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Anti-neoplastic Activity of Curcumin in PCa Cell Lines

was lower, less than 10% at the two concentrations 
mentioned above. When curcumin was used at 50 μM, 
apoptosis was the most common process identified, 
as 64.3% of cells seemed to be dying by apoptosis. 
Late apoptosis was the next most common form of 
death, as 34% of the cells were classified this way. 
Overall, 98.6% of the cells were dying, and necrosis 
only accounted for 0.35% of this cell population.
 Analysis of LNCaP cells also showed en-
hanced apoptosis and a decrease in necrosis after 
treatment with increasing concentrations of curcumin. 
As shown in Figure-2B, at 50 μM curcumin, almost 
90% of the cells were undergoing apoptosis. However, 
in contrast to the behavior of the PcBra1 cells, the 
LNCaP cells in late apoptosis continued to increase, 
reaching 63% with 25 μM curcumin. At 50 μM, the 
late apoptotic population was reduced to 9% of the 
cells.

COMMENTS

 In this study, we investigated the anti-neoplas-
tic effect of curcumin on a prostate cancer cell line 
developed in our laboratory. We call this line PCBra1, 
and it originated from a localized PC. The results of 
our study demonstrate that at concentrations of 10 
μM, 25 μM and 50 μM, curcumin induced apoptosis 

in increasing proportions of cells: 31.9%, 52.2% and 
64.3% respectively. The percentage of cells undergo-
ing necrosis was lower, less than 10%, and the amount 
of cells in late apoptosis was variable between 34.0% 
and 37.0%, with an overall cell death of 98.6%. When 
we compared these results to a metastatic cell line 
of PC, LNCaP, the results were very similar. More 
tumor cells underwent apoptosis as the concentration 
of curcumin increased. At 50 μM, almost 90% of the 
cells had undergone apoptosis.
 Curcumin induces apoptosis through ROS-
dependent pathway, caspase activation and inhibit-
ing Bcl-2 family members (10). One intriguing fact 
that we have observed in this study was a decreasing 
number of necrotic cells as long as the apoptosis rises 
under increasing concentrations of curcumin. We 
can hypothesize that curcumin could be acting over 
other proteases than caspases, not yet characterized, 
that under lower concentration lead to necrosis as an 
alternative of apoptosis. This should be motive of 
further studies.
 These results identify similarities in the 
behavior of the two cell lines. It is important to men-
tion that the cell line established by us, PCBra1, was 
derived from an obstructive, localized, androgen-
independent prostate adenocarcinoma, while the 
LNCaP cells are originally from a metastatic site and 
androgen-dependent prostate cancer. DU-145 and 

Figure 1 –  Immunocytochemistry results of PcBra1 cell line. A) Expression of PSMA. B) Cytokeratins, confirming the epithelial phenotype 
and prostate origin. Vimentin and desmin were negative eliminating the possibility of fibroblast or endothelial cell contamination.
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EDITOR’S COMMENT

International Braz J Urol

Anti-neoplastic Activity of Curcumin in PCa

The May – June 2009 issue of the International Braz J Urol presents important contri-
butions from different countries, and as usual, the editor’s comment highlights some papers. 

Doctor Leite and co-investigators, from Laboratory of Medical Investigation, Sao Paulo University, 
-

cally, they used the LNCaP cell line and another prostate cell line developed in their own laboratory, PcBra1. 
A prostate cancer cell line was isolated from a localized prostate cancer with a Gleason score of 9 (4+5). 
After six passages, the new cell line was treated with varying doses of curcumin. Apoptosis was detected 

well-established metastatic prostate cancer cell line, LNCaP. Increasing concentrations of curcumin promoted 
more apoptosis in the PcBra1 cells. Exposure to 10 and 25 μM curcumin induced apoptosis in 31.9% and 
52.2% of cells, respectively. Late apoptosis was induced in 37% of cells after treatment with 10 μM curcumin 
and 35% of cells with a 25 μM treatment. Necrosis accounted for less than 10% of the death in these cells at 

conclusion, the authors have shown that curcumin acts on localized prostate cancer to induce apoptosis and 
may therefore be an option as a future therapeutic agent. Dr. Gerd Birkenmeier, from Institute of Biochem-
istry, School of Medicine, University of Leipzig, Germany, provided an interesting editorial on this research.

Doctor Lang and co-workers, from Downstate School of Medicine, Brooklyn, NY, USA, studied on page 

patients that underwent nephrolithotomy or nephrolithotripsy, a total of 127 had an intercostal access tract (11th 
or 12th rib) and 515 had a subcostal access tract. Considering the major complications found and the advantages 
that the intercostal access route offers to the surgeon, the authors concluded that it is reasonable to recommend 
its use after proper pre-procedural assessment of the anatomy, and particularly the respiratory lung motion. Dr. 
Evangelos Liatsikos, from University of Patras Medical School, Greece, Dr. Riccardo Autorino & Dr. Marco De 
Sio, from Second University of Naples, Italy and Dr. John Denstedt, from The University of Western Ontario, 

(NSAIDs) and opioids in pain relief for extracorporeal shock wave lithotripsy (SWL) powered by an elec-
tromagnetic generator. Data from 3 trials (244 patients) were pooled. The primary outcome measure was 

patients with adequate anesthesia was compared between the NSAIDs and opioids groups as an odds ratio and 
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EDITOR’S COMMENT - continued

difference between using NSAIDs and opioids for pain relief during SWL using modern electromagnetic 
lithotripters. In conclusion, the analysis showed that in relieving pain during SWL using modern electro-
magnetic lithotripters NSAIDs are as effective as opioids. Dr Ayten Bilir, from Department of Anesthesiol-

Doctor Onal and colleagues, from Cerrahpasa School of Medicine, University of Istanbul, 

due to multiple sclerosis (MS) and determined the relationship between urological and neurological 

onset. The authors concluded that the prevalence of mixed symptoms in patients with MS is higher than 
storage or voiding symptoms alone. Although detrusor overactivity and detrusor-sphincter dyssynergia 
were the most common urodynamic diagnoses, upper urinary tract deterioration was rarely found. 

Doctor Sager and collaborators, from Hospital de Pediatria Dr. J.P. Garrahan, Buenos Aires, Argentina, 

obstruction at diagnosis and during postoperative follow-up. They conducted a case-control study including 

become a useful tool for the diagnosis of obstructive hydronephrosis and the evaluation of the parenchyma 
function status, pre and postoperatively. Dr. Sarel Halachmi, from Technion Israeli Institute of Technology, 
Haifa, Israel, Dr. Osama M. Sarhan, from Mansoura University, Egypt, and Dr. Seth A. Alpert, from 
Nationwide Children’s Hospital, Columbus, Ohio, USA, provided interesting editorial comments on this paper.

Francisco J.B. Sampaio, M.D.
Editor-in-Chief
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ABSTRACT

Purpose: To assess the current treatment of metastatic renal cell carcinoma, focusing on medical treatment options.
Material and Methods: The most important recent publications have been selected after a literature search employing 
PubMed using the search terms: advanced and metastatic renal cell carcinoma, anti-angiogenesis drugs and systemic 
therapy; also significant meeting abstracts were consulted.
Results: Progress in understanding the molecular basis of renal cell carcinoma, especially related to genetics and angio-
genesis, has been achieved mainly through of the study of von Hippel-Lindau disease. A great variety of active agents 
have been developed and tested in metastatic renal cell carcinoma (mRCC) patients. New specific molecular therapies 
in metastatic disease are discussed. Sunitinib, Sorafenib and Bevacizumab increase the progression-free survival when 
compared to therapy with cytokines. Temsirolimus increases overall survival in high-risk patients. Growth factors and 
regulatory enzymes, such as carbonic anhydrase IX may be targets for future therapies.
Conclusions: A broader knowledge of clear cell carcinoma molecular biology has permitted the beginning of a new era 
in mRCC therapy. Benefits of these novel agents in terms of progression-free and overall survival have been observed in 
patients with mRCC, and, in many cases, have become the standard of care. Sunitinib is now considered the new reference 
first-line treatment for mRCC. Despite all the progress in recent years, complete responses are still very rare. Currently, 
many important issues regarding the use of these agents in the management of metastatic renal cancer still need to be 
properly addressed.

Key words:  renal cell carcinoma; neoplasm metastasis; anti angiogenetic agents; therapy
Int Braz J Urol.  2009; 35: 256-70

INTRODUCTION

 Kidney cancer is responsible for more than 
100,000 deaths per year (1). Renal cell carcinoma 
(RCC) remains one of the greatest challenges of 
urological oncology and is the third leading cause of 
death in genitourinary cancers. For unclear reasons, 
since the fifties, the annual incidence has risen by 
approximately 130%. According to the U.S. Surveil-
lance, Epidemiology and End-Results statistics, 45% 
of these tumors have been diagnosed as locally ad-
vanced or metastatic disease and the two-year survival 
rates varies between 0 to 20% (2).

 Review ArticleReview Article

 During the past decades, immunotherapies 
with cytokines based on interferon alpha (IFN-alpha) 
and interleukin-2 (IL2) have been the standard thera-
pies for mRCC. Results with these standard therapies 
have been poor and with significant toxicities. Results 
with chemotherapy and hormonal agents have like-
wise been disappointing.
 The usefulness of newer targeted therapies 
has been demonstrated in other malignancies such as 
gastro-intestinal stromal and colonic tumors, as well 
as leukemia. These therapies are directed at specific 
molecular targets implicated in angiogenesis and tu-
mor proliferation. These encouraging results, coupled 
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with a fuller understanding of molecular pathways in 
RCC have paved the way for new targets in the treat-
ment of kidney cancer.

TREATMENT OF METASTATIC 
DISEASE

 Conventionally, the following therapeu-
tic modalities are available for patients with 
mRCC.

Nephrectomy and/or Metastasectomy Alone

 Nephrectomy can improve quality of life and 
may, although rarely, induce spontaneous regression 
of metastases (0.7%). If the metastases are resectable, 
nephrectomy with metastasectomy is the best treat-
ment option for disseminated renal cell carcinoma. 
This, however, is applicable to less than 2-3% of 
patients and may be associated with significant peri-
operative morbidity and mortality (3).
 Metastasectomy has provided a five-year 
survival rate of 25-60% for pulmonary metastases, 
13-30% for a single osseous lesion, 50-75% for local 
recurrences. Regarding metastasectomies in cerebral 
lesions, if complete resection can be achieved, the 5-
year survival rate can be doubled when compared to 
observation, 13.8% vs. 7% respectively (4,5). Advan-
tages have been demonstrated when hepatectomy was 
performed in patients with single hepatic lesions (4).

Neoadjuvant Cytoreductive Surgery and 
Immunotherapy

 Radical nephrectomy prolongs survival in 
metastatic patients when combined with cytokine 
therapy (6-8). This approach offers some theoretical 
advantages, such as prevention of complications dur-
ing systemic treatment, reduction of tumor immuno-
suppressive potential, removal of the primary source of 
growth factors and providing tumor cells for analysis 
and experimental therapies. Non-randomized studies 
have demonstrated objective complete responses in 
12.6% and partial responses of 39% (9).
 The European Organization for Research and 
Treatment of Cancer has reported a trial (EORTC 

30947) where patients with mRCC were randomized 
to IFN-alpha or INF-alpha plus radical nephrectomy. 
In the group submitted to radical nephrectomy, the 
overall survival increased from 7 to 17 months (6). 
Also, in the early 2000´s, Flanigan et al. (Southwest 
Oncology Group Trial 8949) randomly investigated 
surgery followed by IFN-alpha vs. IFN-alpha alone, 
and also found a longer median survival in the com-
bination arm (11.1 vs. 8.1 months; p = 0.05) (7).
 Therefore, the standard of care in the immu-
notherapy era was cytoreductive nephrectomy prior 
to immunotherapy. Whether nephrectomy will be 
required in the new era of targeted therapy remains 
unclear and awaits clarification in future trials. Lapa-
roscopic cytoreductive nephrectomy may serve to 
decrease the postoperative recovery time and therefore 
allow earlier initiation of systemic therapy.

Initial Systemic Therapy Followed by 
Nephrectomy in Responders

 It seems logical to suppose that in patients 
who respond favorably to initial systemic therapy, cy-
toreductive nephrectomy would be beneficial. Benefits 
could include the possibility of down-staging the tu-
mor and the sparing of the morbidity of surgery in the 
non-responders. However, there is a lack of evidence 
to support this approach, although survival results 
are promising (10,11). There exist no reported data 
regarding the optimal timing of surgery or whether 
the morbidity of a later procedure is increased.

Immunotherapy Alone

 Several controlled trials concerning immuno-
therapy in metastatic renal cell carcinoma (mRCC) 
have shown response rates of 2-39% (12). However, 
in the majority of these trials, the patients had under-
gone nephrectomy before any evidence of clinical 
metastases, therefore the option of “immunotherapy 
alone” remains incompletely evaluated.

Cytokines

 Treatments that combine chemotherapy and 
hormonal agents have had modest clinical benefits (5-
10%). However, immunotherapy produced objective 
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response rates in the range of 10-20% with median 
stable disease (SD) of 3-16 months (13).

The clinical use of Interferon (IFN)-alpha and 
Interleukin(IL)-2 was extensively studied in the last de-
cade and considered the first-line strategy in the treatment 
of mRCC. IL-2 was discovered in 1976 and described as 
a protein that promotes “in vitro” T cell growth.
 A Cochrane review and a meta-analysis con-
firmed the value of IFN-alpha in mRCC. IFN-alpha 
provides response rates of 10-15% and complete 
responses in 1-2%, however durable responders were 
rare (14,15). Randomized trials comparing hormonal 
therapy and IFN resulted in a reduction of death 
risk of 28% in the IFN arm. The IFN group showed 
an improvement of 2.5 months in overall survival. 
Similar results were found when IFN was compared 
to chemotherapy (16).
 Despite the low response rate to IFN, a sig-
nificant improvement in survival was evident. Such 
benefit is now questionable, because it could be due 
to disease stabilization, which may occur in a great 
number of patients. Carbonic anhydrase IX (CA IX) 
expression may play a strategic role tumor progression 
or stabilization. Previous investigations have demon-
strated that RCC without Von-Hipple Lindau (VHL) 
mutation showed lower CAIX expression and this is 
invariably associated with a highest malignant potential 
(17). Other biomarkers may also be of interest, such 
as levels of vascular endothelial growth factor (VEGF) 
and VEGFR subtypes and COX2 expression.
 High dose intravenous IL2 can produce a com-
plete response (CR) in selected patient cohorts. In a non-
randomized trial, approximately 9% of patients obtained 
a CR and 70-80% maintained a prolonged response (17). 
IL2 and IFN have been shown to improve response rate 
and progression-free survival in a large randomized trial 
and may represent a good treatment option. Cytokine 
therapies have significant toxicity and IV regimens re-
quire intensive care but until recently they were the only 
treatment strategy available in mRCC.

New Target-Therapies for Metastatic-RCC

Von-Hippel-Lindau Disease (VHL) and 
Molecular Targets
 In 1904, the German ophthalmologist Eugene 
Von Hippel reported a case of retinal angioma. Twenty 

years later, the Swedish pathologist Arvid Lindau de-
scribed a central nervous system hemangioblastoma. 
However, it was only in 1928, that Cushing and Bailey 
described the syndrome. VHL affects approximately 1 
in 35000 individuals. VHL is an autosomal dominant 
disease, whose genetic defect is located in chromo-
some 3p25-26 (18). The clinical manifestations are 
a variety of tumors in the retina, cerebellum, spinal 
cord, epididymis, pancreas, adrenals and kidneys. 
The VHL gene is highly preserved and present from 
insects to mammals, indicating biological importance 
in homeostasis.
 Mutations of VHL gene are described in al-
most 100% of familial RCC. The incidence of RCC in 
VHL patients is 24-45% and they are all of the clear 
cell variety.
 Also, VHL gene is often mutated in sporadic 
RCC and VHL disease molecular scheme serves as 
model for understanding the action mechanism of the 
new anti-angiogenic drugs. Inactivation of the VHL 
tumor suppressor gene induces a hyper-expression of 
genes regulated by hypoxia, including vascular endo-
thelium grown factor (VEGF), platelet-derived growth 
factor (PDGF) among others (Table-1) (Figure-1).
 Probably, the VHL mutation in RCC is an 
early event, because 80% of T1, low grade (G1-G2) 
and incidental tumors express such mutation. There-
fore, other molecular routes are likely involved in 
RCC angiogenesis (19).
 A better understanding of tumoral angio-
genesis and the multiple signal routes implicated in 
renal cancer progression, have resulted in clinical use 
and in recent approval by European (EMEA) and US 
Agencies (FDA) of anti-angiogenic drugs for treat 
mRCC.
 At least 5 emerging anti-angiogenic drugs 
are being intensively investigated. Initially, these 
drugs were investigated as second-line treatments 
in metastatic disease. Results have been promising 
and phase III trials were and are being conducted. A 
great number of trials are open, to study using them 
as first-line monotherapy or in horizontal and vertical 
combinations (Table-2).
 However, there has been criticism of the cur-
rent way to determine tumor response to these new 
agents. Critics argue that the traditional criteria based 
only in tumor size changes, the Response Evaluation 
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Table 1 - Growth factors related to target therapies in renal cancer management.

Growth Factors Receptor Function

HIF Hypoxia inducible factor
(subunits alpha and beta)

Specific DNA 
sequence

Activates the transcription of target genes that codify 
proteins as VEGF, PDGFR, TGF-alpha, EGF, erythro-
poietin.

VEGF Vascular endothelial growth 
factor

VEGFR Most potent pro-angiogenic.
Stimulates proliferation, metastases and inhibits apop-
tose.

PDGF Platelet-derived growth 
factor

PDGFR Tumoral proliferation through induction of DNA synthe-
sis, growth and apoptose inhibition.
Possibly a negative prognostic marker.

EGF Epidermal growth factor EGFR
(ErbB-1, 2, 3 e4)

Stimulates VEGF production.
Negative prognostic marker.

CAIX Anhydrase carbonic IX Regulates ions channels, pH, hypoxia conditions.
Contributes to invasion and metastases.

TGF-
alpha

Transforming growth factor 
alpha

ErbB-1 Induces angiogenesis and cell proliferation

HGF Hepatocyte grown factor MET Implicated in survival and dissemination

Figure 1 – Molecular scheme of mechanism of action of von Hippel-Lindau protein (VHL). In conditions of hypoxia or VHL gene 
inactivation and consequently, absence of codified protein (pVHL), there is no formation of complex formed by the binding of hypoxia 
inducible factor (HIF) and hydroxyproline residue. Therefore, there is no HIF degradation, resulting in accumulation of HIF in nucleus 
and promoting oncogenesis, through super-expression of encoding genes implicated in: tumoral angiogenesis (vascular endothelial 
growth factor [VEGF]), glucose transport (GLUT1, GLUT3), glycolisis (fosfofrutose-6 quinase-2), pH control (cabonic anhydrase 
family, CA IX), endothelial proliferation (platelet-derived growth factor [PDGF], transforming growth factor-alpha [TGF-alpha]), 
erythropoietin (EPO), cellular migration (CXCR4) and apoptosis (Bid, Bax, Bad) (15).
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Table 2 – Novel target agents in management of metastatic renal cell carcinoma.

Agent Molecular Target Action and Comments

VEGF Inhibitors
Bevacizumab Monoclonal antibody VEGF Inhibit angiogenesis
VEGF Trap VEGF Inhibit angiogenesis

Tyrosine-kinases Inhibitors
Sorafenib
(BAY 43-9006)

Multi-tyrosine kinases 
inhibitor

C-RAF, B-RAF, * KIT†

VEGFR-2, VEGFR-3,‡ 
PDGFR-beta§

Inhibit tumoral growth
Inhibit angiogenesis

Sunitinib
(SU 11248)

Multi-tyrosine kinases 
receptors inhibitor

KIT, FLT-3,║ RET¶

PDGFR, VEGFR 1, 2 e 3
Inhibit tumoral growth

Inhibit angiogenesis
Vatalanib
(PTK787/ZK222584)

TK receptors inhibitor VEGFR- 1 and 2, 
PDGFR

Inhibit angiogenesis

Axitinib
(AG-013736)

TK receptors inhibitor VEGFR-1, 2 and 3, 
PDGFR-beta

Inhibit angiogenesis

Pazopanib
(GW786034)

Multi-tyrosine kinases 
inhibitor

KIT
VEGFR-1, 2 and 3, 

PDGFR-alpha and beta

Inhibit cell proliferation
Inhibit angiogenesis

Imatinib TK inhibitor PDGF Inhibit angiogenesis
(XL 880) Dual TKI MET, VEGFR2 Inhibit grown, angiogenesis, dissemination

EGF Inhibitors
Lapatinib
(GW572016)

Selective inhibitor EGFR (ErbB2) Inhibit angiogenesis

Gefitinib
(ZD1839)

Selective inhibitor EGFR (ErbB2) Inhibit angiogenesis
Inhibit cell proliferation

Erlotinib
(OSI-774)

Selective inhibitor HER1/EGFR TK Inhibit angiogenesis

m-TOR Inhibitors
Temsirolimus 
(CCI-779)

Selective inhibitor m-TOR** Inhibit tumoral growth, remaining in G1 
cell cycle.

Inhibit angiogenesis
Everolimus 
(RAD-001)

Selective inhibitor m-TOR Inhibit tumoral growth, remaining in G1 
cell cycle.

Inhibit angiogenesis
Miscellaneous

Bortezomib (OS-341) HIF inhibitor Proteossoms Inhibit HIF degradation.
Great toxicity.

Velociximab Anti-integrin antibody alpha5beta1

G250 (WX-G250) Selective inhibitor CAIX†† Monoclonal antibody IgG1.
Not expressed in normal proximal tubular 

epithelium.
Phase II trial in process. Less toxicity than 

cytokines

* = C-RAF, B-RAF - serine/threonine kinase isoforms; † = KIT - stem cell factor receptor; ‡ = VEGFR-2, VEGFR-3 – vascular endo-
thelial growth factor receptors; § = PDGFR, PDGFR-beta  plaquet-derived growth factor receptors; ║ = FLT-3 – tyrosine kinase-3 
Fms like; ¶ = RET - glial cell lineage derived neurotrofic factor; ** = m-TOR – mammalian target of rapamycin; †† = CAIX - carbonic 
anhydrase IX
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Criteria in Solid Tumors (RECIST) probably is not 
the best way to determined if anti-angiogenic drugs 
works or not in clinical trials. Therefore, other end-
points, such as stable disease and progression-free 
survival should be considered to predict new agents’ 
approval.
 Based on pretreatment patient characteristics, 
independent prognostic indicators were identified in 
anti-angiogenic agents’ trials and they are similar to 
those reported in cytokine era. Baseline risk factors 
that need to be considered in order to achieve the 
best possible outcome include time from diagnosis 
to treatment (if < 1 yr. vs. ≥ 1 yr.), age, performance 
status, RCC subtypes, site and size of metastases, 
symptoms, corrected calcium (20).

Sunitinib Malate - SU11248 (Sutent® - Pfizer)
 Sunitinib is a small molecule, oral multitar-
geted tyrosine kinase inhibitor (TKI) whose target 
is several tyrosine-kinase receptors (TKR). Also, 
Sunitinib has an anti-tumoral action directly in some 
tumor cells and an anti-angiogenic action through se-
lective inhibition of PDGFR-alpha and PDGFR-beta, 
VEGFR types 1 to 3, KIT and FLT3. Results of two 
phase II trials have been published, using Sunitinib as 
second-line therapy in mRCC refractory to cytokines 
(19,21). These studies included 63 and 106 patients, 
respectively. The treatment was designed with Suni-
tinib 50 mg/day for 4 weeks in repeated cycles to ev-
ery 6 weeks. The principal adverse effects related were 
fatigue (38%, 28%), diarrhea (24%, 20%), nausea 
(19%, 13%) and stomatitis (19%, 14%). Laboratory 
abnormalities grade 3 and 4 (graduation in agreement 
with National Cancer Institute Common Terminology 
Criteria for Adverse Events - CTCAE, Version 3.0); 
such as neutropenia, anemia, thrombocytopenia and 
lipase increase were observed in 13% and 16%, 10% 
and 6%, 0% and 6%, and 21% and 17% in the two 
studies, respectively. The overall response rates were 
40% and 44% and 3-months SD was achieved in 28% 
and 23% of the cases, respectively. In general, 66% 
of the patients had some clinical benefit. The progres-
sion-free survival (PFS) was 8.7 and 8.3 months, 
respectively, the median survival was 16.4 months in 
the first study, and it was not reported in the second.
 Such response rates, measured by RECIST 
criteria, had not been observed in second-line treat-

ments in the conventional immunotherapy era. Figure-
2 shows an example of partial response with Sunitinib 
that is the new standard of care for mRRC.
 A phase III trial comparing IFN-alpha and 
Sunitinib as first-line treatment for mRCC was re-
cently completed. 750 patients were enrolled and 
randomized, 90% had undergone prior nephrectomy. 
The average PFS was longer in the Sunitinib group 
compared with the IFN group (11 vs. 5 months). 
Only one case of complete response was observed 
in Sunitinib group (22). Although not yet published, 
survival data analysis was orally presented in the 2008 
American Society of Clinical Oncology (ASCO) An-
nual Meeting showing a survival benefit in favor of 
Sunitinib (23).
 Currently, a great number of trials are open, 
combining Sunitinib with Gefitinib, Bevacizumab, 
Gemcitabine, Capecitabine or Interferon. Caution 
is recommended in associating Sunitinib and cyto-
chrome P450, CYP3A4 inhibitors or inducers. Car-
diovascular safety remains unknown.

Sorafenib Tosilato - BAY 43-9006 (Nexavar® 
- Bayer)
 Sorafenib is an oral multi-kinase inhibitor and 
it has an antitumoral activity in xenograft models of 
human RCC. Initially, it was presumed that Sorafenib 
acted by inhibiting serine/treonine Raf-1 kinase. 
Inhibitor activity against B-Raf and other TK recep-
tors as VEGFR-2, PDGF-R, FLT-3 and c-kit were 
proven.
 Two phase II trials have been reported and 
have described significant clinical benefits in meta-
static patients (recommended dose as 400 mg orally 
twice daily). In one of these studies, 397 patients with 
several types of refractory solid tumors were included, 
of these, 89 patients had mRCC and SD was observed 
in 50% (24). In 2005, an interim analysis of a phase III 
trial were presented and final results published in 2007 
(TARGET - Treatment Approaches in Renal Global 
Cancer Evaluation Trial), that compared Sorafenib 
and placebo in refractory metastatic patients (25). 
A dose modification was necessary in 25% of the 
patients who presented with adverse events. Treat-
ment was discontinued in 38%, however, only 9% 
discontinued the treatment because of adverse ef-
fects. The more common side effects were skin rash 
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or desquamation (31%), diarrhea (30%), hand-foot 
skin syndrome (26%) and fatigue (18%). Hyperten-
sion (8%) and neuropathy (9%) were rarely observed. 
No significant hematological or biochemical toxicity 
was observed. Eighty percent of the patients showed 
a clinical benefit. In the Sorafenib group, a PR was 
achieved in just 2%, but SD was observed in 78%, 
while in the placebo arm there were no PR and SD 
was seen in 55%. The PFS was 24 weeks in the 
Sorafenib arm, against 12 weeks in the placebo arm 
(p < 0.000001). Because of this prolongation of the 
PFS, the protocol TARGET was modified, allowing 
patients in the placebo arm to be crossed-over for 
treatment with Sorafenib (Figure-3).
 A phase II trial comparing first-line Sorafenib 
vs. IFN  was presented at ASCO 2007 and there was 
no difference in PFS between both arms (26). Ryan 
et al. and SWOG presented a phase II trial, where 

Sorafenib was combined with IFN as first-line therapy. 
In 62 patients, PR was achieved in 19% and a PFS in 
50% (27).

Bevacizumab (Avastin® - Genentech - Roche)
 Bevacizumab is an anti-VEGF monoclonal 
humanized recombinant antibody (anti-VEGF MoAb) 
that recognizes all VEGF isoforms and has a pro-
longed half-life (17-21 days). Yang et al. first reported 
results of a randomized phase II study that compared 
patients with mRCC refractory to cytokine therapy. 
One hundred and sixteen patients were randomized 
into 3 groups: 40 patients to placebo, 37 to the Beva-
cizumab group at a dose of 3 mg/kg and 39 patients 
10 mg/kg q2w. PFS (4.8 months) was increased sig-
nificantly in high-dose Bevacizumab, compared with 
placebo (2.5 months) (p = 0.001) (28). The high-dose 
Bevacizumab group reached PR of 10%. The prob-

Figure 2 – Axial CT image showing examples of partial response of a renal cell carcinoma metastases in liver and lung.
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ability of PFS for patients that received this antibody 
in high-dose, low-dose and placebo were 64%, 39% 
and 20% in 4 months, and 30%, 14% and 5% to the 8 
months, respectively. The study was interrupted after 
interim analysis because of the differences observed 
in PFS. Usually, the treatment was well tolerated: 
hypertension, malaise and proteinuria were the most 
common side effects.
 Combinations between Bevacizumab and 
other drugs are currently under investigation. Al-
though monotherapies targeted against epidermal 
grown factor receptor (EGFR) have yielded disap-
pointing results, Hainsworth et al. published their 
results in 63 patients with metastatic RCC associating 
Bevacizumab 10 mg/kg 2/2 weeks and Erlotinib 150 
mg oral daily (29). The treatment was usually well 
tolerated. At 8 weeks, 25% of patients had an objective 
response with SD in 61%. Another study, comparing 
Bevacizumab with thalidomide versus Bevacizumab 
alone, demonstrated similar toxicity and PFS (30). 

However, the combination therapy with Bevacizumab, 
Erlotinib and Imatinib, did not provide additional 
clinical benefit and the toxicity was higher (29).
 Results of two phase III trials have been 
published. Patients were randomized to IFN-alpha 
alone, IFN-alpha plus placebo or IFN-alpha with 
Bevacizumab (randomized open label design CALGB 
90206; n = 732, and BO17705/Avoren; n = 649) 
(31,32). Escudier et al. recently published the results 
of a phase III trial. The Avoren study enrolled 649 
untreated mRCC patients, to receive IFN-alpha (9 
MIU subcutaneously 3x/week) and Bevacizumab 
(10 mg/kg q2w; n = 327) or placebo and IFN-alpha 
(n = 322). The study was not blinded after an interim 
analysis, because PFS was significantly improved in 
the combined group compared to IFN (10.2 months 
vs. 5.4 months, p = 0.0001) irrespective of risk group 
(32). Results of CALGB 90206 are available in ab-
stract form. In this trial, the PFS was significantly 
increased in the Bevacizumab plus IFN arm compared 
to IFN alone (8.5 to 5.2 months; p = 0.0001). Also 
the combination produces more objective responses 
(25% vs. 13%; p = 0.0001). Data concerning overall 
survival are not available (31).
 Finally, many other combinations are being 
studied with Bevacizumab and other drugs, such as 
high-dose IL-2 and IL-2 subcutaneous. Further com-
bination studies are ongoing with Sorafenib, Sunitinib 
and temsirolimus, such as the phase II BeST trial.

Temsirolimus - CCI-779 (Torisel® - Wyeth Phar-
maceuticals)
 CCI-779 (rapamycin-42-[2,2-bis-(hydroxy-
methyl)]-propionate) is a specific inhibitor of mTOR 
kinase, a serine/treonine kinase that plays a funda-
mental part in cell cycle regulation. The mTOR has an 
effector role in phosphadityl-inositol-3-kinase and Akt 
signaling pathways. The suppressor gene called PTEN 
regulates Akt and mTOR activity, whose activation, 
increases hypoxia inductive factor (HIF). This gene 
is frequently methylated in RCC (33).
 In 2004, Atkins et al., reported a phase II study 
including 111 patients with refractory mRCC, with PR 
in 7%. The global clinical benefit was 51%, median 
PFS was 5.8 months and overall survival was 15 
months with 26% of patients alive after 2 years (34). 
In the same year, a phase I study evaluated Temsiro-

Figure 3 – Hand-foot skin syndrome (courtesy of: Dr. 
Lacouture).
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limus in combination with IFN. The maximum dose 
of Temsirolimus was 15 mg/week with IFN-alpha 6 
MU 3x/week. Seventy-one patients with mRCC were 
included and the objective response rate was 11%, 
while the global clinical benefit was 41% and PFS 
was 9.1 months (35).
 In 2007, Hudes et al. published the results 
of the Global ARCC trial, a randomized phase III 
trial with 3 arms: IFN alone, IFN with Temsirolimus 
and Temsirolimus alone. A total of 626 patients were 
randomized. 67% had had a prior nephrectomy and 
80% had clear cell histology. The overall survival was 
increased in the temsirolimus group when compared 
to IFN (10.9 vs. 7.4 months; p = 0.001). This study 
concluded that monotherapy with Temsirolimus in-
creases overall survival in high risk patients (33). In 
May 2007, Temsirolimus was approved by the FDA 
for the treatment of mRCC. Temsirolimus is also being 
studied versus Sorafenib in patients who have failed 
first-line Sunitinib.

Everolimus - RAD-001 (Certican® - Novartis)
 Everolimus is a rapamycin analogue and an 
oral mTOR inhibitor. It was studied as second-line 
therapy in 25 patients, with a dose of 10 mg/day in a 28 
day cycle. Objective responses of 33% were obtained 
and side effects were mucositis, rash, hyperglycemia 
(36).
 A placebo-controlled phase III trial inves-
tigated second-line RAD001 after failure of TKIs 
(RECORD-1 trial). After documented progression, 
patients placed initially in placebo group were able to 
crossover to receive everolimus. Preliminary results 
demonstrated that RAD-001 improved PFS over pla-
cebo in patients who previously failed TKI therapy 
(4.6 months vs. 1.8 months, respectively). There was 
no difference in terms of overall survival, perhaps due 
to crossover (37).

Vatalanib - PTK787/ZK222584 (Novartis 
Pharmaceuticals)
 PTK787/ZK222584 is an oral inhibitor of 
tyrosine-kinase receptors VEGFR-1, VEGF-R-2 and 
PDGF-R. In phase I/II studies measurable responses 
in 7 of 37 patients (19%) were observed and SD 
was achieved in 46%, while PFS was of 5.5 months 
(38).

Axitinib - AG-013736 (Pfizer)
 AG-013736 is a TK receptors inhibitor 
through a proven role on VEGFR-1, 2 and 3, PDG-
FR-beta and c-kit by image perfusion and capillary 
permeability studies.
 Rini et al. demonstrated anti tumoral effects 
of AG013746 in a phase II study that include 52 
patient mRCC refractory to systemic treatment with 
cytokines (IL-2). The oral dose of 5 mg 2x/day was 
instituted until disease progression or unacceptable 
toxicity. No patient obtained complete response, 40% 
had PR and 28% SD, with a clinical benefit of 69%. 
The treatment was discontinued in 54% of patients 
however only 12% of suspension were due to side 
effects (39). A Phase 3 study comparing Axitinib to 
Sorafenib in patients who fail Sunitinib was due to 
commence in 2008.

Pazopanib - GW786034 (Glaxo Smith Kline)
 Pazopanib is another oral TKI and inhibitor of 
VEGFR, PDGFR and c-kit. Initial studies demonstrate 
antitumoral activity in several tumors. In one study 
3 of 3 mRCC patients showed some clinical benefit. 
Interim analysis of a phase II trial, analyzed the role 
of Pazopanib as cytokine naïve and refractory patients. 
Based on a consistent response rate of 27% observed 
after 60 treated patients, the randomization was dis-
continued and the study continued as a single-label, 
single-arm study. Drug related grade 3 or 4 adverse 
events were observed in 37% of the patients and 11% 
of the patients discontinued the treatment (40). A 
phase III trial is ongoing.

Lapatinib (GSK)
 Lapatinib is an oral selective and reversible 
inhibitor of EGFR and ErbB2. EGFR is expressed in 
the majority of mRCC patients. In a phase III trial, 
used as second-line versus hormones the PFS was 
not significantly different, however, retrospectively, 
in selected patients, who demonstrated EGFR super-
expression, the PFS was longer. The principal side 
effects were rash and diarrhea (41).

Volociximab - M200 (PDL BioPharm and Biogen 
Idec)
 This is an immunoglobulin chimerical G4 
MoAb that binds a5beta1, an integrin with a critical 
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role in the final pathway of tumoral proliferation and 
angiogenesis. In a phase II study, patients received 
volociximab 10 mg/Kg IV q2 weeks as a second-line 
therapy until progression. SD was obtained in 80% of 
the patients and PFS was greater than 113 days (42). 
It is a new promising drug and a higher dose is now 
being evaluated.
 Other agents that play a role in the molecular 
regulation routes of RCC are under evaluation, some 
with promising pre clinical results (Figure-4).

Bortezomib - PS-341 (Velcade®, Millennium 
Pharmaceuticals)
 This is derived from boronic acid that inhibits 
the proteosome, stabilizing its active site by a revers-
ible inhibition of the activity of chymotripsin-like, 
essential for the degradation of many intracellular 
proteins, such as HIF. Phase II studies investigated 
the use of PS-341 in mRCC. Minor clinical activity 
with significant toxicity, make the use of Bortezomib 
unlikely in the clinical setting. Other HIF inhibitors 
are in development (43).

VEGF-Trap (Regeneron Pharmaceuticals)
 VEGF Trap is an inhibitor composed of 
VEGFR 1 and 2 parts that bind and neutralize all the 
VEGF-A isoforms. Six-months SD was obtained in 
a patient with mRCC (44).

WX-G250 (Rencarex®, Wilex, Germany)
 cG250 is an immunoglobulin IgG1 that links 
to the MN antigen of the carbonic anhydrase IX found 
in almost 95% of RCC. Results of phase II studies, 
where G250 was combined with IFN-alpha and IL-2, 
did not show increase in toxicity, and a promising rate 
of SD and PR (45). A large randomized phase 3 trial 
of G250 in the adjuvant setting has just completed 
enrollment.
 The great majority of anti-angiogenic trials 
have been designed for investigation of the clear 
cell subtype (Table-3). However, about 20% of 
RCC had a different histology and the real role of 
target therapies in these tumors is unclear. Specific 
studies for those subtypes are undergoing. A phase 
II trial, is investigating XL 880 (XL880® - Exelixis) 

Figure 4 – Therapeutic targets of some anti-angiogenesis therapies for metastatic RCC.
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Table 3 – Systemic therapies for metastatic renal cell carcinoma.

N. of 
Patients

Phase Trial Objective 
Response Rate, 

(CR+PR)%

Reference

Chemotherapy 1347 II
51 trials

5 Motzer et al., 2000. (14)

IFN-alpha‡ 963 6 trials 12 Coppin et al., 2005. (15)
High-dose IL-2* ‡ 255 II 14 Fyfe et al., 1995. (47)
IFN-alpha plus IL-2 607 II

23 trials
19 Vogelzang et al., 1993. 

(48)
IFN-alpha + cytoreduction 
EORTC 30947

42 III
1st vs. IFN alone

19 vs. 12 Mickisch et al., 2001. (6)

Sorafenib* ‡ 903 III
2nd line vs. placebo

10 vs. 2
(SD 74%)

 Escudier et al., 2007. (25)

Sorafenib plus IFN-alpha 62 II
1st line

19
(SD 50%)

Ryan et al., 2007. (27)

Sunitinib* ‡ 750 III
1st line vs. IFN-

alpha

31 vs. 6  Motzer et al., 2007. (22)

Temsirolimus* ‡ 626 III
1st line vs. IFN-

alpha

9 vs. 7 Hudes et al., 2007. (33)

Everolimus 25 II
2nd line

33 Amato et al., 2006. (36)

Everolimus 410 III
2nd line vs. placebo

1
(SD 63 vs. 32%)†

Motzer et al., 2008. (37)

Bevacizumab 116 II
2nd line

10 Yang et al., 2003. (28)

Bevacizumab + IFN-alpha ‡ 649 III
1st line vs. IFN-

alpha

31 vs. 13 Escudier et al., 2007. (32)

Pazopanib 225 II
1st and 2nd line

30
(SD 73%)†

Hutson et al., 2007. (40)

Axitinib 52 II
2nd line

40 Rini et al., 2005. (39)

Volociximab 40 II
2nd line

-
(SD 87%)

Figlin et al., 2006. (42)

Bortezomib 37 II
2nd line

11 Kondagunta et al., 2004. 
(43)

Gefitinib 21 II
2nd line

No Dawson et al., 2004. (49)

* = drugs approved by FDA (USA Food and Drugs Administration); ‡ = drugs approved by EMEA (European Medicines Agency); † = 
interim analysis; CR = complete response; PR = partial response; SD = stable disease
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in papillary renal cell carcinoma. XL 880 is a potent 
dual TK receptor inhibitor, the primary targets of 
which are VEGFR2 and MET receptors. Hereditary 
and sporadic papillary RCC have in common MET 
over-expression or mutation. Interim data have been 
reported and 6-months SD was achieved in 12/16 
patients (46).
 Concerning sequential and combination 
therapy, efforts should be made to clarify several clini-
cal issues regarding the optimal use of these drugs, 
specially the possibility of cross-resistance to agents 
acting against the same targets. Clinically, resistance 
to anti-angiogenic agents has been described. To date, 
mechanisms of resistance and other issues of chronic 
anti-angiogenic use remains largely unclear. In vitro 
studies have suggested that mutations of TK receptors 
could be responsible for molecular resistance.

