95

21 800 (0.86) 0. 683 (0.42) 0.60 0.1 3.8 0.42; 0.82 1.2; 1.4

22 956 (1.03) 0.664 (0.37) 0.57 0.1 3.6 0.41; 0.82 1.1; 1.3

23 1112 (1.21) 0.718 (0.43) 0.62 0.1 4.0 0.44; 0.87 1.2; 1.5

24 1265 (1.36) 0.711 (0.43) 0.62 0.1 4.0 0.44; 0.86 1.2; 1.5

25 1531 (1.65) 0.720 (0.46) 0.61 0.1 3.9 0.43; 0.87 1.2; 1.5

26 1829(1.97) 0.721 (0.45) 0.62 0.1 3.8 0.43; 0.88 1.2; 1.5

27 2099(2.26) 0.717 (0.41) 0.64 0.1 3.6 0.44; 0.89 1.2; 1.5

28 2593 (2.79) 0.713 (0.44) 0.61 0.1 4.0 0.43; 0.86 1.2; 1.5

29 3106 (3.34) 0. 720 (0.44) 0.62 0.1 3.9 0.44; 0.89 1.2; 1.5

30 3106 (4.34) 0. 720 (0.44) 0.62 0.1 4.0 0.43; 0.87 1.2; 1.5

31 4459 (4.79) 0. 712 (0.44) 0.62 0.1 3.9 0.43; 0.87 1.2; 1.5

32 5293 (5.69) 0.711 (0.42) 0.61 0.1 3.9 0.43; 0.88 1.2; 1.5

33 5942 (6.39) 0. 722 (0.43) 0.62 0.1 4.0 0.44; 0.88 1.2; 1.5

34 6796 (7.31) 0. 727 (0.45) 0.62 0.1 4.0 0.44; 0.89 1.2; 1.5

35 7682 (8.26) 0. 734 (0. 44) 0.63 0.1 4.0 0.44; 0.89 1.2; 1.6

36 8579 (9.23) 0. 741 (0. 45) 0.64 0.1 4.0 0.44; 0.91 1.2; 1.5

37 9457 (10.17) 0. 748 (0. 46) 0.64 0.1 4.0 0.45; 0.91 1.3; 1.6

38 10925 (11.75) 0. 768 (0.47) 0.66 0.1 4.0 0.46; 0.94 1.3; 1.6

39 14525 (15.62) 0. 764 (0.46) 0.66 0.1 4.0 0.46; 0.93 1.3; 1.6

Total 92995 (100) 0. 737 (0.45) 0.63 0.1 4.0 0.44; 0.90 1.3; 1.6
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program, described the median PSA between 20 
- 45 years. In black men, the median PSA was 
0.38, 0.45, and 0.52 ng / mL at 20 - 29, 30 - 39 
and 40 - 45 years respectively. Similarly, white 
men presented 0.38, 0.45, and 0.40 ng / mL res-
pectively for the same age ranges (5). In addi-
tion, Mott (2005) enrolled 845 military officer 
students and reported a median PSA of 0.66 ng 
/ mL in the 40s (6). In a second study, the same 

author described the mean PSA as 0.9 ng / mL 
between 30 - 59 years (7).

 These previous studies included only a 
small number of individuals who also had a 
wide age range so the results were variable, im-
pairing conclusions. In addition, there wasn’t a 
predetermined age to perform the baseline PSA: 
in most studies, this refers to the time of the 
first test. So, these data probably have a limited 
role, when considering a large population.

 We need to consider that several gene-
tic factors may be involved and determine even 
greater variations when comparing different 

Figure 3 - Correlation between PSA values and ages.

Figure 4 - Graphic model of the mean values of PSA 
according to age.

Figure 5 - PSA percentiles values according to age.

Table 2 - Pos-hoc test of PSA according to age.

Age p n 

21 vs 22 0.331 1756

22 vs 23  0.004* 2068

23 vs 24 0.427 2377

24 vs 25 0.344 2796

25 vs 26 0.331 3360

26 vs 27 0.171 3928

27 vs 28 0.068 4692

28 vs 29 0.173 5699

29 vs 30 0.410 6212

30 vs 31 0.257 7565

31 vs 32 0.418 9752

32 vs 33 0.072 11235

33 vs 34 0.440 12738

34 vs 35 0.040* 14478

35 vs 36 0.294 16261

36 vs 37 0.090 18036

37 vs 38  0.005* 20382

38 vs 39 0.490 25450

* post-hoc test Dunn test p<0.05.
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countries. Some single - nucleotide polymor-
phisms, for example, were exclusively associa-
ted with PSA levels without affecting the risk of 
prostate cancer (8). Moreover, in some countries, 
such as Brazil, to analyze the PSA by ethnicity, we 
should consider the miscegenation of the popula-
tion (9, 10).

 Concerning studies that evaluated the link 
between baseline PSA and prostate cancer, Angu-
lo et al. studied the Spanish population with 40 
- 49 years. They reported that PSA > 1.0 ng / mL 
and ≥ 1.9 ng / mL were associated with 27.38 - 

fold and 161.28 - fold risk of developing cancer 
compared with ≤ 1.0 ng / mL (11). Similarly, based 
on Vickers et al. (12), the European guidelines ad-
vise that men with PSA > 1.0 ng / mL at 40 years 
are at elevated risk of prostate cancer several de-
cades later (13). Indeed, across distinct popula-
tions, higher baseline PSA were associated with 
an increased prostate cancer risk in later years. 
Considering our 92.995 subjects, approximately 
17% presented a baseline PSA > 1.0 ng / mL. So, 
it seems that this criterion probably overestima-
tes the true risk population.

Table 3 - Descriptive analysis of Groups 1 and 2.

Age
n (%) Mean (SD)

Percentiles
25;75

Percentiles
90;95

Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2

21 143(0.44) 657(1.09) 0.63 (0.54) 0.69 (0.39) 0.32; 0.75 0.44; 0.85 0.99; 1.5 1.2; 1.4

22 200(0.61) 756(1.25) 0.63 (0.38) 0.67 (0.37) 0.39; 0.73 0.42; 0.84 1.4; 2.2 1.1;1.3

23 220(0.67) 902(1.50) 0.72 (0.5) 0.71 (0.41) 0.39; 0.86 0.45; 0.88 1.2; 1.6 1.2; 1.5

24 277(0.85) 988(1.64) 0.66 (0.66) 0.72 (0.44) 0.41; 0.8 0.45; 0.87 1.2; 1.5 1.2; 1.5

25 307(0.94) 1224(2.03) 0.74 (0.51) 0.71 (0.45) 0.43; 0.87 0.42; 0.87 1.4; 1.5 1.2; 1.5

26 407(1.24) 1422(2.36) 0.66 (0.43) 0.73 (0.46) 0.40; 0.81 0.44; 0.90 1.1; 1.4 1.2; 1.5

27 496(1.52) 1603(2.66) 0.7 (0.44) 0.72 (0.4) 0.41; 0.86 0.45; 0.90 1.3; 1.5 1.2; 1.4

28 632(1.93) 1961(3.25) 0.67 (0.41) 0.72 (0.45) 0.41; 0.82 0.44; 0.88 1.1; 1.5 1.2; 1.6

29 832(2.54) 2274(3.77) 0.68 (0.45) 0.73 (0.43) 0.40; 0.82 0.45; 0.91 1.1; 1.5 1.2; 1.5

30 1129(3.45) 2907(4.82) 0.7 (0.45) 0.72 (0.44) 0.42; 0.85 0.44; 0.88 1.2; 1.5 1.3; 1.5

31 1308(4.00) 3151(5.23) 0.7 (0.46) 0.71 (0.43) 0.41; 0.84 0.44; 0.88 1.2; 1.4 1.2; 1.5

32 1638(5.01) 3655(6.06) 0.69 (0.43) 0.71 (0.41) 0.40; 0.86 0.44; 0.88 1.2; 1.5 1.2; 1.4

33 1959(5.99) 3983 (6.61) 0.71 (0.44) 0.72 (0.42) 0.43; 0.87 0.44; 0.89 1.2; 1.5 1.2; 1.5

34 2377(7.26) 4419(7.33) 0.71 (0.46) 0.73 (0.44) 0.41; 0.87 0.45; 0.91 1.2; 1.5 1.3; 1.5

35 2740(8.37) 4942(8.20) 0.72 (0.45) 0.74 (0.43) 0.43; 0.87. 0.45; 0.91 1.2; 1.6 1.3; 1.5

36 3276(10.01) 5303(8.80) 0.73 (0.47) 0.74 (0.45) 0.44; 0.90 0.45; 0.91 1.2; 1.5 1.3; 1.5

37 3839(11.73) 5618(9.32) 0.74 (0.48) 0.75 (0.44) 0.44; 0.90 0.46; 0.91 1.3; 1.6 1.3; 1.6

38 4577(13.99) 6348(10.53) 0.75 (0.48) 0.77 (0.47) 0.45; 0.91 0.46; 0.96 1.3; 1.6 1.3; 1.7

39 6364(19.45) 8161(13.54) 0.76 (0.48) 0.76 (0.45) 0.45; 0.92 0.46; 0.94 1.3; 1.6 1.3; 1.6

Total 32721 (100) 60274 (100) 0.73 (0.47) 0.74 (0.44) 0.43; 0.89 0.45; 0.91 1.3; 1.6 1.3; 1.5

Group 1 = Individuals with one or more PSA measurements; Group 2 = Individuals with only one PSA measurement
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 Some autopsy - based studies have detec-
ted cases of prostate cancer in younger men. In 
this setting, Yin et al. reported 0.5% incidence of 
prostate cancer among men under 49 years (14). 
Similarly, Soos et al. (15) reported 0%, 15% and 
26.6% of prostate adenocarcinoma at 18 - 30, 
31 - 40 and 41 - 50 years respectively (74% were 
low grade lesions). Therefore, a baseline PSA 
obtained before 40 years could also reduce the 
prostate cancer influence.

 Regarding PSA in subjects younger than 
40 years, we didn’t find studies in the literatu-
re that included as many patients as this. Some 
may think that our data probably refer to pa-
tients with a familiar history of prostate cancer 

or another prostatic pathology to perform the 
PSA so early. However, most patients did not 
repeat the dosages (only 35.18% repeated) and 
among those who did, a high PSA (such as > 1.0 
ng / mL) was probably not the reason. Therefore, 
these tests were apparently collected as health 
check - ups provided by some companies. Ano-
ther possibility to explain these so early tests 
could be the widespread use of finasteride to tre-
at alopecia. Commonly, dermatologists ask PSA 
before initiate the medication to have a baseline 
value and sometimes these tests could have been 
repeated during the treatment.

 The novelty of this study was demons-
trating the kinetics of PSA before 40 years. 
Considering that PSA varied only 0.1 ng / mL 
in 19 years (growth of 0.0055 / year), it can be 
affirmed that this is a very slow and progressive 
phenomenon. This annual growth appears to be 
the same regardless of the assessed percentile. In 
other words, it seems that even those with higher 
PSA tend to remain stable during this period. 
It could be suggested that any PSA between 21 
- 39 years represent the baseline value without 
significant distortions.

 Considering the large “n” and the inclu-
sion of all age ranges, the data obtained reflect 
somewhat general population and may be useful 
to assess this topic and advise patients. A similar 
tendency of curves was observed when comparing 
the two groups (“Group 1” and “Group 2”). This 
similarity reinforces the representativeness of the 
data in relation to the PSA kinetics and could be 
interpreted as a kind of internal validation.

 The fact that all dosages have been car-
ried out at one institute with the same kit may 
represent an advantage considering the marked 
diversity of PSA assay techniques used by va-
rious laboratories (16). For example, Loeb et al. 
tested two different PSA tests in the same serum 
sample. The median and mean presented a di-
fference of 17% and 38% respectively. Further-
more, PSA differed by greater than 0.4 ng / mL 
in 26%, greater than 0.75 ng / mL in 14.5% and 
greater than 2.0 ng / mL in 4.5% of the studied 
population (17).

 The greatest limitation of this study was 
the lack of clinical data which could have in-

Figure 6 - Graphic model comparing Groups 1 and 2 curves.

Figure 7 - Separate analysis of those with PSA > 4.0 ng/mL.
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fluence in PSA (like history of prostatitis or re-
cent urologic procedures). Thus, the reasons for 
these assays in young patients were not clear, 
affecting the representativeness of data. Other 
limitations are the retrospective nature of this 
study and the different numbers of individuals 
included per age. However, considering our ou-
tcomes, we might consider evaluating all these 
subjects as a single group. Finally, even after 
analyzing the values > 4.0 ng / mL separately 
of our main analysis, we still have several ca-
ses of outliners at all ages. Nevertheless, they 
represented few patients when considered the 
universe of the study.

CONCLUSIONS

 Regarding baseline PSA, this study en-
rolled the largest number of individuals. It was 
demonstrated that the kinetics of PSA before 
40 years is a very slow and progressive pheno-
menon, regardless of the assessed percentile. It 
could be suggested that any PSA performed in 
this age range could represent the baseline va-
lue without significant distortions. Finally, we 
found about 17% of baseline PSA > 1.0 ng / mL. 
Thus, although this cutoff correlates with a hi-
gher risk of prostate cancer in previous studies, 
it could overstate the true population at risk.
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Adequate rectal preparation reduces hospital admission 
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INTRODUCTION

Transrectal ultrasound - guided prostate 
biopsy (TRUS - Bx) is a standard procedure used 
to diagnose prostate cancer. Although it is ge-
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ABSTRACT 

Objectives: Previous studies have compared infectious outcomes on the basis of whether 
rectal preparation was performed; however, they failed to evaluate the quality of each 
rectal preparation, which may have led to confounding results. This study aimed to com-
pare hospitalizations for urosepsis within 1 month after transrectal ultrasound-guided 
prostate biopsy between patients with adequate and traditional rectal preparations.
Materials and Methods: Between January 2011 and December 2016, a total of 510 
patients who underwent transrectal ultrasound - guided prostate biopsy at our in-
stitutions and were orally administered prophylactic antibiotics (levofloxacin) were 
included. Two rectal preparations were performed: (1) adequate rectal preparation con-
firmed by digital rectal examination and transrectal ultrasound (Group A, n = 310) and 
(2) traditional rectal preparation (Group B, n = 200). All patient characteristics were 
recorded. A logistic regression model was used to assess the effects of the two different 
rectal preparations on urosepsis, adjusted by patient characteristics.
Results: There were a total of three and nine hospitalizations for urosepsis in Groups 
A and B, respectively. Differences in the demographic data between the two groups 
were insignificant. Logistic regression showed that adequate rectal preparation before 
biopsy significantly decreased the risk for urosepsis after biopsy (adjusted odds ratio: 
0.2; 95% confidence interval: 0.05 - 0.78; P = 0.021).
Conclusions: Adequate rectal preparation could significantly reduce hospitalizations 
for urosepsis within 1 month after transrectal ultrasound-guided prostate biopsy. The 
quality of rectal preparation should be evaluated before biopsy. If adequate rectal 
preparation is not achieved, postponing the biopsy and adjusting the rectal preparation 
regimen are suggested.
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nerally considered safe, infectious complications 
related to TRUS - Bx occur, which include uri-
nary tract infection (UTI; > 6%), prostatitis, and 
sepsis, requiring hospital admission for intrave-
nous antibiotic treatment (~3%) (1, 2). It is be-
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lieved that bacteria in the rectum are seeded in 
the prostate, bladder, and / or bloodstream by the 
hollow core biopsy needle traversing the rectum 
into the prostate during TRUS - Bx and may lead 
to post - biopsy infection (3). The effect of rectal 
preparation on reducing post - TRUS - Bx infec-
tions has been debated in previous studies and 
remains controversial in the American Urological 
Association and European Association of Urology 
Nurses guidelines (2, 4). Although previous stu-
dies have reported on whether rectal preparation 
was conducted (5, 6) and whether different rectal 
preparation regimens influenced the post - biop-
sy infectious complication rates (7), they failed to 
confirm the quality of rectal preparation, which 
may have led to confounding results. In fact, an 
inadequate rectal preparation occurs frequently 
despite using cleansing enema. Hence, we focused 
on the quality of rectal preparations, and this stu-
dy aimed to evaluate whether achieving adequate 
rectal preparations may be effective in reducing 
hospitalizations for urosepsis within 1 month after 
TRUS - Bx.

MATERIALS AND METHODS

Between January 2011 and December 
2016, all patients who underwent TRUS - Bx at 
our medical centers were retrospectively reviewed. 
Demographic data, such as age, prostate - specific 
antigen (PSA) levels, prostate volumes, body mass 
index (BMI), diabetes mellitus (DM), hypertension 
(HTN), and TRUS - Bx pathological reports, were 
analyzed. Hospitalizations for urosepsis within 1 
month after TRUS - Bx were assessed via a chart 
review. This study was approved by the institutio-
nal review board of Kaohsiung Medical University 
Hospital (ID: KMUHIRB-E(I)-20170227).

Inclusion / Exclusion Criteria
The indications for biopsy were high se-

rum PSA levels or abnormal findings on digital 
rectal examination (DRE), TRUS, or magnetic re-
sonance imaging, from which prostate cancer was 
strongly suspected. Patients who underwent TRUS 
- Bx between January 2011 and December 2016 
and received prophylactic antibiotics (500 mg of le-
vofloxacin) orally once a day starting on the day of 

the biopsy and lasting for 2 days were included. The 
exclusion criteria were UTI, acute bacterial prosta-
titis (NIH classification I), chronic bacterial pros-
tatitis (NIH classification II), or use of quinolone 
for some other reason within 3 months before the 
prostate biopsy. Patients who were lost to follow-
-up and those with unclear medical and procedure 
reports were also excluded.

Study Protocol
All biopsies within the abovementioned 

period were scheduled as inpatient procedures. 
All patients received a phosphate enema before 
the TRUS - Bx. Two rectal preparations were 
performed: (1) adequate rectal preparation con-
firmed by DRE and TRUS (Group A) and (2) tra-
ditional rectal preparation (Group B). In Group 
A, DRE and TRUS were performed immediately 
before the TRUS - Bx to confirm the quality of 
the rectal preparation and to ensure that each 
patient achieved an adequate rectal prepara-
tion. We defined an adequate rectal preparation 
as the achievement of an empty rectal vault, 
which meant that there was no gross stool on 
the gloved finger during DRE nor was it visua-
lized in the rectal vault under TRUS. The TRUS 
- Bx was cancelled if an adequate rectal pre-
paration was not achieved and re - arranged 
until no stool was found under DRE and TRUS. 
For those who did not achieve an adequate rec-
tal preparation, an additional bowel movement 
was required, and / or an intensified rectal pre-
paration regimen was considered depending on 
the patient’s clinical condition. In Group B, the 
rectal preparation quality was not evaluated, 
and the TRUS - Bx was performed as schedu-
led, even if the rectal vault was not completely 
empty. Thus, we identified Group B as the tra-
ditional rectal preparation group.

All patients in both groups received the 
same prophylactic antibiotics (500 mg of levoflo-
xacin) orally, once a day, starting on the day of 
the biopsy and lasting for 2 days. After pro-
viding adequate information of the procedure 
and on the potential hazards and obtaining 
the informed consent from patients, TRUS - Bx 
was performed in an operating room with lo-
cal anesthesia. For all patients, the rectal wall 
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was cleansed using povidone - iodine before the 
TRUS - Bx. In the lithotomy position, an 18 - gau-
ge Bard® Max - Core® Disposable Core Biopsy ne-
edle was used to obtain the biopsy cores. A total 
of 12 cores were collected from the prostate of all 
patients, that is, six cores from each side.

The patients were discharged once they 
achieved smooth micturition after the biopsy. 
All patients returned to the urology outpatient 
clinic 1 week after the biopsy to receive their pa-
thology report, and we could ascertain whether 
any infectious or noninfectious complications 
had occurred. The patients were also instructed 
to return to the hospital if they developed any 
symptoms of infection.

Outcome
The study’s end - point was hospitaliza-

tion for urosepsis within 1 month after the TRUS 
- Bx. Sepsis was defined as the presence of two 
or more of the following conditions along with 
bacterial infection: temperature of > 38.0°C or 
< 36.0°C, heart rate > 90 bpm, respiratory rate 
> 20 breaths / min or respiratory alkalosis, and 
white blood cell count > 12.000 or immature 
cell form count > 10% in proportion (8). For the 
patients with urosepsis, both urine and blood 
samples were collected for culture and fully 
evaluated.

Statistical analyses

Fisher’s exact and Mann - Whitney U-
-test were used for categorical and continuous 
variables, respectively. Multivariable logis-
tic regression analysis was used to assess the 
effects of the two different rectal preparations 
(adequate rectal preparation versus traditional 
rectal preparation) on the occurrence of urosep-
sis within 1 month after TRUS - Bx. Other po-
tential factors considered were the two different 
prophylactic antibiotic protocols, age, BMI, DM, 
HTN, prostate volume, and biopsy pathological 
results as covariates.

All tests were two - sided, and P-values 
≤ 0.05 were considered statistically significant. 
Analyses were performed using IBM SPSS Sta-
tistics version 22.0 (IBM® Corporation, NY, USA).

RESULTS

A total of 510 patients who underwent 
TRUS - Bx in Group A (n = 310) and Group B (n = 
200) met the inclusion criteria. Differences in the 
patients’ mean age, BMI, PSA level, prostate volu-
me, incidence of DM and HTN, and biopsy patho-
logical results between the two groups were not 
significant (Table-1). Multiple logistic regression 
showed that only patients who achieved an ade-
quate rectal preparation before TRUS - Bx had a 
decreased risk of developing urosepsis after TRUS 
- Bx (adjusted odds ratio: 0.2; 95% confidence in-
terval: 0.05 - 0.78, P = 0.021) (Table-2).

There were three and nine cases of urosep-
sis in Group A and Group B, respectively. Culture 
data were obtained for all infection - related hos-
pitalizations (Table-3). The cultures revealed pre-
sence of Escherichia coli in two and five cases in 
Group A and Group B, respectively. Fluoroquino-
lone - resistant organisms were identified in two 
and four cases in Group A and Group B, respec-
tively. No statistically significant differences were 
identified in the positive culture findings, rate of 
Escherichia coli positivity, and rate of quinolone 
resistance between the two groups.

DISCUSSION

Prostate biopsy is a well - established pro-
cedure used to diagnose prostate cancer and can be 
performed transrectally or transperineally. TRUS - 
Bx is the most common method utilized because 
of the need for local anesthesia only; however, it 
is accompanied by an infectious complication rate 
of 0.1 - 7.0%, including UTI, prostatitis, epididy-
mitis, orchitis, bacteremia, and urosepsis, requiring 
hospital admission for treatment with intravenous 
antibiotics (1, 2, 9). The transperineal approach, 
which was developed to reduce infection by avoi-
ding the rectum, leads to generally low rates of 
infectious complications (10, 11). However, this 
approach is less commonly used because of the 
need for general anesthesia, greater amount of 
pain involved, and higher potential risk of perine-
al hematoma (12). Therefore, it is essential to place 
a renewed focus on strategies to reduce infectious 
complications after TRUS - Bx.
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 The causative bacteria for post - biopsy 
infection are seeded into the prostate, bladder, and 
/ or bloodstream by the hollow core biopsy needle 
traversing the rectum into the prostate / bladder 
during TRUS - Bx (3). Therefore, rectal prepara-
tion before TRUS - Bx could theoretically prevent 
post - biopsy infection by reducing the rectal bac-
terial load associated with feces and thereby re-
ducing the bacteria brought into the prostate and 
bladder. However, the effects of rectal preparation 
on reducing post - TRUS - Bx infections remain 
controversial. A Cochrane review found that ene-
mas with antibiotics were associated with fewer 
instances of bacteremia (a reduction from 28% to 
4%), but there was no difference in the occurren-
ce of bacteriuria or fever (13). Some reports have 
suggested that rectal preparations, such as enemas 
or bisacodyl administration, decrease the rate of 
infectious complications (5, 7), whereas other stu-
dies have suggested otherwise (14). Because of the 

lack of evidence, rectal preparation has remained 
controversial in the 2011 European Association of 
Urology Nurses guidelines and the updated 2016 
American Urological Association white paper (2, 
4), although almost all patients (79 - 81%) under-
go rectal preparation before biopsy in daily prac-
tice (15).

Similar to an inadequate bowel prepara-
tion reportedly occurring in up to 25% of colo-
noscopies in the USA (16), we also found that an 
inadequate rectal preparation occurs frequently 
(gross stool was often found on DRE or TRUS be-
fore TRUS - Bx), especially in those with chronic 
constipation or those noncompliant to the rectal 
preparation regimen. Therefore, unlike previous 
studies (5-7, 13), we aimed to document the quali-
ty of rectal preparations, and our results revealed 
that an adequate rectal preparation could signi-
ficantly decrease the post - TRUS - Bx infection 
rate. Moreover, because of different responses in 

Table 1 - Demographic data of the 510 patients stratified in accordance with adequate rectal preparation (Group A) and 
traditional rectal preparation (Group B).

Variables Group A
(n = 310)

Group B
(n = 200)

P-value

Mean age, y (range) 68.75 (46–86) 69.91 (45–86) 0.072

Mean BMI, kg/m2 (range) 25.11 (16.4–43.6) 24.57 (14.3–33.1) 0.084

DM, n (%) 72 (23) 41 (21) 0.5

HTN, n (%) 143 (46) 95 (48) 0.8

Mean PSA, ng/dL (range) 22.65 (4.1–386) 31.37 (2.15–492) 0.3

Mean prostate volume, mL (range) 52.1 (16.7–197) 49.2 (10.5–181) 0.065

Biopsy pathological result, n (%) 0.6

No prostate cancer 212 (68) 139 (70)

Gleason score < 7 22 (7) 19 (9)

Gleason score 7 25 (8) 11 (6)

Gleason score > 7 51 (17) 31 (16)

BMI, body mass index; DM, diabetes mellitus; HTN, hypertension; PSA, prostate-specific antigen
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patients even under the same rectal preparation 
regimen, the quality of rectal preparation should 
be evaluated before TRUS - Bx, and an intensified 
rectal preparation regimen could be considered 
in patients with a history of an inadequate rectal 
preparation.

 Clinically, hospitalization for urosepsis af-
ter TRUS - Bx has been estimated to cost 5.800 US 
dollars per event (17, 18), and it poses a poten-
tially life-threatening risk to the patients and lea-
ds to mistrust in the doctor - patient relationship 
and subsequent patient transfer, leading to incre-
ased medical costs. In our study, the number of 
patients needing treatment was 28, which indica-
ted that approximately 13.000 New Taiwan dollars 
of hospitalization with urosepsis could be saved 
upon 28 adequate rectal preparations.

Antimicrobial prophylaxis is recommended 
for all patients undergoing TRUS - Bx to defend 
against bacteria that are inevitably introduced 
from the rectum via the biopsy needle and redu-
ce the risk of bacteriuria, bacteremia, and clini-

cal infections after prostate biopsy (13). However, 
the increasing use of fluoroquinolones globally as 
prophylactic antibiotics has increased the overall 
resistance to fluoroquinolones, and infection af-
ter TRUS - Bx is most commonly caused by flu-
oroquinolone - resistant Escherichia coli (19, 20). 
Consistent with the findings of previous studies, 
Escherichia coli was the most common organism 
cultured among patients with urosepsis, and qui-
nolone resistance rates were high in both groups 
in our study.

The limitations of our study are (1) its 
retrospective, nonrandomized design based on 
data derived from the medical records of the en-
rolled patients and the procedure notes of TRUS 
- Bx; (2) the study outcome which only inclu-
ded hospitalization for urosepsis within 1 month 
after the TRUS - Bx, but did not include other 
slightly infectious complications which only ne-
eded outpatient care. Further large prospective 
case - controlled studies are required to confirm 
the outcomes of the present study.

Table 2 - Logistic regression of potential factors on hospital admissions for urosepsis.

Variables Hospitalizations for urosepsis

Adjusted OR (95% CI) P-value

Age 0.95 (0.9–1.02) 0.2

BMI 0.99 (0.82–1.2) 0.9

DM 0.77 (0.15–3.98) 0.8

HTN 1.17 (0.34–4.06) 0.8

Prostate volume 1.01 (0.98–1.03) 0.9

PSA 1.01 (0.99–1.01) 0.7

Biopsy pathological results

No prostate cancer Ref.

Prostate cancer Gleason score < 7 2.7 (0.49–15.04) 0.3

Prostate cancer Gleason score 7 2.41 (0.23–25.19) 0.5

Prostate cancer Gleason score > 7 2.47 (0.43–14.03) 0.3

Rectal preparation

Traditional rectal preparation Ref.

Adequate rectal preparation 0.2 (0.05–0.78) 0.021

BMI = body mass index; CI = confidence interval; DM = diabetes mellitus; HTN = hypertension; OR = odds ratio; PSA = prostate-specific antigen
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Table 3 - Culture data of the patients with infection-related hospitalizations in the two groups.

Variables
Group A
(n = 310)

Group B
(n = 200)

P-value

Infectious number, n 3 9

Positive culture finding, n (%) 2 (67) 5 (56) 0.7

Escherichia coli rate, %† 100 (2/2) 60 (3/5) 0.3

Quinolone resistance rate, %‡ 100 (2/2) 80 (4/5) 0.5

† The Escherichia coli rate was defined as the number of positive Escherichia coli findings among the positive culture findings.

‡ The quinolone resistance rate was defined as the number of organisms resistant to quinolone among the positive culture findings.

CONCLUSIONS

On the basis of our results, adequate rectal 
preparation could significantly reduce hospitali-
zations for urosepsis after TRUS - Bx and avoid 
increased medical costs. The quality of rectal pre-
paration should be evaluated before TRUS - Bx. 
We suggest that if adequate rectal preparation is 
not achieved, postponing the biopsy and adjusting 
the rectal preparation regimen are suggested.
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ABSTRACT 

Background: Dynamic-contrast enhanced (DCE) sequence is used to increase detection 
of small lesions, based on increased vascularization. However, literature is controver-
sy about the real incremental value of DCE in detection of clinically significant (CS) 
prostate cancer (PCa), since absence of enhancement does not exclude cancer, and 
enhancement alone is not definitive for tumor. Purpose: To test the hypothesis that 
DCE images do not increase CS PCa detection on MRI prior to biopsy, comparing exams 
without and with contrast sequences. Material and Materials and Methods: All men 
who come to our institution to perform MRI on a 3T scanner without a prior diagnosis 
of CS PCa were invited to participate in this study. Reference standard was transrectal 
prostate US with systematic biopsy and MRI/US fusion biopsy of suspicious areas. Ra-
diologists read the MRI images prospectively and independently (first only sequences 
without contrast, and subsequently the entire exam) and graded them on 5-points scale 
of cancer suspicion.
Results: 102 patients were included. Overall detection on biopsy showed CS cancer in 
43 patients (42.2%), clinically non-significant cancer in 11 (10.8%) and negative results 
in 48 patients (47%). Positivities for CS PCa ranged from 8.9% to 9.8% for low suspi-
cion and 75.0% to 88.9% for very high suspicion. There was no statistical difference 
regarding detection of CS PCa (no statistical difference was found when compared ac-
curacies, sensitivities, specificities, PPV and NPV in both types of exams). Inter-reader 
agreement was 0.59.
Conclusion: Exams with and without contrast-enhanced sequences were similar for 
detection of CS PCa on MRI.
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INTRODUCTION

Prostate cancer (PCa) is a major global 
health problem, as the most common cancer in 
men, aside from skin cancer, and the second - le-

ading cause of cancer death in the United States 
(1). Approximately 30% of men older than 50 ye-
ars of age have pathologic evidence of PCa; ho-
wever, only 3% will die from their disease (2, 3). 
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The diagnosis of PCa increased in the mid 1980’s 
when prostate - specific antigen (PSA) became a 
screening biomarker. However, PSA screening is a 
cause of over diagnosis and consequent overtre-
atment of patients with indolent disease (2). The-
refore, the recommendation to use PSA for PCa 
screening remains controversial (4).

 Efforts have been made to better define 
the clinical behavior of prostate tumors, which 
can range from indolent and clinically insigni-
ficant (CI) tumors to aggressive and metastatic 
cancer (5, 6).

 Benefits of multiparametric magnetic re-
sonance imaging (mpMRI) in patients with clini-
cal suspicion of PCa are already established (7). 
MpMRI has the ability to improve detection of 
clinically significant (CS) PCa and decrease the 
detection of CI tumors prior to biopsy (7-9). Some 
studies already demonstrated that mpMRI is the 
best predictor for CS PCa detection (10, 11). Addi-
tionally, mpMRI used along with PSA has been 
shown to increase negative predictive values to 
rule out PCa, making it an excellent test to avoid 
unnecessary biopsies in biopsy - naïve patients 
and men with prior negative biopsies (12-14).

 A routine mpMRI should include T1 - 
weighted (T1W), T2 - weighted (T2W), diffusion 
- weighted image (DWI), and dynamic contrast - 
enhanced (DCE) sequences, as recommended by 
major international guidelines (15). T1W images 
are used to detect hemorrhages within the prostate 
and seminal vesicles. T2W images are mostly used 
to evaluate prostatic anatomy, detect morpholo-
gical abnormalities, and evaluate extraprostatic 
extension and seminal vesicle invasion in cases of 
advanced tumors. DWI is helpful to differentiate 
CS PCa from benign lesions and predict cancer ag-
gressiveness. It should be used in conjunction with 
the other sequences. Finally, DCE is used to incre-
ase detection of small lesions (13), based on in-
creased vascularization of these lesions. However, 
the real incremental value of DCE in detection of 
CS PCa is controversial, since absence of enhance-
ment does not exclude cancer, and enhancement 
alone is not definitive for tumor (16).

 Regardless of its advantages and increased 
usefulness, mpMRI is expensive and time consu-
ming Gadolinium introduces risk of allergic reac-

tion, potential development of nephrogenic sys-
temic fibrosis and deposition in brain tissue (11, 
17-19). However, the clinical effects of deposition 
of this agent contrast in the brain are not know 
until nowadays.

 The objective of our study is to test the 
hypothesis that contrast - enhanced images do not 
increase the detection of CS PCa on mpMRI prior 
to biopsy, comparing exams with and without 
contrast in the same patient population.

MATERIALS AND METHODS

Study design
 From June 2015 until February 2016, all 

male patients who came to our institution to per-
form prostatic mpMRI without a prior diagnosis 
of CS PCa were invited to participate in this pros-
pective, institutional review board approved study 
(CAAE number 40942915.7.0000.0071). All male 
patients included in this study signed informed 
consent.

Exclusion criteria were: prostate biopsy 
not performed or performed in another institution, 
incomplete mpMRI protocol, biopsy performed 
more than six months after mpMRI, and an exam 
that was not evaluated by the two radiologists of 
this study.

A total of 447 patients signed the infor-
med consent to enter the study over a nine month 
period, and 345 were excluded for the following 
reasons: prostate biopsy not performed or perfor-
med in another institution (n = 339), incomplete 
mpMRI protocol (n = 2), biopsy performed more 
than six months after mpMRI (n = 1), and exams 
not read not by the two study radiologists (n = 3).

Imaging
All patients underwent mpMRI on a 3 - 

Tesla scanner: Magnetom Prisma (Siemens Me-
dical Solutions, Erlangen, Germany) or Discovery 
MR 750W (GE Healthcare, Little Chalfont, United 
Kingdom) with a phased array coil and without 
an endorectal coil. A routine protocol including 
triplanar T2W imaging, DWI (b - values = 50, 400, 
800 and 1500) and DCE sequences were performed 
covering the prostate and seminal vesicles. Fifte-
en post - contrast sequences were acquired with 
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a temporal resolution of 13 seconds each. Extra-
cellular gadolinium - based contrast media (Mag-
nevist, Bayer, Leverkusen, Germany) was injected 
at a dose of 0.2 cc / Kg and a rate of 2 cc / sec.

Biopsy protocol
 As reference standard, transrectal prosta-

te ultrasound (US) systematic biopsy (14 - cores, 
12 from peripheral zone and two from transition 
zone) and mpMRI / US fusion with additional sam-
ples of suspicious areas was adopted. US - guided 
biopsies were performed using either an Aplio 
500 with Smart Fusion (Toshiba Medical System 
Corporation, Minato, Tokyo, Japan) or a LOGIC 
E9 with imaging fusion software (GE Healthcare, 
Little Chalfont, United Kingdom). One out seven 
radiologists with experience in prostate biopsy 
with imaging fusion mpMRI / US (minimum of 3 
year of experience) performed the prostate biopsy, 
aware of mpMRI findings.

 TOne out four of the pathologists from the 
hospital performed the histopathologic analysis, 
with at least 15 years of experience in uropatho-
logy. Histological findings were classified for each 
prostatic region as negative, positive CI tumor 
(Gleason 3 + 3), or positive CS tumor (Gleason ≥ 3 
+ 4) (20).

Data analysis
 Two fellowship trained radiologists (with 

6 and 15 years of experience in prostate mpMRI) 
read images prospectively and independently 
(blinded to each other): first they filled in a form 
classifying the prostate mpMRI in suspicion levels 
for PCa reading only sequences without contrast. 
Subsequently, they filled in another form reclassi-
fying the suspicion levels for PCa reading the en-
tire exam including the post - contrast enhance-
ment sequences. Both radiologists were aware of 
the patient’s clinical data. Analysis was performed 
into eight prostatic regions (apex, mid and base 
of peripheral zone; transition zone, right and left), 
and graded on 5 - point scale of cancer suspicion 
(1: CS PCa is very unlikely; 2: CS is unlikely; 3: 
presence of CS PCa is equivocal; 4: CS PCa is like-
ly; and 5: CS PCa is very likely). A final consensus 
analysis was performed to make the final report, 
which was used to guide the suspicious areas on 

biopsies. The imaging-pathologic correlation was 
performed by one of the authors after all the MRI 
readings were finished (18).

Statistical methods

 We performed a histogram analysis to ve-
rify the distribution. Because numeric variables 
were not normally distributed, they were descri-
bed with median and interquartile range (IQR).

To verify the association between mpMRI 
categories (1-5) and biopsy results we used gene-
ralized estimating equations (21), with permutable 
correlation structures, using the software R 3.1.3 
(R Core Team, 2015). Sensitivity, specificity, po-
sitive predictive value (PPV), negative predictive 
value (NPV) and accuracy for both readers were 
calculated using biopsy as reference standard. The 
level for statistical significance was set at 5%.

 Inter - reader agreement was calculated 
using Cohen’s Kappa coefficient of agreement within 
ordinal weights, and it was defined as: excellent (k 
≥ 0.81), good (k = 0.61 - 0.80), moderate (k = 0.41 - 
0.60), fair (k = 0.21 - 0.40), and poor (k ≤ 0.20).

RESULTS

 The final cohort was comprised of 102 pa-
tients with a median age of 62.1 years old (ran-
ge 35.1 - 82.1). Median time between mpMRI and 
biopsy was 15 days (IQR 14; 16); median PSA le-
vel was 4.36 ng / mL (IQR 3.19; 5.83); median 
number of fragments in the prostate biopsy was 
19 (IQR 17; 21); and median number of frag-
ments for each suspicious lesion was 4 (IQR 3; 
5). Twenty - five patients (24%) were submitted 
to prior biopsy, and of those, 19 (76%) had ne-
gative results. The remaining 6 patients (24%) 
were on active surveillance for a CI tumor (up 
to two fragments of Gleason 3 + 3 on previous 
biopsy). Previous prostate biopsies were perfor-
med with a median time of 21 months (range 2 - 
180) prior the mpMRI and those patients had no 
post - biopsy hemorrhage in the prostate gland 
during exam analysis.

 Overall biopsy results showed CS cancer 
in 43 (42.2%), CI cancer in 11 (10.8%), and nega-
tive result for cancer in 48 (47%) patients. Of the 
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25 patients who had prior biopsies with negati-
ve results or CI tumors, 10 (40%) had new diag-
noses of CS tumors and one (4%) maintained CI 
tumor diagnosis.

 Each radiologist evaluated a total of 816 
prostatic regions in each phase of the study (eight 
prostatic regions in 102 patients). Table-1 provides 
the mpMRI readings on the eight prostatic regions 

Table 1 - Positivity results regarding the suspicion level on mpMRI in a sextant pattern.

Radiologist
MRI 

category
Contrast

Biopsy

Global
Negative

Positive clinically non-
significant

Positive clinically significant

N n p (95%CI) p-value n p (95%CI) p-value n p (95%CI) p-value

1

1 With 10 10 100.0 - 0 0.0 - 0 0.0 -

Without 10 10 100.0 0 0.0 0 0.0

2 With 504 435 86.3 (83.3-89.3) 0.969 21 4.2 (2.4-5.9) 0.868 48 9.5 (7.0-12.1) 0.876

Without 530 457 86.2 (83.3-89.2) 21 4.0 (2.3-5.6) 52 9.8 (7.3-12.3)

3 With 247 202 81.8 (77.0-86.6) 0.813 9 3.6 (1.3-6.0) 0.877 36 14.6 (10.2-19.0) 0.731

Without 230 190 82.6 (77.7-87.5) 9 3.9 (1.4-6.4) 31 13.5 (9.1-17.9)

4 With 36 20 55.6 (39.3-71.8) 0.187 2 5.6 (0.0-13.0) 0.984 14 38.9 (23.0-54.8) 0.185

Without 28 11 38.9 (20.9-56.9) 2 5.7 (0.0-13.6) 15 55.8 (37.1-74.5)  

5 With 19 3 15.8 (0.0-32.2) 0.679 0 0.0 - 16 84.2 (67.8-100.0) 0.679

Without 18 2 11.1 (0.0-25.6) 0 0.0 16 88.9 (74.4-100.0)

2

1 With 9 9 100.0 - 0 0,0 - 0 0.0 -

Without 12 9 75.0 0 0,0 3 25.0

2 With 482 418 86.7 (83.7-89.8) 0.819 19 3.9 (2.2-5.7) 0.984 45 9.3 (6.7-11.9) 0.799

Without 485 423 87.2 (84.2-90.2) 19 3.9 (2.2-5.6) 43 8.9 (6.3-11.4)

3 With 268 212 79.1 (74.2-84.0) 0.851 10 3.7 (1.5-6.0) 0.924 46 17.2 (12.6-21.7) 0.801

Without 257 205 79.8 (74.9-84.7) 10 3.9 (1.5-6.3) 42 16.3 (11.8-20.9)

4 With 38 27 71.1 (56.6-85.5) 0.673 3 7.9 (0.0-16.5) 0.899 8 21.1 (8.1-34.0) 0.590

Without 42 28 66.7 (52.4-80.9) 3 7.1 (0.0-14.9) 11 26.2 (12.9-39.5)

5 With 19 4 21.1 (2.7-39.4) 0.770 0 0.0 - 15 78.9 (60.6-97.3) 0.770

Without 20 5 25.0 (6.0-44.0) 0 0.0 15 75.0 (56.0-94.0)

Mp = multiparametric; MRI = magnetic resonance imaging; N = number of prostate regions; 95%CI = 95% confidence intervals; P-value to compare 
exams without and with contrast.



ibju | MRI wIthout contRast foR pRostate canceR detectIon

1133

that had no statistical difference regarding detec-
tion of CS PCa in exams with and without con-
trast for both readers. Positive CS PCa ranged from 
8.9% to 9.8% for low suspicion (category 2) and 
75.0% to 88.9% for very high suspicion (category 
5) on mpMRI categories (Figure-1). The odds of 
having CS PCa on mpMRI was 2.75 (reader 1) and 
2.4 (reader 2). In corroborating these findings, no 

statistical difference was found when we compa-
red accuracy, sensitivity, specificity, PPV, and NPV 
in both sets of exams (Table-2). Accuracy was sli-
ghtly better in exams without contrast for both 
readers, but without statistical significance.

The best sensitivity and specificity values 
were obtained when including category 3 (equivocal) 

as positive on mpMRI studies with and without 
contrast (Table-3).

Post - contrast sequences changed the ove-
rall mpMRI analysis in 11 cases for reader 1 (in-
creasing the category in 10 cases) and in 7 cases 
for reader 2 (increasing the category in two cases). 
For reader 1, the post - contrast sequences corre-
lated with biopsy results (positive enhancement in 

CS tumors or negative enhancement in negative 
results / CI tumors) in 5 cases (45%) and resulted 
in misclassification in 6 (55%). For reader 2, the 
sequences correlated with biopsy results in two 
cases (29%) and resulted in misclassification 
in five (71%). Post - contrast sequences iden-
tified four regions with CS tumors more than 

Figure 1 - Seventy three years old man with PSA level of 3.4 ng/mL and normal DRE. MpMRI shows a 7 mm nodule in the left 
apical peripheral zone (T2-weighted imaging on A), with marked restricted diffusion seen on ADC map (B) and on b-value 
of 1500 (C). The lesion was categorized as very high suspicion for CS PCa (category 5) for both readers in both reading 
sessions despite the small size and DCE sequence. Early enhancement of the
lesion is seen on DCE (D). Biopsy confirmed Gleason 4+4.

A B C D

Table 2 - Diagnostic measurements.

Radiologist Contrast Accuracy P-value Sensitivity P-value Specificity P-value PPV P-value NPV P-value

1

With 65.2
(61.9-68.5)

0.346
57.9

(48.8-67.0)
0.594

66.4
(62.9-69.9)

0.208
21.9

(17.2-26.5)
0.860

90.7
(88.1-93.2)

0.872

Without 67.4
(64.2-70.6)

54.4
(45.2-63.5)

69.5
(66.1-72.9)

22.5
(17.5-27.4)

90.4
(87.9-92.9)

2

With 63.1
(59.8-66.4)

0.837
60.5

(51.6-69.5)
0.892

63.5
(60.0-67.1)

0.781
21.2

(16.8-25.7)
0.979

90.8
(88.3-93.4)

0.961

Without 63.6
(60.3-66.9)

59.6
(50.6-68.7)

64.2
(60.7-67.8)

21.3
(16.8-25.8)

90.7
(88.2-93.3)

PPv = Positive Predictive Value; NPv = Negative Predictive Value.
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the exam without post - contrast sequences (4 / 
114 = 3.5%) for reader 1 and one region more (1 
/ 114 = 0.9%) for reader 2. On the other hand, the 
change of  the classification for mpMRI positive 
(categories 3 to 5) with post - contrast sequences 
had negative results on biopsy in 22 regions (22 
/ 670 = 3.3%) for reader 1 and in five regions (5 / 
670 = 0.7%) for reader 2 (Table-1).

A total of 1632 prostatic regions were eva-
luated by each readers, and the inter - reader agre-
ement was 0.59 (CI: 0.55 - 0.64), demonstrating 
good agreement. The inter - reader agreement in 
the per - patient analysis (a total of 102 patients 
in each exam phase for each reader) was 0.47 (CI: 
0.31 - 0.64) on exams without post - contrast se-
quences and 0.54 (CI: 0.38 - 0.70) on exams with 
post - contrast sequences, demonstrating modera-
te agreement.

DISCUSSION

Due to over - diagnosis and overtreatment 
of PCa in the PSA era, mpMRI became useful to 
detect and characterize prostatic lesions in patients 
with clinical suspicion for cancer prior to biopsy 
(7-10, 22). The use of MRI to detect CS PCa is al-
ready established by many studies performed with 
complete protocol of mpMRI, including contrast 
(23-25). Recent studies performed with a complete 
mpMRI protocol have demonstrated the benefits 
of MRI over some biomarkers for the detection of 
PCa (10) and to monitor candidates for active sur-
veillance (26, 27).

As a non - invasive method used for pros-
tatic tumor detection, ideally mpMRI should be as 
faster and cheaper as possible. It is known that 
contrast - enhanced mpMRI is more expensive, 

Table 3 - Diagnostic measures according to the Likert categories on mpMRI, for both radiologists, for exams read with and 
without the dynamic post-contrast sequences.

Exam Reader Category + Sensitivity Specificity

With contrast

1

2 100.0 1.4 (0.5-2.3)

3 57.9 (48.8-67.0) 66.4 (62.9-69.9)

4 26.3 (18.2-34.4) 96.4 (95.1-97.8)

5 14.0 (7.7-20.4) 99.6 (99.1-100.0)

2

2 100.0 1.3 (0.4-2.1)

3 60.5  (51.6-69.5) 63.5 (60.0-67.1)

4 20.2 (12.8-27.5) 95.2 (93.6-96.7)

5 13.2 (7.0-19.4) 99.4 (98.9-100.0)

Without contrast

1

2 100.0 1.4 (0.5-2.3)

3 54.4 (45.2-63.5) 69.5 (66.1-72.9)

4 27.2 (19.0-35.4) 97.9 (96.8-98.9)

5 14.0 (7.7-20.4) 99.7 (99.3-100.0)

2

2 97.4 (94.4-100.0) 1.3 (0.4-2.1)

3 59.6 (50.6-68.7) 64.2 (60.7-67.8)

4 22.8 (15.1-30.5) 94.9 (93.2-96.5)

5 13.2 (7.0-19.4) 99.3 (98.7-99.9)
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time - consuming, and increases the risk of po-
tential allergic reactions, nephrogenic systemic 
fibrosis, and gadolinium brain tissue deposition 
(17-19).

