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isolate and ligate the prostatic pedicle with hem-o-lok clips.

Anterior lateral prostatic dissection at the artery 
topography until communicating the lateral and posterior 
planes (page 216).
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209

EDITORIAL
IN THIS ISSUE

The March-April number of Int Braz J Urol, the 15th under my supervision, presents original 
contributions with a lot of interesting papers in different fields: Robotic Surgery, Prostate Cancer, Male 
Infertility, BPH, Overactive Bladder, Undescended Testis, Adrenal Adenomas, Enuresis, UPJ obstruction, 
Urethral Strictures, Penile cancer and Hypospadia. The papers came from many different countries such 
as Brazil, USA, China, Italy, Colombia, Lithuania, Turkey, Spain, France, UK and Poland, and as usual the 
editor´s comment highlights some of them.

In the present issue we present important papers about robotic prostatectomy of the group of 
Dr. Patel from USA (1-3). The paper and the 2 videos shows the robotic surgery advantages in terms of 
operative view magnification, potency outcomes following robotic-assisted radical prostatectomy and 
described the current Robotic-assisted Radical Prostatectomy technique with details and considerations 
regarding the optimal approach to neurovascular bundle preservation after performing 15,000 cases, a 
very expressive experience. This important paper is the cover in this edition.  The editor in chief would 
like to highlight the following works too:

Dr. Bakavicius and colleagues from Lithuania, USA, UK and Brazil, presented in page 263 (4) a 
nice systematic review about the HIFU for the focal treatment of prostate Cancer and concluded that six 
months after focal HIFU therapy 98% of patients were totally continent and 80% of patients retained 
sufficient erections for sexual intercourse. The majority of complications presented in the early postope-
rative period and were classified as low-grade.

The precision of robotic surgery in International Brazilian 
Journal of Urology
______________________________________________________________________________________________
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Dr. Truzzi and colleagues from Brazil presented in page 220 (5) a important update about the 
concepts and treatment of neurogenic bladder and concluded that the treatment guidelines are important 
tools for the public health system to promote the best practice when treating neurogenic bladder patients. 

Dr. Sum and colleagues from China presented in page 275 (6) a nice study about the association 
between winter season and desmopressin treatment efficiency in children with monosymptomatic noc-
turne enuresis (MNE) and concluded that winter season and severity of symptoms are two risk factors 
associated with desmopressin treatment failure in MNE patients. 

Dr. Jia and colleagues from China presented in page 303 (7) a cross-sectional study about the 
risk factors of inguinal lymph node metastasis in patients with penile cancer and concluded that the 
maximum inguinal lymph node (ILN) diameter, pathological T stage, pathological differentiation, and 
lymphatic vascular infiltration were independent risk factors for ILN metastases. 

Dr. Özçift and colleagues from Turkey presented in page 316 (8) a nice sudy about the relationship 
between vitamin D status and Overactive bladder (OAB)-related symptoms and quality of life (QoL) in 
children and concluded that Vitamin D deficiency is more common in children with urinary incontinence 
and OAB than in healthy children. Although vitamin D deficiency is not routinely evaluated for every 
patient, it should be evaluated in treatment-resistant OAB cases. Vitamin D supplementation may impro-
ve urinary symptoms and QoL in patients with OAB. 

Dr. Bertolo and colleagues from Italy presented in page 328 (9) a nice study about the Thulium 
laser enucleation of prostate (ThuLEP) versus laparoscopic trans-vesical simple prostatectomy (LSP) in 
the treatment of benign prostatic hyperplasia (BPH) and concluded that LSP and ThuLEP are comparable 
in relieving from BPO and improving the patient-reported outcomes. Invasiveness of LSP is more signi-
ficant. 

The Editor-in-chief expects everyone to enjoy reading.
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ABSTRACT
 

Despite the neuroanatomy knowledge of the prostate described initially in the 1980’s 
and the robotic surgery advantages in terms of operative view magnification, potency 
outcomes following robotic-assisted radical prostatectomy still challenge surgeons 
and patients due to its multifactorial etiology. Recent studies performed in our center 
have described that, in addition to the surgical technique, some important factors 
are associated with erectile dysfunction (ED) following robotic-assisted radical 
prostatectomy (RARP). These include preoperative Sexual Health Inventory for Men 
(SHIM) score, age, preoperative Gleason score, and Charlson Comorbidity Index (CCI).  
After performing 15,000 cases, in this article we described our current Robotic-assisted 
Radical Prostatectomy technique with details and considerations regarding the optimal 
approach to neurovascular bundle preservation.
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INTRODUCTION

The surgical treatment for localized 
prostate cancer has been described beginning 
in the early 1900s (1). However, the lack of 
neuroanatomy knowledge associated with po-
tency recovery following radical prostatectomy 
had led to high rates of erectile dysfunction at 
that time. Fortunately, in the 1980s, Walsh and 
Donker described the basis of prostate anatomy 
in their first report of nerve-sparing (NS) ra-

dical prostatectomy (2). This study marked the 
beginning of a new era by increasing postope-
rative potency rates and establishing the ana-
tomic basis of erectile preservation in patients 
undergoing radical prostatectomy.