CONCLUSIONS

 For years, the major progress in the manage-
ment of renal cell carcinoma has been achieved in 
localized disease. Relevant advances in molecular 
biology permit the development of new drugs to treat 
metastatic patients. The usefulness of nephrectomy as 
neoadjuvant therapy in mRCC was confirmed in the 
cytokine era and surgical resection of metastases had a 
positive impact on prognosis, however if nephrectomy 
remains an integral part of mRCC management in this 
new era is unknown.
 Analysis of the most recent clinical data 
recommended Sunitinib as first-line treatment for 
favorable and intermediate risk profile. Similarly, 
Bevacizumab given in combination with IFN-alpha 
demonstrated benefit and is an alternative option. 
Temsirolimus showed efficacy in patients stratified 
into poor risk group (≥ 3 risk factors) and should be 
considered an option for first-line use in this group. 
To date, IL-2 might be an alternative treatment for 
a select good risk group with clear-cell histology. 
Sorafenib is recommended for mRCC after failure 
of prior systemic first-line strategies.
 The results from new targeted therapy trials 
give much cause for encouragement in the treatment 
of mRCC, and are fast becoming the new standard of 
care.

 It is imperative that urologists and clinical 
oncologists work together, participating in trials to 
answer further pressing questions. What is the stan-
dard regime? Should monotherapy or combinations be 
used? What is the optimal dose and schedule? What 
are the treatment options for non-clear cell subtypes? 
What is the role of neoadjuvant therapy, by cytoreduc-
tive surgery or systemic therapies? In the area of ad-
juvant therapy, drugs that act on pathways of cellular 
proliferation may have a role. New drugs are being 
developed and used in clinical trials, in combination 
or as single agents, and show promising preliminary 
results. Future analysis of biomarkers may well 
provide data to aid in the selection of subgroups and 
define follow-up strategies in mRCC.
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ABSTRACT

Objective: The objective of our retrospective study was to provide evidence on the efficacy of the intercostal versus sub-
costal access route for percutaneous nephrolithotripsy.
Materials and Methods: 642 patients underwent nephrolithotomy or nephrolithotripsy from 1996 to 2005. A total of 127 
had an intercostal access tract (11th or 12th); 515 had a subcostal access tract.
Results: Major complications included one pneumothorax (1.0%), one arterio-calyceal fistula (1.0%) and three arteriove-
nous fistulae (2.7%) for intercostal upper pole access; two pneumothoraces (1.7%), one arteriovenous fistula (1.0%), one 
pseudoaneurysm (1.0%), one ruptured uretero-pelvic junction (1.0%), 4 perforated ureters (3.4%) for subcostal upper pole 
access; one hemothorax (1.6%), one colo-calyceal fistula (1.6%), one AV fistula (1.6%), and two perforated ureters (3.2%) 
with subcostal interpolar access. Diffuse bleeding from the tract with a subcostal interpolar approach occurred 3.2% of the 
time compared with 2.4% with a lower pole approach. Staghorn calculi demonstrated similar rates of complications.
Conclusion: Considering the advantages that the intercostal access route offers the surgeon, it is reasonable to recommend 
its use after proper pre-procedural assessment of the anatomy, and particularly the respiratory lung motion.

Key words:  kidney; calculi; lithotripsy; nephrostomy, percutaneous; thorax; complications
Int Braz J Urol.  2009; 35: 271-83

INTRODUCTION

 Percutaneous nephrolithotomy and nephro-
lithotripsy have emerged as procedure of choice in 
the management of staghorn calculi and in patients 
presenting with a large stone burden (1,2). Extracor-
poreal shockwave lithotripsy (SWL) is transposed 
to problems of potential retained and residual frag-
ments, with subsequent “steinstrasse” formation (3). 
Conversely, percutaneous techniques have attained 
a stone free status in up to 98.3% of targeted renal 
stones (4).

 Clinical UrologyClinical Urology

 Access via the superior posterior calyx of-
fers optimal exposure to staghorn calculi as well as 
multiple calculi in the superior and inferior calyceal 
groups, renal pelvis, and upper ureter, and is therefore 
generally preferred by urologists (Figures-1 and 2). 
However, prior publications on the subject have sug-
gested a higher rate of complications with 11th and 
12th intercostal approach (5-8). The purpose of our 
study was to compare the rates of complications via 
the 11th and 12th intercostal upper pole approaches 
with those via subcostal access routes. In addition, 
we will examine the indications for upper pole versus 
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subcostal access routes for different stone locations as 
well as the relevant anatomy that may increase the rate 
of complications for a given access route (9-12).

MATERIALS AND METHODS

 The study-population consisted of 642 pa-
tients, 367 male, 275 female, ages 15-91 years, 46 
years mean age, who underwent percutaneous neph-
rolithotripsy and nephrolithotomy from 1996 to 2005 
at the Medical Center of Louisiana, New Orleans V.A. 
Hospital, Tulane Health Science Center and SUNY, 
Downstate Medical School, Brooklyn, N.Y. selection 
criteria for use of percutaneous nephrolithotripsy and 
nephrolithotomy were staghorn calculi involving the 
superior calyceal group, a stone mass greater then 
2500 mm2, calculi in superior calyceal group as well 
as pelvis and upper ureter, stones in high lying kidneys 
and sometimes horseshoe kidneys as well as failures 
of SWL. A total of 127 had an intercostal (11th or 
12th rib, 73 left and 54 right kidney); and 515 had a 
subcostal access approach. In 133 patients, a second 
and third access tract became necessary to reach all 
stone bearing areas.
 In 255 patients, the calculi were classified 
as staghorn, in 160 as multiple, and in 227 as single 
calculi. Non-contrast computed tomography (CT) 
examinations were reviewed to establish the location 
of calculi and determine an optimal approach. An 
intercostal approach was favored for staghorn calculi, 
multiple calculi located in the superior posterior, an-
terior and posterior inferior calyceal group, pelvis and 
uretero-pelvic junction (UPJ); a subcostal approach 
for solitary calculi in the anterior or posterior inferior, 
anterior and posterior interpolar calices and pelvis or 
combinations thereof. For calculi inaccessible from 
the primary access tract, a “Y” tract or a new percu-
taneous access tract was developed. Ninety percent 
of the intercostal procedures were performed in the 
last 5 years. Ninety percent of all intercostal and 50% 
of all subcostal access procedures were performed by 
a senior interventional radiologist (with more than 
30 years of experience); the remainder by 2 senior 
interventional radiologists (with 5 and 10 years ex-
perience respectively) well beyond the learning curve 
and always in conjunction with a senior urologist. 

Informed consent was obtained in all procedures. 
The respective institutional review committees had 
approved these procedures.
 In order to establish a straight tract from the 
skin to the posterior superior calyx, infundibulum, 
and renal pelvis, triangulation was used with the 
aid of CT, preferentially 3-dimensional CT recon-
structions (12,13), Figure-2. The angle of entry 
approximates 30 degrees, with straight-line continu-
ation through the infundibulum into the pelvis in an 
anterior-inferior-medial direction (the renal pelvis 
being approximately 1.5 cm anterior to the posterior 
superior calyx). This trajectory takes advantage of 
the avascular zone of Brodel. The patients are then 
placed on the fluoroscopic table, with the back and 
flank prepped and draped using standard surgical 
technique. Meticulous assessment of diaphragmatic 
excursion in inspiration and expiration was obtained 
to establish a safe and appropriate point of entry, 
avoiding the pleura and lung. Puncture is carried out 
in mid-expiration to minimize risk of puncture of the 

Figure 1 – Three-dimensional volume rendered oblique coronal 
reformatted image with 10% gray demonstrating the accessibility 
of stone bearing locations when the intercostal approach is used 
for percutaneous removal of calculi from the posterior superior 
calyx, pelvis, posterior and anterior inferior calyx, ureter and of 
staghorn calculi. c = calculus.



273

Risks and Benefits of Intercostal Approach for PCNL

lung even though the needle tract may traverse the 
lowermost pleura (11,12,14). Infusion of a 200 mL 
bolus of N-Saline into the pleural space was another 
modification used to prevent puncture of the lung. 
Because of the known increased risk of pneumotho-
rax or even calico-pleural fistulae access via the 11th 
interspace was avoided whenever possible (4,8,13-
16).
 The initial access is carried out in the Inter-
ventional Radiology Unit under fluoroscopic con-
trol. Local anesthesia, complemented by conscious 
sedation, was routinely used. Thereafter a 22-gauge 
needle is advanced blindly into the kidney until 
urine is aspirated, indicating puncture of the col-
lecting system. Approximately 8 mL of 50% dilute 
nonionic contrast medium are then injected to outline 
the collecting system. Under biplanar fluoroscopic 
(or rarely CT, n = 14, or ultrasound, n = 5) guid-
ance, the center of the fornix of the targeted calyx 
is accessed with an 18-gauge diamond tip needle 
(which is the most peripheral point of the calyx). 
A 0.038 inch guide wire is then advanced into the 

renal pelvis, the tract dilated with 6 and 8F Teflon 
dilators, and finally a renal curve Cobra 2 Catheter 
(Boston Scientific, Boston, MA, USA) is advanced 
into the pelvis and ureteropelvic junction is engaged. 
A glidewire (Boston Scientific, Natick, MA, USA) 
is then advanced under fluoroscopic control into the 
bladder. Finally, it is replaced through an exchange 
sheath with super-stiff 0.038 Amplatz wires (1st 
working wire in pelvis, and a second safety wire in 
bladder). At this point, the patient is transferred to the 
operating room and the procedure continued under 
general anesthesia. The tract is dilated with a high 
pressure Pathway balloon (Boston Scientific, Natick, 
MA, USA) and a 28 - 32F Amplatz sheath (Bard, 
Covington, GA, USA) is advanced over the inflated 
balloon into the desired calyx. The Amplatz sheath 
serves to tamponade the tract, keeping the pressure 
in the accessed system at a low of 16 mm H2O and 
allows access for the rigid nephroscope. Percutane-
ous stone removal under general anesthesia is now 
carried out. At the completion of the procedure, all 
patients had a 22-G nephrostomy tube and double “J” 
ureteral stent inserted.

ANATOMIC CONSIDERATIONS

 For safe access via the 11th or 12th inter-
space, location of the posterior costo-phrenic sulcus 
particularly, on the left side should be established in 
both inspiration and expiration by fluoroscopy (12). 
In most patients, a viable trajectory to the posterior 
superior pole calyx can be achieved that does not vio-
late the pleural space or lung (Figure-2). Retro-renal 
position of the left colon is one condition occurring 
in approximately 10% of prone patients (12). This 
could preclude access via a 11th or 12th intercostal 
approach in those select patients. In some patients, a 
large spleen can provide a challenge.
 Access to the posterior upper pole calyx 
affords an almost straight path to the renal pelvis, 
upper ureter and both anterior and posterior inferior 
calyceal groups (Figures-1 to 4). Even the posterior 
interpolar calyx may be accessible via this path with-
out significant angulation. The potential to advance 
the Amplatz sheath or nephroscope in a straight path 
from the posterior upper pole calyx into the renal 

Figure 2 – Three-dimensional oblique coronal multi-planar 
reformatted image demonstrating a relatively straight path from 
the point of entry, through the infundibulum and renal pelvis and 
to the ureter, afforded by an intercostal posterior upper polar 
calyceal access, forming only a small angle with the renal axis. 
T = access tract, I = infundibulum, P = renal pelvis, U = ureter. 
( courtesy Urology Elsevier)
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pelvis, upper ureter, and anterior and posterior inferior 
calyceal groups is of great advantage to the urologist, 
and reduces the propensity for injury to the peri-infun-
dibular venous plexus if an angulation of the tract is 
necessary to reach the stone-bearing region (15,16). 
While the infundibulum of the superior calyceal group 
tends to be longer, the vascularity of the peri-papillary 
and peri-infundibular plexus is less prominent than in 
the mid calyceal (interpolar calyceal) group (11). Ac-
cess via the posterior superior calyceal group makes 
calculi in the renal pelvis, upper ureter, and anterior 
and posterior inferior calyceal groups accessible, and 
thus makes this an almost universal access route. Only 
the superior anterior calyceal group and anterior and 
sometimes posterior interpolar calyceal groups cannot 
be reached easily via this entry and hence may man-
date separate punctures and access routes if calculi 
are harbored in these regions (5,15). Moreover, access 
from the superior posterior calyceal group creating a 
straight path to the pelvis, upper ureter and inferior 
calyceal group reduces injury to renal parenchyma by 

the Amplatz sheath or nephroscope during respiratory 
excursion (12,14).

RESULTS

 To provide access for nephrolithotripsy of 
calculi in the posterior superior calyx, the intercos-
tal access route was chosen in 111 patients, and the 
subcostal route in 119 patients (Table-1). A total of 
134 of these patients were treated for a staghorn cal-
culus, another 96 for at least one calculus lodged in 
the superior calyx (Table-2). To attain a near stone 
free status, the mid calyceal group had to be accessed 
secondarily in 44 patients with staghorn calculi (for 
dendritic stones or residual debris) and in 11 others 
(for otherwise inaccessible stones or debris); as well 
as the inferior calyx in 15 patients with staghorn 
calculi and 16 patients with residual calculi or debris 
(Table-2). Patients with residual or otherwise inac-
cessible calculi mandated access to the mid calyx in 

Figure 3 – A) Patient with infundibular transitional cell carcinoma. B) The posterior superior calyx was entered via an intercostal ap-
proach for tumor ablation. Note the option offered by the straight trajectory to inspect the renal pelvis, inferior anterior and posterior 
calices and ureter.

A B
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75 patients (12 via intercostal and 63 via subcostal 
approach) and in 31 to the inferior calyx (2 via inter-
costal and 29 via subcostal approach) (Table-2). An 
abnormal high location of the kidney mandated access 
via the intercostal route in 2 patients, with calculi in 
the mid calyx and 2 in the lower pole calyx (Table-
2). Overall, the midcalyx was directly accessed via 
intercostal route in 12 patients and via a subcostal 

approach in 63 patients; the lower pole calyx via an 
intercostal route in 4 patients and via a subcostal ap-
proach in 333 patients (Table-1).
 The major complications we experienced 
were septic shock and effects to the vascular system, 
collecting system, and lungs. Access to the upper pole 
by the intercostal route resulted in 1 pneumothorax, 1 
arterio-calyceal fistula and 3 AV fistulae in 111 patients 
(Table-3). Via a subcostal access route, we recorded 2 
pneumothoraces, 1 AV fistula, 1 pseudoaneurysm, 1 
ruptured UPJ, and 4 perforated ureters in 119 patients 
(Table-3). The ratio of complication to no complica-
tion was significant (p = 0.0395). In the same group of 
patients, we experienced 7 minor complications in the 
intercostal access group and 23 in the subcostal access 
group (Table-4). A high incidence of atelectasis (n = 
13) in the subcostal access group as well as a relatively 
high need for blood transfusion (n = 2) should be noted 
(Table-4). For intercostal access to the mid-calyceal 
group, we recorded no major complications. However, 
for subcostal access, the rate was exceedingly high 
(5 in 63 patients, 7.8%). We recorded 1 hemothorax, 
1 AV fistula, 1 colo-calyceal fistula and 2 perforated 
ureters (Table-3). Among minor complications, the 
need for blood transfusions in the intercostal access 
group was high (2 in 12 patients, 16.7%). Minor 
complications in the subcostal entry group were high 
(12 in 63 patients, 19%); again blood transfusions 
were among the most frequent of the minor compli-
cations, occurring in 4 patients (6.3%, Table-4). We 
experienced no major complications with entry into 
the lower poles via an intercostal route, however via 
a subcostal route there were 5 major complications 
in 333 patients. Septic shock in 2 patients (0.6 %) is 
noteworthy, since it is easily avoidable (Table-3). Of 
all minor complications, diffuse tract bleeding oc-

Figure 4 – The superior posterior calyx of a horseshoe kidney 
is easily accessed via an intercostal approach. Again, note 
the straight trajectory to the renal pelvis, inferior calices and 
ureter.

Table 1 – Primary and secondary access for nephrolithotripsy.

Intercostal Subcostal

Location UP MP LP UP MP LP
     Primary Access 111 12 4 119 18 304
     Secondary Access 10 2 45 29

UP = upper pole; MP = mid pole; LP = lower pole.



276

Risks and Benefits of Intercostal Approach for PCNL

curring in 8 patients (2.4%), which deserves special 
attention (Figure-5). In the subgroup of staghorn 
calculi, 4 major vascular complications occurred in 
102 intercostal accesses to the upper pole (4%, Table-
5). An even higher incidence of major complications 
occurred when subcostal access was provided (4 in 
32 patients, 12.5%). The incidence of complications 

with mid-polar subcostal route access is again very 
high (5 in 47), Table-5.

COMMENTS

 The literature reports a stone-free status at-
tainable by percutaneous nephrolithotripsy (PCNL) 

Table 2 – Access by location of calculi.

Intercostal Subcostal

Location UP MP LP UP MP LP
Staghorn calculus
     Primary access 102 1 1 32 12   48
     Secondary access 9 1 35   14
Multiple calculus
     Primary access   8 41 4   82
     Secondary access 10   15
Single calculus
     Primary access   1 1 1 46 2 174
     Secondary access 1 1

UP = upper pole; MP = mid pole; LP = lower pole.

Table 3 – Major complications at various access sites.

Intercostal Subcostal

Location UP MP LP UP MP LP
No. Punctures 111 12 4 119 63 333
Complications
     Pneumothorax 1 (1%) 2 (1.7%)
     Hemothorax 1 (1.6%)
     Colo-caliceal fistula 1 (1.6%)
     Arterio-caliceal fistula 1 (1%)
     AV fistula    3 (2.7%) 1 (1%) 1 (1.6%)
     Pseudoaneurysm 1 (1%)
     Ruptured UPJ 1 (1%) 1 (0.3%)
     Perforated ureter    4 (3.4%) 2 (3.2%) 2 (0.6%)
     Septic shock 2 (0.6%)

UP = upper pole; MP = mid pole; LP = lower pole; UPJ = ureteropelvic junction.
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and nephrolithotomy in 64.5-98.3% of patients 
(4,14,17,18). Conversely, extracorporeal nephroli-
thotripsy (SWL), even if complemented by follow-up 
medical management, achieves stone-free results in 
only about 37% of patients (19-21). Even in locations 
such as the lower pole, where SWL had been favored, 
PCNL rendered 90-95% of patients stone-free versus 
SWL (14-63%) (19). Ureteroscopic nephrolithotripsy 
by electrohydraulic or Holmium Yag laser likewise 
cannot match PCNL results (22). For large stone 
loads (2500 mm2 or larger), staghorn calculi, calculi 
in diverticula and even smaller stones in lower pole 
calices; PCNL is now the preferred method. The 
choice of access tract is based on the ability to pro-
vide good visibility of the stone bearing area and a 
point of entry with minimal risk of injury to adjacent 
organs. Additionally, the access tract should provide 
a trajectory projecting without torque or angula-
tion into the infundibulum and renal pelvis, hence 
facilitating atraumatic intraoperative advancement 
of the Amplatz sheath to the UPJ or inferior calyceal 
group (4,6,8,14,23; Figure-1). Intercostal access via 
the posterior superior calyx offers the best trajectory 
via infundibulum to pelvis, UPJ and inferior calyx 
(4,10), Figure-2. Lack of angulation and torque when 
advancing the Amplatz sheath significantly reduces 
the risk of inducing bleeding. However, the preferred 
intercostal access route has been incriminated with a 

Table 4 – Minor complications at various access sites.

Intercostal Subcostal

Location UP MP LP UP MP LP
No. Punctures 111 12 4 119 63 333
Complications
     Atelectasis   3 (2.7%) 13 (11%)   1 (0.3%)
     Fever   2 (1.8%)   2 (1.7%) 2 (3.2%) 13 (3.9%)
     Obstruction 1 (1%) 1 (25%)   3 (2.5%) 2 (3.2%) 15 (4.5%)
     Tract bleeding 1 (8.3%) 1 (25%)   2 (1.7%) 2 (3.2%)  8 (2.4%)
     RA/RV thrombus 1 (1%) 1 (1.6%) 3 (09%)
     Renal infarct 1 (1%) 1 (1.6%)  3 (0.9%)
     Blood transfusion 2 (16.7%)   2 (1.7%) 4 (6.3%)  1 (0.3%)

UP = upper pole; MP = mid pole; LP = lower pole; RA = renal artery; RV = renal vein.

Figure 5 –  A Kay tamponade balloon has been introduced into 
the access tract to curtail post procedural loosing. Note the acute 
angulation of the balloon reflecting the angle between the access 
tract and collecting system. Attempts to force an Amplatz sheath 
along such a tract causes injury to the peri-infundibular venous 
plexus and results in heavy bleeding.
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Table 5 – Complications attendant management of staghorn calculi.

Intercostal Subcostal

Location UP MP LP UP MP LP
No. Punctures 102 10 2 32 47 62
Complications

Pneumothorax 1 (1%) 1 (3.1%)
     Hemothorax 1 (2.1%)
     Colo-caliceal fistula 1 (2.1%)
     Arterio-caliceal fistula 1 (1%)
     A-V Fistula 2 (2%) 1 (2.1%)
     Pseudoaneurysm 1 (3.1%)
     Blood transfusion 1 (2.1%)
     Ruptured UPJ 1 (3.1%)
     Perforated ureter 1 (3.1%) 1 (2.1%) 1 (1.6%)

UP = upper pole; MP = mid pole; LP = lower pole; UPJ = ureteropelvic junction.

higher rate of complications than the subcostal ap-
proach (4,6,16,17). The supra 11th rib approach has 
a particularly high rate of complications. Pneumo- 
and hemothorax, and calyceal-pleural fistulae have 
been reported in up to 23.1% (4) The possibility of 
both a transthoracic and transpleural trajectory of 
this type of access tract, despite attempts to attain a 
high position of the lung by puncturing during the 
expiration phase, predisposes to these complications 
(4,6,14,24). The incidence of hydropneumothorax 
occurring with intercostal access has been reported 
at a rate of 4% to 15.3 %, with subcostal access, 0% 
to 1.4% (4,7,14,16,24). Similarly, large pleural effu-
sions were reported in 8% to 12.5% with intercostal 
approach, but virtually absent with subcostal access 
(6,14,15,24). Moreover, on the basis of anatomic 
considerations, the intercostal access route might 
have a higher chance for injury to anterior segmen-
tal vessels or even anterior and posterior divisional 
arteries (4,10,11,14) Figure-6.
 In our series we encountered 4 major (3.6%) 
and 7 minor complications (6.3%) in 111 patients with 
intercostal access to the upper pole (p = 0.0395; Table-
4). Interestingly, there was only one pneumothorax 
(0.9%). There were three vascular complications 
reflecting the inherent risk posed by anatomic proxim-

ity of vascular and excretory system in the upper pole 
(10,11). Both AV fistulae involved posterior division 
branches; the arterio-calyceal fistula was between 
a posterior middivisional branch and the posterior 
calyceal infundibulum. The etiology is most likely 
secondary to the needle penetrating the infundibulum 
and passing through the anteriorly located artery, giv-
ing rise to the fistula (10,11). Only 7 minor injuries 
were recorded (Table-4). One Steinstrasse caused by 
multiple fragments in the lower ureter caused ob-
struction (Table-4). A renal branch vein thrombosis 
also resulted, without late sequellae. Three patients 
developed atelectasis on the ipsilateral side, likely 
related to irritation of the diaphragm and curtailed 
respiratory motion. Our incidence of intrathoracic 
complications (3.1%) attendant to the access tracts 
compares favorably to that of the 7.1% - 12 % range 
reported in the literature (4,6). Our complication rate 
for supra 11th rib access is 25%, similar to that of 
23.1% of the literature (6,16,24). Our technique of 
puncturing lateral to the erector muscle in mid expi-
ration takes advantage of the higher location of the 
pleural deflection under these circumstances, a feature 
that has been pointed out by Hooper et al. (12).
 In 119 subcostal access procedures to the 
upper pole, we experienced 9 major complications 
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Figure 6 –  A) Coronal maximum intensity projection of an 
abdominal MR angiogram demonstrating a post lithotripsy A-V 
fistula of the left kidney (white arrow). B) A microcatheter has been 
advanced superselectively into the posterior divisional branch of 
the left renal artery feeding the A-V fistula (inferior arrow), which 
is occluded by two 2x3 mm microcoils (superior arrow).

(Table-3). Pneumothoraces and rupture of UPJ and 
ureters likely occurred while manipulating and 
repositioning the Amplatz sheath during the stone 
extraction phase. Vascular injuries involving anterior 
divisional branches were also encountered, most 
likely secondary to excessive needle penetration. The 
large incidence of minor complications (22) deserves 
scrutiny (Table-4). Atelectasis in 13 patients suggests 
that the access route might have caused significant 
irritation of the diaphragm. Diffuse bleeding from 
the tract (n = 2) and need for blood transfusions (n 
= 2) suggest either injury to the peri-infundibular 
plexus, either during the procedure or due to inad-
equate postoperative tamponade by the Malecot or 
Council Catheter. Injury to the peri-infundibular 
venous plexus is likely to occur when advancing the 
Amplatz sheath while negotiating the angle formed 
between the subcostal access tract and the infundibu-
lum and pelvis (8,11,15,16), (Figure-5). Access to 
the mid-calyx (interpolar calyx) via a subcostal ap-
proach shows a similar high incidence rate of minor 
complications (19%), Table-4. The high incidence 
of diffuse tract bleed requiring transfusion is again 
attributable to injury of the peri-infundibular venous 
plexus. With access to the lower pole via subcostal 
route, diffuse tract bleeding, obstruction and fever are 
the most common minor complications (14), Table-5. 
Again, difficulty adjusting the Amplatz sheath inter-
operatively may result in injury, failure to completely 
evacuate stone debris (and hence Steinstrasse) and 
infection and fever. In the subgroup of staghorn cal-
culi, the major complication rate for subcostal access 
is almost 10%, but for intercostal access the rate is 
only 3% (Table-5). This reflects the advantage of 
the intercostal approach when dealing with dendritic 
extension of stones.
 We analyzed our data using logistic regres-
sion and predicted complications for the respective 
calyx and intercostal or subcostal entry. The complica-
tion rates for upper calyx were 17.3%, for interpolar 
calyx 44.4%, and for lower calyx 15.4%. The odds 
of complication were 3.5 times higher for interpolar 
than upper polar entry (p = 0.0003); 5.1 times higher 
for interpolar than lower polar entry (p = 0.0001). 
The odds of complications were 1.9 times higher 
with subcostal entry compared to intercostal entry (p 
= 0.0389).
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CONCLUSIONS

 The findings of our study support preferen-
tial use of intercostal access routes (12th, 11th, 10 th 
rib space) via the posterior calyx for percutaneous 
nephrolithotripsy in patients with a large stone load, 
staghorn calculi, multiple calculi lodged in the pos-
terior superior calyx, pelvis, UPJ, upper ureter, and 
posterior and anterior inferior calyceal groups. This 
route offers optimal visibility, easy interoperative 
advancement and adjustment of the Amplatz sheath 
and rigid nephroscope, a low rate of procedural 
complications, reduced operative time and excellent 
results in removal of targeted stones. For calculi in 
other locations, separate access tracts or “Y” tracts 
are advocated.
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EDITORIAL COMMENT

 The mainstay of percutaneous nephroli-
thotomy is to create a straight path from the skin to 
the renal pelvis in order to avoid renal angulations 
and consequently damage to the peri-infundibular 
structures (either vessels or parenchyma).
 Historically at the beginning of percutaneous 
renal surgery the patient was in prone position, to 
avoid colonic puncture, and the access was routinely 
subcostal, to avoid injury to the lungs and pleura, 
but through the lower calyx (1,2). However, it has 
also been recognized that, in selected cases, it could 
not provide an optimal access. In this retrospec-
tive analysis on a quite large series of percutaneous 
nephrolithotomy (PCNL), Dr. Lang and co-authors 
address the so-called “intercostal (or supracostal)” 
approach for PCNL. This issue is still highly debated 
in the field of endourology, even if its related literature 
remains scarce. Unfortunately, the value of this report 
is negatively affected by some major drawbacks.
 First, all the inherent biases of a retrospective 
study are present here and this should be taken into 
account when looking at the conclusions.

 One of the significant evolutions of the PCNL 
has been the widespread-though not universal-renal 
puncture by a urologist, making it a single-stage 
procedure (3). Here, PCNL is presented as a two-step 
procedure, the first in local anesthesia, performed 
by the radiologist, the second in general anesthesia, 
performed by the urologist.
 The authors emphasize the benefits of the 
upper pole access and we can agree with them that it 
allows a good exposure of most of the calyces and of 
the proximal ureter. As the main requirement during 
PCNL is always the same, a straight path causing no 
angulations, if the superior calyx is too high, intratho-
racic, they should not perform a subcostal puncture: 
a complication will almost certainly occur.
 However, many of the complications reported 
are related to the lithotripsy rather than to the punc-
ture. The high rate of ureteral perforation and UPJ 
avulsion are not puncture-related but a matter of a 
wrong operative technique.
 It has been previously suggested that a great 
difference might be between the supra twelfth rib ap-

22. Mariani AJ: Combined electrohydraulic and holmium:
YAG laser ureteroscopic nephrolithotripsy of large 
(greater than 4 cm) renal calculi. J Urol. 2007; 177: 
168-73; discussion 173.

23. Aron M, Goel R, Kesarwani PK, Seth A, Gupta NP: 
Upper pole access for complex lower pole renal cal-
culi. BJU Int. 2004; 94: 849-52; discussion 852.

24. Narasimham DL, Jacobsson B, Vijayan P, Bhuyan 
BC, Nyman U, Holmquist B: Percutaneous nephroli-
thotomy through an intercostal approach. Acta Radiol. 
1991; 32: 162-5.

Accepted after revision: 
January 6, 2009

Correspondence address:
Dr. Erich K. Lang
Department of Radiology
SUNY Downstate College of Medicine
450 Clarkson Avenue
Box 1198, Brooklyn, NY, 11231, USA
Fax: + 1 718-270-3848 
E-mail: erich.lang@downstate.edu



282

Risks and Benefits of Intercostal Approach for PCNL

proach, which is transthoracic but extrapleural, and 
the supra eleventh rib access, which is both transtho-
racic and transpleural. This issue is not addressed in 
the paper (4).
 To note that the authors do not use the in-
sertion of a ureteral catheter as a first step of the 
procedure (as most of us performing PCNL routinely 
do). The needle is inserted and the contrast medium 
is injected without a prior retrograde dilation of the 
calyceal system. With this technique, if you do not 
correctly target the calyx the risk of fornix rupturing 
during the path dilation and subsequent bleeding is 
increased.
 Finally, we would like to remind the authors 
that supine position for PCNL has been advocated 
in the past decade (5). One of its main advantages is 
that it might combine the benefits of percutaneous and 
ureteroscopic intrarenal surgery in selected cases (6). 
Thus, large and/or complex urolithiasis can be treated 
with a high one-step stone-free rate, unquestionable 
anesthesiological advantages, and no additional pro-
cedure-related complications (7). In this regard, some 
limitations of the standard prone PCNL might be 
overcome avoiding a potentially harmful supracostal 
approach, as the one proposed.
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EDITORIAL COMMENT

 The authors compare a series of patients 
with percutaneous nephrolithotripsy (PCNL) tracts 
above the 12th and 11th ribs to a group with access 
established in a subcostal location. Complications 
including those related to the thorax are no greater 
when the access is an intercostal upper pole approach. 
We as well have seen a shift to an upper pole approach 
over the last several years and this is now at least as 
common as a lower pole approach at our centre (1). 
For these reasons the authors emphasize including less 

torquing of the working sheath, working “downhill” 
on most large stones and ready access to more of the 
collecting system. They do not mention hydrothorax 
as a specific thoracic complication however this may 
be a more common adverse consequence of a high ap-
proach as pneumothorax. Attention to maintaining the 
working sheath in the collecting system throughout 
the procedure is an important technical point. We also 
are more likely to place a stent at the conclusion of the 
PCNL procedure with a supracostal access to assure 



283

Risks and Benefits of Intercostal Approach for PCNL

antegrade urine drainage postoperatively and prevent 
fluid accumulation in the chest. In such instances, it 
is important to remove the urethral catheter after the 
percutaneous tube is removed to prevent retrograde 
extravasation of urine.
 Access in this series was obtained in the ra-
diology department. I believe that similar results with 
a low rate of thoracic complications can be achieved 
when the urologist obtains the percutaneous access in 
the operative room using C-arm fluoroscopic guidance 
(2).
 Finally, flexible nephroscopy combined as 
needed with intracorporeal lithotripsy is an important 
adjunct to minimize the need for additional tracts 
when performing PCNL.
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ABSTRACT

Objective: No consensus has yet been established regarding the best minimally invasive access for radical ablation of 
renal tumors. Our objective was to prospectively compare the surgical results and oncologic management of two currently 
used endoscopic techniques. 
Materials and Methods: Over a four-year period, 50 patients with renal tumors and clinical stage T1b-T2, smaller than 12 
cm, underwent a radical nephrectomy at two reference institutions, 25 underwent retroperitoneoscopic radical nephrec-
tomy (RRN) and 25 a hand-assisted laparoscopic radical nephrectomy (HALRN). Mean follow-up of both cohorts was 50 
months. Operative parameters and oncological management were compared. 
Results: The mean operative time was 180 min in RRN and 108 min in HALRN (p < 0.001). The time required to access the 
renal pedicle in RRN was 30 min. and in HALRN 40 min., Learning curve was shorter in HALRN than RRN. Mean blood 
loss was 100 mL in RRN and 242 mL in HALRN. Mean incision size for specimen retrieval in RRN was 6.5 cm and in 
HALRN 7.5 cm. One patient with intra operative occurrence of ascites and subsequent pathological stage pT2N0M0 grade 3 
operated via HALRN, had neoplasic implants in the Hand-port incision 3 months after surgery followed by death 4 months 
after recurrence. One patient, with pathological stage pT3N0M0 grade 3 in RRN had metastasis after 36 months.
Conclusion: Both, RRN and HALRN techniques are accepted minimally invasive options for endoscopic radical nephrec-
tomy with equivalent long term oncological outcome in the treatment of renal tumors.

Key words:  kidney neoplasms; surgery; nephrectomy; laparoscopy
Int Braz J Urol.  2009; 35: 284-92

INTRODUCTION

 Laparoscopic radical nephrectomy has been 
accepted as a treatment of choice for renal tumors with 
stage T1-T2 smaller than 8 cm when radical surgery 
is indicated (1-4).
 There are three different minimally invasive 
approaches described for endoscopic ablation of the 

 Clinical Urology

kidney: laparoscopic, retroperitoneoscopic and hand 
- assisted laparoscopic techniques. Each technique 
offers advantages and disadvantages, which can be 
adopted depending on the individual preferences of 
each surgeon. There are only a few reported prospec-
tive studies using different techniques that rigor-
ously compare the benefits of one approach over the 
other.



285

Retroperitoneoscopy and Hand-Assisted Laparoscopy for Nephrectomy

 The retroperitoneoscopic technique has won 
increasing world acceptance. Through this access, there 
is no intra-peritoneal manipulation, therefore reducing 
the chance of iatrogenic abdominal lesions (3).
 The hand-assisted laparoscopic radical ne-
phrectomy (HALRN), initially described in 1994 
had not gained popularity until the introduction of 
hand-port devices for maintenance of the pneumoperi-
toneum. The potential advantages of this technique 
are the adjunct of tactile sensation of the laparoscopic 
procedure, increased orientation, manual dissection 
access and retraction of anatomic structures. It is 
particularly useful when an incision is necessary to 
remove an intact surgical specimen or when a large 
size tumor has to be resected (5,6).
 The aim of this study was to prospectively 
compare operative and oncologic outcomes of both 
techniques as different options for radical surgical 
treatment of renal cell carcinomas (RCC).

MATERIAL AND METHODS

 In a period from February 1999 to February 
2003, 25 retroperitoneoscopic radical nephrectomies 
(RRN) and 25 HALRN were performed in the two 
institutions. Both groups were comparable regarding 
demographic data (Table-1). The patients presented 
good performance status (ASA score I or II) and 
no formal contraindications to the laparoscopic ap-
proach. Fifty patients with the diagnosis of a solid 
renal mass, larger than 4 cm and smaller or equal to 
12 cm, with clinical stage T1b-T2N0M0 RCC deter-
mined by abdominal CT scan and chest X-ray, were 
prospectively included. Surgical procedures including 
cases of learning curve were performed at 2 regional 
referral teaching hospitals, by a single surgeon in each 
institution with experience in  laparoscopic procedures. 
The two techniques were performed in accordance 
with the techniques previously described in literature 
(1,3). In the RRN group, there were 10 male and 15 
female patients, with a mean age of 60 years (range 
45 to 75), and a mean body mass index (BMI) of 24 
(range 17 to 32). The mean size of the tumors in the 
pre-operative tomographic study was 7 cm (range 4 
to 11) (Table-1). Nineteen (76%) of the patients had 
a clinical stage T1N0M0, and 6 (24%), T2N0M0. In 

the HALRN group, there were 11 male and 14 female 
patients, with a mean age of 55.5 years (range 38 to 
77) and mean BMI of 23 (range 18 to 30). Mean tumor 
size in tomographic study was of 7 cm (range 4 to 12) 
(Table-1). Sixteen (64%) of the patients presented 
clinical stage T1N0M0, and 9 (36%) T2N0M0. The 
two groups were compared according to operative 
time, learning curve (analyzing the first 15 cases, 
and remaining 10 separately), time of access to renal 
pedicle, estimated blood loss, need for painkillers post-
operatively, size of incision for specimen retrieval, 
complications, need for blood transfusion, specimen 
histopathologic analysis and oncologic management 
during a mean follow-up time of 30 months.
 Statistical analysis used was Student-t-test 
and Chi-square test. The difference was considered 
significant at p < 0.05.

RESULTS

Intra-operative Data

 Mean operative time was 180 min. (range 120 
to 240) in the RRN group, and 108 min (range 80 to 
140) in the HALRN (p < 0.001).
 In the RRN group, the mean operative time 
for the first 15 procedures was 220 min. (range 100 
to 140), and for  the remaining 15, 96 min. (range 80 
to 120). The time of access to the renal pedicle after 
installing the portals was on average 30 min. (20 to 60) 
for the RRN, and 40 min. (30 to 75) for the HALRN 
group.
 Adrenalectomy was executed in 18 patients 
(72%) of the 8 RRN group, and 12 (48%) of the 
HALRN group. Mean estimated blood loss was of 
100 mL (range 30 to 200) in the RRN group, and 242 
mL (range 160 to 320) in the HALRN group. Blood 
intra-operative transfusions were not required in any 
of the procedures in either group. Mean incision size 
for specimen retrieval of the RRN group was 6.5 cm (5 
to 9), and for the HALRN group  7.5 cm (Table-2).

Intra-operative Complications

 Complications occurred in 5 patients in the 
RRN group (20%). One patient (4%) developed a 
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hernia at the site of the incision for specimen retrieval. 
Four patients (16%) had a major complication: one 
pneumothorax (treated by thoracic tube drainage), 
three vascular intra-operative lesions that were all 
controlled endoscopically.
 In the HALRN group we observed complica-
tions in 4 (16%) patients. Three (12%) presented mi-
nor complications: two (8%) anterior abdominal wall 
hematomas (one patient, needed a second post-opera-
tive day blood transfusion) and one (4%) incisional 
hernia at one of the 10 mm port sites. One (4%) of the 
patients presented an intra-operative splenic laceration 
and underwent a hand-assisted laparoscopic splenec-
tomy. There were no conversions to open surgery in 
any of the groups (Table-3).

Postoperative Data

 Mean time for first deambulation was 6 
hours in RRN and 8 hours in HALRN group. Mean 
postoperative diet reintroduction time was 1.5 and 
1.7 days in the RRN and HALRN group respectively. 
Mean hospital stay was 2.5 (1 to 4) days in the RRN 
group, and 2.2 (2 to 3) days in the HALRN group. 
The mean morphine equivalent intake requirement 
in the RRN group was  45 mg (range 17 to 120) 
and 55 mg (range 20 to 120) in the HALRN group. 
None of the patients needed I.V. analgesics after the 
second day hospital stay. Fourteen patients (56%) in 
the RRN group and 20 (75%) in the HALRN group 
continued taking paracetamol tablets for more than 2 

Table 1 – Demographic data comparing retroperitoneoscopic radical nephrectomy (RRN) and hand-assisted laparoscopic 
radical nephrectomy (HALRN).

RRN HALRN p Value

Number of patients 25 25 p = 0.12
Age in years (mean) 45-75 (60) ± 8.5 38-77 (55.5) ± 11.5 p = 0.39
Body mass index (index) 17-32 (23) ± 3.8 18-30 (24) ± 4.4 p = 1.0
Tumor side (right/left) 16 / 9 13 / 12 p = 0.19
Tumor location (upper/median/lower) 7 / 7 / 11 8 / 7 / 10 p = 0.16

Tumor size in cm (mean) 4-11 (7) ± 3.0 4-12 (7) ± 3.5 p = 1.0
Clinical Stage

T1N0M0 19 16 p = 0.54
T2N0M0 6 9 p = 0.54

Table 2 – Intra-operative data comparing retroperitoneoscopic radical nephrectomy (RRN) and hand-assisted laparoscopic 
radical nephrectomy (HALRN).

RRN HALRN p Value

Operative time in min (mean) 120-240 (180) ± 42 80-140 (108) ± 42 p < 0.001
First 15 patients (mean) 200-240 (220) 100-140 (120)
Last 10 patients (mean) 120-160 (140) 80-120 (96)
Time for renal pedicle access in min (mean) 20-60 (30) 30-75 (40)
Average blood loss in mL (mean) 30-200 (100) ± 382 160-320 (242) ± 204 p = 0.10
Need for intra-operative transfusion 0 0
Number of adrenalectomies 18 12
Incision size for specimen retrieval in cm (mean) 5-9 (6.5) 7.5
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days. Mean time for convalescence was  3 weeks in 
the Retroperitoneoscopic group and 4 weeks in the 
Hand-assisted group (Table-4).