In this prospective study we found similar 
detection rates for CS PCa in exams read with and 
without contrast - enhanced sequences with no 
statistical differences for the five levels of suspi-
cion on mpMRI.

Two recent studies showed high accuracy 
of MRI for the detection of CS PCa, using a Likert 
scale with only T2W images and DWI (biparame-
tric - MRI) and PSA levels (28, 29). These studies 
were retrospective, did not categorize the mpMRI 
suspicion level, and did not compare the results 
of biparametric - MRI with the gold standard of 
mpMRI (that includes post - contrast images). In 
our cohort we included all patients with clinical 
suspicion of PCa and all mpMRI exams regardless 
the suspicion level, which probably explains the 
higher specificity and NPV and lower sensitivity 
and PPV of our study when compared to their re-
sults.

Vargas et al., aiming to evaluate the re-
commendations in the PI - RADS version 2 and 
investigate the impact of pathologic tumor volu-
me on PCa detectability on mpMRI, found limited 
added value of DCE to T2W and DWI sequences 
(30). Also, few studies showed similar performan-
ce for mpMRI with and without contrast media 
for PCa detection, using both Likert (31, 32) and 
PIRADS (33) scales. These findings corroborate 
ours that non - contrast mpMRI can improve PCa 
detection in the near future.

On the other hand, in a study that inclu-
ded only PI - RADS categories 3 and 4, Druskin 
et al. showed higher positivity for CS PCa in le-
sions category 3 with and without enhancement 
(upgraded to PI - RADS 4); however, both lo-
wer compared to PI - RADS 4 (32). This finding 
shows that a PI - RADS 3 lesion with positive 
enhancement (which is upgraded to PI - RADS 
4) has lower risk of CS PCa than a PI - RADS 
4 lesion, as showed in a prospective analysis 
performed by Mertan et al. (34).

We used a Likert scale to stratify the suspi-
cion level on mpMRI, where the radiologist provi-

ded a score based on overall impression instead of 
a fixed criterion. The grade of diffusion restriction 
(low, moderate, and high) was the most important 
criteria to classify risk of CS PCa. When this study 
was designed PI - RADS version 2 had not been 
published (13) and PI - RADS version 1 was not in 
use at our institution. The Likert criteria was alre-
ady shown to be more accurate when applied by 
readers with previous experience (35). Our study 
showed moderate to good rates of inter - reader 
agreement, similar values of those demonstrated 
using the PI - RADS classification (36-38).

Our study shows that the use of contrast 
in mpMRI does not increase the detection rate 
of CS PCa, and has similar accuracy, sensitivity, 
specificity, PPV, and NPV as compared to a non 
- contrast protocol. In this prospective study, we 
included all patients with no prior diagnosis of 
CS PCa. The diagnostic results yielded consisten-
tly high NPV to rule - out CS PCa (> 90%), which 
could help avoid unnecessary biopsies in patients 
with low suspicion on mpMRI (categories 1 and 2). 
Accuracy and specificity were slightly better for 
non - contrast exams for both readers, but without 
statistical significance.

This study had several limitations. First, 
since our institution is an open hospital, a high 
number of patients (345) did not perform biop-
sy at our institution and were excluded. Second, 
our population study included all patients without 
diagnostic of CS PCa (biopsy naïve, with negative 
previous biopsy and in active surveillance) and we 
did not perform a subgroup analysis. Also, we did 
not use the PIRADS classification; however, pre-
vious studies showed good performance of mpMRI 
using a Likert classification. We used biopsy as a 
reference standard instead of prostatectomy spe-
cimen, what could introduce an imaging - pa-
thology correlation bias; however, many studies 
were published using this same methodology, with 
consistent results (39-41). We did not separate pe-
ripheral zone and transitional zone tumors. Our 
temporal resolution for DCE sequences was 13 se-
conds instead of 10 seconds recommended nowa-
days. Finally, the short time between the readings 
could introduce an interpretation bias, but such 
bias would favor the reading of images that in-
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cluded the contrast - enhanced series, which was 
performed at the end of the reading session.

In conclusion, our study shows similar 
performances of mpMRI with and without DCE for 
CS PCa detection. Further studies should be per-
formed to confirm these results and confirm that 
a limited, faster, and cheaper mpMRI protocol can 
be used as standard technique.
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INTRODUCTION

Prostate cancer has a highly variable and 
unpredictable course. Currently, prostate cancer is 
diagnosed and its aggressiveness is classified by 
tumor stage, Gleason score, the extent of tumor 
at biopsy, and serum levels of prostate-specific 
antigen (sPSA). When relying solely on that 
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ABSTRACT 

Purpose: The present study evaluates chondroitin sulfate (CS) and heparan sulfate (HS) 
in the urine and hyaluronic acid (HA) in the plasma of patients with prostate cancer 
before and after treatment compared to a control group.
Materials and Methods: Plasma samples were used for HA dosage and urine for quan-
tification of CS and HS from forty-four cancer patients and fourteen controls. Clini-
cal, laboratory and radiological information were correlated with glycosaminoglycan 
quantification by statistical analysis.
Results: Serum HA was significantly increased in cancer patients (39.68 ± 30.00 ng/
mL) compared to control group (15.04 ± 7.11 ng/mL; p=0.004) and was further in-
creased in high-risk prostate cancer patients when compared to lower risk patients (p 
= 0.0214). Also, surgically treated individuals had a significant decrease in seric levels 
of heparan sulfate after surgical treatment, 31.05 ± 21.01 µg/mL (before surgery) and 
23.14 ± 11.1 µg/mL (after surgery; p=0.029). There was no difference in the urinary 
CS and HS between prostate cancer patients and control group. Urinary CS in cancer 
patients was 27.32 ± 25.99 µg/mg creatinine while in the men unaffected by cancer 
it was 31.37 ± 28.37 µg/mg creatinine (p=0.4768). Urinary HS was 39.58 ± 32.81 µg/
mg creatinine and 35.29 ± 28.11 µg/mg creatinine, respectively, in cancer patients and 
control group (p=0.6252).
Conclusions: Serum HA may be a useful biomarker for the diagnosis and prognosis of 
prostate cancer. However, urinary CS and HS did not altered in the present evaluation. 
Further studies are necessary to confirm these preliminary findings.
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information, patients are potentially unnecessarily 
over-diagnosed and thus sometimes over-treated, 
which has resulted in the 2012 U.S. Preventive 
Services Task Force recommendation of ‘‘D’’ (i.e. 
discouraged) for sPSA as a routine screening 
test. In 2017 the recommendation was updated 
and for men between 55 to 69 years the new 
recommendation is C, meaning that the decision 
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about whether to be screened for prostate cancer 
should be an individual one. This discussion has 
increased the efforts to identify molecules that 
are expressed in prostate cancer and that can 
be associated with invasion and metastasis to 
improve the current prognostic capabilities and 
management of prostate cancer (1).

 Changes in the levels and structure of 
glycosaminoglycan (GAG) side chains of proteo-
glycans have been associated with the develop-
ment and progression of malignancies in various 
tissues (2-5). Likewise, prostate cancer has been 
shown to express GAGs, quantitatively and quali-
tatively, differently from normal and hyperplastic 
prostatic tissues. Moreover, the magnitude of this 
difference may even be of prognostic significance 
(6-13).

 Heparan sulfate (HS) plays an important 
role in cell–cell and cell–matrix communication 
and cellular signaling, being an essential part of 
the cell microenvironment. It is extremely impor-
tant in both development and cancer progression 
due to its regulation of cellular processes such as 
angiogenesis, tumor growth, proliferation, tumor 
invasion and metastasis. HS controls a variety of 
biological functions by modulating growth factor 
signaling pathways, such as FGF, VEGF and TGF-β 
(14).

 Heparan sulfate expression in prosta-
te tumors is unlike normal human prostate tis-
sue mainly due to decreased HS content in tissue 
stroma and heterogeneous HS expression in di-
fferent tissue compartments (13). Overexpression 
of syndecan, a heparan sulfate proteoglycan, in 
prostate cancer was significantly associated with 
established features indicative of worse prognosis 
such as higher preoperative PSA, higher Gleason 
score, positive surgical margins, an extraprostatic 
extension of disease and biochemical disease pro-
gression. Also, metastatic prostate cancer tends to 
exhibit higher levels of both syndecan and perle-
can, another heparan sulfate proteoglycan present 
at basement membrane (12).

 The concentration of chondroitin sulfate 
(CS) is greatly increased over normal tissue levels 
in several different malignancies (4, 15), including 
prostate cancer. Indeed, elevated levels of sulfated 

chondroitin in the prostate peritumoral stroma are 
associated with higher incidence of PSA failure in 
radical prostatectomy (16). Moreover, chondroitin 
sulfate levels in advanced (cT4) prostate cancer 
tissues are very similar to the levels present in 
those early-stage prostate tumors that ultimately 
progressed (17).

 Many tumor types have hyaluronan (HA) 
as a major part of the extracellular matrix (18). HA 
is a GAG important for cell division, cell migration 
and angiogenesis during embryogenesis, inflam-
mation and wound healing (19). HA favors tumor 
cell invasion, epithelial to mesenchymal transi-
tion, cell proliferation, angiogenesis, lymphan-
giogenesis, and it recruits bone marrow-derived 
inflammatory and progenitor cells to tumors (18). 
In prostate cancer, accumulation of HA in tumor 
stroma and altered hyaluronic acid synthase and 
hyaluronidase in tumor epithelial cells are asso-
ciated with increased cell proliferation, invasion, 
metastasis and poor outcome in men who have 
undergone radical prostatectomy (6, 7, 20-23).

 The aforementioned studies found altered 
GAG expression in prostate tissue, mainly in the 
retrospective analysis of patients previously trea-
ted for the cancer, when the decision has already 
been made. However, the main objective of novel 
biomarkers is to help in the challenging decision-
-making of how to manage a patient recently 
diagnosed with prostate cancer. This study eva-
luates chondroitin sulfate and heparan sulfate in 
the urine and hyaluronan in the plasma of prosta-
te cancer patients before and after treatment and 
correlated with known prognostic parameters. A 
comparative study was also performed with a con-
trol group, men that are unaffected by cancer. 

MATERIAL AND METHODS

 We prospectively collected urine and 
blood from 44 men newly diagnosed with prostate 
cancer and 14 controls not eligible for prostate 
biopsy, considered low risk of harboring prosta-
te cancer (PSA <1.5; non-suspicious digital rectal 
examination), according to the public academic 
urology service, during the year of 2009. Cancer 
patients were evaluated for serum PSA, Gleason 
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grading performed according to the new modified 
system based on the 2005 consensus conference 
(24), D’Amico’s clinical risk stratification, pelvic 
computed tomography and bone scan evaluations 
for distant metastasis. Cancer patients were trea-
ted with open or laparoscopic radical prostatec-
tomy (32 patients), external beam radiotherapy 
(7 patients), and palliative hormone therapy for 
advanced disease (5 patients). Urine and blood 
samples were also collected after treatments, at 3, 
6 and 12 months after. All work was performed 
with the institution-approved protocol with pa-
tient consent (ethical committee approval number 
CEP 019/2009).

Urinalysis and antibiogram were perfor-
med, as well as clinical evaluation of other uri-
nary or systemic diseases such as urinary tract 
infection, functional bladder diseases, mucovis-
cidosis, diabetic renal disease and amyloidosis.  
If any of these diseases were present, the patient 
was excluded.

Urinary Sulfated Glycosaminoglycan Quantifi-
cation

 Urine was collected from patients with 
prostate cancer and healthy subjects (about 50 
mL). Urine samples were placed at 60°C for 1 hour 
for complete solubilization of proteins. Each sam-
ple was filtered using a paper filter at 4°C and the 
filtrate were centrifuged at 2,500 x g for 20 min. 
The supernatant (around 10 mL) was concentrated 
on Millipore filter with a 5,000 Da exclusion li-
mit by centrifugation at 2,500 x g until achieving 
a total volume of 250 µL. The material (250 µL) 
was totally dried using vacuum and resuspended 
in distilled water to a final volume of 5 µL and 
subjected to agarose gel electrophoresis. Sulfated 
glycosaminoglycans (HS, DS and CS) were identi-
fied and quantified by agarose gel electrophore-
sis in 0.05 M 1,3-diaminopropane-acetate buffer 
(PDA), pH 9.0. After electrophoresis, for 1 h, at 100 
V, the glycosaminoglycans were precipitated in 
agarose gel using 0.1% cetyltrimethylammonium 
bromide (CETAVLON), (Sigma-Aldrich, Saint Lou-
is, MO) for 2 hours at room temperature. The gel 
was dried and stained with toluidine blue (0.1% 
in acetic acid: ethanol: water; 0.1 : 5 : 4.9, v:v:v). 

GAG quantification was carried out by densitome-
try at 530 nm. The extinction coefficients of the 
GAGs were calculated using standards of chon-
droitin 4-sulfate from whale cartilage (Seikagaku 
Kogyo Co., Tokyo, Japan), dermatan sulfate (from 
pig skin) and heparan sulfate (from bovine pan-
creas). The agarose gel electrophoresis method er-
ror was on the order of 5%.

Quantification of a non-sulphated glycosamino-
glycan hyaluronic acid 

 HA was measured by a previously descri-
bed fluorescence-based assay (25). Briefly, stan-
dard concentrations (0-500 mg of link protein) of 
HA obtained from human umbilical cord and uri-
ne samples from patients, diluted 1:4 in blocking 
buffer (100 µL of urine plus 300 µL of blocking 
buffer) were used. One hundred microliters from 
each solution was added, in triplicate, into the 
plates coated with hyaluronic acid-binding pro-
tein (HABP). The plates were incubated at 25°C, 
for 18 hours, washed three times with washing 
buffer and 100 mL of biotinylated HABP (1 mg/
mL), diluted in blocking buffer (1:5000) added to 
each well. The incubation was performed for 120 
min. at 25°C under shaking. The plates were wa-
shed six times with washing buffer, and 100 µL of 
europium-labeled streptavidin (1:5000 in blocking 
buffer) were added. Incubation was carried out for 
30 min. at 25°C, and washed six times to remove 
unbound streptavidin. Finally, 200 µL of enhance-
ment solution (Perkin-Elmer Life Sciences-Wallac 
Oy, Turku, Finland) was added to release the eu-
ropium bound to streptavidin and the plates were 
shaken for 10 min. A time-resolved fluorometer 
(Victor 2 from Perkin-Elmer, Life Sciences-Wallac 
Oy, Turku, Finland) was used to measure free eu-
ropium and the fluorescence (counts/s). The values 
were processed automatically in the MultiCalc sof-
tware program (Perkin-Elmer Life Sciences-Wallac 
Oy, Turku, Finland). This technique measures HA 
in concentration as low as 0.2 µg/L.

Statistical analysis

 The variables in the study were considered 
parametric or not based on the Kolmogorov-Smir-
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nov test. Student t-test and ANOVA with Tukey´s 
auxiliary test or Kruskal-Wallis and Mann-Whi-
tney tests were used to compare parametric and 
non-parametric data, respectively. A significance 
level of 0.05 was adopted in all analysis. Statis-
tical analysis was performed using SPSS version 
23.0 (SPSS Inc., Illinois, USA).

RESULTS

 Table-1 summarizes clinical features such 
as serum PSA, Gleason score, D’Amico’s clinical 
risk group and other clinical data from the pa-
tients as well as unaffected individuals.

 Serum hyaluronic acid (HA) was signifi-
cantly increased in cancer patients (39.68 ± 30.00 
ng/mL) compared to the control group (15.04 ± 
7.11 ng/mL);  (p=0.004; Mann-Whitney test), as 
shown in Figure-1. Interestingly, HA was further 

increased in the group of patients that presented 
high-risk prostate cancer compared to intermedia-
te risk patients (p = 0.0214; Mann-Whitney test), 
as shown in Figure-2. Patients with metastatic di-
sease, positive bone scans or TC disclosing increa-
sed lymph nodes, have higher levels of hyaluronic 
acid (45.19 ± 7.32 ng/mL) compared to non-me-
tastatic patients (15.16 ± 10.76 ng/mL), whereas 
significance was not achieved probably due to 
the small number of metastatic individuals (n=4; 
p=0.31; Mann-Whitney test).

There was no statistical difference in the 
urinary sulfated glycosaminoglycans (CS and 
HS) between prostate cancer patients and control 
group. In prostate cancer patients, the urinary 
CS was 27.32 ± 25.99 µg/mg creatinine and 
for unaffected individuals 31.37 ± 28.37 µg/mg 
creatinine (p=0.4768; Mann-Whitney test). There 
was also no significant difference in the amount 

Table 1 - Clinical characteristics of cancer patients and control group.

Cancer Patients Control Group

AGE 68 years (46-77) 62 years (49-72)

PSA 27.48 ng/dL (1.4 -150) 1.75 ng/dL (0.35 – 3.2)

DRE Normal: n=18 Normal: n=14

Nodule: n=23

diffusely endured prostate: n=3

Gleason (biopsy) 4: n=1

6: n=17

7: n=15

8: n=5

9: n=6

Computed tomography Normal: n=41

Enlarged pelvic LN: n=3

Bone Scan Negative : n=43

Positive: n=1

D’Amico’s clinical risk Low: n=15

Intermediate: n=8

High: n=21

The numbers in parenthesis represents the average; DRE = Digital Rectum Examination; n = number of patients; LN = Lymph nodes
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of urinary heparan sulfate between patient and 
control groups, 39.58 ± 32.81 µg/mg creatinine 
and 35.29 ± 28.11 µg/mg creatinine, respectively 
(p=0.6252; Mann-Whitney test). Unlike hyaluronic 
acid urinary, chondroitin sulfate and heparan 
sulfate were not different for D’Amico’s risk 
groups (p=0.471 and p=0.811 respectively; Kruskal 
Wallis test).

 A significant increase in urinary chon-
droitin sulfate, was detected after hormone abla-
tion compared to the data obtained before the tre-
atment (41.01 ± 24.14 µg/mg creatinine and 24.14 
± 22.64 µg/mg creatinine, respectively) (Table-2). 

Therefore, patients with prostate cancer that had 
been submitted to hormone therapy presented 
higher levels of chondroitin sulfate compared to 
pre-treatment values.  Conversely, surgical treat-
ment promoted a significant decrease in the uri-
nary level of heparan sulfate, 23.14 ± 11.1 µg/mg 
creatinine, compared to the result obtained before 
surgery, 31.05 ± 21.01 µg/mg creatinine, as shown 
in Table-2.

 When analyzing others laboratorial para-
meters, we observed some finds not considered in 
the initial hypothesis. Using the Spearman’s rank 
correlation coefficient, there was an association 
between testosterone levels with chondroitin sulfa-
te and heparan sulfate values secreted in the urine 
of patients with prostate cancer. The results show 
the higher the level of total testosterone, the higher 
the amount of the urinary chondroitin sulfate (p = 
0.013) and heparan sulfate (p = 0.023). However, 
higher levels of free testosterone only revealed an 
increased amount in chondroitin sulfate (p = 0.019), 
with no significant alteration in heparan sulfate (p 
= 0.076), as demonstrated in Table-3.

DISCUSSION

 Urological associations worldwide still re-
commend prostate cancer screening, though in a 
narrower population group, reflecting influence 
from the US Preventive Task Force recommenda-
tion in 2012, and its draft update in 2017. This 
lack of agreement reflects in part the difficulty 
to accurately identify the patient who should un-
dergo a biopsy for suspicious significant prostate 
cancer. Diagnosis and treatment of indolent dise-
ase have led to unnecessary morbidity and mor-
tality. Efforts have been made to identify molecu-
lar markers that function in promoting invasion/
metastasis and could be added as adjuncts to the 
current diagnostic tools. To date, this study is the 
first to evaluate a possible role of urinary GAG 
and plasmatic HA in aiding prostate cancer diag-
nostic and prognostic evaluation.

 Our results demonstrated a significant 
increase in serum hyaluronic acid in prostate 
cancer patients, and this increase is even higher 
in those with high-risk disease. Moreover, this 
increase in HA tends to be even higher in me-

Figure 2 - Hyaluronic acid in prostate cancer patients 
according to D’Amico’s risk classification (Intermediate and 
High). There was a significant difference in the amount of 
plasma hyaluronic acid comparing the group of intermediate 
and high D’Amico’s risk. p = 0.0214, Student-t Test.

Figure 1 - Profile of hyaluronic acid in cancer patients (Case) 
and individuals non affected by prostate cancer (Control). 
Hyaluronic acid was quantified in the plasma samples as 
previously described in Methods, using an ELISA-like assay. 
P = 0.004, Student-T Test.
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tastatic patients. Gomez et al. showed that HA 
expression in the stroma of prostate cancer and 
surrounding tissue is higher the higher the PSA, 
Gleason score and clinical grading (6). In his 
study, it could predict biochemical recurrence 
after radical prostatectomy. 

It has also been demonstrated in other 
previous studies of prostate cancer tissue analysis 
for HA. When we compared plasmatic HA con-
centration in the different clinical risk groups, 
the high risk groups had the higher measured 
plasmatic HA concentrations, which is consis-
tent with previous immunohistochemical studies, 
where more aggressive cancer demonstrates hi-
gher HA expression in the prostate tissue (26, 
27). If serum HA concentration is significantly 
increased in prostate cancer patients compared 
to non-cancer counterparts as demonstrated he-
rein,  it could be a useful tool to help identify pa-
tients at risk of harboring prostate cancer, either 
by adding PSA to routine screening or helping to 
select patients for re-biopsy. For instance, further 
study may indicate, in screening patients with 
low plasmatic HA levels, the likelihood of these 

patients developing prostate cancer. Likewise, in 
patients with rising PSA after a negative biopsy, 
if plasmatic levels of HA could help to determi-
ne which patient is at higher risk and therefore 
should undergo a new biopsy.

The small number of cases observed for 
metastasis contributes to the difficulty in making 
a strong association between these parameters and 
plasmatic HA. A larger series may help to con-
firm if metastatic patients do indeed have higher 
HA levels. An extended period of patient follow-
-up with data acquisition will further determine 
whether HA could also be an indicator of prostate 
cancer progression.

In our study, urinary measurement of CS 
and HS was similar in patients with and without 
prostate cancer, in contrast to a previous tissue 
study where both were increased in prostate 
cancer patients and also showed prognostic 
significance (8, 9, 16, 28, 29). In most studies, the 
main difference in tumoral CS concentration was 
structural, usually in the sulfation status, which 
could explain why it does not increase urinary CS. 
Likewise, the main studies where HS was increased 

Table 2 - Chondroitin sulfate and heparan sulfate quantified before and after treatment.

Chondroitin Sulfate Heparan Sulfate

(µg/mg creatinine) (µg/mg creatinine)

Before After treatment P Before After treatment P

Surgery 24.48 ± 21.25 21.98 ± 16.67 0.062 31.05 ± 21.01 23.14 ± 11.1 0.021

Hormone Therapy 24.14 ± 22.64 41.01 ± 24.14 0.042 39.12 ± 33.97 41.73 ± 21.60 0.71

p values based on Student-t test

Table 3 - Evaluation of Gleason, PSA and the level of testosterone with the amount of sulfated glycosaminoglycans.

Chondroitin Sulfate Heparan Sulfate

(µg/mg creatinine) (µg/mg creatinine)

Gleason p = 0.842 p = 0.675

Total PSA p = 0.821 p = 0.993

Total Testosterone p = 0.013 p = 0.023

Free Testosterone p = 0.019 p = 0.076

The results were obtained in the group of patients before surgery and that were not submitted to hormone therapy; p values based on Spearman's rank correlation coefficient.
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in prostate cancer tissues was in its proteoglycan 
form and, therefore, possibly not increase HS 
urinary concentration (12, 30). However, we found 
a significant decrease in urinary HS after surgical 
extirpation of disease (and a decreasing trend 
in urinary CS), suggesting the possibility that a 
meaningful difference in sulfated urinary GAG 
concentration between cancer and non-cancer 
patients may be a matter of sample size.

 Hormonal therapy resulted in an increase 
in urinary GAG concentrations, albeit in a small 
group. Also, there was a positive association be-
tween serum testosterone levels and urinary GAG 
concentration, pointing to a possible interference 
of steroid hormones in GAG synthesis. 

 As a preliminary study, the sample size is a 
major limitation to the strength of our conclusions, 
whereas for HA the difference between the groups 
was so striking that statistic tests provided strong re-
sults. Undoubtedly, validation of our finds in larger 
studies is essential to confirm HA as a useful bio-
marker and possibly encounter a role for the others 
studied GAGs, as suggested by others authors.

CONCLUSIONS

 In conclusion, we have shown a signifi-
cant increase in serum hyaluronic acid in prostatic 
adenocarcinoma patients compared with controls, 
and such augment seems to be greater with higher 
grade of D’Amico’s risk and metastatic patients. 
The results suggest that HA may be useful as a 
biomarker and predictive of disease aggressive-
ness in prostate cancer patients. However, a larger 
study is necessary to confirm these results, in or-
der to define whether plasmatic HA measurement 
could be used to identify and help determine prog-
nosis for prostate cancer patients, what would be 
particularly interesting since it is a non-invasive 
method.

ABREvIATIONS

sPSA = serum levels of prostate-specific antigen 
GAG = glycosaminoglycan
HS = Heparan sulfate
CS = chondroitin sulfate
HA = hyaluronan or hyaluronic acid

CONFLICT OF INTEREST

None declared.

 
REFERENCES

1. Ribeiro da Silva MN, Tobias-Machado M, Lima-Pompeo AC, 
Reis LO, da Silva Pinhal MA. Prostate cancer: promising 
biomarkers related to aggressive disease. Actas Urol Esp. 
2012;36:484-90.

2. Batista LT, Matos LL, Machado LR, Suarez ER, Theodoro 
TR, Martins JR, et al. Heparanase expression and 
glycosaminoglycans profile in renal cell carcinoma. Int J 
Urol. 2012;19:1036-40.

3. Suarez ER, Paredes-Gamero EJ, Del Giglio A, Tersariol IL, 
Nader HB, Pinhal MA. Heparan sulfate mediates trastuzumab 
effect in breast cancer cells. BMC Cancer. 2013;13:444.

4. Adany R, Heimer R, Caterson B, Sorrell JM, Iozzo RV. Altered 
expression of chondroitin sulfate proteoglycan in the stroma 
of human colon carcinoma. Hypomethylation of PG-40 gene 
correlates with increased PG-40 content and mRNA levels. J 
Biol Chem. 1990;265:11389-96.

5. Inki P, Stenbäck F, Grenman S, Jalkanen M. 
Immunohistochemical localization of syndecan-1 in 
normal and pathological human uterine cervix. J Pathol. 
1994;172:349-55.

6. Gomez CS, Gomez P, Knapp J, Jorda M, Soloway MS, 
Lokeshwar VB. Hyaluronic acid and HYAL-1 in prostate 
biopsy specimens: predictors of biochemical recurrence. J 
Urol. 2009;182:1350-6.

7. Posey JT, Soloway MS, Ekici S, Sofer M, Civantos F, Duncan 
RC, et al. Evaluation of the prognostic potential of hyaluronic 
acid and hyaluronidase (HYAL1) for prostate cancer. Cancer 
Res. 2003;63:2638-44.

8. Sakko AJ, Butler MS, Byers S, Reinboth BJ, Stahl J, 
Kench JG, et al. Immunohistochemical level of unsulfated 
chondroitin disaccharides in the cancer stroma is an 
independent predictor of prostate cancer relapse. Cancer 
Epidemiol Biomarkers Prev. 2008;17:2488-97.

9. Ricciardelli C, Sakko AJ, Stahl J, Tilley WD, Marshall VR, 
Horsfall DJ. Prostatic chondroitin sulfate is increased in 
patients with metastatic disease but does not predict survival 
outcome. Prostate. 2009;69:761-9.

10. Ferguson BW, Datta S. Role of heparan sulfate 
2-o-sulfotransferase in prostate cancer cell proliferation, 
invasion, and growth factor signaling. Prostate Cancer. 
2011;2011:893208.



ibju | GlycosaminoGlycans in Prostate cancer

1146

11. Lerner I, Baraz L, Pikarsky E, Meirovitz A, Edovitsky E, Peretz 
T, et al. Function of heparanase in prostate tumorigenesis: 
potential for therapy. Clin Cancer Res. 2008;14:668-76.

12. Popović A, Demirović A, Spajić B, Stimac G, Kruslin B, Tomas 
D. Expression and prognostic role of syndecan-2 in prostate 
cancer. Prostate Cancer Prostatic Dis. 2010;13:78-82.

13. Suhovskih AV, Tsidulko AY, Kutsenko OS, Kovner AV, 
Aidagulova SV, Ernberg I, et al. Transcriptional Activity 
of Heparan Sulfate Biosynthetic Machinery is Specifically 
Impaired in Benign Prostate Hyperplasia and Prostate 
Cancer. Front Oncol. 2014;4:79.

14. Baeg GH, Perrimon N. Functional binding of secreted 
molecules to heparan sulfate proteoglycans in Drosophila. 
Curr Opin Cell Biol. 2000;12:575-80.

15. Dietrich CP, Martins JR, Sampaio LO, Nader HB. Anomalous 
structure of urinary chondroitin sulfate from cancer patients. 
A potential new marker for diagnosis of neoplasias. Lab 
Invest. 1993;68:439-45.

16. Ricciardelli C, Quinn DI, Raymond WA, McCaul K, Sutherland 
PD, Stricker PD, et al. Elevated levels of peritumoral 
chondroitin sulfate are predictive of poor prognosis in 
patients treated by radical prostatectomy for early-stage 
prostate cancer. Cancer Res. 1999;59:2324-8.

17. Iida S, Suzuki K, Matsuoka K, Takazono I, Shimada A, Inoue 
M, et al. Analysis of glycosaminoglycans in human prostate 
by high-performance liquid chromatography. Br J Urol. 
1997;79:763-9.

18. Itano N, Kimata K. Altered hyaluronan biosynthesis in cancer 
progression. Semin Cancer Biol. 2008;18:268-74.

19. Jiang D, Liang J, Noble PW. Hyaluronan in tissue injury and 
repair. Annu Rev Cell Dev Biol. 2007;23:435-61.

20. Ekici S, Cerwinka WH, Duncan R, Gomez P, Civantos F, 
Soloway MS, et al. Comparison of the prognostic potential 
of hyaluronic acid, hyaluronidase (HYAL-1), CD44v6 and 
microvessel density for prostate cancer. Int J Cancer. 
2004;112:121-9.

21. Lipponen P, Aaltomaa S, Tammi R, Tammi M, Agren U, 
Kosma VM. High stromal hyaluronan level is associated with 
poor differentiation and metastasis in prostate cancer. Eur J 
Cancer. 2001;37:849-56.

22. Bharadwaj AG, Kovar JL, Loughman E, Elowsky C, Oakley 
GG, Simpson MA. Spontaneous metastasis of prostate 
cancer is promoted by excess hyaluronan synthesis and 
processing. Am J Pathol. 2009;174:1027-36.

23. Simpson MA, Lokeshwar VB. Hyaluronan and hyaluronidase 
in genitourinary tumors. Front Biosci. 2008;13:5664-80.

24. Epstein JI, Allsbrook WC Jr, Amin MB, Egevad LL. Update on 
the Gleason grading system for prostate cancer: results of an 
international consensus conference of urologic pathologists. 
Adv Anat Pathol. 2006;13:57-9.

25. Martins JR, Passerotti CC, Maciel RM, Sampaio LO, 
Dietrich CP, Nader HB. Practical determination of 
hyaluronan by a new noncompetitive fluorescence-based 
assay on serum of normal and cirrhotic patients. Anal 
Biochem. 2003;319:65-72.

26. Aaltomaa S, Lipponen P, Tammi R, Tammi M, Viitanen J, 
Kankkunen JP, et al. Strong Stromal Hyaluronan Expression 
Is Associated with PSA Recurrence in Local Prostate Cancer. 
Urol Int. 2002;69:266-72.

27. Josefsson A, Adamo H, Hammarsten P, Granfors T, Stattin 
P, Egevad L, et al. Prostate cancer increases hyaluronan 
in surrounding nonmalignant stroma, and this response is 
associated with tumor growth and an unfavorable outcome. 
Am J Pathol. 2011;179:1961-8.

28. Ricciardelli C, Mayne K, Sykes PJ, Raymond WA, McCaul 
K, Marshall VR, et al. Elevated stromal chondroitin sulfate 
glycosaminoglycan predicts progression in early-stage 
prostate cancer. Clin Cancer Res. 1997;3:983-92.

29. Teng YH, Tan PH, Chia SJ, Zam NA, Lau WK, Cheng CW, et al. 
Increased  expression of non-sulfated chondroitin correlates 
with adverse clinicopathological parameters in prostate 
cancer. Mod Pathol. 2008;21:893-901.

30. Shimada K, Nakamura M, De Velasco MA, Tanaka M, Ouji 
Y, Konishi N. Syndecan-1, a new target molecule involved 
in progression of androgen-independent prostate cancer. 
Cancer Sci. 2009;100:1248-54.

   

_______________________
Correspondence address:

Matheus Neves Ribeiro da Silva, MD
Departamento de Bioquímica

Universidade Federal de São Paulo (UNIFESP
Rua Três de Maio, 100

São Paulo, SP, 04044-020, Brasil
E-mail: ribeiromed@hotmail.com

Telephone: + 55 11 5576-4438



ORIGINAL ARTICLE

1147

prognostic significance of body mass index in patients with 
localized renal cell carcinoma
_______________________________________________
Chengtao Wang 1, Zebin Chen 2, Jun Dong 1, Bixiu Wen 1, Yong Fang 2

1 Department of Radiation Oncology, First Affiliated Hospital of Sun Yat - Sen University, Guangzhou, 
China; 2 Department of Urology, First Affiliated Hospital of Sun Yat - Sen University, Guangzhou, China

INTRODUCTION

Renal cell carcinoma (RCC) is one of the 
most common urologic malignancies, and its in-
cidence has steadily increased in recent decades. 
Several risk factors for developing of RCC have 
been reported, including smoking, hypertension 
and obesity (1).

 Stratification of the patients with RCC into 
categories with different risk of local recurren-
ce, progression and survival would improve the 
standard of preoperative patient’s counseling and 

Vol. 44 (6): 1147-1155, November - December, 2018

doi: 10.1590/S1677-5538.IBJU.2017.0629

ABSTRACT 

Objective: To investigate the relationship between the pretreatment body mass index 
(BMI) and the clinical outcomes in patients with localized stage I - III renal cell carci-
noma (RCC) surgically treated.
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treatment planning. Several anatomical, clinical, 
histological and molecular variables can predict 
the probabilities of recurrence, progression, and 
both overall and cancer - specific survival of the 
patients with RCC (2).

 The relationship between Body Mass Index 
(BMI) and the prognosis of cancer is not consis-
tent. According to some published studies, a high 
BMI was associated with a favorable prognosis 
for various tumor types, including head and neck 
cancer (3), esophageal cancer (4), colon cancer (5) 
and endometrial cancer (6). However, the results 
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of some studies showed that patients with a higher 
BMI had a worse prognosis for breast cancer (7), 
and prostate cancer (8). In renal cell carcinoma, 
obesity seems to increase the risk of developing 
RCC (1).

 Whereas, more recent studies conducted 
in Western countries indicate that obese patients 
treated with surgery for RCC may have a more 
favorable prognosis than patients with normal 
BMI (9-12). It is unknown whether the same asso-
ciations are seen in Chinese patients, who have a 
different body composition from White and Bla-
ck populations. As we all known, different ethnic 
groups may show clinically significant increases 
in fat composition or glucose at lower BMI than 
those predicted in established BMI cut points.

 Therefore, the aim of this study was to 
assess the influence of BMI, using the World 
Health Organization (WHO) categories recom-
mended for Asians (13), on treatment results in 
Chinese patients with surgically treated, locali-
zed stage I - III RCC.

MATERIALS AND METHODS

Patients
 By using the departmental surgical data-

base of our two institutions (First Affiliated Hospi-
tal and Cancer Center of Sun Yat - Sen University), 
we identified 798 patients aged 18 years old who 
were treated with radical nephrectomy for unila-
teral, sporadic localized stage I - III RCC between 
2000 and 2012. Data collected from each patient 
included age at diagnosis, gender, pretreatment 
BMI, pretreatment hemoglobin (Hb), pretreatment 
alkaline phosphatase (ALP), pretreatment platelets 
(PLT), TNM stage, histological subtype and survi-
val time. BMI was calculated as the patient’s wei-
ght on day 1 of admission (in kilograms) divided 
by the patient’s height squared (in meters).

 Tumors were classified in accordance with 
the 2002 TNM staging system. Histological sub-
types were stratified in accordance with the 2002 
AJCC / UICC classification, and only tumors of 
clear - cell, chromophobe, and papillary histology 
were included. The BMI was categorized based on 
WHO recommendations for Asians.

Statistical analysis

 All events were measured from the date of 
surgery, and statistical tests were performed using 
SPSS V17.0 (SPSS Inc., Chicago, IL). The actuarial 
rates were calculated with the Kaplan - Meier me-
thod, and the differences were compared with the 
log - rank test. The time to the first defining event 
was assessed for the following endpoints: failure 
free survival (FFS - disease failure at any site), 
and overall survival (OS - all cause mortality). The 
survival rates were calculated using the Kaplan - 
Meier method and compared with the log - rank 
test. A 2 - tailed P value of less than 05 was con-
sidered statistically significant.

 The entire cohort was analyzed using the 
Cox proportional hazards model for OS and FFS. 
Potentially important prognostic factors conside-
red in the modeling process were patient gender 
(male vs. female), age (≥ 50 years vs < 50 years), 
symptoms at presentation (yes vs. no), histology 
(chromophobe vs. papillary vs clear cell), pTNM 
stage (Ⅲ vs. II vs. I), Hb (non - anemia vs. ane-
mia), PLT (˃ 300 vs. ≤ 300), ALP (˃ 70 vs. ≤ 70), 
tumor necrosis (yes vs. no) and BMI (≥ 25 kg / m2 

vs. < 25 kg / m2).
 The last follow-up visit was in June 2015, 

with a median follow-up period of 46 months.

RESULTS

 Table-1 summarizes the clinical and pa-
thologic characteristics of 798 patients according 
to the WHO BMI subgroups. The mean age was 
51 years (range: 19 - 84 years) and the mean BMI 
was 23.8 kg / m2 (range: 14.4 - 41.7 kg / m2) for 
the entire group. Three hundred and thirty - seven 
(42.2%) patients had a BMI less than 25 kg / m2, 
and 461 (51.2%) had a BMI equal or greater than 
25 kg / m2. When comparing risk parameters be-
tween BMI categories, the two BMI groups showed 
similar demographics, such as in the age, histolo-
gy, pTNM stage, ALP and tumor necrosis. Aside 
from these factors, gender, symptoms at presen-
tation, pretreatment Hb and PLT were significan-
tly different. There were more female patients and 
patients with symptoms at presentation in BMI 
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Table 1 - Baseline Characteristics by BMI Group.

Characteristics Total (%)
BMI Group

<25 (%) ≥ 25 (%) P value

Case (Percentage) 798(100) 337(42.2) 461(57.8)

Mean BMI
[mean(range)]

23.8
(14.4-41.7)

20.7
(14.4-22.9)

26.0
(23-41.7)

Age(y)
[mean(range)]

51 (19-84) 51(19-81) 52 (19-84)

<50 year 383 (48.0) 168(49.9) 215(46.6) 0.369

≥ 50 year 415 (52.0) 169(50.1) 246(53.4)

Sex <0.001

Male 545 (68.3) 206 (61.1) 339 (73.5)

Female 253 (31.7) 131 (38.9) 122 (26.5)

Symptoms at presentation 0.008

Yes 296 (37.1) 143 (42.4) 153 (33.2)

No 502 (62.9) 194 (57.6) 308 (66.8)

Histology 0.406

Clear cell renal carcinoma 720 (90.2) 302(89.6) 418(90.7)

Papillary renal cell carcinoma 43 (5.4) 22(6.5) 21(4.6)

Chromophobe renal carcinoma 35 (4.4) 13(3.9) 22(4.8)

pTNM stage 0.070

I 596 (74.7) 238(70.6) 358(77.7)

II 171 (21.4) 85(25.2) 86(18.7)

III 31 (3.9) 14(4.2) 17(3.7)

Hb 0.003

Male: Hb<120;
Female: Hb<110 

106 (13.3) 59(17.5) 47(10.2)

Male: Hb ≥ 120;
Female: Hb ≥ 110

692 (86.7) 278(82.5) 414(89.8)

PLT 0.017

≤ 300 690 (85.5) 280(83.1) 410(88.9)

>300 108 (13.5) 57(16.9) 51(11.1)

ALP 0.894

≤ 70 445 (55.8) 187(55.5) 258 (56.0)

>70 353 (44.2) 150(44.5) 203 (44.0)

Tumor necrosis 0.660

Yes 111 (13.9) 288 (85.5) 399 (86.6)

No 687 (86.1) 49 (14.5) 62 (13.4)

BMI = body mass index; Hb = hemoglobin; PLT = platelets; ALP = alkaline phosphatase
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less than 25 group. Patients with a BMI less than 
25 were significantly more likely to have lower 
pretreatment Hb and higher pretreatment PLT (P 
= 0.003, P = 0.017, respectively; Table-1). Lapa-
roscopic partial nephrectomy was performed in 39 
(4.9%) patients, radical nephroureterectomy was 
performed in 435 (54.5%) patients, open partial 
nephrectomy completed in 183 patients (22.9%), 
and 141 of them had a laparoscopic radical ne-
phrectomy (17.7%). The distribution of surgery 
modality was balanced in both BMI groups.

 Surgery complications were as follow: he-
morrhage and hematoma occurred in 21 patients; 
peritoneal injury in 36 patients; abdominal organ 
injury in 5 patients; vascular injury in 13 patients; 
urinary fistula in 7 patients; pleura injury in 3 pa-
tients; wound infection in 8 patients and severe 
hypercapnia in 2 patients. At a median follow-up 
period of 46.0 months, 11.2% (89 / 798) patients 
developed tumor progression (31 with tumor recur-
rence, 58 with distant metastasis) and10.5% (84 / 
798) patient were dead. The 5 - year failure - free 
survival rates for BMI < 25 kg / m2 and BMI ≥ 25 kg 
/ m2 groups were 81.3% and 93.3%, respectively (P 
= 0.002) and the 5 - year overall survival rates were 
82.5% and 93.8%, respectively (P = 0.003). Lower 
BMI was associated significantly with poor progno-
sis. Patients with preoperative BMI less than 25 kg / 
m2 had a significantly reduced rate of survival than 
those BMI equal or greater than 25 kg / m2 with 
regard to FFS and OS (Figures 1 and 2).

 Univariable analyses of the factors in-
fluencing FFS and OS are shown in Table-2. Uni-
variable analysis demonstrated that the presence 
of symptoms at presentation, age, pTNM stage, tu-
mor necrosis, non - anemia, ALP, BMI and throm-
bocytosis were significant predictors of FFS and 
OS (Table-2).

 Stepwise multivariable analysis showed 
that BMI (HR, 0.54; P = 0.029) was an inde-
pendent predictor of OS, along with the pre-
sence of symptoms at presentation (HR, 1.68; 
P = 0.031), pTNM stage (HR, 2.30; P < 001), 
age (HR, 1.72; P = 0.023) and non-anemia (HR, 
0.55; P = 0.025) (Table-3). Stepwise multiva-
riable analysis showed that BMI (HR, 0.53; P 
= 0.022) was an independent predictor of FFS, 
along with the presence of symptoms at presen-

tation (HR, 1.60; P = 0.043), pTNM stage (HR, 
2.59; P < 001), age (HR, 1.75; P = 0.016) and 
non - anemia (HR, 0.60; P = 0.045) (Table-3).

Figure 1 - Overall survival by BMI group among Chinese 
patients with RCC.

Figure 2 - Failure Free Survival by BMI group among Chinese 
patients with RCC.
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DISCUSSION

 To our knowledge, several epidemiological 
studies have suggested that obesity is a risk factor 
for the development of RCC (1, 11, 14). Due to 
the high rate of comorbidities, obesity is frequen-
tly considered to represent a major risk factor for 
complications after surgery (15). Previous reports 

have identified postoperative complications cor-
relating with a high BMI (16-18). However, there 
are conflicting data relating obesity as a risk fac-
tor affecting overall or progression - free survival. 
Since 1991 when Yu et al. found a paradoxical 
positive association between obesity and overall 
and disease - free survival, there have been no 
prospective studies further evaluating this finding 

Table 2 - Pretreatment BMI Effect on Different Endpoint: univariate Analysis in Cox Regression Model.

Characteristics
FFS OS

HR 95% CI p value HR 95% CI p value

Gender (male vs female) 1.50 0.92-2.45 0.102 1.38 0.84-2.26 0.201

Age (≥ 50 years vs<50 years) 1.99 1.27-3.10 0.002 2.03 1.28-3.21 0.003

Symptoms at presentation (yes vs no) 2.81 1.83-4.32 0.000 2.94 1.88-4.58 0.000

Histology(Chromophobe vs Papillary vs Clear 
cell)

1.56 0.75-3.25 0.233 1.63 0.77-3.45 0.207

pTNM stage(III vsIIvsI) 3.36 2.53-4.47 0.000 3.12 2.34-4.18 0.000

Hb (non-anemia vs anemia) 0.30 0.19-0.48 0.000 0.27 0.17-0.42 0.000

PLT (>300 vs ≤ 300) 2.68 1.69-4.25 0.000 2.89 1.81-4.61 0.000

ALP (>70 vs ≤ 70) 5.89 2.84-12.2 0.000 3.65 2.22-5.99 0.000

Tumor necrosis (yes vs no) 3.08 1.98-4.78 0.000 3.22 2.05-5.05 0.000

BMI Group
(≥ 25 kg/m2 vs <25 kg/m2)

0.45 0.27-0.77 0.003 0.45 0.26-0.78 0.004

BMI = body mass index; Hb = hemoglobin; PLT = platelets; ALP = alkaline phosphatase

Table 3 - Pretreatment BMI Effect on Different Endpoint: Multivariate Analysis in Cox Regression Model.

Characteristics
FFS OS

HR 95% CI p value HR 95% CI p value

Age (≥50 years vs<50 years) 1.75 1.11-2.75 0.016 1.72 1.08-2.76 0.023

Symptoms at presentation (yes vs no) 1.60 1.02-2.52 0.043 1.68 1.05-2.69 0.031

pTNM stage(III vs II vs I) 2.59 1.83-3.64 0.000 2.30 1.62-3.28 0.000

Hb (non-anemia vs anemia) 0.60 0.36-0.99 0.045 0.55 0.33-0.93 0.025

PLT (>300 vs ≤ 300) 1.22 0.72-2.08 0.456 1.33 0.77-2.27 0.306

ALP (>70 vs ≤ 70) 2.04 0.91-4.57 0.083 1.94 0.86-4.37 0.111

Tumor necrosis (yes vs no) 1.29 0.78-2.11 0.321 1.38 0.83-2.30 0.210

BMI Group
(≥ 25 kg/m2 vs < 25 kg/m2)

0.53 0.31-0.91 0.022 0.54 0.31-0.94 0.029

BMI = body mass index; Hb = hemoglobin; PLT = platelets; ALP = alkaline phosphatase
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(19). A more contemporary retrospective review of 
400 patients undergoing nephrectomy for RCC by 
Kamat et al. appears to confirm a more favorable 
prognosis and disease specific survival in overwei-
ght and obese patients when compared to normal 
weight patients (20). With regard to urologic ne-
oplasms, it was shown that a high BMI does not 
affect oncologic outcomes after surgery. All these 
studies were conducted in Western countries. The 
body composition profile of Asian populations 
differs from that of white and black populations 
(13). Some studies conducted in Japan and Ko-
rea also demonstrated this phenomenon (12, 21). 
The present study is the first to investigate the in-
fluence of obesity on RCC prognosis in a Chinese 
population. In this study, we examined the asso-
ciation between BMI and other clinical / patholo-
gical characteristics, and evaluated the prognostic 
association of BMI with FFS and OS in Chinese 
patients with RCC who underwent radical or par-
tial nephrectomy. We found pretreatment BMI was 
a favorable prognostic factor for Chinese patients 
with stage I - III RCC. Although obesity predispo-
sed to an increased risk for developing RCC, the 
prognosis for obese patients treated with surgery 
was no worse and possibly better than normal 
weight subjects.