Histopathologic Data

 In all patients a complete and intact re-
moval of the surgical specimen was achieved. The 
diagnosis of renal cell carcinoma was confirmed 
in all patients in the RRN group. In the HALRN 
group, 23 specimens corresponded to renal cell car-
cinomas, one presented as an oncocytoma, and the 
other as a renal adenoma. Pathologic stages in the 
Retroperitoneoscopic group was a T1N0M0 in 18 

(72%), T2N0M0 in 4 (16%), T3N0M0 in 2 (8%) and 
T3N1M0 in 1 (4%) of the patients. In the Hand-as-
sisted group, pathologic stages were T1N0M0 in 15 
(60%), T2N0M0 in 6 (24%) and T3N1M0 in 2 (8%). 
The mean surgical specimen weight was  310g (95 
to 410g) in the Retroperitoneoscopic group and 482g 
(130 to 800g) in the Hand-assisted group (Table-5).
 Negative surgical margins were obtained in 
all surgical specimens. The RRN group specimens had 
a larger mean diameter size, 12.2 cm (8 to 20), and 
mean tumor size, 6.9 cm (3.5 to 11 cm) compared to 
the specimens of the HALRN group, which had an 
average size of 10.3 cm (9 to 22 cm) and mean tumors 
size of 6.4 cm (4 to 12 cm).

Table 3 – Surgical complications comparing retroperitoneoscopic radical nephrectomy (RRN) and hand-assisted laparo-
scopic radical nephrectomy (HALRN).

Complications RRN (%) HALRN (%) p Value

Minor p = 1
Incisional hernia 1 (4) 1(4)
Subcutaneous hematoma - 2(8)
Total 1 (4) 3 (12)

Major
Pneumothorax 1 (4) -
Vascular lesions  3 (12) -
Spleen laceration - 1 (4)

Conversion - -
Total 1 (4) 1 (4)

Total of complications (mean) 6 (20) 4 (16)

Table 4 – Postoperative data comparing retroperitoneoscopic radical nephrectomy (RRN) and hand-assisted laparoscopic 
radical nephrectomy (HALRN).

RRN HALRN p Value

Mean time for first deambulation 6 h ± 0.6 8 h ± 2.3  p < 0.001

Mean time for reintroduction of 
     postoperative diet

1.5 days ± 0.35 1.7 days ± 0.3 p < 0.05

Hospital stay (mean) 1-4 days (2.5) ± 1.1 2-3 days (2.2) ± 2.3 p = 0.56
Analgesic intake (mean) 17-120 mg (45) ± 19.9 20-120 mg (55) ± 4.9    p = 0.018

Mean convalescence time 3 weeks ± 2.7 4 weeks ± 9.9  p = 0.62
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Oncologic Follow-up

 Mean follow-up time for the RRN and 
HALRN groups were respectively 48 months (36 to 
58 mo) and 52 months (30 to 66 mo) respectively.
 In the RRN group, one patient presenting with 
pT3N1M0 grade 3 stage developed local recurrence, 
adrenal and retroperitoneal metastasis, 36 months after 
surgical resection. At the moment the patient is under-
going interferon therapy, and is still alive 40 months 
after surgery. There were no deaths in this group.
 In the HALRN group, there was one death 
not-related to the neoplasia. Also, one patient with 
pT3N1M0 grade 3 stage, presented 4 months after 
surgery with subcutaneous tumors at one of the 10 
mm laparoscopic ports and Hand-port incision sites. 
The patient also was found to have another implant 
site on the anterior abdominal wall, with no relation 
to surgical incisions. The patient died 4 months after 
surgery. This patient was diagnosed intra-operatively 
with ascites and signs of the peritoneal carcinomatosis 
at the time of HALRN. There were no other cases of 
disease recurrence in this group.

COMMENTS

 Radical nephrectomy is considered the es-
tablished treatment for renal cell carcinoma. Several 

published data suggests that laparoscopic radical 
nephrectomy for stage T1-2 tumors, smaller than 8 
cm, present relative advantages, reducing morbidity 
compared to the open technique, with better post-op-
erative recovery and shorter return to normal activities 
(4,7).
 The ideal minimally invasive method is not 
yet widely defined. Radical laparoscopic pure ne-
phrectomy can be performed via a trans-peritoneal 
and a retro-peritoneal approach. Retroperitoneoscopic 
radical nephrectomy is currently gaining increasing 
world acceptance for the treatment of renal tumors 
(3,8,9).
 Hand-assisted laparoscopic radical nephrec-
tomy has been presented as another technical option 
and, according to some authors, is considered best 
indicated in selected cases (10,11). Some reports sug-
gest that the choice between endoscopic techniques 
for renal ablation depends on the experience and 
preference of the surgeon, as well as the advantages, 
and disadvantages offered by each technique.
 Regarding the indications, the retroperito-
neoscopic access has been recommended for patients 
with previous abdominal surgery. Some authors avoid 
RRN when the tumor has a large volume, due to its 
smaller working space. On the other hand, Gill et al. 
(3) performed retroperitoneoscopic renal surgery in 
tumors with sizes of up to 12 cm. In our series, we 
also performed this technique, independently from 

Table 5 – Hystopathologic data comparing retroperitoneoscopic radical nephrectomy (RRN) and hand-assisted laparo-
scopic radical nephrectomy (HALRN).

RRN HALRN p Value

Renal cell carcinoma 25 23
Specimen weight (mean) 95-410g (310) 130-800 (482)
Specimen size (mean) 8-20 cm (12.2) 9-22 (10.3)
Tumor size (mean) 3.5-11 cm (6.9) ± 1.3 4-12 (6.4) ± 2.9 p = 0.44
Pathologic stage p = 0.50

T1N0M0 18 14
T2N0M0   4   7
T3N0M0   2 -
T3N1M0   1   1
T3bN1M0 -   1
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the size of the tumor, as long as the renal pedicle was 
apparently free of tumor on the CT scan images. For 
some authors, HALRN constitutes a selective indica-
tion for larger tumors. HALRN could also be a more 
appropriate option for patients with co-morbidities 
where a shorter operative time would be advised.
 Each of the techniques has some limitations 
and demands some kind of adaptation by surgeon. In 
the retroperitoneal access, as there is a less significant 
working space, small CO2 losses may make it difficult 
to perform surgery (12,13). Moreover,  to avoid this 
problem, the surgeon should develop an adequate 
expansion of the retroperitoneal space, use rigorously 
sealed ports, perform optimized laparoscopic aspira-
tion and increase CO2 replacement speed.
 In HALRN the biggest limitation may be a 
smaller working space for hand insertion in the small 
abdominal cavities (12).
 The main advantages of the retroperitoneo-
scopic technique are the absence of intra abdominal 
manipulation, therefore reducing the chance of iatro-
genic lesions of the intra-peritoneal organs (3,4,8,9), 
and the direct access to the renal pedicle allowing 
early control of the renal artery and vein (3,9). In our 
series we obtained faster access to the renal pedicle 
with RRN than with HALRN.
 The main advantages for HALRN are a 
shorter operative time and facilitating the approach 
to masses of greater volume, especially in large sized 
kidney tumors. It also facilities, to some extent, vas-
cular control in the case of a major vascular lesion 
and specimen retrieval at the end of the procedure.
 Considering the learning curves for both tech-
niques, HALRN has significantly shorter operative 
time for the initial cases than any pure laparoscopic 
technique, but there is less reduction in operating 
time when the technique is mastered (12). With RRN 
we  observed a definite impact on the learning curve, 
with significant reduction of operating time, when 
more experience is acquired. These results explain 
the larger acceptance of the Hand-assisted technique 
by surgeons with less experience in laparoscopic 
surgery. Our first 15 cases, include as learning curve 
in a sample of 25 patients in each group however, this 
may be a limitation in our study.
 Blood loss in the RRN group was smaller. 
Reported data are conflicting as we evaluated blood 

loss on different endoscopic accesses for radical 
nephrectomy. A possible explanation for our results 
is that in the HALRN group, blunt dissection was 
employed throughout the procedure as a means of re-
ducing operating time. In fact, in our data, the HALRN 
technique showed a significantly shorter operating 
time, which does not agree with the other author’s 
results. Again, blunt dissection may have had played 
an important role in reducing operating time but the 
difference obtained could be partially explained by 
the largest percentage of adrenalectomies performed 
in the RRN group.
 When the requirement for analgesia and 
hospital stay was considered, there was no significant 
difference between both groups. Although it seems 
logical that the retroperitoneoscopic technique would 
require a smaller dosage of analgesics than Hand-as-
sisted techniques, some comparative studies failed to 
demonstrate this advantage (10,11,13,14).
 Complications rates in our study were similar 
for both techniques. The RRN group presented a high-
er index of vascular lesions than the HALRN group. 
However, all lesions were controlled laparoscopically 
and no blood transfusions were necessary in any of the 
cases. These data are not in agreement with the series 
reported by other authors where major complications 
were more frequent for the Hand-assisted method 
(10,14-16). Minor complications represented by 
incisional hernia and parietal hematoma, were more 
frequent in the HALRN group. Parietal hematoma was 
caused by a partial epigastric arterial lesion at the 10 
mm port site, detected post-operatively. An extensive 
abdominal wall hematoma was formed and blood 
transfusion was required in the second post-operative 
day.
 The transverse incision for specimen extrac-
tion in the retroperitoneoscopic technique is smaller, 
and may be applied to the flank, therefore in order 
to achieve a more aesthetic result. The incision for 
the Hand-port placement is generally longitudinal or 
oblique, larger in comparison, and is applied to the 
anterior abdominal wall, therefore producing a less 
aesthetic result.
 It has only recently been shown that long term 
oncologic management of patients who have under-
gone laparoscopic radical nephrectomy is similar to 
conventional surgery (17,18). In both groups analyzed 



290

Retroperitoneoscopy and Hand-Assisted Laparoscopy for Nephrectomy

in this study, surgeons opted for an intact specimen 
removal. Laparoscopic port site tumoral seeding was 
not observed in any cases from the RRN group over a 
period of 30 months. In our series, we had a patient, 
in each group, who presented metastases related to a 
high histologic grade with lymph node involvement. 
However, a longer follow-up period would be neces-
sary to evaluate the oncological results related to each 
technique.
 Our results suggest that in general, both 
techniques are equivalent and feasible in the treat-
ment of renal malignant tumors. The knowledge of 
both surgical techniques is important for an adequate 
selection of the optimal minimally invasive access 
to be used in each case. The hand assisted technique 
in none of the referral centers was considered use-
ful to introduce the practice of minimally invasive 
procedures.

CONCLUSION

 Hand-assisted technique showed a relative 
reduction in operating time, which may be especially 
useful in more debilitated patients, and a good option 
for the treatment of large size renal tumors.
 Retroperitoneoscopic technique provides 
early access to vascular control, permitting minimal 
blood loss. In addition, the removal of the specimen 
was possible by using a more aesthetic incision.
 The comparison of long term oncological 
data seems to be similar using either one of these two 
techniques.
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EDITORIAL COMMENT

 This is an interesting prospective study 
comparing two laparoscopic approaches for radi-
cal nephrectomy: a retroperitoneoscopic (RRN) and 
hand-assisted (HALRN) approach, which attempts 
to define the best minimal access to this surgery. A 
shorter operative time and learning curve were in fa-
vor of HALRN versus a minor blood loss and small-
er incision for organ retrieval in favor of RRN. No 
differences in the complication rate were observed. 
After a mean follow-up of 50 months, no difference 
in oncological control was found.
 Although the study was conducted prospec-
tively, a randomized trial would have been a better 
way, even if more difficult to perform, to compare 
different surgical techniques.
 An important issue that should be investi-
gated in any comparative surgical technique study 
is the health-related quality of life (HRQoL). In the 
literature, there is little reported data regarding long-
term HRQoL after RRN and HALRN performed for 
renal cancer. Patel et al. (1) using the SF-36 ques-
tionnaire, showed no difference in terms of HRQoL 
between the two techniques with a mean follow-up 

ity of a 3-month minifellowship. J Laparoendosc Adv 
Surg Tech A. 2007; 17: 435-9.

17. Bandi G, Christian MW, Hedican SP, Moon TD, 
Nakada SY: Oncological outcomes of hand-assisted 
laparoscopic radical nephrectomy for clinically local-
ized renal cell carcinoma: a single-institution study 

with >or=3 years of follow-up. BJU Int. 2008; 101: 
459-62.

18. Chung SD, Huang KH, Lai MK, Huang CY, Pu YS, Yu 
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of 6 months, but studies with a larger patient popula-
tion and a longer follow-up are required.
 We agree with the authors’ statement that in 
general, both techniques are feasible for treatment of 
renal malignant tumors and the knowledge of both 
techniques should be theoretically familiar to the ex-
perienced surgeon.
 However, our impression is that both tech-
niques, as stated, are not equivalent. A difference of 
one hour in surgical time is the most striking differ-
ence described in this study and it should be con-
sidered an extremely important factor today in view 
of budget cuts for hospital costs, also considering 
that additional costs of laparoscopic hand-assisted 
devices could be avoided (2). In addition, longer 
anesthesia is associated with an increase in the inci-
dence of perioperative complications and mortality 
(3).
 Moreover, a shorter learning curve is another 
important factor to consider when we take in account 
the acceptance of a new technique and its use in the 
urological community outside teaching and referral 
hospitals.
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 In search of the “Holy Grail” (i.e. the ideal 
minimally invasive method), this paper adds more 
information to the body of literature on laparoscopic 
radical nephrectomy. However, still today, the most 
important factor that guides the choice of a laparo-
scopic technique depends on the surgeon’s experi-
ence and personal preference.
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ABSTRACT

Purpose: Clinical studies produce conflicting results on pain relief for shock wave lithotripsy (SWL). We performed a 
systematic review and meta-analysis to compare non-steroidal anti-inflammatory drugs (NSAIDs) and opioids in pain 
relief for SWL powered by an electromagnetic generator.
Material and Methods: A search of MEDLINE and EMBASE was performed and all randomized controlled trials comparing 
NSAIDs and opioids in pain relief for SWL using modern electromagnetic lithotripters were included in the analysis. Data 
from 3 trials (244 patients) were pooled. The primary outcome measure was adequate analgesia, defined as “if no additional 
pain relief was used”. The difference in the proportion of patients with adequate anesthesia was compared between the 
NSAIDs and opioids groups as an odds ratio and odds ratio were pooled across the 3 trials with a fixed effects model.
Results: There was no statistically significant difference between using NSAIDs and opioids for pain relief during SWL 
using modern electromagnetic lithotripters (odds ratio 0.886, 95% CI 0.446-1,760, p = 0.730).
Conclusions: Our analysis shows that in relieving pain during SWL using modern electromagnetic lithotripters NSAIDs 
are as effective as opioids.

Key words:  extracorporeal shockwave lithotripsy; analgesics; anti-inflammatory agents, non-steroidal; opioids
Int Braz J Urol.  2009; 35: 293-8

INTRODUCTION

 The introduction of shock wave lithotripsy 
(SWL) has radically changed the treatment paradigm 
for upper urinary tract calculi. Stones that once re-
quired an open surgical procedure for effective cure 
could be treated by SWL in a completely non-inva-
sive manner. When SWL first began in 1980, it was 
performed with the patient under epidural or general 
anesthesia (1-5). Modifications in lithotripters over 
last two decades have made SWL a less painful ex-
perience (6). Most current lithotripters are powered 
by an electromagnetic generator. This allows a wide 
therapeutic power range (allowing power to be gradu-
ally increased) with far less noise for the patient and 

 �lini�al �rology�lini�al �rology

treating staff. Furthermore, the electromagnetic shock 
wave source requires little maintenance and has no 
disposable parts which is commercially attractive. 
It is generally accepted that pain is caused by the 
entry of the shock wave at the skin and transmission 
through deeper structures in addition to the effect on 
the stone. Many analgesic techniques have been used 
to treat the sharp, stinging pain produced by the im-
pact of shockwaves. As SWL is performed on a large 
number of patients, many of whom are treated on an 
ambulatory basis, the optimal anesthesia technique 
should be easy to administer, with high efficacy and 
minimal side effects. The use of opioids is associ-
ated with potential complications such as ventilatory 
depression (7-9), bradycardia (10), hypotension (11), 
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nausea, vomiting (7-13) and prolonged recovery time 
(12,13), prompting the search for a suitable alternative 
that would provide adequate analgesia with minimal 
adverse effects. We designed this study to analyze 
the efficacy of non-steroidal anti-inflammatory drugs 
(NSAIDs) versus opioids for SWL using modern 
electromagnetic lithotripters.

MATERIALS AND METHODS

 We searched published reports cited in the 
Medline and Embase databases between 1988 and 
2008 to retrieve fully published English-language 
clinical studies on pain relief for SWL. In Medline, 
the search was done by exploding and combining 
the medical subject heading terms: ‘anesthesia’ and 
‘shock wave lithotripsy’ and the free text words ‘ex-
tracorporeal shock wave lithotripsy AND pain relief’. 
In Embase, the search was done by exploding the 
ENTREE term: ‘shock wave lithotripsy’ and com-
bining this with the ENTREE term ‘anesthesia’ and 
by using the search term ‘extracorporeal shock wave 
lithotripsy AND pain relief’ Studies that analyzed 
anesthesia for SWL in children were excluded. Refer-
ence lists of published articles were also checked to 
identify relevant studies. Each of the selected articles 
was reviewed to establish efficacy and side effects of 
anesthesia for shock wave lithotripsy. Only random-
ized trials on NSAIDs versus opioids for SWL using 
lithotripters with the electromagnetic shock wave 
source were included.

RESULTS

 In all three trials evaluating the efficacy of 
NSAIDs for extracorporeal shock wave lithotripsy 
with the electromagnetic shock wave source were 
selected (13-15). Table-1 provides details of the in-
cluded trials in terms of the populations studied, the 
treatment examined and outcome measures used. Key 
trial characteristics are summarized below.
 Two studies used Siemens Lithostar and one 
trial used Dornier Lithotripter S. All three studies were 
randomized, although only two trials described the 
method of randomization. Two studies were double 
blinded. Only one study reported sample size calcu-
lation. The inclusion criteria varied among the trials. 
All studies included patients older than 15 years old 
with pelvicalyceal stones.
 All studies reported the number of patients 
who required additional pain relief during SWL as 
original anesthesia was inadequate. Heterogeneity be-
tween studies was not substantial (Table-2). The pub-
lication bias in these studies was evaluated graphically 
with a funnel plot (Figure-1). There was no evidence 
of publication bias indicated by a lack of asymmetry 
in the funnel plot. All calculations for meta-analysis 
for efficacy of non-steroidal anti-inflammatory drugs 
in SWL were performed using Comprehensive Meta-
analysis software Version 2 Biostat, (Englewood, NJ, 
2005).
 Meta-analysis of randomized studies (total 
244 patients) showed that there is no statistically 
significant difference between using NSAIDs and 

Table 1 – Non-steroidal anti-inflammatory drugs (NSAIDS) vs. opioids for pain relief in SWL using the electromagnetic 
shock wave source.

Study Name Subgroup within Study NSAIDS Adequate 
Analgesia 

Events

NSAIDS
Total 

Number

Opioids 
Adequate 
Analgesia

Opioids 
Total 

Number

Chia YY, 1998 Tenoxicam vs. fentanyl (A) 32 40 28 40

Chia YY, 1998 Tenoxicam vs. tramadol (B) 32 40 34 40

Yang CP, 2002 Ketorolac vs. fentanyl 25 30 28 30

Parkin J, 2002 Diclofenac vs. alfentanil and diclofenac 32 34 30 30
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opioids for pain relief during SWL with modern 
electromagnetic lithotripters lithotripters (odds ratio 
0.886, 95% confidence interval: 0.446-1.760, p = 
0.730) (Figure-2).

COMMENTS

 Shock wave related pain is an important side 
effect of SWL and results from stimulation of noci-
ceptive nerve ending in tissues along the shock wave 
path. There is increasing evidence that the stimulation 
of nerves by shock waves is not a direct mechanical 
effect but is mediated by cavitation, the generation 
and movement of gas bubbles in fluid or tissues (16). 
Therefore, like many other shock wave effects, pain 
during shock wave administration could result from 
cavitation mediated nerve stimulation. There are 
numerous factors influencing amount of pain during 
SWL. Apart from patient-related factors, the type of 
lithotripter, shockwave peak pressure, the size of the 

focal zone, and the area of shockwave entry at the 
skin can change the severity and duration of the pain 
(17-20). For maximal patient comfort, the most suit-
able drug for SWL should provide sufficient sedation, 
adequate analgesia, minimal side effects, and rapid 
recovery. To the best of our knowledge, to date, no 
meta-analysis has been carried out to assess pain relief 
for SWL.
 Techniques used to measure pain vary widely 
from complicated questionnaires such as the McGill 
questionnaire (21) to the more straightforward the 
Visual Analogue Scales (VAS). The VAS is usually 
drawn as a 10 cm line, with anchors at either end, to 
depict the extremes of the sensation under study. The 
subject is asked to mark a point on the scale which 
indicates to the patient the intensity of the sensation 
experienced at that time. The only drawback of the 
VAS is the fact that the patient completes the test after 
the treatment has been completed. That makes this 
assessment less reliable than pain assessment dur-
ing actual treatment. In our analysis we assessed the 
percentage of patients who requested additional pain 
relief as original analgesia was inadequate. We feel 
that those figures are more reliable as they are taken 
during actual SWL.
 Various opioids (morphine, pethidine, trama-
dol, alfentanil and fentanyl) have been given during 
SWL using a variety of techniques (bolus subcu-
taneous/intravenous injections, patient-controlled 
analgesia) (22). Among the various opioids, fentanyl 
is a strong synthetic narcotic commonly used dur-
ing SWL. It has been reported that though fentanyl 
provided an acceptable analgesia condition in SWL, 
respiratory depression should be carefully monitored 
and properly managed. In addition, the personnel who 
administer opioids should have appropriate reversal 
agents (e.g., naloxone) on hand in case of severe de-
saturation. Regarding the risk of desaturation during 
opioids or sedative administration, continuous non-
invasive pulse oximetry should be applied in SWL 
(15).
 Tramadol is a centrally acting analgesic with 
an unusual mechanism of action involving opioid, 
noradrenalin and 5-hydroxytryptamine (5-HT) sys-
tems (23). It does not result in significant respiratory 
depression (24). It has been reported that tramadol has 
caused a high incidence (25%) of nausea and vomiting 

Table 2 – Heterogeneity of studies.

Model Heterogeneity

Q-value df p Value I - squared
Fixed 3.617 3 0.306 17.067

Figure 1 – Funnel plot for randomized studies non-steroidal 
anti-inflammatory drugs (NSAIDs) vs. opioid.



296

Non-Steroidal Anti-inflammatory Drugs vs. Opioids for SWL Analgesia

(15). The actual mechanism of nausea and vomiting 
remains unclear and is assumed to be related to its 
central effect on opioid receptors.
 The NSAIDs, owing their anti-inflammatory 
effect when given via oral, intramuscular, or rectal 
use, have been used extensively in SWL. However, 
side effects may occur, especially affecting the gas-
trointestinal system, hematopoietic system, and kid-
neys. NSAIDs reduce the synthesis of cytoprotective 
prostaglandins by inhibiting cycloxygenase enzyme. 
They also have antithrombocytic effects because they 
block the synthesis of thromboxane A2, slow down 
hemostasis, and may cause a prolonged bleeding time. 
They reduce renal blood flow, renin release, and the 
glomerular filtration rate by inhibiting the synthesis 
of prostaglandin E2 (25). In contrast, NSAIDs have 
negligible effects on ventilatory control and hemody-
namics (17) making it an attractive alternative to opi-
oids for ambulatory surgical setting. The use of opioid 
analgesics risks respiratory depression especially in 
susceptible patient groups e.g. the elderly, making the 
use of NSAID’s more attractive - provided there is no 
contra-indications to their use such as gastrointestinal 
disturbance, renal dysfunction etc.
 Our initial clinical evaluation revealed 46 well 
designed studies of pain relief in SWL and 33 of those 
studies were randomized. Only three trials assessed 
NSAIDs versus opioids using modern electromagnetic 
lithotripters.
 Our analysis shows that in terms of pain 
relief during SWL using modern electromagnetic 
lithotripters NSAIDs are as effective as opioids. 
Provided there are no contraindications to their use, 

we recommend the use of NSAIDs as a first line of 
pain relief for SWL powered by an electromagnetic 
generator.
 Several limitations of the source studies, 
and, by extension, the present meta-analysis merit 
delineation. The number of studies is small, which 
limits the ability to evaluate the influence of factors 
that differ within patient subgroups or across studies. 
Nonetheless, a meta-analysis of level 1 evidence (ran-
domized controlled trials) is likely minimize bias, as 
the evidence is evaluated in aggregate. Furthermore, 
this would reduce the likelihood of random error, 
as the sample size is greater than that of any of the 
constituent trials.
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EDITORIAL COMMENT

 Extracorporeal shock wave lithotripsy (SWL) 
is performed throughout the world on a daily basis, 
but although there are relatively fixed guidelines for 
the urological management of renal stones, there is a 
great deal of variation in methods used to manage the 
pain associated with SWL (1). Different anesthetic 
techniques including regional, general and local have 
been used (1,2). Because of the patient discharged 
home within hours of treatment completion, this 
has implications in terms of cost effectiveness and 
efficiency and improving patient acceptance of the 
treatment (1). Analgesic agent for ambulatory pro-
cedures should undergo rapid predictable elimina-
tion, produce no toxic metabolites or side effects, 
be tolerated by all patient populations, and promote 
rapid recovery (3). Although opioid analgesics are 
the traditional first line treatment in this setting, they 
have the potential to cause adverse events, which 
often leads to reluctance to increase doses to achieve 
adequate analgesia (4). Extensive use of opioids is 
associated with a variety of side effects, such as ven-
tilatory depression, drowsiness and sedation, nausea 
and vomiting, pruritus, urinary retention, which can 
delay hospital discharge. Therefore, anesthesiologists 
and surgeons are increasingly turning to non-opioid 
analgesic techniques as adjuvant for managing pain 
during the ambulatory procedures to minimize the 
adverse effects of analgesic medications (5).
 As already pointed out by the author, there 
are many reports suggested that non-steroidal anti-
inflammatory drugs (NSAIDs) possessed analgesic 

properties comparable to the traditional opioid anal-
gesics without opioid related side effects. As regards 
this point, meta-analysis of the efficacy of NSAIDs 
vs. opioids will be precious in the clinical practice. 
It would be more interesting if the side effects of the 
opioids and NSAIDs were documented. The main 
endpoint of this manuscript was that if there are no 
contra-indications to their use, NSAIDs might be the 
first line of pain relief in this ambulatory procedure.
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ABSTRACT

Introduction: Studies that compare the impact of different infectious entities of the male reproductive tract (MRT) on the 
male accessory gland function are controversial.
Materials and Methods: Semen analyses of 71 patients with proven infections of the MRT were compared with the results 
of 40 healthy non-infected volunteers. Patients were divided into 3 groups according to their diagnosis: chronic prostatitis 
NIH type II (n = 38), chronic epididymitis (n = 12), and chronic urethritis (n = 21).
Results: The bacteriological analysis revealed 9 different types of microorganisms, considered to be the etiological agents, 
isolated in different secretions, including: urine, expressed prostatic secretions, semen and urethral smears: E. Coli (n = 
20), Klebsiella (n = 2), Proteus spp. (n = 1), Enterococcus (n = 20), Staphylococcus spp. (n = 1), M. tuberculosis (n = 2), 
N. gonorrhea (n = 8), Chlamydia tr. (n = 16) and, Ureaplasma urealyticum (n = 1). The infection group had significantly 
(p < 0.05) lower: semen volume, alpha-glucosidase, fructose, and zinc in seminal plasma and, higher pH than the control 
group. None of these parameters was sufficiently accurate in the ROC analysis to discriminate between infected and non-
infected men.
Conclusion: Proven bacterial infections of the MRT impact negatively on all the accessory gland function parameters 
evaluated in semen, suggesting impairment of the secretory capacity of the epididymis, seminal vesicles and prostate. 
These findings were associated with an infectious related significant increase of semen pH. None of the semen parameters 
evaluated can be suggested as a diagnostic tool for infection.

Key words:  accessory sex organs, male; infection; semen; alpha-glucosidases; fructose; zinc
Int Braz J Urol.  2009; 35: 299-309

INTRODUCTION

 Infection of the male reproductive tract (MRT) 
is a common disease that can deteriorate the quality 
of spermatozoa and impair the function of the male 
accessory glands; for this reason it is considered one 
of the potentially correctable causes of male infertility 
(1,2). However, the physiopathology and epidemiol-
ogy regarding the impact of infection on the male 
accessory gland function is still a matter of debate, 

 Clinical Urolo�yClinical Urolo�y

and the power of different exocrine function markers 
of the male accessory glands to discriminate between 
infected/inflammated vs. non-infected/inflammated 
patients have been reported with controversial results 
(3-6).
 Male accessory glands secrete several factors 
such as alpha-glucosidase, fructose, prostaglandins, 
bicarbonate and citric acid amongst others, which are 
crucial for sperm physiology. Inflammation “per se” 
(7) and secondary obstruction (8) have been proposed 
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as possible mechanisms through which different 
infectious agents may impair their function. Under 
normal conditions the epididymis secretory factors 
are involved in the maturation of sperm; its function 
can be evaluated by the measurement of L-carnitine, 
glycerylphosphoryl choline and alpha-glucosidase in 
seminal plasma. The secretion of alpha-glucosidase 
is used to reliably evaluate epididymal function; 
however, there is no consensus regarding the impact 
of chronic epididymitis on the level of this marker 
(7,9,10). The seminal vesicles produce: fructose, 
ascorbic acid, ergothioneine, prostaglandins and bi-
carbonate. These factors act as reducing agents and 
in preventing sperm agglutination (11). A deleterious 
effect of infection on the secretory function of the 
seminal vesicles, evaluated by fructose levels has 
been previously reported (4); however, these find-
ings were not confirmed by other authors (10,12). 
The secretory function of the prostate gland has been 
widely investigated: seminal plasma pH, citric acid, 
gamma-glutamyl transpeptidase and zinc have been 
proposed as markers of its exocrine function, their 
concentrations are usually altered in response to bac-
terial infection and inflammation (1). However, they 
are currently not recommended as diagnostic tools to 
detect inflammation or infection in the MRT (5).
 Since studies that evaluate the impact of 
infection on the male accessory gland function still 
remain controversial, we decided to evaluate the se-
cretory function of the epididymis, seminal vesicles 
and the prostate, using alpha-glucosidase, fructose and 
zinc as parameters, in patients with chronic epididy-
mitis, chronic bacterial prostatitis (CBP) and, chronic 
urethritis.

MATERIALS AND METHODS

 Seventy-one symptomatic consecutive pa-
tients (age ranges 23-62) with proven chronic infec-
tions of the MRT, attending our special outpatient 
Department for Urological Andrology were recruited 
as a study group and 40 age-matched healthy volun-
teers (age range 20-62), with no previous medical his-
tory or evidence of andrological or urological disease 
and with sterile urine and semen, were enrolled as a 
control group. The inclusion criteria for the patients 

enrolled in the study were genital pain or discomfort 
secondary to infection of the MRT lasting for more 
than 6 months, no antibiotic uptake for at least six 
weeks prior the first bacteriological evaluation and, a 
positive bacteriological finding in the Meares-Stamey 
4-glass test. Patients with severe chronic systemic 
illnesses (i.e. HIV, chemotherapy), previous chronic 
non-infectious genitourinary diseases under treatment 
(i.e. benign prostatic hyperplasia under treatment with 
alpha-blockers or 5 alpha-reductase inhibitors) and, 
history of prostate biopsy, were excluded from the 
study. Patients were included in the study irrespective 
of their fertility status and classified into three groups 
according to our diagnostic schedule (Table-1).
 The diagnosis of CBP was made clinically 
and based on microbiological tests following the 
consensus criteria of the NIH (13,14). The diagnosis 
of chronic epididymitis was performed clinically, 
sonographically and microbiologically according to 
consensus statements including search for sexually 
transmitted disease microorganisms and inflamma-
tory parameters in the ejaculate (peroxidase positive 
leukocytes, elastase) (15,16). The diagnosis of chronic 
urethritis was done clinically and microbiologically 
including the search for sexually transmitted microor-
ganisms and leukocyte counts of the first voided urine 
and in the ejaculate (peroxidase positive leukocytes, 
elastase) (16) (Table-1).

Categorization of CBP, Chronic Epididymitis 
and Chronic Urethritis

 Evaluation of patients with CBP included 
(17): the NIH chronic prostatitis symptom index 
German version (18), physical examination including 
digital rectal examination of the prostate, transrectal 
ultrasound (TRUS), the 4-glass test with search for 
common urinary bacteria, mycoplasma and yeasts in 
all urine fractions (first voided urine: VB1, midstream 
urine: VB2, and post-prostatic massage urine: VB3) 
and expressed prostatic secretions (EPS), ejaculate 
analysis (19), polymerase chain reaction (PCR) for 
Chlamydia (C.) trachomatis in VB1 (Abbott, Wies-
baden, Germany), and microscopic examination of 
VB3 for detection of Trichomonas vaginalis (20).
 In men with chronic epididymitis, the evalua-
tion included scrotal ultrasound and duplex according 
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Table 1 – Laboratory criteria used for categorization of the infectious diseases of the male reproductive tract and bacte-
riological findings of all patients.

Prostatitis NIH Type II 
(N = 38)

Chronic Epididymitis 
(N = 12)

Chronic Urethritis 
(N = 21)

Diagnostic criteria Clinical signs and symptoms 
plus typical chronic bacte-
rial prostatitis constellation: 
EPS and VB3 > 10 fold 
higher CFU/mL than VB1 
and VB2.

Clinical signs and symp-
toms plus either: significant 
bacteriuria VB2 (> 104 
CFU/mL), bacteriospermia 
(> 103 CFU/mL), and/or 
positive PCR to C. tracho-
matis and/or N. gonorrhea 
in VB1.

Clinical signs and symp-
toms plus evidence of ≥ 4 
granulocytes per microscopic 
field (1000x) in the smear of 
urethral discharge, or ≥ 15 
granulocytes per microscopic 
field (400x) in VB1 sediment, 
and either: C. trachomatis 
or N. gonorrhea positive 
PCR in VB1 and/or urethral 
smears, or presence of rel-
evant bacteria, mycoplasma, 
or yeasts with a concentration 
≥ 104 CFU/mL in the urethral 
smear and/or ≥ 103 CFU/mL 
of VB1.

Bacteriological Findings
Aerobic bacteria
   Enterococcus 19 1 -
   Staphylococcus spp.   1 - -
   N. gonorrhea - - 8
   E. coli 15 5 -
   Klebsiella   2 - -
   M. tuberculosis - 21 -
   Anaerobic bacteria
   C. trachomatis - 4 12
   U. urealyticum - -   12

1 History of epididymal tuberculosis.
2 > 103 CFU/mL of U. urealyticum in VB1

to consensus suggestions for evaluation of patients 
with epididymitis (15). The microbiological evalu-
ation included PCR in VB1 for C. trachomatis and 
Neisseria (N.) gonorrhea, and search for common 
relevant bacteria in VB2 and in the ejaculate (16) 
(Table-1).
 In patients with chronic urethritis, microbio-
logical evaluation included microscopic evaluation of 
VB1 with cytological analysis for leukocytes (Papa-
nicolaou-staining), semi quantitative culture methods 

for relevant bacteria (N. gonorrhea, mycoplasmas 
and Candida spp.) in urethral discharge and in VB1, 
and PCR for C. trachomatis and N. gonorrhea (Ab-
bott, Wiesbaden, Germany) in urethral smears and in 
VB1. Evidence of ≥ 4 granulocytes per microscopic 
field (X1000) in the urethral discharge smear, or ≥ 15 
granulocytes per microscopic field (X400) in VB1 
sediment, and either: C. trachomatis or N. gonorrhea 
positive PCR in VB1 and/or urethral smears, or pres-
ence of common bacteria, mycoplasmas, or yeasts 
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with a concentration ≥ 104 CFU/mL in the urethral 
discharge and/or ≥ 103 CFU/mL in VB1, were con-
sidered criteria for diagnosis (16) (Table-1).

Detection of Microorganisms

 The bacteriological analysis of the patients 
revealed 9 different types of infectious agents iso-
lated in different MRT secretions including urine, 
EPS, urethral smears and semen (Table-1). The most 
common isolated microorganisms in all patients 
were Escherichia (E.) coli (n = 20) and Enterococ-
cus spp. (n = 20). When the different diseases were 
analyzed separately, Enterococcus spp. was the most 
common agent isolated in patients with CBP and, in 
patients with chronic epididymitis, E. coli was the 
most prevalent. Infections due to sexually transmitted 
microorganisms were only detected in men suffering 
from chronic epididymitis and chronic urethritis. Two 
patients had a previous history of epididymitis due to 
Mycobacterium (M.) tuberculosis previously treated 
with antibiotics.

Ejaculate Analysis

 Complete ejaculate analysis according to the 
WHO standards (19) including semen volume, pH, 
elastase and peroxidase positive leukocytes (PPL) 
determination was performed in all men (21). Levels 
of α-glucosidase and fructose (total enzymatic activ-
ity) at neutral pH were determined by spectrophoto-
metrical methods described elsewhere (5). Zinc was 
assessed using a commercially available kit (Zinc Kit, 
Bako, Germany).
 The impact of inflammation on the levels of 
semen volume, pH, α-glucosidase, fructose and zinc 
was analyzed stratifying the patients as having an 
inflammatory or non-inflammatory spermiogram ac-
cording to two well accepted criteria: PPL ≥ 1x106/mL 
(19) and/or elastase ≥ 230 ng/mL (21).

Statistical Analysis

 Data were analyzed by the Prisma program 
for Windows version 5.0. Mann-Whitney U, Kruskal-
Wallis and Dunn’s multiple comparison test were used 
to analyze the results of the ejaculate and, Receiver 

Operating Characteristic Curves (ROCC-analysis) 
was applied to assess the normal ranges of the seminal 
plasma parameters in the cases where statistical differ-
ence was found. Statistical significance was achieved 
at p < 0.05, all reported p values are two-sided.

RESULTS

Cytomorphological Analysis of the Ejaculate
 
 Compared with the controls, the patients 
had statistically significantly (p < 0.05) lower sperm 
concentration, % of sperm with progressive motility 
(a+b), % of sperm with normal morphology; and 
higher: % of immotile sperm, % of sperm with head 
deformity, and % of sperm with tail deformity. No 
significant differences were observed in the levels 
of PPL, elastase and sperm vitality between the two 
groups (Table-2).

Secretory Parameters of the Male Accessory 
Glands

 Compared to the controls, the patients had 
statistically significantly (p < 0.05) lower (mean ± 
SD): semen volume (4.1 ± 1.5 vs. 2.6 ± 1.8 mL), 
levels of α-glucosidase (79.1 ± 56.1 vs. 54.6 ± 46.8 
mU/ejaculate), levels of fructose (59.5 ± 40.4 vs. 38.1 
± 34.2 μmol/ejaculate), levels of zinc (24.1 ± 18.4 vs. 
12.1 ± 14.1 U/ejaculate) and, higher pH (8.1 ± 0.4 vs. 
8.3 ± 0.4) (Table-3).
 We applied a ROCC analysis to quantify a 
cut point to discriminate men with versus without 
infection using the parameters of male accessory 
gland function that were significantly different in the 
infection group (n = 71). A semen volume of 2.75 
mL was found to discriminate patients from controls 
with a sensitivity of 62.9% and specificity of 90.9%, 
the Area Under the Curve (AUC) was 0.77, a level 
α-glucosidase of 56.1 mU/ejaculate discriminated 
men with versus without infection with a sensitivity 
of 73% and specificity of 60% (AUC: 0.65), a level 
of fructose of 47.5 μmol/ejaculate discriminated men 
with versus without infection with a sensitivity of 
73% and specificity of 60% (AUC: 0.68) and, a level 
of zinc of 14.2 U/ejaculate discriminated men with 
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versus without infection with a sensitivity of 75.4% 
and specificity of 70% (AUC: 0.79). A semen pH of 
8.15 was found to discriminate patients from controls 
with a sensitivity of 58.8% and specificity of 63.6% 
(AUC: 0.67) (Figure-1).
 The multiple comparison analysis between 
the different diagnoses, microorganisms and control 
group, revealed that patients with CBP had statisti-
cally significant (p < 0.05) lower: semen volume 

(4.1 ± 1.5 vs. 2.5 ± 1.7 mL), levels of fructose (59.5 
± 40.4 vs. 37.2 ± 32.9 μmol/ejaculate), and levels of 
zinc (24.1 ± 18.4 vs. 10.9 ± 13.7 U/ejaculate) than the 
controls. Patients with chronic urethritis had statisti-
cally significant (p < 0.05) lower: semen volume (4.1 
± 1.5 vs. 2.1 ± 1.1 mL) and levels of zinc (24.1 ± 18.4 
vs. 13.7 ± 15.1 U/ejaculate) than the controls. Patients 
with chronic epididymitis had statistically significant 
(p < 0.05) lower levels of zinc (24.1 ± 18.4 vs. 13.1 ± 

Table 2 – Physical and cytomorphological analysis of the ejaculate in controls (N = 40) and patients (N = 71).

Semen Analysis Parameter Control Group
Mean ± SD

Infection Group
Mean ± SD

Sperm count (mio/mL)        142 ± 100.9      97.4 ± 147*
Agglutination (0 - +++) 0     + 
Vitality eosin test %  81.5 ± 8.8     78.2 ± 17.6
Motility
     Progressive motility % (a+b)    62.2 ± 14.9    50.5 ± 19*
     Nonprogressive motility % (c)  17.4 ± 6.2       9.5 ± 6.1*
     Immotile sperm % (d)    20.4 ± 13.1       39.0 ± 17.6*
Morphology
     Normal %    39.4 ± 12.4       7.6 ± 7.6*
     Head deformity %  29.4 ± 9.7       72.8 ± 15.5*
     Midpiece deformity %  21.2 ± 8.9     27.1 ± 17.8
     Tail deformity %    36.7 ± 15.4       26.3 ± 14.0*
Cell count
     Peroxidase positive (mio/mL)      0.1 ± 0.17   0.66 ± 2.6
Biochemical analysis
     Elastase (ng/mL)    176.4 ± 114.1     305.7 ± 328.5

*Significant statistical difference in the control group (p < 0.05, Mann-Whitney U test).

Table 3 – Comparison of the different secretory parameters of the male accessory glands between the controls and pa-
tients.

Biochemical Analysis Control Group
Mean ± SD

Infection Group
Mean ± SD

Volume (mL)     4.1 ± 1.5 2.6 ± 1.8*
pH     8.1 ± 0.4 8.3 ± 0.4*
Alpha-glucosidase (mU/ejaculate)     79.1 ± 56.1 54.6 ± 46.8*
Fructose (µmol/ejaculate)     59.5 ± 40.4 38.1 ± 34.2*
Zinc (U/ejaculate)     24.1 ± 18.4 12.1 ± 14.1*

*Significant statistical difference in the control group (p < 0.05, Mann-Whitney U test).
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14.2 U/ejaculate) than the controls. Patients infected 
with E. coli had statistically significant (p < 0.05) 
lower levels of fructose (59.5 ± 40.4 vs. 23.9 ± 18.4 
μmol/ejaculate), lower levels of zinc (24.6 ± 18.4 vs. 
6.3 ± 7.2 U/ejaculate), reduced semen volume (4.1 ± 
1.5 vs. 2.2 ± 1.4 mL), and higher pH (8.1 ± 0.4 vs. 
8.5 ± 0.4) compared to the control group. Patients 
infected with N. gonorrhea presented statistically 
significant (p < 0.05) lower semen volume (4.1 ± 1.5 
vs. 1.8 ± 1.2 mL) and lower levels of zinc (24.6 ± 18.4 
vs. 8.0 ± 8.5 U/ejaculate) than the control group. No 
other significant differences between the patients and 
the controls were observed considering all the other 
specific diagnoses and microorganisms evaluated.
 The subgroup of patients with inflammatory 
signs in the spermiogram according to two criteria: 
PPL ≥ 1x106/mL (19) and/or elastase ≥ 230 ng/mL 
(21) (n = 36), demonstrated also a significant decrease 
in the levels of semen volume, alpha-glucosidase, 
fructose and zinc compared to the controls and, higher 
values of semen pH (data not shown). The sensitivity 

and specificity of these parameters to diagnose MRT 
infection in patients with inflammatory signs in the 
ejaculate were; semen volume: cut point 2.75 mL, 
sensitivity 63.2%, specificity 90.9%, AUC 0.79; se-
men pH: cut point 8.15, sensitivity 61.1%, specificity 
63.6%, AUC 0.70; alpha-glucosidase cut point 56.1 
mU/ejaculate, sensitivity of 73% specificity of 60%, 
AUC: 0.65; fructose: cut point: 47.5 μmol/ejaculate, 
sensitivity of 73%, specificity of 60%, AUC: 0.68; 
zinc: cut point 10.7 U/ejaculate, sensitivity 83%, 
specificity 80%, AUC 0.88.

COMMENTS

 In the clinical setting MRT infection has a 
questionable effect on the fertility prognosis. What 
seems to be clear is that the different factors secreted 
by the male accessory glands are crucial for normal 
conception, since sperm retrieved directly from the 
epididymis or the testis are unable to fertilize the 

Figure 1 – ROCC analysis of semen volume, semen pH, alpha-glucosidase, fructose and zinc levels, to differentiate men with vs. without 
MRT infection. Semen volume = cut point 2.75 mL; sensitivity = 62.9%; specificity = 90.9%; AUC = 0.77. Semen pH = cut point 8.15; 
sensitivity = 58.8%, specificity = 63.6%, AUC = 0.67. Alpha-glucosidase: cut point 14.2 mU/ejaculate, sensitivity = 73%, specificity = 
65%; AUC=  0.65. Fructose = cut point 47.5 µmol/ejaculate; sensitivity = 73.0%; specificity = 60.0%; AUC = 0.68. Zinc = cut point 
14.2 U/ejaculate, sensitivity = 75.4%; specificity = 70.0%; AUC = 0.79.
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egg without the assistance of artificial reproduction 
techniques (22). Taking this fact into account, it is 
interesting to analyze the effect of different infectious 
entities of MRT and their etiologic agents on the secre-
tory function of the male accessory glands. Mainly 
two questions need to be answered, first if the different 
diseases and microorganisms can cause obstruction of 
the seminal pathways and by that means deteriorate 
the normal composition of the ejaculate; and second 
if they are related to any intrinsic impairment of the 
secretory function of the epididymis, seminal vesicles 
and prostate.
 The fact that all patients included in the study 
group had proven MRT infectious diseases defined 
according to well accepted consensus definitions, 
allowed us to accurately identify the origin of the 
MRT infection. Moreover, in previous reports semen 
cultures identify significant bacteriospermia in only 
50% of semen specimens from men with CBP, thus 
ejaculate culture is not yet recommended for the first 
line of diagnostic management in men with suspected 
CBP (23). The microbiological findings in our study 
group are in agreement with previous reports (1); N. 
gonorrhea and C. trachomatis are the most frequent in-
fectious agents isolated patients with chronic urethritis. 
In patients with CBP, Enterococcus and E. coli were, 
as expected, the more frequent microbiological agents 
isolated. Finally, it is interesting that in patients con-
sulting for chronic epididymitis, the microbiological 
findings gave similar results to those found in cases of 
acute epididymitis (15), suggesting that under special 
conditions the epididymis may act as a reservoir of 
bacteria in the male reproductive tract.
 In our series of patients, we did not find any 
azoospermic patients, although, the levels of alpha-
glucosidase, fructose, zinc and sperm concentration 
were significantly lower in the infection group com-
pared to the control group. Also, there were no con-
clusive findings indicating a total obstruction of the 
MRT at any level. This fact confirms that obstruction 
is not an important cause of impairment of the male 
accessory gland function in an infectious setting and 
although infection has been previously mentioned in 
the literature as common cause of obstruction of the 
MRT (2), our findings and more recent studies (6,20) 
seem to confirm that it is a rare occurrence in patients 
with demonstrated MRT infection and inflammation.

 Analyzing the secretory function of the epi-
didymis we found that men with MRT infectious dis-
eases (n = 71) had significantly lower concentration of 
α-glucosidase. However, in the multivariate analysis 
no significant differences were found in the levels of 
this marker between any specific diagnosis and the 
controls, even in patients with chronic epididymitis. 
Moreover, no specific bacteria had a significant impact 
on its level. Although Cooper and co-workers (10) 
found a significant decrease in the level of alpha-
glucosidase in patients with acute epididymitis; in 
patients with chronic epididymitis previous reports 
suggest that the impact on secretory function of the 
epididymis is not significant (9). We propose that our 
series of patients reflect that the secretion of alpha-glu-
cosidase is significantly decreased in cases of chronic 
infections of the MRT; however, this decrease is not 
as pronounced compared to the decrease observed in 
the levels of others markers, i.e. zinc.
 The function of the seminal vesicles can 
be accurately determined by the level of fructose 
in seminal plasma, questionable since these glands 
produce the majority of the semen volume, this pa-
rameter may also be used as indirect indicator of its 
function. When discussing the literature, the impact 
of infection on the secretory function of the seminal 
vesicles remains controversial. Comhaire and co-
workers (4), in agreement with our results, found a 
negative impact of infection on the fructose level, but 
concluded that the measurement of its concentration 
was not useful for discriminating between infected 
and non-infected patients due to its low sensitivity and 
specificity. Vicari and co-workers (24) demonstrated 
that patients with prostate-vesiculo-epididymitis had 
significantly lower seminal fructose levels than those 
patients with prostatitis alone. On the other hand, 
Bezold and co-workers (12) did not find a significant 
decrease in the concentration of fructose in seminal 
plasma in a population of infertile men with sexu-
ally transmitted diseases. The controversial results 
regarding the impact of MRT infection on fructose 
levels may be explained by the different clinical and 
microbiological criteria used to include patients in the 
studies, we believe that the evaluation of patients with 
suspected MRT infection should follow consensus cri-
teria and guidelines e.g. NIH criteria for patients with 
prostatitis (13,14) or the European guidelines for the 
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management of epididymo-orchitis for patients with 
epididymitis (15). Using these diagnostic procedures 
and criteria to manage our patients, we found a nega-
tive impact of infection for the MRT on the fructose 
level. In contrast, if we had considered the fact that the 
seminal vesicles produce approximately 80% of the 
ejaculate volume, a decrease in this parameter would 
indicate at least in part, that the secretory functions of 
these glands were impaired, most probably secondary 
to an intrinsic damage rather than to obstruction, since 
azoospermia was not found in any patient indicating 
a normal passage of seminal fluid to the colliculus. 
The negative effect of infection and inflammation on 
semen volume has been previously described (25,26). 
Although semen volume was significantly lower in 
our patients, the low sensitivity and specificity in the 
ROCC analysis prevents us from suggesting it as a 
diagnostic tool to detect MRT infection.
 Secretory dysfunction of the prostate gland is 
a common finding in patients with documented pros-
tatitis. Our previously reported research (5) found, that 
the levels of gamma-GT were significantly decreased in 
patients with inflammatory chronic prostatitis/chronic 
pelvic pain syndrome (CP/CPPS); however, it cannot be 
recommended as a diagnostic tool for inflammation due 
to its low sensitivity and specificity. In this new study 
group, including only patients with documented infection, 
the levels of zinc, identified as prostatic secretory mark-
ers were significantly lower. These findings agree with 
previous reports demonstrating lower levels of zinc in 
the seminal plasma of patients with MRT infection (27). 
However, again the power of this marker to discriminate 
infected from non-infected patients (sensitivity 43.6%, 
specificity 75%) was low.
 Although, a zinc-rich diet can slightly in-
crease the concentration of this element in the prostate 
gland (28); there is no conclusive evidence that this 
therapy can increase the zinc concentration in semen, 
making the rationale of this therapy unclear.
 Semen pH is determined by the acid secre-
tions of the prostate and the alkaline secretions of the 
seminal vesicles. In vitro, external pH is an important 
factor in the regulation of sperm physiology. An acid 
pH contributes to maintain a non-capacitated state 
preventing premature acrosomal reaction (29). Higher 
levels of semen pH in patients with MRT infection 
have been reported in the literature and could reflect, 

at least in part, a secretory dysfunction of the prostate 
due to lower levels of citric acid in semen (30). The 
importance of semen pH in fertility prognosis of these 
patients is not clear. However, from a diagnostic point 
of view semen pH can not be recommended as a tool 
to discriminate infected from non-infected patients, 
due to its low sensitivity and specificity.
 Nevertheless, all the evaluated parameters of 
the secretory function of the accessory glands were 
significantly altered in patients with concomitant 
infection and inflammation of the MRT (n = 36) 
compared to controls. In the ROCC analysis the 
sensitivity and specificity of these factors to detect 
infection was not significantly increased, when com-
pared to the whole infection group analysis (n = 71) 
and were not significant when inflammatory activity 
was considered.
 Finally, a constellation that includes inflam-
matory signs in the spermiogram (PPL ≥ 1x106/mL 
and/or elastase ≥ 230 ng/mL), of low semen volume, 
elevated semen pH and low levels of alpha-glucosi-
dase, fructose and zinc could indicate the presence of 
an infection; however, the sensitivity and specificity 
of these parameters, prevents their application as a 
diagnostic tool for the detection of  MRT infection.

CONCLUSIONS

 Infection of the male reproductive tract sig-
nificantly decreases the levels of semen volume, al-
pha-glucosidase, fructose and zinc in seminal plasma 
suggesting impairment of the secretory function of 
the epididymis, seminal vesicles and prostate. Due to 
their low sensitivity and specificity these parameters 
can not be recommended as a diagnostic tool to detect 
MRT infection. Although semen pH is significantly 
increased in patients with infection of the male repro-
ductive tract, its sensitivity and specificity to detect 
infection are low.
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 Usually MAGI is caused by infectious 
agents spreading from the urethra via prostate gland, 
seminal vesicles, ductus deferens, and epididymis. 
The frequency of a changeover from urethritis to 
MAGI is unknown. Infections by viral agents are to 
date hypothetical.
 MAGI may lead to obstruction of the duc-
tus epididymidis, impairment of spermatogenesis in 
epididymo-orchitis, to impairment of sperm function 
and to the induction of sperm auto-antibodies, as 
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well as to dysfunctions of the male accessory glands, 
which leads to decreased seminal concentrations of 
citric acid, phosphatase, fructose concentration, zinc 
and alpha-glutamyltransferase.
 In general, however, the impact of MAGI on 
semen composition and sperm function, possibly rel-
evant for male fertility, is low and vice versa, none of 

the dysfunctions can be considered suitable for the 
diagnosis of MAGI. The paper clearly shows that the 
diagnosis of MAGI on the basis of semen analysis 
is difficult and that the diagnosis of prostatitis and 
epididymitis is more reliably performed by means of 
an examination of prostatic fluid and imaging proce-
dures.

Dr. Walter Krause
Dept. Dermatology & Allergology

University Hospital, Philipp University
Marburg, Germany

E-mail: krause@med.uni-marburg.de
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Improving Outcome from Plastibell™ Circumcisions in Infants
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ABSTRACT

Circumcisions are among the most frequently performed operations in children and numerous techniques are employed 
often with varying results. Use of the Plastibell™ (Hollister Incorporated, Illinois, USA), under local anesthetic, is popular 
for cultural and religious circumcisions but is not without its problems. Complications of Plastibell™ (slippage, migration, 
bleeding and serious infection) have been reported. Described is a prospective series of cases in which modifications to the 
standard Plastibell™ technique were utilized to improve outcomes, in particular, the risk of bleeding.

Key words:  circumcision; infant; complications
Int Braz J Urol.  2009; 35: 310-4

INTRODUCTION

 The authors have undertaken cultural cir-
cumcisions under local anesthetic in infants for 
several years utilizing different techniques. From 
our earlier experience of the classic Plastibell™ 
technique (unpublished) where the string tie, which 
is packaged with the device was used, complications 
of Plastibell™ slippage with consequent bleeding was 
encountered (1). Over the last 4 years, an amended 
approach has been adopted as the procedure of choice. 
Described are details of the technical modifications 
and the resultant outcome.

MATERIALS AND METHODS

 A retrospective analysis of a prospectively 
held database containing details of infant cultural 
circumcisions performed under local anesthetic be-
tween 04/05 and 01/09 was undertaken. Three senior 
surgeons at a university affiliated tertiary pediatric 
institution were involved and a standard operative 
approach was utilized in all cases. Demographic 

 Surgical TechniqueSurgical Technique

and outcome parameters were studied to assess the 
impact of the technical amendments on patient per-
formance.

CIRCUMCISION TECHNIQUE

 The operation is performed by a surgeon and 
assistant standing at opposite ends of the patient who 
is placed across the operating table. The assistant 
abducts the hips and the external genitalia area is 
cleansed with an antiseptic solution. A standard ring 
block with 0.5% lignocaine in a dose of 1 mg/kg is ap-
plied to the base of the penis. Once anaesthetized, the 
foreskin is comprehensively freed from the underlying 
glans, which is calibrated with an appropriately sized 
Plastibell™ device (PD), Figure-1. Sizes between 1.2 
and 1.7 cm were utilized.
 The foreskin is returned to its anatomical 
position then grasped between 2 hemostatic clips to 
either side of the dorsal midline before the interven-
ing foreskin is crushed and divided to a depth of 1 
cm. This maneuver widens the preputial opening and 
facilitates placement of the PD. To prevent proximal 
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displacement of the internal (preputial) layer by the PD 
it is important for the two layers at the apex of the cut 
to be approximated with a suture (4/0 silk) (Figure-2). 
This suture is left to a 6 cm length and held on a hemo-
stat to aid later retraction of the foreskin over the PD.
 A pre-moistened PD is introduced through the 
widened foreskin opening until it cups the glans. The 
orientation of the device should be with the handles at 
90 degrees to the penile frenulum to minimize injury 
to this structure during detachment from the ring.
 The next step draws an appropriate amount of 
foreskin over the PD and is achieved with a bimanual 
manoeuvre involving forward traction on the 3 hemo-
stats with simultaneous gentle downward pressure on 
the handle of the PD) (Figure-3). The surgical assistant 
applies two sequential silk 0 ligatures around the neck 
of the PD taking care to avoid knot overlap.

 Finally, a check confirming position and in-
tegrity of the ligatures is performed after which the 
foreskin is divided approximately 2 mm distal to the 
ring (Figure-4).
 Hemostasis is checked just prior to discharge 
about 30 minutes later. Parents are sent home with a 
pack containing surgeon contact details, advice on 
analgesia and information on commonly encountered 
problems. To save on costs, routine postoperative 
visits are not scheduled.

RESULTS

 Between 04/2005 and 01/2009, 130 infants 
underwent cultural circumcision by the modified 
Plastibell™ technique. Age ranged from 4 to 359 days 

Figure 1 – Calibration of glans with Plastibell™. Figure 2 – Approximating internal and external layers at the 
apex of dorsal slit.

Figure 3 – Ligature placement when an appropriate amount of 
foreskin is drawn over the Plastibell.

Figure 4 – Following application of a double suture, the foreskin 
is divided 2 mm distal to the ring.
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with a mean of 82.37 days. There were no instances 
of post circumcision bleeding or infection requiring 
hospitalization however, 2 cases with suspected in-
fections were reviewed and the diagnosis excluded. 
Three further cases were admitted within a month of 
the procedure for retained PD requiring removal. Two 
of these were managed in the Accident and Emergency 
Department and one required removal under a short 
general anesthetic. A single case where parents were 
unhappy with the completeness of circumcision had 
a revision under a general anesthetic within a year of 
initial surgery.

COMMENTS

 One of the commonest complications of 
cultural circumcisions is bleeding and rates as 
high as 35% have been quoted in the literature 
(2). Outcomes from Plastibell™ circumcisions are 
reported to be better although bleeding is still a 
significant problem (3-6). From the authors earlier 
experience with the classic Plastibell™ approach 
bleeding was problematic and therefore a series of 
subtle modifications were introduced to reduce this 
risk. The most significant of these was substitution 
of the pre-packed string tie with silk 0 ligatures. 
Neither Plastibell™ slippage nor bleeding were 
encountered in the current series and we are of the 
opinion that silk 0 ligatures offer superior knotting 
and hemostatic qualities as compared to the string. 
Furthermore, it is likely that application of a double 
ligature and the avoidance of knot overlap afforded 
protection against Plastibell™ slippage. Although 
ring separation times were not specifically studied 
in this series, it is our opinion that the caliber of silk 
0 is such that it allows for a gradual separation of 
the ring. This tended to occur anytime between 5 to 
12 days post application allowing adequate time for 
sealing of the circumcision margins. It is also pos-
sible that the use of finer sutures might predispose 
to wound dehiscence, retraction and sepsis from 
premature separation.
 Another potential source of bleeding with 
the standard Plastibell™ technique is from the 
inner/preputial layer at the apex of the dorsal slit 
especially when this is forced proximally by the PD. 

This problem can be averted by a stitch applied to 
this point to approximate internal and external layers 
of foreskin. If the suture is left to adequate length, 
the apex of the cut can be retracted over the ring and 
distal to the hemostatic ligature hence excluding this 
as a cause for bleeding.
 A less critical reason for hemorrhage is in-
jury to the frenulum by the sharp edges of the handle 
of the PD when detaching from the ring. This hazard 
is minimized by ensuring that PD orientation is such 
that the handle is perpendicular to the frenulum when 
applying the hemostatic ligatures.
 Adequate foreskin excision is fundamental 
to a successful circumcision and suboptimal exci-
sion will result in parental dissatisfaction and certain 
come back. It is often the case that too little rather 
than too much is taken. However, the problem can 
be minimized if at the time of ligature application, 
adequate foreskin is drawn over the PD. The tech-
nique of applying opposing pressure to the handle 
of the PD and the hemostats works well as the op-
erator is able to adjust the length of foreskin to be 
sacrificed. Surgeons working solo may have serious 
difficulty with ensuring adequate circumcision as 
critical to this step is the application of the ligatures 
by a skilled assistant when instructed to do so by the 
operator. Rarely, despite this manoeuvre, instances of 
incomplete circumcision as was our experience with 
one case may occur. At particular risk are patients 
with a large amount of prepubic fat with partially 
recessed penises and mature judgment here is vital 
to a satisfactory outcome. Clearly where there is 
doubt on the amount of skin to be excised cases 
should be deferred until later in life or alternatively 
performance under a general anesthetic might be 
considered. Absolute contraindications to cultural 
circumcisions include; buried penis, hypospadias 
and epispadias.
 Ring retention around the corona was the 
most frequent complication in this series and has 
been documented by others (6). We suspect that this 
may be due to the application of excessive tension on 
the foreskin during PD placement and in combination 
with this and contrary to the opinion of others, to be 
due to a selection of a smaller rather than a larger PD 
(7,8). Calibration with a suitably sized PD device is 
therefore crucial and erring on a slightly larger than 
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EDITORIAL COMMENT

Circumcision performed by Plastibell™ 
method is a well-proven method, which compares 
well with standard open circumcision with respect 
to results and complications. This is an interesting 
paper with modifications of standard Plastibell tech-

smaller device would seem sensible. The PD usually 
detaches within 12 days and a surgical assessment 
is mandatory if separation has not occurred by day 
15. Retained rings can be removed under sedation by 
simply applying traction on the device. However, if 
this fails it may be necessary to divide the ring with 
a pair of strong scissors. Very rarely this may require 
a general anesthetic.
 With this series, we have demonstrated that 
with modifications to the original Plastibell™ tech-
nique that infant circumcision can be offered with 
relatively few complications. The most frequent of 
these is post circumcision bleeding which can be 
reduced substantially.
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nique. The authors should be commended of such low 
complication rates
 The application of suture to the apex of the 
cut seems to be a practical technique where the inner 
layer has some chance of bleeding. This is a reason-
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able modification to reduce bleeding complications. 
The author’s claim for silk sutures to have superior 
knotting techniques and allows more secure hemo-
stasis is probably true but should be substantiated by 
evidence. 
 I do not think the slippage of the ring was 
a major problem in the largest Plastibell series and 
though tying two silk ligatures theoretically should 
provide additional safety - it is probably unneces-
sary. 

There are few important distinctions when 
comparing this paper with one of the largest series 
from Bradford - firstly the procedure was performed 
by nurses with consultant urologist available in Hos-
pital in case of any problem. Secondly, the maximum 
age in that series was 14 weeks (the present series 
max age is 359 days). Penile block was used along 
with ring block for local anesthesia whereas only ring 
block was used in the present series. 

Dr. Victor Palit
Yorkshire Deanery

Royton, Oldham, Lancashire
United Kingdom

E-mail: victorpalit@yahoo.co.uk
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ABSTRACT

Objective: To assess the role of transforming growth factor-β1 (TGF-β1) in congenital ureteropelvic junction obstruction 
at diagnosis and during postoperative follow-up.
Materials and Methods: We conducted a case-control study including 19 patients with a mean age of 6.7 years and 19 
matched controls. All patients presented negative voiding cystourethrography, obstructive diuretic renogram and underwent 
dismembered pyeloplasty. Urinary TGF-β1 and other markers were measured pre-, intra- and postoperatively.
Results: The mean bladder urine TGF-β1 concentration in obstructed patients prior to pyeloplasty was higher than in 
controls (92.5 pg/mL �� 16.�� vs. �5.�� pg/mL �� 16.2�� p �� �.���1). The mean renal pelvic urine TGF-β1 concentration in�� 16.�� vs. �5.�� pg/mL �� 16.2�� p �� �.���1). The mean renal pelvic urine TGF-β1 concentration in 16.�� vs. �5.�� pg/mL �� 16.2�� p �� �.���1). The mean renal pelvic urine TGF-β1 concentration in�� 16.2�� p �� �.���1). The mean renal pelvic urine TGF-β1 concentration in 16.2�� p �� �.���1). The mean renal pelvic urine TGF-β1 concentration in 
the hydronephrotic kidney was higher than in the preoperative bladder urine sample (122.� pg/mL �� ��.9 vs. 92.5 pg/mL�� ��.9 vs. 92.5 pg/mL ��.9 vs. 92.5 pg/mL 
�� 16.���� p �� �.��6). �ostoperative mean TGF-β1 concentration was signi��cantly lower than preoperative TGF-β1 (���.7 16.���� p �� �.��6). �ostoperative mean TGF-β1 concentration was signi��cantly lower than preoperative TGF-β1 (���.7 
pg/mL �� 1�.1 vs. 92.5 pg/mL �� 16.���� p �� �.���1).�� 1�.1 vs. 92.5 pg/mL �� 16.���� p �� �.���1). 1�.1 vs. 92.5 pg/mL �� 16.���� p �� �.���1).�� 16.���� p �� �.���1). 16.���� p �� �.���1).
Conclusion: TGF-β1 is a cytokine leading to renal ��brosis. The measurement of urinary TGF-β1 could become a useful 
tool for the diagnosis of obstructive hydronephrosis and the evaluation of the parenchyma function status, pre and post-
operatively.

Key words: kidney pelvis; congenital abnormalities; UPJ; hydronephrosis; transforming growth factor beta-1
Int Braz J Urol.  2009; 35: 315-25

INTRODUCTION

 Since the use of ultrasonography in the fol-
low-up of pregnancies, urologists have been con-
fronted with the progression of fetal and postnatal 
hydronephrosis. Ureteropelvic junction obstruction 
(U�JO) has been identi��ed as the most common cause 
of hydronephrosis in children and its management 
usually generates controversy (1).
 Currently, the criteria for the management of 
U�JO are based on renal characteristics shown on se-
rial ultrasonography, diuretic renogram, 99mTc dimer-
captosuccinic acid (DMSA) scintigraphy, and rarely, 
on the excretory urogram. The negative response to a 
diuretic stimulus and, especially, renal function loss 
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indicate the need for surgical intervention (pyeloplas-
ty). In many cases, the diuretic renogram is the testing 
modality of choice. Although the test is invasive and 
uses ionizing irradiation, and even measuring the 
clearance half-time (T 1/2) is controversial, it is still 
adopted as the clinical management tool to assist in 
the evaluation of hydronephrosis (2,�).
 Many cases of hydronephrosis may resolve 
spontaneously�� others may result in the deterioration 
of the parenchymal function, and those treated with 
pyeloplasty continue to present deterioration in renal 
function after surgery (�). This erratic course of U�JO 
under follow-up or surgical intervention creates the 
need to have simple and more accurate tools available 
for the diagnosis of early renal function deterioration 



316

Transforming Growth Factor-β1 in Congenital UPJO

due to obstruction before it becomes irreversible 
(1).
 The pathophysiology of obstructive uropathy 
involves a complex mechanism that causes altera-
tion in the expression of different growth factors (5). 
Growth factors are involved in the processes of renal 
wound healing (6). Transforming growth factor-β1 
(TGF-β1) is a cytokine detectable in the urine in 
cases of normal and pathological conditions of the 
urinary tract, speci��cally vesicoureteral reflux and 
hydronephrosis (7-1�).
 The aim of the present study was to assess 
the role of TGF-β1 in congenital ureteropelvic junc-
tion obstruction at diagnosis and after pyeloplasty. 
Furthermore, we also correlated this cytokine with 
other traditional urinary biomarkers and renal scin-
tigraphy.

MATERIALS AND METHODS

 We conducted a prospective case-control 
study, with surgical intervention performed by a 
single surgeon, including pediatric outpatients who 
were treated at the Urology Department in Hospital 
de �ediatria - Dr. Juan �. Garrahan, from January 2��5 
to January 2��6.
 A total of 2�� patients were assessed in 
the present study. Nine were excluded, since they 
failed to complete the required studies on time. 
The sample population included 19 patients�� 11 
boys and �� girls with a mean age of 6.7 years (SD 
�� 5.6 years�� range: 5 months to 17.6 years) and 19 
matched controls.
 We evaluated all consecutive patients of up 
to 1�� years of age, male and female, with diagnosed 
or suspected unilateral or bilateral U�JO detected on 
prenatal or postnatal ultrasonography, with normal 
renal function, under antibiotic prophylaxis. 
 Hydronephrosis was diagnosed antenatally 
in nine children and the initial presentation of the 
remaining ten was persistent low back pain in ��ve, a 
flank mass in four and nausea/vomiting in one.
 Imaging test - The inclusion criteria required 
an ultrasonography with pelvic dilatation ≥ 15 mm 
and/or caliectasis, with no visualization of the distal 
ureter. Hydronephrosis was classi��ed into grades I to 

IV according to the Society for Fetal Urology clas-
si��cation (11).
 Once hydronephrosis was detected, patients 
with normal voiding cystourethrography were sub-
jected to a diuretic renogram. For this test, patients 
had to be normally hydrated and received an extra 
fluid intake of 7 to 1� mL/kg one hour prior to the 
test. Technetium-99m-labeled diethylenetriamine 
pentaacetic acid (99mTc-DT�A) was administered 
intravenously (2�� MBq, minimum dose 2� MBq). 
Twenty minutes after the radiotracer injection, furose-
mide was injected intravenously at a dose of 1 mg/kg 
of body weight. Clearance half-time of the tracer (T 
1/2) from the collecting system was then measured. A 
T 1/2 ≥ 2� minutes with increased activity in the col-
lecting system or delayed drainage was identi��ed as 
obstructive. A T 1/2 < 1� minutes with a quick wash-
out on the images was de��ned as non-obstructive and 
the patient was excluded from the present protocol. A 
T 1/2 between 1� and 2� minutes was considered an 
equivocal result. In this third case, patients underwent 
a diuretic excretory urogram and were reassigned to 
one of the other two groups according to the results.
 Renal scintigraphy was performed using an 
intravenous 99mTc-DMSA injection at a dose ac-
cording to patient weight. Twenty-four hours after 
the injection, the percentage of functioning renal pa-
renchyma was calculated (normal value: 5� �� 5%).
 The diuretic excreting urogram (intravenous 
pyelography) required a state of euhydration. Non-
ionic, water-soluble, iodine contrast was used at a 
dose of 1 mL/kg of body weight. Twenty-minutes 
after the intravenous contrast injection, furosemide 
was administered at 1 mg/kg of body weight.
 The urograms were classi��ed as obstructive or 
non-obstructive. The obstructive pattern presented ra-
diographic opaci��cation of the renal parenchyma and 
pyelogram with renal blush still evident two minutes 
after intravenous injection of the contrast agent. In the 
affected kidney, the contrast material became visible 
later than in the healthy kidney. There was dilatation 
of the renal pelvis and calices with no visualization 
of the distal ureter. Twenty minutes after diuretic 
stimulus, there was persistence of the isotope in the 
affected kidney, low back pain and total washout of the 
unobstructed renal unit. The non-obstructive pattern 
included total washout of the contrast agent from the 
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upper excretory system. The latter result implied the 
exclusion of the patient from the present protocol.
 The exclusion criteria also included vesico-
ureteral reflux, duplex excretory system, megaureters, 
ureteroceles, posterior urethral valves, renal dysplasia, 
multicystic kidney, horseshoe kidney, ectopic kidney, 
solitary functioning kidney, kidney disease, kidney 
failure, present or past urinary infection, previous 
urinary tract surgeries, and diabetes.
 Laboratory studies - Renal function was as-
sessed by urea, serum creatinine, and creatinine clear-
ance calculated as height/creatinine ratio Schwartz 
formula (12). The evaluation was done with the 
collaboration of the Nephrology Department. Urine 
samples were collected by spontaneous voiding af-
ter completing the imaging tests (preoperative urine 
samples) and the following markers were measured:
 a) �roteinuria: 2�-hour urine samples were 
collected and measured by the dipstick colorimetric 
test. Values > 5 mg/kg/day or 15� mg/day were con-
sidered positive (abnormal). In the case of inconti-
nent patients, proteinuria values were measured in a 
single urine sample and corrected for urine creatinine 
concentration. Values > �.2 were de��ned as positive 
(1�-15).
 b) Microalbuminuria: 12-hour urine samples 
were collected and measured by the immunoturbidi-
metric method. Values > 2� µ/mL were considered 
positive. In incontinent patients, microalbuminuria 
was measured in a single urine sample and corrected 
for urine creatinine values (1�-15).
 c) β2-microglobulin (β2-MG): Values from 
5 μg/L to 15� μg/L or < �.2� mg/l were considered 
within the normal range (16).
 d) TGF-β1: urinary TGF-β1 concentration 
was measured using a commercially available, quan-
titative sandwich enzyme-linked immunoassay (Elisa) 
kit (Quantikine�� R&D Systems). Standard curves were 
created and the values obtained were expressed as 
pg/mL (17).
 Treatment - The 19 patients with obstruc-
tive hydronephrosis on DT�A renogram underwent 
surgical intervention. Anderson-Hynes dismembered 
pyeloplasty was the technique used in all cases. After 
induction of anesthesia and lumbotomy approach, 
prior to pyeloplasty, urine samples were obtained from 
the renal pelvis by needle aspiration to calculate β2-

MG and TGF-β1 levels (intraoperative urine samples). 
An intrapelvic rubber drain was left indwelling for 5 
days and a perirenal rubber drain was left for 1�-12 
days in the incision site. 
 The 19 U�JO biopsies obtained during sur-
gery were analyzed.
 Follow-up - It consisted in measuring urinary 
markers and performing a renal ultrasonography three 
months after surgery on patients without pig tail stent 
and nephrostomy tube. In the case of patients with 
stent pig tail and nephrostomy tube, the evaluation 
was done ��ve months after surgery. Urine samples 
were collected by spontaneous voiding to calculate 
proteinuria�� β2-MG and TGF-β1 levels (postopera-
tive urine samples). The renal pelvis diameter was 
assessed by renal ultrasonography. The percentage 
of diameter change was calculated in relation to the 
preoperative diameter of the renal pelvis. When the 
serial ultrasounds (at least two tests) showed the same 
renal pelvis diameter or greater than preoperative 
values, then a diuretic renogram and DMSA scan was 
performed.
 No episodes of urinary infection were ob-
served � and 5 months postoperatively. All patients re-
mained asymptomatic during the follow-up period.
 Healthy controls - �atients with no renal 
pathology at the time of the preoperative evaluation 
were considered healthy controls. The absence of 
renal pathology was con��rmed by laboratory tests 
(renal function) and a renal ultrasonography was 
performed to show the presence of both renal masses. 
Urine samples from controls were collected by spon-
taneous voiding after completing the imaging tests 
and analyzed following the same procedures as in the 
case of the obstructive hydronephrosis group.
 Statistical analysis - Data were analyzed 
with Statistic software package version 7.�. Quali-
tative variables were expressed as percentages and 
quantitative variables as mean �� standard deviation. 
To compare two quantitative variables with normal 
distribution of data, a t-test and linear regression 
analysis were used. � < �.�5 (CI 95%) was considered 
statistically signi��cant.
 The protocol was approved by the Ethics Com-
mittee and the Education and Research Department at 
Hospital Garrahan. An informed consent was obtained 
from all children’s parents or legal guardians.
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RESULTS

 A total of 2�� patients were assessed in the 
present study. Nine were excluded, since they failed 
to complete the required studies on time. The sample 
population included 19 patients�� 11 boys and �� girls 
with a mean age of 6.7 years (SD �� 5.6 years�� range: 
5 months to 17.6 years).
 Following the classi��cation by the Society 
for Fetal Urology (11), most patients in the current 
study presented grade IV hydronephrosis (15 cases, 
79%)�� 2 cases (1�.5%) presented grade III�� and the 
remaining 2 cases (1�.5%), grade II. Only one patient 
presented bilateral hydronephrosis (grade IV on the 
left and grade I on the right).
 Nineteen DT�A renograms were performed 
and 1�� cases revealed typical obstructive curves�� only 
one patient presented an uncertain pattern of curves 
and required a diuretic excreting urogram, which 
showed obstructive hydronephrosis. The two patients 
with grade II hydronephrosis presented renal pelvis 
anteroposterior diameter > 15 mm on ultrasound, and 
obstructed washout curve on diuretic renography.
 Nineteen DMSA scintigraphies were per-
formed: � renal units presented only scars�� 5 units 
showed less than ��% of relative renal function�� and � 
units had scars and reduced function (less than ��%). 
The cause of renal scarring was not identi��ed, despite 
having excluded patients from our study group that 
presented or had a history of urinary infection, and 
those with vesicoureteral reflux (commonly associated 
to scarring). The remaining eight patients presented 
preserved renal function in the affected renal unit.
 All 19 patients underwent Anderson-Hynes 
dismembered pyeloplasty, performed by a single sur-
geon. Subcostal extraperitoneal flank approach with 
lumbotomy incision was employed. Anastomosis was 
completed with ��ne running absorbable sutures. In all 
patients, a perirenal rubber drain was left for 1�-12 
days near line of repair. In 16 patients an intrapelvic 
rubber drain 1 cm in diameter was used. The proximal 
diversion was made transversely in the renal pelvis 
above the suture line. The drain was left for 5 days in 
the incision site.
 Nephrostomy tubes were also placed in two 
patients, since the renal units presented signi��cant hy-
dronephrosis and reduction in the parenchymal thick-

ness. A 9-year-old patient required a second surgical 
intervention for perirenal hematoma and urinoma. A 
nephrostomy tube was placed during open surgery.
 In two patients, pigtail catheters were used 
for the ureteropelvic junction, due to suture dif��cul-
ties. The nephrostomy tubes and the pigtail catheters 
were removed one month after surgery. In these ��ve 
patients, urinary laboratory controls were performed 
��ve months following surgical intervention.
 Obstruction was con��rmed by histological 
��ndings of the obstructed segment, such as muscle 
hypertrophy/hyperplasia and collagen deposition, sub-
epithelial ��brosis, and mild inflammatory in��ltrate. 
This typical pattern of U�JO was con��rmed in 1� 
patients. An uncertain U�JO pattern was reported in 6 
patients. They presented vascular congestion, edema, 
mild inflammatory in��ltrate with predominance of 
lymphocytes.
 In the postoperative follow-up (three or ��ve 
months), concomitantly with a signi��cant decrease in 
urinary TGF-β1 values, the renal pelvis decreased on 
average 56% in 1�� patients, compared with preopera-
tive values. In only one patient, the anteroposterior 
diameter of the renal pelvis increased by 17% on three 
ultrasound examinations, the renogram showed uncer-
tain curves and obstructive pattern was ruled out after 
the diuretic urogram. This patient was asymptomatic 
and had normal urine tests results. Renal scintigraphy 
showed �7% of relative renal function, the same value 
as in the preoperative evaluation. For that reason we 
did not perform diuretic renograms on all patients 
during postoperative follow-up.
 The control group comprised of 19 children: 
1� boys and 9 girls with no renal pathology at the 
time of the preoperative evaluation. The mean age 
�� SD was 9.7 �� �.� years (range: 1.1-5.6 years). No 
signi��cant differences were found in the age of both 
groups (6.7 years �� 5.6 vs. 9.72 �� �.��� p �� �.�7).�� 5.6 vs. 9.72 �� �.��� p �� �.�7). 5.6 vs. 9.72 �� �.��� p �� �.�7).�� �.��� p �� �.�7).�.��� p �� �.�7).

Urinary TGF-β1 Concentration

 Mean bladder urine TGF-β1 concentration 
in the obstructed group (preoperative urine sample) 
was higher than in the control group (92.5 pg/mL 
�� 16.�� vs. �5.�� pg/mL �� 16.2�� p �� �.���1). Mean16.�� vs. �5.�� pg/mL �� 16.2�� p �� �.���1). Mean�� 16.2�� p �� �.���1). Mean16.2�� p �� �.���1). Mean 
renal pelvic urine TGF-β1 concentration in patients 
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with hydronephrosis (intraoperative urine sample) 
was higher than in the preoperative bladder urine 
sample (122.� pg/mL �� ��.9 vs. 92.5 pg/mL �� 16.���� p�� ��.9 vs. 92.5 pg/mL �� 16.���� p ��.9 vs. 92.5 pg/mL �� 16.���� p�� 16.���� p 16.���� p 
�� �.��6). Mean bladder urine TGF-β1 concentration 
(postoperative urine sample) was signi��cantly lower 
than the mean preoperative concentration (���.7 
pg/mL �� 1�.1 vs. 92.5 pg/mL �� 16.���� p �� �.���1)�� 1�.1 vs. 92.5 pg/mL �� 16.���� p �� �.���1) 1�.1 vs. 92.5 pg/mL �� 16.���� p �� �.���1)�� 16.���� p �� �.���1)16.���� p �� �.���1) 
(Table-1). The levels of TGF-β1 were not correlated 
with creatinine levels, since TGF-β1 values in our 
sample (pre, intra and postoperatively) and in com-
parison with the controls levels showed statistically 
signi��cant differences.
 In our series, we determined the TGF-β1 
cut-off point as �9.75 pg/mL, which resulted from the 
third quartile of the TGF-β1 level measured in healthy 
controls. That means that patients with a TGF-β1 level 
above �9.75 pg/mL have a �.25-fold relative risk (RR) 
(CI 95%, 1.���-1�.�1) of having obstructive hydrone-
phrosis compared with levels below �9.75 pg/mL.
 A simple linear regression analysis was used 
to evaluate the relationship between the percentage 
of relative renal function loss as measured by DMSA 
scintigraphy and the intraoperative TGF-β1 concen-
tration. We found that for each unit of function loss, 
TGF-β1 increased by �.5� pg/mL starting from 79.55 
pg/mL, with a correlation ratio of �.5� (p �� �.���� sta-
tistically signi��cant difference). Therefore, in samples 
obtained from the affected renal pelvis there was a 
linear correlation between percentage of relative renal 
function loss and TGF-β1 levels.
 In addition, we evaluated whether there was 
any linear correlation between the chronological age 
of patients with U�JO and intrapelvic TGF-β1 levels. 
The results showed no relationship between the two 
variables studied (r 2:�.�72�� p �� �.�9).