 In this retrospective study, clinical / pa-
thological factors significantly impacting FFS and 
OS for the study population were similar to pre-
viously published factors including age older than 
50 years at surgery, symptoms at presentation, 
pTNM stage. Obese patients were more likely to 
have favorable clinical and pathologic conditions 
at diagnosis, including younger, less symptoms 
at presentation, lower stage, lower PLT and lower 
anemia when compared with under - to - normal 
weight patients. We therefore carefully adjusted 
for age, pTNM stage, symptom presence, baseline 
Hb, ALP and PLT, which may be related to patient 
survival. Although adjustment for other important 
risk factors associated with survival weakened the 
association for both OS and FFS, the association 
between obesity and RCC prognosis remained 
strong and highly significant. Being obese at the 
time of surgery might have a positive prognostic 
effect in patients. This result is in accordance with 
the retrospective studies. Parker et al. evaluated 

970 patients with RCC and were unable to iden-
tify obesity (BMI ≥ 30 kg / m2) as a prognostic 
factor (HR 0.90, 0.65 - 1.23, P = 0.488) for CSS 
in their multivariate analysis, which also inclu-
ded the prognostic factors: Mayo Clinic Stage, 
size, TNM stage groups, nuclear grade and tumor 
necrosis. They concluded that BMI offers little 
additional prognostic information beyond the 
accepted prognostic features (10, 22). Being obe-
se at the time of surgery might have a positive 
prognostic effect in patients.

 The mechanism by which preoperative 
obesity may improve RCC survival is not well 
understood, although mechanisms linking obe-
sity with RCC incidence have long been studied 
(23). RCC is a heterogeneous and complex disea-
se (24), and the histologic subtypes of RCC differ 
with respect to genetic, pathologic, and clinical 
parameters (25-27). On the basis of this evidence, 
the relationship between obesity and RCC prog-
nosis might be subtype specific. Furthermore, 
recent studies have shown that the association 
between obesity and the risk of developing RCC 
is subtype specific (28-30). Nevertheless, in the 
previous studies assessing the association betwe-
en obesity and RCC survival, histologic subtype 
has been considered as a simple variable that is 
divided into two groups, cRCC and non - cRCC 
(31-34), or only patients with cRCC were inclu-
ded (9, 35). The relationship between obesity and 
RCC prognosis might be subtype specific in our 
study was not significant.

 Some protein factors and signals in adi-
pose tissue that suppress RCC progression have 
been reported (36). For example, adipose tissue 
synthesize leptin and the circulating levels of 
leptin are strongly related to obesity. Leptin has 
also been shown to play an important role in 
stimulating pro - inflammatory T helper 1 im-
mune responses (37). In contrast, a change in 
the predominant immunologic response from T 
helper 1 to T helper 2 has been reported to corre-
late with increasing RCC stage (38). Therefore, as 
proposed by Rasmuson et al., leptin might play 
a pivotal role in delaying RCC progression (39). 
Another study showed an association between 
preoperative nutritional deficiency and poor OS 
and disease - free survival in RCC patients who 
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underwent renal surgery (40). Patients with hi-
gher BMI, who generally have large appetites 
and high lipid concentrations, may adequately 
preserve their fat and muscle mass, thus allo-
wing better nutritional status and potential sur-
vival advantage (41, 42). It may be plausible that 
obesity indicates favorable general health condi-
tion rather than it being responsible for impro-
ved outcomes.

 The present study had some weaknesses. 
First, the study was retrospective, and the median 
follow-up time of 46.0 months for patients still 
alive was short. Second, our study lacked a central 
review of pathology, although most of the large 
multicenter studies did. Instead, urologic patho-
logists reviewed all specimens at each institution. 
Third, we could not assess potential prognostic 
factors, such as smoking, molecular markers, and 
sarcomatoid features in all patients. These factors 
may allow the identification of patients at high 
risk and affect the prognosis. However, our stu-
dy includes the most widely accepted independent 
prognostic factors of nonmetastatic RCC, inclu-
ding age, pTNM stage, and tumor necrosis. Last, 
all of our study subjects were Chinese, and the 
distribution of BMI or cut - off value for Asian po-
pulations may be different than those for Western 
populations. Therefore, our results may not be di-
rectly applicable to Western populations. Taken 
together, a multi - institutional prospective study 
with a large number of patients would be required 
to confirm the present finding. Furthermore, ba-
sic biologic research would be needed to explain 
the contradictory effects of BMI on the risk and 
prognosis of RCC.

 In conclusion, these findings suggest 
that pretreatment high BMI prior to renal sur-
gery is associated with improved OS, FFS when 
compared with low BMI in Chinese population. 
This evidence may provide new insight into the 
effects of preoperative high BMI on improve-
ments in RCC survival, and this could help phy-
sicians in predicting overall prognosis. Further 
research is needed to explain the biological me-
chanisms responsible for the benefit of high BMI 
on improved RCC survival, and to determine 
whether other modifiable lifestyle factors contri-
bute to RCC survival.
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ABSTRACT         ARTICLE INFO______________________________________________________________     ______________________

Purpose: To describe our technique and outcomes for laparoscopic intracorporeal ileal 
neobladder (ICNB) reconstruction.
Materials and Methods: From April 2014 to November 2016, 21 patients underwent 
laparoscopic ICNB at our tertiary referral centre. ICNB with bilateral isoperistaltic af-
ferent limbs and several technique improvements were introduced. Demographics, 
clinical, and pathological data were collected. Perioperative, 1-year oncologic, 1-year 
Quality of life and 1-year functional outcomes were reported.
Results: ICNB was successfully performed in all 21 patients without open conversion 
and transfusion. Mean operative time was 345.6±66.9 min, including 106±22 min for 
LRC and PLND and 204±46.4 min for ICNB, respectively. Mean established blood loss 
was 192±146 mL. The overall incidence of 90-d complication was 33.3%, while major 
complication occurred in 4.8%. One-year daytime and night-time continence rates 
were 85.7% and 57.1%, respectively. One patient died from myocardial infarction six 
months postoperatively, and two patients had lung metastasis five months and six 
months respectively.
Conclusions: We described our experience of 3D LRC with a novel intracorporeal or-
thotopic ileal neobladder, and the technique improvements facilitate the procedure. 
However, further studies are required to evaluate long-term outcomes of the intracor-
poreal neobladder with bilateral isoperistaltic afferent limbs.

INTRODUCTION

Radical cystectomy (RC) with pelvic lymph 
node dissection (PLND) has become the standard 
treatment option for muscle-invasive and high-risk 
superficial bladder cancer. Laparoscopic or robotic-
-assisted radical cystectomy is an alternative to 
open radical cystectomy with comparable oncolo-
gical outcomes in multiple centers (1, 2). Following 
minimally invasive radical cystectomy, urinary 

diversion may be performed through an open ap-
proach or entirely within the abdomen (3, 4). For 
technical difficulties and relatively longer operative 
time, urologists were not optimistic about the intra-
corporeal neobladder (ICNB) formation at first (5). 
With the development of minimally invasive tech-
nique and device, ICNB was reconsidered in large 
medical centers in recent years (4, 6). To data, most 
of the intracorporeal urinary diversion was perfor-
med in robotic-assisted approach (7).
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After Gill et al. firstly reported laparosco-
pic radical cystectomy (LRC) and ICNB in 2002 (3), 
laparoscopic intracorporeal U shape orthotopic 
neobladder was proposed in many centers (8-10). 
They simplified the procedure of ICNB construc-
tion, however, the function of the U shape neobla-
dder is controversial as it is not in a global shape, 
which may result in relatively small neobladder 
capacity and higher neobladder pressure.

Hence, we describe a time efficient method 
of ICNB reconstruction and a series of technique 
improvements to overcome challenges during the 
procedure.

MATERIALS AND METHODS

We reviewed medical records of patients 
who underwent LRC with ICNB formation in our 
tertiary center from April 2014 to November 2016. 
The study was approved by the Institutional Re-
view Board of Beijing Chao-yang Hospital, Capi-
tal Medical University (Protocol number 2014-R-
141), and all patients provided written informed 
consent. All surgeries were performed by one ex-
perienced surgeon (N.X.), who has over 200 cases 
experience of LRC with orthotopic ileal neoblad-
der. Indications for LRC were muscle-invasive bla-
dder cancer (T2-3, N0-x, M0), high risk and recur-
rent non-muscle-invasive cancer, T1G3, extensive 
non-muscle-invasive bladder cancer that could 
not be controlled by transurethral resection and 
intravesical therapy. Our exclusion criteria were 

tumor in the urethra, urinary incontinence, his-
tory of recurrent urethral strictures, abnormal ab-
dominal straining, local radiotherapy and severe 
comorbidities and decompensated renal function.

Perioperative variables including patient’s 
characteristics, surgical outcomes, postoperative 
complications, oncologic outcomes and Quality-
-of-life data were analyzed. Postoperative com-
plications were analyzed according to the Cla-
vien-Dindo classification (11). After discharge, 
patients were followed up at 2 weeks, 3, 6, and 12 
months, and then yearly. Neobladder function was 
assessed at 6 months postoperatively. Daytime or 
night-time continence referred to the requirement 
of <1 pad during daytime or night-time, respec-
tively. Incontinence was defined as the need for 
more than 1 pad per day or night. Patients were 
asked to complete the European Organization for 
Research and Treatment of Cancer (EORTC) gene-
ric (QLQ-C30) and bladder cancer specific instru-
ments (QLQ-BLM30) questionnaires for Quality of 
Life assessment every year.

Surgical Techniques
All procedures were performed using 

Olympus 3-D laparoscopic system. The patient 
was placed in a dorsal supine with a 30° Trende-
lenburg position. Six laparoscopic ports were uti-
lized as shown in Figure-1. The first 10 mm port 
for the camera was placed 1 cm cephalad to the 
umbilicus in the midline. Two 12 mm ports were 
symmetrically placed at the level of the umbilicus 

Figure 1-Trocar placement and patient position.
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on the left and right lateral to the rectus abdomi-
nis. Two 5 mm ports were placed 2-3 cm superior 
and medial to the anterior superior iliac spines on 
each side. The sixth 12 mm port was placed 1 cm 
cephalad to the pubic symphysis in the midline 
after finishing the LRC and PLND for Endo-GIA.

After the peritoneum was incised and the 
sigmoid colon was mobilized, the ureters were 
mobilized down to the bladder without injuring 
the periureteral vessels. Then, the umbilical ar-
teries were dissected and divided between Hem-
-o-lok clips. The peritoneum was incised along 
the vas deferens in the direction of the pouch of 
Douglas, and the seminal vesicles were comple-
tely dissected. The posterior layer of the Denon-
villiers fascia was then incised and the pre-rectal 
fatty tissue could be visualized. The dissection 
was continued in a blunt and sharp fashion as far 
as possible towards the apex of the prostate. The 
bilateral bladder pedicles were divided between 
Hem-o-lok clips. Then, the Retzius space was 
dissected and the incision was continued in the 
lateral direction up to the external iliac vessels 
and the endopelvic fascia. After cleaning fatty 
tissue on the prostate, the endopelvic fascia was 
incised on both sides. Then, both puboprostatic 
ligaments were fully dissected, and the dorsal 
vein complex was ligated with 2-0 V-Loc suture. 
In nerve-sparing procedures, the bilateral prosta-
tic fascia was dissected and the prostatic pedicles 
were clipped and cut with cold scissors step by 
step to detach neurovascular bundles from the 
prostatic capsule. In non-nerve-sparing procedu-
res, LigaSure and ultrasonic scalpel were used to 
directly divide the prostatic pedicles towards the 
apex of the prostate. Then, the bilateral ureters 
were divided, and the urethra was clearly dis-
sected and cut after clipped by Hem-o-lok. The 
cystoprostatectomy specimen was placed into an 
EndoCatch bag.

Extended PLND involved removal of no-
dal tissue cranially up to the inferior mesenteric 
artery, and including the internal iliac, presacral, 
obturator fossa and external iliac nodes was per-
formed after the LRC. The lymph nodes were ma-
rked and put into the EndoCatch bag. Then, the 
bag was put in the abdomen and taken out after 
urinary diversion.

For intracorporeal orthotopic ileal neoblad-
der construction, a 60 cm segment of ileum, 15-20 
cm from the ileocecal junction, was isolated using 
laparoscopic Endo-GIA with a 60 mm staplers. The 
continuity of the small bowel was restored using 
the Endo-GIA with a 60 mm stapler, positioning 
the distal and proximal end of the ileum side to 
side with the antimesentery parts facing each other, 
and then the open end was closed with transverse 
firing of the Endo-GIA stapler. The proximal 10 cm 
segment of the isolated ileal segment was transec-
ted with ultrasonic scalpel and was manually anas-
tomosed with the distal end in end-to-end manner. 
The middle 40 cm of the ileal segment was detubu-
larised with scissors along its antimesenteric line, 
and the remaining 10 cm each side for reservoir 
limbs. The posterior wall of the reservoir was clo-
sed using 3-0 V-Loc suture in a simple continuous 
full thickness fashion. During the procedure, the 
posterior wall was firstly interrupted sutured using 
2-0 Vicryl suture, and two assistants were pulling 
the interrupted knots to tension ileum to facilitate 
suturing (“pulling technique”) (Figures 2A and 2B). 
The distal half of the anterior wall of the reservoir 
was sutured using the 3-0 V-Loc suture (Figure-
-2C). The proximal half of the back wall of the 
reservoir was anastomosed with the urethra back 
wall, and the anterior wall of the reservoir was 
left open (Figure-2D). Then, the catheter and two 
single J stents were introduced from the opening 
through the urethra (Figure-2E). The opening was 
then anastomosed with the urethra and closed with 
3-0 V-Loc suture using pulling technique. After 
the placement of a single J stent in the ureter and 
renal pelvis on each side, the ureters were spatula-
ted for 2-3 cm and were end-to-end anastomosed 
with ipsilateral limb in a continuous manner using 
3-0 Vicryl sutures, respectively (Figure-2F). The 
neobladder was then filled with 50 cc of saline to 
check for leakage. A drain was introduced and pla-
ced in the pelvis. The EndoCatch bag was retraced 
through an enlarged sixth port incision (usually 5 
cm) in the midline of the abdominal wall for male, 
and the specimen was removed from vagina for fe-
male. The single J stents were removed two weeks 
after surgery, and the catheter was also removed 
two weeks after surgery after confirmed by cysto-
graphy the absence of leakage.
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STATISTICAL METHODS

Mean values with standard deviations 
were computed and reported for continuous data. 
Median, range were used to report categorical 
data. Continuous and categorical variables were 
compared with Student t test and the X2 test, res-
pectively. All p values <0.05 were considered sta-

tistically significant. Statistical analysis was per-
formed using STATA v12 (StataCorp LLC, College 
Station, Texas, USA).

RESULTS

LRC with ICNB was successfully accompli-
shed in all 21 patients without open conversion. 

Figure 2-A) Interrupted suturing of the posterior wall of the reservoir using 2-0 vicryl suture. B) Pulling the interrupted knots 
to tension ileum to facilitate suturing (“pulling technique”). C) Closure of the distal half of the anterior wall of the reservoir. 
D) The proximal half of the back wall of the reservoir was anastomosed with the urethra back wall. E) The catheter and two 
single J stents were introduced through urethra. F) The ureters were spatulated for 2-3 cm and were end-to-end anastomosed 
with ipsilateral limb in a continuous manner, using 3-0 vicryl sutures, respectively.

A

C

E
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Tables 1 and 2 show the patient’s characteristics 
and surgical outcomes. The mean age was 60 years 
old with a mean BMI 24.5 kg/m2. Of 21 patients, 
four patients received neoadjuvant chemotherapy 
and fourteen patients had history of transurethral 
resection of bladder tumor. The median Charlson co-
morbidity index score was 4, and ASA score was 2.

The mean operative time was 345.6±66.9 
min, including 106±22 min for LRC and PLND and 
204±46.4 min for neobladder reconstruction. Fi-
gure-3 shows the learning curve of the procedure. 
The curve of LRC and PLND time was relatively 
stable, while the ICNB time gradually decreased. A 
significant decrease of mean ICNB times was ob-
served in the first ten cases compared with the last 
ten cases (237.3 min vs. 169.0 min, P<0.001) (Ta-
ble-3). The mean established blood loss was 192 
mL without intraoperative transfusion, and no pa-
tient was sent to ICU after surgery. The median 
time of ambulation was POD 1 (range: 1-4). The 
median time of intake of liquid diet was 4 days 
(range: 3-12). The ureteric stents were removed on 
POD 14, and the catheter was removed on POD 16 

after cystography confirmed no urine leaked from 
the bladder. The median length of hospital stay 
was 14 days (range: 8-22).

Overall incidence of complications of any 
grade at 90-d was 33.3%, and major complications 
(Clavien grade ≥3) occurred in one patients (4.8%). 
One patient had prolonged ileus and urinary tract 

infection at one week postoperatively, who was 
treated with antibiotics (Clavien grade 2). One pa-
tient had ileus at 2 weeks postoperatively, whi-
ch was resolved by supportive treatment (Clavien 
grade 1). One patient had urinary tract infection 
and was treated with antibiotics (Clavien grade 2). 
Three patients suffered urinary tract infection at 
30-90 d and were treated with antibiotics (Clavien 
grade 2), one of them was readmitted for treat-
ment of urinary tract infection. One patient had 
incision hernia at 8 weeks postoperatively and re-
ceived hernia repair (Clavien grade 3b).

Pathologic results showed TisN0M0 for 
two patients, T1N0M0 for eight patients, T1N1M0 
for one patient, T2N0M0 for six patients, T2N3M0 
for one patient, T3N0M0 for one patient, T3N2M0 

Table 1 - Patient’s Characteristics.

VARIABLES RESULTS

Patients, n 21

Age (mean±SD), year 60±10.1

Male, n (%) 19 (90.5%)

BMI (mean ± SD), kg/m2 24.5±3.9

Neoadjuvant chemotherapy, n (%) 4 (19.0%)

Charlson comorbidity index
(median [range])

4 (2-6)

ASA score, n

1-2 21

3-4 0

Smoking history, n (%) 9 (42.9%)
Abdominal surgery history, n (%) 5 (23.8%)

BMI = body mass index; ASA = American Society of Anesthesiologists
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for one patient and small cell cancer for one pa-
tient. The median lymph node yield was 18 (range: 
2-38), and 3 patients had positive lymph nodes 
(1/18, 2/24, 18/38). All surgical margins were ne-
gative. Incidental prostate cancer was detected in 
10.5% (2/19) of the patients.

The median follow-up time was 15 (3-30) 
months. No patient suffered hydronephrosis ac-
cess by ultrasound or abdominal CT. The conti-
nence and neobladder function outcomes are sho-
wn in Table-4. The complete daytime continence 
rate (pad-free) at 6 months and 12 months were 

Table 2 - Surgical Outcomes.

VARIABLES RESULTS

Total operative time (mean±SD), min 345±66.9

Time of LRC and PLND / (mean±SD), min 106±22.0

Time of ICNB (mean±SD), min 204±46.4

EBL (mean±SD), mL 192±146

Transfusion, n (%) 0

ICU after surgery, n (%) 0

POD 1 VAS score (median [range]) 1 (0-4)

Time of intake of liquid diet  / (median [range]), day 4 (3-12)

Time of ambulation (median [range]), day 1 (1-4)

Length of hospital stay / (median [range]), day 14 (8-22)

30-day complication rates, n (%)

Minor (I-II) 4 (19.0%)

Major (III-V) 0

30-90-day complication rates, n (%) 

Minor (I-II) 3 (14.3%)

Major (III-V) 1 (4.8%)

30-day readmission, n (%) 1 (4.8%)

Lymph node yield (mean±SD), n 18±9.2

Positive surgical margin, n (%) 0

Incidental prostate adenocarcinoma, n (%) 2 (10.5%)

Lymph node positive patients, n (%) 3 (14.3%)

LRC=laparoscopic radical cystectomy; PLND=pelvic lymph node dissection; ICNB=intracorporeal neobladder; EBL=estimated blood loss; POD=postoperative; 
vAS=Visual analogue scale

Table 3 - Comparison of the first and last ten cases.

Case (1-10) Case (12-21) P

Total operative time (mean±SD), min 393±47.6 297±50.0 <0.001
LRC and PLND time (mean±SD), min 114±25.9 97.7±15.8 0.11
ICNB time (mean±SD), min 237±33.7 169±31.3 <0.001
EBL (mean±SD), mL 155±95.6 240±182.3 0.21

LRC=laparoscopic radical cystectomy; PLND=pelvic lymph node dissection; ICNB=intracorporeal neobladder; EBL=estimated blood loss
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88.2% (15/17) and 85.7% (12/14), respectively. 
However, the complete night continence rate at 
6 months and 12 months were 42.9% (6/14) and 
57.1% (8/14), respectively. Four patients need one 
pad per night at 12 months. The neobladder capa-
city was 214 mL (170-330) and 375 mL (310-495) 
at 6 months and 12 months measured by ultra-
sound, respectively. One patient needed clean in-
termittent catheterization at 12 months follow-up. 
Only two patients received urodynamic study at 

12 months, and the neobladder pressures were 12 
cmH2O and 17cmH2O, respectively.

During follow-up period, no patient expe-
rienced recurrence. One patient died from myo-
cardial infarction six months postoperatively, and 
two patients suffered lung metastasis at five mon-
ths and six months postoperatively, whose TNM 
stage were T3N2M0 and T2N3M0, respectively.

Of 21 patients, only seven patients were 
followed up for more than one year and completed 

Figure 3-Learning Curve of the laparoscopic radical cystectomy with intracorporeal orthotopic neobladder.

Table 4 - Continence and Neobladder function Outcomes.

VARIABLES 6 MONTHS 12 MONTHS

Urinary Continence
Day time continence 0-1 pad/d 15/17 (88.2%) 12/14 (85.7%)
Night time continence 0-1 pad/d 6/14 (42.9%) 8/14 (57.1%)

Neobladder function

Neobladder Capacity (Median [range]), mL 214 (170-330) 375 (310-495)

Residual volume (Median [range]), mL 27 (0-135) 38 (20-160)

Max flow rate (Median [range]), mL/sec 17 (9-22) 19 (8-21)
Clean intermittent catheterization 0 1
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the QLQ-C30 and QLQ-BLM questionnaires. Mean 
questionnaire scores (QLQ-C30, QLQ-BLM30) are 
shown in the Figure-4. The lowest level of func-
tioning in QLQ-C30 was “global quality of life” 
domain, and the highest level in QLQ-C30 was 
“social functioning” domain. The lowest level of 
QLQ-C30 symptoms scale was found in the “nau-
sea and vomiting” and “diarrhea” domain and the 
highest level in the “constipation” domain. The 
QLQ-BLM30 questionnaire revealed the lowest le-
vel of symptomatology in the “abdominal bloating 
and flatulence” domain and the highest level in 
the “sexual functioning” domain.

DISCUSSION

Laparoscopic and robotic techniques have 
been increasingly advocated for the potential ad-
vantages, such as decreased blood loss, decreased 
analgesic requirements and quicker recovery (12, 
13). Some studies demonstrated that complete 
ICNB reconstruction may lead to decreased bowel 
exposure, reduction of insensitive fluid losses, and 
shorter time to oral intake (14). Recently, more 
and more studies reported robot-assisted ICNB 
reconstruction with acceptable operative time, 
complication rates and oncologic outcomes (7, 15, 
16). However, the experience of laparoscopic ICNB 
reported in the literature is limited because of the 
complex and time consuming procedure (3, 8, 10). 
Compared to laparoscopic technique, robotic sys-

tems simplified suturing procedure which lead to 
a decrease in ICNB reconstruction time because of 
3-dimensional vision and robotic arms. Although 
3-dimensional laparoscopic technique could cover 
the shortage of vision, many surgical improve-
ments are still required for traditional laparosco-
pic ICNB reconstruction.

In this study, we demonstrated a time effi-
cient neobladder reconstruction and described 
many surgical improvements which could facili-
tate the procedure of ICNB without compromising 
complications. The time efficient neobladder has 
bilateral isoperistaltic afferent limbs which was re-

ported by us before in the open approach (17). Ha-
ving bilateral isoperistaltic afferent limbs, the left 
ureter could be anastomosed with left limb in situ 
avoiding being exceedingly mobilized. Additional 
mobilization of the left ureter for being brought to 
the right side could worsen the blood supply and 
thus lead to the development of ureteroileal stric-
ture because of chronic ischemia (18). The surgical 
improvements are: (1) the division and continuity 
of the ileum was made using laparoscopic staplers; 
(2) “pulling technique” was applied during neo-
bladder wall suture, which could facilitate suture 
and decrease ICNB time; (3) the ureters were end-
-to-end anastomosed with ipsilateral limb directly. 
In our experience, no patient developed ureteroi-
leal stricture after the end-to-end anastomosis of 
ureter and ileal limb, and unidirectional peristalsis 

Figure 4-A) EORTC QLQ-C30 Functional Scale: a high scale score represents a high/healthy level of functioning (0-100). For the global quality 
of life scale, a high scale score represents a low level of functioning. B) EORTC QLQ-C30 Symptoms scale and single items: a high scale 
score represents a high level of symptomatology/problems (0-100). C) EORTC QLQ-BLM30: a high scale score represents a high level of 
symptomatology/problems (0-100).

A B C
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of the ureters and the afferent tubular ileal segment 
sufficiently protected the upper urinary tracts com-
bined with low pressure neobladder. After applying 
the surgical improvements, the ICNB reconstruction 
time decreased from average 237 min for first ten 
cases to 169 min. for the last ten cases.

In many institutional centers worldwide, 
orthotopic neobladder has now replaced the ileal 
conduit as the standard form of reconstruction. Se-
veral types of neobladder have been described, but 
all should have the following features: high capa-
city, low pressure, absence of reflux, and complete 
voiding by abdominal straining and perineal rela-
xation (19). In our study, the neobladder capacity 
was about 375 mL, which was smaller than mean 
volumes reported for open neobladder construction 
of 450-524 cm3 (20 ,21). However, no patient has 
hydronephrosis or ureterectasis one year after opera-
tion. Two patient’s neobladder pressure was low (12 
cm H2O and 17 cm H2O). We will ask more patients 
to receive urodynamic study to evaluate the function 
of the neobladder. The most common postoperative 
complication is urinary tract infection, which can be 
well controlled by antibiotics.

The EORTC QLQ-30 and the QLQ-BLM30 
module are the most commonly used generic and 
disease-specific instruments. Comparing to a stu-
dy by Ciro Imbimbo et al., mean values obtained 
from the physical functioning, role functioning, 
emotional functioning, social functioning and glo-
bal quality of life scale were higher in the present 
study (22). Cognitive functioning value was lower 
in the present study because one patient suffered 
memory difficult at one year after operation. The 
symptom scales of fatigue, nausea and vomiting, 
pain, dyspnea, appetite loss, diarrhea and financial 
difficulties were better than the results reported in 
the study by Ciro Imbimbo et al. (22). Our results 
have demonstrated lower mean values for the uri-
nary symptom, body image and future perspective 
and higher mean values of sexual functioning and 
abdominal bloating and flatulence compared with 
published data. Our data showed that sexual func-
tioning was worse because only one of the seven 
patients underwent nerve-sparing surgery.

This study has several limitations. Firstly, this 
is a retrospective study with small sample size and 
short length of follow-up. Secondly, the orthotopic 

neobladder is based on our experience and practice, 
and more urodynamic and longtime follow-up data 
are required to evaluate its function.

CONCLUSIONS

We described our experience of 3D LRC 
with a novel intracorporeal orthotopic ileal neo-
bladder, and many technique improvements faci-
litate the procedure. However, further studies are 
required to evaluate long-term outcomes of the 
intracorporeal neobladder with bilateral isoperis-
taltic afferent limbs.
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retroperitoneoscopic resection of retroperitoneal 
nonadrenal ganglioneuromas: our technique and clinical 
outcomes
_______________________________________________
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ABSTRACT         ARTICLE INFO______________________________________________________________     ______________________

Objective: To report our experience of retroperitoneoscopic technique in semi-lateral decu-
bitus position for the retroperitoneal nonadrenal ganglioneuromas in 18 patients, and to 
evaluate its clinical outcomes.
Materials and Methods: From January 2012 to May 2016, 18 patients with retroperitoneal 
nonadrenal ganglioneuromas underwent retroperitoneoscopic resection. With the patients 
in semi-lateral decubitus position, a 4-port retroperitoneal approach was used. Data were 
collected on the tumor size, tumor location, perioperative outcomes, pathology, and last-
known disease status. We reviewed the operative videos to identify surgical tips and tricks.
Results: All procedures were carried out successfully without converting to open surgery. 
The tumors had an average size of 5.2cm. The mean operative time was 86.5 min, with a 
mean estimated blood loss of 85.4mL. There were three patients suffering from intraop-
erative complications. Postoperatively, all patients achieved an uneventful recovery; the 
mean postoperative hospital stay was 5.5 days. The postoperative pathology revealed to be 
retroperitoneal ganglioneuromas. With a mean follow-up of 39.5 months, all patients were 
recurrence free. The review of the operative videos revealed several tips and tricks, includ-
ing keeping peritoneum and posterior Gerota fascia intact to provide a favorable operative 
exposure of tumors, and placing the harmonic scalpel through different ports during tumor 
dissection.
Conclusions: With the patient in semi-lateral decubitus position and a 4-port retroperitone-
al approach, retroperitoneoscopic resection of retroperitoneal nonadrenal ganglioneuroma 
is a feasible, effective, and safe procedure. This approach has distinct advantages including 
direct access to the tumor, optimal exposure of tumor and less intraperitoneal interference.

INTRODUCTION

Ganglioneuromas are rare, benign neuro-
genic tumors that originate from the neural crest. 
Arising along the sympathetic chain, ganglioneu-
romas are commonly localized in the posterior 
mediastinum followed by retroperitoneum, cervi-

cal region and adrenal gland (1). Retroperitone-
al ganglioneuromas are usually nonfunctioning 
and asymptomatic until they reach large sizes, in 
which case they cause symptoms due to local ex-
pansion and pressure on adjacent structures (2). 
Surgical resection represents the only choice for 
both diagnosis and treatment (3).

Vol. 44 (6): 1166-1173, November - December, 2018

doi: 10.1590/S1677-5538.IBJU.2017.0460

Keywords:
Retroperitoneal Neoplasms; 
Ganglioneuroma; Pathology

Int Braz J Urol. 2018; 44: 1166-73

_____________________
Submitted for publication:
August 10, 2017
_____________________
Accepted after revision:
January 10, 2018
_____________________
Published as Ahead of Print:
February 28, 2018



ibju | RetRopeRitoneal lapaRoscopic nephRouReteRectomy with non - functional kidney

1167

Retroperitoneal tumors have traditionally 
been excised using a standard open technique (4-
7). Recently, due to advances in laparoscopic in-
struments and surgical techniques, indications for 
the laparoscopic approach have been broadened to 
the retroperitoneal tumors (8-10). However, surgi-
cal access to the retroperitoneal space is generally 
achieved by abdominal transperitoneal approach. 
Reports on the retroperitoneal laparoscopic ap-
proach to nonadrenal retroperitoneal tumors are 
limited (11). In comparison with transperitoneal 
laparoscopic surgery, the main advantages of ret-
roperitoneal approach include a faster access to 
the tumor, requiring little dissection without vio-
lating the peritoneal cavity. Herein, we report our 
experience of retroperitoneal laparoscopic resec-
tion of nonadrenal retroperitoneal ganglioneuro-
ma in 18 patients and analyze the feasibility and 
safety of our technique.

MATERIALS AND METHODS

From January 2012 to May 2016, 18 pa-
tients (6 males and 12 females) underwent retroperi-
toneoscopic resection of nonadrenal retroperitoneal 
ganglioneuromas. The average age of the patients 
was 40.6 years, ranging from 21 to 65 years. The 
therapy modality was approved by the hospital eth-
ics committee and written informed consent from 
patients was obtained prior to surgery. Preoperative 
assessment of each patient’s general condition was 
carefully performed, including routine blood labo-
ratory investigation, coagulation profile, urinalysis, 
hepato-renal function. Laboratory data and the tu-
mor markers (neuron-specific enolase, NSE, serum 
carcinoembryonic antigen, CEA and carbohydrate 
antigen 199, CA-199) were all within normal limits. 
The patient’s catecholamine levels in 24-hour urine 
samples were measured to exclude paragangliomas. 
All patients were evaluated preoperatively with ab-
dominal computed tomography (CT) or magnetic 
resonance imaging (MRI). The mean tumor size was 
5.8cm the tumor location was suprahilar in 4, and 
infrahilar in 14 cases. The patient’s characteristics 
and operative data are summarized in Table-1. Ab-
dominal CT was performed 3 and 6 months postop-
eratively. Thereafter, follow-up was then continued 
at 6-month intervals.

After induction of general anesthesia, the 
patient was placed in the semi-lateral decubitus 
position with the side of the lesion elevated at 
60. A 2cm skin incision was made below the tip 
of 12th rib (point A) (Figure-1). The retroperito-
neal space was entered using sharp and blunt dis-
section through the flank abdominal muscles and 
lumbodorsal fascia, and then an index finger was 
inserted for a simple dissection to develop an initial 
retroperitoneal pocket. A homemade latex balloon 
dissector was placed into the retroperitoneal space, 
and 800-1000mL air was infused to maintain the 
balloon dilation for 3-5 minutes. The air was then 
evacuated, and the balloon dissector was removed. 
Under the guidance of the index finger extending 
into the retroperitoneal space through the incision, 
a 10-mm trocar was inserted 2cm above the su-
perior border of the iliac crest and medial to the 
midaxillary line (point B), the other two 5-mm tro-
cars were placed along the anterior axillary line 
and moved 2-3cm toward the midline (point C and 
D). A 10mm trocar was inserted at point A, and 
the skin incision was closed around the port using 
a mattress suture to avoid gas leakage. The lapa-
roscope was placed through the trocar at point B, 
which was connected to the carbon dioxide insuf-
flator to achieve the pneumoretroperitoneum (pres-
sure range, 13-15mm Hg). The retroperitoneal fat 
was partially freed to reveal the lateral conal fascia, 
which was then incised longitudinally. Dissection 
proceeded over the quadratus lumborum and then 
to the psoas muscle. Tumor was easily identified in 
the retroperitoneal space adjacent to the medial of 
the psoas muscle, and it was dissected and mobi-
lized from adjacent structures. In order to facilitate 
the manipulation of the tumor, the harmonic scal-
pel was placed through ports C for dissection of the 
upper pole of the tumor, port D was used to retract. 
For dissection of the lower pole of the tumor, the 
harmonic scalpel was switched to port D, port C 
was used to retract. Hemostasis was checked care-
fully after lowering the pressure of the pneumor-
etroperitoneum. A closed suction drain was placed 
through the port B into the space. Carbon dioxide 
was evacuated, and the port sites were closed. The 
closed suction drain was subsequently removed if 
the drainage output had not increased and was less 
than 10mL in 24 hours.



ibju | RetRopeRitoneal lapaRoscopic nephRouReteRectomy with non - functional kidney

1168

Table 1 - Patients’ characteristics and surgical outcomes.

Patient 
No./Sex/
Age (y)

Symptom Tumor 
location

Tumor 
size (cm)

Operative 
time (min)

Blood loss 
(mL)

Intraop/
postop 

complications

Postop 
stay 

(days)

Follow-up 
time

(months)

1/F/46 No Left/ 
suprahilar

5.8 121 77 No 6 64

2/M/40 No Left/ 
infrahilar

4.8 82 80 No 4 58

3/F/34 No Right/ 
infrahilar

3.2 113 86 peritoneum 
breach

5 54

4/M/33 Abdominal 
pain

Left/ 
infrahilar

6.4 97 90 No 5 52

5/F/55 No Right/ 
infrahilar

7.1 62 60 No 6 52

6/F38 Abdominal 
pain

Right/ 
infrahilar

6.6 72 98 No 7 50

7/F/65 No Right/ 
suprahilar

4.7 105 70
peritoneum 

breach
5 46

8/M/46 No Right/ 
infrahilar

5.1 68 50 No 4 45

9/F/52 Left flank pain Left/ 
suprahilar

6.2 84 75 No 5 42

10/M/29 No Right/ 
infrahilar

7.4 102 260
lumbar vein 

injury
7 39

11/M/62 Abdominal 
pain

Right/ 
infrahilar

5.8 75 60 No 6 38

12/F/27 No Right/ 
infrahilar

3.6 69 50 No
4 35

13/F/34 No Right/ 
infrahilar

4.8 78 58 No
5 33

14/F/21 No Right/ 
infrahilar

7.8 89 90 Chylous 
leakage

9 29

15/F/54 Right flank 
pain

Right/ 
infrahilar

6.3 93 65 No 6 24

16/M/39 No Left/ 
infrahilar

4.8 69 80 No 4 20

17/F/25 No Left/ 
infrahilar

6.3 72 78 No 5 18

18/F/31 Abdominal 
pain

Right/ 
suprahilar

8.2 106 110 No 6 12
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RESULTS

The detailed characteristics and perioperative 
data of the patients are summarized in Table-1. Of 
the 18 treated patients, 12 patients were asymptom-
atic and detected incidentally during health screen-
ing. All operations were completed laparoscopically 
without conversion to open surgery. Intraoperative-
ly, the tumors appeared to be well-encapsulated and 
were mostly dissected free from adjacent structures 
easily (Figure-2). Surgical time ranged from 62 to 
121 minutes, with an average of 86.5 minutes. The 
mean blood loss during the operation was 85.4mL 
(range, 50-260mL), and none of the patients required 
blood transfusion. There were three patients suffer-
ing from intraoperative complications, one with the 
lumbar vein injury and other two with the perito-
neum breach. During the operations, there were no 
instances of ureter and renal pedicle injury in these 
cases. Regarding the postoperative complications, 

chylous leakage was observed in one patient and was 
managed conservatively. All other patients achieved 
an uneventful recovery. Oral intake was resumed af-
ter a delay of 2 days (range, 1-3 days) after surgery. 
The mean postoperative hospital stay was 5.5 days 
(range, 4-9 days). Postoperatively, histopathologic 
examination results revealed ganglioneuroma in all 
the patients. All resected specimens showed a nega-
tive incisional margin. At a mean follow-up of 39.5 
months (range, 12-64 months), abdominal computed 
tomography showed no recurrence in all patients.

We reviewed our surgical videos and clari-
fied several technical tips and tricks. Keeping perito-
neum and posterior Gerota fascia intact were helpful 
to obtain a favorable operative view. In 2 cases with 
the peritoneum breach, a Veress needle was placed 
in the umbilicus, but it didn’t fully resolve the im-
pingement of the retroperitoneal working space. In 
the cases with tumors located above the renal hi-
lum, rotating the kidney was helpful to approach 

Figure 1 - Patient position and distribution of trocars. The patient was placed in the semilateral decubitus position with the side 
of the lesion elevated at 60°. Trocar A, below the tip of 12th rib. Trocar B, 2-cm above the superior border of the iliac crest and 
medial to the midaxillary line. The other two trocars (C and D), along the anterior axillary line and 2–3 cm towards the midline.



ibju | RetRopeRitoneal lapaRoscopic nephRouReteRectomy with non - functional kidney

1170

the tumors. It was helpful for facilitating the tumor 
manipulation to place the harmonic scalpel through 
different ports alternately during tumor dissection, 
especially in the cases with tumors located below the 
renal hilum.

DISCUSSION

Ganglioneuromas are tumors of the sym-
pathetic nervous system that arise from the neural 

crest cells (12). They are accepted as slow-growing 
benign tumors constituted by mature sympathet-
ic ganglion cells (13). Whereas ganglioneuromas 
can be found everywhere along the sympathetic 
chain, the posterior mediastinum, retroperitoneal 
area, and adrenal glands are the most common 
locations. Ganglioneuromas primarily affect the 
pediatric age group, two-thirds of patients are un-
der the age of 20 years, and ganglioneuromas are 
rarely observed over the age of 60 years (14). They 

Figure 2 - Preoperative CT and intraoperative findings of patient 6. A) Preoperative CT scan image showing a large tumor 
located between the IvC (asterisk) and the psoas muscle. The IvC was compressed medially. B) The tumor was identified 
after entering the retroperitoneal space. It was located medially to the psoas muscle. The IvC was compressed medially 
to the tumor. C) Laparoscopic view during dissection. The IvC had been released from the media side of the tumor. D) 
Laparoscopic view after resecting the tumor. CT indicates computed tomography; A = aorta; IvC = inferior vena cava; M = 
mass; P = psoas muscle.

A

C

B

D



ibju | RetRopeRitoneal lapaRoscopic nephRouReteRectomy with non - functional kidney

1171

are mostly sporadic but there are a few reports of 
ganglioneuromas associated with neurofibroma-
tosis type II and multiple endocrine neoplasia type 
II B (15). They are common in young females and 
usually asymptomatic until they reach a large size 
when they compress and displace adjacent struc-
tures (6, 16). Ganglioneuromas rarely produce 
vasoactive intestinal polypeptide and catechol-
amines. These tumors may cause some symptoms 
like diarrhea, sweating and hypertension related 
to those peptides (17). In our cases, the patients 
presented with a retroperitoneal mass that did not 
have secretory activity.

The current advanced imaging techniques 
may be useful for evaluating the extent of the gan-
glioneuromas and differential diagnosis. CT most 
commonly reveals a homogenous and well-encap-
sulated tumor with non-enhancement or slight en-
hancement in arterial phase and progressive mild 
enhancement in delayed phase. Circumscribed or 
spotted calcification may be observed in 20% of the 
patients (18). On MRI, T1-weighted images show a 
low-signal intensity, whereas T2-weighted images 
show a heterogeneous high-signal intensity (14, 
19). Fine-needle aspiration (FNA) can be used pre-
operatively, but it usually leads to inconclusive di-
agnosis. In the largest series with ganglioneuromas 
of presacral location, the diagnosis could not be 
achieved in 60% of cases with FNA (20). In particu-
lar, although a catecholaminergic crisis has never 
been described subsequent to FNA, this theoretical 
possibility exists (21). Without intention to perform 
FNA due to inconclusive results and the possibil-
ity of catecholaminergic crisis, we considered a 
benign neurogenic tumor as the presumed diag-
nosis according to CT and MRI features and lack 
of enhancement of the lesion. CT and MR imaging 
can demonstrate important characteristics of these 
tumors and help narrow the differential diagnosis; 
however, there is a substantial overlap of imaging 
findings among different tumors. We have 4 cases 
of misdiagnosis in our experience. Based on the CT 
characteristics, they were diagnosed as ganglioneu-
romas before surgical resection, whereas the post-
operative pathology revealed schwannomas which 
were not included in this article. Here, we only se-
lected patients whose postoperative histopathologic 
examination revealed ganglioneuromas.

Retroperitoneal tumors were excised tradi-
tionally by laparotomy (4-7). However, in recent 
decades, with advances in laparoscopic technique 
and the associated equipment, laparoscopic exci-
sion for some retroperitoneal tumors is the ideal 
approach nowadays (8-10). The laparoscopic ap-
proach has been associated with fewer postop-
erative complications including less blood loss, 
minor postoperative adhesion formation, and 
shorter hospital stay than laparotomy. Laparo-
scopic retroperitoneal tumor excision can be per-
formed through the retroperitoneal or transperi-
toneal approach. However, surgical access to the 
retroperitoneal space is generally achieved by ab-
dominal transperitoneal approach. Reports on the 
retroperitoneal laparoscopic approach to nonad-
renal retroperitoneal tumors are limited. In com-
parison with transperitoneal laparoscopic surgery, 
the main advantages of retroperitoneal approach 
include a faster accessing to the tumor, requiring 
little dissection without violating the peritoneal 
cavity. Walz et al. previously reported their ex-
periences of laparoscopic or retroperitoneoscopic 
surgery for 27 paragangliomas. They used the 
prone position combined with a gas pressure of 
20-24mmHg in retroperitoneoscopic surgery (22). 
Zhang S et al. reported their retroperitoneoscop-
ic technique in supine position for the primary 
tumors located below the level of renal pedicle 
(23). In our surgical technique, we also preferred 
the retroperitoneal approach on the basis of our 
extensive experiences. But, we used semi-lateral 
decubitus position.

The incidence of retroperitoneal tumors 
is too infrequent for most surgeons to gain suf-
ficient experience in laparoscopic excision. In 
our cases, we selected the tumors located below 
or above the level of the renal pedicle. Therefore, 
for an experienced surgeon who is adroit at ret-
roperitoneoscopic adrenalectomies, nephrectomies 
and others, retroperitoneoscopic resection of a 
retroperitoneal tumor below or above the level of 
the renal pedicle can be performed easily. Since 
the tumor was partially sheltered from the psoas 
muscle, we modified the patient position as used 
in nephrectomy. We performed the procedure with 
the patient in a semi-lateral decubitus position in 
order to get an optimal exposure of the tumor. We 
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slightly modified port positioning which we used 
in retroperitoneoscopic nephrectomy. Briefly, all 
four ports were moved 2-3cm toward the midline 
in order to facilitate the exposure and manipula-
tion of the tumor.

In our experience, dissecting along the 
surface of the psoas muscle was sufficient to ex-
pose the tumor. The posterior Gerota fascia and 
perinephric fat should be left intact to keep its 
adherence to the peritoneum, which can play a 
role of “self-retraction” to avoid dropping of the 
fascia, otherwise may prevent the surgeon’s abil-
ity to maneuver. Maintaining the integrity of the 
peritoneum is a key factor during the retroperito-
neal performance. However, the peritoneum could 
be damaged and opened inadvertently, losing the 
surgical field exposure advantage provided by the 
pneumoretroperitoneum. There were two cases 
suffered from the peritoneal breach in our study. 
They occurred during the trocar placement. Ex-
tended and more careful finger dissection to sepa-
rate the adherent peritoneum from the abdominal 
wall may reduce this complication. Furthermore, 
incising the lateral conal fascia longitudinally 
along the quadratus lumborum, which is far away 
from lateral peritoneal reflection, may further 
contribute to preventing peritoneal injury.

Arising along the sympathetic chain, ret-
roperitoneal ganglioneuromas are commonly 
located in a deep, narrow space and adjacent 
to major vessels, so it is difficult to perform a 
laparoscopic resection of the tumors especially 
when tumors are adherent to adjacent major ves-
sels. However, retroperitoneal approach affords 
rapid and direct access to the tumors, with the 
retraction of psoas muscle and Gerota fascia, the 
laparoscopic magnification provides an excellent 
exposure. In our cases, all operations were com-
pleted laparoscopically without conversion to 
open surgery. When a tumor adhered to impor-
tant adjacent vessels, as showed in our patient 
6, the tumor adhered to the inferior vena cava, 
meticulous dissection was necessary. During the 
tumor dissection, port C and D could offer dif-
ferent operative direction around the tumor. As 
a surgical tip, we found it was helpful for facili-
tating the tumor manipulation to place the har-
monic scalpel through ports D and C, alternately.

Because of the benign nature of ganglio-
neuromas, adjuvant systemic chemotherapy or lo-
cal radiotherapy are not indicated after surgical 
resection. As ganglioneuromas have a tendency to 
remain silent for a long time, and are often asso-
ciated with a long-term disease-free survival (6), 
regular follow-up is necessary to assess local re-
currence. In our patients, recurrence has not been 
observed at a mean follow-up of 39.5 months.

We present a small retrospective study, 
more cases and further follow-up are still needed 
to establish that retroperitoneoscopic resection 
does not have a deleterious effect on the long-
term outcome. Secondly, our study could not an-
swer the question of whether laparoscopic surgery 
is a viable option for malignant retroperitoneal 
tumors. However, we consider that our study fur-
ther supports the feasibility of retroperitoneal lap-
aroscopic resection of retroperitoneal ganglioneu-
romas in experienced hands, and we offer several 
surgical tips and tricks.
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ABSTRACT         ARTICLE INFO______________________________________________________________     ______________________

Objective: To evaluate the safety and feasibility of total retroperitoneal laparoscopic 
nephroureterectomy with urinary-bladder junction resection for a tuberculous non-
functional kidney.
Materials and Methods: A total of 27 individuals diagnosed with unilateral non-func-
tional kidney secondary to tuberculosis were treated between June 2011 and June 
2015. All patients had normal renal function on the contralateral side and underwent 
the standard four-drug anti-tuberculosis treatment for at least four weeks before sur-
gery. Total retroperitoneal laparoscopic nephroureterectomy was performed in all pa-
tients, and the urinary-bladder junction of distal ureter was managed using different 
auto-suture techniques. 
Results: Nineteen male and 8 female patients with an average age of 47.3 years (range, 
36-64 years) underwent surgery. All the operations were successfully performed with-
out conversion. The median operative time was 109.3 min (range, 75-138 min), the 
median blood loss was 157.5 mL (range, 70-250 mL), and the median hospitalization 
time was 3.7 days (range, 3-6 days). No serious perioperative complications occurred. 
Anti-tuberculosis chemotherapy was prescribed to all patients, with the entire course 
of treatment lasting six months. No recurrence of tuberculosis of the bladder or the 
contralateral kidney was observed during the median follow-up period of 26.7 months 
(range, 6-54 months). 
Conclusion: Retroperitoneal laparoscopic nephroureterectomy with urinary-bladder 
junction resection is a safe and feasible approach for the treatment of tuberculous 
non-functional kidneys.

INTRODUCTION

Tuberculosis (TB) remains a major challen-
ge to human health worldwide. In 2013, 9 million 
people fell ill with TB, and 1.5 million died from 
the disease (1). The kidneys are a common site of 
extrapulmonary TB, and the incidence of renal TB 
is estimated to be up to 73% in TB patients from 

regions with an extremely high prevalence of pul-
monary TB (2). Because of its slow progress and 
nonspecific manifestations, the diagnosis of renal 
TB is often delayed, by which point one of the 
kidneys may have stopped functioning. The con-
dition usually results from extensive calcification 
of the renal parenchyma and/or multiple infundi-
bular stenosis or ureteric strictures. Therefore, the 
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surgical management of nephrectomy, whether 
using a traditional open approach or a retroperito-
neoscopic approach, becomes inevitable for those 
patients with a non-functional kidney. However, 
it remains controversial whether total resection of 
the ipsilateral ureter is safe and feasible during the 
performance of retroperitoneal laparoscopic ne-
phrectomy in tuberculous patients. Although total 
resection of an affected ureter is rarely indicated 
for the treatment of a tuberculous non-functional 
kidney, the removal of the more tuberculous tis-
sues associated with an affected ureter could theo-
retically prevent the occurrence of ureteral stump 
syndrome. This syndrome is clinically interpreted 
as febrile urinary tract infections, hematuria, and 
lower quadrant pain that may occasionally occur 
when a ureteral stump, a segment of the ureter, is 
left in place after nephrectomy. However, to the 
best of our knowledge, few studies have reported 
on the feasibility and outcome of retroperitoneal 
laparoscopic nephroureterectomy for the treat-
ment of tuberculous non-functional kidneys (3, 4).

In this present study, we report our expe-
rience with retroperitoneal laparoscopic nephrou-
reterectomy for the treatment of tuberculous non-
-functional kidneys, with the aim of evaluating 
the feasibility and safety of this approach.

PATIENTS AND METHODS

Institutional review board approval was 
obtained from the ethics committees prior to the 
initiation of the study. Information from a data-
base of prospectively collected data that included 
the hospital chart data and complications of all 
patients treated with total retroperitoneal laparos-
copic nephroureterectomy was retrospectively re-
viewed. The diagnosis of a tuberculous non-func-
tional kidney was established based on clinical 
manifestations, urinalysis, real-time polymerase 
chain reaction (PCR) for Mycobacterium tuber-
culosis, the erythrocyte sedimentation rate (ESR), 
intravenous pyelography, enhanced computed to-
mography and a nephrogram. In certain patients, 
cystoscopy with a bladder biopsy was performed 
when the clinical diagnosis of TB was not con-
firmed. The glomerular filtration rate of the kid-
ney was also evaluated via a renal nuclear scan. A 

unilateral non-functional kidney was defined by 
a glomerular filtration rate of the diseased kidney 
of less than 15 mL/min/1.73 m2, associated with a 
cortical thickness of less than 5 mm, whereas the 
glomerular filtration rate of the contralateral side 
was normal or more than 60 mL/min/1.73 m2. Pa-
tients were excluded from the study if they had a 
history of retroperitoneal surgery on the ipsilateral 
side of the diseased kidney or if assessment of the 
presence of renal TB was not performed. Patients 
in the active phase of TB were also excluded.

Study population
In all, 27 patients with a unilateral non-

-functional kidney due to TB who were admitted 
to our hospital between June 2011 and June 2015 
were included in this study. Information regarding 
the advantages and risks of the laparoscopic sur-
gery was provided for formal informed consent, 
and permission was obtained from the patients 
before surgery. The group included 19 males and 
8 females, and the tuberculous lesion occurred on 
the right side in 16 patients and the left side in 
11 patients. The mean age was 47.3 years (range, 
36-64 years). The most common clinical manifes-
tation was irritative voiding symptoms (19 cases), 
followed by recurrent urinary tract infection (5 ca-
ses), gross hematuria (2 cases) and ipsilateral flank 
pain (1 case). Standard 4-drug anti-TB chemothe-
rapy, including isoniazid 10 mg/kg, rifampicin 10 
mg/kg, pyrazinamide 20 mg/kg and ethambutol 
15 mg/kg, was prescribed to every patient for si-
multaneous intake once daily for at least 4 weeks 
before the operation.

Operative technique
All the operations were performed by a 

surgeon who had mastered the technique of re-
troperitoneoscopic radical nephrectomy. After 
general anesthesia induction, the patients were 
placed in the lateral flank position with elevation 
of the waist on the surgical side. Three laparos-
copic working channels were first established to 
perform the nephrectomy approach and the dis-
section of the upper ureter (Figure-1). A 1.5 cm 
skin incision was made 2 cm above the intersec-
tion point of the axillary line and the iliac crest 
(port C). The muscle layer and lumbodorsal fas-
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cia were bluntly penetrated and distracted with 
forceps. Dilation of the retroperitoneal space was 
performed using a homemade balloon (by tying 
the finger of a glove over an F10 red rubber ca-
theter) inflated with air to a volume of up to 500-
700 mL (5). A 10 mm trocar was placed at port 
C to form the laparoscope working channel, and 
pneumo-retroperitoneum was created by carbon 
dioxide insufflation, with its pressure maintained 
at 15 mm Hg. A 10 mm trocar and a 12 mm trocar 
were inserted under the monitoring laparoscope 
at the anterior axillary line around the 11th rib 
tip (port A) and the posterior axillary line around 
the 12th rib (port B), respectively. Gerota’s fascia 
was incised, and the renal hilum was explored first 
by separating the space between Gerota’s fascia 
and the psoas fascia. The renal pedicle was sought 
from bottom to top along the plane behind the 
ureter on the left side or in front of the inferior 
vena cava on the right side. After the vessels in 
the renal hilum were clearly identified, three Hem-
-O-Lock clips (Teleflex Medical, Research Triangle 
Park, NC, USA) were utilized to ligate the renal 
artery and vein. That procedure had to be accom-
plished before dissecting the diseased kidney from 
the surrounding tissue to reduce bleeding. The re-
maining dissection of the kidney was performed 
in the space between Gerota’s fascia and the fat-

ty capsule of the kidney. Adhesions and scarring 
were usually present during the isolation of the 
ventral side of the tuberculous kidney, but it was 
not too difficult to separate. The main reason for 
dissection within Gerota’s fascia was to reduce the 
prospect of peritoneal injury. The adrenals were 
left in situ during the isolation of the upper renal 
pole in all patients. The proximal ureter was iden-
tified during the dissection of the lower pole of the 
kidney and ligated using one Hem-O-Lock clip in 
case tuberculous urine leaked from the kidney col-
lecting system. The ureter was separated distally 
from the bifurcation of the common iliac artery.

Port D was established in the midclavi-
cular line under the monitoring laparoscope and 
formed an isosceles triangle together with ports A 
and C. The position of the patient was then chan-
ged through adjustment of the operating Table 
to attain a head-down posture. The surgeon also 
changed his standing position from the back side 
of the patient to the ventral side. The laparoscope 
was inserted in port A, and ports B and D were the 
main working channels for dissection of the lower 
ureter. In premenopausal female patients, the ute-
rine artery was preserved during isolation of the 
pelvic segment of the ureter. A grasper was inser-
ted through port C to stretch the ureter toward the 
head side. The distal ureter was dissected toward 

Figure 1 - Distribution of the 4 port sites (Port D was established after nephrectomy).
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the bladder until the enlargement of the intramu-
ral ureter appeared. The sectioning of the ureteral 
enlargement was performed using a Hem-O-Lock 
clip, a 30 mm Endo-GIA (Tyco Healthcare Group 
LP, Glover Avenue, CT, USA) or an absorbable 12 
mm Lapro-Clip (Covidien IIC, Hampshire Street, 
MA, USA) (Figure-2). An extending incision was 
then made for port A, through which the tubercu-
lous kidney and the entire ureter were placed in a 
surgical bag and removed together.

Finally, drainage tubes were placed throu-
gh ports C and D in the retroperitoneal space near 
the renal pedicle and the bladder wound, after 
which the trocar incisions were closed.

RESULTS

All operations were successfully performed 
without conversion to open surgery. The median 

operation time was 109.3 min (range, 75-138 min), 
and the median blood loss was 157.5 mL (range, 
70-250 mL) without intraoperative transfusion of 
blood cells. The terminal ureters of 5 patients and 
3 patients were ligated with Hem-O-Lock clips and 
Endo-GIA, respectively. Ligation of the terminal 
ureter in the remaining 19 patients was accom-
plished with an absorbable Lapro-Clip. The me-
dian weight of the tuberculous kidneys was 141.8 
g (range, 25-527 g). The perioperative complica-
tions are shown in Table-1. No injury to the infe-
rior vena cava or abdominal aorta occurred, and 
there was no injury to adjacent abdominal organs. 
Moreover, acute renal failure did not occur in any 
patient after surgery. There were 2 patients and 1 
patient who experienced injury to the renal vein 
and lumbar vein, respectively, mainly resulting 
from adhesions around the renal hilum. Rupture 
of the distal ureter occurred in 1 patient during 

Figure 2 - The different methods of mutilation of the distal ureter.

A B

C D

(A: the Hem-O-Lock clip; B: Endo-GIA; C: The absorbable Lapro-Clip and D; the renal specimen).
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Table 1 - Details of perioperative complications.

Complications Number Percentage

Intraoperative 5 18.5%

Peritoneum injury 1 3.7%

Renal vein injury 2 7.4%

Lumbar vein injury 1 3.7%

Rupture of distal ureter 1 3.7%

Postoperative (Clavien Grade) 8 29.6%

Fever (Grade I) 3 11.1%

Pneumoscrotum (Grade I) 4 14.8%

Incision infection (Grade II) 1 3.7%

dissection of the lower ureter, probably because of 
the increased fragility of the diseased ureter and 
traction from the grasper. No spillage of pus oc-
curred in that patient because the upper ureter had 
been ligated with a Hem-O-Lock clip in advance. 
One patient experienced the complication of in-
cision infection, and the infection wound healed 
after dressing and the application of antibiotic. 
Four patients experienced pneumoscrotum that 
generally disappeared completely without any in-
tervention within three days after surgery. Three 
patients experienced postoperative pyrexia. Their 
maximum body temperature was not over 39°C, 
and they were all cured with conservative thera-
py. In all, the median hospitalization time was 3.7 
days (range, 3-6 days). Pathological examination 
confirmed the preoperative diagnosis of renal TB 
in all patients, and the pathological characteristics 
of TB were found in the diseased kidney and ureter. 
Anti-TB chemotherapy was continually performed 
in all patients after surgery, with a total treatment 
period of 6 months. During the median follow-up 
period of 26.7 months (range, 6-54 months), the 
signs of irritation of the bladder disappeared, and 
routine urine tests and tests for acid-fast bacilli in 
the urine became negative. All patients were sche-
duled to undergo ultrasonography of the urinary 
tract at 3 months, 6 months and 12 months after 
the operation. Cystoscopic examination was not 
carried out routinely after surgery. Two patients 
who complained of notably frequent micturition 
and urgency underwent cystoscopy. Bladder tu-

mors and stones did not occur, and the symptoms 
were relieved by α1-blocker treatment. No recur-
rence of TB of the bladder or the contralateral kid-
ney was observed during the follow-up period.

DISCUSSION

TB is still a major challenge to public he-
alth in developing countries (6). China has the se-
cond greatest number of cases of TB in the world, 
with 1.3 million new cases arising per year (7). 
The urogenital system is the second most common 
site of extrapulmonary TB after lymphatic TB, oc-
curring in 4-73% of adult TB patients (2). Because 
of its insidious onset and nonspecific symptoms, 
which mostly manifest as irritation of the bladder, 
late diagnosis of urinary system TB is quite com-
mon, especially in developing countries. A non-
-functional kidney due to destruction of the renal 
collecting system by Mycobacterium tuberculosis 
is usually present in patients with a late diagno-
sis. Anti-TB drug therapy has been available for 
tuberculous patients since the 1950s and remains 
the major first-line therapeutic regimen. Howe-
ver, this treatment is not able to cure patients 
with a late diagnosis. Nephrectomy intervention 
is recommended when there is a non-functional 
kidney, whether the diseased kidney is associa-
ted with calcification or is extensively destroyed, 
accompanied by hypertension or ureteropelvic 
junction obstruction (8). Figueiredo et al. reported 
that the rate of nephrectomy among 8961 cases of 
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urogenital TB was 27.6% and that the difference 
in the nephrectomy rate between developed and 
developing countries was not significant (27.9% 
vs. 26.0%) (9). Multiple studies have shown that 
the retroperitoneal laparoscopic procedure is an 
optimal alternative to open surgery for treating 
patients with a non-functional kidney resulting 
from TB (5, 10, 11). This procedure not only re-
duces interference with the abdominal organs but 
also avoids the possible spread of TB bacteria into 
the abdominal cavity. However, this approach re-
mains a challenge for surgeons in certain cases 
because of perinephric adhesion and poor anato-
mic landmarks.

The main reasons for the conversion of re-
troperitoneoscopic resection of the tuberculous kid-
ney to open surgery are major bleeding and diffi-
culty in separating perinephric adhesions (5, 12). In 
the present study, the renal pedicle was controlled 
early, before dissecting the tuberculous kidney, to 
reduce intraoperative bleeding. Perinephric adhe-
sions were another major challenge during the ope-
ration because the normal anatomic structure had 
usually been destroyed by the infection. The closer 
that adhesions were to the surface of the tubercu-
lous kidney, the more severe the adhesions were. 
Duarte et al. reported that transperitoneal laparos-
copic dissection outside of Gerota’s fascia achieved 
a success rate of 72% in the management of patients 
with inflamed kidneys (13). Those authors preferred 
the transperitoneal approach to the retroperitone-
al approach to avoid adhesions and fibrous tissue, 
mainly because the former allowed more work spa-
ce and clear anatomic landmarks. However, the 
selection of the transperitoneal vs. retroperitoneal 
approach depends mainly on surgeon preference. 
In the present study, we endeavored to perform re-
nal dissection within Gerota’s fascia to reduce the 
risk of peritoneal injury because carbon dioxide 
gas would enter the abdominal cavity if injury to 
the peritoneum occurred. The retroperitoneal space 
would then be reduced to such an extent that it 
would impact the operation, especially during dis-
section of the lower ureter. Although the normal 
anatomic structure had been destroyed in certain 
severe cases, we found that the infective adhesion 
between Gerota’s fascia and the fatty capsule was 
not difficult to separate.

Laparoscopic nephroureterectomy has 
been shown to be feasible and safe for upper-tract 
urothelial carcinoma (14, 15), but the practica-
bility of this procedure has rarely been assessed 
in the management of patients with tuberculous 
non-functional kidneys. Tuberculous lesions can 
affect the entire collection system, including the 
kidney, ureter and bladder. The more tuberculous 
that lesions resected from a diseased ureter are, 
the less likely postoperative ureteral stump syn-
drome is to occur (3, 16). In addition, if tubercu-
lous lesions of the distal ureter persist, contracture 
of the bladder and delayed healing may result. In 
the present study, the lower ureter was resected 
as distally as possible. The complete excision of 
bladder cuff can be achieved via transperitone-
al laparoscopic surgery (17, 18); however, this is 
difficult to achieve using the retroperitoneal la-
paroscopic technique because of the limited re-
troperitoneal space. Furthermore, the resection of 
bladder cuff would reduce the bladder capacity of 
tuberculous patients to some extent and may have 
adverse effects on the recovery of postoperative 
bladder function.

Three devices were utilized to ligate the 
terminal ureter, and these exhibited different cha-
racteristics. Endo-GIA can be used to effectively 
close the terminal ureter, but this device is too 
expensive to apply in patients from developing 
countries, who usually do not have medical insu-
rance. Moreover, both Endo-GIA and large Hem-
-O-Lock clips are non-absorbable and may move 
into the bladder, resulting in stone formation and 
urinary infection (19-21). Therefore, absorbable 
Lapro-Clips have been used to ligate the distal 
ureter at our center since November 2012 to pre-
vent the possibility of stone formation in the long 
term.

In the present study, the median operation 
time and blood loss were 109.3 min and 157.5 mL, 
respectively. Chibber et al. reported that they de-
tached and ligated the distal ureter below the level 
of bifurcation of the common iliac artery and that 
the corresponding indicators were 208.5 min and 
326.25 mL in the tuberculosis TB group (3). Tian X 
et al. described the use of a Gibson incision to dis-
sect the distal ureter of patients with tuberculous 
non-functional kidneys, with a median operation 
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time and blood loss of 123.0 min and 134.0 mL, 
respectively (4). Compared with these studies, the 
present study showed a shorter operation time and 
less blood loss. With respect to perioperative com-
plications, no serious complications above grade 
III of the modified Clavien classification occurred 
in our study or the two cited studies, except for 
a retroperitoneal hematoma after surgery that re-
quired re-operation in the study by Tian X et al. 
(4). To prevent the potential contamination of the 
surgical field by tuberculous tissue, it is essential 
to utilize a surgical bag to completely remove the 
tuberculous specimen.

The present study is limited by its retros-
pective design, its focus on a single center and 
the relatively short period of follow-up. However, 
to the best of our knowledge, there have been no 
other studies to date that have included a larger 
sample size of patients with tuberculous non-
-functional kidneys who underwent total retrope-
ritoneal laparoscopic nephroureterectomy.

CONCLUSIONS

Total retroperitoneal laparoscopic nephrou-
reterectomy can be a safe and feasible approach 
for the management of patients with tuberculous 
non-functional kidneys. However, further studies 
are necessary to confirm our results.
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ABSTRACT 

Purpose: This study aims to evaluate the link between preoperative parameters and oxida-
tive stress (OS) markers in the bladder wall of men undergoing open prostatectomy.
Materials and Methods: From July 2014 to August 2016, men aged ≥ 50 years and 
presenting with LUTS were prospectively enrolled. Preoperative assessment included 
validated questionnaires (IPSS and OAB - V8), lower urinary tract ultrasound and uro-
dynamics. Bladder biopsies were taken during open prostatectomy for determination of 
OS markers. Increased OS was defined by increased concentration of malondialdehyde 
(MDA) and / or decreased concentration of antioxidant enzymes (superoxide dismutase 
and / or catalase). P<0.05 was regarded as statistically significant.
Results: Thirty - eight consecutive patients were included. Mean age was 66.36 ± 6.44 ye-
ars, mean prostate volume was 77.7 ± 20.63 cm3, and mean IPSS was 11.05 ± 8.72 points. 
MDA concentration was increased in men with severe bladder outlet obstruction (BOO gra-
de V - VI according to the Schaefer’s nomogram) in comparison with BOO grade III - IV (p 
= 0.022). Patients with severe LUTS also had higher MDA concentration when compared to 
those with mild LUTS (p = 0.031). There was a statistically significant association between 
increased post - void residual urine (cut off ≥ 50 mL) and not only higher levels of MDA, 
but also reduced activity of SOD and catalase (p < 0.05).
Conclusions: This pilot study showed that severity of LUTS and BOO were associated 
with increased MDA concentration in the bladder wall of men undergoing open prosta-
tectomy. Further studies are still needed to assess the role of non - invasive biomarkers 
of OS in predicting bladder dysfunction in men with LUTS.

ARTICLE INFO 

Keywords:
Urinary Bladder; Lower Urinary 
Tract Symptoms; Urinary 
Bladder Neck Obstruction; 
Oxidative Stress

Int Braz J Urol. 2018; 44: 1182-93

_____________________
Submitted for publication:
February 25, 2018
_____________________
Accepted after revision:
August 12, 2018
_____________________
Published as Ahead of Print:
September 20, 2018

INTRODUCTION

Current evidence suggests that bladder 
response to chronic obstruction occurs adapti-
vely (1). Bladder functional changes caused by 

obstruction may be urodynamically classified 
in three main groups: (a) detrusor overactivity 
with or without reduced bladder compliance; 
(b) detrusor underactivity (DU) with impaired 
voiding; and (c) mixed pattern (2).
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 Unfortunately, to date there is no reliable 
marker to predict which patients with bladder ou-
tlet obstruction (BOO) will inexorably present de-
terioration of bladder contractility, which, by itself, 
has been associated with poorer surgical outcomes 
in men with benign prostatic hyperplasia (BPH). 
Thomas et al. demonstrated the lack of long - term 
symptomatic or urodynamic gains from transure-
thral resection of the prostate (TURP) in men with 
both BPH and detrusor underactivity (3). On the 
other hand, persistent detrusor overactivity is also 
clinically relevant in patients undergoing prostate 
surgery, as it may impose increased risk of urgency 
urinary incontinence (4).

 According to animal models, oxidative stress 
(OS) and bladder dysfunction (BD) may be related 
to ischemia - reperfusion process and BOO (5, 6). 
Reactive oxygen species (ROS), including hydroxyl 
radicals, superoxide anions, and hydrogen peroxide, 
are normally produced in low levels during univa-
lent reduction of oxygen to water and are important 
for diverse biological processes, including apoptosis, 
immunity, and cell defense against microorganisms 
(7). Increased formation of ROS and / or decreased 
antioxidant defense can be defined as OS, which 
may cause cell damage. Endogenous antioxidant 
enzymes such as superoxide dismutase (SOD) and 
catalase (CAT) are key to prevent damage from ROS. 
OS induces lipid peroxidation, which is expressed by 
formation of malondialdehyde (MDA) (8). Sezginer 
et al. has recently investigated the effects of different 
degrees of obstruction on bladder function in rats, 
showing that MDA levels were increased in severe 
partial BOO (9). Nevertheless, this association has not 
been properly assessed in humans so far.

 Our study aims to evaluate the link betwe-
en preoperative parameters (clinical, ultrasound and 
urodynamic findings) and OS markers in the bladder 
wall of men undergoing open prostate surgery. We 
hypothesized that severe bladder outlet obstruction 
was associated with increased OS in the bladder wall 
of men with lower urinary tract symptoms (LUTS).

MATERIALS AND METHODS

 This was a pilot study, approved by the lo-
cal Ethics Committee (approval number: 660.810). 

From July 2014 to August 2016, men presenting 
with LUTS, aged ≥ 50 years, prostate volume ≥ 40 
mL, undergoing prostate surgery in a single uni-
versity hospital were invited to take part in the 
study. The target population consisted of patients 
with BPH or organ - confined prostate cancer with 
concomitant LUTS in the perioperative period of 
open prostatectomy.

 Our primary endpoint was the association 
between OS markers and severity of BOO. Explora-
tory endpoints included the link between OS ma-
rkers various preoperative characteristics, such as 
obesity, severity of LUTS, overactive bladder symp-
toms, ultrasound and urodynamic parameters.

Exclusion Criteria: Patients without com-
plaint of one or more voiding LUTS over the last 
3 months, previous pelvic surgery, neurological 
disease with secondary neurogenic lower urina-
ry tract dysfunction, established cardiovascular 
disease (including prior stroke, myocardial ische-
mia and / or peripheral vascular disease) and pa-
tients relying on clean intermittent catheterization 
or taking drugs with potential effects on bladder 
function (e.g. anticholinergics and 5 - alpha - re-
ductase inhibitors).

 Patients who met the criteria for inclu-
sion were invited to participate and received com-
prehensive information on further evaluations, 
which included lower urinary tract ultrasound, 
urodynamics and a bladder wall biopsy. Only tho-
se who were able to understand the risk - benefit 
profile of the assessments and provided written 
informed consent were included in the study. This 
study was carried out in accordance with the ethi-
cal standards of the responsible institutional com-
mittee and with the Helsinki Declaration.

Clinical, laboratory and anthropometric assess-
ments

 We collected clinical, and anthropome-
tric data such as age, comorbidities, weight, hei-
ght, body mass index (BMI), fasting glucose, and 
blood pressure. A single examiner performed the 
anthropometric measurements, in a standardized 
way (average of two or more measurements). Wei-
ght (kg) was acquired using a precision balance 
and height was measured using a wall - mounted 
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stadiometer. BMI was calculated as the ratio be-
tween weight (kg) and height squared (m2), and 
defined the following reference values: normal 
(18.5 - 24.9 kg / m2), overweight (25.0 - 29.9 kg / 
m2), and obesity (30 kg / m2 or higher).

LUTS assessment
 LUTS were assessed using the Internatio-

nal Prostate Symptom Score (IPSS) (10). LUTS se-
verity was classified as follows: mild (IPSS ≤ 7 
points), moderate (IPSS ≥ 8 and ≤ 19 points), and 
severe (IPSS ≥ 20 points). The OAB - V8 question-
naire (Overactive Bladder - Validated 8 - question 
Screener) was also used to estimate the prevalence 
of overactive bladder symptoms, which were defi-
ned by a score ≥ 8 points (11).

Ultrasound assessment
 Ultrasound examination of the lower uri-

nary tract was performed with the device Siemens 
Sonoline G50® (Siemens AG, Munich, Germany). 
Total thickness of the bladder wall was measured 
by a mean of two sagittal measurements of the an-
terior bladder wall, with 250 mL of bladder filling 
(12, 13). Bladder wall thickness (BWT) was defined 
by the distance between the mucosa and the ad-
ventitia, both with hyperechogenic characteristics 
(14). Parameters such as prostate gland volume 
and intravesical prostatic protrusion (IPP) were 
also evaluated, according to the technique descri-
bed by Yuen et al. (15). All measurements were 
performed transabdominally, by a single trained 
researcher using a high frequency transducer (7.5 
MHz). All ultrasound assessments were performed 
in the urodynamics unit, which allowed measure-
ments with standardized bladder filling (250 mL).

Urodynamic assessment
 Urodynamic studies were performed 2 to 3 

weeks before open prostatectomy, using the Labo-
rie Dorado KT® device (Laborie Medical, Ontario, 
Canada). All assessments were performed by a sin-
gle trained researcher, in compliance with the In-
ternational Continence Society (ICS) Good Urody-
namic Practices (16). Post void residual (PVR) was 
defined as the volume of urine inside the bladder 
at the end of micturition (17). In our study, PVR 

was measured by catheterization after free uro-
flowmetry (before starting the filling cystometry). 
Increased PVR was arbitrarily defined as a volume 
≥ 50 mL (18).

 Bladder outlet obstruction (BOO) was de-
fined by the formula: detrusor pressure at maxi-
mum flow - (2x maximum flow). A value greater 
than 40 was regarded as BOO, less than 20 as no 
obstruction, and between 20 and 40 as undeter-
mined (19). The Schaefer’s nomogram was used to 
assess BOO severity (19). Severe BOO was defined 
as zone V or VI on the nomogram. Detrusor unde-
ractivity was defined by the bladder contractility 
index (BCI), calculated by the formula: detrusor 
pressure at maximum flow + (5 x maximum flow). 
Values under 100 were regarded as detrusor unde-
ractivity (19).

Bladder biopsies
 A full - thickness fragment of the blad-

der wall measuring 1.0 cm2 was obtained from 
the anterior bladder wall during prostatectomy for 
determination of OS markers, including catalase, 
SOD and MDA. In order to aim at the detrusor 
muscle, each fragment had the mucosa and the 
perivesical fat removed, and then was frozen in 
liquid nitrogen at - 70oC in order to preserve the 
material for later analysis.

Oxidative Stress Analysis
 Prior to performing OS analyzes, the bla-

dder fragments were manually homogenized with 
1.15% KPi buffer (pH = 7.4) containing protease 
inhibitors, at a ratio of 5 mL buffer (1.15% KCl) 
for each gram of tissue, and then the total protein 
concentrations of the bladder tissue were measu-
red by the Bradford method (20) in a spectropho-
tometer at 535 nm.

 Thiobarbituric acid reactive substances 
test was performed by spectrophotometry at 535 
nm to assess the concentration of MDA, which 
is a biomarker of peroxidative damage to lipids 
(21). Analysis of the activity of antioxidant en-
zyme SOD was performed by the pyrogallol auto-
xidation method (22), using spectrophotometry at 
420 nm. Determination of catalase activity, which 
is an antioxidant enzyme, was carried out by the 
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rate of hydrogen peroxide (H2O2) decomposition 
(spectrophotometry at 240 nm) (23).

Definition of increased oxidative stress
 Increased OS was defined by either of 

the following criteria: increased concentration of 
MDA and / or decreased concentration of antioxi-
dant enzymes (SOD and / or catalase).

Statistical analysis

 Data were expressed as mean ± standard 
deviation. Results were compared using the Stu-
dent t test, and controlled for the use of alpha - 
blockers. Nominal variables were analyzed using 
the Fisher exact test. Bonferroni adjustment has 
been used for multiple testing correction. For 
specific parameters, such as prostate volume and 
BWT, distinct quartiles were taken to compare OS 
levels and define cutoffs. Statistical analyses were 
performed using SPSS® version 22.0 for Windows 
(SPSS Inc., Chicago, IL, USA) and an alpha error 
inferior to 5% (p < 0.05) was considered statisti-
cally significant.

RESULTS

 Thirty - eight consecutive patients were 
included. Mean age was 66.36 ± 6.44 years. Mean 
body mass index (BMI) was 26.36 ± 2.98 kg / m2. 
The most common comorbidities were systemic 
arterial hypertension (50%) and diabetes melli-
tus type 2 (DM2) (29%). Regarding LUTS severity, 
14 patients (36.8%) presented mild symptoms, 18 
(47.3%) moderate and 6 (15.7%) severe symptoms. 
Sixteen patients were taking alpha - blockers re-
gularly in the last 6 months before surgery. Preva-
lence of overactive bladder symptoms (OAB - V8 
score ≥ 8 points) was 36.8% (n = 14). Baseline 
characteristics are described in Table-1.

 Mean preoperative PSA was 8.17 ± 3.55 
vs. 4.48 ± 3.14 ng / mL in patients undergoing 
open radical prostatectomy (n = 34) and open re-
tropubic prostatectomy (n = 4), respectively (p = 
0.16). There were no statistically significant diffe-
rences in baseline characteristics between the two 
groups (p > 0.05). All 4 patients who underwent 
open simple suprapubic prostatectomy had patho-

logical examination confirming BPH. All patients 
who underwent open radical prostatectomy had 
low - grade (Gleason 3 + 3 or 3 + 4) organ - con-
fined prostate cancer and concomitant BPH in the 
pathological examination.

 Mean prostate volume estimated by tran-
sabdominal ultrasound was 77.7 ± 20.63 cm3. 
Mean bladder wall thickness (BWT) was 3.99 ± 
1.39 mm. Seventeen patients (44.7%) presented 
with intravesical protrusion of the median prosta-
tic lobe, with a mean of 1.54 ± 0.64 cm.

In regards to urodynamics, 13 patients 
(34.2%) had increased bladder sensation and 7 pa-
tients (18.4%) presented reduced bladder sensation. 

Table 1 - Baseline characteristics of men aged ≥ 50 years 
with LUTS and undergoing open prostate surgery*.

Mean ± SD

Clinical parameters

Age (years) 66.36 ± 6.44

Weight (kilograms) 77.71 ± 8.07

BMI (kg/m2) 26.36 ± 2.98

IPSS score 11.05 ± 8.72

OAB-V8 score 7.69 ± 8.44

Ultrasound parameters

Prostate volume 77.7 ± 20.63

IPP¥ 1.54 ± 0.64

BWT 3.99 ± 1.39

Urodynamic parameters

First desire (mL) 195.62 ± 78.57

Maximum cistometric capacity 
(mL)

360.11 ± 82.05

Compliance (mL/cmH2O) 79.70 ± 171.72

BOOI 63.59 ± 31.76

BCI 108.64 ± 27.33

* n = 38,  ¥ n = 17

BMI = Body mass index; IPSS = International Prostate Symptom Score; OAB-v8 = 
Overactive Bladder-Validated 8-question Screener Questionnaire; IPP = Intravesical 
prostate protrusion; BwT = Bladder wall thickness; BOOI = Bladder outlet 
obstruction index; BCI = Bladder contractility index
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Twelve patients (31.6%) had reduced bladder com-
pliance and 7 patients (18.4%) had reduced cystome-
tric capacity. Detrusor overactivity was demonstrated 
in 11 patients (28.9%) and urgency urinary inconti-
nence in 5 (13.2%). In the fl ow - pressure study, re-
duced peak urinary fl ow (< 15 mL / sec) was observed 
in 35 patients (92.1%). Increased post - void residual 
urine (> 50 mL) was observed in 22 patients (57.9%). 
BOO was observed in 29 patients (76.3%). Detrusor 
underactivity was present in 17 patients (44.7%).

Primary endpoint
 Severe BOO (zones V and VI on Schaefer’s 

nomogram) was associated with increased MDA 
concentration in the bladder wall (242.74 ± 220.20 
vs. 114.90 ± 54.08 pmoL / mg; p = 0.022) (Figure-1).

Exploratory endpoints
 Concentration of OS markers (MDA, SOD, 

catalase) in the bladder wall according to preope-
rative parameters (clinical, ultrasound and urody-
namic fi ndings) are listed in Table-2.

 Obesity was associated with reduced acti-
vity of the antioxidant enzyme catalase (170.88 ± 
27.46 vs. 317.11 ± 268.98 pmoL / mg in obese and 
in non - obese patients, respectively; p = 0.01) and 

with reduced activity of the antioxidant enzyme 
SOD (0.4 ± 0.19 vs. 0.76 ± 0.59 Usod / mg in obese 
and in non - obese patients, respectively; p = 0.05).

 Patients with severe LUTS (IPSS score ≥ 
20 points) had higher MDA concentration in the 
bladder wall when compared to the patients with 
mild LUTS (IPSS < 8 points): 290.93 ± 237.87 
vs. 111.93 ± 82.37 pmoL / mg, respectively (p = 
0.031). Patients with moderate LUTS (IPSS ≥ 8 and 
< 20 points) had a mean of MDA concentration 
of 144.85 ± 112.88 pmoL / mg (intermediate va-
lues in - between mild and severe LUTS outcomes, 
but not statistically signifi cant in the multivariate 
analysis). Likewise, the diagnosis of OAB (OAB - 
V8 score ≥ 8 points) had no association with in-
creased OS in the bladder wall (p > 0.05).

 MDA concentration was higher in patients 
with BWT ≥ 3 mm compared to those with BWT < 
3 mm (342.03 ± 317.03 vs. 157.97 ± 107.47 pmoL 
/ mg, respectively; p = 0.015). Increased prostate 
volume (PV) was associated with higher concen-
trations of MDA: 236.43 ± 217.75 vs. 130.33 ± 
66.44 pmoL / mg in patients with PV ≥ 80 cm3 
and PV < 80cm3, respectively (p = 0.048). Howe-
ver, IPP was not associated with increased OS in 
the bladder wall (p > 0.05).

Figure 1 - Severity of bladder outlet obstruction according to the Schaefer’s nomogram (Zones v-vI versus III-Iv) and MDA 
concentration in the bladder wall of men aged ≥ 50 years, presenting with LUTS and undergoing open prostatectomy (n = 29)*.

MDA = malondialdehyde; LUTS = lower urinary tract symptoms
* p = 0.022
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Table 2 - Clinical, ultrasound and urodynamic parameters versus oxidative stress markers (MDA, SOD, catalase) in the bladder 
wall of men aged ≥ 50 years with LUTS and undergoing open prostate surgery*.

Preoperative parameters Oxidative stress markers (Mean ± SD; p value¥)
MDA concentration

(pro-oxidant)
pmoL/mg

SOD activity
(antioxidant enzyme)

Usod / mg

Catalase activity
(antioxidant enzyme)

pmoL/mg
Clinical
Obesity (BMI ≥ 30kg/m2)

Yes (n = 4) 216.41 ± 199.62 0.4 ± 0.19 170.88 ± 27.46
No (n = 34) 120.97 ± 101.70 0.76 ± 0.59 317.11 ± 268.98

p = 0.38 p = 0.05 p = 0.01
LUTS severity

IPSS≥20 points (n=6) 290.93 ± 237.87 0.69 ± 0.56 181.81 ± 48.59
IPSS<8 points (n=14) 111.93 ± 82.37 0.71 ± 0.95 327.06 ± 215.17

p = 0.031 p = 0.48 p = 0.68
Overactive bladder symptoms

OAB-V8 ≥ 8 points (n = 14) 158.16 ± 133.98 0.62 ± 0.39 314.37 ± 354.72
OAB-V8 < 8 points (n = 24) 217.88 ± 211.43 0.74 ± 0.63 281.83 ± 138.66

p = 0.33 p = 0.46 p = 0.74
Ultrasound
Bladder wall Thickness

≥ 3 mm (n = 30) 342.03 ± 317.03 0.59 ± 0.35 262.15 ± 143.57
< 3 mm (n = 8) 157.97 ± 107.47 0.69 ± 057 283.47 ± 125.18

p = 0.015 p = 0.53 p = 0.7
Prostate volume

≥ 80 cm3 (n = 13) 236.43 ± 217.75 0.54 ± 0,31 259.69 ± 102.19
< 80 cm3 (n = 25) 130.33 ± 66.44 0.75 ± 0.61 269.70 ± 157.18

p = 0.048 p = 0.18 p = 0.81
IPP

Yes (n = 17) 248.74 0.51 ± 0.29 261.38 ± 125.29
No (n = 21) 136.37 0.81 ± 0.65 270.27 ± 152.60

p = 0.064 p = 0.095 p = 0.84
Urodynamics
Reduced bladder sensation

Yes (n = 7) 202.90 ± 192.37 0.7 ± 0.4 205.66 ± 60.21
No (n = 31) 155.06 ± 106.91 0.67 ± 0.56 280.30 ± 148.67

p = 0.44 p = 0.85 p = 0.045
Urgency§

Yes (n = 13) 250.35 ± 245.70 0.62 ± 0.44 245.68 ± 130.89
No (n = 25) 166.14 ± 133.19 0.76 ± 0.68 304.03 ± 150.45

p = 0.28 p = 0.51 p = 0.25
Detrusor overactivity

Yes (n = 11) 198.57 ± 206.02 0.65 ± 0.43 262.84 ± 125.15
No (n = 27) 194.73 ± 175.64 0.73 ± 0.74 267.60 ± 146.64

p = 0.96 p = 0.73 p = 0.92
Severity of bladder outlet obstruction 
according to the Schäfer nomogram¶

Zones V and VI (n = 24) 242.74 ± 220.20 0.53 ± 0.29 227.75 ± 65.1
Zones III-IV (n = 5) 114.90 ± 54.08 0.78 ± 0.64 288.89 ± 159.75

p = 0.022 p = 0.12 p = 0.13
Detrusor underactivity

Yes (BCI < 100) (n = 17) 222.90 ± 241.21 0.55 ± 0.36 237.39 ± 120.64
No (BCI ≥ 100) (n = 21) 171.83 ± 107.60 0.77 ± 0.63 290.66 ± 151.38

p = 0.44 p = 0.19 p = 0.24
Post-void residual urine

≥ 50 mL (n = 22) 270 ± 197.06 0.48 ± 0.29 212.71 ± 99.32
< 50 mL (n = 16) 143.96 ± 154.91 0.97 ± 0.67 344.61 ± 154.01

p = 0.045 p = 0.005 p = 0.003

MDA = malondialdehyde; SOD = superoxide dismutase; LUTS = lower urinary tract symptoms; SD = standard deviation; BMI = body mass index; IPSS = International Prostate Symptom Score; 
OAB-v8 = Overactive Bladder-Validated 8-question Screener Questionnaire; IPP = intravesical protrusion of the median prostatic lobe; BCI = bladder contractility index; * n = 38;  ¥ = T test; § 
“urgency” was defined as “the complaint of a sudden compelling desire to pass urine which is difficult to defer” (18); ¶ primary endpoint
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 Regarding urodynamic parameters, it has 
been shown that patients with reduced bladder sen-
sation had a statistically significant reduction of the 
activity of the catalase enzyme in the bladder wall 
when compared to those patients with normal bla-
dder sensation (205.66 ± 60.21 vs. 280.30 ± 148.67 
pmoL / mg, respectively; p = 0.045). On the other 
hand, parameters such as urinary urgency, detrusor 
overactivity, reduced bladder compliance or cysto-
metric capacity, and weak stream were not associated 
with increased OS in the bladder wall (p > 0.05).

 Increased MDA concentration and reduced 
activity of antioxidant enzymes (both catalase and 
SOD) were observed in the bladder wall of patients 
with post - void residual urine (PVR) ≥ 50 mL:

MDA: 270 ± 197.06 vs. 143.96 ± 154.91 pmoL 
/ mg; p = 0.045 (Figure-2a),

SOD: 0.48 ± 0.29 vs. 0.97 ± 0.67 Usod / mg; 
p = 0.005 (Figure-2b),

Catalase: 212.71 ± 99.32 vs. 344.61 ± 154.01 
pmoL / mg; p = 0.003 (Figure-2c).

DISCUSSION

 To our knowledge, this is the first study in-
vestigating OS markers (MDA, SOD and catalase) in 
the detrusor muscle of humans undergoing open 
prostate surgery. Clinical factors (LUTS severity and 
obesity, ultrasound findings (bladder wall thickness 
≥ 3 mm, prostate volume ≥ 80 cm3), and urodyna-
mic parameters (BOO severity, post - void residual 
urine ≥ 50 mL) were associated with either increased 
MDA concentration or reduced activity of antioxi-
dant enzymes (SOD / catalase) in the bladder wall. 
Identification of such factors may have clinical rele-
vance, as evidence from animal models suggested a 
relationship between increased OS and bladder dys-
function (24-26).

 Generation of reactive oxygen species (ROS) 
and ischemia - reperfusion injury have been propo-
sed as the primary etiological factors in obstruction 
- induced bladder dysfunction (9). At a molecular 
level, reactive oxygen species exhibit signaling and 
cell - function - modifying roles (27). OS occurs when 
the net flux of reactive oxygen species (ROS) and re-
active nitrogen species (RNS) production exceeds the 
capacity of the cell to detoxify these potentially in-
jurious oxidants. Functional in vitro studies showed 

that elevated ROS levels impair bladder contractile 
responses (28, 29).

 Several biomarkers have been used in expe-
rimental models to assess both urinary and plasma 
OS, including 8 - hydroxy - 2’ - deoxyguanosine (8 - 
OHdG), MDA, total anti - oxidant capacity (TAC) and 
glutathione (GSH) (30). SOD and catalase assays have 
also been carried out on animal tissues to study the 
effects of partial BOO on the cell’s anti - oxidant de-
fense mechanisms (25). In our pilot study, OS bioma-
rkers included MDA, catalase and SOD. Experimental 
studies showed that both the SOD and catalase ac-
tivities are calcium - sensitive and changes in their 
activity would be expected to occur during ischemia, 
which can result in decreased antioxidant capacity of 
the bladder smooth muscle and mucosa (31). Hence, 
there sensitivity and specificity issues related to dis-
tinct OS biomarkers and caution should be exercised 
in interpreting the results of such studies.

 There is growing interest on the association 
between LUTS and systemic conditions such as obesi-
ty, diabetes mellitus and metabolic syndrome in men 
(32, 33). Dibello et al. (33) compared the prevalence 
of metabolic syndrome in men aged ≥ 50 years with 
and without a diagnosis of BPH from a large databa-
se (UK Clinical Practice Research Datalink - CPRD). 
Among men with BPH, 26.5% (n = 85.103) had diag-
nosis of metabolic syndrome, compared with 20.9% 
without BPH (control group, n = 85.103) (absolute 
difference of 5.6%, p < 0.001). In our pilot study, data 
on height and weight of the patients were recorded 
and allowed the calculation of BMI. Patients with 
BMI ≥ 30 (n = 4) presented with higher levels of both 
antioxidant enzymes catalase and SOD in the bladder 
wall in comparison with those with BMI < 30 (n = 
34).

 Non - invasive assessment of PVR is usu-
ally recommended as a first - line diagnostic tool in 
men with LUTS (34). Despite the lack of a consensual 
cutoff, it is known that increased PVR may repre-
sent a risk factor for acute urinary retention and / 
or bladder dysfunction among these patients (35). 
According to Crawford et al., who studied a total of 
3.047 men with BPH over 4.5 years, a baseline PVR 
of 39 mL or greater was an independent predictor of 
BPH clinical progression in patients not receiving ac-
tive treatment for LUTS (36). Our study showed that 
a PVR ≥ 50 mL was associated with increased OS in 
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Figure 2a - Increased MDA concentration in the bladder wall of men aged ≥ 50 years, undergoing open prostatectomy and 
presenting with LUTS and PvR ≥ 50 mL (n = 38)*

MDA = malondialdehyde; LUTS = lower urinary tract symptoms; PvR = post-void residual urine
* p = 0.045

Figure 2b - Decreased activity of the antioxidant enzyme SOD in the bladder wall of men aged ≥ 50 years, undergoing open 
prostatectomy and presenting with LUTS and PvR ≥ 50 mL (n = 38)*

SOD = superoxide dismutase; LUTS = lower urinary tract symptoms; PvR = post-void residual urine
* p = 0.005
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the bladder wall (higher MDA concentration; reduced 
activity of both catalase and SOD).

 Although not recommended in the routine 
assessment of LUTS in men without neurological di-
seases, urodynamics may be important for selected 
patients in order to define the pattern of voiding dys-
function (34). Incomplete bladder emptying may be 
caused by detrusor underactivity (DU), bladder outlet 
obstruction (BOO), or dysfunctional voiding (17, 37). 
Previous studies showed DU in up to 40% of men 
aged > 65 years and even up to 48% of men aged ≥ 
70 years (38, 39). Despite being a prevalent condition 
in the elderly population, the origin of DU in men 
without neurological diseases remains controversial 
(40). BOO and increased OS have been related to a 
higher risk of detrusor underactivity in animal mo-
dels (25, 41, 42). Callaghan et al. demonstrated that 
partial BOO has significant effects on the activity of 
both SOD and catalase in the bladder, with variations 
that are dependent on the severity and duration of 
the obstruction (25). Our study demonstrated that pa-
tients with severe LUTS (IPSS ≥ 20 points; n = 6) and 
severe BOO (grade V - VI in Schaefer’s nomogram; n 
= 24) had increased MDA concentration in the blad-
der wall in comparison with patients with mild LUTS 

(IPSS < 8 points; n = 14) and BOO grade III - IV (n = 
5), respectively. These findings may be clinically 
relevant, as bladder dysfunction has been implica-
ted as a risk factor for persistent LUTS after pros-
tate surgery (2).

 Other non - invasive tests, such as ultrasound 
measurement of IPP, detrusor wall thickness (DWT) 
or bladder wall thickness (BWT) have been advoca-
ted to predict the chances of BOO in the male popu-
lation (12, 37). Increased DWT is observed in adult 
men with non - neurogenic LUTS and BOO (12). A 
prospective study demonstrated that DWT ≥ 2 mm in 
bladders filled ≥ 250 mL was a predictor of BOO (43). 
Additionally, Güzel et al. have studied the utility of 
BWT in men with HPB / LUTS and demonstrated that 
this parameter is an easy, quick, and repeatable test 
to predict BOO severity (44). Most probably, due to 
the high proportion of patients with BOO in our stu-
dy, we could not demonstrate an association between 
BWT and obstruction. On the other hand, BWT ≥ 3 
mm was associated with increased OS in the bladder 
wall (p = 0.015).

 The main limitation of our pilot study is the 
small number of patients included. Since the intro-
duction of 5 - alpha - reductase inhibitors in the cli-

Figure 2c. Decreased activity of the antioxidant enzyme catalase in the bladder wall of men aged ≥ 50 years, undergoing open 
prostatectomy and presenting with LUTS and PvR ≥ 50 mL (n = 38)*

LUTS = lower urinary tract symptoms; PvR = post-void residual urine
* p = 0.003
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nical practice, the number of patients who require 
open prostate surgery for BPH has dropped signi-
ficantly (45). On the other hand, BPH and prostate 
cancer (PCa) are often coexisting in older men (46). 
Böcking et al. (47) demonstrated that latent pros-
tate cancer would be present in more than 50% of 
men over the age of 80. In our study, most of the 
patients underwent open radical prostatectomy 
(n = 34); notwithstanding, all of them had been 
followed up at the urology outpatient clinic of the 
same institution due to BPH symptoms prior to the 
diagnosis of prostate cancer. In addition, all pa-
tients who underwent open radical prostatectomy 
had low - grade (Gleason 3 + 3 or 3 + 4) organ - 
confined prostate cancer and concomitant BPH in 
the pathological examination. Another limitation 
of our study was the lack of OS analysis in the 
urothelial layer of the bladder samples. Evidence 
from animal models suggests that the urothelium 
is also sensitive to oxidative stress generated by 
partial obstruction (48). However, as per protocol, 
our study was aimed at assessing the oxidative 
stress in the smooth muscle layer (detrusor). In 
addition, despite the use of previously validated 
assessment procedures, there is no perfect method 
for assessing tissue OS. To counteract oxidative 
and nitrosative stress, human cells employ com-
plex defense mechanisms (27). The interpretation 
of all OS studies should be done in the light of 
such imperfection, since there are distinct cellu-
lar enzymatic and non - enzymatic antioxidati-
ve pathways. At last, the invasiveness of bladder 
biopsies may also be seen as a limitation. Future 
research should focus on non - invasive techni-
ques and biomarkers to assess the oxidative stress 
in the human bladder.