Proteinuria

 Eighteen patients tested negative for pro-
teinuria. A �-year-old girl presented 12 mg/k/day 
proteinuria (grade IV hydronephrosis�� 5�% of relative 
renal function of the left kidney�� preoperative TGF-
β1, 9�� pg/mL�� intraoperative TGF-β1, 16�� pg/mL, 
and postoperative TGF-β1, �2 pg/mL). �roteinuria 
values were within the normal range three months 
after surgery.

Microalbuminuria

 It was negative in all cases, both preopera-
tively and postoperatively.

β2-Microglobulin

 It was negative in 16 cases. Three cases 
were positive: one in preoperative urine sample (�.6 
mg/L)�� the remaining two, in intraoperative samples. 
Of these two, one (�.�7 mg/L) also tested positive 
for proteinuria. The other patient, the only one with 
bilateral hydronephrosis, presented 1.� mg/L. All of 
them were normalized three months after surgery.
 No correlation was found between abnormal 
values of these last three urinary biomarkers and the 
grade of hydronephrosis or TGF-β1 values.

COMMENTS

 In hydronephrosis, renal ultrasonography has 
the capacity to de��ne characteristics such as paren-
chymal appearance, diameter of the renal pelvis and, 
especially, the calyceal status, all of which determine 
the grade of hydronephrosis. Once hydronephrosis is 
diagnosed, no matter how timely medical interven-
tion might be, we believe it is not early enough, since 
adverse effects in the function of the renal mass can 
be observed as a consequence of obstruction to the 
urinary outflow (1).
 In our series, most patients presented grade 
IV hydronephrosis with different ultrasonographic 
characteristics. This heterogeneity makes this clas-
si��cation of little use in de��ning the functional status. 

Table 1 – Urinary TGF-β1 values (pg/mL).

Urine Sample Mean Value 
(pg/mL)

± SD

�reoperative (vesical)   92.5 16.��
Intraoperative (pelvis) 122.� ��.9
�ostoperative (vesical)   ���.7 1�.1
Controls (vesical)   �5.�� 16.2
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Furthermore, for an accurate diagnosis of hydrone-
phrosis, it is necessary to perform serial ultrasound 
studies over a period of time and then decide whether 
further studies are necessary.
 On the other hand, the diuretic renogram 
is currently used and it is preferred over the excre-
tory urography, since it is characterized by reduced 
radiation and lack of nephrotoxicity. However, the 
literature shows that diagnosis is uncertain when there 
is partial excretory response. In addition, several fac-
tors influence T 1/2, including renal maturity, patient 
hydration, distensibility and volume of the collecting 
system, presence of a bladder catheter, among others 
(1��).
 In our sample population, we had to perform 
an excretory urogram on a 1�-year-old girl with left-
sided grade III hydronephrosis who had undergone 
DMSA scintigraphy, with ��% relative renal function, 
and also had a renogram curve that appeared undif-
ferentiated at phase 2 and �. On excretory urography 
she presented an inadequate response to the diuretic, 
with typical obstructive pattern. Therefore, we can as-
sume that although the diuretic renogram and DMSA 
are currently useful tools available for the evaluation 
of uronephrosis, they cannot be considered ideal.
 The inaccuracy of certain complementary 
studies and the erratic development of U�JO creates 
the need detect the renal injury at an early stage and 
to have effective tools for the diagnosis and follow-up 
of hydronephrosis that can be easy to use, reproduc-
ible, reliable, and little or non-invasive, especially in 
pediatric populations (1). Nevertheless, in the past 
few years, signi��cant advances have been made in 
the pathophysiology of obstructive uropathy, with a 
special emphasis on the pro-inflammatory compo-
nents.
 The obstruction of the upper urinary tract 
generates a cascade of molecular and histological phe-
nomena (19,2�). The renin-angiotensin system is acti-
vated, which stimulates the expression of pro��brotic 
cytokines and the transcription factors, including 
tumor necrosis factor-α (TNF-α), nuclear factor-κB 
(NF-κB) and transforming growth factor-β1 (TGF-β1) 
(��,2�-2�). Studies have revealed that the protein and 
gene of TGF-β1 are mainly localized at the proximal 
tubular cells in kidney with hydronephrosis. It has 
been suggested that the epithelial-to-mesenchymal 

transition is a major factor leading to renal ��brosis 
in congenital hydronephrosis (25).
 TGF-β1 is a 25 Kda cytokine composed 
of two subunits connected by disul��de bond. This 
protein is synthesized as a prohormone in an inac-
tive form. The active form binds to type-II TGF-β 
receptor, which is activated to phosphorylate type-I 
TGF-β receptor. Then the type-I protein and TGF-β 
transcription-regulating complex translocates into the 
nucleus and exerts the effects of TGF-β (26).
 The major function of TGF-β1 is the regula-
tion of extracellular matrix deposition and ��brino-
genesis. TGF-β1 stimulates the proliferation of ��bro-
blasts, induces production of collagen, proteoglycans, 
laminin and ��bronectin, and inhibits the collagenase 
(27). TGF-β1 inhibits ��brinolysis through the produc-
tion of plasminogen and its conversion to plasmina. 
The factor also decreases the activity of the metallo-
proteinases and stimulates the production of protein 
receptors, which are known chemo-attractants for 
macrophages (2�). All these activities lead to ��brosis 
and loss of renal function.
 TGF-β1 is excreted in the urine in normal 
conditions, in urological conditions such as vesicoure-
teral reflux and hydronephrosis, and in non-urological 
conditions (6,2��). In our control group, without renal 
pathology, the mean TGF-β1 concentration was �5.�� 
�� 16.2 pg/mL SD. �almer et al. reported a mean �� SD16.2 pg/mL SD. �almer et al. reported a mean �� SD�� SD SD 
of 26.6 �� 6.� pg/mL in their control group (9).�� 6.� pg/mL in their control group (9). 6.� pg/mL in their control group (9).
 We found that bladder urine TGF-β1 concen-
tration in patients with obstructive hydronephrosis 
is almost �-fold higher than that in controls without 
renal pathology. We also found that TGF-β1 in renal 
pelvic urine is higher than in the bladder urine. These 
��ndings are in agreement with the data reported by 
�almer et al. (9), Furness et al. (1�), and El-Sherbiny 
et al. (2��). Unlike other authors (17,2��), in our study 
group we did not include patients that presented or 
had a previous history of urinary infection, or those 
with vesicoureteral reflux. In the case of patients that 
required additional elements for post-pyeloplasty 
urinary drainage, such as pigtail catheters or neph-
rostomy tubes, we decided to measure TGF-β1 four 
months after their removal. We believed that the pres-
ence of these elements could generate increased levels 
of TGF-β1 due to the activation of pro-inflammatory 
factors and lead to a biased sample.
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 With a TGF-β1 cutoff point of �9.75 pg/mL 
in our study, we can conclude that patients with a 
TGF-β1 level greater than �9.75 have a relative risk 
�.25-fold higher of developing obstructive hydrone-
phrosis.
 Regarding the possible correlation between 
preoperative radiographic studies and urinary TGF-
β1, we could determine that there is a correlation 
between the percentage of relative renal function loss 
on DMSA scintigraphy and the level of intraoperative 
TGF-β1. However, no such correlation was found 
when we compared TGF-β1 with preoperative blad-
der urine, presumably due to the dilution of TGF-β1 
by urine coming from the contralateral kidney.
 We did not ��nd a statistically signi��cant 
relationship between renal scarring and urinary 
TGF-β1. It is worth noting that six patients presented 
renal scars on the DMSA scan�� however, their cause 
could not be identi��ed. There was also no difference 
in urinary TGF-β1 levels postoperatively between 
patients with or without renal scars. The presence of 
renal scars suggests ��brosis and collagen deposition 
in renal parenchyma. This is the sequelae of a process 
that may be absent at the time of measuring TGF-β1 
values. That is, renal scarring is not the cause of the 
elevated urinary TGF-β1 concentration but the ��nal 
consequence of this increase.
 In their study of �5 children with ureteropel-
vic junction obstruction, Taha et al. found a signi��cant 
increase in TGF-β1 values at month one post pyelo-
plasty and a gradual decrease reaching a signi��cantly 
low level one year postoperatively (29). In our study 
we observed that three and ��ve months after surgery, 
bladder urinary TGF-β1 decreased signi��cantly to 
values closer to those of controls without renal pa-
thology. In addition, there was a parallel decrease of 
almost 6�% in hydronephrosis, compared to preopera-
tive values. We believe a longer follow-up would not 
render different results on TGF-β1 concentration that 
could contradict our ��ndings reached at �/5 months. A 
further decrease in the renal pelvic diameter, however, 
may be expected over time.
 These ��ndings con��rm that urinary TGF-β1 
is not only a useful tool for the diagnosis of upper 
urinary tract obstruction but also a reliable biomarker 
for the progression of the disease comparable to those 
traditionally used.

 With respect to the chronological age of the 
patients, we could not ��nd any signi��cant correla-
tion with the level of intrapelvic urine TGF-β1 or the 
percentage of renal function loss in our study.
 All the cases tested negative for microalbu-
minuria. The few cases in our study that had protein-
uria and β2-MG were normalized after pyeloplasty. 
No correlation could be found between proteinuria, 
β2-MG and TGF-β1, the grade of hydronephrosis or 
values on renal scintigraphy.
 TGF-β1 could therefore become a useful tool 
for the diagnosis of obstructive hydronephrosis as well 
as for the evaluation of the parenchymal function, 
pre- and postoperatively (29-�2).
 We currently have a group of 16 patients with 
non-obstructive hydronephrosis that are being fol-
lowed-up and in which TGF-β1 was measured (data 
not presented). We believe that in the case of this 
group, due to the erratic course of hydronephrosis, it is 
important to perform serial follow-up with ultrasound 
and evaluation of TGF-β1 along the time, but these 
data will probably be material for further studies.

CONCLUSION

 Urinary biomarkers may become potential 
tools for the diagnosis and follow-up of hydronephro-
sis. Currently, TGF-β1 has shown to be useful in iden-
tifying hydronephrosis with early parenchymal injury 
and monitoring response to intervention. However, 
future and larger studies with longer follow-up time 
should be carried out in order to compare obstructive 
hydronephrosis with non-obstructive hydronephrosis 
as well as with controls to truly determine which 
patients would bene��t from surgical repair.
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EDITORIAL COMMENT

 Hydronephrotic or obstructed, operation or 
observation, these are the two critical questions rising 
when a pediatric urologist is dealing with a hydrone-
phrotic kidney. Unfortunately, today we still do not 
have the perfect tool to differentiate between obstruc-
tion and hydronephrosis, in order to decide when a 
hydronephrotic kidney is truly obstructed and should 
be operated. Moreover, we cannot forecast the func-
tional prognosis of the operated unit in advance.
 At present, we use ultrasound and isotope 
scan to assess a hydronephrotic kidney. Unfortunately, 
ultrasound cannot assess renal function, which is the 
most important factor for the decision whether to 
observe or operate. Isotope scans provides functional 
data about perfusion, concentration and excretion, 
however there is no standardization of these studies 
for children, inter exam deviations may occur due to 
change in the hydration and hemodynamic status of 
the child. Moreover, those studies expose the child to 
ionized radiation. Several other imaging modalities 
have been developed in order to improve our ability 
to diagnose accurately the child with renal obstruction, 
such as Computerized Tomography Fluoroscopy and 
quantitative Magnetic Resonance Urography. Both 
methods are still under investigation, and a standard 

protocol does not exist, CT is related to high dose of 
radiation and child anesthesia is needed especially for 
the MRI studies.
 Biochemical and molecular markers may 
serve as the future markers for the assessment of 
hydronephrotic kidney. In general, I believe that 
biochemical and molecular changes in tissues under 
stress (such as obstruction, or malignancy) occur prior 
to functional and phenotypic changes, i.e. changes in 
the value of such marker will appear prior to tissue 
changes such as increased hydronephrosis and dete-
rioration of function. The earned time gap will allow 
early decision about the proper management of that 
kidney.
 Transforming growth factor beta-1 (TGF-
β1) was investigated as a potential marker for the 
diagnosis of obstruction. Several animal and hu-
man studies have already shown a direct relation-
ship between increased level of TGF-β1 and renal 
obstruction, signi��cant difference in TGFß-1 levels 
were found between hydronephrotic non obstructed 
kidney obstructed kidneys and normal non obstructed 
non hydronephrotic kidney. The current study also 
demonstrated reduction in TGF-β1 levels following 
the relief of the obstruction, maybe the decline slope 
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of this factor and nadir level may also provide infor-
mation about prognosis and the faith of the operated 
kidney.
 The major obstacle in our ability to imple-
ment the use of TGF-β1 for clinical decisions is the 
relatively small number of patients that have partici-
pated in these clinical studies. TGF-β1 levels can be 

EDITORIAL COMMENT

 The issue of non invasive diagnosis of ure-
teropelvic junction obstruction (U�JO) is an important 
topic that is of great interest to physicians and to the 
involved patients and their families. In this article 
investigators from Hospital de �ediatría Dr. J. �. 
Garrahan, Buenos Aires, Argentina did a prospective 
study to assess the role of transforming growth fac-
tor-β1 (TGF-β1) in congenital U�JO at diagnosis and 
during postoperative follow-up.
 Although the results of the current study are 
intriguing, the rationale for using TGF-β1 for diagno-

sis of U�JO is not clear. Several factors are important 
to consider when evaluating the data in this article. 
The small number of cases is one of the shortcomings. 
Furthermore, the effect of some variables like patient 
age, degree of hydronephrosis was not evaluated. 
Overall, this article adds a little data to the previous 
publications in this area. The conclusions described 
should be con��rmed by another well done prospective 
study on a larger number of cases.

Dr. Osama M. Sarhan
Urology and Nephrology Center

Faculty of Medicine, Mansoura University
Mansoura 35516, Egypt

E-mail: o_sarhan2004@yahoo.com

EDITORIAL COMMENT

 The purpose of this study was to determine 
the usefulness of measuring transforming growth 
factor- ß1 (TGF-ß1) as well as several other urinary 
markers in children with ureteropelvic junction (U�J) 
obstruction as compared to normal controls. In ad-
dition, the authors used TGF-ß1 as a post-operative 
marker to correlate radiographic success after pyelo-

measured non-invasively in voided urine, technically 
it is relatively easy to collect even in children�� a fact 
that should encourage further studies in order to 
clarify its potential in supporting clinical decisions 
in children with hydronephrosis and suspected renal 
obstruction.

Dr. Sarel Halachmi
Pediatric Urology Service
Bnai Zion Medical Center

The Faculty of Medicine
Technion Israeli Institute of Technology

Haifa, Israel
E-mail: Sarel.halachmi@b-zion.org.il

plasty. Several similar studies have been previously 
published in the literature, as cited in References 9-1�, 
25, 2��-29.
 This study examined a relatively small 
number of study patients (19) with presumed U�J 
obstruction and the follow-up period was fairly short 
(� - 5 months after surgery, depending on whether 
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post-operative drains were necessary). Longer fol-
low-up might have shown even more dramatic results 
with both TGF-ß1 levels and renal pelvic diameter as 
the authors allude to in the Discussion section.
 Of the 19 renal scans performed, 11 had either 
scars, reduced differential function in the affected 
kidney (< ��%) or both. Eight patients (�2%) did not 
have reduced function or scars and the diagnosis of 
U�J obstruction was made on a single DT�A renal 
scan washout curve, even though there was preserved 
renal function on DMSA scan. There was no statistical 
correlation found between urinary TGF-ß1 levels and 
renal scarring on DMSA scan.
 In order to make their case for TGF-ß1 stron-
ger, the authors could have also compared levels of 
patients with hydronephrosis and an unobstructed 
washout curve to the present study and control 
groups. With all of the fallacies of diuretic renal 
scan, discriminating between hydronephrosis with 
and without obstruction is much more useful than 
between their study group and normal controls. The 
authors mention at the end of the Discussion that they 
have a group of 16 patients with this non-obstructive 
hydronephrosis but they chose not to present this data 
at this time. If TGF-ß1 levels in these patients were 
found to be statistically closer to normal levels, this 

data may prove the true usefulness of a noninvasive 
urinary marker such as TGF-ß1 to predict who would 
bene��t from early surgical intervention to prevent 
renal functional loss if it could discriminate between 
obstructive and non-obstructive hydronephrosis with 
accurate sensitivity and speci��city.
 The authors’ data seem to agree with prior 
studies that TGF-ß1 levels are higher in the urine 
of those with obstruction as compared to controls 
and this number decreases to a value closer to that 
of normal controls at least �-5 months after pyelo-
plasty. It remains to be seen whether their conclusions 
regarding TGF-ß1 will come to fruition as a useful 
biomarker to identify early parenchymal injury in 
obstructive uropathy. Clearly, this is a very desirable 
goal and several small studies have suggested that this 
may be the case, but until larger studies with longer-
term follow-up can be completed, the usefulness of 
urinary TGF-ß1 as a biomarker for everyday clinical 
practice is still unclear. I agree with the authors’ ��nal 
statement that future studies comparing TGF-ß1 in 
obstructive hydronephrosis versus non-obstructive 
hydronephrosis and controls may help to determine 
which patients might bene��t from early surgical repair 
to prevent renal parenchymal loss.

Dr. Seth A. Alpert
Clinical Assistant Professor

Section of Pediatric Urology
Nationwide Children’s Hospital

Columbus, Ohio, USA
E-mail: seth.alpert@nationwidechildrens.orgseth.alpert@nationwidechildrens.org



326

Voiding Dysfunction in Multiple Sclerosis
International Braz J Urol Vol. 35 (3): 326-333, May - June, 2009

Voiding Dysfunction due to Multiple Sclerosis: a Large Scale 
Retrospective Analysis

Bulent Onal, Aksel Siva, Ibrahim Buldu, Oktay Demirkesen, Bulent Cetinel

Departments of Urology (BO, IB, OD, BC) and Neurology (AS), Cerrahpasa School of Medicine, 
University of Istanbul, Istanbul, Turkey

ABSTRACT

Purpose: To assess the outcome of urologic evaluation in patients with voiding dysfunction due to multiple sclerosis (MS) 
and to determine the relationship between urological and neurological parameters of these patients.
Materials and Methods: We retrospectively reviewed the medical records of 249 consecutive patients (162 female and 87 
male) with MS who were referred to our clinic between 1991 and 2006, with a median time of 4 years (range 3 months to 

urinary tract symptoms were evaluated by Boyarsky symptom index.
Results: All patients except 13 had lower urinary tract symptoms and 70% manifested mixed symptoms. Total, storage 
and voiding symptom scores correlated with expanded disability status scale scores (p < 0.05). Twelve patients (5%) had 

-
relation was found between urodynamic diagnosis and upper tract deterioration and urinary symptom scores (p > 0.05).
Conclusions: The prevalence of mixed symptoms in patients with MS is higher than storage or voiding symptoms alone. 
Although detrusor overactivity and detrusor-sphincter dyssynergia were the most common urodynamic diagnoses, upper 
urinary tract deterioration was rare in our series. 

Key words:  multiple sclerosis; urodynamics; urination disorders; ultrasound
Int Braz J Urol.  2009; 35: 326-33

INTRODUCTION

Multiple sclerosis (MS) is a common neu-
rological disease affecting mostly young adults with 
a prevalence of 50 to 100/100,000 individuals (1). 
Regionally, the median estimated prevalence of MS 
is the highest in Europe (80 per 100 000), followed by 
the Eastern Mediterranean (14.9), the Americas (8.3), 

-

are common and severely disturb patient quality of life 

 Neurourology

(3). The reported incidence of voiding dysfunction is 
found in 33-52% of MS patients sampled consecutive-
ly regardless of urinary symptoms and its incidence is 
related to disability status (3-5). Several investigators 
have emphasized that the urodynamic assessment is 
essential for treating voiding dysfunction due to MS 
(6-9). Moreover, some authors have underlined that 
urodynamic evaluation should be repeated at regular 
intervals since the pattern of neurologic pathology 
and voiding dysfunction could change with time in 
MS patients. However, other authors have suggested 
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management of the voiding dysfunction in MS, since 
upper tract deterioration was rare (10-12).

The available data indicate that the high 
proportion of the detrusor overactivity with detrusor-
sphincter dyssynergia (DSD) is not associated with an 
increased risk for severe upper urinary tract deteriora-
tion (5,13-15). Hence, the evaluation and follow-up 
strategy in MS regarding the voiding dysfunction is 
still controversial. Furthermore, it was our clinical 
impression that complex urological investigations and 
follow-up strategy increased the management cost and 
had the side effect of increasing patient anxiety.

The aim of this study was to determine the 
outcome of urological evaluation in patients with 
voiding dysfunction due to MS referred to our uro-
dynamic unit, and to assess the relationship between 
urological and disease related parameters including 
the disease activity, its duration, and expanded dis-
ability status scale in these patients.

MATERIALS AND METHODS

We retrospectively reviewed the medical 
records of 249 consecutive patients (162 female and 
87 male) with MS who had been referred to our uro-
dynamic unit between 1991 and 2006, with a median 
time of 4 years (range 3 months to 26 years) of MS 
onset. The interval from the age at diagnosis of MS 
until the age at last neurourological evaluation was 
accepted as the disease duration. The clinical and 
demographic information about the neurological diag-
nosis, including the MS pattern (primary progressive, 
relapsing-remitting, or secondary progressive), the 
date of diagnosis, and score of expanded disability 
status scale (EDSS) was obtained from the patient 

disability status scale disease severity is scored from 
0 to 10 at 0.5 point intervals (16).

the results of serum creatinine level, urinalysis (urine 
culture when necessary), urodynamic investigation 

-
sidual urine volume determination) and urinary tract 

index. The symptom index score comprises storage 
(0-10) and voiding symptom index scores (0-12). 
Total symptom index score was calculated by adding 
the storage and voiding symptom index scores. The 

the total symptom index score on the questionnaire: 
mild- score lower than 7; moderate- score 8-14; 
severe- score 15-22. A nurse from the urodynamic 

evaluation form.
Upper urinary tract status was analyzed with 

respect to patient characteristics including age, gen-
der, disease duration, MS pattern, EDSS score of MS, 

-
tom index scores, and post-void residual volume.

Chi-square, Fisher’s exact test, Mann-Whit-

Correlation tests were performed for statistical 
analysis. The Chi-square test was used except in cases 
where the expected number of patients in any unit (or 
category) was less than 5, in which case the Fisher’s 
exact test was used. We used the value of p < 0.05 as 

RESULTS

The median age of patients during the initial 
urological evaluation was 38 years (range 8 to 68 
years). Patient characteristics are outlined in Table-1. 

tract ultrasonography, 198 (79.5%) completed the 
Boyarsky symptom index and 75 (30.1%) were evalu-
ated by urodynamic testing.

Median total, storage and voiding symptom 
scores in 198 evaluated by Boyarsky symptom score 
of 249 patients were 5, 3 and 1, respectively. All ex-

185 symptomatic patients manifested mixed, storage, 
and voiding symptoms, respectively. Total, storage 
and voiding symptom scores weakly correlated with 
EDSS scores (p < 0.05) (Table-2).

Twelve patients (5%) had abnormal upper 
urinary tract, which were unilateral or bilateral hydro-

were abnormal in 12 patients (5%), with thick bladder 



328

Voiding Dysfunction in Multiple Sclerosis

328

Voiding Dysfunction in Multiple Sclerosis

-
mographic parameter (age, gender, disease duration, 
MS pattern, or expanded disability MS status score) 
was associated with upper urinary tract abnormality 
on univariate analysis (Table-4). All patients who 
had unilateral or bilateral hydronephrosis remained 
stable with conservative management during the fol-
low-up.

Urodynamic study performance rate gradu-
ally decreased from 100% to 13% during the period 
studied (Figure-1). Urodynamic evaluation of 75 
patients revealed detrusor overactivity in 26 (35%), 
detrusor overactivity with detrusor-sphincter dyssyn-
ergia in 30 (40%), detrusor overactivity with impaired 
contractility in 1 (1%), a poor compliance bladder in 7 

Table 1 – Patient characteristics.

249
Gender no. (%)

Female
Male

162 (65)
  87 (35)

MS pattern no. (%)
Primary progressive
Relapsing-remitting
Secondary progressive

  51 (20.6)
104 (41.7)
  94 (37.5)

Median EDSS score (range)     5.0 (0-9)
Median disease duration

years (range)                   4 (3 months - 26 years)
Median age of patients during the initial urologic evaluation

years (range)   38 (8-68)
Median serum creatinine level

 0.8 (0.3-2.0)

Storage

Mixed

185/198 (93)
47 (25)
9 (5)
129 (70)

Incontinence n (%)
Urge
Stress
Mixed
Total
Enuresis nocturna

160/198 (81)
149 (93)
    6 (4)
    3 (2)
    1 (0.5)
    1 (0.5)

Urodynamic diagnosis no. (%)

DHIC
Poor compliance

  11 (15)
  26 (35)
  30 (40)
    1 (1)
    7 (9)

Median post-void residual volume
  40 (0-480)

MS = multiple sclerosis; EDSS = expanded disability status scale; LUTS = lower urinary tract symptoms; DO = detrusor 
overactivity; DSD = detrusor-sphincter dyssynergia; DHIC = detrusor hyperactivity with impaired contractility.
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was found between urodynamic diagnosis and upper 
urinary tract deterioration (p > 0.05) (Table-4).

COMMENTS

In this series 70% of MS patients had mixed  

EDSS score. The rate of upper urinary tract deteriora-
tion was low (5%), and all patients were stable with 
conservative management. Although urodynamic 

-
relation was found between upper tract deteriora-
tion and urodynamic abnormality. Since our study 
was retrospective, it may have limited implications. 
However, this study at least gives a clear message that 
prospective randomized studies are strongly needed 
in order to clarify the initial urologic evaluation, since 

there is no established protocol for this subject in the 
guidelines. This might lead to a decrease in manage-
ment cost and patient anxiety.

reported, with a majority of women, as usually found 
in MS (3,5,7,17,18). In our series 65% women and 
42% of patients had a relapsing-remitting pattern 
of MS. This is quite comparable with the patients 
reported by Ciancio (68% women and 41% relaps-

-
ings are typical and likely to be comparable to other 
authors.

The majority of our patients (185 of 198) 

Department were referred to our clinic. In our study, 
the rates of mixed, storage and voiding symptoms 

results are similar to the reports from Western coun-
tries which revealed that storage symptoms such as 
urgency, frequency were the predominant urinary 
symptoms in MS (5,7). Araki et al. reported that 
voiding symptoms were equal to or higher than that 
of storage symptoms in Japan (19). However, in their 

detrusor sphincter dyssynergia were higher than our 
study and those reported from Western countries.

When evaluating the relationship between 
neurologic and urologic abnormalities, we found 
a weak correlation between severity of EDSS and 
storage, voiding and total symptom scores. In some 
studies no correlation was found (20,21), whereas in 
others a direct correlation between EDSS score and 
storage and/or voiding score was reported (3,8,22). 
Araki et al. found that storage symptoms correlated 
well with expanded disability status scale scores but 

-
tion probably relates to the clinical course of  MS 
which is characterized by exacerbations and remis-
sions.

Multiple sclerosis is a disease with frequent 
-

tion is rare. Many other studies including ours also 
showed that progression to upper tract deterioration 
in MS was usually the exception rather than the rule 
(1,5,12,23). In the current series 5% of the patients had 
upper tract deterioration, although mild hydronephro-

Table 2 – Mean voiding, storage and total symptom score 
according to expanded disability status scale (EDSS) 
score.

Symptom Score EDSS Score
r p Value

0.172 0.025
Storage 0.174 0.023
Total 0.212 0.006

Table 3 –
lower urinary tract.

Abnormal Findings 
N (%)

Upper urinary tract
     Unilateral hydronephrosis
     Bilateral hydronephrosis

        contralateral mild 
     Hydronephrosis

12 (5.2)
  5 (2)

  6 (2.6)
  1 (0.4)

     Thick bladder wall
     Bladder diverticula

12 (5.2)
11 (4.7)
  1 (0.5)
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sis was present in all except one patient. Koldewijn et 
al. reviewed 14 MS series of 2,076 patients regarding 
upper tract deterioration and found its incidence to be 
as low as 0.34% (5).

Meta analysis of 1,882 patients showed that 

overactivity and detrusor sphincter dyssynergia being 

Table 4 –

Abnormal UUT Normal UUT p Value

12 (5.2) 218 (94.8)

Female
Male

9 (6)
3 (4)

142 (94)
76 (96)

0.756

Primary progressive (PP)
Relapsing-remitting (RR)
Secondary progressive (SP)

1 (2)
4 (4)
7 (8)

 47 (98)
 90 (96)
 81 (92)

0.663*
0.260**

Median EDSS score
(range)

5.3
(3-9)

5.0
(0-9)

0.230

Median disease duration
years (range) 5 (0-12)  4 (0-26) 0.410

Median age of patients during the initial urologic evaluation
years (range) 40 (31-49) 38 (8-68) 0.884

Storage

Mixed

12
4 (9)

-
8 (7)

160
  39 (91)
    8 (100)
113 (93)

0.612

Urge
Stress
Mixed
Total
Enuresis nocturna

10
10 (7)

-
-
-
-

150
139 (93)

6 (100)
3 (100)
1 (100)
1 (100)

Abnormal
10 (5)
2 (17)

208 (95)
10 (83)

0.123

DHIC
Poor compliance

12
4 (36)
2 (8)
3 (10)
1 (100)
2 (29)

63
7 (64)

24 (92)
27 (90)

- (-)
5 (71)

0.068***

147 (0-480) 40 (0-430) 0.223

MS = multiple sclerosis; EDSS = expanded disability status scale; LUTS = lower urinary tract symptoms; DO = detrusor overactivity; 
DSD = detrusor-sphincter dyssynergia; DHIC = detrusor hyperactivity with impaired contractility. * PP versus RR; ** PP versus SP; 
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the most common  (10,23). In contrast to detrusor 
sphincter dyssynergia in spinal cord injury, DSD in 
MS patients are rarely associated with upper tract 
deterioration while the reason for this is unclear (5,23-
26). It has been speculated that possibility of poorly 
sustained detrusor contractions and less severe degree 
of DSD in MS could be responsible for this distinction 
(23,27). Detrusor overactivity and detrusor sphincter 
dyssynergia were the most common urodynamic di-
agnoses in our study as in the previous studies, and 

risk factor for upper tract deterioration as in the study 

between the high proportion of detrusor overactiv-
ity/detrusor-sphincter dyssynergia and incidence 

al. investigated the risk factors for deterioration 
of upper tract and showed that no disease related 
or urodynamic parameters were predictive of 
abnormalities on renal ultrasonography. In addi-
tion, no patients in their series had any indication 
of obstructive uropathy more severe than mild 

stance in that only one of our patients had unilat-
eral non-functional kidney. Moreover, our ratio of 
upper tract deterioration was found to be low and 
comparable to those in other series, which ranged 
between 0-25% (5,14,18,23,28). In a recent study 

detrusor pressures between MS patients with and 
without DSD and observed non-significant eleva-
tions in detrusor pressures in both groups. This 
finding could explain the relatively low incidence 
of upper tract damage in patients with MS (15).

gradually decreased from 100% to 13% during the 
study period. Although our data is far from provid-
ing strong evidence for the overuse of urodynamic 
studies during initial urologic evaluation of MS pa-
tients, on the basis of the literature mentioned above 
and our increasing experience with MS patients this 
suggests that the multichannel urodynamic studies 
might be used only in the evaluation of patients with 
upper tract deterioration or with conservative treat-
ment failure. We believe that this policy might lead 
to a decrease in the management cost and patient 
anxiety.

A weakness of our study was that our data 
was collected retrospectively. However, the literature 
is fully supportive of our local data. Another potential 
weakness of our study is that we were not able to use 
a unique protocol for initial urologic evaluation of 
these patients, since there is no previously established 
protocol for this subject in the guidelines. Despite 
these limitations, we believe that our results provide a 
useful insight for clinicians when counseling patients 
with MS.

Figure 1 – The rate of the urodynamic study with respect to years.
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CONCLUSIONS

The prevalence of mixed symptoms in 
patients with MS is higher than storage or voiding 
symptoms alone. Although detrusor overactivity 
and detrusor-sphincter dyssynergia were the most 
common urodynamic diagnoses, upper urinary tract 
deterioration was rare in this series. Prospective ran-
domized studies are needed to clarify initial urologic 
evaluation for MS patients.
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ABSTRACT

Aims: To assess the technical feasibility of a new mini-invasive sling procedure (MiniArc®) and present short-term results 
in the treatment of female urinary incontinence.
Materials and Methods: A total of 97 women with mixed or stress urinary incontinence (SUI) were treated by placement of 
the new single-incision sling. Pelvic organ prolapse was graded using the POP-Q system (pelvic organ prolapse quantification 
system). Preoperative workup included urodynamic evaluation, cough stress test and introital ultrasound. Postoperatively, 
introital ultrasound was performed to determine residual urine and check tape position. Quality of life was measured using 
King’s Health Questionnaire. A voiding diary and pad count served to verify the patients’ subjective complaints.
Results: The MiniArc® single-incision sling procedure was the initial intervention in 37 (38.2%) patients and the second 
intervention in 60 (61.7%) patients with recurrent incontinence. The cough stress test was negative in 79 (83.1%) women 
6 weeks after the sling procedure and in 74 (77.8%) at 12 months. De novo urge occurred in 32 (36.8%) women. Quality of 
life was significantly improved at 12-month follow-up in 65 (69.1%) patients (p < 0.001). The number of pads decreased 
significantly from 2.2 to 0.6 (p < 0.001) after the procedure. One patient developed an hematoma and bladder perforation 
occurred in another.
Conclusions: Our short-term clinical results suggest that the MiniArc® is a safe and effective minimally invasive sling 
procedure for treating female SUI. Randomized comparative controlled trials and long-term results are still required to define 
the role of the new sling system in comparison to established mid-urethral tape techniques for treating incontinence.

Key words:  stress incontinence, urinary; suburethral sling; minimally invasive procedures; quality of life
Int Braz J Urol.  2009; 35: 334-43

INTRODUCTION

 As the population is aging, the medical com-
munity is increasingly challenged with the problem 
of urinary incontinence. More women (prevalence 
of 31% to 63%) are affected than men (1). Urinary 
incontinence can severely restrict patients in their 
daily activities and social life. The costs in terms of 
healthcare expenditure are a burden on the National 
Health System.

 NeurourologyNeurourology

 Medical advances in the prevention, diag-
nosis, and treatment of urinary incontinence mean 
an improved quality of life for a large number of 
women.
 Open colposuspension and conventional tape 
procedures are considered the most effective interven-
tions for treating female stress urinary incontinence 
(SUI) to date. Good long-term results have been 
reported for both interventions (2). The TVT (ten-
sion-free vaginal tape) procedure is the most widely 
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used technique for tape placement worldwide. The 
operation was first described by Ulmsten et al. in 1996 
and aims at restoring continence by placement of a 
monofilament polypropylene mesh under the mid-
urethra (3). Various complications have been reported 
in association with the TVT procedure including 
bladder perforation, voiding dysfunction, retropubic 
hematoma, and injuries to structures of the true pelvis. 
A second generation of tapes has been applied using 
the transobturator approach, which was developed by 
Delorme (4) and De Leval (5). This approach avoids 
the retropubic space, thereby reducing the risk of 
inadvertent bladder and intestinal injury. Moreover, 
no adhesions are induced in the retropubic space, 
which could be important for the feasibility of future 
interventions. Transobturator tapes have since been 
established as the second tape procedure in addition 
to the TVT (6,7).

The new MiniArc® single-incision sling 
procedure is comparatively less invasive and is used 
to reduce complications such as bladder perforation, 
injury to structures in the true pelvis, and postopera-
tive pain in the region of the adductor muscles. The 
MiniArc® mini-sling is an approved medical device 
manufactured by American Medical Systems. Data on 
the outcome of the mini-sling procedure is still sparse. 
Tasinen et al. (8) have reported very poor results one 
year after surgery using a mini-invasive collagen sling 
to treat neurogenic urinary incontinence. Neuman 
has reported a failure rate of 7% in a study of 100 
women who underwent TVT-SECUR insertion (9) in 
13 hospitals. Transobturator tapes have since become 
established and are not inferior to the TVT (10).
 The aim of our study was to assess the techni-
cal feasibility of a new mini-invasive sling procedure 
(MiniArc®) and present short-term results in the 
treatment of female urinary incontinence.

MATERIAL AND METHODS

 We studied 97 women with mixed or stress 
urinary incontinence based on reported subjective 
complaints (voiding diary, pad count) and objective 
workup by means of urodynamic evaluation as well 
as physical and imaging examination, that included: a) 
tonometry - premature urge at less than 200 mL blad-

der filling, b) bladder capacity -  reduced to less than 
350 mL, c) compliance - reduced at a bladder pressure 
increase of over 2.6 cm H20 per 100 mL bladder filling 
(11), d) profile at rest - low-pressure urethra defined 
as urethral pressure < 10 cm H20, e) profile during 
straining, f) cough stress test, g) pelvic examination, 
POP-Q (pelvic organ prolapse quantification system) 
(10), and h) introital ultrasound (12,13). The patients 
were operated on between January 2007 and July 
2008. The women with pure stress urinary inconti-
nence had undergone prior conservative treatment 
with biofeedback, electrostimulation, and duloxetine 
hydrochloride between January 2007 and July 2008 
(Tables-1 and 2).
 Of the 97 patients, 79 (81.4%) had pure 
SUI, 18 (18.6%) mixed urinary incontinence. All pa-
tients with mixed incontinence had sensory urgency 
(premature first urge without detrusor contraction). 
Urodynamically proven urethral insufficiency and a 
positive cough stress test were present in all cases. 
Tonometry findings were unremarkable in all patients 
without sensory urge.
 Four (4.2%) women had a cystocele (AaBa > 
+1) based on the POP-Q system, but, based on their 
symptoms, only required sling insertion.
 Since it was our intention not to select patients 
as regards constitution, prior surgery, concomitant 
disease, and urodynamic findings, a retrospective 
design appeared to be the most suitable approach.
 The MiniArc® sling investigated in our 
study was 8 cm in length and has self-fixating tips 
for anchorage in the obturator internus muscle and 
membrane (Figures-1 and 2).

Table 1 – Characteristics of the study population.

Characteristics Study Population (N)

Nulliparae 24 (%)
Multiparae 61 (%)
Caucasian 91 (%)
Asian   6 (%)
Age 65 (± 12)
BMI 29 (± 6)
Introital ultrasound funneling 42 (%)

BMI = body mass index.
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 All patients were comprehensively informed 
about the new procedure by the same person. The 
transobturator tape was offered as an alternative ap-
proach, and it was emphasized that long-term expe-
rience with the MiniArc® is still lacking. Drawings 
were presented to the patients to illustrate the two 
approaches. Patients were not influenced and could 
freely select the method they preferred.
 All patients were operated on at the German 
Pelvic Floor Center in Berlin. Two experienced op-
erators performed all sling procedures included in the 
analysis. Each of them had previously performed the 
new procedure in 10 patients not included in the study 
to become familiar with the technique. The women 
included in the study underwent isolated minimally 
invasive sling insertion without additional prolapse re-
pair in order to exclude other factors that might impact 
the outcome. Patients with mixed urinary incontinence 
were initially treated for the urge component using 
electrostimulation and/or anticholinergic medication 
(Table-3).
 All surgical interventions were performed 
in the lithotomy position under general anesthesia 

Table 2 – Prior operations in the patients with recurrent urinary incontinence.

Colposuspension Injection Tape Insertion Prolapse Surgery

36% 18% 6% 43%

Figure 1 – Tape insertion technique.

Figure 2 – The needle kit.
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orifice. Next, the paraurethral tissue was dissected 
with scissors, creating a tunnel up to the inferior ramus 
of the pubic bone. The sling was then advanced into 
the obturator internus muscle and obturator membrane 
below the inferior pubic ramus with a needle. Tension-
free positioning of the sling was ensured by inserting 
a forceps handle between the tape and the urethra. 
The insertion angle was 45 degrees in the direction 
of the adductor longus muscle tendon (Figure-3). The 
vaginal incision was closed with vicryl sutures.
 Upon completion of the procedure, the cath-
eter was removed and the patient had to void sponta-
neously within the next four hours. The hospital stay 
was two days. Postoperative evaluation comprised 
of the patients’ subjective assessment (voiding di-
ary, pad count) and quality of life questionnaire. The 
clinical evaluation included a pelvic examination, a 

Table 3 – Preoperative treatment of the patients with mixed 
urinary incontinence.