 Despite inherent limitations, our pilot stu-
dy has several strengths. Firstly, our restricted in-
clusion criteria aimed at patients with higher risk 
of BOO (76.3% of our study population). Secon-
dly, the technique for retrieving bladder biopsies 
in our protocol did not require electrocautery and 
favored the OS analysis. Thirdly, ultrasound and 
urodynamic assessments were standardized and 
performed by a single trained researcher, who was 
blind to the OS analysis and results.

CONCLUSIONS

 This pilot study revealed increased MDA 
concentration in the bladder wall of men with severe 
LUTS (IPSS score ≥ 20 points), severe BOO (Schaefer’s 
nomogram grade V - VI), BWT ≥ 3 mm and PV ≥ 
80 cm3. Reduced activity of the antioxidant enzymes 
(catalase and / or SOD) was demonstrated in patients 
with BMI ≥ 30 and in those with reduced bladder 
sensation on filling cystometry. Increased PVR (≥ 50 
mL) was associated with both increased MDA con-
centration and reduced activity of antioxidant enzy-
mes (catalase and SOD) in the bladder wall.

Novel diagnostic methods targeting oxidative 
and / or inflammatory pathways may be a reasonable 
strategy for a more comprehensive evaluation of pa-
tients presenting with severe LUTS and BOO. Further 
studies are still needed to assess the role of non - in-
vasive biomarkers of OS in predicting bladder dys-
function in men with LUTS.
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ABSTRACT 

Introduction: Various bulking agents were utilized for endoscopic correction of VUR. A 
study reviewing multi-institutional data showed that the amount of injection material 
has increased over time with the purpose of improving success rates, which also resul-
ted in costs. We noticed an opposite trend in our center since we started using a new 
bulking agent. The aim of this study was to evaluate evolution of our practice with 
different bulking agents.
Patients and Methods: Records of VUR patients who underwent subureteric injection 
with polyacrylate polyalcohol copolymer (PPC) and dextronomere hyaluronic aci-
de (DxHA) between 2005 and 2014 were reviewed. Variation of different parameters 
throughout the study period was evaluated along with the success rate. Success was 
defined as complete resolution of reflux.
Results: A total of 260 patients with 384 refluxing units were included. The success 
rate was higher in PPC group compared to DxHA group. There was no statistically 
significant difference between years regarding distribution of VUR grade, body weight, 
patient height, and age in PPC group. Despite significant reduction in injection volu-
me, success rate did not decrease through the years with PPC.
Conclusion: Different bulking agents may require different injection volumes to achieve 
the same success rate in endoscopic treatment of vesicoureteral reflux. Habits gained 
with previous experience using other materials should be revised while using a new 
agent.
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INTRODUCTION

Endoscopic subureteric injection has beco-
me the most popular surgical method in the mana-
gement of vesicoureteral reflux (VUR) in children, 
largely due to lower complication rates and the ease 
of application (1-4). Essential features of an ideal 
bulking agent are: easy applicability, inducing less 
tissue reaction, volume - stability, non - antigenici-
ty, and being non - migratory (4). In recent years, 

different bulking agents were used for endoscopic 
correction of VUR and some of them became very 
popular (3-6). A study reviewing multi - institutio-
nal data showed that the amount of injection ma-
terial has increased over time to improve success 
rates, although they resulted in higher treatment 
costs (7). We noticed an opposite trend in our cen-
ter, since we started using a new bulking agent. The 
aim of this study was to evaluate progression of our 
practice with different bulking agents.



ibju | Endoscopic TrEaTmEnT of VEsicourETEral rEflux

1195

PATIENTS AND METHODS

We reviewed the hospital records of VUR 
patients who had undergone subureteric injection 
with dextranomer hyaluronic acid (DxHA) and 
polyacrilate polyalcohol copolymer (PPC) in our 
institution between 2005 and 2014. Data including 
patient demographics, injected material volumes, 
VUR types (primary or secondary), and VUR gra-
des according to the pre - and postoperative voi-
ding cystourethrograms (VCUG) and success rates 
were similarly recorded. Variation of different pa-
rameters throughout the study period was evalu-
ated along with the success rate. Reflux was clas-
sified according to the International Reflux Study 
Committee’s Classification System. The procedure 
was performed under general anesthesia using 8 
Fr 6° cystoscope (Storz®, Tutlingen, Germany). Su-
bureteric injection either with Polyacrilate polyal-
cohol copolymer (PPC) (Vantris®, Promedon, Ar-
gentina) or DxHA (Dexell İstem Medikal, Turkey) 
was administered slowly using a Williams cystos-
copic injection needle (Cook Medical, Blooming-
ton, USA) submucosally at the 6 o’clock position 
of the ureteral orifice until creating a prominent 
bulge. Evaluation and management of bladder 
dysfunction was completed before the injection 
procedure in secondary reflux cases. Success was 
defined as complete resolution of reflux in VCUG 
obtained at least three months after the injection. 
Injection was repeated if persistent reflux above 
grade 1 was documented. Ultrasonography was 
performed at the postoperative first, third, and 
sixth months, and then annually for follow-up of 
obstructive findings like new onset or increasing 

hydronephrosis. Statistical analysis was carried 
out with the SPSS statistical package (SPSS for 
windows V.16, SPSS, Chicago, IL, USA) and Pe-
arson Chi - square, Mann - Whitney U, Kruskal 
Wallis tests as required.

RESULTS

 A total of 260 patients including 71 pa-
tients with 101 refluxing units in DxHA group 
and 189 patients  with 283 refluxing units in PPC 
group were included in the study. VUR was pri-
mary in 73.3% and secondary (bladder - sphincter 
dysfunction) in 26.7% in DxHA group and pri-
mary in 79.9% and secondary in 20.1% in PPC 
group. Number of patients, mean ages, number of 
refluxing units, mean injected volumes and suc-
cess rates are summarized in Table-1. There was 
no statistically significant difference between 
groups regarding reflux type, gender, and reflux 
grade. However, mean injected volume was signi-
ficantly lower in PPC group (p < 0.05). The success 
rate was higher in PPC group compared to DxHA 
group (p < 0.05, Mann Whitney U test).

 In PPC group, which documented a signi-
ficantly higher success rate, we analyzed the re-
lation between the success rate and the amount 
of injection material throughout the years of our 
practice. There was no statistically significant di-
fference between the years regarding distribution 
of VUR grades, body weight, heights, and age at 
operation (p > 0.05, Kruskal Wallis test) (Table-2). 
The mean duration of follow-up was 37.9 ± 18.7 
months. Overall reflux resolution rate with initial 
injection using PPC was 91.2% and increased to 

Table 1 - Comparison of PPC and DxHA groups.

PPC DxHA p

Number of Patients (G/B) * 189 (111/78) 71 (44/27)

Mean Age (Years) 4.8 ± 3.8 6.6 ± 3.7 p<0.05***

Number of Refluxing Units (P/S) ** 283 (226/57) 101 (74/27)

Mean Injected Volume (mL) 0.63 ± 0.46 0.97 ± 0.47 p<0.05***

Success (at first injection) 90.5% 62.4% p<0.05***

*G/B = Girls/Boys; **P/S = Primary/Secondary; ***Mann Whitney U
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92.4% after repeat injections. Reflux resolution 
rate and mean injected volumes through the years 
are summarized in Table-3.

 Besides the significant difference betwe-
en PPC and DxHA groups, mean injected material 
volume was 0.64 mL per ureter in PPC group; ho-
wever, it gradually decreased in the study period. 
Mean injected volume per year decreased from 
0.81 mL in the first year to 0.26 mL in the last 
year of the study period (67.8% reduction). In the 
meantime, the success rate did not change (Figu-
re-1) (p > 0.05, chi - square).

 Ureteral obstruction was noted in 8 of 
283 injected ureters (2.8%) in 7 patients in PPC 
group. Obstructions were observed at 1 day to 
11 months of time intervals after injection. Four 
of these patients were managed with temporary 
double - J stenting. Open ureteroneocystostomy 
was performed on the other three patients who 
did not benefit from temporary stenting. During 
the open surgery a fibrous capsule surrounding 

Table 2 - vUR grade distribution through the years in PPC group.

Years
VUR Grades (PPC Group)

1 2 3 4 5 Total

2009 1 5 3 11 1 21

2010 1 8 21 22 14 66

2011 6 8 24 14 16 68

2012 0 7 13 12 9 41

2013 2 9 16 9 9 45

2014 7 5 16 9 5 42

Total 17 42 93 77 54 283

Table 3 - Reflux resolution rate and mean injected volumes through the years in PPC group.

Years Reflux Resolution Rate Mean Injected Volume

2009 90.5% 0.81

2010 93.9% 0.91

2011 95.6% 0.71

2012 80.5% 0.53

2013 91.1% 0.46

2014 90.5% 0.26

Figure 1 - The success rate did not change significantly 
through the years.
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the substance and mild fibrosis was noted 
around the ureter, which did not complicate 
the ureteric dissection. When we retrospectively 
analyzed these cases, in two of them we found 
that there were beak sign in VCUG before the 
treatment that we did not appreciate it. We 
didn’t encounter any obstruction cases in DxHA 
group so far.

DISCUSSION

 Starting with polytetrafluoroethylene 
(PTFE), many bulking agents with their own ad-
vantages and disadvantages have been used for 
endoscopic correction of VUR (8). Among them, 
dextranomer hyaluronic acid (Dx / HA) is the 
most widely used material (7, 9). Its biodegra-
dable nature was suggested to induce minimal 
inflammation. Endoscopic treatment became the 
most popular model for VUR especially after its 
approval by the FDA in 2001. Overall success 
rate of the Dx / HA is reported between 68 - 
92% (8). Polyacrilate Polyalcohol Copolymer is 
a relatively new material. Short and midterm re-
sults are encouraging to use it for the treatment 
of VUR (10, 11). One multicenter study reported 
its success rate as 93.8% after the first injection 
(10). Our success rate of 91.2% at first injection 
with PPC was also satisfactory, taking into ac-
count the high number of units with grade 5 
VUR (19.1%) in our series.

 After 20 years of experience with other 
materials, we switched to PPC as a bulking agent 
in 2009. A retrospective review of our experien-
ce with Dx / HA and PPC revealed increased 
success rate with less material using PPC. Some 
other studies reported similar results recently 
(12, 13). We documented a significant reduction 
(to almost one fourth of the initial volume used 
early in our experience) in injection volume wi-
thin the last 5 years of the study period. Initial 
mean injection volume with PPC was similar to 
that of the previous agent Dx / HA. We realized 
in time that we were obtaining a so - called 
“volcano - type” mound with less material, but 
it took us some time to stop trying to reach the 
habitual injection volumes acquired through 
earlier experience with DxHA. As we got used 

to this new material’s different characteristics, 
especially its extraordinary compressibility, we 
gradually decreased injection volume. We admit 
that we injected more than necessary at the be-
ginning of our experience with this new mate-
rial. The impression that the amount of material 
needed was decreasing over the years led us to 
evaluate our outcomes. Despite this significant 
change in injection volume, success rate did not 
decrease through the years with PPC. Two pre-
viously reported studies emphasize an opposite 
trend with Dx / HA (7, 14). Sorensen et al. poin-
ted out a tendency of North American surge-
ons who used more vials of Dx / HA to achieve 
success. In their study, most patients were tre-
ated with a single vial and only 11% received 3 
or more vials initially; however, over time, the 
number of patients receiving 2 vials significan-
tly increased and the number of cases receiving 
3 vials and more tripled (36%) (7). Lee et al. 
reported an increase in the injected volume in 
the second half of their experience with Dx / HA 
(15). Our contrast results with PPC are probably 
related to the molecular features of the mate-
rial, such as particle size and compressibility. 
Particle diameter of PPC is more than 300 µm 
and with this size, it is larger than most other 
bulking agents (16).

 Vesicoureteral obstruction is a rare but 
serious complication of endoscopic VUR tre-
atment. Several studies examined the possible 
reasons of obstruction, mainly focusing on un-
noticed refluxing obstructing megaureter, te-
chnical aspects, and type of injection material. 
Ureteral obstruction has been encountered in 7 
patients so far after endoscopic treatment in our 
series. Intraoperative findings of ureteroneocys-
tostomy were consistent with congenital reflu-
xing obstructing megaureter in 2 of them. Aa-
ronson et al. reported 2 cases with obstruction 
following subureteric injection with Dx / HA, 
and attributed obstruction to megaureter with 
the distal aperistaltic segment and cautioned 
against endoscopic treatment for these cases 
(17). Obstruction has also been related to the 
double hit technique with PPC (18). Three of our 
cases with obstruction were treated with this 
method. Different studies reported post - injec-
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tion obstructions with almost all type of bulking 
agents mostly of unknown etiology (19-22). Our 
limited experience with obstructed ureters could 
not reveal a relation between obstruction and 
injected material volume. Some recent studies 
documented late obstructions with PPC and Dx / 
HA even after 5 years (19). Long term follow-up 
and randomized prospective studies are neces-
sary in order to clarify this issue.

 One of the weaknesses of our study is 
its retrospective nature and the absence of a 
control group. There is also no guideline or a 
study describing where one should stop injec-
ting during the procedure. Instructions defining 
subureteric injection usually suggest the volca-
no - like appearance as a goal one must achieve 
during injection showing the pictures of it, whi-
ch is not objective at all.

CONCLUSIONS

 Different bulking agents may require di-
fferent injection volumes to achieve the same 
success rate in endoscopic treatment of vesicou-
reteral reflux. Polyacrilate polyalcohol copoly-
mer is a new and effective bulking agent with 
different features, which ensures high success 
with less material. Habits gained with previous 
experience in terms of other materials should be 
revised while using a new agent.
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INTRODUCTION

Vesicoureteral reflux (VUR) is very com-
mon, having an incidence of about 1% in all chil-
dren (1). VUR is one of the causes of childhood 
hypertension and chronic renal failure (CRF) (2). 
In the approach to patients with VUR, the primary 
aim is not to correct the VUR but to prevent febrile 
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ABSTRACT 

Objective: To identify how many endoscopic injection (EI) procedures, STING method, 
must be performed before reaching an ideal success rate when simulation training has 
not been received.
Materials and Methods: The EI procedures performed by two pediatric urology fellows 
were investigated. The study excluded patients without primary VUR and those with 
previous EI or ureteroneocystostomy, lower urinary tract dysfunction, and/or duplicate 
ureters. The EIs used dextranomer hyaluronate and the STING method, as described 
by O’Donnell and Puri. Groups number was determined by multiple statistical trials. 
Statistically significance differences were achieved with one combination that had 35 
EI procedures each and with 3 different combination of patients, having 12, 24, and 36 
patients, respectively. Therefore, groups were established 12 patients. The first fellow 
performed 54 EIs, and the second performed 51. Therefore, each of the first fellow’s 
three groups contained 18 EI procedures, and each of the second fellow’s 17.
Results: The study included 72 patients and 105 ureter units. When the data from both 
fellows were combined, each of the three groups contained 35 procedures. For the first 
fellow, the success rates in the first, second, and third groups were 38.3%, 66.6%, and 
83.3% (p = 0.02), respectively, and for the second fellow, the success rates were 41.2%, 
64.7%, and 82.3% (p = 0.045), respectively. The increased success rates for both fellows 
were very similar.
Conclusions: An acceptable rate of success for EI may be reached after about 20 pro-
cedures and a high success rate after about 35-40 procedures.
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urinary tract infections (UTIs) and CRF due to the 
formation of scar tissue caused by UTIs (3). For 
the majority of patients, VUR resolves without re-
quiring any intervention; however, some patients 
may require surgical treatment, endoscopic injec-
tion (EI), or ureteroneocystostomy (4).

 The success of an EI procedure having one 
or more injections is about 85%, and the factors 
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that reduce the success rate include the presen-
ce of a high degree of reflux, duplicate systems, 
and neuropathic bladder (5). In addition to these 
patient-linked factors, the success of the EI pro-
cedure is affected by the operator’s experience (6, 
7). As EI is an endoscopic procedure performed by 
a single operator using a single device and need-
le, training can be difficult (8). Therefore, ex-vivo 
and computer-based simulation programs have 
been used to increase the success rates for EI pro-
cedures (8, 9). Those without this training should 
conduct EI procedures only under expert observa-
tion until they have fully learned the procedure.

We hypothesized that the learning curve 
for EI is longer than has been expected, especially 
in the absence of ex-vivo or simulation training. 
The present study aimed to identify how many 
procedures were required for an operator who had 
had no ex-vivo or simulation training to reach an 
acceptable rate of success and an ideal rate of suc-
cess.

MATERIALS AND METHODS

This study retrospectively evaluated 91 
patients who had undergone an EI due to VUR 
between 2013 and 2016 at our clinic. The study 
excluded those patients who had not had prima-
ry VUR; those who had had previous surgical in-
tervention or EIs for VUR; those who had duplex 
ureters, CRF, or bladder bowel dysfunction (BBD); 
and those who had not had at least a 1-year follow 
up. All EI procedures were completed by the same 
2 pediatric urology fellows, each of whom had a 
6-month rotation. During their main training pe-
riods in urology and pediatric surgery, each fellow 
had completed three EI procedures under super-
vision.

Before surgery, a medical history was 
taken from each patient, and all symptoms were 
described. In addition, a renal bladder ultrasound 
(RBUS), a voiding cystourethrography (VCUG), 
static renal scintigraphy imaging, and creatini-
ne measurements were taken. For those without 
toilet training, EI was conducted in the presence 
of the following indications: breakthrough infec-
tions (febrile UTI in spite of continue antibiotic 
prophylaxis), and/or formation of new kidney 

scar tissue. For those who were toilet trained, EI 
was conducted in the case of febrile UTI or for-
mation of new scar tissue. All EIs were performed 
using the STING method described by O’Donnell 
and Puri (10) and using dextranomer hyaluronic 
acid (Dx/HA) (Dexell-Vur®; Turkey). The needle 
was placed under the bladder mucosa about 3 mm 
below the affected ureteral orifice, at the 6 o’clock 
position, and the Dexell was injected inside the 
lumen until adequate mound morphology was at-
tained. Before performing the first EI, each fellow 
watched at least 15 procedures being performed 
by a supervisor. Supervisor has not intervened to 
any case directly while the fellows were perfor-
ming EI, because both fellows are specialist and 
have authority for EI. The fellows always decided 
the amount of material to inject and manipulated 
the needle in the submucosa. Three months after 
the EI procedure, each patient underwent a control 
VCUG. Even if no reflux was seen on this VCUG, 
each patient was followed up for at least 1 year 
in terms of infection. Success was defined as no 
reflux being seen on VCUG, no manifest hydro-
nephrosis being seen on urinary ultrasonography 
both in the third month and in the first-year con-
trol and no new scar on renal scintigraphy was 
observed in the first-year control. Second EIs, due 
to unsuccessful, were performed by pediatric uro-
logy specialist, so these EIs were not included in 
the analysis, but first EIs were included to analyze 
as unsuccessful procedure.

 To grade reflux, the international reflux 
degree system was used. Grades 1, 2, and 3 were 
classified as low, and Grades 4 and 5 were classi-
fied as high. Each patient’s age, gender, side and 
degree and grade of reflux, toilet-training status, 
dilatation on RBUS, and scar presence on renal 
scintigraphy were recorded.

The study analyzed 72 patients and 105 EI 
procedures after exclusion. To identify the ideal 
number of patients that indicated statistical signi-
ficance, we placed the patients in a different num-
ber of groups. For instance, the 105 EI procedures 
were placed in groups of 5, 7, 10, 15, 21, and 35, 
and the 72 patients were placed in groups of 6, 9, 
12, 18, 24, and 36. Statistically significance diffe-
rences were achieved with one combination that 
had 35 EI procedures each and with 3 different 
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combination of patients, having 12, 24, and 36 
patients, respectively. Therefore, for each fellow 
(Fellow 1 and Fellow 2), 3 groups were establi-
shed (Groups 1, 2, and 3), each of which contai-
ned 12 patients. For each fellow, the number of 
EIs performed was divided into 3 groups based on 
chronological order, with each group containing 
an equal number of cases. Fellow 1 performed 54 
procedures, and Fellow 2 performed 51. Therefore, 
each of Fellow 1’s 3 groups contained 18 proce-
dures, and each of Fellow 2’s 3 groups contained 
17. This means that the sum of the procedures in 
Fellow 1’s Group 1 and Fellow 2’s Group 1 equa-
led 35, the sum of the procedures in their Group 
2s equaled 35, and the sum of the procedures in 
their Group 3s equaled 35. All patients were eva-
luated together in terms of demographic and basic 
information, operation success, and the amount of 
material injected. In addition, success rates and 
the amount of material injected were calculated 
separately for each fellow.

Statistical analysis used the Kruskal-Wallis, 
one-way analysis of variance (ANOVA), and chi-
-square tests, and p values less than 0.05 were ac-
cepted as statistically significant. All procedures 
were conducted in accordance with the ethical 
standards of the institutional and/or national re-
search committees and with the 1964 Helsinki De-
claration and its later amendments or with com-
parable ethical standards. The authors conformed 
ethic rules of Committee on Publication Ethics and 
the International Committee of Medical Journal 
Editors. Human Research Ethics Committee and 
Institutional Review Board approvals were obtai-
ned from Ankara Training and Research Hospital 
committees. Informed consent was not obtained 
due to the retrospective nature of the study.

RESULTS

The study included 72 patients and 105 
ureter units. The EIs were unilateral in 39 patients 
and bilateral in 33 patients (66 ureter units). Me-
dian age was 7 (1‒15) years, there were 22 males 
(30.5%) and 50 females (69.5%), and there were 77 
(73.3%) low-grade reflux ureters and 28 (26.7%) 
high-grade ones. Of the 105 procedures, 66 (62.8%) 
were successful. Of the 39 unsuccessful ureter 

units, 34 received a second injection. Of these 34 
second injections, 25 were successful. Each of the 
9 ureters that experienced failure of the second 
injection and the 5 ureters that experienced failure 
of the first injection and did not undergo a second 
one received a ureteroneocystostomy procedure. 
The median follow-up time was 2.5 years (1-4). 
No major complications (ureterovesical junction 
stenosis, sepsis, etc.) were observed.

Age, gender, presence of renal scarring, 
grade, degree of reflux (low or high), side (right 
or left), laterality (uni- or bilateral) and toilet-
-training status were similar in all three groups 
(Table-1). Grade of reflux were similar according 
to groups for each fellow (Table-2).

Success rates for the EI procedures clear-
ly differed among groups. In the first group, the 
success rate was 40%; in the second group, it 
was 65.7%; and in the third group, it was 82.8%. 
The difference among these groups was statisti-
cally significant (p = 0.001) (Figure-1). The mean 
amount of material used for an EI was 0.48 cc in 
the first group, 0.92 cc in second, and 0.87 cc in 
the third (p = 0.011) (Figure-2). Post-hoc analysis 
showed that the mean amount of material used in 
the first group was significantly lower than the 
mean used in the second and third groups, which 
did not differ significantly from each other.

The total success rates for Fellow 1 and 
Fellow 2 were 62.9% and 62.7%, respectively. 
The difference between these two rates was not 
statistically significant. When the data for each 
fellow were analyzed by group, the success rates 
for Fellow 1 were 38.3%, 66.6%, and 83.3% (p = 
0.02), and those for Fellow 2 were 41.2%, 64.7%, 
and 82.3% (p = 0.045) (Figure-1). For both fellows, 
the amount of material injected was lower in the 
first group than in the second and third groups 
(the p value for Fellow 1 was 0.119; for Fellow 2, 
it was 0.134). The differences among groups were 
not statistically significant, nor was the difference 
between fellows (Figure-2).

DISCUSSION

The STING method was first described in 
1984 by O’Donnell and Puri (10), and for many 
years, it was the standard technique used for EI. 
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In 2004, Kirsch et al. described a modified STING 
technique called the hydrodistension implantation 
technique (HIT) (11). Four years later, a double HIT 
method was described by authors from the same 
clinic (12). Systematic reviews have demonstrated 
that the HIT method has better outcomes than the 
STING method; however, long-term results from 
randomized prospective studies are needed (13). 
For the sake of consistency, the present study did 
not include patients on whom the HIT or double 

HIT methods had been used but included only tho-
se on whom the STING method had been used.

Dx/HA is the only molecule with FDA 
permission to be used in EI, and it has become 
the gold standard molecule for demonstrating the 
success of endoscopic treatment of VUR (14). In 
a study comparing three different injection ma-
terials (collagen, polydimethysiloxane, and Dx/
HA), Dx/HA’s success rate after one injection was 
found to be clearly superior to that of the other 

Table 1 - Descriptive analyze of the studied population (*: p value is significant under 0.05).

 All 1st Group 2nd Group 3rd Group p value

Patient/ EI number (n) 72/105 23/35 25/35 23/35

Female/ Male 74/31 23/12 22/13 29/6 0.121

Median age (years) (min-max) 7 (1-15) 7.5(2-15) 6(1-15) 7(2-14) 0.807

Right/ Left 42/63 14/21 15/20 13/22 0.935

Uni/ Bilateral 39/66 13/22 15/20 11/24 0.702

Low/ High Grade 77/28 27/8 24/11 26/9 0.675

Grade 1/2/3/4/5 5/24/48/13/15 1/10/16/3/5 2/7/15/5/6 2/7/17/5/4 0.971

Renal scar presence
(no/ minimal/ extensive)

50/28/27 17/8/10 18/6/11 15/14/6 0.087

No toilet trained /
trained patients nu

30/42 11/13 9/15 10/14 0.842

Table 2 - Number of ureter units according to grade of reflux for each fellow. 

1st Fellow 2nd Fellow

Grade 1st Group 2nd Group 3rd Group P value 1st Group 2nd Group 3rd Group P value

1 0 1 2 0.706 1 1 0 0.915

2 5 3 3 5 4 4

3 8 8 8 8 7 9

4 2 2 4 1 3 1

5 3 4 1 2 2 3
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two molecules (15). For EI procedures, our clinic 
uses Dexell-Vur® containing Dx/HA of 80-120 µm 
in size. The success of a second injection after a 
first unsuccessful injection has been found to be 
68%, and the success of a third injection after a 
second unsuccessful injection has been noted as 
34% (5). Factors increasing the failure rate include 

duplicate ureters and BBD (16, 17). In the present 
study, the learning curve experienced by operators 
was the only factor affecting EI success; therefo-
re, the study did not include injections performed 
after the first one, duplicate systems, and patients 
with BBD.

 Studies related to Dx/HA have shown 
that the success rate after the first injection varies 
from 67.5-81.5% (5, 18-20). However, in patients 
in whom reflux is not observed on a postoperative 
VCUG, VUR is still observed in the long-term at 
rates from 13-21% (21). As a result, the success 
rates reported in the literature may be higher than 
they should be. We performed a VCUG three mon-
ths after surgery and again one year after surgery, 
and we believe that evaluating success at the end 
of one year accurately reflects the success rate. 

Kirsch et al. (22) demonstrated that suc-
cess rates were 60% in the first 20 and 80% in 
the last 20 on 292 procedures. They concluded 
that the success rate was directly related to the 
learning curve. In the present study, the success 
rates in the first, second, and third groups were 
40%, 65.7%, and 82.8%, respectively. Therefore, 
the success rate in the second group, 65.7%, was 
close to what Kirsch et al. noted as an acceptable 
success rate. The clearly higher success rate for 
the third group showed that the learning curve for 
the EI procedure was longer than expected (about 
20 procedures) and that the success rate approa-
ched the ideal only near the end of this learning 
curve. Considering that both fellows involved in 
the study had performed fewer than 5 EIs during 
training, the number of EIs necessary to reach an 
acceptable success rate can be calculated as about 
20. Each fellow performed another 17 or 18 and 
17 EI procedures in their second groups; therefore, 
the success rate increased again after 35-40 EIs, 
and the ideal rates were obtained for the procedu-
res performed in the third groups. 

 One factor affecting the success of an EI 
procedure is the amount of material injected. Ac-
cording to one study, Dx/HA injections of less 
than 0.8 mL had success rates of 31.8%, and tho-
se of 0.8 mL or more had success rates of 78.9% 
(7). Some studies of Dx/HA have injected mean 
amounts of material ranging from 0.9-1 cc in all 
patients, except for those with ureters suffering 

Figure 1 - variation in EI success rates of all patients 
according to groups.

Figure 2 - variation in mean material injected per ureter unit 
according to groups.
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high-grade reflux, to whom 1.3 cc was admi-
nistered (18, 23). In the present study, the mean 
amount of material used was 0.48 cc in the first 
group, 0.92 cc in the second group, and 0.87 cc in 
the third group. We believe that the second group 
used the mean amount of material that is required 
for an ideal success rate. When the data for both 
fellows were compared, it was observed that the 
amount of material injected by both fellows in-
creased significantly from the first group to the 
second group and that the difference between the 
second group and the third group plateaued. We 
have talked with the fellows about mean injection 
material changing, they said that they were afraid 
of iatrogenic ureterovesical junction obstruction, 
so they have thought that we can do re-injection 
in case of failure but iatrogenic ureterovesical 
junction failure is a more complicated issue. This 
may be the explanation of low material amount of 
first 20 cases. In the first 20 cases, they may have 
placed the needle into the submucosa fairly close 
to the ureterovesical line or may not have placed 
the needle deep enough. After about 20 proce-
dures, they learned to make the injections using 
accurate placement and depth, both of which are 
needed to provide sufficient space for the material 
injected. It was noted that although the success 
rates differed significantly between the second 
and third groups, the amount of material injec-
ted did not. This supports our belief that learning 
the correct angle and axis is what increased the 
success rates. We believe that the fellows learned 
accurate placement after about 20 procedures but 
did not learn the correct angle and axis until after 
about 35‒40 procedures.

There are several reasons why the learning 
curve for EI is longer than has been expected. 
First, EI is an endoscopic procedure, so learning 
is based solely on sight. Other factors that make 
learning difficult are the lack of tactile feedback 
when inserting the needle and the lack of kno-
wledge regarding limits on the amount of ma-
terial. While working on their first groups, both 
fellows may have injected less material because 
they were concerned about the risk of hydrone-
phrosis. Additionally, we must accept that there 
is a difference in endoscopic training between 
urologist and pediatric surgeon. In the study, we 

have shown EI success is similar between urolo-
gist and pediatric surgeon regardless endoscopic 
training background. 

 The retrospective nature of this study and 
the fact that it included data from only two ope-
rators may be considered limitations. However, it 
must be remembered that a learning-curve stu-
dy that has a prospective research design carries 
the risk of bias. In the future, studies that include 
more fellows would provide more accurate data.

CONCLUSIONS

Operators who have had no ex-vivo or si-
mulation training may obtain acceptable success 
rates for EI procedures after about 20 procedures. 
It may be beneficial for operators learning this 
procedure by performing it to be observed by an 
experienced operator for the first 20 procedures. 
In addition, after 35-40 EI procedures, success ra-
tes reach high levels.

CONFLICT OF INTEREST

None declared.

 
REFERENCES

1. Sargent MA. What is the normal prevalence of vesicoureteral 
reflux? Pediatr Radiol. 2000;30:587-93.

2. Peters CA, Skoog SJ, Arant BS Jr, Copp HL, Elder JS, 
Hudson RG, et al. Summary of the AUA Guideline on 
Management of Primary Vesicoureteral Reflux in Children. J 
Urol. 2010;184:1134-44.

3. Tekgül S, Dogan HS, Kocvara R, et al. EAU Guidelines On 
Paediatric Urology 2017. Available at: <http://uroweb.org/
guideline/paediatric-urology>

4. Fanos V, Cataldi L. Antibiotics or surgery for vesicoureteric 
reflux in children. Lancet. 2004;364:1720-2.

5. Elder JS, Diaz M, Caldamone AA, Cendron M, Greenfield 
S, Hurwitz R, et al. Endoscopic therapy for vesicoureteral 
reflux: a meta-analysis. I. Reflux resolution and urinary tract 
infection. J Urol. 2006;175:716-22.

6. Bennett SD, Foot LM, Abel EJ, Snow BW, Cartwright PC, 
Devries CR, et al. Is there a learning curve for subureteric 
injection of dextranomer/hyaluronic acid in the treatment of 
vesicoureteral reflux? J Pediatr Urol. 2010;6:122-4.



ibju | The learning curve of sTing meThod for endoscopic injecTion

1206

7. Dave S, Lorenzo AJ, Khoury AE, Braga LH, Skeldon SJ, Suoub 
M, et al. Learning from the learning curve: factors associated 
with successful endoscopic correction of vesicoureteral 
reflux using dextranomer/hyaluronic acid copolymer. J Urol. 
2008;180(4 Suppl):1594-9; discussion 1599-600.

8. Soltani T, Hidas G, Kelly MS, Kaplan A, Selby B, Billimek J, et 
al. Endoscopic correction of vesicoureteral reflux simulator 
curriculum as an effective teaching tool: Pilot study. J Pediatr 
Urol. 2016;12:45.e1-6.

9. Bauschard M, Maizels M, Kirsch A, Koyle M, Chaviano T, 
Liu D, et al. Computer-Enhanced Visual Learning Method 
to Teach Endoscopic Correction of Vesicoureteral Reflux: 
An Invitation to Residency Training Programs to Utilize the 
CEVL Method. Adv Urol. 2012;2012:831384.

10. O’Donnell B, Puri P. Treatment of vesicoureteric reflux by 
endoscopic injection of Teflon. Br Med J (Clin Res Ed). 
1984;289:7-9.

11. Kirsch AJ, Perez-Brayfield M, Smith EA, Scherz HC. The 
modified sting procedure to correct vesicoureteral reflux: 
improved results with submucosal implantation within the 
intramural ureter. J Urol. 2004;171(6 Pt 1):2413-6.

12. Cerwinka WH, Scherz HC, Kirsch AJ. Endoscopic treatment 
of vesicoureteral reflux with dextranomer/hyaluronic acid in 
children. Adv Urol. 2008:513854.

13. Yap TL, Chen Y, Nah SA, Ong CC, Jacobsen A, Low Y. 
STING versus HIT technique of endoscopic treatment for 
vesicoureteral reflux: A systematic review and meta-analysis. 
J Pediatr Surg. 2016;51:2015-20.

14. Puri P, Kutasy B, Colhoun E, Hunziker M. Single center 
experience with endoscopic subureteral dextranomer/
hyaluronic acid injection as first line treatment in 1,551 
children with intermediate and high grade vesicoureteral 
reflux. J Urol. 2012;188(4 Suppl):1485-9.

15. Stredele RJ, Dietz HG, Stehr M. Long-term results of 
endoscopic treatment of vesicoureteral reflux in children: 
comparison of different bulking agents. J Pediatr Urol. 
2013;9:71-6.

16. Läckgren G, Wåhlin N, Sköldenberg E, Nevéus T, Stenberg 
A. Endoscopic treatment of vesicoureteral reflux with 
dextranomer/hyaluronic acid copolymer is effective in either 
double ureters or a small kidney. J Urol. 2003;170(4 Pt 
2):1551-5; discussion 1555.

17. Van Batavia JP, Nees SN, Fast AM, Combs AJ, Glassberg 
KI. Outcomes of vesicoureteral reflux in children with non-
neurogenic lower urinary tract dysfunction treated with 
dextranomer/hyaluronic acid copolymer (Deflux). J Pediatr 
Urol. 2014;10:482-7.

18. Karabacak OR, Yalçınkaya F, Altuğ U, Sertçelik N, Demirel 
F. Does the modıfıed STING method increase the success 
rate in the management of moderate or hıgh-grade reflux? 
Korean J Urol. 2014;55:615-9.

19. Pogorelić Z, Gudelj K, Budimir D, Todorić J, Jukić M, Furlan 
D, et al. Comparison of dextranomer/hyaluronic acid based 
bulking agents in the treatment of vesicoureteral reflux in 
children: Deflux versus Vurdex. Can J Urol. 2016;23:8312-7.

20. Turk A, Selimoglu A, Demir K, Celik O, Saglam E, Tarhan 
F. Endoscopic treatment of vesicoureteral reflux with 
polyacrylate polyalcohol copolymer and dextranomer/
hyaluronic acid in adults. Int Braz J Urol. 2014;40:379-83.

21. Lee EK, Gatti JM, Demarco RT, Murphy JP. Long-term 
followup of dextranomer/hyaluronic acid injection for 
vesicoureteral reflux: late failure warrants continued 
followup. J Urol. 2009;181:1869-74; discussion 1874-5.

22. Kirsch AJ, Perez-Brayfield MR, Scherz HC. Minimally invasive 
treatment of vesicoureteral reflux with endoscopic injection 
of dextranomer/hyaluronic acid copolymer: the Children’s 
Hospitals of Atlanta experience. J Urol. 2003;170:211-5.

23. Kocaoglu C. Endoscopic treatment of grades IV and 
V vesicoureteral reflux with two bulking substances: 
Dextranomer hyaluronic acid copolymer versus polyacrylate 
polyalcohol copolymer in children. J Pediatr Surg. 
2016;51:1711-5.

   

_______________________
Correspondence address:

Göksel Bayar, MD
Emek mah, Mehmet akif cad.

Sancaktepe eğitim ve arastirma hastanesi
Sancaktepe, Istanbul

Telephone: + 90 531 584-9749
E-mail: goxelle@yahoo.com



ORIGINAL ARTICLE

1207

pelvic floor electromyography and urine flow patterns in 
children with vesicoureteral reflux and lower urinary tract 
symptoms
_______________________________________________
Lida Sharifi-Rad 1, 2, Seyedeh-Sanam Ladi-Seyedian 1, Hossein Amirzargar 1, Abdol-Mohammad 
Kajbafzadeh 1

1 Pediatric Urology and Regenerative Medicine Research Center, Children’s Medical Center, Pediatric 
Center of Excellence, Tehran University of Medical Sciences, Tehran, Iran; 2 Department of Physical 
Therapy, Children’s Medical Center, Pediatric Center of Excellence, Tehran University of Medical Sciences, 
Tehran, Iran

Vol. 44 (6): 1207-1214, November - December, 2018

doi: 10.1590/S1677-5538.IBJU.2018.0401

ABSTRACT 

Objective: To determine the different urine flow patterns and active pelvic floor 
electromyography (EMG) during voiding in children with vesicoureteral reflux (VUR) 
as well as presenting the prevalence of lower urinary tract symptoms in these patients.  
Materials and Methods: We retrospectively reviewed the charts of children diagnosed 
with VUR after toilet training from Sep 2013 to Jan 2016. 225 anatomically and 
neurologically normal children were included. The reflux was diagnosed with voiding 
cystourethrography. The study was comprised an interview by means of a symptom 
questionnaire, a voiding diary, uroflowmetry with EMG and kidney and bladder 
ultrasounds. Urine flow patterns were classified as bell shape, staccato, interrupted, 
tower and plateau based on the current International Children’s Continence Society 
guidelines. 
Results: Of 225 children with VUR (175 girls, 50 boys), underwent uroflowmetry + 
EMG, 151 (67.1%) had an abnormal urine flow pattern. An active pelvic floor EMG 
during voiding was confirmed in 113 (50.2%) children. The flow patterns were staccato 
in 76 (33.7 %), interrupted in 41 (18.2%), Plateau in 26 (11.5%), tower in 12 (5.3%) 
and a bell shape or normal pattern in 70 (31.5%). Urinary tract infection, enuresis and 
constipation respectively, were more frequent symptoms in these patients.
Conclusions: Bladder/bowel dysfunction is common in patients with VUR that increases 
the risk of breakthrough urinary tract infections in children receiving antibiotic 
prophylaxis and reduces the success rate for endoscopic injection therapy. Therefore 
investigation of voiding dysfunction with primary assessment tools can be used prior 
to treating VUR.
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INTRODUCTION

The association between vesicoureteral 
reflux (VUR) and lower urinary tract (LUT) 

dysfunction especially in older children who 
present with urinary tract infection (UTI) after 
toilet training, is well known. The incidence 
of LUT dysfunction in children with VUR was 
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reported from 18% to 75% (1). In addition, VUR 
is diagnosed in one third of UTI patients (2). 
The overactive bladder (OAB) and dysfunctional 
voiding (DV) have been described in conjunction 
with VUR (1). Increasing of intravesical bladder 
pressure in these conditions can be responsible 
for the development of VUR in affected patients. 
It is notable that spontaneous resolution of 
VUR after treatment of bladder dysfunction has 
been observed in most of the patients who were 
diagnosed with VUR after toilet training (2).

It has been found in the recent studies that 
some children with VUR have been diagnosed 
with abnormal urodynamic findings including 
OAB during filling phase and the increased 
activity of external urethral sphincter during 
voiding phase (1). Additionally, it has been 
reported that spontaneous resolution of VUR 
and cure rate following endoscopic treatment 
in children with LUT dysfunction and VUR are 
less than in children with VUR without LUT 
dysfunction (3-6). Therefore, an undiagnosed and 
untreated underlying LUT dysfunction can be a 
considerable cause of surgical failure (7). History 
taking and physical examination are the hallmark 
diagnostic tools for evaluation of LUT dysfunction 
in children. However repeated urine flow studies 
in conjunction with electromyography (EMG) can 
also help to confirm diagnosis of different LUT 
conditions in toilet trained children (8).

The aim of the present study was to evaluate 
the different urine flow patterns and active pelvic 
floor EMG during voiding in children who had 
VUR after toilet training as well as presenting the 
prevalence of LUT symptoms in these patients.

MATERIALS AND METHODS

After institutional review board approval, 
we retrospectively reviewed the charts of all pa-
tients diagnosed and were treated with VUR after 
toilet training at our center from Sep 2013 to Jan 
2016. A total of 225 anatomically and neurologi-
cally normal children were enrolled in the study. 
Children were selected from patients diagnosed 
with VUR who had been visited at outpatient pe-
diatric urology clinic at Children’s Medical Center, 

Tehran, Iran. The patients were between 5 to 11 
years old. The diagnosis of VUR was confirmed 
through voiding cystourethrography (VCUG) and 
was graded according to the International Reflux 
Study in Children grading system (9). Children 
with neuropathic bladder, anatomic defects and a 
history of diagnosis of VUR at birth or early in life 
before toilet training were excluded from the stu-
dy. Urine flow patterns, voided volume, maximum 
urine flow rate (Qmax), average urine flow rate 
(Qave), presence or absence of EMG activity du-
ring voiding phase, and post void residual (PVR) 
volume were evaluated. Moreover, prevalence of 
different LUT symptoms was determined.

Evaluations
All participants underwent complete 

urological work - up as well as physical and 
neurological evaluations. The study evaluations 
included urine analysis and urine culture to assess 
UTI, a voiding diary, a dysfunctional voiding 
symptom score, uroflowmetry (UF) with EMG, 
VCUG, kidney and bladder ultrasounds to evaluate 
upper urinary tract, hydronephrosis, anomalies, 
bladder capacity and PVR. Patients who had febrile 
UTI or hydronephrosis on ultrasound underwent 
VCUG. Expected bladder capacity was measured 
with regard to International Children’s Continence 
Society (ICCS) recommendation, using the formula 
mL = [(age in years + 1) × 30] (8).

A filled out LUT symptom and bowel ha-
bit questionnaire was obtained from all partici-
pated patients / parents to assess any associated 
LUT symptom, bowel habits, and other associa-
ted clinical manifestations. For any included 
patients, we noted and recorded gender, age, 
abdominal / flank pain, a history of UTI with or 
without fever, daytime incontinence, enuresis, 
urgency, infrequent voiding and / or holding 
maneuver and bowel dysfunction (constipation 
alone, fecal soiling alone or constipation plus 
fecal soiling). Enuresis was defined as wetting 
the bed at least once a week (10). Constipation 
was defined with regard to Rome III criteria (11). 
At least two UF / EMG in separate sessions were 
performed on all patients in accordance with 
the ICCS recommendations (8). Any medication 
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with potential influence on bladder function 
was discontinued a week prior to performing 
of UF / EMG. Moreover, bladder ultrasound was 
performed to assess bladder capacity, PVR vo-
lume, the appearance of bladder wall and bla-
dder neck, dilatation of lower ureteral and as-
sessment of rectum for presence of a large stool 
mass. A written informed consent was obtained 
from participants.

Urine flow patterns definition
With respect to the ICCS uroflow classifica-

tion, the uroflow patterns were categorized into bell 
- shaped, staccato, plateau, interrupted, and tower 
shaped curves. The ICCS defines an interrupted - 
shaped curve as discrete segments of urine flow, 
separated by segments with zero flow. A staccato - 
shaped curve is defined as irregular and fluctuating 
during voiding but the flow is continuous and ne-
ver reaches zero during voiding. A plateau - shaped 
curve is defined as a flattened and low - amplitude 
prolonged flow. Tower - shaped curve is defined as 
a sudden, high - amplitude curve of short duration 
and normal shape curve is defined as continues bell 
- shaped curve.

Uroflow / EMG
All UF / EMG studies were performed with 

the use of a flowmeter with a spinning disc trans-
ducer (Tempo, Medtronic Urology, Skovlunde, 
Denmark) with respect to the ICCS guidelines and 
on strong need to void. Children voided in their 
normal position; relaxed posture with upper legs 
in a horizontal position and use of feet support 
for smaller children. To record pelvic floor EMG 
activity during voiding, two integrated biosensor 
EMG electrodes were placed on the perineum at 3 
and 9 o’clock positions. The machine had a high 
quality audio monitor to recognize motor recruit-
ment activity from activity caused by electrical 
artifact, such as wire movement or wetting of the 
electrodes. Children underwent at least two UF / 
EMG studies in separate sessions. All UF / EMG 
were done in a calm and equal environment. For 
each child, data regarding Qmax, Qave, voided 
volume, flow time and voiding time, as well as 
EMG activity during voiding were recorded.

Statistical analysis

The Statistical Package of Social Science 
software (version 18; SPSS, Inc., Chicago, IL) 
was used for statistical analysis. Categorical data 
were reported as frequencies and percentages. 
Continuous data were reported as range and 
mean ± standard deviation (SD). To analyze data, 
chi - square or student t - test was executed. A 
P value of < 0.05 was considered statistically 
significant.

RESULTS

Study population
Among 463 patients with VUR who 

were assessed for eligibility, 238 patients with 
neuropathic bladder, anatomic defects and a 
history of diagnosis of VUR at birth or early in 
life before toilet training were excluded; only 225 
children met inclusion criteria and were enrolled 
in the study. The data of 175 girls and 50 boys 
(mean age: 7.1 ± 2 years, range: 5 to 11) diagnosed 
with VUR (128 unilateral cases, 102 bilateral cases) 
were analyzed.

UF / EMG outcomes
Abnormal urine flow patterns were 

observed in 151 (67.1%) patients. The flow 
patterns were staccato in 76 (33.7%), interrupted 
in 41 (18.2%), plateau in 26 (11.5%), tower in 12 
(5.3%) and a bell shape or normal pattern in 70 
(31.5%) (Table-1).

An active pelvic floor EMG during voiding 
was confirmed in 113 (50.2%) children. An active 
pelvic floor EMG during voiding was observed 
in 69 (61%) patients with a staccato urine flow 
pattern, 23 (20.3%) patients with an interrupted 
urine flow pattern, 15 (13.2%) patients with a 
plateau urine flow pattern and 6 (5.3%) patients 
with a tower curve. Overall 38 patients (25%) with 
a staccato, interrupted, tower and plateau urine 
flow patterns had a quiet pelvic floor EMG during 
voiding (Table-1).

Mean Qmax and mean Qave were 18.6 ± 
8.5 (range: 6.3 to 45) and 9.2 ± 4.3 (range: 2 to 
23) mL / sec, respectively. Mean voided volume 
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was 203 ± 109 mL (range: 70 to 620) and mean 
PVR volume was 25.5 ± 22.8 mL (range: 0 to 105). 
Also, mean voiding time was 24.7 ± 14 sec (ran-
ge: 6 to 76). Mean PVR volume was significantly 
higher in patients who had abnormal urine flow 
pattern in comparison with patients who had nor-
mal flow curve (32.3 ± 27.6 mL vs. 17.3 ± 5 mL, 
P < 0.04). There was no significant difference in 
UF measures between children who had abnormal 
urine flow pattern with and without positive EMG 
activity during voiding (Table-2). Of UF measures, 
mean voided volume in children with interrupted 
flow curve was significantly higher than in chil-
dren with other curves (P < 0.05). Additionally, 
mean Qmax and mean Qave were significantly 
lower in children with plateau flow curve in com-
parison to children with normal curve (P < 0.05).

Among different grades of VUR, grades II 
and III were more frequent in ureters of patients with 
and without abnormal urine flow pattern (Table-3).

We reanalyzed the data of two different 
age groups (5 - 7 versus 8 - 11 years of age). 
There were 144 patients (64%, 26 boys and 118 
girls) in the age range of 5 to 7 years old and 81 
patients (36%, 23 boys and 58 girls) in the age 
range of 8 to 11 years old. There is no significant 
difference between the two age groups according 
to normal and abnormal urine flow patterns and 
EMG activity during voiding.

Prevalence of lower urinary tract symptoms
Urinary tract infection, enuresis and cons-

tipation, respectively were more frequent features 

in patients with VUR. Of 225 children, 201 (89.3%) 
had a UTI history of whom 187 (93%) had at least 1 
febrile UTI history. Constipation and enuresis were 
reported in 56 (24.8%) and 66 (29.3%) patients, res-
pectively. In addition, 34 (15.1%) patients had ur-
gency and 35 (15.5%) patients had daytime incon-
tinence. Details of prevalence of LUT symptoms in 
VUR patients who had different urine flow patterns 
are shown in Table-4.

DISCUSSION

There is a known association between 
VUR and LUT dysfunction in older children after 
toilet training. However, the exact relationship and 
natural history between VUR and LUT dysfunction 
are controversial. Prior studies have reported that 
children with LUT dysfunction and VUR have a 
higher frequency of UTIs (1). Moreover, they have a 
lower cure rate following endoscopic treatment (1, 
12). One of the primary causes of surgical failure 
which prevents resolution of VUR in affected 
patients is an untreated underlying LUT condition 
(12). With respect to the association between LUT 
dysfunction and VUR, some authors have suggested 
that all children with VUR should be evaluated for 
abnormal urodynamic findings (7, 13).

UF with / without EMG is frequently used 
as a simple and non - invasive method to assess 
LUT function in pediatric urology practice. The 
appearance of the urine flow pattern accompanied 
with clinical neuro - urological evaluations, voi-
ding diary and assessment of PVR through bladder 

Table 1 - Characteristics and urine flow patterns of all patients.

Patient n. (%) Urine flow patterns
Total Normal (%) Staccato (%) Interrupted (%) Plateau (%) Tower (%)

Age (yr), mean ± SD (range) 7.1± 2 (5-11) 6.8±1.8 
(5-11)

7.3 ± 2.1 (5-11) 7.6±2 (5-11) 6.6±2 (5-11) 6.4 ± 1.7 
(5-10)

Female (%) 175 54 (30.8%) 62 (35.4%) 34(19.4%) 14 (8%) 11(6.2%)

Male (%) 50 16 (32.6%) 14 (28.5%) 7 (14.2%) 12 (24.4%) 1(2%)
Total 225 70 (31.5%) 76 (33.7%) 41(18.2%) 26 (11.5%) 12 (5.3%)

Bilateral VUR§ 102 28 (27.4%) 38 (37.2%) 20 (19.6%) 12 (11.7%) 4 (3.9%)
Unilateral VUR§ 128 43 (33.5%) 40 (31.2%) 22 (17.1%) 15 (11.7%) 8(6.2%)
EMG¥ activity during voiding 113 0 (0%) 69 (61%) 23 (20.3%) 15 (13.2%) 6(5.3%)

§ = vesicoureteral reflux; ¥ = electromyography
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ultrasound, can often provide enough information 
to decide the diagnosis and management (12). 
Mostly prior studies have used invasive urodyna-
mic evaluation to assess patients with VUR. This 
study was undertaken to evaluate urine flow cur-
ves and measures in children who had VUR after 
toilet training by non - invasive UF / EMG. Addi-
tionally, the prevalence of LUT symptoms in these 
patients was determined. The results showed an 
abnormal urine flow pattern in 67.1% of patients. 
More than 50% of patients had a positive EMG ac-
tivity during voiding. A staccato urine flow curve 

was seen in 33.7% of patients and also 18.2% of 
patients had interrupted urine flow curve. Only, 
31.5% of patients had a normal urine flow curve. 
In addition, UTI, enuresis and constipation respec-
tively, were more frequent manifestations in pa-
tients with VUR.

As regard to abnormal urine flow pattern, 
staccato and interrupted curves were more fre-
quent in our patients. According to the ICCS gui-
delines, staccato urine flow pattern presents DV 
and interrupted pattern shows underactive bladder 
(8). Each condition involves urinary stasis and can 

Table 2 - Comparison of uroflowmetry measures and post-void residual volume between patients with normal and abnormal 
urine flow patterns.

Urine flow pattern voided volume (mL) Maximum urine flow 
rate ( mL/sec)

Average urine flow 
rate (mL/sec)

voiding time (s) Residual volume 
(mL)

Bell shape 190 ± 113 20.6 ± 7.6 10.9 ± 4.2 23.5 ± 14 17.3 ± 5
Staccato 194 ± 117 20.1 ± 10.3 8.4 ± 4.1 21.7 ± 9.3 29.8 ± 24.8
P* 0.581 0.839 0.054 0.623 0.167
Bell shape 190 ± 113 20.6 ± 7.6 10.9 ± 4.2 23.5 ± 14 17.3 ± 5
Interrupted 265 ± 87 15.1 ± 6.4 8.3 ± 4.4 27.7 ± 18.6 45 ± 44
P* 0.540 0.014 0.082 0.455 0.332
Bell shape 190 ± 113 20.6 ± 7.6 10.9 ± 4.2 23.5 ± 14 17.3 ± 5
Plateau 209 ± 74 12.4 ± 5.3 6.5 ± 3.6 28.6 ± 14.3 30.8 ± 13.6
P* 0.351 0.01 0.02 0.450 0.299
Bell shape 190 ± 113 20.6 ± 7.6 10.9 ± 4.2 23.5 ± 14 17.3 ± 5

Tower 133 ± 51 34.9 ± 6.6 14.6 ± 5.3 16.9 ± 6.4 9.2 ± 4
P* 0.053 0.034 0.014 0.04 0.04

Mean±SD; * Student t test

Table 3 - Lower urinary tract symptoms in different flow groups of patients. 
Patient n. (%) Urine flow patterns

Total Bell shape Staccato Interrupted Plateau Tower
Urinary tract infection 
n.%

201 67(34.8%) 72(35.8%) 32(16.6%) 21(10.9%) 9(4.4%)

Constipation n.% 56 20(35.7%) 18 (32.1%) 9(16%) 5(8.9%) 4(7.1%)

Daytime incontinence 
n.%

35 2(5.7%) 19(54.2%) 6(17.1%) 3(8.5%) 5(14.2%)

Nocturnal enuresis 
n.%

66 19(28.7%) 25(37.8%) 9(13.6%) 7(10.6%) 6(9%)

Urgency n.% 34 3(6.8 %) 12(35.2%) 4(11.7%) 3(6.8%) 12(35.2%)
Holding maneuver n.% 56 2(3.5%) 29(51.7%) 19(21.4%) 6(10.7%) 0
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be associated with high storage volume. Functio-
nal bladder outlet obstruction in children with 
LUT dysfunction can cause voiding difficulty and 
storage symptoms as a consequence of bladder 
changes secondary to obstruction (8). Accordin-
gly, intravesical pressure rises resulting in pro-
duction and persistence of VUR (14). Ural et al. 
compared the clinical, demographic, urodynamic 
and prognostic characteristics related to VUR in 
348 patients with idiopathic LUT dysfunction or 
DV. They reported that median maximum filling 
pressure was higher in the refluxing group com-
pared to the non - refluxing group (40.0 vs. 34.0 
cm H2O). Moreover, increased intravesical pres-
sure could be the primary factor for inducing 
reflux in idiopathic LUT dysfunction (15).

UTI commonly occurs in children with 
VUR. The close association between VUR and 
UTI, especially febrile UTI, has been discussed in 
the literature (16). The results of the present study 
reveal that nearly 90% of our patients had a his-
tory of UTI. This finding is the most frequent fea-
ture in patients with normal and abnormal urine 
flow curve. Although 31.5% of our patients had 
normal urine flow pattern, most of these patients 
complained of at least a LUT symptom such as 
constipation and / or enuresis. On the other hand, 
several studies have shown correlation between 
VUR and bladder bowel dysfunction (BBD) (17). 
VUR and constipation are well - recognized co 
- morbidities in children with bladder dysfunc-
tion. Treating constipation on the other hand has 
been shown to resolve urinary symptoms such 
as daytime wetting, enuresis and UTI up to 90% 
(18). In a survey by Koff et al. the influence of 

functional bladder and bowel disorder on the 
natural history of patients with primary reflux 
was assessed (19). The authors evaluated 143 pe-
diatric patients who had either spontaneous re-
solution of VUR or had breakthrough infection 
which led to surgical management. They reported 
the rate of BBD was higher in children with bre-
akthrough infections (77% vs. 23%). Moreover, 
they concluded that BBD adversely affected the 
results of reimplantation and was present as a 
risk for recurrent UTI after resolving reflux (19).

Additionally, the less cure rate of endos-
copic treatment of VUR in children with BBD in 
comparison with children without BBD has been 
reported (4, 17). The results of mentioned studies 
strongly support that urodynamic evaluation 
can provide valuable information regarding the 
diagnosis, treatment and prognosis of children 
with VUR. Concomitant treatment for bladder 
dysfunction including pharmacotherapy, stan-
dard urotherapy (hydration, diet, timed voiding 
and toilet training) and biofeedback that can 
effectively help to spontaneously cure VUR or to 
achieve optimal results of anti - reflux surgery 
(12, 20, 21). Van Batavia et al. described their 
experience using dextranomer / hyaluronic acid 
copolymer in the patients whose VUR persisted 
despite targeted therapy for their LUT condition. 
They reported that the highest resolution rates 
of VUR were seen in patients with either DV or 
detrusor underutilization or in patients who had 
least symptoms prior to injection (3).

The main limitations of this study were 
small sample size and single center study. In 
addition, this was not a prospective study and we 

Table 4 - Grade of vUR in different urine flow patterns.

vUR grade l
(unit)

vUR grade ll
(unit)

vUR grade lll
(unit)

vUR grade lv
(unit)

vUR grade v
(unit)

Bell shape 4 35 52 10 1

Staccato 5 49 46 17 3

Interrupted 4 21 27 6 3

Plateau 0 12 21 3 0

Tower 0 5 12 3 2



1213

ibju | Urine Flow Patterns in Children with reFlUx

did not include a control group. A prospective 
study with a larger sample size is needed to offset 
these limitations.

CONCLUSIONS

The results of present study have shown 
that two third of patients who had VUR after toilet 
training present an abnormal urine flow pattern. 
Additionally, more than 50% of the patients had an 
active pelvic floor EMG during voiding. Although 
one third of patients had normal urine flow 
pattern, most of mentioned patients complained 
of at least a LUT symptom. Therefore, evaluation 
and treatment of LUT dysfunction should be 
an essential part of the initial assessment and 
management of a child with VUR. Furthermore, 
treatment of LUT dysfunction would be supported 
to postpone definite surgical correction in these 
patients in order to improve surgical outcome.

ABBREvIATIONS

BBD = bladder bowel dysfunction 
DV = dysfunctional voiding
EMG = electromyography
ICCS = International Children’s Continence
Society
LUT = lower urinary tract
OAB = overactive bladder
Qave = average urine flow rate
Qmax = maximum urine flow rate
VCUG = voiding cystourethrolgraphy
VUR = vesicoureteral reflux
UTI = urinary tract infection
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ABSTRACT 

Purpose: The objective of the present study is to test the efficiency and practicality of 
a new artificial sphincter “BR - SL - AS - 904” in the control of urinary incontinence 
in post - PR patients and to evaluate their complications.
Patients and Methods: Fifteen patients with incontinence after one year of radical 
prostatectomy were included prospectively. All patients underwent artificial urethral 
sphincter (AUS) implant “BR - SL - AS - 904” according to established technique. Inde-
pendent variables such as free urinary flow, PAD weight test, ICIQ - SF score and uri-
nary symptoms through the IPSS score were compared in different follow-up moments.
Results: Patients submitted to AUS implantation did not present trans - operative or 
post - operative complications related to the surgical act such as: infection, hematoma, 
erosion or urinary retention. Device was inert to the body during the follow-up, sho-
wing an excellent adaptation of the patients, besides the easy handling. The mean age 
was 68.20 years 40% of the patients had systemic arterial hypertension, 6.7% diabetes 
mellitus, 6.7% were hypertensive and diabetic, 13.4% were hypertensive, had diabetes 
and hypercholesterolemia and 26.7% patients had no comorbidities. It was evidenced 
that the urinary flow peak during the follow-up remained stable. Decreased averages 
and median PAD weight test were 135.19 to 75.72 and 106.00 to 23.50, respectively. 
The IPSS score decreased and the quality of life increased (12.33 to 3.40 and 2.50 to 
3.20 respectively). The ICQF - SF questionnaire score also showed a decrease, ranging 
from 16, 71 to 7.33.
Conclusion: The artificial sphincter implant “BR - SL - AS 904” was reproducible, safe 
and effective in the control of urinary incontinence in post - PR patients.
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tinence after radical retropubic prostatectomy and 
submitted to artificial urethral sphincter implant 
“BR - SL - AS - 904”. The trial was carried out in 
accordance to the National Council of Health, the 
Helsinque Declaration and the Nuremberg Code 
for human experiment. The study is also listed on 
www.clinicaltrials.gov, and was approved by the 
National Ethics Committee in Research (CONEP # 
814.933). The non - inclusion of a control group 
was discussed and accepted by the Ethical Com-
mittee of the Institution.

Patient eligibility criteria
Fifteen patients with moderate and severe 

incontinence after one year of radical prostatec-
tomy were included prospectively. All patients un-
derwent artificial urethral sphincter (UE) implant 
“BR - SL - AS - 904” according to established te-
chnique. Patients submitted to previous radiothe-
rapy; patients with urethral stenosis or previously 
submitted to internal urethrotomy due to vesico 
- urethral anastomosis stenosis were excluded.

BR - SL - AS 904 sphincter appearances
The proposed device operating mechanism 

including two parts: constriction - pumping system 
and activating valve (Figure-1). The resting device 
maintains urethral compression preserving urinary 
continence. During pumping, the fluid present in 
the device is displaced from the urethral cuff to the 
reservoir located in the peritoneal cavity and throu-
gh a flow reducing system it slowly returns to the 
cuff, causing it to remain deflated for about three 
minutes allowing urination (Figure-2).

Surgical technique and device’s implant
The implant of the device was performed 

through two incisions: one perineal and one inguinal. 
In the perineal incision, a five - centimeter incision 
was made at the bulbar urethra level, allowing the 
passage of the constrictor balloon. After the cuff is 
passed, it is locked through the safety catch. After 
the perineal surgical time, an inguinal incision was 
made close to the external inguinal ring, dissected by 
anatomic planes, with communication between the 
inguinal and perineal incisions, parallel to the ingui-
nal canal, forming a tunnel through which the device 
is carefully introduced. In the inguinal region, an 

INTRODUCTION

Prostate cancer is the most frequently diag-
nosed non - skin cancer in the United States and 
the third leading cause of cancer deaths. In 2017, 
1.688.780 new cancer cases and 600.920 cancer de-
aths were projected to occur in the United States (1). 
Radical prostatectomy (PR) is the currently treatment 
with satisfactory cancer results in patients with loca-
lized or locally advanced prostate neoplasia without 
major comorbidities. However, the main complica-
tion PR - associated is the involuntary loss of urine, 
ie, urinary incontinence (UI). After one year of persis-
tent UI pos - PR, the artificial sphincter implant is the 
main treatment option.

 AMS 800 artificial sphincter is curren-
tly considered the gold standard treatment for men 
with UI. However, this system has high complexity 
for the implantation of the device. It is necessary to 
perform a high number of procedures to obtain sa-
tisfactory rates of urinary continence associated with 
acceptable rates of surgical complications (2). In a re-
trospective study, from January 1972 to September 
2015, 27.096 cases were included from the AMS 800 
implants, of which 5.723 required either revision or 
explantation (21.1%). Younger age and penoscrotal 
approach were associated with higher device explan-
tation and revision rates, while use of a tandem cuff 
was associated with higher explantation rates (3). In 
addition, another limiting factor for this type of de-
vice is that the operating mechanism is static, ie, the 
pressure exerted on the urethra through the cuff is 
constant as the patient is at rest, exercising, coughing 
or performing maneuvers that increase abdominal 
pressure (personal findings). Finally, those implants 
have a high economic cost making its accessibility 
quite limited, especially for those patients assisted in 
the public health system.

 The BR - SL - AS 904 sphincter was deve-
loped in order to reduce the restrictions of the cur-
rently available devices, to improve the postoperative 
results and to make the implantation of an artificial 
urinary sphincter feasible and accessible.

PATIENTS AND METHODS

 This was a prospective, multicenter, non-
randomized trial with patients with urinary incon-
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Figure 1 - Appearance of the disassembled BR-SL-AS 904 sphincter (A), consisting of the following parts: 1; 2; 4; and 5: 
constriction-pumping system and 3: activating valve. B) sphincter ready to be implanted after air removal by injecting 15ml 
of saline through the activator valve (B).

A B

Figure 2 - A) Pressure reducing system and B) Operating system. The resting device maintains urethral compression 
preserving urinary continence.

(A). During pumping, the fluid present in the apparatus is displaced from the urethral cuff to the reservoir located in the peritoneal cavity 
and through a flow reducing system it slowly returns to the cuff, causing it to remain deflated for about three minutes allowing urination (B).

A B

incision was made in the aponeurosis of the ex-
ternal oblique muscle to gain access to the Retzius 
space. This space is dissected carefully forming a 
retropubic virtual cavity, where the reservoir of 
the urethral sphincter would be placed. After the 
reservoir was allocated in the Retzius space, a 

new subcutaneous tunnel was made towards the 
patient’s flank. After passage of the device throu-
gh the conduit formed we carefully allocate the 
periurethral cuff around the bulbar urethra and 
lock the urethral cuff using the safety clips (Figu-
re-3). The wound suture was performed by planes 
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A B C

Figure 4 - Aspect of the sphincter BR-SL-AS 904 (Pump), activation valve (B). Surgical stitches were removed on the tenth 
postoperative day and the device activated on the thirtieth day by infusing 15 ml of distilled water into the system by the 
activation valve (C).

with vicryl 3 - 0 and skin with 4 - 0 mononylon. 
The surgical stitches were removed on the tenth 
postoperative day and the device activated on the 
thirtieth day by infusing 15 mL of distilled water 
into the system through the activation valve. After 
activation of the system, the patient was instruc-
ted to manually activate the pump located in the 
scrotal sac to start voiding (Figure-4).

Clinical and urological outcomes
 As an independent variable, the im-

plantation of the device was evaluated, and as 

Figure 3 - Surgical technique and device implantation steps: 1-2) Perineal and inguinal incision, respectively; 3) Inguinal 
tunnel construction and device passage; 4) Device in the perineal region; 5-8) Periurethral cuff being activated and locked.

6

2

5 7

3

8

41

independent variables: free urinary flow, PAD 
weight test, quality of life through ICIQ SF sco-
re; urinary symptoms through the IPSS score, 
all of them in the different moments of the 
urologist evaluations and lastly possible com-
plications inherent to the implantation of the 
device such as infections, erosions and device 
failure.

Statistical analyses
 Data were analyzed descriptively and in-

ferentially. The descriptive analysis was through 
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absolute frequencies in the categorical variables 
and the statistics: mean and standard deviation. 
The inferential analysis was performed through 
the F (ANOVA) tests for repeated measures and 
Friedman’s test for the comparison between the 
evaluations. In the case of significant difference 
by the F test (ANOVA), multiple Bonferroni com-
parisons were obtained. The verification of the 
normality hypothesis was through the Shapiro - 
Wilk test. The margin of error used in the statisti-
cal test decisions was 5%. The data were tabulated 
in Excel® and analyzed in the SPSS (Statistical 
Package for the Social Sciences, IBM® statistics, 
version 23.0).

RESULTS

 Fifteen patients underwent implantation of 
AUS at the three centers participating in the study. 
The mean age was 68.2 ± 7.5 years. In comorbidities 
analysis, it was observed that 40% of the patients 
had hypertension, 6.7% presented diabetes mellitus, 
6.7% were hypertensive and diabetic patients, 6.7% 
had chronic renal insufficiency, 13.4% were hyper-
tensive, diabetic and had hypercholesterolemia, and 
26.7% of the patients had no comorbidities. The 
mean postoperative follow-up was 192.71 months. 
These data are described in Table-1.

 Analyzing the complaints of the patients 
studied, it was identified that two thirds of them did 
not have voiding urgency, this index remained stable 
until the end of the study. The percentage of patients 
classified with the light score on the IPSS scale was 
40.0% at visit 1, 46.7% after device activation and 
80.0% at visit 4. The percentage of those classified 
as moderate had a variation of 33.3% at visit 1 to 
20% at visit 4. The severe classification in the IPSS 
was 26.7% in the pre - op, and zero at visit 4. In the 
analysis of the quality of life an improvement was 
identified in “well and happy”, as well as a decrease 
in “unhappy and terrible” scores during follow-up 
visits. Data described in Table-2.

Table-3 presents the statistics related to the 
different clinical and urological variables. Patient’s 
weight and BMI remained stable during the course of 
the study, as well as the number of daily urinary fre-
quency and free peak flow. It was possible to verify 
a statistically significant difference (p = 0.016) in the 
IPSS score: highest mean in the preoperative period 
(12.3) and the lowest in the visit 4 (3.4) (Figure-5). 
Although there was no statistical relevance for the 
other variables, it was observed an objective impro-
vement in the scores of involuntary urinary loss and 
improvement of quality of life with maintenance of 
urinary flow force without obstructive symptoms.

The device was inert to the body throughout 

Table 1 - Mean age and medical comorbidities.

Outcomes Total
n 15
Age (years): mean ± SD 68.20 ± 7.56
Comorbidity

Chronic Renal Insufficiency 1
Hypertension 6
Hypertension + Diabetes Mellitus 1
Hypertension + Diabetes Mellitus  + 

Dyslipidemia
2

Diabetes Mellitus  1
None 4

Satisfaction rate
Unsatisfied 15
Post-surgery (weeks) 192.71 ± 100.88
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Table 3 - Statistics related to the different clinical and urological variables.

Urologist evaluation

Outcome Pre-op Visit 1 Visit 2 Visit 3 Visit 4 P-value

Weight 74.56 ± 16.06 69.50 ± 10.80 78.20 ± 17.00 76.20 ± 14.14 74.87 ± 7.33 p(1) = 0.420

BMI 26.61 ± 4.09 25.19 ± 3.57 26.91 ± 4.24 26.96 ± 3.74 26.59 ± 3.38 p(1) = 0.487

Daily urination 5.47 ± 2.95 4.87 ± 2.50 4.07 ± 2.76 5.85 ± 1.68 4.89 ± 1.27 p(2) = 0.206

Urinary free flow 19.30 ± 7.44 21.89 ± 11.04 16.97 ± 7.90 16.27 ± 8.70 21.14 ± 11.35 p(1) = 0.812

PAD test 135.19 ± 159.54 94.90 ± 77.15 162.53 ± 217.53 110.37 ± 126.90 75.72 ± 95.29 p(2) = 0.092

IPSS score 12.33 ± 7.57(A) 8.73 ± 6.08(AB) 9.07 ± 7.20(AB) 7.67 ± 6.62(B) 3.40 ± 3.92(C) *p(1) = 0.016

Quality of life 2.50 ± 1.40 2.87 ± 1.46 3.86 ± 1.46 2.92 ± 1.32 3.20 ± 1.40 p(2) = 0.266

ICIQ-SF 16.71 ± 2.69 14.20 ± 5.78 10.47 ± 7.1 11.47 ± 7.31 7.33 ± 7.17 p(1) = 0.126

(*) Mean P ≤ 0.05. (1) One way ANOVA; (2) Friedman’s test. Different letter at the same line means statistically different.

Table 2 - Urinary urgency, IPSS and quality of life per urologist visit.

Urologist visit

Pre-op Visit 1 Visit 2 Visit 3 Visit 4

Outcome n n n n n

TOTAL 15 15 15 15 15

Urinary urgency

Yes 5 4 6 3 1

No 10 11 9 10 9

Not informed - - - 2 5

IPSS

Mild (0 - 7) 6 8 7 9 12

Moderate (8 - 19) 5 5 7 5 3

Severe (20 - 35) 4 2 1 1 -

Quality of life

Unhapy 4 4 1 3 1

Awful 4 3 1 1 2

Discomfort 3 - 4 4 3

Generally well 1 7 3 4 3

Regular 2 1 3 1 -

Happy - - 2 - 1

Nor informed 1 - 1 2 5

The Outpatient Follow-up was performed every 30 days (Visit).
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the initial follow-up of the study, showing an excel-
lent adaptation of the patients. After clarification at 
the device activation visit, the patients were able to 
handle the device without difficulties, thus demons-
trating its practicality. At the second follow-up visit, 
four patients reported a return of urinary loss and 
difficulty in activating the device, probably due to 
a mechanical problem. After information and clari-
fication, two patients decided to exchange for a new 
device, while two other patients chose to remain with 
it. In the trans - operatory period, it was observed a 

fracture of the “T” connection hoses in both exchan-
ged devices. Those complications occurred after the 
fourth month of surgery. There was no complication 
related to the surgical procedure or the reaction be-
tween the device and the organism, due to the me-
chanical problem (material fatigue). At the moment, 
these patients are in clinical follow-up according to 
established protocol. This event was communicated 
to the ethics committee of the participating center.

DISCUSSION

 Patients undergoing radical prostatectomy 
(RP) may suffer of urinary incontinence (UI) mainly 
due to damage sustained to the distal urethral sphinc-
ter, essentially producing stress urinary incontinen-
ce. In men, the artificial urinary sphincter (AUS) is 
currently considered the gold standard treatment for 
UI (4, 5). In our study, we proposed a new device for 

UI treatment after RP, through the analysis of the le-
arning curve of the device implant, and through the 
dependent variables such as PAD weight test, ICIQ 
SF score, IPSS score and main related complications.

 After more than 25 years of widespread use, 
the modern version of the AMS800 has proven to 
be a reliable surgical option for the management 
of non - neurogenic UI in men (6). However, large 
amounts of data regarding efficiency, complications, 
and patient satisfaction have been published after 
artificial sphincter implantation, but the quality of 

these reports does not meet current standards of evi-
dence-based medicine (7-9). The AMS800 remains 
the gold standard but does not have the ability of 
rearrange the cuff in case of postoperative urethral 
atrophy (10, 11) and no option to adjust the issued 
pressure of the device after activation. The artificial 
sphincter BR - SL - AS 904, unlike the commercially 
available sphincters, has a pressure transmission 
system, where a reservoir in the patient’s abdomi-
nal cavity has a direct connection with the urethral 
cuff. Therefore, the pressure exerted on the reservoir 
is transmitted through the hydraulic system to the 
urethral cuff, maintaining the continence of the pa-
tient only during stress. This device had already been 
described experimentally and the authors suggests 
that the direct pressure transmission to the cuff is 
an interesting concept to improve clinical outcomes 
of hydraulic sphincters (6). All surgeons reported 
the implantation of BR - SL - AR 908 being strai-

Figure 5 - IPSS score per medical evaluation.
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ghtforward, fast, feasible and reproducible, with also 
a short learning curve to achieve mastery (personal 
findings). Unlike the facility offered by our device, 
the gold standard sphincter (AM800) is still provi-
ded in several boxes and separated components to 
assemble during the procedure with a constraining 
preparation (12). In addition, none of patients sub-
mitted to our implant presented trans - operative or 
postoperative complications related to the surgical 
procedure, using Clavien - Dindo score (13).

 Mean age of the population at surgery was 
68.2 years (SD 7.5) and did not appear to be rela-
ted to any complications, however it is unclear why 
younger age would lead to higher complication rates. 
One potential explanation is that younger patients in 
this series had longer documented follow-ups, and 
consequentially a higher chance for complications 
and need for revision surgery. There are limited re-
ports that have specifically examined the effect of 
age on AUS outcomes (14, 15). While one study did 
demonstrate that octogenarians were more likely 
to experience erosion or infection compared with 
younger patients (28), the 5 - year device survival 
rates were comparable to those reported in younger 
men (63% to 70%). As such, current evidence re-
mains unclear to recommend making decisions on 
AUS placement and outcomes solely based on age.

We sought to identify risk factors for AUS 
complications such as prior radiation, or comorbid 
conditions as diabetes and hypertension. This study 
could not identify any statistically significant risk 
factors for AUS complications. To do so, it will be 
necessary a higher number of patients and studies. 
However, we could notice in our study that patient 
comorbidities, in particular diabetes (40%) and 
hypertension + diabetes (13%), had similar rates of 
urinary urgency, IPSS and reported quality of life. In 
particular, pelvic radiation and high blood pressure 
have been considered potential risk factors for AUS 
treatment failure and complication but our study did 
not have any case of it (16, 17).

 In general, there was an improvement in 
urinary urgency (5 patients at pre - op and only 1 at 
fourth visit); better IPSS score (6 patients with mild 
score at pre - op and more 6 at visit 4) and finally a 
better quality of life (just one patient reported being 
unhappy at visit 4). Assessment of urinary continen-
ce was based on daily urination, urinary free flow, 

PAD weight test, IPSS score, quality of life and ICIQ 
- SF values. Although not statistically significant 
when the comparative analysis tests were applied 
over the following-up, an improvement in the scores 
of involuntary urinary loss and quality of life was 
observed with preservation of urinary flow force wi-
thout the occurrence of obstructive symptoms. Pre-
vious studies assessed functional and quality of life 
outcomes by PAD use or no validated questionnai-
res measuring urinary incontinence, frequency and 
nocturia but did not address long - term functional 
outcomes for health related quality of life (18-20). 
Our results are similar to other series with patients 
reporting an improvement in urinary incontinence 
and quality of life.

 In our study, four different devices (26.7%) 
had mechanical problem and  needed to be removed. 
However, from 15 cases those four were the only 
where complication were found. Recently a retros-
pective study identified 27.096 cases of which the 
main complications were: erosion of the cuff (4%); 
loss of fluid (3.8%); cuff atrophy (2.4%); infections 
(8%) and herniation of the pump (0.2%) (3). In con-
trast, there were no cases of infection related to de-
vice implantation during the follow-up period of 
this study. There was also no evidence of urethral 
erosion or appliance extrusion. The device was inert, 
without triggering inflammatory reactions or infec-
tious processes. Another study analyzing 1.082 arti-
ficial sphincter implants followed up for 4.2 years, re 
- operated 125 patients (11.6%) due to malfunction 
of the device (21). The urethral cuff was the compo-
nent that failed the most (46.1%), followed by the 
abdominal reservoir (22.6%) and the pump (9.6%). 
Rupture of the tubes were not observed. As the rup-
ture of the ducts is an uncommon complication and 
the number of patients analyzed was low, we believe 
that after an improvement in the quality of the T 
- connection, it would be possible to promote satis-
factory urinary continence. However, larger cohort 
studies with longer follow-up are needed to assess 
the device efficacy and safety.

CONCLUSIONS

 According to the present study, the artificial 
sphincter implant BR - SL - AS 904 was reproduci-
ble, safe and efficient in the control of urinary in-
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continence in patients after radical prostatectomy. 
Improvements in both quality and of the implant 
material and increase the number of patients can 
make this treatment modality very attractive and 
widely practiced.
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Simplified method using kidney / ureter / bladder x-ray to 
determine the appropriate length of ureteral stents
_______________________________________________
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INTRODUCTION

Since Zimskind et al. (1) introduced ure-
teral stents in 1967, such stents have become wi-
dely used for the maintenance of renal function, 
pain relief, and the treatment of urinary tract in-
fections. However, many complications of ureteral 
stenting have been reported, such as incomplete 
emptying, bladder pain, frequency, hematuria, and 
migration. In one study, ureteral stenting reporte-
dly decreased the urination-related quality of life 
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ABSTRACT 

Purpose: To investigate a method to determine the appropriate length of ureteral stents, 
given that the stent length may lead to exacerbation of urinary symptoms if the stent 
crosses the bladder midline.
Materials and Methods: We retrospectively reviewed the position of the distal curl of 
the ureteral stent using kidney/ureter/bladder (KUB) radiographs after ureteroscopic 
lithotripsy in 165 patients who underwent placement of 24- or 26-cm ureteral stents. 
According to the KUB findings, we categorized the position of the distal curl of the ure-
teral stent into two groups. In Group 1, the stents did not cross the midline (appropriate 
length); in Group 2, the stents crossed the midline (inappropriate length). We assessed 
several patient parameters (sex, height, body mass index, and stone side) and the index 
of ureteral length using KUB radiographs (“C-P”) and computed tomography (CT, “P-
V”). Multivariate analysis was performed to identify the most significant factors affect-
ing the position of ureteral stents. We also calculated the cutoff points of the receiver 
operating characteristic (ROC) curve of C-P and P-V for the position of ureteral stents.
Results: The multivariate analysis showed that C-P was the most significant factor 
affecting the position of ureteral stents (p < 0.001) in patients with 24- and 26-cm 
ureteral stents. Comparison of the ROC curves of C-P and P-V showed that C-P was 
superior to P-V (p < 0.01) in patients with 24- and 26-cm stents.
Conclusion: The use of KUB radiographs was effective and simple in determining the 
appropriate length of ureteral stents.
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(QOL) in 80% of patients who underwent urete-
ral stenting (2). Several factors have been inves-
tigated for their effects on ureteral stent - related 
symptoms, including stent length, (3, 4) diameter, 
(5-7) material, (7) softness, (8) position, (9) and 
loop completeness (3). Among these factors, de-
termination of the most appropriate ureteral stent 
length assumes importance in reducing stent-re-
lated complications. Some studies have revealed 
that placement of overly long ureteral stents that 
cross the bladder midline can lead to worsening of 
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urinary symptoms (3, 10, 11). Therefore, we con-
sider the position of the ureteral stent to be an 
important factor in stent-related surgery. In the 
present study, we evaluated a method to determi-
ne the appropriate ureteral stent length and ensure 
that the stent does not cross the bladder midline.

 The optimal method for determining the 
appropriate ureteral stent length remains unclear. 
In previous reports, the appropriate ureteral stent 
length for each patient was calculated by three 
different methods. The first is direct measurement 
of the ureter itself using a guide wire or ureteral 
catheter (12-16). The second involves measure-
ment of the distance from the pelviureteric junc-
tion (PUJ) to the vesicoureteric junction (VUJ) by 
either retrograde or intravenous pyelography (16-
19). The third method provides an estimation of 
the appropriate stent length using a formula based 
on the patient’s height. The patient’s height is re-
portedly a more reliable guide for obtaining an 
appropriate ureteral stent length than direct ure-
teral measurement using a guide wire and ureteral 
catheter (12, 13, 15, 16, 18, 19). However, there is 
no standard and simplified method for determi-
ning the appropriate ureteral stent length that pre-
vents a decline in urination-related QOL. Moreo-
ver, in some hospitals, assorted lengths of ureteral 
stents are not stocked, and preoperative prediction 
of ureteral stent lengths is often needed. In this 
study, therefore, we measured the distance betwe-
en two points on a kidney / ureter / bladder (KUB) 
radiograph using retrospective data and evaluated 
predictors to place ureteral stents (of lengths 24 
and 26 cm) so as not to cross the bladder midli-
ne. We have developed a predictive and simplified 
method for determination of the appropriate leng-
th of ureteral stents using KUB radiographs with 
the aim of reducing urination-related symptoms 
and concomitant QOL.

MATERIALS AND METHODS

Study population
 This study was approved by our insti-

tutional review board (authorization number: 
H160741). From January 2013 to December 2015, 
168 of 204 patients who underwent ureteroscopic 

lithotripsy and ureteral stent insertion were en-
rolled. At the end of the procedure, each patient 
underwent placement of a ureteral stent (Inlay 
Optima; C.R. Bard Inc., NJ, USA or Polaris Ultra; 
Boston Scientific, MA, USA). The diameter of all 
ureteral stents was 6F and the length was 24 or 26 
cm according to the surgeon’s discretion. All the 
stents were placed with full curls in the bladder 
and kidney.

 The exclusion criteria were severe body 
deformity or disability, a duplicate collecting sys-
tem, renal ectopia, reimplantation using a psoas 
hitch, vaginal vault eversion beyond the introitus, 
and a proximal loop in the upper calyx (Figure-1).

Patient parameters
 We assessed several parameters to evalu-

ate the correlation between these characteristics 
and the appropriate ureteral stent length. Patient 
demographics including age, gender, height, body 
weight, body mass index (BMI), and stone side 
were reviewed. We calculated the length as the 
index to choose appropriate ureteral stent length 
for not crossing the bladder midline using KUB 
radiographs and computed tomography (CT).

Measurement of index using KUB radiographs
 We measured the index using preoperative 

KUB films. KUB filming conditions were standardi-
zed at maximum inspiration in the supine position, 
and imaging was performed at 70 kV and 132 mA. 
The index used in this study was the length from the 
central renal point to the midpoint of the superior 
margin of the pubis (C-P), measured on KUB films 
(Figures 2A and B). The central renal point was defi-
ned as the midpoint of the distance from the extre-
mitas superior renis to the extremitas inferior renis.

Measurement of index using CT
 All patients were scanned with a 64-sli-

ce CT scanner (120 kV, 200 mA, and 5-mm slice 
thickness). We also calculated the length from the 
PUJ to the VUJ (P-V) using CT and the Pythago-
rean theorem and compared this method with the 
above-described method to determine which more 
effectively predicts the appropriate ureteral stent 
length. The CT index was calculated using Cares-
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tream Vue PACS (Carestream Health, Rochester, 
NY, USA), and all CT images were reviewed by a 
single urologist (M.T.) with 5 years of experien-
ce as an urologist. First, in the CT slice showing 
the PUJ, we marked the point of the PUJ (Figures 
2C and D, star). Next, in the CT slice showing the 
VUJ, we marked the corresponding point for the 
PUJ slice (Figures 2E and F, star) and measured the 
distance from the VUJ (Figures 2E and F, square) 
to the marked point (Figures 2E and F, star) in the 
CT slice showing the VUJ. We defined this length 
as the short side of a right-angled triangle (Figures 
2E and F; from star to square). We then defined 
the length of the long side of a right-angled trian-
gle, calculated by the total number of slices be-
tween the slice showing the PUJ (Figure-2G, star) 
and the VUJ (Figure-2G, square). All slices were 5 
mm thick (Figure-2G). Finally, we calculated the 
length of P-V using the Pythagorean theorem ([P 
- V]2 = [short side] 2 + [long side] 2).

Definition of appropriate ureteral stent length
 We routinely obtained KUB films to con-

firm the presence of residual stones on postopera-

tive day 1. We retrospectively reviewed the posi-
tion of the ureteral stents using these KUB films. 
All KUB films were reviewed by a single urologist 
(M.T.). We categorized the patients into two groups 
according to the position of the distal curl of the 
ureteral stent on the KUB films using the techni-
que described by Giannarini et al. (11) In Group 
1, the stent did not cross the midline (appropriate 
length of ureteral stent, Figure-3A); in Group 2, 
the stent crossed the midline (inappropriate length 
of ureteral stent, Figure-3B).

Statistical analysis

 In each group, both of which included 
patients with 24- and 26-cm ureteral stents, we 
evaluated the correlation between the position 
of the ureteral stents and various patient para-
meters: age, gender, height, body weight, BMI, 
stone side, C-P, and P-V. Univariate analysis was 
performed using either the Mann-Whitney U-test 
or the χ2 test to evaluate the correlation betwe-
en the position of the ureteral stents and patient 
parameters. Multivariate analysis was performed 

Figure 1 - Flowchart of inclusion process.

Assessed for eligibility (n=204)

Analysis (n=168)

Figure 1 Flowchart of inclusion process.

Excluded (n=36)
•	 Severe body deformity or disability (n=3)
•	 Duplicate collecting system (n=1)
•	 Renal ectopia (n=1)
•	 Reimplantation using a psoas hitch (n=1)
•	 Vaginal vault eversion beyond the introitus (n=6)
•	 Proximal loop in the upper calyx (n=24)
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A, B - C-P is the length from the central renal point to the midpoint of superior margin of the pubis. Central renal point is defined as the midpoint of distance from extremitas 
superior renis to extremitas inferior renis.  / C, D, E, F, G - Measuring the length of P-V using Pythagorean theorem. / C, D, E, F - Measuring the short side of a right-angled 
triangle / G - Measuring the long side of a right-angled triangle.  / It length = the total number of slices between the slice showing the PUJ and the VUJ × slice thickness.

Figure 2 (A-G) - Measuring the length of C-P and P-v.

A B

C

E

D G

F
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using a logistic regression model to identify the 
most significant factors affecting the position of 
the ureteral stents. Furthermore, we calculated 

Figure 3 (A, B) - Classification of the intravesical ureteral 
stent position. (A) Not crossing midline (Group 1). (B) 
Crossing midline (Group 2).

A B

Table 1 - The demographic data of patients with indwelling 24-cm and 26-cm ureteral stents.

24 cm ureteral stents 26 cm ureteral stents

n (%) or median (range)

Patients 78 90

Age (years) 62.5 (92-33) 55 (26-84)

Gender

male 29 (37.2) 85 (94.4)

female 49 (62.8) 5 (5.6)

Height (m) 1.57 (1.39-1.81) 1.65 (1.45-1.85)

Body weight (kg) 59.2 (30.2-118.2) 63.3 (39-108.6)

BMI (kg/m2) 24.2 (15.4-35.2) 23.7 (17.8-36.1)

Stone side

left 52 (66.7) 58 (64.4)

right 26 (33.3) 32 (35.6)

Ureteral stent position

crossing midline 32 (41.0) 44 (48.9)

not crossing midline 46 (59.0) 46 (51.1)

BMI = body mass index.

the cutoff points of the receiver operating cha-
racteristic (ROC) curve, area under the ROC curve 
(AUROC), and 95% confidence interval (CI) of the 
C-P and P-V for the position of the ureteral stents. 
Data were analyzed using the IBM SPSS Statistics 
V21.0 software package.

RESULTS

Table-1 shows the patients’ demographic 
data. In Group 1, 46 (59.0%) and 46 (51.1%) patients 
had 24- and 26-cm indwelling stents, respectively. 
In Group 2, 32 (41.0%) and 44 (48.9%) patients had 
24- and 26-cm indwelling stents, respectively.

Table-2 shows the results of the univariate 
and multivariate analyses performed to evaluate 
the correlation between the position of the ure-
teral stents and patient parameters. Comparison 
of Groups 1 and 2 using univariate analysis re-
vealed no significant differences in age, gender, 
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Table 2A - Multivariate analysis of patients with 24 cm ureteral stents.

Group 1
(Not crossing 

midline)

Group 2
(Crossing midline)

Univariate analysisa Multivariate analysisb

p-value p-value OR 95% CI

Gender

male 17 (37.0) 12 (37.5) 0.98

female 29 (63.0) 20 (62.5)

Height (m) 1.59 (1.41-1.81) 1.57 (1.39-1.78) 0.69

BMI (kg/m2) 24.3 (17.1-32.0) 23.8 (15.4-35.2) 0.99

Stone side

left 31 (67.4) 21 (65.6) 0.92

right 15 (32.6) 11 (34.4)

C-P 28.5 (25.5–33.9) 26.1 (19.9–28.8) <0.001 <0.001 7.445 2.689-20.612

P-V 20.2 (16.7–25.3) 19.1 (14.7–21.2) <0.001 0.331 0.966 0.901-1.036

a Mann-Whitney U-test; b Logistic regression analysis; OR = odds ratio; CI = confidence interval

Table 2B - Multivariate analysis of patients with 26 cm ureteral stents.

Group 1
(Not crossing 

midline)

Group 2
(Crossing 
midline)

Univariate 
analysisa

Multivariate analysisb

p-value p-value OR 95% CI

Gender

male 42 (91.3) 43 (97.7) 0.18

female 4 (8.7) 1 (2.3)

Height (m) 1.66 (1.47-1.80) 1.64 (1.45-1.85) 0.24

BMI (kg/m2) 23.5 (17.8-36.1) 24.1 (19.7-35.2) 0.40

Stone side

left 29 (63.0) 29 (65.9) 0.78

right 17 (37.0) 15 (34.1)

C-P 30 (26.0–34.8) 28.2 (24.6–29.9) <0.001 <0.001 3.003 1.701-5.301

P-V 21.0 (17.7–27.1) 19.5 (17.4–22.3) <0.001 0.273 1.018 0.986-1.051

aMann-Whitney U-test; bLogistic regression analysis; OR = odds ratio; CI = confidence interval

height, body weight, BMI, or stone side in either 
the 24- or 26-cm group. However, C-P and P-V 
were significantly longer in Group 1 (not crossing 
midline) than Group 2 (crossing midline) in both 
the 24- and 26-cm groups (p < 0.001).

 According to our multivariate analysis, 
C-P was the most significant factor affecting the 
position of the ureteral stents in both the 24- and 
26-cm groups (p < 0.001 for both) (Tables 2A and 
B, respectively).
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 Figure-4 shows the comparison of the 
ROC curves of C-P and P-V and the AUROC in the 
patients with 24- and 26-cm ureteral stents. The 
cutoff points of the ROC curve of C-P and P-V in 
the patients with 24-cm ureteral stents were 27.1 
and 19.6 cm, respectively, and those in the pa-
tients with 26-cm stents were 29.4 and 20.5 cm, 
respectively. Comparison of the ROC curves of C-P 
and P-V showed that C-P was superior to P-V in 
both the 24- and 26-cm groups (p < 0.01).

DISCUSSION

 Determination of the appropriate ureteral 
stent length is very important for reducing stent-
-related complications. However, few reports have 
addressed this topic, and no guidelines regarding 
ureteral stents exist. In this study, we evaluated 
several patient parameters that we considered re-
levant when choosing the appropriate stent leng-
th. We found that the method using KUB films was 
more useful and simpler than the methods using 
patient height or CT for determining the appro-

priate stent length. We measured the C-P length 
using KUB films. In this study, we found that a 26-
cm ureteral stent is appropriate for patients with 
a C-P of ≥ 29.4 cm, that a 24-cm ureteral stent is 
appropriate for patients with a C-P of 27.1 to < 
29.4 cm, and that a 22-cm ureteral stent may be 
appropriate for patients with a C-P of < 27.1 cm. 
The appropriate ureteral stent length was short if 
the C-P length was shorter. Because we conside-
red that a short C-P or P-V means that the ureter 
length is also expected to be short, the appropriate 
ureteral stent length was also short.

 Some studies have reported that crossing 
of a ureteral stent over the bladder midline may 
lead to worsening of urinary symptoms (3, 10, 11). 
Rane et al. (3) investigated the correlation between 
the position of the ureteral stent and stent-related 
symptoms in 60 patients and reported that a ure-
teral stent that crosses the bladder midline causes 
significantly more frequency and urgency. Ho et 
al. (10) evaluated whether the ureteral stent leng-
th affects stent-related symptoms after placement 
of stents in 87 patients. They discovered that the 

Figure 4 (A, B) - Receiver operating characteristic curves for success of ureteral stenting of KUB and CT, and area under the 
receiver operating characteristic curve (AUROC).
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B - 26-cm ureteral stents.
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ureteral stent length was associated with the po-
sition of the distal loop of the stent and reported 
that a longer stent crossing the bladder midline 
causes more irritative symptoms. Giannarini et al. 
(11) assessed the predictors of morbidity in 84 pa-
tients with indwelling ureteral stents. Using mul-
tivariate analyses, they reported that the location 
of the distal loop of the ureteral stent (not crossing 
the bladder midline) had the strongest association 
with ureteral stent-related symptoms. Therefo-
re, we consider that crossing of a ureteral stent 
over the bladder midline may lead to worsening 
of urinary symptoms and that choosing the most 
appropriate ureteral stent length for each patient 
is important to improve stent-related symptoms.

 Table-3 shows reported clinical studies to 
choose the appropriate ureteral stent length not 
crossing the bladder midline. Pilcher and Patel 
(13) reported that the patient’s height is a more 
reliable guide to choosing the most appropriate 

ureteral stent length than is direct ureteral mea-
surement using a guide wire and ureteral catheter. 
They compared the accuracy of a patient height-
-based formula for choosing the correct ureteral 
stent length with that of direct ureteral length 
measurement. In their study, the patient’s height 
correctly predicted the appropriate stent length in 
the majority of ureters, and direct ureteral measu-
rement oversized the ureteral stent length in 83% 
of cases (13). Additionally, Ho et al. (20) found a 
22-cm ureteral stent to be more appropriate for 
patients of < 175 cm in height, who comprised ne-
arly 90% of their study population. Lee et al. (21) 
also reported that a 22-cm stent was appropriate 
for patients of < 175 cm in height. Conversely, 
Jeon et al. (16) found direct measurement of the 
ureteral length to be a more reliable method than 
determination of the stent length according to 
patient height. Wills et al. (17) reported that me-
asurement of the ureteral length by intravenous 

Table 3 - Clinical studies performed to choose the appropriate ureteral stent length that does not cross the bladder midline.