Anticholinergics Additional 
Electrostimulation

Oxybutinin 2% 1%
Darifenacin 8% 5%
Propiverin 5% 5%
Tolterodine 2% 0%
Trospium chloride 1% 1%

(laryngeal mask). A Foley catheter was placed and 
patients received single-shot intraoperative antibiotic 
prophylaxis (cephalosporin). The vagina was incised 
approximately 1.5 - 2 cm below the external urethral 

Figure 3 – Tape insertion technique.
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cough stress test, and introital ultrasound to measure 
the postvoid residual urine volume and determine the 
sling position.
 Follow-up examinations were performed 
directly postoperatively as well as 6 weeks and 12 
months after tape insertion.
 Therapeutic failure was defined as persistent 
SUI that impaired the patient’s quality of life and was 
confirmed by the clinical findings.
 A pad count and a voiding diary served to 
objectively ascertain restored continence.

RESULTS

 Thirty-seven (38.2%) patients underwent the 
MiniArc® procedure as a primary intervention, 60 
(61.7%) for recurrent urinary incontinence. Outcome 
differed between these two groups (Table-4).
 A low-pressure urethra was diagnosed in 23 
patients (24.2%) and was found to significantly (p 
< 0.001) correlate with outcome. Thirteen of the 23 

patients (56.5%) in this subgroup were therapeutic 
failures with persistent SUI.
 The intra- and postoperative complications in 
the study population are summarized in (Table-5).
 Postoperative voiding dysfunction was de-
fined as a residual urine volume greater than 100 mL 
and was treated by alpha-blocker administration and 
catheterization.
 Patients who developed bladder infection 
received cephalosporin for one week.
 De novo urge symptoms were treated by an-
ticholinergic medication in 20 (20.6%) patients and 
by physical therapy in 12 (12.4%).
 The preoperative urge component present in 
18 (18.6%) patients persisted after conservative treat-
ment and the sling procedure in five (27.8%) cases.
 The cough test was negative in 79 (83.1%) 
women at 6-week follow-up and in 74 (77.8%) women 
at 12-month follow-up. The test was positive in 16 
(16.8%) women at 6 weeks and in 20 (21.3%) women 
at 12 months.
 At 12-month follow-up, 77.8% (n = 66) of the 
women reported to be continent while 21.3% (n = 20) 
reported persistent urine loss during physical activ-
ity. These results were also reflected in self-reported 
quality of life questionnaires.
 Significant improvement in quality of life was 
observed for 66 (68.0%) patients at 6-week follow-
up (p < 0.001) while 22 (22.7%) had an unchanged 
quality of life, and 9 (9.4%) reported deterioration 
compared with their situation before the intervention. 
At 12-month follow-up, there was persistent improve-
ment for 65 (69, 10%) patients (p < 0.001), unchanged 
quality of life for 17 (17.5%), and deterioration for 15 
(15.5%) women. The number of pads used decreased 
significantly from 2.2 before to 0.6 (p < 0.001) after 
the sling procedure.
 The patients who reported deterioration after 
the intervention used more pads than preoperatively, 
had greater involuntary urine loss (based on the 

Table 4 – Outcome after primary versus repeat intervention.

Intervention Primary Intervention Repeat Intervention 
No. of incontinence episodes > 3/day None 18%
No. of pads used > 1/day 6% 14%

Table 5 –  All adverse events by patient (n = 95).

Adverse Event Type Patients / N (%) 

Retention 2 (2.1)1

Pelvic pain 0
Bleeding 1 (1.0)2

Bladder perforation 1 (1.0)3

De novo urge 32 (36.8)4

Other 0

1 - Retention resolved after 2 days in both patients, 2 - Hematoma 
was amenable to conservative treatment, 3 - The patient was 
not operated on in the conventional lithotomy position and had 
a history of three anti-incontinence operations. The position of 
the needle for tape insertion was corrected and an indwelling 
catheter was placed, which was left in the bladder for 10 days, 4 
- For details see the Results section and Table-3.
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dure can also be performed with local anesthesia and 
analgesia. Further advantages over the transobturator 
tape are that there is no risk of obturator nerve damage 
or adductor muscle pain. Postprocedural symptoms 
of overactive bladder are most likely attributable to 
the anchorage of the tape. In contrast to TVTs, the 
self-fixating tip of the MiniArc® sling does not al-
low much correction after placement. This is why the 
MiniArc® sling should be placed at a distance of 0.5 
cm from the mid-urethra (i.e. the distance between the 
tape and the urethra) without further intraoperative 
tensioning after placement.
 The high rate of de novo urge is probably 
due to the mode of anchorage of the new tape, which 
has self-fixating tips. As a result, tension-free tissue 
integration is a challenge and depends on numerous 
factors such as tissue properties, insertion technique, 
tape position and retraction. Despite the standardized 
technique used in our study, it was not possible to 
eliminate de novo urge.
 In the patients included in our study, de novo 
urge was treated with a combination of anticholinergic 
medication and physical therapy. Our findings do not 
allow any final conclusions to be drawn as to whether 
the rather high rate of de novo urge might be lowered 
by changing the insertion technique. The cure rates of 
83.1.0% after six weeks and 77.8% after 12 months 
are good but not comparable to the rates achieved 
with established tape procedures. The poorer outcome 
may be attributable to the large proportion of patients 
with recurrent incontinence in our population and the 
inclusion of 13 (13.6%) patients with low-pressure 
urethra. Recurrent incontinence is likely attributable 
to scar formation or even rigid tissue integration of 
the tape, suggesting that the tape does not provide 
adequate dynamic support of the urethra. Another 
possible contributing factor is neurogenic damage. 
Established tape procedures are also known to have 
poorer results in patients with a low-pressure urethra 
(17-20), Outcome was poorer in women with prior 
incontinence surgery compared with the women who 
underwent the MiniArc® procedure as a primary in-
tervention. We did not include a control group because 
we wanted each patient to have a choice to opt for any 
of the conventional treatments after comprehensive 
information about the new sling procedure. This is 
also why we chose a retrospective design.

voiding diary entries), and developed de novo urge 
(voiding frequency > 10/day).
 Ultrasound was performed to evaluate the 
postoperative tape position. The tape was in the area 
of the mid-urethra in 82 (84.5%) women, under the 
distal urethra in 9 (9.3%) women, and close to the 
bladder neck in 6 patients (6.2%). There was no corre-
lation between tape position and de novo urge. There 
was also no correlation between the tape position at 
ultrasound and subjectively reported deterioration 
of incontinence after surgery. The mean length of 
surgery was 6 ± 3.5 minutes and the mean blood loss 
was 10 ± 25 mL.

DISCUSSION

 The results we achieved with the MiniArc® 
sling system in treating female urinary incontinence 
are representative of the short-term outcome of this 
new minimally invasive sling procedure. The long-
term success rates (5-10 years) reported in the litera-
ture are 78 % (14) to 90% (14) for colposuspension 
and 81% for the TVT (15). The outcome reported for 
transobturator tapes is comparable to that of the TVT 
procedure (16). A new method should be similar or 
superior to established therapies and/or be safer and 
technically easier to handle.
 We encountered only one intraoperative 
hemorrhage, which did not require blood transfusion, 
and one bladder perforation, which was most likely 
due to scar formation as this patient had already un-
dergone multiple prior operations. On the whole, the 
new sling was easy to insert and the duration of the 
procedure was very short compared to existing tech-
niques. When the procedure is properly performed, 
the risk of injury to the bladder, intestine, or urethra 
is negligible. Since the needle is very thin and can 
be inserted at different angles, proper advancement 
requires strict adherence to anatomic structures, 
which is why physicians require a training course 
before performing the procedure in patients. As with 
transobturator tapes, the retropubic space is avoided, 
which is an advantage if patients need future surgery. 
Since all interventions were performed in the setting 
of a workshop, we opted for standardized anesthesia 
with a laryngeal mask. The MiniArc® sling proce-
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 The MiniArc® sling can be placed with 
minimal tissue injury and is easy to use. However, the 
instrument design leaves the surgeon with little control 
over tape positioning and injury cannot be excluded. 
Our preliminary experience suggests that the new tape 
appears to be associated with fewer complications 
in terms of organ damage and bleeding compared 
with established tape procedures for treating urinary 
incontinence.
 The indications for MiniArc® insertion will 
be defined by its minimal invasiveness and the lower 
complication rates.
 Further studies are needed to determine 
whether the new tape is beneficial in women with re-
current urinary incontinence or a low-pressure urethra. 
Future studies must also elucidate the causes of the 
high rate of de novo urge. Prospective randomized 
comparative controlled trials and long-term follow-
up are needed to define the relative place of the new 
sling system in comparison with other mid-urethral 
tape techniques used for anti-incontinence surgery.
 The patients who reported deterioration after 
the intervention used more pads than preoperatively, 
had greater involuntary urine loss (based on the 
voiding diary entries), and developed de novo urge 
(voiding frequency > 10/day).
 Thirty-seven (38.2%) patients underwent the 
MiniArc® procedure as a primary intervention, 60 
(61.7%) for recurrent urinary incontinence. Neverthe-
less, there were differences in outcome between these 
two groups.
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EDITORIAL COMMENT

 The evolution of anti-incontinence surgery 
has evolved from the retro-pubic colposuspension to 
the retro-pubic TVT, then to the trans-obturator TVT 
and now, possibly, to the mini sub urethral slings. The 
background rationale for these changes is the desire to 
maintain and further improve the therapeutic results, 
while reducing the operative related complications. 
Given that the current operations for the treatment 
of female urinary stress incontinence are far from 
being perfect in terms of cure and related complica-
tions, and that the industry is moving faster than the 
clinical trials, one is required to make personal deci-
sions regarding the exact procedure for their patients 
with no sufficient data to rely on. Thus, one should 
be reluctant to endorse any newly launched surgical 
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technique, unless appropriate data is provided to sup-
port the efficacy and safety. Moreover, it might be 
misleading to believe that they the mini-sling is a very 
simple procedure to perform – it is not. Extremely 
important is proper training with about 20 training 
operations – and as for any other new surgical pro-
cedure, meticulous theoretical understanding of the 
pathophysiology, therapy and complication manage-
ment and reduction is essential. Skill maintenance is 
crucial as well, and this might be achieved by doing 
20 operations yearly.
 For the time being there are no accepted 
well structured indications for different operations 
for sub-groups of the female urinary incontinent 
patients. Some  surgeons believe that the retro-pubic 
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TVT are better for the ISD patients, the trans-obtura-
tor for obese patients and the mini-slings for the old 
and feeble. This is not supported by reported data, 

EDITORIAL COMMENT

 The introduction of the intravaginal sling 
(IVS) in 1996 has revolutionized the surgical treat-
ment for female stress urinary incontinence (SUI) (1). 
Subsequent the minimal invasive suburethral slings 
replaced the colposuspension as surgical gold stan-
dard for SUI (2). In recent years, various slings with 
minor and major modifications have been introduced. 
The first major modification was the transobturator 
slings with reduced rates of bladder perforation (3,4). 
Lately the mini-slings followed. However, do we need 
this further modification to the existing and what is 
possible to improve?
 With the mini-slings, external incisions can 
be eliminated, only a single vaginal incision is neces-
sary. The mesh became shorter and no mesh lateral 
to the obturator is needed. Thus, the tissue trauma 
can be reduced and maybe also postoperative pain. 
The procedure time can possibly be shorten and 
less anesthesia are necessary. It is postulated, that 
the minis-lings are more minimal invasive than the 
retropubic and transobturatoric slings.
 However, for a new surgical treatment of a 
non-life-threatening disease like SIU, the most impor-
tant issue is to show better results, lower complication 
rates and a higher postoperative quality of life and 
patients´ satisfaction as the established treatment 
options.
 The first mini-sling, the TVT-secure, showed 
a steep learning curve but with some implant chal-
lenges and a high variability in efficacy (5,6).

 In the article of Gauruder-Burmester and 
Popken results after the implantation of the newest 
mini-sling, the MiniArc, with a follow-up until 12 
months postoperatively were published. The new 
sling seems to be very safe, but the cure rate is not 
better than the established gold standard. In addition, 
the authors report a high rate of de-novo-urgency. 
However, its cause remains unclear.
 In total, the results look promising, but we 
need more data especially long-time data for a final as-
sessment. Thus, prospective comparative randomized 
controlled trials with a long follow-up and evaluation 
of the quality-of-life and of the postoperative pain are 
necessary to determine its true efficacy.
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neither are the long term efficacy and safety of these 
operations. Multi-centered prospective studies are es-
sential for providing the world wide urogynecologic 
community with this reported data.
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ABSTRACT

Objective: Optical coherence tomography (OCT) is a unique technology, developed to provide high resolution, cross sectional 
images of human tissue. The objective of this study was to explore the feasibility of OCT for the evaluation of positive 
surgical margins and extra capsular extension in robotic prostatectomy specimens and compare it to histopathology.
Materials and Methods: Radical prostatectomy was performed in 100 patients. Twenty OCT images of each specimen 
were taken from the base of the seminal vesicles (SV), apical and vesicle margins, peripheral and posterolateral area and 
any palpable nodule. Predictions were made regarding positive surgical margin, SV involvement, capsular invasion and 
compared with the final histopathology.
Results: A total of 2000 OCT images were taken and analyzed. Out of 100 specimens, 85 had T2 disease, 15 had T3 dis-
ease with a median Gleason’s score of 7 (range 6 to 9) and 10 had positive surgical margins. We predicted 21 specimens 
to have positive margins based on OCT images out of which 7 were truly positive and 14 were falsely positive. Based 
on OCT images, 79 specimens were predicted to have negative margins out of which 76 were truly negative and 3 were 
falsely negative. We found the sensitivity, specificity, positive predictive value and negative predictive value to be 70%, 
84%, 33% and 96% respectively.
Conclusion: Our initial feasibility study established the template for the visual OCT characteristics of the prostate, SV and 
cancerous tissue. The negative predictive value of evaluating surgical margins was high.

Key words:  prostate cancer; prostatectomy; laparoscopy; robotic assisted; tomography, optical coherence
Int Braz J Urol.  2009; 35: 344-53

INTRODUCTION

 Prostate cancer is the second most common 
solid cancer among men in the United States. It was 
estimated that in the year 2007 a total of 270,050 new 
cases of prostate cancer were diagnosed (1).
 Anatomic radical prostatectomy as a treat-
ment option for localized prostate cancer has been 
well practiced since its first description by Walsh et al. 
Over the last two decades more prostatectomies have 
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been performed by minimally invasive approaches 
such as laparoscopy or robot assisted.
 With the stage migration that has occurred in 
prostate cancer, urologists are now treating younger 
men with low volume, low stage disease with normal 
urinary and sexual function (2). Having diagnosed 
the disease early in the stage, both the oncological 
and functional outcomes are of prime importance. 
Both the immediate and delayed oncological outcome 
does have a bearing on positive surgical margin. To 
assess the impact of positive surgical margin, Solo-
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way et al. studied 495 patients who underwent open 
radical prostatectomy and found 30.5% had one or 
more positive margins. In this subset of patients the 
detected recurrence rate for various locations was 
29% apex/urethra, 30% posterior, 33% anterior, 36% 
lateral, 48% posterolateral, and 57% bladder neck. In 
this study the author concluded that recognizing posi-
tive margin pre or intraoperatively could be useful to 
avoid disease recurrence (3).
 Over and above the oncological outcomes, 
functional outcomes like continence and potency are 
also crucial. The preservation of neurovascular bundle 
(NVB) to aid early recovery in urinary continence and 
potency is of vital importance (4). Thus, the intraop-
erative identification of the NVB is imperative in order 
to be preserved during dissection. Due to the close 
proximity (2-3 mm) of the NVB to the prostatic fascia 
balancing the oncological and functional outcome is 
critical.
 A technique which can precisely identify the 
positive margin intraoperatively is required. Optical 
coherence tomography (OCT) is a technique available 
for imaging the microstructure of tissues. We describe 
the OCT technique  used ex vivo on postoperative 
prostate specimen to assess its feasibility in detecting 
the positive margin and extra capsular extension.

MATERIALS AND METHODS

 OCT imaging was obtained in 100 consecu-
tive patients who underwent robotic assisted radical 
prostatectomy performed in a standard manner as 
previously described by our group (5). After the 
prostate was removed, it was thoroughly cleaned 
and subjected to a gentle saline wash in an adjacent 
room, taking care not to alter the gross anatomy. The 
specimen was washed so as to remove any attached 
blood clots and non prostatic tissue, which could po-
tentially alter the imaging with OCT with increased 
tissue interface between the prostatic surface and the 
OCT probe. The specimen was then transferred to the 
OCT technician within the operating room. The time 
required to transfer the specimen was variable with 
average time being 35 min. (25-55 min.) from the 
time of devascularization to completion of procedure 
at which point the specimen was removed from the 

body. The OCT technician was blinded to any of the 
pre or intra-operative information.
 A systematic and thorough analysis of the 
specimen was performed in the following manner. 
The specimen was scanned in circumferential man-
ner on all four surfaces (anterior, posterior and two 
laterals) and two ends (base and apex). The images 
were obtained from each specimen starting at the 
base of the seminal vesicles (SV), apical and vesical 
margins, peripheral and posterolateral area, and any 
palpable nodule if present (Figure-1). The operator 
scanned both the right and left sides of the preceding 
areas. Structures identified based on OCT imaging 
were tumor location, capsular penetration, and mar-
gin status. The scanning was conducted in real-time 
and an image was saved when the operator identified 
one of the previously mentioned landmarks. At the 
same time predictions were made regarding surgical 
margin. The OCT image predictions were compared 
with the final histopathology results. The images thus 
obtained were assessed based on the appearance of the 
image in correlation to the site on the specimen. The 
image was assessed for homogenous appearance of 
the capsule, prostatic surface epithelium and prostatic 
stroma. Any variation from normal appearance was 
noted and assessed for the interface between capsule 
and the surface epithelium to identify positive margin 
and extra capsular extension.
 The outer surface of the specimen was inked; 
all the scanned areas were color coded. The seminal 
vesicles were separated from the site of their insertion 
at the prostate base and subsequently bivalved. The 

Figure 1 – Ex vivo technique of scanning the specimen.
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base and apex were axially separated from the prostate 
in 1 cm thick sections, which were further cut at 0.3 
cm intervals in the sagittal plane. The remaining mid 
prostate was axially sectioned at 0.3 cm intervals, 
carefully including a complete inked margin around 
each slice. All tissue was entirely submitted in whole 
mount cassettes. The tumor contours were mapped 
on the glass slides, while additionally noting foci of 
extraprostatic extension, margin positivity, and/or 
seminal vesicle involvement.
 After analysis by the pathologist, OCT im-
ages were correlated with their corresponding histo-
pathologic micrographs on the same areas of the same 
specimens.
 OCT is an imaging technique which we em-
ployed using a Niris™ OCT Imaging System made by 
Imalux (Cleveland, OH) and cleared by the Federal 
Drug Administration in 2004. OCT is currently be-
ing used in ophthalmology departments throughout 
the country. Similar to ultrasound, it consists of two 
components. The first is the computer console that 
projects a user driven application. It can show images, 
save, and print these images after they are obtained. 
The second component is the actual scanning probe. 
In the Niris the probe has a diameter of 2.7 mm, and 
can be made in lengths up to 4 m while still being 
flexible. Probes with even smaller diameters have 
been described (6). The Niris produces one image in 
1.5 seconds. Theoretically an image in OCT can be 
obtained in about 250 msec without decreasing image 
resolution (7).
 Optical Coherence Tomography is comprised 
of low-coherence near infrared light with a fiber optic 
interferometer to measure the characteristic scatter in a 
real-time scan. Despite using infrared light as opposed 
to acoustic, OCT is analogous to ultrasound as it relies 
on beaming the infrared wave through the tissue, then 
measuring the backscatter (Figure-2). The characteris-
tic wavelength of near infrared light is between 750 nm 
and 1μm. The Niris OCT system uses near infrared light 
centered at 1310 nm allowing for an axial resolution 
of 10-20 micrometers (8). OCT produces an image 10-
100 times higher in resolution than any other clinically 
available diagnostic imaging (9).
 OCT technology is non invasive and that the 
energy used does not cause physical injuries. The 
greatest potential harm from infrared light would oc-

cur by a heating effect but these have shown to be less 
than 0.5 degrees Celsius when used in the eye (10). 
The American National Standards Institute classifies 
near infrared light as being a class 1. Class 1 lasers 
pose virtually no risk to skin or eyes (11).

RESULTS

 Prostate specimens from 100 patients who un-
derwent robotic radical prostatectomy were scanned 
systematically by OCT technology. The small portable 
machine allowed the analysis to be performed in the 
operating room in less than 5 minutes.

Figure 2 – A) Imalux Niris™ Optical Coherence Tomogra-
phy Imaging System. B) Illustration of 2D image creation 
based on scatter.

A

B
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 A total of 2000 images were obtained from 
the 100 specimens that were obtained following robot 
assisted laparoscopic prostatectomy. The pathological 
stages of the specimens were T2 in 85% of cases and 
T3 in 15% of cases. The median Gleason score was 
7 with a range from 6 to 9 (Table-1).
 Of the 100 samples scanned 10 had positive 
surgical margin. Of these 10 patients 5 had pT2c 
disease whereas 3 had pT3a and 2 had pT2a disease. 
We predicted 21 specimens to have positive margins 
based on OCT images out of which 7 were truly 
positive and 14 were falsely positive. Based on these 
results the sensitivity was 70% where as specificity 
was 84%. The positive predictive value (PPV) based 
on above results was 33% and the negative predictive 
value (NPV) was 96% (Table-2). Of the 7 predicted 
true positives, correlation with the postoperative pa-
thology, revealed that 2 patients had pT3a disease, 1 
had pT2a and 4 had pT2c disease.

 We predicted extra capsular extension in 12 
patients of which 6 were truly positive and 6 were 
falsely positive. Of these 6 true positives, 3 patients 
had pT2c and 3 had pT3a disease on final pathology. 
The sensitivity and specificity was 46% and 84% re-
spectively, whereas the PPV and NPV was 50% and 
92% respectively (Table-2).
 Based on the imaging 3 patients were pre-
dicted to have  seminal vesicle invasion with 1 being 
truly positive and 2 being falsely positive. The sensi-
tivity and PPV was 33% each whereas the specificity 
and NPV was 97% respectively (Table-2).
 The OCT images were compared to the fi-
nal pathology slides. Following Figure-3 shows the 
normal tissue architecture of prostatic epithelium. 
The OCT image shows a well defined homogenous 
appearance of capsular surface, epithelium and 
subepithelium with no evidence of heterogenous 
columns or areas of cells suggesting tumor cells. 
Figure-4 shows positive surgical margin. The 
characteristics are the heterogenous, low scat-
tering columns (arrows) extending continuously 
from subepithelium to surface serosa suggesting 
invasion by tumor cells.
 In comparing Figures-3 and 4, we can see 
that Figure-4B shows low scattering areas (arrows) 
that are not in a columnar form radiating towards the 
edge of the specimen. These low scattering areas are 
surrounded by high scattering areas yielding a char-
acteristic image of positive capsular extension. The 
same areas are also covered by normal epithelium. 
Figure-5 shows capsular invasion by tumor. The figure 
shows low scattering areas that are not in columnar 
form radiating towards the edge of the specimen. The 
low scattering areas are surrounded by high scatter-
ing areas yielding a characteristic image of positive 
capsular extension. There is small normal rim of 
epithelial layer.

Table 1 – Patient demographics.

Variable Mean 

Mean age- 60.3 yrs. ± 5.2
Mean PSA- 6.60 ng/ml ± 3.8
Median Gleason-score 7 (6-9)
Pathologic stage
T2 85%
T3 15%
T4  0%
Nerve spare
BNS 55%
UNS 14%
NNS 31%

BNS = bilateral nerve spare; UNS = unilateral nerve spare; NNS 
= non nerve spare.

Table 2 – Statistics for positive margin, extraprostatic extension and seminal vesicle invasion.

Sensitivity Specificity Positive Predictive 
Value

Negative Predictive 
Value

Margin 70% 84% 33% 96%
Extraprostatic extension 46% 84% 50% 92%
Seminal vesicle invasion 33% 97% 33% 97%
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 Figure-6 shows normal seminal vesicle 
(histology, OCT image) and invasion by tumor re-
spectively. The image shows areas of high scattering 
columns of tumor cells seen extending into the wall 
of seminal vesicle suggesting tumor invasion.
 Figure-7 shows OCT view of adipose tissue, 
blood vessel, neurovascular bundle (NVB) (both the 
transverse, longitudinal view).

COMMENTS

 Presently it is difficult to assess the margin 
and location of NVB pre and intraoperatively by 
available modes of investigation. With the tactile and 
haptic feed back the assessment of microscopic mar-
gin and the NVB is unfeasible and restricted. The use 
of laparoscopic and robotic approach for treatment of 

Figure 3 – A) Hematoxylin-eosin staining of normal prostatic epithelium (arrow). B) Corresponding optical coherence 
tomography image showing a well defined homogenous appearance of capsular surface, epithelium and subepithelium 
with no evidence of heterogenous columns or areas of cells suggesting tumor extension (arrow).

A B

Figure 4 – A) Hematoxylin-eosin staining of positive surgical margin of prostate gland (arrow). B) Corresponding optical 
coherence tomography image characteristics are the heterogeneous, low scattering columns (arrow) extending continu-
ously from subepithelium to surface serosa suggesting presence of tumor.

A B
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localized prostate cancer has an inherent drawback in 
the lack of tactile feedback which makes assessment 
of margin more difficult. Use of frozen section is only 
for evaluation of focal positivity and not for assess-
ing the entire gland. Since the introduction of OCT 
technology it has been investigated for use in multiple 
specialties of medicine with variable results.
 After being first described in 1991, OCT 
has been accepted for in vivo use in ophthalmology 
for over 10 years. While it has quickly found use in 
ophthalmology departments, it has had less momen-
tum with imaging non-transparent tissues. Even in 
non-transparent tissues OCT was found to have the 
ability to demonstrate boundaries of the mucosa and 
differentiate between epithelial types in the esophagus 
(8).
 Feldchtein et al. applied the technology to 
endoscopy while performing biopsies, guiding surgi-
cal procedures, monitoring functional state of organs 
and monitoring post-operative recovery progress in 
their in vivo studies of over 100 patients (12).
 Zysk et al. in their study involving breast 
cancer detection and analysis using OCT reported a 
specificity of 97% and a sensitivity of 56-67% which 
was higher than both mammograms and ultrasounds 
(13).

 Another study by Zeluaga et al. justified the 
use of OCT to detect cervical cancer in vivo. Using 
16 patients, the study compared image interpretation 
of OCT against blinded pathologists. A significant 
difference P < 0.024 was found between normal and 
cancerous cervical specimens (14).
 In the year 1997, Amling et al. used the technol-
ogy to study the different structures of the male reproduc-
tive system. Using OCT they were able to differentiate 
the fibrous prostatic capsule, the NVB prostatic urethra, 
and normal prostatic epithelium (15).
 Boppart et al. used OCT to guide radio fre-
quency ablation of the prostate. In their study they 
were able to demonstrate extra control over ablation 
parameters using OCT in real time (16).
 Tearney et al. investigated the capability of 
OCT to differentiate the architectural morphology of 
urologic tissue with the long term aim of using OCT 
as an adjunct to endoscopic imaging and to improve 
the efficiency of interventional procedures such as 
transurethral prostatectomy. These authors studied 
urologic tissues from postmortem subjects, dissected 
and imaged using OCT. The microstructure thus 
obtained was delineated in different urologic tissues 
including the prostatic urethra, prostate, bladder, and 
ureter. They also studied the ability to achieve opti-

Figure 5 – A) Hematoxylin-eosin staining of prostatic capsular invasion by tumor (arrows). B) Corresponding optical 
coherence tomography image shows low scatter areas (not in columnar form) radiating towards the edge of the specimen 
(arrow). The low scatter areas are surrounded by high scatter areas yielding a characteristic image of positive capsular 
extension. These formations are not consistent with blood vessels as blood typically exhibits high scattering with little if 
any penetration of light though the vessel. Notice the small normal rim of epithelium at the surface of the image. 

A B
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A

cal biopsy with OCT suggesting potential to obtain 
information on tissue microstructure. The group 
concluded that high resolution, cross-sectional OCT 
images acquired in this study provide information on 
tissue microstructure that could only previously be 
obtained with conventional biopsy (8).
 D’Amico et al. used the OCT technology 
in ex vivo human benign and malignant prostatic 
tissues. Images obtained using OCT were directly 
compared with images acquired after standard his-
topathologic processing. These results suggested 
that microarchitecture on the order of 10-μm can be 
distinguished in prostatic tissue. The major technical 
limitation at this point, however, was that the 10-μm 

resolution achieved in this study was limited to a 
depth of approximately 0.5 mm. Further studies us-
ing this technique to improve detection and staging 
are ongoing. In addition, future trials will investigate 
whether neurovascular bundle invasion can be ac-
curately identified intraoperatively. In these men, the 
neurovascular bundle would be scanned with OCT 
intraoperatively, and then the images would be com-
pared with the final histopathologic sections from the 
radical prostatectomy specimen (17).
 Our experience based on OCT imaging and 
comparison with the final pathology is satisfactory 
for detection of positive margin with 70% and 84% 
sensitivity and specificity respectively.

Figure 6 – A) Hematoxylin-eosin staining of normal seminal vesicle. B) Corresponding optical coherence tomography 
(OCT) of normal seminal vesicle (arrow). C) OCT of seminal vesicle with invasion by prostate tumor with low scattering 
columns of tumor cells seen extending into the wall of seminal vesicle (arrow), similar to Figure-4B.
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Figure 7 – A) Optical coherence tomography image of adipose tissue (arrow). B) Blood vessel with coagulated blood (ar-
row). Note poor penetration of light below vessel lumen. C) Typical image of neurovascular bundle with nerve fascicles 
(arrow), and surrounded by adipose tissue in D (arrow).

 The positive predictive value is less (33%) but 
the high negative predictive value may help detect the 
true negative margins and avoid overzealous dissec-
tion to compromise NVB laterally. The low positive 
predictive value for detecting positive margin could be 
due to the heterogenous appearance of the tumor and 
the low depth of penetration (2-3 mm) with OCT (17).
We experienced a potential difficulty in initial 50 cases 
to better understand the normal and anatomical vari-
ants associated with the prostatic anatomy. With each 
set of 10 cases our diagnostic capabilities improved 
to define the normal anatomical architecture based on 

OCT imaging. Though we experienced a difficulty in 
understanding the normal and anatomical variants, 
we did not separately evaluate the results for first and 
later 50 cases. In our experience one needs to learn, 
understand the technical issues of OCT machine, the 
most important being the image interpretation which 
could contribute to the learning curve.
 In our experience, OCT imaging helped to 
rule out extra capsular extension in prostatectomy 
specimen in 92% of cases. Of the 6 patients with 
positive extra capsular extension, three were detected 
based on OCT technology. All these three patients had 

A B
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pathological T3a disease, implying OCT is restricted 
in identifying those with higher stage disease.
 From our initial ex vivo study the OCT im-
aging had a detection rate of 33% for assessment of 
seminal vesicle invasion. Its usefulness in ruling out  
seminal vesicle invasion is high, approximately 97%. 
Our initial feasibility study established the template 
for the visual OCT characteristics of the prostate, SV 
and cancerous tissue.
 Thus, the current OCT imaging has a selected 
role in identifying the positive margin and ruling out 
the extraprostatic extension and seminal vesicle inva-
sion.
 One drawback of our study was that we lim-
ited our study to ex-vivo use of OCT. The specimen 
was not removed from the patient until the surgery was 
nearly complete. The average time required to transfer 
the specimen was 35 min. (25-55 min.) from the time 
of devascularization to completion of procedure at 
which point the specimen was removed from the body. 
The tissue characteristics as measured by OCT can be 
affected by long periods without perfusion, and we 
did not control the length of time our specimen was 
without perfusion. We are currently working towards 
repeating the study in vivo, during robotic-assisted 
radical prostatectomies. Because there are currently 
no standards defined for imaging the prostate for mar-
gins of resection, or the seminal vesicles for invasion 
there was a learning curve involved, especially for 
our early cases when there was a higher false positive 
rate and low positive predictive value. As we gained 
experience with the OCT image appearance of normal 
tissue, and were able to correlate our images with 
pathological results, our statistics improved.
 A further randomized in vivo study is planned 
to understand the exact role of the OCT technology 
to predict prostate margin status and seminal vesicle 
invasion during resection and prior to specimen re-
moval as well as using OCT to identify the location 
of the neurovascular bundle.

CONCLUSION

 This initial feasibility study established the 
template for the visual OCT characteristics of the 
prostate, SV and cancerous tissue. After a careful 

analysis of the corresponding images from OCT with 
their histopathologic micrographs, there appears to be 
an opportunity to use OCT in order to assess the mi-
crostructure of the prostate. The high negative predic-
tive value could be useful to rule out positive surgical 
margin, extraprostatic extension and SV invasion. Our 
current study was conducted on ex vivo specimens 
and we are planning in vivo studies to quantify our 
findings and to test in vivo OCT effectiveness for 
margins, SV invasion and NVB identification.
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ABSTRACT

Objective: The aim of our study is to investigate the anti-neoplastic effect of curcumin in prostate cancer cell lines. Spe-
cifically, we are using the LNCaP cell line and another prostate cell line developed in our laboratory, PcBra1. The PcBra1 
cells were derived from a localized, obstructive prostate cancer with a Gleason score of 9 (4+5).
Materials and Methods: A prostate cancer cell line was isolated from a localized, obstructive prostate cancer with a Gleason 
score of 9 (4+5), and it was characterized using immunohistochemistry. After six passages, the new cell line was treated 
with varying doses of curcumin: 10 μM, 25 μM or 50 μM. Apoptosis was detected by flow cytometry using Annexin V 
FITC. For comparison, the same experiment was performed using the well-established metastatic prostate cancer cell 
line, LNCaP.
Results: Increasing concentrations of curcumin promoted more apoptosis in the PcBra1 cells. Exposure to 10 and 25 μM 
curcumin induced apoptosis in 31.9% and 52.2% of cells, respectively. Late apoptosis was induced in 37% of cells after 
treatment with 10 μM curcumin and 35% of cells with a 25 μM treatment. Necrosis accounted for less than 10% of the 
death in these cells at those two concentrations. When curcumin was used at 50 μM, apoptosis was observed in 64.3% of 
the cells. Including late apoptosis and necrosis, 98.6% of the cells died in response to 50 μM curcumin. Results with the 
LNCaP cells were similar although late apoptosis was the main phenomenon at 25 μM.
Conclusion: We have shown that curcumin acts on localized prostate cancer to induce apoptosis and may therefore be an 
option as a future therapeutic agent.

Key words:  curcumin; curcuma longa; prostate cancer; apoptosis
Int Braz J Urol.  2009; 35: 354-61

INTRODUCTION

Prostate cancer (PC) is the most common cancer 
in Brazilian men and the second leading cause of 
death. The annual incidence of prostate cancer in 
Brazil continues to rise, and 49,530 new cases were 
predicted for 2008 (1). Advanced prostate cancer is 
treated with anti-androgens, but after 2 to 3 years of 
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therapy, neoplasia often becomes hormone resistant 
and is usually no longer responsive to conventional 
chemotherapy. As a consequence, many prostate 
cancer patients are drawn toward alternative therapies 
(2). In fact, a majority of patients at major medical 
centers are now combining their conventional thera-
pies with some form of alternative and complementary 
medicine, the most popular of which involve nutri-
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tional modifications and the use of herbal and other 
micronutrients (3).
 Curcumin [1,7-bis(4-hydroxy-3-methoxy phe-
nyl)-1,6-heptadiene-3,5-dione] is a phenolic compound 
and is the main ingredient of Curcuma longa. It is ex-
tracted as a yellow pigment from the rhizome, which 
has been used extensively in curries and mustards. 
Anti-inflammatory, anti-oxidant, and anti-septic effects 
of curcumin have been reported (4). Curcumin seems 
to elicit positive results in such a wide variety of ways 
because of its capability to act as free radical scavenger 
(5). Additionally, curcumin can alter the gene expres-
sion patterns of various stress-induced proteins and 
genes involved in angiogenesis (6). Finally, curcumin 
can inhibit the activity of many important transcrip-
tion factors, such as NFkB and AP-1 (7).The effects 
of curcumin depends on its concentration. At 10 μM, 
it acts as an anti-oxidant (8), and at 50 μM it generates 
superoxide radicals and induces apoptosis (9). The aim 
of our study was to examine the anti-neoplastic effect(s) 
of curcumin in two prostate cancer cell lines, LNCaP 
and a prostate cell line developed in our laboratory 
from a localized, obstructive, androgen-independent 
prostate cancer with a Gleason score of 9(4+5).

MATERIALS AND METHODS

Materials

 Culture medium consisted of RPMI-1640 
supplemented with fetal bovine serum (FBS), strep-
tomycin, and penicillin (all from GIBCO, Rockville, 
MD, USA). Curcumin was purchased from Cal-
biochem (La Jolla, CA). A 100 mM stock solution 
was prepared in dimethyl sulfoxide (DMSO, Sigma 
Chemical, St. Louis, MO, USA) and stored at 4ºC. 
Fresh solutions were made by diluting the stock into 
cell culture medium immediately before use. Annexin 
V FITC and Propidium Iodide (PI) were purchased 
from BD-Pharmingen (San Jose, CA, USA) and Sig-
ma Chemical (St. Louis, MO, USA) respectively.

LNCaP Cell Culture

 The LNCaP (FGC clone) cells were obtained 
from American Type Culture Collection (Rockville, 

MD, USA) and were cultivated in RPMI-1640 me-
dium supplemented with 10% FBS, streptomycin 100 
mg/mL, and penicillin 100 U/mL at 37°C in a 5% CO2 
humidified incubator.

Establishment of Cell Line

 The PcBra1 prostate adenocarcinoma cell line 
was established from a 62-year-old white male, who 
underwent a transurethral resection in August 2006 
for an obstructive, androgen-independent cancer with 
a Gleason score of 9(4+5). Specimens of the prostate 
adenocarcinoma were obtained immediately after the 
resection and transported in RPMI-1640 medium. The 
tissue was sectioned and digested using type VIII col-
lagenase at 0.56 mg/mL (Sigma Chemical, St. Louis, 
MO, USA). Cell suspensions were subdivided into 25 
cm2 tissue culture flasks containing RPMI-1640 sup-
plemented with 10% FBS, streptomycin (100 mg/mL), 
and penicillin (100 U/mL) in a 5% CO2 humidified 
incubator. The medium was changed twice weekly or 
until a confluent monolayer was established. At the 
time of confluence, adherent cells were subcultured 
after detachment using trypsin/EDTA (0.25% trypsin-
1.0mM ethylenediaminetetraacetate).
 In order to eliminate fibroblast contamination, 
we submitted the cell culture to (1) nutritional starva-
tion (S) and (2) cell differential attachment (DA):

1. Nutritional Starvation (s)

 Tumor cell colonies were exposed to media 
with a reduced concentration of serum. Serum reduc-
tion was gradual, starting with 10%, then 5%, 2.5%, 
and finally 1%. Incubation with each concentration 
of serum lasted about 1 week. The last step (1% FBS) 
was continued until dense tumor cell colonies became 
evident.

2. Differential Attachment (DA)

 Tumor cell colonies were trypsinized, resus-
pended in 10 mL of media (10% FBS), reseeded and 
incubated for 15 minutes in the original flask (first 
cycle). At the end of the first cycle, nonadherent cells 
were transferred to a new flask, which was incubated 
for an additional 15 minutes (second cycle). The first 
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flask was mostly composed of fibroblasts, while the 
last flask contained mostly tumor cells. At confluence, 
if the fibroblasts were not totally eliminated, the cell 
growth from the 4th cycle was harvested, and the entire 
procedure was repeated.

Characterization of Cell Culture by
Immunocytochemistry

 The primary cancer cell culture PcBra1 was 
characterized as prostate primary by immunocyto-
chemistry using anti-Prostate Specific Membrane 
Antigen (clone P, dilution 1:100; Santa Cruz, Santa 
Cruz, CA, USA) and pan-cytokeratins (Dilution 1:100, 
Dako, Glostrup, Denmark) antibodies. To certify the 
absence of fibroblast and endothelial cell contamina-
tion, anti-desmin (clone D33, dilution 1:100; Dako, 
Glostrup, Denmark) and anti-factor VIII (clone F8/86, 
dilution 1:400; Dako, Glostrup, Denmark) antibodies 
were also utilized to stain these cells. Briefly, cells 
were recovered from culture flasks using a cell scraper 
and fixed in 70% alcohol following a 900 g centrifu-
gation for 5 minutes at room temperature. The cyto-
centrifugate was impressed on adhesive coated slides 
and incubated overnight at 4°C with the antibodies 
mentioned above. Next, biotinylated anti-mouse im-
munoglobulin G was applied at a 1:200 dilution for 60 
minutes at room temperature. Slides were rinsed with 
PBS for 30 minutes, incubated with peroxidase-con-
jugated streptavidin (streptABC Kit, Dako, Glostrup 
Denmark) at a 1:400 dilution in PBS for 45 minutes 
at room temperature, and rinsed with PBS for 30 
minutes. Color was developed by incubating the slides 
with 0.06% diaminobenzidine in PBS for 15 minutes. 
Slides were then rinsed in tapwater, counterstained 
with Harris hematoxylin, dehydrated, coverslipped, 
and reviewed under a light microscope.

Chemosensitivity Studies

 PcBra1 from passage 6 and LNCaP cell 
cultures (2x105/mL) were incubated with curcumin 
at 10 μM, 25 μM and 50 μM for 24 h. After incuba-
tion, cells were harvested and resuspended with 100 
μL of buffer solution (10 mM Hepes; 150 mM NaCl; 
5 mM KCl, 1 mM MgCl2, 1.8 mM CaCl2; pH=7.4). 
Annexin V FITC (dilution 1:500, BD-Pharmingen, 

San Jose, CA, USA) was added and the suspension 
was incubated for 20 minutes at room temperature. 
To perform a double stain, 400 μL of buffer and 40 
μL of PI (SigmaChemical, St. Louis, MO, USA) were 
added to the sample. The percentage of cells in apop-
tosis and necrosis was determined by flow cytometry 
(FACScalibur, Becton Dickinson Immunocytometry 
Systems, San Jose, CA, USA). Ten thousand events 
were analyzed using the Cell Quest Pro software 
(Becton Dickinson Immunocytometry System, San 
Jose, CA, USA).

RESULTS

 The PCBra1 cell line was derived from an 
obstructive, androgen-independent prostate adeno-
carcinoma. The tumor was confirmed to be a prostate 
epithelial cell malignancy through positive staining 
for PSMA and cytokeratin. To aid in the analysis, and 
exclude the possibility of fibroblast contamination we 
also used antibodies for anti-desmin and anti-factor 
VIII, which specifically stain for fibroblasts and endo-
thelial cells, respectively (Figure-1). PCBra1 stained 
negatively for these markers. The generation time (g) 
was calculated using the formula n = (3.32 log Xf / Xi) 
/ Tf - Ti, being g = 1/n, and for PCBra1 the doubling 
time was 50 h. The cariotype reveled that the majority 
of cells were aneuploid and the most frequent occur-
rence was loss of chromosomes. We also performed 
studies in PCBra1 cells to examine the chemosen-
sitivity to increasing curcumin concentrations. For 
comparison, we also studied the ability of curcumin to 
induce cell death in a well-established prostate cancer 
cell line LNCaP, derived from a metastatic prostate 
carcinoma to a lymph node, androgen-dependent. As 
shown in Figure-2A, Annexin V positive cells (R1) 
were characterized as apoptotic cells. PI positive cells 
(R4) were considered necrotic, and double stained 
cells (R2) were labeled as late apoptotic cells.
 Our results revealed that PCBra1 cell viability 
decreases in response to the three increasing concen-
trations of curcumin tested (Figure-2B). Exposure of 
the cells to 10 μM or 25 μM curcumin induced apop-
tosis in 31.9% and 52.2% of cells, respectively. Those 
same concentrations led to late apoptosis in 37% and 
35% of cells. The number of cells undergoing necrosis 
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was lower, less than 10% at the two concentrations 
mentioned above. When curcumin was used at 50 μM, 
apoptosis was the most common process identified, 
as 64.3% of cells seemed to be dying by apoptosis. 
Late apoptosis was the next most common form of 
death, as 34% of the cells were classified this way. 
Overall, 98.6% of the cells were dying, and necrosis 
only accounted for 0.35% of this cell population.
 Analysis of LNCaP cells also showed en-
hanced apoptosis and a decrease in necrosis after 
treatment with increasing concentrations of curcumin. 
As shown in Figure-2B, at 50 μM curcumin, almost 
90% of the cells were undergoing apoptosis. However, 
in contrast to the behavior of the PcBra1 cells, the 
LNCaP cells in late apoptosis continued to increase, 
reaching 63% with 25 μM curcumin. At 50 μM, the 
late apoptotic population was reduced to 9% of the 
cells.

COMMENTS

 In this study, we investigated the anti-neoplas-
tic effect of curcumin on a prostate cancer cell line 
developed in our laboratory. We call this line PCBra1, 
and it originated from a localized PC. The results of 
our study demonstrate that at concentrations of 10 
μM, 25 μM and 50 μM, curcumin induced apoptosis 

in increasing proportions of cells: 31.9%, 52.2% and 
64.3% respectively. The percentage of cells undergo-
ing necrosis was lower, less than 10%, and the amount 
of cells in late apoptosis was variable between 34.0% 
and 37.0%, with an overall cell death of 98.6%. When 
we compared these results to a metastatic cell line 
of PC, LNCaP, the results were very similar. More 
tumor cells underwent apoptosis as the concentration 
of curcumin increased. At 50 μM, almost 90% of the 
cells had undergone apoptosis.
 Curcumin induces apoptosis through ROS-
dependent pathway, caspase activation and inhibit-
ing Bcl-2 family members (10). One intriguing fact 
that we have observed in this study was a decreasing 
number of necrotic cells as long as the apoptosis rises 
under increasing concentrations of curcumin. We 
can hypothesize that curcumin could be acting over 
other proteases than caspases, not yet characterized, 
that under lower concentration lead to necrosis as an 
alternative of apoptosis. This should be motive of 
further studies.
 These results identify similarities in the 
behavior of the two cell lines. It is important to men-
tion that the cell line established by us, PCBra1, was 
derived from an obstructive, localized, androgen-
independent prostate adenocarcinoma, while the 
LNCaP cells are originally from a metastatic site and 
androgen-dependent prostate cancer. DU-145 and 

Figure 1 –  Immunocytochemistry results of PcBra1 cell line. A) Expression of PSMA. B) Cytokeratins, confirming the epithelial phenotype 
and prostate origin. Vimentin and desmin were negative eliminating the possibility of fibroblast or endothelial cell contamination.

BA
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Figure 2 – Curcumin effects on cell viability. LNCaP and PcBra1 were incubated with or without curcumin and stained with Annexin 
V-FITC and Propidium Iodide (PI) followed by flow cytometry analysis. A) Schematic representation of results; R1=cells marked with 
Annexin (apoptosis); R2 = cells marked with Annexin and PI (late ptosis); R3 = no marked cells (viable) and R4 = cells stained with PI 
(necrosis). B) Percentage of cells in apoptosis, late apoptosis and necrosis after treatment with increasing concentrations of curcumin 
for 24 hours.

A

B
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PC-3 cells are other classical prostate cancer cell lines 
(11-13) used in the majority of in vitro investigations, 
and they also originated from metastatic sites. While 
it is true that these classical cell lines have been help-
ful in understanding advanced stages of the disease, 
the establishment and characterization of a localized 
prostate carcinoma cell line remains very important, 
since it represents a different stage and behavior of 
this particular neoplasia. The few cell lines that were 
isolated from primary prostate carcinoma tissues and 
have been characterized in the literature were found 
to actually be derivatives of other metastatic prostate 
cancer cell lines (e.g., ND-1 from DU-145) (14,15) 
or contamination of other cell types (PEAZ-1 in 
HT-1080) (16,17). Moreover, the differences among 
various populations and racial differences in prostate 
cancer justify the necessity for the establishment and 
characterization of human prostate tumor cell lines 
from Brazilian patients for further experiments with 
different drugs and molecules.
 Dorai et al. (18) examined the effect of cur-
cumin on EGF receptor signaling in the androgen-
sensitive LNCaP and androgen-insensitive PC-3 cell 
lines. They found that curcumin was a potent inhibitor 
of EGF-R signaling, and it accomplished this effect in 
three different ways: (1) down-regulation the EGF-R 
protein; (2) inhibition of the intrinsic EGF-R tyrosine 
kinase activity; and (3) inhibition of ligand-induced 
activation of the EGF-R. This group concludes that 
curcumin can induce apoptosis in this model by in-
terfering with the signal transduction pathways of a 
prostate cancer cell.
 Curcumin is a phenolic compound, and it 
is the major ingredient in the rhizome of the herb 
Curcuma longa. The use of turmeric as a medicinal 
compound dates back to around 2000 BC when it 
was used as an anti-inflammatory agent. With time, 
more and more of its medicinal uses were discovered, 
and today, curcumin is associated with a plethora of 
beneficial effects on human health. Most recently, 
curcumin has been used as an anti-inflammatory, 
anti-mutagenic (19), and anti-cancer substance (20). 
It works as an anti-oxidant and is capable of inducing 
apoptosis (21,22).
 The possible mechanisms responsible for 
the induction of apoptosis by curcumin are varied, 
including effects on the stability and super-expres-

sion of p53 (23), the release of cytochrome c, and 
the induction of reactive oxygen intermediates (24). 
It has previously been described that curcumin can 
suppress NF-kβ, Akt, AP-1 or JNK. It can also af-
fect gene expression; curcumin can up-regulate the 
genes related to the DNA damage response (25) and 
down-regulate genes related to cell survival, such as 
egr-1, c-myc, and bclX(L). Shankar et al. (26) have 
recently shown that curcumin inhibits growth and 
induces apoptosis in androgen-dependent and -inde-
pendent prostate cancer cells by downregulating the 
expression of Bcl-2 and Bcl-XL and upregulating 
the expression of p53, Bax, Bak, PUMA, Noxa, and 
Bim. Curcumin also affected p53 by modulating its 
phosphorylation at serine 15 and its acetylation in a 
concentration-dependent manner.
 In conclusion, we have shown that curcumin 
is a substance that can act in cells isolated from local-
ized PC, inducing apoptosis as it does in metastatic 
cell lines. Pathways involved in this phenomenon are 
not yet clarified, and the next steps of our study will 
address some of these questions. At this time, we can 
speculate that curcumin or its components could be 
used to treat localized or metastatic prostate cancer, 
and further studies should be performed to elucidate 
the specific mechanism by which curcumin is able to 
induce some of these anti-cancer phenotypes.
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EDITORIAL COMMENT

 An amazing number of papers investigating 
the actions, mechanisms and clinical effects of cur-
cumin, an old Indian spice, have been published over 
the last 15 years. Curcumin belongs to the so called 
polyphenolic compounds extracted from the plants 
that were used for medications since a long time ago. 
An exceptional property of curcumin seems to be its 
real beneficial effect in many different diseases which 
sometimes is hard to apprehend. How can it be, that 
curcumin is neuron-protective, acting anti-apoptotic, 
so that it can be considered as Alzheimer-preventing 
stuff on one hand, and induces apoptosis of cancer 
cells, on the other hand, while normal, healthy cells 
remain inviolate? Is curcumin one of “God’s bless-
ings” for our life?
 The issue is a complex one, as more than 40 
different targets of curcumin have been documented 
including enzymes, growth and transcription factors, 
protein kinases and chemokines (1). Therefore, a rea-
sonable rationale for its action is still to be established. 
This is due to the fact that most targets described so 
far are secondary cellular response maskers which do 
not directly interact with curcumin. Noteworthy, is 
the recent paper by Santel et al. (2) which has added 
“the first line target” to the plethora of curcumin’s ac-
tions. Inhibition of glyoxalases, involved in glycolytic 
pathway could be an explanation for curcumin’s bias 
to target cancer cells.
 In this regard, Piantino et al. presented im-
portant pre-clinical studies, demonstrating for the 
first time, to the best of my knowledge, the effect of 
curcumin on the primary prostate cancer cells. The 
authors clearly demonstrated that curcumin within 

a concentration range between 10 to 50 μM induces 
cell death primarily through apoptosis. Additionally, 
the authors showed the process of how to test primary 
cancer cells for their susceptibility to interact with a 
drug. In combination with biopsies, such a procedure 
can be applied for selection of the most potent che-
motherapeutics having the lowest side effects. In this 
line, this plant-derived mysterious substance could be 
advantageous over known registered anti-tumor drugs. 
This warrants further clinical studies to compare such 
nutraceuticals as curcumin with other therapeutic ap-
proaches.
 However, one of the important questions to be 
addressed is “how to bring curcumin at such micromo-
lar concentrations to the site of tumors”. Maybe, new 
formulations with liposomes or nano-encapsulation 
are likely to bring this promising natural product to 
the top of therapeutic agents (3).
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STONE DISEASE ________________________________________________________________

Computed tomography-determined stone-free rates for ureteroscopy of upper-tract stones
Macejko A, Okotie OT, Zhao LC, Liu J, Perry K, Nadler RB
Department of Urology, Northwestern University Feinberg School of Medicine, Chicago, Illinois, USA
J Endourol. 2009; 23: 379-82

Background and Purpose: Most series on ureteroscopy for urolithiasis use postoperative plain radiography of 
the kidneys, ureters, and bladder (KUB) or intravenous urography (IVU) to determine outcomes. These imag-
ing modalities, however, are not very sensitive and may overestimate stone-free rates (SFRs). The aim of our 
study was to assess SFRs after ureteroscopy for urolithiasis using CT follow-up.
Patients and Methods: A total of 92 patients underwent 113 ureteroscopic procedures for either renal or ureteral 
stones. Success of ureteroscopy was then determined by the absence of any stone fragments (stone-free). Stone-
clearance rates (SCRs) were also calculated for ≤ 2 mm and ≤ 4 mm residual stone fragments.
Results: Each renal unit contained a mean of 1.87 stones with a mean stone diameter of 8 ± 6 mm. The overall 
SFR was 50.4%. SFRs were significantly higher for ureteral stones (80%) than renal stones (34.8%) (P = 0.0001). 
Renal units with multiple stones were less likely to be stone free than those with single stones (P = 0.011). No 
difference in SFRs was found between lower pole and non-lower-pole stones.
Conclusions: Overall SFRs by CT were lower than SFRs reported by radiography of the KUB or IVU criteria. 
Further studies to identify the clinical significance and natural history of residual stone fragments on CT scan 
after ureteroscopy are needed.

Editorial Comment
 The study spanned a seven-year period - such that the average number of patients treated was 1 per 
month. It is feasible that a center with a higher volume of ureteroscopic procedures might have different stone-
free results. Indeed, though the authors attribute the lower stone-free rate to the sensitivity of CT scan detecting 
“tiny” stones, 16% of patients in this study had residual stones > 4 mm in size. In addition, technology has 
evolved and improved over the study period - indeed the ureteroscopes utilized in this study lacked exagger-
ated active deflection and are no longer available on the market. This characteristic of the scopes might have 
affected stone free rates. The authors state that larger fragments were basket extracted while stones < 2 mm in 
size were left to pass. The authors do not describe what visual cues they utilized to determine stone size - for 
example were all fragments larger than the safety wire diameter basket extracted?
 The authors did not standardize the time of post-operative imaging. Indeed some patients were imaged 
on day 1 (too early for clinical relevance) and some were imaged after 16 months (residual or recurrence of 
stones)? CT scan imaging at a predetermined time point (ex. 1 month) would have added clarity to the find-
ings.
 Twenty-six percent of patients were pre-stented. While this may facilitate ureteroscopy by ureteral dila-
tion, it may also lead to edema, clot and/or debris that prevent an adequate visualization of the entire collecting 
system.

Dr. Manoj Monga
Professor, Department of Urology

University of Minnesota
Edina, Minnesota, USA

E-mail: endourol@yahoo.com
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Evaluation and management of post-shock wave lithotripsy pain with third-generation 
lithotriptors using rofecoxib
Greene TD, Joseph JV, Erturk E
Department of Urology and Kidney Stone Treatment Center, University of Rochester School of Medicine, 
Rochester, New York, USA
J Endourol. 2009; 23: 395-8

Introduction: Newer generation lithotriptors have been modified to induce less pain. We evaluated factors con-
tributing to post-shock wave lithotripsy (SWL) pain and assessed potential benefits of preemptive analgesia 
using Rofecoxib, a COX-II inhibitor, and potential effects on stone passage rates.
Materials and Methods: Sixty-nine patients were evaluated. Thirty-eight percent were women and 62% men, 
with a mean age of 53. Seventy-four patients treated using Dornier lithotriptor-50 were enrolled in a prospective, 
double-blind, randomized study. The study group received 50 mg of rofecoxib 1 hour before extracorporeal 
shockwave lithotripsy (ESWL) and 24 hours later. The control group received no pretreatment medications. 
All patients were discharged with narcotic medications and contacted on postoperative days (POD) 1, 3, and 
7. Questionnaires were administered to assess pain control using a numeric pain scale.
Results: Seventy-two percent had renal stones, and 28% ureteral, with a mean size of 10 mm. The mean pain 
score was 4.2 immediately after SWL, 3.4 on POD 1, 1.9 on POD 3, and 0.6 on POD 7. Multivariate analysis 
revealed a significant decrease in pain with time (p < 0.0001). Patients with severe pain before SWL had more 
pain after treatment (p = 0.003). Older patients had less pain post-SWL (p = 0.045). Pretreatment with Rofe-
coxib significantly reduced post-SWL pain from 5.04 to 4.03 (p < 0.0001). Other variables had no effect on 
posttreatment pain.
Conclusions: Pain after SWL is moderate to severe using third-generation lithotriptors and is significantly re-
duced by POD 3. Younger patients and those with significant pretreatment pain had more pain after treatment. 
Preemptive Rofecoxib reduced post-SWL pain, but had no impact on stone passage.

Editorial Comment
 Rofecoxib was administered for only 24 hours. There may have been some utility in extending its’ use 
for one week after SWL, both for pain relief and to promote stone passage. The authors note that the study was 
terminated early with the removal of Rofecoxib from the market for cardiac concerns, yet they do not report their 
sample size calculations, or what percentage of target accrual they reached. As such, it is difficult to determine 
the probability of a type 2 error due to underpowering of the study.
 Over 30% of patients in the study underwent ureteral stenting - it would be interesting to evaluate the 
utility of Rofecoxib in this subset of patients - does it alleviate stent discomfort?
 This article contributes greatly to our understanding of pain with SWL. First, it quantifies the natural 
progression of pain after SWL - moderate-severe (5 or 10) for the first 2 days, subsiding almost completely by 
Day 7. Secondly, it identifies patients with a higher risk of significant pain post-operative - younger patients, 
and those with pre-SWL pain. These subsets would warrant further investigation in the future to identify effec-
tive adjuvant analgesic approaches.
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ENDOUROLOGY & LAPAROSCOPY _____________________________________________

Laparoscopic management of intraperitoneal bladder rupture secondary to blunt abdominal 
trauma using intracorporeal single layer suturing technique
Kim FJ, Chammas MF Jr, Gewehr EV, Campagna A, Moore EE
Division of Urology, Department of Surgery, Denver Health Medical Center and University of Colorado Health 
Sciences Center, Denver, Colorado, USA
J Trauma. 2008; 65: 234-6

Background: Since Parra reported the first case of laparoscopic repair of bladder rupture caused by nonlaparo-
scopic injury to the bladder in 1994, several case reports have demonstrated the feasibility of this reconstructive 
surgical technique. We report the series of six patients that underwent laparoscopic repair of intraperitoneal 
bladder rupture (LRIB) because of blunt trauma using a single layer suturing technique. To our knowledge, 
this is the first series of LRIB reported secondary to blunt abdominal trauma. 
Methods: From January of 2002 through June of 2006, a total of 139 patients were identified in our trauma 
registry with bladder ruptures secondary to abdominal blunt trauma. Among them 111 (79.8%) patients had 
associated pelvic injury. Seventy-one patients underwent surgical exploration and open bladder repair. Six 
cases were managed with laparoscopic technique. Patients were positioned in supine position and a three 
port-technique (5 mm, 10 mm, and 12 mm) was performed using the intracorporeal single layer suturing with 
a 3.0 Vycril (UR-6 needle). A close system Jackson-Pratt drain was placed in the retropubic space to monitor 
possible urine extravasation. 
Results: The mean age of the patients was 47.3 years old (18-74 years). There were three female and three male 
patients. The average operation time was 43 minutes (31-75 minutes), mean length of bladder tear was 6.37 cm 
(5.3-7.7 cm), mean estimated blood loss was 16.6 cc (10-35 cc) and mean follow-up was 25.5 months (20-28 
months). Two patients underwent combined orthopedic procedures. Computerized Tomography (CT) cystogram 
was performed between 5 days and 7 days after surgery with no signs of leakage in all patients. 
Conclusion: LRIB perforation because of blunt abdominal trauma using single layer intracorporeal suturing 
technique is a minimally invasive alternative to open surgery in well selected patients with no other intrabdominal 
injuries or intracranial pressure issues, offering faster recovery and better cosmetic results.

Editorial Comment
The authors reported the largest case of laparoscopic repair of intraperitoneal bladder rupture (LRIB) 

because of blunt trauma using a single layer suturing technique. There are basically 2 pivotal points that should 
be mentioned. First, the indication of specific patients with isolated intraperitoneal bladder rupture with no 
concomitant increased in intra-cranial pressure. Secondly, the use of single absorbable suture to close the blad-
der defect with debridement of not viable tissue and no additional supra-pubic catheter.

Dr. Fernando J. Kim
Chief of Urology, Denver Health Med. Ctr.

Associate Professor, Univ. Colorado Health Sci. Ctr.
Denver, Colorado, USA
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Temperature safety profile of laparoscopic devices: Harmonic ACE (ACE), Ligasure V (LV), 
and plasma trisector (PT)
Kim FJ, Chammas MF Jr, Gewehr E, Morihisa M, Caldas F, Hayacibara E, Baptistussi M, Meyer F, Martins 
AC
Department of Surgery, Division of Urology, University of Colorado Health Sciences Center, Denver, Colorado, 
USA
Surg Endosc. 2008; 22: 1464-9

Background: Reports of iatrogenic thermal injuries during laparoscopic surgery using new generation vessel-
sealing devices, as well as anecdotal reports of hand burn injuries during hand-assisted surgeries, have evoked 
questions about the temperature safety profile and the cooling properties of these instruments. 
Methods: This study involved video recording of temperatures generated by different instruments (Harmonic 
ACE [ACE], Ligasure V [LV], and plasma trisector [PT]) applied according the manufacturers’ pre-set set-
tings (ACE setting 3; LV 3 bars, and the PT TR2 50W). The video camera used was the infrared Flex Cam Pro 
directed to three different types of swine tissue: (1) peritoneum (P), (2) mesenteric vessels (MV), and (3) liver 
(L). Activation and cooling temperature and time were measured for each instrument.
Results: The ACE device produced the highest temperatures (195.9 degrees +/- 14.5 degrees C) when applied 
against the peritoneum, and they were significantly higher than the other instruments (LV = 96.4 degrees +/- 4.1 
degrees C, and PT = 87 degrees +/- 2.2 degrees C). The LV and PT consistently yielded temperatures that were 
< 100 degrees C independent of type of tissue or “on”/ “off” mode. Conversely, the ACE reached temperatures 
higher than 200 degrees C, with a surprising surge after the instrument was deactivated. Moreover, tempera-
tures were lower when the ACE was applied against thicker tissue (liver). The LV and PT cooling times were 
virtually equivalent, but the ACE required almost twice as long to cool. 
Conclusions: The ACE increased the peak temperature after deactivation when applied against thick tissue (liver), 
and the other instruments inconsistently increased peak temperatures after they were turned off, requiring few 
seconds to cool down. Moreover, the ACE generated very high temperatures (234.5 degrees C) that could harm 
adjacent tissue or the surgeon’s hand on contact immediately after deactivation. With judicious use, burn injury 
from these instruments can be prevented during laparoscopic procedures. Because of the high temperatures 
generated by the ACE device, particular care should be taken when it is used during laparoscopy.

Editorial Comment
The authors report the awareness of laparoscopic devices that although it may assist the surgeons the 

surgeon should be cognoscenti of the instruments that are in use during the surgery. The importance is to be 
familiar with the potential hazards and limitations that each laparoscopic instrument may cause during each 
surgical case.

Dr. Fernando J. Kim
Chief of Urology, Denver Health Med. Ctr.

Associate Professor, Univ. Colorado Health Sci. Ctr.
Denver, Colorado, USA

E-mail: fernando.kim@uchsc.edu
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IMAGING ______________________________________________________________________

Prostate cancer: sextant localization at MR imaging and MR spectroscopic imaging before 
prostatectomy--results of ACRIN prospective multi-institutional clinicopathologic study
Weinreb JC, Blume JD, Coakley FV, Wheeler TM, Cormack JB, Sotto CK, Cho H, Kawashima A, Tempany-
Afdhal CM, Macura KJ, Rosen M, Gerst SR, Kurhanewicz J
Department of Radiology, Yale University School of Medicine, New Haven, CT, USA
Radiology. 2009; 251: 122-33

Purpose: To determine the incremental benefit of combined endorectal magnetic resonance (MR) imaging 
and MR spectroscopic imaging, as compared with endorectal MR imaging alone, for sextant localization of 
peripheral zone (PZ) prostate cancer. 
Materials and Methods: This prospective multicenter study, conducted by the American College of Radiology 
Imaging Network (ACRIN) from February 2004 to June 2005, was institutional review board approved and 
HIPAA compliant. Research associates were required to follow consent guidelines approved by the Office for 
Human Research Protection and established by the institutional review boards. One hundred thirty-four patients 
with biopsy-proved prostate adenocarcinoma and scheduled to undergo radical prostatectomy were recruited 
at seven institutions. T1-weighted, T2-weighted, and spectroscopic MR sequences were performed at 1.5 T by 
using a pelvic phased-array coil in combination with an endorectal coil. Eight readers independently rated the 
likelihood of the presence of PZ cancer in each sextant by using a five-point scale-first on MR images alone 
and later on combined MR-MR spectroscopic images. Areas under the receiver operating characteristic curve 
(AUCs) were calculated with sextant as the unit of analysis. The presence or absence of cancer at centralized 
histopathologic evaluation of prostate specimens was the reference standard. Reader-specific receiver operating 
characteristic curves for values obtained with MR imaging alone and with combined MR imaging-MR spectro-
scopic imaging were developed. The AUCs were estimated by using Mann-Whitney statistics and appropriate 
95% confidence intervals.
Results: Complete data were available for 110 patients (mean age, 58 years; range, 45-72 years). MR imaging 
alone and combined MR imaging-MR spectroscopic imaging had similar accuracy in PZ cancer localization 
(AUC, 0.60 vs. 0.58, respectively; P > .05). AUCs for individual readers were 0.57-0.63 for MR imaging alone 
and 0.54-0.61 for combined MR imaging-MR spectroscopic imaging.
Conclusion: In patients who undergo radical prostatectomy, the accuracy of combined 1.5-T endorectal MR imaging-
MR spectroscopic imaging for sextant localization of PZ prostate cancer is equal to that of MR imaging alone.

Editorial Comment
 Endorectal prostate cancer imaging protocols remain subject of much debate, and undergo continuous 
evaluation and review. The results of this multi-institutional trial showed that magnetic resonance spectro-
scopic imaging (MRSI) shows no advantages over conventional magnetic resonance imaging (MRI) alone, 
for localization of peripheral zone prostate cancer. Similarly to other radiologic centers, since 2005, combined 
conventional endorectal MRI + MRSI has become routinely practice in our institution, in two main clinical 
situations. First, in the preoperative staging work-up for patients with moderate or high risk of extraprostatic 
extension and second in patients with negative biopsies and elevated or rising PSA.
 Patients without signs of extraprostatic extension on conventional endorectal MRI, are usually further 
evaluated with spectroscopy since the number of voxels per section, highly suspicious for cancer on the basis of 
an elevated ratio choline + creatine / citrate is useful to predict extra-prostatic extension (1). Presence of more 
than four, contiguous highly suspicious voxels located adjacent to the capsule in an otherwise confined tumor 
on T2-weighted image, may be associated with extra-prostatic extension on microscopic analysis.
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 Similarly since 2005, we have been using the multiparametric evaluation for the detection of prostate 
cancer in patients with elevated PSA and negative prostate biopsies. Multiparametric evaluation is a combina-
tion of conventional endorectal T2-weighted image, spectroscopy, diffusion-weighted image and perfusion study 
(dynamic contrast-enhanced MRI). Using only MRI and MRSI results to target an endorectal sonographically 
guided biopsy in men with highly suspicious spectral trace for prostate cancer the sensitivity, specificity, positive 

and negative predictive values, and accuracy were 71%, 84%, 75%, 81%, and 79%, respectively (2). In this group 
of patients with at least two negative biopsies the finding of more than one focal area with low-signal intensity on 
T2-weighted image, suspicious for cancer, is not infrequent. These focal areas with reduced T2 signal intensity 
in peripheral zone are probably related to post-biopsies scarring. In our experience these abnormalities may be 
disregarded as a suspicious lesions based on spectroscopic imaging alone or combined with diffusion-weighted 
image and perfusion study. Based on this complete MRI work-up an similarly to cancer of transition zone (3), we 
feel that the best results for the detection of cancer of the peripheral zone in patients with negative biopsies, will 
be accomplished by the combination of the results of these 4 techniques (a retrospective analysis of this materials 
and methods has already been initiated). It is interesting to emphasize that these techniques are complimentary 
since they are based in different biologic principles. In view of the results of this well designed multicenter trial, 
perhaps in the near future, it will be interesting to confirm if multiparametric MRI evaluation is of incremental 
value for the detection of prostate cancer in the larger group of patients without previous biopsy.
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Urinary bladder cancer: diffusion-weighted MR imaging--accuracy for diagnosing T stage and 
estimating histologic grade
Takeuchi M, Sasaki S, Ito M, Okada S, Takahashi S, Kawai T, Suzuki K, Oshima H, Hara M, Shibamoto Y
Department of Radiology, Nagoya City University Graduate School of Medical Sciences, Nagoya, Japan
Radiology. 2009; 251: 112-21

Purpose: To prospectively evaluate the ability of diffusion-weighted (DW) magnetic resonance (MR) imaging 
to be used to determine the T stage of bladder cancer and to measure the correlation between the apparent dif-
fusion coefficient (ADC) and histologic grade.
Materials and Methods: This study was approved by the local institutional review board. All patients gave writ-
ten informed consent. Forty patients with a total of 52 bladder tumors underwent MR imaging that included 
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DW imaging. Histologic grade was determined for all tumors. Two radiologists interpreted four image sets (ie, 
T2-weighted images alone, T2-weighted plus DW images, T2-weighted plus dynamic contrast agent-enhanced 
images, all three image types together). Conventional criteria were used for interpreting T2-weighted and con-
trast-enhanced images. For DW images, new staging criterion developed on the basis of the hypothesis that 
tumors, submucosal tissue, and muscles show high, low, and intermediate signal intensity, respectively, was 
used. The McNemar test was used to examine differences in accuracy, sensitivity, and specificity. Differences 
in the performance were analyzed by comparing the areas under the receiver operating characteristic curves 
(A(z) values). To compare ADCs between three histologic grades, analysis of variance was used.
Results: The overall accuracy of T stage diagnosis was 67% for T2-weighted images alone, 88% for T2-
weighted plus DW images, 79% for T2-weighted plus contrast-enhanced images, and 92% for all three image 
types together. The overall accuracy, specificity, and A(z) for diagnosing T2 or higher stages were significantly 
improved by adding DW images (P < .01). The mean ADC of G3 tumors was significantly lower than that of 
G1 and G2 tumors (P < .01).
Conclusion: DW images provided useful information for evaluating the T stage of bladder cancer, particularly 
in differentiating T1 or lower tumors from T2 or higher tumors. The ADC may in part predict the histologic 
grade of bladder cancer.

Editorial Comment
 Local staging of bladder cancer can be performed either by CT or by MRI. Sensitivity and specificity 
for detecting perivesical invasion with multidetector CT are 92% and 98% respectively, with an accuracy of 
96%. These results are obtained, if MDCT is performed more than 7 days after biopsy (1).
 The high intrinsic contrast of MR imaging permits distinction of bladder wall layers (2). With fast 
dynamic contrast-enhanced imaging, bladder cancer enhances more intense and earlier than normal bladder 
wall and post biopsy changes. This characteristic enhancement may allow differentiation of tumor from fibrosis 
or edema, although this is still difficult soon after transurethral resection. MR imaging has a reported staging 
accuracy of 72%-96% and is superior to CT for differentiation of superficial versus deep muscle invasion, 
unfortunately, overstaging occurs in about 20% patients.
 Although based on relative small series, the authors present interesting results showing that diffusion-
weighted imaging (DWI) may significantly reduce overstaging of bladder cancer observed with conventional 
MRI techniques. This sequence is relatively fast and easy to accomplish and can be performed routinely. Ra-
diologists should include DWI in the protocol of MRI staging of bladder cancer. Further studies are warranted 
to confirm that this sequence has higher accuracy than conventional sequences (T2-weighted images + fast 
dynamic contrast enhanced), for the demonstration of invasion of perivesical tissues. Another potential utility 
of this sequence would be its ability to differentiate scars and reactive tissue after biopsy from tumor tissue.
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PATHOLOGY ___________________________________________________________________

Noninvasive urothelial carcinoma of the bladder with glandular differentiation: report of 24 
cases
Miller JS, Epstein JI
Departments of Pathology, Urology and Oncology, The Johns Hopkins Hospital, Baltimore, MD, USA
Am J Surg Pathol. 2009; 13 [Epub ahead of print]

Noninvasive urothelial carcinoma (UC) with glandular differentiation in the absence of infiltrating carcinoma 
is a rare entity that has not been well characterized. We retrieved 24 cases of noninvasive UC of the bladder 
with glandular differentiation on biopsy (n = 20) or transurethral resection (n = 4) without an associated inva-
sive component. The cases were identified from the consult files of one of the authors between 1992 and 2008. 
Mean patient age at diagnosis was 70 years (range: 48 to 87 y) and 75% were male. Half of the cases were pure 
noninvasive UC with glandular differentiation; half were associated with either carcinoma in situ or high-grade 
noninvasive papillary carcinoma. The glandular component consisted of 1 or more patterns: papillary (46% of 
cases), glandular (42%), cribriform (33%), and flat (25%). Mitoses, apoptosis, and necrosis were identified in 
83%, 67%, and 17% of the biopsies, respectively. One case was a recent diagnosis, and 5 patients either refused 
treatment or were lost to follow-up. Of the 18 patients with available follow-up information, 9 (50%) did not 
develop invasive carcinoma; the remaining 9 (50%) eventually developed an invasive bladder tumor. Of these, 
2 were small cell carcinoma, 3 were poorly-differentiated UC (2 of these developed widespread metastases), 
and 4 were UC, not otherwise specified. In both instances of eventual small cell carcinoma, and in 2 of the 3 
cases of poorly-differentiated UC, the initial biopsy consisted of pure noninvasive UC with glandular differen-
tiation without carcinoma in situ or noninvasive papillary carcinoma. Of note, none of the patients in the study 
developed invasive adenocarcinoma.

Editorial Comment
 Divergent differentiation is a very peculiar capacity of urothelial tumors (1). Squamous differentiation, 
defined by the presence of intercellular bridges or keratinization, occurs in up to 20% of urothelial carcinomas 
(2,3). Glandular differentiation is less common than squamous differentiation (4,5). The findings of squamous 
and/or glandular phenotype in urothelial carcinoma of the bladder is a marker of invasiness and consequently 
of a more aggressive behavior. In a study in our institution squamous and/or glandular differentiation was seen 
in 12/165 (7.27%) transurethral resections of the bladder. All 12 cases were infiltrative (pT1 or pT2 stage) at 
clinical presentation (6). In the study by Miller and Epstein of noninvasive urothelial carcinoma with glandular 
differentiation on clinical presentation, of the 18 patients with available follow-up information, 9(50%) devel-
oped an invasive bladder tumor.
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Recommendations for the reporting of surgically resected specimens of renal cell carcinoma: 
the Association of Directors of Anatomic and Surgical Pathology
Higgins JP, McKenney JK, Brooks JD, Argani P, Epstein JI; Association of Directors of Anatomic and Surgi-
cal Pathology
Department of Pathology, Stanford University, Stanford, CA, USA
Hum Pathol. 2009; 40: 456-63

A checklist based approach to reporting the relevant pathologic details of renal cell carcinoma resection speci-
mens improves the completeness of the report. Karyotypic evaluation of renal neoplasms has refined but also 
complicated their classification. The number of diagnostic possibilities has increased and the importance of 
distinguishing different tumor types has been underscored by dramatic variation in prognosis and the devel-
opment of targeted therapies for specific subtypes. The increasing number of recognized renal neoplasms has 
implications for handling renal resection specimens. Furthermore, the prognostic significance of other features 
of renal neoplasms related to grade and stage has been demonstrated. This guideline for the handling of renal 
resection specimens will focus on problem areas in the evolving practice of diagnosis, grading, and staging of 
renal neoplasms. The accompanying checklist will serve to ensure that all necessary details of the renal resec-
tion specimen are included in the surgical pathology report.

Editorial Comment
 The reporting of renal cell carcinoma is facilitated by the provision of a checklist to insure that patholo-
gists provide all of the essential information to enable clinicians to optimize patient care.
The checklist includes the gross description and the diagnostic information:
 1. Gross description. Includes how the specimen is received, how the specimen is identified, the type of 
nephrectomy (total or partial), the length of ureters and the description of other structures. The tumor descrip-
tion includes the site within the kidney, the size in 3 dimensions, the gross characteristics (color, consistency 
and degree of heterogeneity, the relationship to the perinephric soft tissue with emphasis to the renal sinus fat, 
renal vein invasion, adrenal invasion, lymph nodes, and other findings (hydronephrosis, pyelonephritis, etc.)
 2. Diagnostic information. Includes the histologic type according to the World Health Organization 
2004 classification (1): clear cell carcinoma, multilocular cystic carcinoma, papillary carcinoma, mucinous 
tubular and spindle carcinoma, collecting duct carcinoma, medullary carcinoma, translocation carcinomas (in-
cludes Xp11 and 6:11), tubulocystic carcinoma, acquired cystic disease-associated carcinoma, and renal cell 
carcinoma, unclassified. For the histological grade may be used the Fuhrman scheme (2). Sarcomatoid dedif-
ferentiation is a growth pattern that may occur in any of the major types of renal cell carcinoma. Presence 
of necrosis has been found to be of prognostic significance (3). The number of nodes sampled and the 
number positive should be reported. The prognosis appears to be significantly adversely affected by 
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UROGENITAL TRAUMA _________________________________________________________

Renal gunshot wounds: clinical management and outcome
Voelzke BB, McAninch JW
Department of Urology, University of California San Francisco at San Francisco General Hospital, San 
Francisco, California 94114, USA
J Trauma. 2009; 66: 593-600; discussion 600-1

Background: To analyze our experience with renal gunshot wounds (GSW). 
Methods: We analyzed our prospective trauma database for patients with renal GSW. 
Results: Two hundred one patients (206 renal units) with renal GSW were collected from our database. Preop-
erative imaging (1-shot intravenous pyelogram, dedicated intravenous pyelogram, or computed tomography) 
was performed in 68.7% (n = 140). Gross or microscopic (>5 red blood cell/high power field) hematuria was 
present in 88.7%. Injury to other organs was present in 96.5% (194 of 201), with >1 organ involved in 74.6% 
(other than kidney). The liver was the most commonly injured organ. Using the American Association for the 
Surgery of Trauma grading system, there were 46 grade 1 (G1), 21 G2, 62 G3, 51 G4, and 26 G5 injuries. The 
trend to observe without renal exploration has not changed significantly during the past three decades (1978-
1989 = 32.8%, 1990-1999 = 39%, 2000-2007 = 30.4%). Ninety-five renal units (excluding nephrectomy) 
underwent repair with associated small or large bowel injuries without any known complications, including 
14 patients with mesh used during renal repair. The renal salvage rate was 85.4% (n = 176 of 206) with two 
delayed nephrectomy procedures for persistent bleeding after initial repair. The total number of nephrectomy 
procedures was 30 of 206 renal units. Postoperative imaging was obtained in 32.8% (55 of 201) patients, and 
there were no known cases of postinjury hypertension. Overall survival was 90.6% (182 of 201), with 2 intra-
operative and 17 postoperative deaths. There were no postoperative infections related to renal reconstruction. 
Isolation of renal vessels was obtained in all patients before opening Gerota’s fascia with no deaths secondary 
to urologic intervention. 

extranodal extension of the metastatic focus, and therefore, it is recommended that this be assessed 
and reported as well (4).
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Conclusion: Selective observation and various operative techniques can yield high renal salvage rates approxi-
mating 85% after GSW.