Study n Methods to choose stents Outcome

Pilcher and Patel (13) 41 Ureteral catheter vs patient’s height Patient’s height was a more reliable guide.

Ho et al. (20) 408 Comparing patient’s height and stent position Patient’s height could predict the ideal stent 
length.

Lee et al. (21) 70 Comparing patient’s height and stent position A 22 cm ureteral stent was appropriate for 
Korean patients smaller than 175 cm in 

height.

Jeon et al. (16) 70 Direct measurement using guidewire vs 
patient’s height

Direct measurement of ureteral length using 
guidewire was easy and reliable. Patient’s 

height did not correlate well with appropriate 
ureteral length.

Wills et al. (17) 40 Comparing with the ideal stent length and the 
length of the ureter measured on intravenous 

urography

Measuring on intravenous urography had 
the correlation with the ideal stent length. 

Barrett et al. (22) 59 Patient’s height vs L1-L5 height vs length 
measured on CT

CT measurements could be used to choose 
the appropriate stent length.

Our study 168 Comparing predictors (sex, patient’s 
height, BMI, side, KUB radiograph, CT) to 

determinate the appropriate length of ureteral 
stent. 

KUB radiograph and CT were significant 
factor affecting the position of the ureteral 

stents according to our multivariate 
analysis.

CT = Computed tomography, KUB = kidney/ureter/bladder
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urography is useful. However, this method requi-
res a full-length intravenous urography film, and 
tracing the curved ureter viewed on a retrograde 
or intravenous pyelography film is difficult (21). 
Therefore, we considered that establishment of a 
simple method with which to determine the ap-
propriate ureteral stent length was necessary and 
recommend the herein-described method using 
KUB films, which we consider more useful and 
simpler than other methods.

 Barrett et al. (22) reported using CT to 
choose the most appropriate stent length; in this 
technique, the ureteral length can be measured by 
identifying the location of the ureter in each CT 
slice. We referred to this method to measure the 
index using CT in this study. However, this me-
thod requires considerable time and effort. Mo-
reover, CT has some limitations such as radiation 
exposure, measurement error associated with slice 
thickness, and the need for precise measurement 
using rendering software. Furthermore, the loca-
tion of the ureteral orifices differs according to 
whether bladder filling is performed, (23) althou-
gh bladder filling was not a standard of care in 
the present study. Therefore, we consider that we 
should investigate a more useful method than CT 
to choose the appropriate ureteral stent length.

 This report is the first to calculate cutoff 
points for determination of the appropriate leng-
th of ureteral stents. We have herein introduced 
our method using KUB films, which is inexpensive 
and less invasive.

 This study has some limitations. First, it 
was a retrospective and non-randomized trial, 
and the choice of the ureteral stent was entirely 
dependent upon the operator. Second, we did 
not standardize the type of ureteral stents, and 
the coiling patterns varied among the stents. 
Third, we did not use 22- and 28-cm ureteral 
stents and thus did not evaluate the appropriate 
C-P length for stents of these lengths. Fourth, we 
did not evaluate the patient’s ureteral stent-re-
lated symptoms. Future studies should involve 
reassessment using a 22-cm ureteral stent and 
evaluation of ureteral stent-related symptoms. 
Fifth, the method of measurement of the index 
using CT did not use the coronal plane, and the 
method using the Pythagorean theorem might be 

complicated. If we use other methods when mea-
suring the index using CT, there would be a pos-
sibility that CT is superior to KUB. Therefore, it 
is controversial whether these parameters could 
be transposed to tomography. Finally, the renal 
shadow was occasionally unclear because of bo-
wel gas. Therefore, some preoperative KUB fil-
ms were seldom needed. In this study, we could 
measure the index of all patients using KUB fil-
ms because we obtained some KUB films as a 
preoperative assessment, and only one or two 
films were needed to measure the index in most 
cases. Furthermore, all KUB films were reviewed 
by a single urologist and we have not confirmed 
whether other urologists can measure the index 
using KUB. We do not consider these methods to 
be complicated. However, future studies should 
involve reassessment in multiple centers.

CONCLUSIONS

 We consider that our method using KUB 
radiographs is useful and simple to determine the 
appropriate ureteral stent length. Furthermore, we 
can preoperatively choose an appropriate ureteral 
stent length compared with direct ureteral measu-
rement using a guide wire and ureteral catheter. 
However, this study has some limitations and we 
could not conclude that the method of measure-
ment of the index using KUB is superior to CT.

ABBREvIATIONS

KUB = kidney, ureter, bladder X-ray
ROC = receiver operating characteristic
QOL = quality of life
PUJ = pelviureteric junction
VUJ = vesicoureteric junction
BMI = body mass index
CT = computed tomography
AUROC = area under the receiver operating cha-
racteristic curve
CI = confidence interval

CONFLICT OF INTEREST

None declared.



1233

ibju | Determination of appropriate stent length

REFERENCES

1. Zimskind PD, Fetter TR, Wilkerson JL. Clinical use of long-
term indwelling silicone rubber ureteral splints inserted 
cystoscopically. J Urol. 1967;97:840-4.

2. Joshi HB, Okeke A, Newns N, Keeley FX Jr, Timoney AG. 
Characterization of urinary symptoms in patients with 
ureteral stents. Urology. 2002;59:511-6.

3. Rane A, Saleemi A, Cahill D, Sriprasad S, Shrotri N, Tiptaft R. 
Have stent-related symptoms anything to do with placement 
technique? J Endourol. 2001;15:741-5.

4. Al-Kandari AM, Al-Shaiji TF, Shaaban H, Ibrahim HM, 
Elshebiny YH, Shokeir AA. Effects of proximal and distal 
ends of double-J ureteral stent position on postprocedural 
symptoms and quality of life: a randomized clinical trial. J 
Endourol. 2007;21:698-702.

5. Damiano R, Autorino R, De Sio M, Cantiello F, Quarto G, 
Perdonà S, et al. Does the size of ureteral stent impact urinary 
symptoms and quality of life? A prospective randomized 
study. Eur Urol. 2005;48:673-8.

6. Erturk E, Sessions A, Joseph JV. Impact of ureteral stent 
diameter on symptoms and tolerability. J Endourol. 
2003;17:59-62.

7. Candela JV, Bellman GC. Ureteral stents: impact of diameter 
and composition on patient symptoms. J Endourol. 
1997;11:45-7.

8. Lennon GM, Thornhill JA, Sweeney PA, Grainger R, 
McDermott TE, Butler MR. ‘Firm’ versus ‘soft’ double pigtail 
ureteric stents: a randomised blind comparative trial. Eur 
Urol. 1995;28:1-5.

9. Liatsikos EN, Gershbaum D, Kapoor R, Fogarty J, Dinlenc 
CZ, Bernardo NO, et al. Comparison of symptoms related to 
positioning of double-pigtail stent in upper pole versus renal 
pelvis. J Endourol. 2001;15:299-302.

10. Ho CH, Chen SC, Chung SD, Lee YJ, Chen J, Yu HJ, et al. 
Determining the appropriate length of a double-pigtail 
ureteral stent by both stent configurations and related 
symptoms. J Endourol. 2008;22:1427-31.

11. Giannarini G, Keeley FX Jr, Valent F, Manassero F, Mogorovich 
A, Autorino R, et al. Predictors of morbidity in patients with 
indwelling ureteric stents: results of a prospective study 
using the validated Ureteric Stent Symptoms Questionnaire. 
BJU Int. 2011;107:648-54.

12. Hruby GW, Ames CD, Yan Y, Monga M, Landman J. 
Correlation of ureteric length with anthropometric variables 
of surface body habitus. BJU Int. 2007;99:1119-22.

13. Pilcher JM, Patel U. Choosing the correct length of ureteric 
stent: a formula based on the patient’s height compared with 
direct ureteric measurement. Clin Radiol. 2002;57:59-62.

14. Mitty HA, Train JS, Dan SJ. Placement of ureteral stents by 
antegrade and retrograde techniques. Radiol Clin North Am. 
1986;24:587-600.

15. Shah J, Kulkarni RP. Height does not predict ureteric length. 
Clin Radiol. 2005;60:812-4.

16. Jeon SS, Choi YS, Hong JH. Determination of ideal stent length 
for endourologic surgery. J Endourol. 2007;21:906-10.

17. Wills MI, Gilbert HW, Chadwick DJ, Harrison SC. Which 
ureteric stent length? Br J Urol. 1991;68:440.

18. Paick SH, Park HK, Byun SS, Oh SJ, Kim HH. Direct ureteric 
length measurement from intravenous pyelography: does 
height represent ureteric length? Urol Res. 2005;33:199-202.

19. Breau RH, Norman RW. Optimal prevention and management 
of proximal ureteral stent migration and remigration. J Urol. 
2001;166:890-3.

20. Ho CH, Huang KH, Chen SC, Pu YS, Liu SP, Yu HJ. Choosing 
the ideal length of a double-pigtail ureteral stent according 
to body height: study based on a Chinese population. Urol 
Int. 2009;83:70-4.

21. Lee BK, Paick SH, Park HK, Kim HG, Lho YS. Is a 22 cm 
Ureteric Stent Appropriate for Korean Patients Smaller than 
175 cm in Height? Korean J Urol. 2010;51:642-6.

22. Barrett K, Foell K, Lantz A, Ordon M, Lee JY, Pace KT, et 
al. Best Stent Length Predicted by Simple CT Measurement 
Rather than Patient Height. J Endourol. 2016;30:1029-32.

23. Hwang I, Kim SO, Yu HS, Hwang EC, Jung SI, Kang TW, et 
al. A preliminary study of the variability in location of the 
ureteral orifices with bladder filling by fluoroscopic guidance: 
the gender difference. Int Urol Nephrol. 2013;45:639-43.

_______________________
Correspondence address:

Makoto Taguchi, MD
Department of Urology and Andrology, Kansai Medical 

University, 2-5-1 Shinmachi
Hirakata, Osaka 573-1010, Japan

Fax: + 81 72 804-2068
E-mail: taguchim@takii.kmu.ac.jp



ORIGINAL ARTICLE

1234

Vitamin C inhibits crystallization of struvite from artificial 
urine in the presence of pseudomonas aeruginosa
_______________________________________________
Muhammed A. P. Manzoor 1, Surya Ram Duwal 2, M. Mujeeburahiman 3, Punchappady-Devasya Rekha 1

1 Yenepoya Research Centre, 2 Department of Biochemistry, 3 Department of Urology, Yenepoya Medical 
College, Yenepoya University, Mangalore, Karnataka, India

ABSTRACT         ARTICLE INFO______________________________________________________________     ______________________
Background: Formation of struvite stones is associated with urinary tract infection by 
urease-producing bacteria. Biogenic crystal growth in natural and synthetic materials 
is regulated by the action of inhibitors, ranging from small ions, molecules to large 
macromolecules.
Materials and Methods: We report the dynamics of in vitro crystallization of struvite in 
presence of vitamin C in synthetic urine using single diffusion gel growth technique. 
Sodium metasilicate gel of specific gravity 1.05 and the aqueous solution of ammo-
nium dihydrogen phosphate were used as the medium for growing the struvite crystals. 
The crystallization process was induced by a urease positive struvite stone associated 
Pseudomonas aeruginosa to mimic the infection leading to stone formation. The grown 
crystals were characterized by ATR-FTIR and powder XRD. The surface morphology 
was analysed through FE-SEM for comparison between treatments.
Results: We observed decrease in number, dimension, and growth rate of struvite crys-
tals with the increasing concentrations of vitamin C. Crystals displayed well-defined 
faces and dendritic morphology of struvite in both control and biogenic systems.
Conclusion: The results strongly suggest that, vitamin C can modulate the formation of 
struvite crystals in the presence of uropathogenic bacteria.

INTRODUCTION

Struvite or magnesium ammonium phos-
phate stone is associated with infections by 
urease-producing bacteria and accounts for 
about 10-15% of all kidney stones (1). The en-
zyme urease produced by the bacteria can cau-
se super-saturation and crystallization of Mg2+ 
and PO4

3- as carbonate apatite (Ca10 (PO4)6.CO3) 
and struvite (MgNH4PO4.6H2O), respectively (2, 
3). Struvite crystals can aggregate and form large 
crystals in the branches of the collecting system, 
to form large aggregates called staghorns. If un-
treated, they can cause significant kidney damage, 

and can sometimes also be life-threatening due to 
loss of kidney function (4).

Previous study from our group reported the 
high diversity of mixed stones having two or more 
than two types of mineral compositions among 
kidney stone patients (5). Struvite stones can be 
present as pure types or along with other composi-
tions such as calcium oxalate and hydroxyapatite 
crystals. Struvite crystallization is mediated by the 
urease producing bacteria such as: Staphylococ-
cus (Gram-positive), Proteus, Pseudomonas, Pro-
videncia and Klebsiella (Gram-negative). In addi-
tion, certain species of Serratia, Corynebacterium 
and Morganella also produce the enzyme urease 
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which can lead to stone formation. Treatment of 
struvite stones involves stone removal followed 
by antibiotic therapy to eliminate bacteria from 
the urinary tract (6). Crystal growth in biogenic, 
natural and synthetic medium is regulated by the 
action of various inhibitors. In vitro crystallization 
of struvite has been increasingly investigated over 
the last years (7-9). However, bacterially induced 
struvite crystallization and its inhibition studies 
have higher implications in healthcare (6, 8, 10).

Compounds such as curcumin and vanillic 
acid can inhibit the growth of struvite in bacteria-
-induced crystallization in vitro (6, 11). Ascorbic 
acid, or vitamin C, is an essential micronutrient 
required for the normal metabolic functions and 
acts as an electron donor or reducing agent in 
biochemical reactions (12). Studies on vitamin C 
in kidney stone disease have shown mixed results 
with respect to oxalate metabolism and excre-
tion (13, 14). It was initially reported that vitamin 
C can reduce the urinary pH (15, 16), however, 
others have found it as an ineffective urinary aci-
difier (17, 18).

Here we report the role of vitamin C on 
crystallization and pathogenesis of struvite crystal 
caused by P. aeruginosa isolated from the infec-
tious kidney stone. To best of our knowledge there 
are no reports on uropathogenic P. aeruginosa in-
duced struvite crystallization and inhibition of the 
same by vitamin C.

MATERIALS AND METHODS

Chemicals and Reagents
Ammonium di-hydrogenphosphate (NH4H-

2PO4), sodium metasilicate (Na2SiO3), magnesium 
acetate solution (C4H6MgO4) and vitamin C were of 
analytical grade and purchased from commercial 
sources.

Bacterial Strain and Culture Conditions
All the procedures performed in stu-

dies involving human participants were appro-
ved by the Institutional Scientific Review Board 
(YRCSRB/034/17) and Institutional Ethics Com-
mittee (YUEC.No.2016/022) of the Yenepoya Uni-
versity. Pseudomonas aeruginosa strain YU22S, 
previously isolated from the stone culture of a pa-

tient with struvite stone was used. P. aeruginosa 
was tested for urease activity using urea agar and 
phenol hypochlorite assay (secondary screening). 
The bacteria were cultured on tryptic soy broth 
(TSB) for 18h at 37ºC and cells were harvested by 
centrifugation (6000rpm, 8 min). Density of the 
suspension was determined using McFarland stan-
dards and spectrophotometrically (OD 550nm). 
The cells were suspended in synthetic urine (ar-
tificially prepared aqueous solution with mineral 
compositions for simulating the urine) to an ap-
propriate concentration (105cells/mL).

Preparation of Synthetic Urine
The synthetic urine used for the crystalli-

zation was prepared according to Griffith et al., 
(19) (g/L): CaCl2 2H2O, (0.651); MgCl2 6H2O, (0.651); 
NaCl, (4.6); Na2SO4, (2.3); KH2PO4, (2.8); KCl, (1.6); 
NH4Cl, (1.0); sodium citrate, (0.65); sodium oxa-
late, (0.02); urea, (25.0); creatine, (1.1); and TSB, 
(10). The content of the mineral components in the 
synthetic urine corresponds to mean concentra-
tion found in 24h period in normal human urine.

Experimental Setup
The single diffusion gel growth technique 

was used to study the growth and inhibition of 
struvite crystals as described elsewhere (8, 20). 
Briefly, sodium metasilicate (SMS) solution of spe-
cific gravity 1.05 was used to prepare the gel. An 
aqueous solution of ammonium di-hydrogenphos-
phate (0.5M) was mixed with the SMS solution in 
appropriate amount, so that the gel pH was set at 
7.0 in test tubes (140mm length and 25mm diame-
ter). To this, 20mL supernatant solutions of 0.5M 
magnesium acetate in synthetic urine along with 
different concentrations of vitamin C were gently 
poured on the gels without disturbing it. Bacteria 
suspended in synthetic urine at a density of 5x105 

CFU/mL was used for the groups having bacte-
rial addition. All the procedures were done asepti-
cally. Bacterial growth in the synthetic urine was 
assessed every 24h by plating on trypticase soy 
agar (TSA) to monitor the viability. All the expe-
riments were performed in triplicates at 37±0.5ºC. 
During the experiment, pH of the samples was 
measured using a digital pH meter. Additionally, 
samples from different stages of the crystallization 
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process were observed under a light microscope. 
Macro-morphology of grown crystals was recor-
ded using stereomicroscope (Carl Zeiss, Göttingen, 
Germany).

Characterization of Struvite Crystals
Samples from different stages of the 

crystallization process were collected and used for 
investigations. The grown crystals were harvested 
from the test tube set up and characterized by 
Field Emission Scanning Electron Microscope 
(FE-SEM), Attenuated Total Reflectance- Fourier 
transform infrared spectroscopy (ATR-FTIR), 
and X-ray diffraction (XRD). ATR-FTIR of the 
amorphous crystals was directly recorded using 
the instrument (Shimadzu IR Prestige-21) and 
compositions were determined by the FTIR spectra 
at mid frequency range (4000-400cm-1) at 4cm-1 
resolution. The XRD patterns were recorded with 
a Rigaku MiniFlex 600 laboratory diffractometer 
using a Cu-Kα radiation (λ=1.5406Å). Diffraction 
patterns were registered within the 2º angle 
range from 10 to 80° and the phase identification 
was calculated from the diffractograms. The 
microstructure and morphology were observed 
using FE-SEM (Carl Zeiss, Germany).

Statistical analysis

All the experiments were performed in 
triplicates. Continuous variables are reported as 
means ± standard deviation. Pearson’s correlation 
was used to correlate the amount of struvite crys-
tals formed in control and test groups. The value 
of p<0.05 was considered statistically significant. 
Statistical analysis was performed using SPSS, 
Version 22.0. (IBM Corp).

RESULTS

Inhibitory Activity of Vitamin C during 
Bacteria-induced Struvite Crystallization.

The early stages (2-24h) of struvite crys-
tallization are given in Figure-1. During this inter-
val, struvite exhibited typical hemimorphic mor-
phology of coffin-lid shape along with bacterial 
cell. In the presence of different concentrations of 
vitamin C, crystal formation was delayed compa-

red to control. In both control and vitamin C tre-
ated groups, dendritic and X-shaped crystals were 
formed. However, in the presence of vitamin C, the 
crystals formed were comparatively smaller and 
lesser in numbers.

Due to the urease activity, at higher pH, the 
crystals frequently formed twins, and large den-
dritic branches (Figure-1A, image a6). The time-
-resolved experiments in the gel media showed 
the growth of small dendritic type crystals at the 
end of the first day in the gel at the gel-liquid 
interface. The initial pinpoint crystals tend to nu-
cleate randomly throughout the test tube and in 
its surfaces (Figure-2). With the increase in time, 
the amount of crystals and size gradually increa-
sed. However, vitamin C concentrations and the 
weight of the struvite crystals showed significant 
inverse correlation (r= -0.962, p<0.05).

Effect of pH, Bacterial Viability and Dimensions 
of Struvite during Crystallization.

In the P. aeruginosa infected synthetic 
urine, a progressive change in the pH was obser-
ved during the initial 24h, from pH 5.65 to 8.9. 
In particular, in the presence of vitamin C, urine 
pH increased slower compared with the control 
(Figure-3A). Interestingly, crystal formation pre-
sence of vitamin C in the gel was in the higher 
depth compared to control. This may be possibly 
due to the penetration of vitamin C into the upper 
region of the gel. The depth at which crystals for-
med increased with the concentration of vitamin C 
(Figure-3B). The size and weight of the harvested 
crystals showed concentration dependent changes 
with vitamin C treatment (Figure-4).

Structural and Morphological Characterization 
of Struvite Crystals

Struvite crystals showed characteristic IR 
spectrum at 1010cm-1 due to the absorption of 
PO4

3- (v3). Peaks at 1469, 1435 and 1400 cm-1 at-
tributed to (v4) NH4

+ bending and the peaks at 892 
and 761cm-1 correspond to the ammonium-water 
H bonding and water-water H bonding respecti-
vely. The P-O bend (v4) and the PO4

3- (v2) modes 
were represented by peaks at 572 and 462cm-1 re-
present. In the presence of vitamin C, the band at 
1263cm-1 was absent and a new peak at 2385cm-1 
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was found (Figure-5A). XRD patterns for the crys-
tals obtained with and without vitamin C treatment 
are shown in Figure-5B. The struvite crystallizes 
were in the orthorhombic Pmn21 space group (cell 
parameters a=6.955 Å, b=11.2 Å, c=6.142 Å). Vi-
tamin C induced struvite exhibited increased peak 
intensity corresponding to (021) and decreased in-
tensity of (020) and (040) planes as compared to 
the control. It shows that vitamin C interfere in the 
crystal growth and the preferred growth being at 
(111) plane. This indicates preferential adsorption 
and binding of vitamin C onto these faces and re-
sults in the prominent development in (111) face.

The struvite crystals exhibited porous na-
ture with characteristic tubular pores in FE-SEM 
and the single struvite crystals had well-defined 
crystalline faces and multi-layered depositions. In 
addition, vitamin C induced struvite crystals had 
highly porous appearance compared to control 

(Figure-6). Moreover, the presence of Mg, N, P and 
O using X-ray spectroscopy confirmed the major 
elements present in struvite crystal.

DISCUSSION

The effect of vitamin C on P. aeruginosa-
-induced struvite crystallization was analysed in 
detail using microscopy, changes in pH, and bac-
terial viability during 24h incubation in synthe-
tic urine. Struvite exhibited typical hemimorphic 
morphology in the presence of uropathogenic 
bacteria. These characteristic hemimorphic habit 
and morphology were reported previously in de-
tail (9). And similar observations were also made 
for struvite crystallized in the presence of Proteus 
mirabilis (8). In the presence of vitamin C, crystal 
formation was delayed compared to control and 
X-shaped crystals were observed. These charac-

Figure 1 - Struvite crystals grown in artificial urine infected with Pseudomonas aeruginosa (a). Temporal growth pattern in 
control (a1-a6) (b). Inhibition of struvite crystals due to vitamin C treatment 24 h (b1:0.25 mg/mL, b2:0.5 mg/mL and b3:1 
mg/mL). “Arrow” shows crystals and “arrowhead” shows bacteria.
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teristic X-shapes have been reported in bacteria-
-induced struvite crystallization (8, 21).

The induction time for crystallization in 
the presence of vitamin C was delayed. Similar 
observation was also found with other inhibitory 
compounds during bacteria induced struvite crys-
tallization in artifi cial urine (11). Moreover, the 
size and weight of the harvested crystals showed 
concentration dependent changes with vitamin C 
treatment. Such inhibitory reduction was observed 
in struvite crystallization under polyaspartic acid 
treatment of different concentrations (9). In FTIR 
spectra, shift in the bands to lower frequencies were 
seen, which may be due to the vibrations related to 
stretching Mg-O modes. Such changes in the struc-
ture of the struvite crystals were also reported earlier 

(22, 23). Vitamin C interferes in the crystal growth 
and the preferred growth being at (111) plane and the 
XRD pattern of struvite crystals grown in the gel me-
dium are identical with the reported literature (7, 24). 
The struvite crystals exhibited porous nature and the 
multi-layered depositions. These multi-layered de-
positions are commonly observed during the forma-
tion of struvite crystals in vitro in the presence of 
natural compounds (24). The internal porous nature 

Figure 2 - Photograph of the struvite crystals grown in 
gel medium in artifi cial urine infected with Pseudomonas 
aeruginosa and treated with different concentrations of 
vitamin C at different time points (0th, 1st, 7th and 15th 
day). (a) In the absence of vitamin C (b & c) In the presence 
of 0.5 mg/mL and 1 mg/mL vitamin C respectively.

Figure 3 - a) Kinetics of pH of the artifi cial urine infected 
with Pseudomonas aeruginosa without (control) and with 
vitamin C. b) Depth of struvite crystals formed in the gel 
media in different concentration of vitamin C.
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Figure 4 - Relationship between vitamin C concentrations and (a) length and (b) weight of struvite crystals obtained in gel 
growth technique.

Figure 5 - Representative (a) FTIR and (b) XRD patterns of the of the grown struvite crystal. Arrow indicates differences 
in the peak.

A

A B

B
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Figure 6 - FE-SEM micrographs of struvite crystals grown in artificial urine infected with Pseudomonas aeruginosa 
revealing the porous structure and mesoscopic arrangement (a) control (b) in presence of vitamin C (1 mg/mL). Arrow 
indicates porous morphology.

A B

with characteristic tubular pores of struvite crystal 
during P. mirabilis induced crystallization was well 
explained (8).

Possible Mode of Action for the Struvite Inhibi-
tion by Vitamin C

The results obtained with respect to in 
vitro inhibition of struvite showed a decrease of 
crystal size and weight in the presence of vitamin 
C in a concentration dependent manner. pH of su-
pernatant solution was acidic in nature, indicating 
that vitamin C can constantly bring down the pH 
thereby preventing the crystallization in the syn-
thetic urine. Vitamin C can lower the pH and also 
inhibit the urease activity due the altered pH. In 
addition, these characteristics delay the nucleation 
and appearance of struvite crystals in the presence 
of vitamin C. Citrus fruits containing vitamin C 
had similar interaction with struvite minerals and 
inhibited crystal growth in vitro (20).

Blood levels of vitamin C can have a signi-
ficant role in preventing struvite stone formation. 
Vitamin C has been shown to play a significant 
role in preventing infection progression throu-
gh increased reactive oxygen species production 
against bacteria (25). Current treatment of infec-
tion stones remains challenging, and management 
of the struvite calculi requires a comprehensive 

approach. Dietary manipulation, antibiotic the-
rapy along with acidification therapy with vita-
min C may improve the clinical outcome of the 
patients. Furthermore, understanding the mecha-
nism of vitamin C interaction with urinary tract 
bacteria can be studied to understand its role in 
the prevention of bacteria-induced struvite. The 
effect of vitamin C on struvite stone formation ne-
eds to be evaluated with other urease-producing 
bacteria. The effect of vitamin C on struvite stone 
formation needs to be further evaluated using in 
vivo models to establish the findings of the present 
study to support vitamin C as a potential choice 
for prevention of struvite stones.

CONCLUSIONS

Struvite crystals displayed well-defined fa-
ces and dendritic morphology in biogenic systems. 
Vitamin C has inhibitory activity on bacterially 
induced struvite crystal formation.

ABBREvIATIONS

ADP = Ammonium di-hydrogenphosphate
ATR-FTIR = Attenuated Total Reflectance-Fourier 
Transform Infrared Spectroscopy
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FE-SEM = Field Emission Scanning Electron 
Microscope
SMS = Sodium metasilicate
TSA = Trypticase soy agar
TSB = Tryptic soy broth
XRD = X-ray diffraction
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ABSTRACT 

Introduction: We investigated whether Oltipraz (OPZ) attenuated renal fibrosis in a 
unilateral ureteral obstruction (UUO) rat model.
Materials and Methods: We randomly divided 32 rats into four groups, each consisting 
of eight animals as follows: Rats in group 1 underwent a sham operation and received 
no treatment. Rats in group 2 underwent a sham operation and received OPZ. Rats in 
group 3 underwent unilateral ureteral ligation and received no treatment. Group 4 rats 
were subjected to unilateral ureteral ligation plus OPZ administration. Transforming 
growth factor beta-1 (TGF-β1), E-cadherin, nitric oxide (NO) and hydroxyproline levels 
were measured. Histopathological and immunohistochemical examinations were car-
ried out.
Results: TGF-β1, NO and E-cadherin levels in the UUO group were significantly higher 
than the sham group and these values were significantly different in treated groups 
compared to the UUO group. In rats treated with UUO + OPZ, despite the presence of 
mild tubular degeneration and less severe tubular necrosis, glomeruli maintained a 
better morphology when compared to the UUO group. Expressions of α-SMA in im-
munohistochemistry showed that the staining positivity decreased in the tubules of the 
OPZ-treated group.
Conclusions: While the precise mechanism of action remains unknown, our results 
demonstrated that OPZ exerted a protective role in the UUO-mediated renal fibrosis rat 
model highlighting a promising therapeutic potency of Nrf2-activators for alleviating 
the detrimental effects of unilateral obstruction in kidneys.
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INTRODUCTION

Ureteral obstruction occurs at any stage of 
life from fetal development to adulthood in any 
segment of the ureter between ureteral orifices 
and the renal pelvis. The histopathologic changes 
are characterized by tubular dilatation or atrophy, 
inflammatory cell infiltration, fibroblast activa-
tion and proliferation, increases in matrix pro-
teins, and progressive tubulointerstitial fibrosis. 
These histopathologic processes might eventually 
result in the loss of renal parenchyma leading to 
permanent renal function deterioration.

One of the most prevalent molecular me-
chanisms of tubulointerstitial fibrosis due to ure-
teral obstruction is epithelial - to - mesenchymal 
transition. Numerous studies have proposed that 
under pathologic conditions renal tubular epithe-
lial cells may undergo a phenotypic transforma-
tion into matrix - producing myofibroblasts by an 
epithelial - mesenchymal transition (EMT) process 
(1-3). Activated by several growth factors such as 
transforming growth factor β (TGFβ), myofibro-
blasts function as the primary source for produ-
cing extracellular matrix (ECM), including colla-
gen and fibronectin. Furthermore, the expression 
of intercellular epithelial adhesion molecules such 
as E - cadherin decrease and mesenchymal cell 
markers such as α - smooth muscle actin (α - SMA), 
N - cadherin and vimentin increase. For this rea-
son, EMT is recognized as a molecular component 
of renal fibrosis (4-6).

Reactive oxygen species (ROS) have a ma-
jor role in the development of renal fibrosis indu-
cing epithelial - mesenchymal transition (EMT) in 
the presence of UUO. Nitric oxide (NO), a vasodi-
lator, has been implicated in late renal hemody-
namic changes and observed upregulated in the 
kidney during the UUO process. Even though the 
excessive amounts of nitric oxide (NO) are oxidi-
zed into ROS, they have proven to be useful in in-
terrupting signaling and controlling inflammation 
(7, 8). In addition, renal hydroxyproline (Hyp), 
which is commonly used to measure the collagen 
content in biological tissue values, has been used 
to assess fibrosis (9).

Oltipraz (OPZ), 5 - (2 - pyrazynyl) - 4 - 
methyl - 1, 2 - dithiole - 3 - thione, is a synthetic 

dithiolethione that targets Nrf2 (nuclear factor - 
erythroid - 2 - related factor 2), an agent that plays 
a pivotal role in cellular defense against oxidative 
stress by promoting the transcription of various 
antioxidant genes (10). Several agents have been 
used to prevent UUO - induced renal injury in ani-
mal models but there is no experiment for the role 
of oltipraz (OPZ) in the literature. A randomized, 
double-blind, placebo - controlled phase II trial 
demonstrated that reductions in inflammation, 
oxidative stress and fibrosis could be achieved 
using oltipraz (OPZ), nuclear factor - erythroid - 2 
- related factor 2 (Nrf2) activator in patients with 
liver fibrosis or cirrhosis (11).

 Based on these findings, we investigated 
the potential effect of OPZ in attenuating renal 
fibrosis induced by UUO in rats.

MATERIALS AND METHODS

Animals
 Male Wistar albino rats, weighing 200 to 

250 g and six to seven weeks old, were housed in 
clean plastic cages in a temperature - and humidi-
ty - controlled facility under constant 12 - hour li-
ght / 12 - hour dark photoperiods with free access 
to food and water. The Institutional Animal Care 
and Use Committee approved the use of animals 
and the experimental protocol and animals were 
treated according to the Guide for the Care and 
Use of Laboratory Animals of Research Council.

Treatment and experimental protocols
 One week after acclimatization, UUO was 

induced. Briefly, after induction of general anes-
thesia by intraperitoneal injection of thiopental 
(100 mg / kg), the abdominal cavity was expo-
sed via a midline incision and the left ureter was 
ligated at two points with 3 - 0 silk. The sham 
- operated rats had their ureters manipulated but 
not ligated. All rats were given amikacin sulfate (6 
mg / kg, intramuscular route) before the operation 
(12). After a quarantine period of seven days, 32 
rats were randomly divided into four groups, each 
consisting of eight animals as follows: Rats in 
group 1 underwent a sham operation and received 
no treatment. Rats in group 2 underwent a sham 
operation and received OPZ (Sigma Chemical Co., 
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St. Louis, MO) (p.o. 30 mg / kg body weight / day). 
Rats in group 3 underwent unilateral ureteral liga-
tion and received no treatment. Group 4 rats were 
subjected to unilateral ureteral ligation and recei-
ved OPZ. The OPZ dose was based on the previous 
studies (13).

 At 14 days after UUO, all rats were sacri-
ficed by high - dose ketamine. Kidneys were rea-
ched with an abdominal midline incision. The left 
kidney was immediately excised and separated 
from the surrounding tissues, washed twice with 
cold saline, and stored at - 800 C to determine the 
markers of renal fibrosis, EMT and tubular injury.

A portion of the left renal tissue was sto-
red in formol solution for the histopathologic and 
immunohistochemical examinations. Paraffinized 
tissue samples were examined for leukocyte infil-
tration and renal fibrosis.

Measurement of transforming growth fac-
tor beta - 1, E - cadherin, nitric oxide and hydro-
xyproline levels.

The TGFβ - 1 ELISA kit (ref MB100B, R & 
D Systems) was used to measure TGFβ - 1 in re-
nal tissue 50 microns of total proteins from each 
tissue were assayed. This assay detects activated 
TGFβ-1 with a sensitivity of 4.6 pg / mL. The co-
efficient of variation intra-assay is < 4%, and the 
coefficient inter - assay is < 8%.

The concentration of soluble E - cadherin 
was measured with a commercially available san-
dwich enzyme - linked immunosorbent assay kit 
based on monoclonal antibodies (Zymed Labora-
tories Inc., CA). The coefficient of variation intra 
- assay is < 5%, and the coefficient inter - assay is 
7%. The sensitivity is 2.0 ng / mL.

The nitrate concentrations in samples were 
assayed by enzymatically reducing nitrate. 50 
microL of samples were incubated with the same 
volume of reductase buffer (0.1M) potassium ade-
nine dinucleotide and four units of nitrate curve 
were obtained by incubating sodium nitrate (10 
- 200 µM) with the buffer. The total amount of 
nitrite and the amount of nitrite in the samples 
was then determined using the Griess method (14). 
The samples were incubated with the same volume 
of Griess reagent (1% sulphanilamide and 0.1% 
naphthyl ethylenediamine dihydrochloride in 5% 

phosphoric acid). The absorbance at 550 nm was 
determined using a multiwell plate reader. The re-
sults were reported as the concentration of nitrate 
plus nitrite (microM NO3 + NO2) for samples of 
nitrite for supernatants.

Renal tissue fragments were homogenized 
in saline 0.9%, frozen and lyophilized. The assay 
was performed with 40 mg of the lyophilized tis-
sue that was subjected to alkaline hydrolysis in 
300 micros plus 75 microLNaOH 10 moL / L at 120 
degrees C for 20 minutes. An aliquot of 50 microL 
of the hydrolyzed tissue was added to 450 microL 
of chloramine T oxidizing reagent (Chloramine T 
0.056 moL / L, n - propanol 10% in acetate / citrate 
buffer pH 6.5) and allowed to react for 20 minutes. 
A hydroxyproline standard curve with the highest 
concentration of 400 microns was prepared in a 
similar fashion. The color was developed by the 
addition of 500 microL of the Ehrlich reagent (p - 
dimethylamine - benzaldehyde, 1 moL / L) diluted 
in n - propanol / perchloric acid, 2: 1 supernatant 
was transferred to 96 - well plates, and the absor-
bance was read at 550 nm.

Histopathological and immunohistochemical 
examination

Histopathological evaluation was carried out 
on kidney tissues. Paraffin - embedded specimens 
cut into 6 - µm thickness sections were processed 
with hematoxylin and eosin stain for examination 
under the light microscope using a conventional 
protocol (15) (BH - 2; Olympus, Tokyo, Japan). Semi 
- quantitative evaluation of renal tissues was per-
formed by scoring the degree of severity according 
to previously published criteria (16). All sections of 
kidney samples were examined for tubular necrosis. 
Briefly, a minimum of 50 proximal tubules associa-
ted with 50 glomeruli were examined for each slide 
and an average score was obtained. The severity of 
lesion was graded from 0 to 3 according to the per-
centage of tubular involvement. Slides were exa-
mined and assigned for severity of changes using 
scores on a scale in which (0) denotes no change, 
grade (1) changes affecting < 25% tubular damage 
(mild), grade (2) changes affecting 25 - 50% of tu-
bules (moderate) and grade (3) changes affecting > 
50% of tubules (severe).
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 The histopathological and immunohisto-
chemical evaluation were performed on left kid-
ney tissues. Paraffin - embedded specimens were 
cut into 5 - mm thick sections and stained with 
hematoxylin and eosin, Masson’s trichrome and 
α - smooth muscle actin (α - SMA) were used for 
examination under the light microscope (BH - 2; 
Olympus, Tokyo, Japan).

 To evaluate leukocyte infiltration, the wide-
ning of interstitial spaces with focal leukocyte infil-
tration was assessed in five randomly chosen sec-
tions prepared from each kidney sample. For each 
section, the average number of leukocytes per 0.28 
mm2 was calculated from these leukocyte - infiltrated 
foci using a high - power microscopic field (x 400).

To estimate the grade of interstitial fibro-
sis, the interstitial area that was stained green with 
Masson’s trichrome was evaluated as a percentage 
of the total examined area in five randomly chosen 
sections prepared from each kidney sample using an 
image analyzer (Leica; Leica Micros Imaging Solu-
tions, Cambridge, UK). For each section, interstitial 
space widening with focal leukocyte infiltration and 
interstitial fibrosis was assessed in high - power fields 
(x 400) to quantify the results. The Banff classifica-
tion of kidney pathology was used to score the degree 
of mononuclear cell infiltration and interstitial fibro-
sis. The score was graded from 0 to 3, depending on 
the severity of histological characteristics (17).

Statistical analyses

 Continuous variables of all groups were 
demonstrated as mean values ± standard devia-
tion (SD). Statistical analyses of the histopatholo-

gic evaluation of the groups were carried out by 
the Chi - square test, and biochemical data among 
four groups were analyzed by Kruskal - Wallis 
test. The p - value of < 0.05 was accepted as sta-
tistically significant. In case a statistical signifi-
cant was observed between three or four groups 
in Kruskal - Wallis test, Mann - Whitney U test 
was utilized for the detection of the significance 
between two groups.

RESULTS

 Transforming growth factor beta - 1, E - 
cadherin, nitric oxide and hydroxyproline levels 
TGF - β1 level in sham, UUO and UUO + OPZ 
groups were 2.5 ± 0.6; 7.2 ± 1.5 and 3.6 ± 0.9 res-
pectively. NO level in sham, UUO and UUO + OPZ 
groups were 20.6 ± 3.5; 62.3 ± 19.8 and 37.4 ± 15.1 
respectively and E - cadherin level in those groups 
were 3.7 ± 0.5; 7.4 ± 1.2 and 3.9 ± 1.8 respectively. 
TGF - β1, NO, and E - cadherin levels were signi-
ficantly higher in the UUO group than the sham 
group. UUO + OPZ group had lower levels of these 
markers compared to the UUO group. Hydroxypro-
line level was 423.5 ± 63.8 in UUO group, whereas 
the remaining three groups had lower levels; but 
this difference did not reach a statistical significan-
ce. The details are shown in Table-1.

Histopathologic and immunohistochemical exa-
mination results

 Histopathologic examination of kidneys 
showed no pathologic findings in the sham and 
sham + OPZ groups (Figures 1A and 1B). Mild 
and severe tubular necrosis in the proximal tubu-

Table 1 - TGF-β1, E-cadherin, NO and Hydroxyproline levels in kidney.

Parameters Sham Sham + OPZ UUO UUO+OPZ

TGF-β1(pg/ mL) 2.5 ± 0.6 2.7 ± 0.5 7.2 ± 1.5 3.6 ± 0.9*

E-cadherin(ng/ mL) 3.7 ± 0.5 3.5 ± 0.6 7.4 ± 1.2 3.9 ± 1.8*

NO(µmoL/g) 20.6 ± 3.5 19.5 ± 2.9 62.3 ± 19.8 37.4 ± 15.1*

Hydroxyproline (pg/mL) 357.5 ± 84.9 368.1 ± 51.8 423.5 ± 63.8 386.8 ± 62.1

TGF = transforming growth factor β1; NO = nitric oxide.
Values are expressed as mean ± SD for eight rats in each group. 
* Significantly different from UUO group (p < 0.05).
TGF-β1 = NO and E-cadherin levels in UUO group were significantly higher than Sham group, in treated groups these values were significantly different from UUO group. 
Hydroxyproline levels were higher in UUO group, but results were not significant among other groups.
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les was found in rats with UUO compared to the 
sham group (Figure-1C). Despite the presence of 
mild tubular degeneration and less severe tubular 
necrosis in rats treated with UUO + OPZ, glomeruli 
maintained a better morphology compared to the 
UUO group (Figure-1D).

 Histopathologic examination was normal 
in rats with the sham operation (group 1). Severe 
leukocyte infiltration was observed in the peri-
glomerular and peritubular interstitium of the rat 
kidneys in group 3 with UUO (Figures 2A and B). 
Quantitative analysis of the focal leukocyte infiltra-
tion area in the interstitium showed that leukocyte 
infiltration was significantly reduced in rats admi-
nistered with UUO + OPZ (group 4) (Figure-2C).

 UUO caused significant interstitial fibro-
sis in rats that received no treatment (group 3). 

The percentage of the area of interstitial fibrosis in 
the rats with UUO that received no treatment was 
significantly greater than that of rats with UUO 
that received OPZ (group 4) (Figures 3A-C). These 
changes are summarized in Table-2. Expressions 
of α - SMA in immunohistochemistry showed that 
the staining positivity decreased in the tubules of 
the OPZ - treated group (Figures 4A-C).

DISCUSSION

 In this study, we analyzed the protective 
effect of OPZ against renal fibrosis in a rat UUO 
model, a well - established in vivo model of renal 
fibrosis. Our study confirmed the protective role of 
OPZ through a quantitative examination of renal tis-
sue damage after the induction of UUO in rats. To 

Figure 2 - A) Normal kidney morphology in a sham group. B) Leukocyte infiltration was observed in the peritubular interstitium 
of the UUO. C) Leukocyte infiltration was reduced in the OPZ-treated group (hematoxylin&eosin,*400).

A B C

Figure 1 - A) Normal tubulus and glomeruli in kidney cortex H&Ex100 (sham group). B) Normal tubulus and glomeruli in 
kidney cortex H&Ex100(sham+OPZ group). C) Severe tubular total necrosis, tubular degeneration and epithelial vacuolization 
in the proximal tubules H&Ex400(UUO group). D) Mild epithelial vacuolization in the proximal tubules and normal glomeruli 
H&Ex100 (UUO+OPZ treated group).

A B C D
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A B C

Figure 3 - A) Normal kidney morphology in a sham group. B) Severe fibrosis was observed in the peritubular interstitium of 
the UUO. C) Mild fibrosis was reduced in the OPZ-treated group (Masson&Trichrome, *400).

Table 2 - Scoring of tubular necrosis.

Tubular necrosis Interstitial fibrosis Mononuclear cell infiltration

n 0 1 2 3 0 1 2 3 0 1 2 3

Sham 8 8 0 0 0 8 0 0 0 8 0 0 0

Sham+OP 8 8 0 0 0 8 0 0 0 8 0 0 0

UUO 8 0 1 3 4 0 1 4 3 0 1 2 5

UUO+OPZ* 8 0 6 2 0 2 5 1 0 1 5 0 2

Score 0 = no degeneration; 1 = mild degeneration; 2 = moderate degeneration; 3 = severe degeneration
* Statistical significant difference from the UUO group  and P < 0.05.

Figure 4 - A) α-SMA staining was not observed in the tubules of the sham group. B) Moderate α-SMA  positivity was observed 
in more than 50% of the tubules in the UUO group. C) mild α-SMA positivity was observed in 25-50% of the tubules in the 
OPZ-treated group (α-SMAx100).

A B C
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the best of our knowledge, this report is the first to 
show that OPZ has a preventive effect on functional, 
histological kidney injury caused by UUO.

 The molecular mechanisms of tubuloin-
terstitial fibrosis owing to UUO include several 
components such as inflammatory cell infiltra-
tion, fibroblasts and extracellular matrix produc-
tion, and epithelial to mesenchymal transition. 
Among these, EMT has been of great interest to 
researchers during recent decades. EMT has been 
asserted as a functional and phenotypic change of 
epithelial cells that is reminiscent of mesenchymal 
cells reflecting a global process affecting adjacent 
cells (18). During the EMT process, expression of 
epithelial adhesion molecules such as E - cadherin 
is decreased whereas mesenchymal marker pro-
teins such as α - smooth muscle actin (α - SMA) 
and N - cadherin are up - regulated. The EMT 
process has been viewed as a pathological predi-
cator of renal fibrosis as myofibroblasts transfor-
med from epithelial cells act as the main origin 
of ECM production (19). Moreover, the phenotype 
transformation of renal epithelial cells can cau-
se dysfunction of the kidney, eventually resulting 
in glomerulosclerosis. Furthermore, accumulating 
lines of evidence support the concept that ROS 
affects EMT changes. Higher levels of ROS may 
aid the EMT process of epithelial cells and lead to 
fibrosis in the context of transcription factors and 
the multifunctional role of ROS in cellular signa-
ling pathways (20, 21).

 Nuclear factor - erythroid - 2 - related 
factor 2 (Nrf2) is a vital molecule of the endoge-
nous antioxidant system that plays a central role 
in stimulating expression of various antioxidant 
- associated genes in cellular defense against oxi-
dative stress. In the absence of oxidative stress, 
Nrf2 resides in the cytoplasm together with its 
repressor kelch - like ECH - associated protein 1 
(KEAP1). Many agree that the upregulating in the 
production of antioxidant enzymes, which follo-
ws the detaching of Nrf2 from KEAP1 and sub-
sequent movement into the nucleus, is a result of 
ROS overproduction or results from responses to 
electrophilic reagent treatment (22). Debates con-
tinue as to whether the EMT process is a real and 
direct contributor to renal fibrosis pathology in 
vivo (23, 24).

 Based on the results showing the linka-
ge between Nrf2 and TGFβ1 signaling, we hypo-
thesized that Nrf2 could have a potential role in 
protecting the kidney in unilateral ureteral obs-
truction. It is believed that oltipraz, a prototype 
dithiolethione, might support the joining of the 
Nrf2 to the antioxidant response element (25).

 We measured renal cortical E - cadherin, 
TGF - β1, hydroxyproline and NO levels bioche-
mically as evidence of EMT. Except for the hydro-
xyproline level, all these markers were heightened 
in UUO rats and OPZ attenuated their levels. These 
results suggest that OPZ ameliorates the renal fi-
brosis by inhibiting these markers, which are the 
indicators of renal fibrosis. The possible expla-
nation for the level of hydroxyproline not being 
significant among the groups might be the fact 
that the duration of UUO may be insufficient for 
observing the exact fibrotic changes in the kidney. 
It is probable that hydroxyproline, being a com-
ponent of collagen, would be detected as increa-
sed in UUO kidney rats if they were examined one 
month or later after the obstruction date.

 Additionally, pooled urine in UUO is ma-
rkedly hypotonic (26). In theory, hypotonic cell 
growths could be caused by the hypotonic nature 
of pooled UUO urine. Increases in E - cadherin 
expressions and the induction of connective tis-
sue growth factors (CTGF) were instigated through 
hypotonic media. It has been proposed that CTGF 
is an element of renal EMT via evidence of upre-
gulation in UUO (27, 28).

 We think that E - cadherin can be simul-
taneously upregulated in response to hypotonic 
stretch, suggesting that profibrotic activation of 
tubular cells might not require a ‘classical’ EMT 
process.