Topical haemostatics in renal trauma--an evaluation of four different substances in an 
experimental setting
Björses K, Holst J
Vascular Center, Malmö University Hospital, Lund University, Sweden
J Trauma. 2009; 66: 602-11

Background: Damage control is valuable in hemodynamically unstable trauma patients. To improve the hemosta-
sis of packing, topical hemostatic agents have been suggested. The effects of such agents are unclear in trauma 
situations. The purpose of this study was to investigate the hemostatic capacity, and the stability of the hemostatic 
clot, of four substances with different mode of action in an experimental traumatic bleeding model. 
Methods: A standardized heminefrectomy was performed in 180 heparinized and normotensive Sprauge-Dawley 
rats. Four different substances were studied (separately and in combinations) in a randomized fashion: gelatin 
(sponge and matrix), bovine thrombin, freeze-dried recombinant factor VIIa (rFVIIa), and microporous poly-
saccharide hemospheres. Eight treatment groups (15 animals/group) were considered, primary endpoint was 
hemostasis within 20 minutes of observation. The effective treatment groups were evaluated in a second set in 
the same experimental model, but with a prolonged observation time after hemostasis (60 minutes) to control 
the stability of the clot. 
Results: Those animals treated with gelatin in the comparative study, with and without thrombin or rFVIIa, 
obtained hemostasis. Thrombin and rFVIIa alone did not have any hemostatic capacity. Only 20% to 25% of 
the animals obtained hemostasis with microporous polysaccharide hemospheres alone or in combination with 
rFVIIa. In the prolonged observation study, gelatin alone and in combination with thrombin or rFVIIa was 
studied. On average, 34% (20%-54%) of the animals rebled with no significant difference between the treat-
ment groups. 
Conclusions: Gelatin-containing products provided a fast hemostasis in this experimental model. One third 
of the animals rebled, regardless of whether thrombin or rFVIIa was added. Further studies are demanded to 
confirm these results clinically

Editorial Comment
The above two articles on gunshot wounds to the kidney and the other on haemostatic agents are both 

very timely and raise many controversies and unanswered questions. Although the authors hold on to the dogma 
of a one-shot IVP before any renal exploration, I have generally found little utility it its use. In our hands, 
the IVP is usually a “fuzzy-gram” and adds little to the decision making. While Morey et al published some 
value in the IVP in helping to grade the renal injury, as to high or low grade, we have not had such luck. In our 
trauma center, if the patient is stable enough to undergo imaging, we take the patient to the CT scanner and 
get an accurate read as to the grade of renal and associated injuries. If the patient is so unstable that no imag-
ing can be done and needs to be rushed to the OR, this patient is typically a “damage control” patient where 
fancy and time consuming renal reconstructions are a disservice to the patient. It is our feeling that a damage 
control patient with a kidney injury needs to be observed, temporized by packing or the like, or undergo a 
quick nephrectomy. In such an unstable patient, a one-shot IVP will not help you or allow you to change your 
intra-operative decision making. Furthermore, an easy way to assess contralateral kidney function is to place 
a vessel loop to occlude the ipsilateral injured kidney ureter, give indigo, and look for blue in the Foley. Blue 
indicates at least a partially functional contralateral kidney. The notion that we should do a one-shot IVP on 
all patients to prevent taking out a solitary kidney that has a 0.1% incidence makes no sense to me. While we 
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are in the tissue preservation business, and would like to preserve every kidney, kidney repair should not be 
at the expense of compromising patient recovery and survival from the associated injuries.  While the urology 
community has been slow to accept the above statements, there is mounting evidence from the general surgical 
and trauma literature that one shot IVPs and getting primary vascular control are dogma, and have little value 
in the contemporary setting.
 I also have problems with the dogma of primary, proximal vascular control of the renal hilum before 
opening Gerota’s fascia. By definition a GSW to the kidney has penetrated Gerota’s so it is an uncontained 
hematoma and Gerota’s is open already. In general, if the kidney injury is significant, Grade 3-5, the hematoma 
has already done the kidney mobilization and dissection – so getting the kidney to the midline to place a vas-
cular clamp on the hilum typically can be done very quickly and easily. Primary, proximal control has value 
for a zone 1 hematoma where there is a potential injury to the great vessels. Here getting proximal and distal 
control has great value to prevent exsanguination. However, if the injury is just to the renal parenchyma, I really 
don’t understand the need for proximal control - especially in every patient. Furthermore, while the SF General 
group reports that it takes only 10 minutes to get proximal control, in my own experience it typically takes more 
like 20 plus minutes, especially on the right. So, in the unstable and potential damage control patient I feel we 
do the patient a disservice is delaying kidney repair for 20 or more minutes.  They also report that they only 
clamp the renal artery 12% of the time – that suggests to me that they are over grading the renal injuries. In our 
experience, true grade 4 and 5 renal injuries are usually aggressively bleeding from the kidney, and clamping 
the hilum expedites and facilitates renal repair. As long as the warm ischemia time is < 30 minutes, I see no 
reason not to clamp the artery. Furthermore, the use of adjunctive hemostatic agents, such as Floseal and the 
use of Nu-knit make sense to me and can expedite vascular control. Such agents should not substitute for renal 
parenchymal suturing, but be an adjunct, expect perhaps in the very unstable damage control patient where 
packing the kidney and applying agents can preclude the need for a damage control nephrectomy. 
 The last comment I have is why we should treat low grade GSW to the kidney any differently then a 
blunt renal injury, if the kidney grade for grade injury is the same.  Clearly high grade GSW have a high degree 
of blast injury and delayed necrosis and need to be more aggressively explored and repaired. However, for low 
velocity GSW and no clear intra-abdominal injury, I feel in this day and age of excellent interventional radiology 
imaging and the readily available use of selective angio-embolization in most trauma centers, that conservative 
management of isolated penetrating injuries, even grade 3 and 4 are very under utilized. Arguably, the rate of 
pseudoaneurysms and AV fistulas can approach 25% in conservatively managed high grade penetrating injuries 
– but an unnecessary abdominal exploration can be avoided – in so doing expediting morbidity and recovery 
time.
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Male sexual dysfunction after pelvic fracture
Metze M, Tiemann AH, Josten C
Universitätsklinikum Leipzig, Zentrum für Chirurgie, Klinik für Unfall- und Wiederherstellungs- und plastische 
Chirurgie, Leipzig, Germany
J Trauma. 2007; 63: 394-401

Background: The assessment of multiple aspects of male sexual function after pelvic fracture. 
Methods: A cross-sectional retrospective study of male sexual function was conducted. Patients admitted with 
traumatic pelvic fracture between January 1995 and June 2001 were included. One hundred and two patients 
were invited by mail. After performing a standardized clinical examination including an interview, the patients 
were asked to answer a questionnaire at home. Sexual dysfunction was classified as erectile dysfunction (ED), 
ejaculatory dysfunction, sensory loss in genital region, and pain during sexual activity. ED was assessed by the 
International Index of Erectile Function (IIEF). The pelvic injury was classified using Tile’s classification. 
Results: Complete data of 77 men were available (age 35 +/- 13). A total of 47 patients (61%) reported limitations 
in sexual function. Persistent ED was found in 15 patients (19%). The patient’s report of ED could be verified 
by a low IIEF score in 14 cases. Injury patterns, which may increase the incidence of sexual dysfunction, could 
be identified. A ruptured symphysis appeared to bear a risk of temporary ED. Comparing compression and dis-
traction in type B injuries, patients with distraction injury showed more severe sexual function. Posterior ring 
disruptions seemed to increase the risk of persistent problems, possibly caused by nerve damage. 
Conclusions: This study emphasizes that major pelvic trauma may impair sexual function in men. The results 
demonstrate an objective measurement of ED by the IIEF as well as an extended spectrum of complaints. The 
IIEF questionnaire might be considered to identify patients that need further medical evaluation.

Editorial Comment
Often times, years after the orthopedic complications of pelvic fracture have long healed the urologic 

complications of urethral stricture and erectile dysfunction continue to plague the patient. Impotence after pelvic 
fracture appears to be is primarily vascular from either a pure arteriogenic or combined arteriovenogenic cause. 
By the use of MRI and Doppler studies, Armenakas et al. has shown that the corporeal veno-occlusive dysfunc-
tion and cavernous arterial insufficiency after pelvic fracture are due to direct corporal cavernosal fracture or 
avulsion, subsequent fibrosis which alters the elasticity of the tunica albuginea and corporeal compliance, or 
to internal pudendal artery injury. Only secondarily is impotence primarily neurogenic. Neurogenic impotence 
is the result of prostatic plexus and/or neurovascular bundles nerve injury, and from nervi erigentes (S2-S4) 
injury due to shearing forces of the pelvic fracture that result in nerve stretching and tearing. Predictive signs 
of potential erectile dysfunction as noted by MRI are avulsion of the corpus cavernosum from the ischium, 
separation of the corporeal bodies, fracture of the corporeal body, and superior or lateral displacement of the 
prostate apex. Surgical correction for impotence (prosthetics, arterial reconstruction and venous occlusion), 
however, should be deferred for at least 12 to 18 months from initial injury, because delayed return of erectile 
function can occur spontaneously.
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Renal gunshot wounds: clinical management and outcome
Voelzke BB, McAninch JW
Department of Urology, University of California San Francisco at San Francisco General Hospital, San 
Francisco, California, USA
J Trauma. 2009 Mar;66(3):593-600; discussion 600-1

Background: To analyze our experience with renal gunshot wounds (GSW). 
Methods: We analyzed our prospective trauma database for patients with renal GSW.
Results: Two hundred one patients (206 renal units) with renal GSW were collected from our database. Preop-
erative imaging (1-shot intravenous pyelogram, dedicated intravenous pyelogram, or computed tomography) 
was performed in 68.7% (n = 140). Gross or microscopic (>5 red blood cell/high power field) hematuria was 
present in 88.7%. Injury to other organs was present in 96.5% (194 of 201), with >1 organ involved in 74.6% 
(other than kidney). The liver was the most commonly injured organ. Using the American Association for the 
Surgery of Trauma grading system, there were 46 grade 1 (G1), 21 G2, 62 G3, 51 G4, and 26 G5 injuries. The 
trend to observe without renal exploration has not changed significantly during the past three decades (1978-
1989 = 32.8%, 1990-1999 = 39%, 2000-2007 = 30.4%). Ninety-five renal units (excluding nephrectomy) 
underwent repair with associated small or large bowel injuries without any known complications, including 
14 patients with mesh used during renal repair. The renal salvage rate was 85.4% (n = 176 of 206) with two 
delayed nephrectomy procedures for persistent bleeding after initial repair. The total number of nephrectomy 
procedures was 30 of 206 renal units. Postoperative imaging was obtained in 32.8% (55 of 201) patients, and 
there were no known cases of postinjury hypertension. Overall survival was 90.6% (182 of 201), with 2 intra-
operative and 17 postoperative deaths. There were no postoperative infections related to renal reconstruction. 
Isolation of renal vessels was obtained in all patients before opening Gerota’s fascia with no deaths secondary 
to urologic intervention. 
Conclusion: Selective observation and various operative techniques can yield high renal salvage rates approxi-
mating 85% after GSW.

Editorial Comment
Grade for grade, it never made much sense to me to treat isolated low velocity gunshot wounds (GSWs) 

much differently from blunt renal injuries. This article by Voelzke from San Francisco General confirms by 
own clinical experience. In other words, that most isolated Grade 3 and 4 renal injuries, whether from gunshot 
or blunt mechanisms, can be expectantly and successfully managed. While with penetrating high grade injuries 
the risk for a delayed pseudo-aneurysm and re bleed can be higher, up to one fourth of cases – such events can 
be managed successfully by selective embolization by the interventional radiologist. I feel that we explore too 
many isolated renal injuries in general and we need to do more expectant management. 
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BASIC AND TRANSLATIONAL UROLOGY ________________________________________

Erectile dysfunction might be associated with chronic periodontal disease: two ends of the 
cardiovascular spectrum
Zadik Y, Bechor R, Galor S, Justo D, Heruti RJ
Center for Health Promotion and Preventive Medicine, Medical Corps, Israel Defense Forces, Zrifin, Israel
J Sex Med. 2009; 6: 1111-6

Introduction: Both chronic periodontal disease (CPD) and erectile dysfunction (ED) are associated with car-
diovascular disease and its risk factors, including smoking and diabetes mellitus. However, the association 
between ED and CPD has never been studied. 
Aim: To study the association between ED and CPD. 
Main Outcome Measures: Prevalence of ED, prevalence of CPD, ED severity.
Methods: The study population consisted of 305 men who filled the Sexual Health Inventory for Men (SHIM) 
questionnaire in order to detect ED and assess its severity, and underwent a pair of standardized posterior dental 
bitewing radiographs in order to detect CPD. SHIM questionnaire scores 21 or less represented ED. Alveolar 
bone loss of >or=6 mm represented CPD.
Results: The mean age of included men was 39.5 +/- 6.7 years. Overall, 70 (22.9%) men had ED and 13 (4.3%) 
had CPD. CPD was significantly more prevalent among men with mild ED (P = 0.004) and moderate to severe 
ED (P = 0.007) in comparison to men without ED.
Conclusions: ED might be associated with CPD. These preliminary findings are consistent with theories that 
associate these conditions with systemic inflammation, endothelial dysfunction, and atherosclerosis.

Editorial Comment
This is a very interesting study associating erectile dysfunction with systemic inflammation disease.
The authors found that 15.8% of men with moderate and severe erectile dysfunction (ED) presented 

advanced periodontal disease, while 9.8% with mild and only 2.1% without ED presented periodontal disease. 
This association might be explained on findings of DNA of periodontal pathogenic bacteria in atheromatous 
plaques and the epidemiological association between periodontal disease and coronary heart morbidity.

The authors proposed that since ED was proven to be an early sign of coronary heart disease, it is 
reasonable to believe that extra-oral inflammation induced by periodontal bacteria might be associated with 
atherosclerosis and dysfunction of vessels, first in the small vessels, such as the penile vasculature.

Dr. Francisco J. B. Sampaio
Full-Professor and Chair, Urogenital Research Unit

State University of Rio de Janeiro
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Combination of alfuzosin and tadalafil exerts an additive relaxant effect on human detrusor and 
prostatic tissues in vitro
Oger S, Behr-Roussel D, Gorny D, Lebret T, Denoux Y, Alexandre L, Giuliano F
Pelvipharm, Orsay Parc, Orsay, France
Eur Urol. 2009 May 3. [Epub ahead of print] 

Background: Lower urinary tract symptoms (LUTS) suggestive of benign prostatic hyperplasia (BPH) and 
erectile dysfunction (ED) are highly prevalent in aging men and are strongly linked. Alpha(1)-blockers such as 
alfuzosin are effective monotherapies for LUTS. Phosphodiesterase type 5 (PDE5) inhibitors such as tadalafil 
are the first-line treatment for ED. Both drugs act by two different mechanisms of action on common urogenital 
target organs and, thus, may have additive effects. 
Objectives: We evaluated in vitro the effects of alfuzosin, tadalafil, and the combination of both on human de-
trusor and prostatic smooth muscle. 
Design, Setting, and Participants: Prostatic and bladder tissue were obtained from patients (n=20 and n=17, 
respectively) undergoing cystoprostatectomy for bladder cancer. 
Measurements: In organ baths, isolated prostatic strips and isolated bladder strips were incubated with vehicle, 
tadalafil (10(-6) M and 10(-5) M), alfuzosin (3x10(-8) M or 10(-6) M and 10(-5) M) or a combination. Con-
centration-response curves (CRCs) to norepinephrine were generated on prostatic strips and detrusor strips 
precontracted with carbachol. Strips were also submitted to electrical field stimulation (EFS). 
Results and Limitations: When alfuzosin and tadalafil were combined, the maximal relaxation to norepinephrine 
on carbachol-precontracted detrusor strips was significantly increased compared with tadalafil alone, and EFS-
induced detrusor contractions were better inhibited compared with each compound alone. Tadalafil significantly 
inhibited norepinephrine-induced prostatic strip contractions by reducing the maximal effect, whereas alfuzosin 
shifted the CRC of norepinephrine to the right. Combining both tadalafil and alfuzosin resulted in a greater 
relaxant effect. Likewise, the combination was more effective at reducing EFS-induced contractions compared 
with each compound alone. 
Conclusions: The combination of alfuzosin and tadalafil exerts an additive effect of inhibiting adrenergic smooth 
muscle tone of prostatic tissue and EFS-induced detrusor contractions and conversely, of enhancing adrenergic 
relaxation of detrusor precontracted with carbachol. These experiments provide experimental support for the 
clinical investigation of the combination of alpha1-blockers and PDE5 inhibitors in the treatment of LUTS.

Editorial Comment
Prescription of an association of alpha-blockers and PDE-5 inhibitors has been increasingly in clinical 

practice, since lower urinary tract symptoms (LUTS) and erectile dysfunction (ED) are commonly associated. 
Also, it has been demonstrated a positive effect of PDE-5 in LUTS. On the other hand, it has been demonstrated 
that LUTS would predispose to sexual dysfunction. Therefore, an emerging concept is that the combination of an 
alpha-blocker and a PDE-5 inhibitor is the most effective therapy to treat LUTS secondary to BPH. The present 
study demonstrated in vitro that the combination of alfuzosin and tadalafil shows an additive relaxant effect on 
human prostate and detrusor tissue, and therefore, the association could be more effective than monotherapy in 
relieving LUTS associated with BPH.
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RECONSTRUCTIVE UROLOGY __________________________________________________

Muscle- and nerve-sparing bulbar urethroplasty: a new technique
Barbagli G, De Stefani S, Annino F, De Carne C, Bianchi G
Center for Reconstructive Urethral Surgery, Arezzo, Italy
Eur Urol. 2008; 54: 335-43

Background: To describe a new surgical technique for the repair of bulbar urethral strictures to preserve the 
bulbospongiosum muscle and its perineal innervation. Objective: Surgical steps of muscle- and nerve-sparing 
bulbar urethroplasty are described. The outcome is provided regarding semen sequestration and postvoiding 
dribbling.
Design, Setting, and Participants: We performed the procedure in 12 patients (average age: 43.58 yr) with bulbar 
urethral strictures (average stricture length: 4.47 cm). Surgical Procedure: Six patients underwent urethroplasty 
using a ventral oral mucosal onlay graft, and six patients underwent urethroplasty using a dorsal oral mucosal 
onlay graft. In all patients, the surgical approach to the bulbar urethra was made avoiding dissection of the bul-
bospongiosum muscle from the corpus spongiosum and leaving the central tendon of the perineum intact.
Measurements: Clinical outcome was considered a failure when any postoperative instrumentation was needed. 
The primary outcome examined the technical feasibility of the muscle- and nerve-sparing bulbar urethroplasty. 
The secondary outcome examined the presence or absence of postoperative postvoid dribbling and semen se-
questration using a nonvalidated questionnaire (Appendix).
Results and Limitations: In all patients, postoperative voiding cystourethrography was performed 3 wk after 
surgery and no urethral sacculation was evident. Urethrography were repeated after 6 mo and 12 mo. No postvoid 
dribbling or semen sequestration was demonstrated in all patients at 6 mo and 12 mo after surgery. No patient 
showed stricture recurrence. The average follow-up was 15.25 mo (range 12 mo to 26 mo, median 13.5 mo).
Conclusions: Bulbar urethroplasty preserving the bulbospongiosum muscle, the central tendon of the perineum, 
and the perineal nerves is a safe, feasible, minimally invasive alternative to traditional bulbar urethroplasty.

One-sided anterior urethroplasty: a new dorsal onlay graft technique
Kulkarni S, Barbagli G, Sansalone S, Lazzeri M
Centre for Reconstructive Urethral Surgery, Pune, India
BJU Int. 2009; 17 [Epub ahead of print]

Objective: To investigate the feasibility, tolerability, safety and efficacy of using a new surgical technique for 
the repair of anterior urethral strictures to preserve vascular supply to the urethra and its entire muscular and 
neurogenic support.
Patients and Methods: In all, 24 patients (mean age 46 years) underwent a new one-sided anterior dorsal oral 
mucosal graft urethroplasty while preserving the lateral vascular supply to the urethra, the central tendon of the 
perineum, the bulbospongiosum muscle and its perineal innervation. The cause of stricture was instrumentation 
in three cases (12%), unknown in five (21%), infection in four (17%), and lichen sclerosus in 12 (50%). The 
stricture site was bulbar in 12 cases (50%) and panurethral in 12 (50%). The mean stricture length was 4.2 cm 
in patients with bulbar strictures and 10 cm in patients with panurethral strictures. Of 24 patients, 20 patients 
(83%) had received previous treatments. Clinical outcome was considered a failure when any postoperative 
instrumentation was needed, including dilatation.
Results: The overall mean (range) follow-up was 22 (12-55) months. Of the 24 patients, 22 (92%) had a suc-
cessful outcome and two (8%) were failures. One failure was treated using definitive perineal urethrostomy and 
another failure underwent successful internal urethrotomy.
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Conclusions: The preservation of the one-sided vascular supply to the urethra and its entire muscular and neu-
rogenic support should represent a slight but significant step toward perfecting the surgical technique of urethral 
reconstruction using a minimally invasive approach.

Editorial Comment
 The authors describe modifications to the standard substitution anterior urethroplasty that help preserve 
the bulbospongiosum muscle and perineal nerve fibers. Previously, Yucel and Baskin showed that perineal nerves 
innervate the bulbospongiosus muscle and send fine branches that penetrate the corpus spongiosum, mainly 
in the bulbar area. Moreover, these authors demonstrated that branches of the dorsal nerve of the penis at the 
junction of the corpus cavernous and corpus spongiosum assemble into a network with the perineal nerves (1). 
Contraction of the bulbospongiosum and ischiocavernosal muscles help propel the ejaculate out of the urethra. 
The contraction of those is thought to help prevent urine pooling at the end of voiding. The perineal nerve end-
ings provide sensation to the scrotum, perineum and ventral penis and frenulum. Given that the risk of weakness 
of ejaculation is reported to be up to 39% after substitution urethroplasty, and post void dribbling in up to 50%, 
the role of muscle preservation during urethroplasty has been the subject of a lot of interest.
 Both series report success rates that are comparable to the published rates of about 90%. No post void 
dribbling or semen sequestrations were reported in up to 12 months of follow up in the first study, while the 
second study lacks data on erectile or ejaculatory dysfunction.
 There are inherent limitations to both studies especially in the fact that they lack a control group com-
parison, and randomization was not performed. It would be of interest to evaluate whether the preservation of 
the one-sided vascular supply to the urethra and its entire muscular and nerve support or limiting the dissection 
to the midline would decrease morbidity from ejaculatory and erectile dysfunction in a setting of a randomized 
controlled trial. Still, both studies are major steps in the refinement of the technique of minimally invasive ure-
throplasty. It remains to be seen whether this anatomical preservation of the neurovascular supply and muscular 
support is going to translate into decreased morbidity.

Reference
1. Yucel S, Baskin LS: Neuroanatomy of the male urethra and perineum. BJU Int. 2003; 92: 624-30.

Dr. Sean P. Elliott
Department of Urology Surgery

University of Minnesota
Minneapolis, Minnesota, USA

E-mail: selliott@umn.edu

UROLOGICAL ONCOLOGY  _____________________________________________________

European consensus conference on diagnosis and treatment of germ cell cancer: a report of the 
second meeting of the European Germ Cell Cancer Consensus group (EGCCCG): part I
Krege S, Beyer J, Souchon R, Albers P, Albrecht W, Algaba F, et al. 
Department of Urology, Krankenhaus Maria-Hilf, Krefeld, Germany
Eur Urol. 2008; 53: 478-96

Objectives: The first consensus report presented by the European Germ Cell Cancer Consensus Group (EGCCCG) 
in the year 2004 has found widespread approval by many colleagues throughout the world. In November 2006, 
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the group met a second time under the auspices of the Department of Urology of the Amsterdam Medical Center, 
Amsterdam, The Netherlands. 
Methods: Medical oncologists, urological surgeons, radiation oncologists as well as pathologists from several 
European countries reviewed and discussed the data that had emerged since the 2002 conference, and incorpo-
rated the new data into updated and revised guidelines. As for the first meeting, the methodology of evidence-
based medicine (EBM) was applied. The results of the discussion were compiled by the writing committee. All 
participants have agreed to this final update. 
Results: The first part of the consensus paper describes the clinical presentation of the primary tumor, its treat-
ment, the importance and treatment of testicular intraepithelial neoplasia (TIN), histological classification, 
staging and prognostic factors, and treatment of stage I seminoma and non-seminoma. 
Conclusions: Whereas the vast majority of the recommendations made in 2004 remain valid 3 yr later, refine-
ments in the treatment of early- and advanced-stage testicular cancer have emerged from clinical trials. Despite 
technical improvements, expert clinical skills will continue to be one of the major determinants for the progno-
sis of patients with germ cell cancer. In addition, the particular needs of testicular cancer survivors have been 
acknowledged.

European consensus conference on diagnosis and treatment of germ cell cancer: a report of the 
second meeting of the European Germ Cell Cancer Consensus Group (EGCCCG): part II
Krege S, Beyer J, Souchon R, Albers P, Albrecht W, Algaba F, et al.
Department of Urology, Krankenhaus Maria-Hilf, Krefeld, Germany
Eur Urol. 2008; 53: 497-513

Objectives: The first consensus report that had been presented by the European Germ Cell Cancer Consensus 
Group (EGCCCG) in 2004 has found widespread approval by many colleagues throughout the world. In No-
vember 2006, the group met a second time under the auspices of the Department of Urology of the Amsterdam 
Medical Center, The Netherlands. 
Methods: Medical oncologists, urologic surgeons, radiation oncologists as well as pathologists from several 
European countries reviewed and discussed the data that had emerged since the 2002 conference and incorpo-
rated the new data into updated and revised guidelines. As for the first meeting the methodology of evidence-
based medicine (EBM) was applied. The results of the discussion were compiled by the writing committee. All 
participants have agreed to this final update. 
Results: The second part of the consensus paper includes the treatment of metastasised disease, residual tumour 
resection, salvage therapy, follow-up, and late toxicities. 
Conclusions: Whereas the vast majority of the recommendations made in 2004 remain valid 3 yr later, refine-
ments in the treatment of early-stage as well as of advanced-stage testicular cancer have emerged from clinical 
trials. Despite technical improvements, expert clinical skills will continue to be one of the major determinants 
for the prognosis of patients with germ cell cancer. In addition, the particular needs of testicular cancer survivors 
have been acknowledged.

Editorial Comment
A large multidisciplinary and international team of oncological specialists from Europe involved in the 

treatment of testicular tumors met and brought out these two consensus papers on diagnosis, staging and treat-
ment of seminomatous and non-seminomatous testicular cancer.

The recommendations are based on evidence and on the broad clinical experience of the group and are 
invaluable for every urologist dealing with testicular cancer. The recommendations are clearly outlined and give 
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detailed help in almost every case, from low-risk tumor with virtually 100% survival to high-risk cancer to almost 
50% cure rate if treated appropriately. Again, these consensus papers are highly recommended reading. 

Dr. Andreas Bohle
Professor of Urology

HELIOS Agnes Karll Hospital
Bad Schwartau, Germany

E-mail: boehle@urologie-bad-schwartau.de

Local progression among men with conservatively treated localized prostate cancer: results from 
the Transatlantic Prostate Group
Eastham JA, Kattan MW, Fearn P, Fisher G, Berney DM, Oliver T, et al.
Department of Urology, Memorial Sloan-Kettering Cancer Center, New York, New York, USA
Eur Urol. 2008; 53: 347-54

Objectives: Men with clinically detected localized prostate cancer treated without curative intent are at risk of 
complications from local tumor growth. We investigated rates of local progression and need for local therapy 
among such men. 
Methods: Men diagnosed with prostate cancer during 1990-1996 were identified from cancer registries 
throughout the United Kingdom. Inclusion criteria were age < or =76 yr at diagnosis, PSA level < or =100 
ng/ml, and, within 6 mo after diagnosis, no radiation therapy, radical prostatectomy, evidence of metastatic 
disease, or death. Local progression was defined as increase in clinical stage from T1/2 to T3/T4 disease, 
T3 to T4 disease, and/or need for transurethral resection of the prostate (TURP) to relieve symptoms >6 mo 
after cancer diagnosis. 
Results: The study included 2333 men with median follow-up of 85 mo (range: 6-174). Diagnosis was by TURP 
in 1255 men (54%), needle biopsy in 1039 (45%), and unspecified in 39 (2%). Only 29% were treated with 
hormonal therapy within 6 mo of diagnosis. Local progression occurred in 335 men, including 212 undergoing 
TURP. Factors most predictive of local progression on multivariable analysis were PSA at diagnosis and Gleason 
score of the diagnostic tissue (detrimental), and early hormonal therapy (protective). We present a nomogram 
that predicts the likelihood of local progression within 120 mo after diagnosis. 
Conclusions: Men with clinically detected localized prostate cancer managed without curative intent have 
an approximately 15% risk for local progression within 10 yr of diagnosis. Among those with progression, 
the need for treatment is common, even among men diagnosed by TURP. When counseling men who are 
candidates for management without curative intent, the likelihood of symptoms from local progression must 
be considered.

Editorial Comment
The course of conservatively treated patients with prostate cancer is largely unknown. These patients 

are rarely found in clinical trials and therefore, knowledge is sparse. This multi-institutional group of authors 
followed a large cohort of 2333 patients for a median of 85 months and determined the rate of progression. 
The results are hampered by the fact that 54% of cases were detected by initial transurethral resection of the 
prostate, that is, by symptoms of prostate cancer. Still, the 10-year disease-specific mortality rate was 24%. 
Roughly, 15% of patients had progression, most within 5 years after diagnosis. Most important risk factors were 
high initial PSA, T3 disease and Gleason grade 4. Interestingly, early hormonal treatment was associated with 
significantly less progression. As the authors state correctly, these findings suggest that there is a subgroup of 
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men with prostate cancer in whom conservative management might be the preferred option. Men with worri-
some clinical features in contrast might benefit from treatment that is more active.

Dr. Andreas Bohle
Professor of Urology

HELIOS Agnes Karll Hospital
Bad Schwartau, Germany

E-mail: boehle@urologie-bad-schwartau.de

NEUROLOGY & FEMALE UROLOGY ____________________________________________

Identification of risk factors for genital prolapse recurrence
Salvatore S, Athanasiou S, Digesu GA, Soligo M, Sotiropoulou M, Serati M, Antsaklis A, Milani R
Department of Obstetrics & Gynecology, Insubria University, Varese, Italy
Neurourol Urodyn. 2009; 28: 301-4

Aims: To assess the relationship between prolapse recurrence and some risk factors in a group of women sub-
mitted to reconstructive pelvic surgery.
Methods: Women referred to our Urogynaecological Units complaining of prolapse symptoms were prospec-
tively included. We excluded women who were affected by apical vaginal prolapse > stage I after a previous 
hysterectomy. All women had pelvic surgery with traditional techniques without using grafts. Each woman was 
reassessed at 1, 6, and 12 months and then yearly postoperatively. We defined as prolapse recurrence a vaginal 
descent > or = II stage involving the operated compartments.
Results: A total of 360 consecutive women were recruited and submitted to vaginal reconstructive pelvic surgery. 
At a mean follow-up of 26 months, 36 women (10%) had a recurrent prolapse. A preoperative vaginal descent 
> or = III stage was the only significant risk factor for recurrence (P = 0.02, OR 2.4, 1.1-5.1 95% CI).
Conclusions: Women with prolapse > or = III stage had a significant higher risk of developing prolapse recur-
rence after surgical repair without grafts.

Editorial Comment
 The authors review their population of females who underwent reconstructive vaginal surgery for 
pelvic prolapse. They excluded patients who had already had prolapse surgery or who had > stage II vaginal 
prolapse after previous hysterectomy. None of their patients had graft utilized in the reconstructive repair or 
had a synchronous concomitant anti-incontinence operation. The authors found that the only truly significant 
risk factor for recurrence of pelvic prolapse in their study was preoperative vaginal prolapse ≥ stage III.
 An interesting study in that it treats a relatively pure population of patients who were treated for pro-
lapse that had no previous anti-prolapse procedure performed, did not utilize any graft as part of the repair 
and did not have a synchronous anti-incontinence operation performed at the time of the surgery. The authors 
do self identify one of the weaknesses of this study in that they define recurrent prolapse as > stage II in the 
same operating vaginal compartment thus ignoring any potential vaginal vector shifts causing a production of 
prolapse in a separate compartment. That being said, I found it to be an excellent article of reference, which 
reviews classic pelvic floor reconstructions without potential complicating factors of graft material or concomi-
tant anti-incontinence operations. Though current reports are highlighting the downside of graft materials, the 
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authors wisely point out that the use of graft in > stage III prolapse may be rewarding in view of the potential 
recurrence rates of same.

Dr. Steven P. Petrou
Professor of Urology, Associate Dean

Mayo School of Graduate Medical Education
Jacksonville, Florida, USA

E-mail: petrou.steven@mayo.edu

The adjustable continence therapy system for recurrent female stress urinary incontinence: 1-
year results of the North America Clinical Study Group
Aboseif SR, Franke EI, Nash SD, Slutsky JN, Baum NH, Tu le M, Galloway NT, Pommerville PJ, Sutherland 
SE, Bresette JF
Department of Urology, Kaiser Permanente, Los Angeles, California, USA
J Urol. 2009; 181: 2187-91

Purpose: We determined the efficacy, safety, adjustability and technical feasibility of the adjustable continence 
therapy device (Uromedica, Plymouth, Minnesota) for the treatment of recurrent female stress urinary incon-
tinence.
Materials and Methods: Female patients with recurrent stress urinary incontinence were enrolled in the study and 
a defined set of exclusionary criteria were followed. Baseline and regular follow-up tests to determine eligibility, 
and to measure subjective and objective improvement were performed. A trocar was passed fluoroscopically and 
with digital vaginal guidance to the urethrovesical junction through small incisions between the labia majora 
and minora. The adjustable continence therapy device was delivered and the balloons were filled with isotonic 
contrast. The injection ports for balloon inflation were placed in a subcutaneous pocket in each labia majora. 
Device adjustments were performed percutaneously in the clinic postoperatively. An approved investigational 
device exemption Food and Drug Administration protocol was followed to record all adverse events.
Results: A total of 162 subjects underwent implantation with 1 year of data available on 140. Mean Stamey 
score improved by 1 grade or more in 76.4% (107 of 140) of subjects. Improvement in the mean incontinence 
quality of life questionnaire score was noted at 36.5 to 70.7 (p < 0.001). Reductions in mean Urogenital Distress 
Inventory (60.3 to 33.4) and Incontinence Impact Questionnaire (54.4 to 23.4) scores also occurred (p < 0.001). 
Mean provocative pad weight decreased from 49.6 to 11.2 gm (p < 0.001). Of the patients 52% (67 of 130) 
were dry at 1 year (less than 2 gm on provocative pad weight testing) and 80% (102 of 126) were improved 
(greater than 50% reduction on provocative pad weight testing). Complications occurred in 24.4% (38 of 156) 
of patients. Explantation was required in 18.3% (28 of 153) of the patients during 1 year. In terms of the com-
plications 96.0% were considered to be mild or moderate.
Conclusions: The Uromedica adjustable continence therapy device is an effective, simple, safe and minimally 
invasive treatment for recurrent female stress urinary incontinence. It can be easily adjusted percutaneously to 
enhance efficacy and complications are usually easily manageable. Explantation does not preclude later repeat 
implantation.

Editorial Comment
 The authors describe a balloon system to provide support and urethral coaptation in those patients 
plagued with female stress incontinence. The authors describe a 52% dry rate at 1 year as well as an 80% im-
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provement rate. Of the patients studied, approximately 18% required removal of the device. Of those cases that 
need explantation, 50% of the women still opted to be reimplanted within 12 months after the initial device 
removal. Presumably, secondary to position of the adjustment port, sexual activity was associated with a higher 
complication rate.
 An interesting technology, which is not overly dissimilar to the genitourinary spheroidal membrane, 
which had its greatest degree of clinical exposure in the mid-1990s (1). Problems with the genitourinary sphe-
roidal membrane at that time included the lack of ability for secondary and tertiary adjustments as well as the 
tendency of the device to float into non-therapeutic positions in the retropubic space. It seems that the adjust-
ment port of this device, which is placed at the labia majora, may help anchor the support balloons and keep 
them from migrating to non-therapeutic positions as well as providing a method for adjustment. Perhaps these 
modifications will allow it to have a greater shelf life than that experienced by the genitourinary spheroidal 
membrane.

Reference
1. Darson MF, Malizia AA, Barrett DM: Periurethral injection of the genitourinary spheroidal membrane. J Endourol. 

1996; 10: 283-6.
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Professor of Urology, Associate Dean

Mayo School of Graduate Medical Education
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PEDIATRIC UROLOGY _________________________________________________________

Long-term followup of dextranomer/hyaluronic acid injection for vesicoureteral reflux: late 
failure warrants continued followup
Lee EK, Gatti JM, Demarco RT, Murphy JP
Kansas University Medical Center, Kansas City, Kansas and Children’s Mercy Hospital, Kansas City, Missouri, 
USA
J Urol. 2009; 181: 1869-74; discussion 1874-5

Purpose: Dextranomer/hyaluronic acid injection of ureteral orifices is a popular option in the treatment of vesi-
coureteral reflux, with success rates ranging from 69% to 89%. We found only 1 study that followed patients 
beyond the initial postoperative voiding cystourethrogram, which describes a 96% success rate at 2 to 5 years 
but defines success as “nondilating” reflux. We examined our dextranomer/hyaluronic acid series to evaluate 
the long-term (1-year) outcome in children who had resolution of reflux on initial postoperative voiding cys-
tourethrography.
Materials and Methods: We retrospectively reviewed our dextranomer/hyaluronic acid experience from Febru-
ary of 2002 to December of 2005. We determined initial success on early (6 to 12-week) postoperative voiding 
cystourethrogram. We then evaluated long-term success by obtaining a voiding cystourethrogram at 1 year post-
operatively in patients who were initially cured of reflux. In addition, success rates between the first and second 
halves of our experience were evaluated to account for surgeon experience and modification of technique.
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Results: Our total success rate at initial voiding cystourethrogram was 73% (246 of 337 total ureters). The suc-
cess rate in the first half of our experience was 65.9% (112 of 170 ureters) and in the second half was 80.2% 
(134 of 167). A total of 150 ureteral units with initial successful dextranomer/hyaluronic acid treatment were 
evaluated at 1 year by voiding cystourethrogram. Of these ureters 111 had continued resolution of vesicoureteral 
reflux, for a long-term success rate of 74%. Including initial postoperative failures, the complete 1-year total 
success rate was 46.1% (111 of 241 ureters).
Conclusions: Although the reflux resolution rates at initial postoperative voiding cystourethrogram approach 
those of open surgery, there is a significant failure rate at 1 year, which warrants long-term followup.

Editorial Comment
This manuscript shows an almost 4-year experience with 219 patients and 337 ureters.  The 6-12 week 

postoperative VCUGs showed a success rate of 73% and a one year VCUG on the same patients who had initial 
resolution showed a lower 74% success rate.  Considering the overall patients altogether, the total success rate 
at one year was 46.1%.  74 of their 219 patients dropped out of the study and did not complete the VCUG at 
one year after surgery.  The authors did note that switching to the HIT technique improved their early success 
from 65.9 to 80.2%.  However, at one year after surgery their success rate was essentially identical at 74.2 and 
73.8%.  There was no statistical difference in STING versus HIT techniques in their study.  If the data was 
broken down by grade of reflux, 100% of Grade I reflux was gone one year later, and 79.8% of Grade II reflux 
was gone one year later. Grade III reflux was 37.2%.  The authors suggest that Deflux may be considered in 
low-grade refluxes but the long-term outlook for higher grades of reflux is particularly disappointing.

This manuscript brings into question the long-term success of injection therapy for reflux and in par-
ticular, the need for long-term radiographic follow up for these patients. If the criterion for success is absence 
of reflux, Deflux treatment will need to be reconsidered by those who take care of this disease in children.

Dr. Brent W. Snow
Division of Urology

University of Utah Health Sci Ctr
Salt Lake City, Utah, USA

E-mail: brent.snow@hsc.utah.edu

Long-term outcome of laparoscopic Fowler-Stephens orchiopexy in boys with intra-abdominal 
testis
Esposito C, Vallone G, Savanelli A, Settimi A
Department of Pediatrics, “Federico II” University of Naples, Naples, Italy
J Urol. 2009; 181: 1851-6

Purpose: We reviewed the records of 36 pediatric patients operated on between 1990 and 1997 for high intra-
abdominal testes, using the 2-step Fowler-Stephens procedure via laparoscopy.
Materials and Methods: Patients were followed for 10 to 17 years. Three patients who had undergone the second 
stage by open procedure were excluded from study. The 33 remaining patients were contacted by telephone, 
and 12 (7 with right and 5 with left intra-abdominal testes) agreed to undergo clinical and instrumental exami-
nation. Patient age ranged from 13 to 26 years (average 14.7). All patients underwent clinical examination and 
volumetric measurement of both testes using color Doppler ultrasound. 
Results: Two of the 12 patients (16.7%) had an atrophic testis in the scrotum and 10 (83.3%) had a viable testis 
in the scrotum. The operated testis was always smaller than the normal testis, despite the good vascularization 



387

Urological Survey

detected on echo color Doppler ultrasound. One patient had ultrasound evidence of bilateral microcalcifications 
with normal vascularization. Mann-Whitney test showed there was a statistically significant difference between 
the volume of the operated testis and the normal testis. 
Conclusions: It is extremely difficult to perform studies on the long-term outcome of surgical procedures. We 
describe the outcome at more than 10 years postoperatively, and demonstrate that greater than 83% of patients 
who underwent a 2-step Fowler-Stephens procedure using laparoscopy had satisfactory results. The operated 
testis was always significantly smaller compared to the normal testis but was well vascularized.

Editorial Comment
The authors reviewed laparoscopic Fowler-Stephens orchiopexy results for a total of 36 patients in 

their series with 10-17 years of follow up. 33 of the patients had 1st and 2nd stage Fowler-Stephens procedures 
done laparoscopically. 13 of the 25 available patients refused clinical follow up reporting a viable testis in the 
scrotum.  12 patients agreed to follow up. 2 had atrophic testicles and 10 had testicles in the scrotum, 7 in the 
lower scrotum and 3 in the upper median part of the scrotum.  Ultrasound showed bilateral microcalcifications 
in both testicles of 1 patient with normal tumor markers.  Each of the operated on testicles showed good blood 
flow in the scrotum, however the operated on testicle was always smaller than the contralateral testicle. 

It is interesting that 83.3% of the patients had viable testes greater than 10 years after staged laparoscopic 
Fowler-Stephens orchiopexies. It is disappointing that semen analyses were not available on these patients and 
history of fertility was not available due to the age of the patients. It is rewarding to note that Fowler-Stephens 
orchiopexies have good results and good long-term outcomes and the procedure should be considered with 
enthusiasm.

Dr. Brent W. Snow
Division of Urology

University of Utah Health Sci Ctr
Salt Lake City, Utah, USA

E-mail: brent.snow@hsc.utah.edu
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