 In this study, the histopathologic exami-
nation of kidneys showed severe and extensive 
damage in UUO rats with tubular necrosis and 
edema. This could be due to the formation of hi-
ghly reactive radicals as a consequence of oxi-
dative stress caused by UUO. The kidneys of the 
sham group showed normal histological features, 
but the UUO group revealed more extensive and 
marked tubular necrosis. On the other hand, the 
tubules from rats of the UUO + OPZ group were 
nearly normal in histological appearance except 
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for slight desquamation and atrophy of the tubu-
lar epithelial cells. Also, expressions of α - SMA in 
immunohistochemistry showed that the staining 
positivity decreased in the tubules of the OPZ - 
treated group. Scientific evidence from the va-
rious field of diseases including pulmonary hyper-
tension, liver ischemia / reperfusion injury yielded 
promising results on the potential effect of OPZ 
(29, 30). In a cell culture study, Atilano - Roque 
A et al. demonstrated that Nrf2 activating agent, 
OPZ had a beneficial effect on the viability of hu-
man kidney cells and expression of antioxidant 
and efflux transporter genes in proximal tubules 
which was exposed to cisplatin. Our results have 
similar findings compared to these studies. Given 
the similar pathophysiologic mechanisms, we may 
propose that OPZ is a promising agent for allevia-
ting kidney injury in the presence of the ureteral 
obstruction.

We should address some potential limita-
tions of this study. Firstly, we measured NO levels 
and reported that rats with UUO had increased levels 
of NO. However, our study lacks the measurement 
of NO isoforms including neuronal, endothelial, 
and inducible NOS. Secondly, although we exerted 
the conventional methods including the detection 
of the levels of molecules as mentioned earlier and 
histopathologic examination of renal tissue, we did 
not use quantitative RT - PCR, western blot, and 
immunofluorescence analysis to analyze further 
and demonstrate the expression of cell markers. 
Thirdly, although UUO is a well - accepted animal 
renal fibrosis model, it is criticized for the fact that 
the contralateral kidney may compensate for the 
deteriorated function of the obstructed kidney pre-
cluding meaningful renal function measurements 
(31). Lastly, whether the sensitivity and specificity 
of the markers used for EMT in our study are higher 
than some other EMT markers such as vimentin, 
cytokeratin, and β catenin is not known. Further 
studies on these markers will probably yield more 
insights to this debate.

CONCLUSIONS

Taken all together, while the mechanism of 
actions remains unknown, our results show that 
OPZ plays a protective role in UUO - mediated 

renal fibrosis. However, further well - designed 
animal and clinical studies are needed to confirm 
our results.
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CHALLENGING CLINICAL CASES

Encrusted cystitis caused by corynebacterium urealyticum: 
a case report with novel treatment strategy of intravesical 
dimethyl sulfoxide
_______________________________________________
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ABSTRACT         ARTICLE INFO______________________________________________________________     ______________________

Encrusted cystitis (EC) was first described as chronic cystitis with mucosal calcification 
in 1914 (1). It is a very rare chronic inflammatory disease presenting with dysuria, pel-
vic pain and gross hematuria. Voided urine contains mucus or calcified mucopurulent 
stone like particles. Urinalysis always reveals alkaline pH. It may be present in healthy 
individuals with no predisposing etiological factors (2-4). Etiologically, previous uro-
logical diseases, immunosuppression, urinary infection with urea splitting bacteria, or 
urological interventions resulting in bladder mucosa trauma may also be present (5, 
6). In the present case report, we describe a novel treatment for EC with intravesical 
dimethyl sulfoxide.

CASE REPORT

We report a case of a 40-years old female 
with a history of transurethral bladder tumor re-
section (TUR-BT) in 2012. She was admitted to an 
outpatient clinic elsewhere in January 2015 with 
pelvic pain and recurrent urinary tract infection 
for the past 4 years. Diagnostic cystoscopy el-
sewhere revealed stone like particles covering the 
bladder mucosa. Later on, several TUR-BTs had 
been performed to remove these lesions in various 
hospitals elsewhere and histopathology reports 
revealed non-specific chronic cystitis without 

tumor. Patient had a re-TUR-BT in March 2015 
again elsewhere for suspicious tumor, macros-
copic hematuria and voiding stone like particles 
in urine. A necrotic bladder mucosa containing 
calcified encrustations with underlying inflam-
matory polymorphonuclear cell infiltration with 
abundant blood vessels was observed. Pathology 
result for this TUR-BT was encrusted cystitis (EC) 
(Figures 1A and B). Patient had a negative urinary 
tuberculosis screening, negative tuberculosis cul-
ture and PCR.

Patient was admitted to our clinic with se-
vere pain, gross hematuria, and voiding stone like 
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particles, and she had lower urinary tract symp-
toms (LUTS) reminiscent of interstitial cystitis. 
Urinalysis showed alkaline urine with struvite 
crystals in the sediment. Her functional bladder 
capacity was 75 mL. Urine culture was sterile. An 
irregularity on the right bladder wall, and a mo-
derate hydro-nephrosis at the right side was reve-
aled with ultrasound. Filling defect at the dome 
and right bladder wall was also seen in magnetic 
resonance study (Figure-2). A diagnostic cystos-
copy showed a calcified, hyperemic, fragile, ede-
matous mucosa involving the whole bladder dome 
and right lateral wall covering right ureteral ori-
fice. These lesions were completely removed with 
TUR, and part of the material and urine from bla-
dder barbotage was sent for specific bacteriologic 
culture for Corynebacterium urealyticum, which 
was positive. Treatment was instituted according 
to antimicrobial susceptibility tests. For 2 weeks 
intravenous teicoplanin 400 mg/day (minimum 
inhibitory concentration 90% 0.5 micrograms/
mL), was given, and weekly intravesical dime-
thylsulfoxide (DMSO) treatment was started for 
6 weeks. A standard solution of 50 mL of 50% 
DMSO (Rimso-50) in aqueous solution (each mL 
solution contains 0.54 gr of DMSO) was adminis-
trated intravesically with a 10 French catheter, 
weekly for 6 weeks. Patient was allowed to void 
after 1 hour. LUTS relieved immediately. She had 
a cystoscopy with normal signs of bladder at 6th 

month of follow-up. At 18th month follow-up she 
was free from any complaint and infection with a 
remarkably increased functional bladder capacity 
of 340 mL.

DISCUSSION AND FUTURE PERSPECTIvES

 Urea splitting bacteria play a role in the 
EC etiology. A bacterial culture is essential for the 
bacterial confirmation of the condition. Though 
sterile urine culture should not rule out the diag-
nosis of EC, prolonged culture or tissue cultures 
should be performed. A prolonged 48 to 90 hours 
5% carbon dioxide or sheep blood agar urine cul-
ture may be helpful when EC is suspected in the 
presence of sterile pyuria (3, 7).

 Risk factors such as intravesical chemo-
therapy or BCG installations, urinary trauma, or 
bacterial urease activity results in  ammonia relea-
se, which in turn damages the glycosaminoglycan 
layer of the bladder mucosa (2). As a consequence 
of this, characteristic encrustations composed of 
calcified plaques in the interstitium of the bladder 
mucosa occur.

 Having a positive urine culture for C urea-
lyticum does not necessarily means that patient 
has calcified encrusted particles in the urotheli-
al mucosa. EC incidence was reported as 15.6% 
(n=18/115) for patients with positive C urealyti-
cum urine culture (8). In this study, patients were 

Figures 1 A and B - Bladder transurethral biopsy of encrusted areas 200xHE

The deposits of calcium on the mucosa and chronic inflammatory infiltrate in the lamina propria.

A B
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treated with bladder instillation, and/or surgery in 
combination with antibiotics. The bladder had been 
irrigated with acidifying solutions such as, G-suby, 
Thomas, and N-acetylcysteine + acetohydroxamic 
acid + aztreonam combination. They reported that 
acidifying with these solutions was not completely 
effective to calcified particles. Alkaline urine is a 
product of a urea splitting bacteria. In our expe-
rience, we use DMSO in combination with TUR-B 
and antibiotics to resolve symptoms related to EC, 
though promising results were obtained even with 
a relatively high pH solution.

 In our present case, the patient had a TUR-
-BT history, and she presented with LUTS, gross 
hematuria and micturition of sandy grits. Urine 
culture was sterile, and ultrasound revealed stone 
like particles. Patient had a re-TUR-BT and part 
of the material and urine from bladder barbota-
ge was sent for C urealyticum culture, which was 
positive. Treatment with teicoplanin 400 mg/day, 
and weekly intravesical DMSO was started.

 C urealyticum is the most commonly re-
ported cause of EC, and it has multiple antibio-
tic resistance (9). Teicoplanin, vancomycin and 
glycopeptides are the antibiotics of choice in the 
first line treatment of C urealyticum. However, EC 
usually does not respond to antibiotic treatment 
alone. The bacteria contained in calcified plaques 

prevent antibiotic penetration. Multimodal treat-
ment consists of plaque resection, urinary acidifi-
cation and antibiotic treatment (3).

 To the best of our knowledge, DMSO has 
never been reported as treatment agent for en-
crusted cystitis. DMSO does not act as an acid 
or base with a pKa=35. It is an important polar 
aprotic solvent that dissolves both polar and non-
-polar compounds. It is miscible in a wide ran-
ge of organic solvents as well as water. DMSO is 
a FDA approved drug mainly used in interstitial 
cystitis/painful bladder syndrome. DMSO plays a 
role in replenishing the damaged glycosaminogly-
can layer and it has anti-inflammatory activity on 
injured bladder urothelium (10). The presence of 
osteocalcin and ostonectin in EC urothelium has 
hypothesized that EC may be related with syste-
mic inflammation (11). DMSO is a weak acid with 
pH of 6.7. It is an aprotic solvent that replenish 
glycosaminoglycan layer and has anti-inflam-
matory effect on urothelium. We can hypothesize 
that anti-inflammatory treatment enhancing uro-
thelial recovery may improve patient’s symptoms 
and treat EC. In our patient, no discomfort except 
sensation of bladder burning was observed. Qui-
te contrary to acidic solutions, pain and swelling 
due to DMSO treatment were caused by bladder 
inflammation or irritation.

 In conclusion, rare pathologies such as 
EC are limited to case reports and case series. Al-
though urine acidification has been reported to be 
a component of the treatment, bladder irrigation 
with an aprotic solvent was effective in our case, 
and has not been reported previously. Further stu-
dies are needed to confirm our treatment effect 
and results.
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case description 

A 17-year-old boy diagnosed with neurofi-
bromatosis type 1 (NF1) presented with a six-month 
history of hematuria, dysuria, and urinary frequency. 
Ultrasonography (USG) revealed diffuse thickening 
of the anterosuperior and posterior walls of the bla-
dder with round, <5mm nodular echogenities in the 

Neurofibromas of the bladder in a child with 
neurofibromatosis type 1
_______________________________________________
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thickened walls (Figure-1). Magnetic resonance ima-
ging (MRI) of the pelvis revealed a nodular lesion 
with low signal intensity on T1 and fat suppressed T1 
weighted (T1-W) images; and nodular lesions with 
a ‘target sign’ on T2 weighted (T2-W) images. This 
consisted of low signal intensity fibrosis surrounded 
by high signal intensity stroma at the posterior of the 
bladder wall (Figures 2 and 3). The patient’s symp-

Figure 1 - Ultrasound imaging; diffuse thickening of the anterosuperior and posterior walls of the bladder and multiple round, 
<5mm nodular echogenities in the thickened walls marked with arrows.

Figure 2 - Mri axial images; nodular lesions marked with arrows. a. t1 weighted B. post contrast t1 weighted fat suppressed 
c. t2 weighted fat suppressed image.

a B c
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Figure 3 - Mri sagittal images; nodular lesions marked with arrows a. t1 weighted fat suppressed B. post contrast t1 
weighted fat suppressed c. t2 weighted image.

toms were relieved after antibiotic treatment and he 
has had no serious complaints since then. He is now 
monitored by the urology outpatient clinic.

Children with NF1 should always be eva-
luated for neurofibromatosis of the genitourinary 
system (1). Bladder involvement of neurofibromato-
sis is rare and presenting features include irritative 
voiding symptoms and hematuria due to recurrent 
urinary tract infections (2). On USG, bladder invol-
vement of neurofibromas can manifest as a focal 
mass or as diffuse bladder wall thickening. On MRI, 
neurofibromas display low-signal intensity on T1-W 
images and non-homogeneous high-signal intensity 
with a ‘target sign’ on T2-W images (3). Differential 
diagnosis includes rhabdomyosarcoma, ganglioneu-

roma, and retroperitoneal fibrosis (4). In a patient 
with NF1, the primary consideration should be neu-
rofibroma. Generally, management of patients with 
NF1 and bladder involvement is conservative. If the-
re are intractable symptoms such as hydronephro-
sis, bladder volume loss and suspicion for malignant 
degeneration, surgical treatment may be needed (3).

In conclusion, conventional MRI and ultra-
sound are important imaging modalities for the eva-
luation of genitourinary involvement of neurofibro-
matosis disease type 1.
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A 76-year-old man was admitted in the 
emergency department complaining of fever of 
unknown origin for 1 month. His medical his-
tory was only significant for stroke, but there 
was no history of neoplasm, trauma, chemo-
radiation, or other surgeries. He was admitted 
with a long-term Foley catheter in situ, which 
was inserted one year prior due to dysuria and 
changed regularly every 4-5 days. The present 
Foley catheter was inserted 4 days prior and 
the patient’s urine color gradually changed 
and was dark green on presentation to hos-
pital. Laboratory tests showed elevated white 
blood cell count (17.900/μL) and C-reactive 
protein (5.70mg/dL). In urine analysis, pyuria 
was seen. Abdominopelvic computed tomogra-
phy (APCT) revealed there was no evidence of 
urinary tract infection or acute pyelonephritis. 
However, malposition of the Foley catheter was 
seen. It was located along the urethra-prostate-
-rectum (Figures 1A-1D). Also, a prostatic abs-
cess between the prostatic urethra and rectum 
was bulging and abutting to the anterior wall 
of the rectum (Figures 1E-1H); thus, we diag-
nosed the recto-urethral fistula (RUF) caused by 
prostatic abscess. The patient was treated with 

Recto-urethral fistula presenting as fever of unknown 
origin: a rare complication of prostatic abscess
_______________________________________________
Sun Hwa Lee 1, Seong Jong Yun 2, Seokyong Ryu 1

1 Department of Emergency Medicine, Sanggye Paik Hospital, Inje University College of Medicine, Seoul, 
Republic of Korea; 2 Department of Radiology, Kyung Hee University Hospital at Gangdong, Kyung Hee 
University School of Medicine, Seoul, Republic of Korea

_______________________________________________________________________________________
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intravenous antibiotics and percutaneous ne-
phrostomy for urine diversion. Fecal diversion 
was not performed because fecaluria was not 
seen. The patient improved after three months 
of conservative treatment (pyelostomies) and he 
was discharged with Foley catheter reinsertion.

RUF is an abnormal connection between 
the rectum and urethra that is a rare complica-
tion of pelvic surgery, radiation, trauma, or in-
fection/inflammation. The incidence of RUF has 
been on the rise due to an increase in the number 
of surgeries and pelvic irradiation performed for 
genitourinary neoplasm (1, 2). The early diagno-
sis of RUF using APCT in the emergency setting 
is important to not only confirm the diagnosis 
and initiate appropriate medical management, 
but also ensure pre-operative localization in pa-
tients that require surgery (3-5). In general, con-
servative management can be attempted by using 
urinary/fecal diversion for small (<2cm), simple 
RUF in non-irradiated patients who do not have 
sepsis. In contrast, large (≥2cm), complex RUF in 
irradiated patients may require surgical manage-
ment (1, 2). Our case underscores physicians need 
to consider the possibility of RUF for early diag-
nosis and management in patients with risk factor 
for prostatic abscess or with history of recent low 
urinary tract procedure.
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figure 1 - (A–D) serial axial images of abdominal computed tomography shows malposition of the foley catheter. It is 
located along the urethra (arrows, A) -prostate (arrow, B) -rectum (arrow, c), indicating presence of the recto-urethral 
fi stula. the balloon (arrowhead, D) of the foley catheter is located in the rectum, and not in the urinary bladder (UB). (E-H) 
serial sagittal images of abdominal computed tomography reveals the penetration (arrows, G and H) of the prostate (P) with 
loculated fl uid collection with air bubbles in the postero-inferior aspect of the prostate (open arrowhead, E and f), indicating 
a prostatic abscess. this abscess is bulging and abutting to the anterior wall of the rectum. normal prostatic urethra is also 
seen (arrowhead, H). Additionally, there is soft tissue tumefaction involving the presacral space, indicating infl ammation. 
However, bone window setting did not demonstrate bone involvement (no evidence of osteomyelitis).

A B c

D E f

G H A
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robotic excision of complex adrenal mass with retrocaval 
extension and encasement of renal hilum with renal 
preservation
_______________________________________________
Vishnu Raveendran 1, Ramaprasad Manasseri Koduveli 1, Kishore Thekke Adiyat 1

1 Aster Medcity, Kochi, Kerala, India

ABSTRACT         _______________________________________________________________________________________

Objective: The purpose of this video is to present robotic excision of a complex adrenal mass with retrocaval extension 
and encasement of renal hilum in a 16 year old boy. Biochemical screening was negative for metabolically active compo-
nent. Computerized tomographic scan with contrast revealed a homogenous mass of approximately 10.8 cm x 6.2 cm x 
4.2 cm in the suprarenal area on right side that was extend-ing behind inferior vena cava and encasing renal hilar vessels. 
Imaging findings were that of a classical ganglioneuroma.
Material and methods: Robot assisted laparoscopic adrenalectomy with sparing of renal hilar vasculature was performed. 
With patient in lateral position, five ports were used, including one for liver retraction. Da Vinci® system with four arms 
was docked from over the right shoulder. The displaced renal hilar structures were identified by opening Gerota’s fascia. 
Mass was dissected completely and removed through Pfan-nensteil incision.
Results: Duration of procedure was 345 minutes and console time was 290 minutes. Blood loss was 250 mL. Post-opera-
tive renal doppler showed normal blood flow. He was discharged on post-operative day three. Histopathologic examina-
tion of specimen revealed ganglioneuroma arising from adrenal gland.
Conclusion: Ganglioneuroma is a rare adrenal tumor with good prognosis on surgical removal. The advent of robotic 
surgery has made complex surgical procedures involving vital structures like inferior vena cava be performed using 
minimally invasive techniques without compromising oncologic principles.
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The LithocatchTM by Boston Scientific: how to use it and 
how to solve a common problem
_______________________________________________
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ABSTRACT         _______________________________________________________________________________________
Introduction: The LithocatchTM basket is a immobilization device commercialized by Boston Scientific. It allows to col-
lect multiple stone fragments from the ureter. The ability of the basket to capture a large number of stone fragments, is 
however responsible for a problem connected to its usage: the entrapment of the basket inside the ureter. In this video we 
explain how to use it and how to solve this problem.
Material and Methods: After positioning the LithocatchTM over the fragments, the basket is opened and it is rotated 
through a special handle to collect stones. One frequent problem occurs when too many fragments are collected at once, 
preventing the extraction of the device. We research our archives to extrapolate the total number of procedures carried 
out with the LithocatchTM in the last two years and the total number of complications occurred. 
Results: We experienced the above mentioned complication in 16 procedures (14% of the total) of 114 surgeries per-
formed. The way described to solve this complication was efficient and did not produce any damage to the ureter or to 
the basket. 
Conclusion: The LithocatchTM has an excellent ability to capture small stones so it allows to reduce the length of the pro-
cedure. Paying attention to limit the amount of fragments collected, it is possible to avoid the entrapment of the basket. 
If this complication occurs, the problem can be solved by reducing the size of the stone fragments. The preferable type 
of energy is the ballistic one.
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Addressing the challenges of reoperative robotic-assisted 
sacrocolpopexy
_______________________________________________
Wilson Lin 1, Nitya Abraham 2
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ABSTRACT         _______________________________________________________________________________________

Sacrocolpopexy is the gold-standard repair for apical pelvic organ prolapse (POP). However, over half of women with 
POP who undergo the surgery experience recurrence, particularly those with higher preoperative stage, younger age, and 
greater body weight. We address the challenges of repairing recurrent POP in a patient with a prior transabdominal mesh 
sacrohysteropexy.

vIDEO SECTION Vol. 44 (6): 1263-1264, November - December, 2018

doi: 10.1590/S1677-5538.IBJU.2018.0037

INTRODUCTION

A 50-year-old woman complaining of 
vaginal pressure presented with Stage II prolapse. 
She had three previous abdominal surgeries in-
cluding an open sacrohysteropexy with retropubic 
sling placement. Given her young age and desire 
to maintain vaginal length, we opted for robotic 
supracervical hysterectomy and sacrocolpopexy.

RESULTS

 As a result of the patient’s prior surger-
ies, bowel and bladder were adherent to the uterus 
and required dissecting off prior to hysterectomy. 
Mesh was scarred into the peritoneum overly-
ing the uterus and thus left in situ as the uterus 
was amputated. Due to insufficient peritoneum to 
cover the new mesh, a flap was created from the 
anterior abdominal wall. Seven months later, the 

patient’s symptoms had resolved and her POP-
Quantification measurements were improved.

DISCUSSION

 Managing recurrent POP after prior sacro-
colpopexy is complex due to scarring and concern 
for secondary repair durability. Repeat robotic mesh 
colpopexy is an option, but a vaginal approach may 
be easier. Preoperative cystoscopy, urodynamics, and 
upper urinary tract imaging should be considered. 
Intraoperative ureteral stent placement can help 
identify the right ureter. Cystoscopy should be per-
formed at the end of the surgery to check for bladder 
or urethral injury. Ultimately, the surgical method 
should be individualized.
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A martius flap in the treatment of iatrogenic distal 
urogenital fistula
_______________________________________________
Ivan Ignjatovic 1, 2, Dragoslav Basic 1, 2, Milan Potic 1, 2, Ljubomir Dinic 1, Aleksandar Skakic 1

1 Clinical Center Nis, Serbia; 2 University in Nis, Faculty of Medicine Nis, Serbia

ABSTRACT         _______________________________________________________________________________________

Introduction: Distal urogenital fistulas (DUF) are usually iatrogenic and are uncommon in Europe. They occur in the ure-
thra or near the bladder neck, and can be caused by vaginal hysterectomy, para-urethral cyst surgery, or erosion of the 
bladder or urethra from tension-free slings or meshes. The psychological and physical health consequences of DUF are 
devastating because most patients consider themselves “healthy” before surgery. Incontinence can appear after success-
ful DUF closure due to previously occult incontinence or urethral incompetence. Additional surgery for incontinence is 
sometimes necessary to achieve satisfactory outcome.
Materials and Methods: A Martius flap was used in 23 patients between 2000 and 2015. Patient age range was 38-75 
years (mean, 58.7). DUF was due to gynecologic surgery for benign disease (15 / 23; 65.2%), mesh / sling erosion (2 / 23; 
8.7%), and malignancy (6 / 23; 26.1%). The follow-up period was one year.
Results: DUF was closed in 22 patients (95.6%). Satisfaction and complete dryness was achieved in 16 patients (69.6%) 
after the first procedure. Postoperative complications were: postoperative hematoma in 1 (4.4%), primary failure in 1 
(4.4%), overactive bladder (OAB) syndrome in 3 (13.2%) and postoperative incontinence in 6 (26.4%) patients. A fascial 
sling was placed in patients with incontinence. All patients were dry after the secondary surgery. Anticholinergics were 
used for the treatment of OAB syndrome. Discomfort at the flap harvesting site was of minor importance. Finally, 22 out 
of 23 patients (95.6%) were satisfied.
Conclusion: A Martius flap and additional fascial sling could be successfully used to optimize DUF treatment.
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To the editor,

Enhanced Recovery After Surgery (ERAS) protocols have been increasingly used in radical cystec-
tomy over the past few years. While the principles were started in colorectal surgery, they can be easily 
applied to any surgery. The evidence is overwhelmingly in favor of these principles due to improved ou-
tcomes such as length of stay, complications, and cost (Table-1) (1-5). Development and implementation 
of an ERAS protocol requires multidisciplinary involvement, strong participation of everyone involved, 
and analysis of outcomes. We discuss our experience in development of ERAS for radical cystectomy, 
barriers to implementation, results at our institution, and future directions.

Role of Multidisciplinary Approach
We believe the multidisciplinary approach to implementation of an ERAS protocol is crucial for 

success in patients undergoing radical cystectomy. Prior to starting multidisciplinary ERAS, surgical 
components of ERAS were already in place with administration of alvimopan, limited use of nasogastric 
tube, early feeding, and early ambulation. Involvement of our anesthesia colleagues allowed inclusion of 
anesthetic related ERAS techniques such as multimodal analgesia, limited fasting state, epidural use, and 
goal directed fluid therapy (GDFT). Our adapted approach to fluid management can be seen in Figure-1. 
This change translated to involvement with the Pre-Admission Testing clinic, preoperative holding staff, 
recovery room staff, and floor nursing. Identification of leaders from each discipline is critical to succes-
sful implementation of ERAS (6).

Surgical and anesthesia partnership is crucial to ensure the proper functioning of an ERAS pro-
tocol. Anesthetic components have been consistently proven to have long-term effects on patient outco-
mes. This has been recently demonstrated by Jaeger et al. who showed that anesthesiologist experience 
with radical cystectomy is directly correlated with readmission rate for this procedure (7). Anesthesio-
logist involvement and accountability is needed in order to include the best evidence based practices 
within the specialty and to standardize the techniques amongst anesthesia providers.

Limitations of ERAS

Study Design
One of the challenges of identifying meaningful differences in clinically important endpoints is 

lack of using standard criteria. Almost all of the Genitourinary Enhance Recovery studies use length of 
stay as an endpoint. While this is easy to capture it does not give an adequate representation of clinical 
recovery. As one could imagine, absolute discharge date is dependent on multiple factors including de-

The present and future enhanced recovery after surgery for 
bladder cancer
_______________________________________________
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mographic logistics, pharmacy readiness and even 
day of operation (8). The concept of “readiness for 
discharge” rather than absolute length of stay is 
likely more relevant and meaningful as a clinical 
endpoint. Wong-Lun-Hing et al. described 5 speci-
fic criteria for discharge or readiness for discharge 
in patients undergoing ERAS for hepatic surgery 
(9). These thresholds included regular diet, lack 
of IV fluid support, oral medication only for pain 
control, full mobilization, and improving labora-
tory values; once met, patients were considered 
“ready for discharge”. In addition to objective cri-
teria for readiness for discharge having indepen-
dent reviewers to assess whether these criteria are 
met can remove investigator bias (10).

Use, efficacy, & perception
While ERAS protocols for radical cystec-

tomy have demonstrated significant improvement 
in both recovery from surgery and decreasing 
morbidity, limitations of the protocols and pre-
vious studies should be recognized. ERAS studies 
were initially established for patients undergoing 
colorectal surgery; modifications such as early 
feeding were important for patients undergoing 
large bowel surgery but not necessarily for pa-
tients undergoing small bowel surgery, where risk 
of ileus is substantially lower. It also should be 
noted that while a majority of the ERAS protocol 
initiatives implement each element simultaneous-
ly, individual element use and adherence is often 

Table 1 - Enhanced recovery after surgery – radical cystectomy series.

Author Type of Study Comparison
Number of 

patients
Length of Stay Complication Location

Maffezzini (1)

Retrospective ERAS 71 15 26.7% - 30 day

Italy

Historical Control pre-ERAS 40 22 22.50%

Smith (2)

UK
1 Retrospective ERAS 2 27 7 55.6% - 90 day

2 ERAS 1 37 10 76.7% - 90 day

Historical Control
pre-ERAS 69 14 72.5% - 90 day

Pruthi (3)

Prospective ERAS 40 5.2

not documented US
Historical 
Control-

pre-ERAS
30 10

Arumainayagam (4)

Retrospective ERAS 56 13

30/90 - day not 
documented

UK

Historical Control
pre-ERAS

56 17

Daneshmand (5)

Prospective 
Observational

ERAS 110 4 Days 65% - 30 day

US

Historical Control 
- Matched

pre-ERAS
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not reported in the study. We have previously sho-
wn that after FDA approval of alvimopan, 13% of 
patients who were eligible did not receive it (11). 
This can be seen in the original alvimopan stu-
dy as well, where only 83% of patients received 
the medication (12). In addition, in our experien-
ce epidural analgesia was not utilized in 100% of 
patients. Studies evaluating ERAS implementation 
should be analyzed as both an “intention-to-tre-
at” and “as treated” analysis. Unlike in randomi-
zed control trials where-in a single intervention 
is used, a multi-faceted ERAS program has many 
moving parts. It’s important to distinguish what 
drives outcomes and how they can be measured. 
For example, is GDFT more or less important for 
patients with higher ASA scores or limited ejec-
tion fraction? The majority of ERAS studies do 
not document individual element use (13-15). It 
should also be noted that while many surgeons 
and anesthesiologists believe they are using ERAS 
programs, the reality is far from that. Kukreja et 
al. reported that only a fraction of the ERAS ele-
ments are used among physicians who self-report 
as ERAS users (16). Among the urologists queried 
1, 2 or 3 of the elements were omitted by 13%, 
25%, and 23% of the respondents, respectively.

FUTURE DIRECTIONS

Preoperative Optimization
After successfully implementing a multi-

disciplinary ERAS protocol for radical cystectomy, 
we believe the future lies in providing a more 
comprehensive approach to perioperative care; 
as such, we have turned our efforts to expanding 
the preoperative components of ERAS. The ove-
rall goal is to ensure patients are optimized prior 
to radical cystectomy in order to achieve better 
postoperative outcomes. This is accomplished by 
risk stratifying patients and targeting preoperative 
interventions at modifiable risk factors, such as 
malnutrition, anemia, and frailty.

The association between poor preoperati-
ve nutritional status and increased morbidity and 
mortality after gastrointestinal surgery is well es-
tablished (17). Similarly, in urologic surgery mal-
nourished patients undergoing RC have shown 
higher overall morbidity and 90-day mortality 

(18). Patients at risk for malnourishment can be 
identified by various tools, such as the nutritional 
risk score (NRS). The incidence of malnutrition in 
patients undergoing RC has been reported up to 
19%, making this a promising target for optimiza-
tion before surgery (18, 19). Providing nutritional 
support preoperatively to malnourished patients 
has been shown to reduce incidence of postopera-
tive complications. Immuno-nutrition is a newer 
nutritional supplement which consists of a mixtu-
re of arginine, glutamine, omega 3 fatty acids, and 
nucleotides taken orally for five days prior to sur-
gery. Though evidence in patients undergoing RC 
specifically is limited, two pilot studies have sho-
wn that preoperative immune-nutrition was as-
sociated with fewer postoperative complications, 
including infections and ileus (20, 21). Munbauhal 
et al. concluded that immune-nutrition should be 
considered for malnourished patients undergoing 
RC beginning 1 week before surgery (22).

Preoperative anemia (PA) is another com-
mon surgical risk factor and can be easily diagno-
sed with routine preoperative laboratory analyses. 
In patients undergoing radical cystectomy, the 
prevalence of PA was 40% and associated with 
worse oncologic outcomes (23). Thus diagnosis 
and treatment of anemia in the preoperative pe-
riod is recommended. Optimal treatment in this 
setting has not been established, however treat-
ment of iron-deficiency anemia with iron infusion 
may be considered when prompt response is re-
quired, as with many oncologic surgeries (24).

Frailty is another reliable predictor of pos-
toperative complications and adverse outcomes, 
including increased length of stay, discharge to 
rehabilitation facility, and mortality (25). Though 
a universal clinical definition is lacking, there are 
numerous validated frailty assessment tools avai-
lable. Frailty can be described as an age-related 
decline in physiologic function and resulting vul-
nerability to stressors across physical, cognitive, 
and psychosocial domains, and is estimated to 
affect 42% of geriatric cancer patients (26-28). Gi-
ven that two-thirds of urologic surgeries are per-
formed in those >65 years of age, frailty syndrome 
is likely common in patients undergoing urologic 
cancer surgery (29). Various interventions have 
been studied and appear beneficial in reducing 
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frailty and its complications, including physical 
rehabilitation before surgery (30). Identifying pa-
tients at risk for frailty and attempting to optimize 
functional status before surgery should be consi-
dered in patients undergoing RC.

Minimally Invasive Surgery
Over the past three decades, many studies 

have demonstrated an improvement in clinical 
recovery with the incorporation of minimally in-
vasive techniques. These improvements have been 
demonstrated in post-operative pain scores, leng-
th of stay and metabolic stress response to sur-
gery. While the use of minimally and robot-assis-
ted techniques for bladder cancer are still evolving 
there is certainly potential that perioperative be-
nefits may be seen. There is currently a paucity 
of data regarding incorporation of ERAS progra-
ms for robotic radical cystectomy, however those 
published demonstrated improvements in length 
of stay. Unfortunately, those studies evaluating 
ERAS for robotic cystectomy had varying num-
ber of elements use (31). The EAU robotic urology 
section scientific working group consensus also 
highlighted the need for “core teams” for opera-
ting room staffing. Presence of a “core team” has 
been shown to improve operating room efficiency 
and thereby potentially improving outcomes (32). 
While not unique to robotic surgery, the concept 
of a “core team” may have higher value in robo-
tics where the primary surgeon is not at bedside. 
As a general concept, minimally invasive surgery 
including robotic cystectomy should be seen as a 
potential additional element to be incorporated 
into an ERAS program not to be used in lieu of.

Perioperative Surgical Home
Endorsed by the ASA and American Aca-

demy of Orthopedic Surgeons (AAOS), the Perio-
perative Surgical Home (PSH) is a health care de-
livery model that has recently gained the attention 
of the American Urological Association (AUA), 
which hosted a webinar on the subject in early 
2017. The PSH is focused on patient-centered, 
physician-led, coordinated care from the decision 
for surgery until the patient has recovered as fully 
as expected after surgery (33, 34). This model in-
cludes anesthesiologist participation in patient 

care from preoperative optimization to postopera-
tive medical management. While the PSH contains 
many elements of ERAS, additional emphasis is 
placed on preoperative interventions to risk stra-
tify and optimize patients, post-discharge follow-
-up tailored to reduce readmissions, and improved 
coordination between phases of care. We have 
learned through design and implementation of 
ERAS in radical cystectomy at our institution the 
importance of interdisciplinary collaboration. This 
has become paramount as we look to expand our 
care to encompass the full perioperative spectrum, 
into areas that are not traditionally managed by a 
single team, or by surgeons and anesthesiologists.

CONCLUSIONS

Patients undergoing RC benefit from ERAS 
techniques, as seen in our institution after imple-
mentation of a multidisciplinary ERAS protocol 
with participation from all stakeholders. As we 
look to further improve clinical outcomes after 
RC, expansion of preoperative risk assessment and 
implementation of evidence-based interventions 
aimed at optimizing high-risk patients are logi-
cal next steps. In addition, identifying what ERAS 
elements provide the highest clinical and finan-
cial value, standardized reporting methodologies 
are paramount. Ultimately, the PSH care model 
of comprehensive, coordinated care may prove to 
yield the best clinical results, particularly for com-
plex surgeries such as RC.
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To the editor,

Practical applications in radiotherapy have developed considerably over the past 60 
years. Medical imaging, immobilization techniques and advances in computer soft ware pro-
grams enable the use of broad-based stereotactic body radiotherapy (SBRT). SBRT is a special 
type of external radiation therapy that is irradiated with a high radiation dose of 1 to 5 frac-
tions with smaller safety margins than the target conventional irradiation. Although different 
from traditional radiobiological concepts, SBRT is a promising treatment model with a high 
local control rate, low normal tissue toxicity, and short treatment duration compared with 
conventional radiotherapy. Stereotactic radiotherapy can be used in various parts of the body 
due to noninvasive stabilization methods and the availability of taking target images during 
treatment. It has been started to be used in primer lung cancers and lung metastases, primary 
liver cancers and liver metastases, pancreatic cancers, prostate cancer, recurrent head and 
neck cancer, recurrent gynecologic cancers and many other types of cancer and in different 
regions (1-5).

Hypofractional radiotherapy to the prostate is based on modern radiobiology knowl-
edge and advances in SBRT. Many trials of hypofractional administration in prostate cancer 
have demonstrated that hypofractionation treatment provides the same or better tumor con-
trol than normal fraction therapy, while late and early toxicity remains unchanged in normal 
healthy tissue. According to clinical data, large fraction doses are biologically superior in 
prostate cancer to small fraction doses. Due to the low α/β ratio (1.4-3 Gy) of tumor cells in 
prostate cancer, high doses can be achieved. Therapeutic rate is also increased with hypofrac-
tionational application (2, 3, 5-6). Recently, SBRT has been started to be used in the treat-
ment of prostate cancer in curative, salvage and boost treatments in the literature. Studies 
presenting the specific complications and success rates of all these applications have begun 
to be published. According to the results of the studies on the efficacy of SBRT treatment 
for prostate cancer treatment, biochemical relapse free survival of 90-100% with a median 
follow up of 5 years or more was reported (1-4). In a study conducted by Katz, in low-risk 
prostate cancer SBRT was 35 Gy-36.25 (equivalent dose of 90-95 Gy at 1.8 Gy per fraction, or 
200-212 Gy BED). It has been shown that Gy dose is an effective and low toxic treatment in 
the early period. Again, in this study it was stated that dosing above 35 Gy resulted in more 
toxicity than clinical benefit (6). Koskela et al. investigated the efficacy of SBRT in high-risk 
group. They emphasized that genitourinary or rectal toxicity wasn’t found at acute grade 3 
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and above. The rates of intermediate-term grade 3 genitourinary, rectal and infectious toxic-
ity were low. They stated that PSA control was better in the low- and moderate-risk group 
(7). Janowski et al reviewed the efficacy of SBRT in patients with high prostate volume. This 
study investigated the efficacy and toxicity profile of SBRT in 57 prostate cancer patients 
with low, moderate, and high risk groups and prostate volume ≥50 cm3. SBRT  Cyberknife 
(Accuray) device was used with doses of 35-36.25 Gy in 5 fractions. The 2-year actuarial in-
cidence rates of genitourinary and gastrointestinal toxicity ≥ grade 2 were 49.1% and 1.8%, 
respectively. They reported that SBRT is more reliable and effective than brachytherapy and 
conventional radiotherapy (RT). Another feature of this study is the evaluation of symptom 
flare of late gastrointestinal toxicity due to SBRT and the improvement with conservative 
treatment (1). Mbeutcha et al compared high-dose brachytherapy in post radiation salvage 
therapy in patients with prostate cancer previously treated with RT with SBRT. They empha-
sized that both treatments were effective in the treatment of salvage (2). Fuller et al followed-
up recurrent prostate cancer patients treated with SBRT in 34 Gy / 5 fraction for median 24 
months. They reported 2-year biochemical-free survival of 82% with only 7% of grade 3-4 
urinary toxicity and no severe digestive toxicity (3). Paydar et al investigated whether boost 
therapy with SBRT (19.5Gy in three fractions) was as effective and reliable as brachytherapy 
in patients who received intense-modulated radiation therapy (IMRT) (45-50.4 Gy). Inpatients 
they followed up median 4.2years, cumulative late ≥ grade 2 and ≥ grade 3 genitourinus 
toxicities were observed respectively in 40 and 6% of the patients. Overall modest rates of 
gastrointestinal toxicity were with a 12% cumulative incidence of late ≥grade 2GI toxicity, 
7% late ≥ grade 2 rectal bleeding, and 1% late grade 3 bleeding. They emphasized that the 
side effect of SBRT boost treatment after IMRT is less and more reliable (8).

In conclusion, the data that do not have sufficient maturity and follow-up period sug-
gest that today a gold standard for effective treatment of SBRT in prostate cancer treatment 
is not yet available. However, because of the characteristics of SBRT, it is seen that it can be 
used as the prostate therapy and as an alternative to effective treatment methods. There is a 
need for studies to be conducted in this regard.
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To the editor,

I read the article by abdullah cırakoglu et al. (1) with great interest but i have some points of 
concern with this article.

 Firstly, it is stated that all patients participated in the study have similar lifestyle and 
nutritional habits. However, the details of lifestyle and nutritional habits such as having office or 
night - shift work, consumption of processed meat or alcohol and smoking habits were not men-
tioned in the article. Also using hormonally active medications would be a predisposing factor for 
prostate cancer. Testosterone  supplements (2) or 5 - alpha - reductase inhibitors (5 - ARIs) (3) are 
common examples currently under research whether leading to prostate cancer. The article does not 
reveal any details about the routine medications of the participants. On the other hand, I think, it 
would be rarely possible to say that all of 317 patients who were assessed in the study have similar 
lifestyles and nutritional habits even they used to live in the same geographical region.

 Secondly, the increased number of sexual partners is under consideration in the article 
that it might be liable for having prostate cancer. I think it would be an important predisposing factor 
for prostate cancer due to causing chronic prostatitis which leads to prostatic intraepithelial atrophy 
(PIA) and than cancer in the long - term by recurrent sexually transmitted infections (STIs) (4). But 
the history of urethritis or prostatitis of the participants were not mentioned in the article. Although 
serologic testing could not be performed, questioning the history of urethritis would be beneficial. 
So, I think that considering only the number of sexual partners of the participants through their 
whole life would not be appropriate to determine the risk of prostate cancer unless the number or 
severity of attacks of prostatitis is considered.

 Finally, sexual intercourse frequency is assessed in the study population as a risk factor 
for prostate cancer. Sexual intercourse frequency per month is compared between the two groups 
only for the youth and current period. But the limits of age for these periods are not determined in 
the article. In other words, it is not clear which decade is referred as considering “youth” or “cur-
rent”. In addition, there is conflicting data about the association of ejaculation frequency (5) and 
prostate cancer in the current urologic literature. For some authors, the age of 30 is a critical point 
that ejaculation frequency in younger ages and older ages have different impacts on development of 
prostate cancer. So I believe that the period of age should also be mentioned in the article as well as 
the frequency of sexual intercourse as considering the risk of prostate cancer.

Comment on ‘polygamy, sexual behavior in a population 
under risk for prostate cancer diagnostic: an observational 
study from the black sea region in Turkey’
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▪ Case(s) hypothesis: Proposed premise subs-

tantiating case(s) description
▪ Promising future implications: Briefl y deli-

neates what might it add? Lines of research that 
could be addressed

Full text (maximum 2000 words):
▪ Scenario: Description of case(s) relevant pre-

ceding and existing aspects;
▪ Case(s) hypothesis and rational: precepts, 

clinical and basic reasoning supporting the case(s) 
hypothesis and the raised scenario. Why is it im-
portant and is being reported?

▪ Discussion and future perspectives: what mi-
ght it add and how does it relate to the current lite-
rature. ‘Take-home message’ - lessons learnt;

▪ Table and/or Figure limits: 2 (plates aggre-
gating multiple images are encouraged) each ex-
ceeding table or fi gure will decrease 250 words of 
the full text;

▪ Number of references: 10-15.

Radiology Page: Will be published upon 
the Section Editor decision.

Video Section: The material must be submit-
ted in the appropriate local, in the Journal’s site, whe-
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re all instructions may be found (Video Section link)
Letters to the Editor: The letter should be related 
to articles previously published in the Journal, 
should be useful for urological practice and must 
not exceed 500 words. They will be published ac-
cording to the Editorial Board evaluation.

ILLUSTRATIONS:

The illustrations should not be sent merged in 
the text. They should be sent separately, in the 
fi nal of the manuscript.

1) The number of illustrations should not exceed 
10 per manuscript.
2) Check that each fi gure is cited in the text.
3) The legends must be sent in a separate page.
4) The legends of histological illustrations should 
contain the histological technique and the fi nal 
magnifi cation.
5) The International Braz J Urol encourages color 
reproduction of illustrations wherever appropriate.
6) All histological illustrations should be sup-
plied in color. 

 
ELECTRONIC SUBMISSION:

1) Do not embed the fi gures in the text, but su-
pply them as separate fi les.
2) For Submitting Photographs Electronically, 
please:
Supply photographs as TIFF (preferable) or JPG 
fi les. The TIFF of JPG should be saved at a re-
solution of 300 dpi (dots per inch) at fi nal size.
If scanned, 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.
3) For Submitting Line Artwork Electronically 
please note that:
Line drawings must be supplied as EPS fi -
les (give an EPS extension, e.g. Fig01.eps).
Use black text over light to mid grey and 
white text over dark grey or black shades.
Use lower case for all labeling, except for initial 
capitals for proper nouns and necessary mathe-
matical notation. Centre each fi le on the page and 

save it at fi nal size with the correct orientation. 
We recommend a minimum fi nal width of 65 mm, 
but note that artwork may need to be resized and 
relabeled to fi t the format of the Journal.
4) IMPORTANT - Avoid - Do Not

a) DO NOT embed the images in the text; save 
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 
Word. In general, the fi les supplied in these for-
mats are at low resolution (less than 300 dpi) and 
unsuitable for publication. 
d) DO NOT use line weights of less than 0.25 point 
to create line drawings, because they will nor 
appear when printed.

TABLES: The tables should be numbered with Ara-
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-
zed. They must be identifi ed in the text with Ara-
bic numerals in parenthesis. Do not include unpu-
blished material and personal communications in 
the reference list. If necessary, mention these in 
the body of the text. For abbreviations of jour-
nal names refer to the “List of Journals Indexed 
in Index Medicus” (http://www.nlm.nih.gov). The 
authors must present the references according to 
the following examples; the names of all authors 
must be included; when exist more than six au-
thors, list the fi rst six authors followed by et al. 
The initial and the fi nal pages of the reference 
should be provided:

Papers published in periodicals: 

▪ Paterson RF, Lifshitz DA, Kuo RL, Siqueira Jr TM, 
Lingeman JE: Shock wave lithotripsy monotherapy 
for renal calculi. Int Braz J Urol. 2002; 28:291-301.



1280

▪ Holm NR, Horn T, Smedts F, Nordling J, de la 
Rossete J: Does ultrastructural morphology of 
human detrusor smooth muscle cell characterize 
acute urinary retention? J Urol. 2002; 167:1705-9.
Books:
▪ Sabiston DC: Textbook of Surgery. Philadelphia, 
WB Saunders. 1986; vol. 1, p. 25.

Chapters in Books:
▪ Penn I: Neoplasias in the Allograft Recipient. In: 
Milford EL (ed.), Renal Transplantation. New York, 
Churchill Livingstone. 1989; pp. 181-95.

The Int Braz J Urol has the right of reject 
inappropriate manuscripts (presentation, number 
of copies, subjects, etc.) as well as proposes mo-
difi cations in the original text, according to the 
Referees’ and Editorial Board opinion.

THE EDITORS SUGGEST THE AUTHORS 
TO OBSERVE THE FOLLOWING GUIDELINES 
WHEN SUBMITTING A MANUSCRIPT:

The Ideal Manuscript may not exceed 
2500 words.

The Title must be motivating, trying to 
focus on the objectives and content of the ma-
nuscript.

Introduction must exclude unnecessary 
information. It should briefl y describe the reasons 
and objective of the paper.

Materials and Methods should describe 
how the work has been done. It must contain su-
ffi cient information to make the study reproduci-
ble. The statistical methods have to be specifi ed.

The Results should be presented using 
Tables and Figures whenever possible. Excessive 
Tables and Figures must be avoided. The tables 
should not be repeated on the text.

The Discussion must comment only the re-
sults of the study, considering the recent literature. 

Conclusions must be strictly based on the 
study fi ndings.

References should contain no more than 
30 citations, including the most important articles 
on the subject. Articles not related to the subject 
must be excluded.

The Abstract must contain up to 250 words 
and must conform to the following style: Purpose, 
Materials and Methods, Results and Conclusions. 
Each section of the manuscript must be synthe-
sized in short sentences, focusing on the most 
important aspects of the manuscript. The authors 
must remember that the public fi rstly read only 
the Abstract, reading the article only when they 
fi nd it interesting. 

NOTE:
Recent issues of the International Braz J Urol must 
be observed concerning the presentation form of 
the manuscript.
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The authors should observe the following checklist before submitting a manuscript 
to the International Braz J Urol

� 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.

� The references were presented according to the examples provided in the Information for Authors. The references were 
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 
must be accordingly to the informed in the Instructions for Authors, depending on the type of manuscript.

� The staining technique and the fi nal magnifi cation were provided for all histological illustrations. The histological illustra-
tions are supplied in color.

� Legends were provided for all illustrations, tables, and charts. All tables and charts were in separate pages and referred to 
in the text. All illustrations and tables are cited in the text.

� An Abstract was provided for all type of articles. The length of the Abstract is about 250 words.

� A corresponding author with complete address, telephone, Fax, and E-mail are provided.

� A submission letter and a disclosure form, signed by all authors, are included.

� The authors should included written permission from publishers to reproduce or adapt a previously published illustrations 
or tables.

� Confl ict of Interest – Any confl ict of interest, mainly fi nancial agreement with companies whose products are alluded to in 
the paper, is clearly disclosed in the manuscript.

� 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.

� A list of abbreviations is provided.
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