In the following years, open retropubic 
radical prostatectomy with nerve-sparing tech-
nique became the standard of care for patients 
diagnosed with localized prostate cancer. Ho-
wever, the advent of robotic surgery changed 
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the standard treatment. But even with the ad-
vantages of this technology over the open and 
laparoscopic approaches, erectile outcomes re-
main a challenge for patients and surgeons (3-
6). Recent studies have described that, in addi-
tion to the surgical technique, some important 
factors are associated with erectile dysfunction 
(ED) following robotic-assisted radical pros-
tatectomy (RARP). These include preoperative 
Sexual Health Inventory for Men (SHIM) score, 
age, preoperative Gleason score, and Charlson 
Comorbidity Index (CCI) (7, 8). After perfor-
ming 15,000 cases, in this article we describe 
our current RARP technique with details and 
considerations regarding the optimal approach 
to neurovascular preservation (9).

Neurovascular bundles (NVB) anatomic con-
siderations

Several authors have described the neu-
roanatomy and physiology of erectile function. 
These studies have shown that corpora caver-
nosa neurovascular supply preservation plays a 
crucial role in potency recovery following RP. 
By conserving the arterial supply of the puden-
dal artery and its variants (accessory pudenda), 
neural ischemia is minimized. In addition, pre-
serving the cavernous nerves at the tip of the 
seminal vesicles also optimizes potency reco-
very (10, 11). Another critical factor for erecti-
le preservation regards the intraoperative NVB 
neuropraxia by mechanical or thermal injury. 
Different classifications of neural injury have 
been described (12). In this scenario, extra care 
must be taken while manipulating the neural 
bundles on both sides of the prostate (13).

Different degrees and planes of NVB preser-
vation

We have previously described different 
anatomical studies regarding the grades of neu-
rovascular bundle (NVB) preservation using the 
prostatic arteries as vasculature landmarks. The 
NVB preservation is based on the medial or la-
teral plane of dissection of these arteries. The 
Grades of dissection vary from Grade one (no 
nerve-sparing) to five (≥95% of nerve preser-

vation) (14, 15). According to the authors, all 
patients from the study’s cohort who were po-
tent before surgery and underwent Grade 5 NS 
presented erections after surgery.

Intrafascial
Intrafascial dissection represents the 

plane between the prostatic capsule and prosta-
tic fascia at the posterolateral and anterolateral 
portions of the prostate. At this plane of dis-
section, the surgeon maximizes the NVB pre-
servation achieving the best potency outcomes. 
However, this plane of dissection is associa-
ted with the highest positive surgical margins 
(PSM) rates in T3 tumors (16).

Interfascial
The interfascial space is located between 

the prostatic fascia layers. The NVB preserva-
tion and postoperative erectile recovery of this 
dissection are inferior when compared to the 
Intrafascial approach. When accessing this pla-
ne, the lateral prostatic fascia is resected and is 
visualized attached to the final specimen (17).

Extrafascial
This plane of dissection is located lateral 

to the prostatic fascia and is associated with 
complete NVB removal and the worst postope-
rative potency recovery. However, in terms of 
oncologic dissection, it is the safest and most 
indicated in patients with extracapsular exten-
sion (ECE) due to the increased margin removal 
(18, 19).

Nerve-sparing RARP technique
Several authors have described different 

techniques to optimize the NVB preservation 
since Binder and Kramer described the first NS-
-RARP. In their study, ten patients with prostate 
cancer were operated on, and according to the 
authors, the NS technique combined the Walsh 
retrograde dissection with Campbell’s antero-
grade approach (20). After more than 20 years 
since this first report, both approaches (antero-
grade and retrograde) are still used by current 
robotic surgeons.
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Anterograde NVB dissection 
With this approach, the prostate is lifted 

by the seminal vesicles, and the NVB dissection 
is performed from the base to the apex. After 
creating the inferior plane between the Denon-
villiers layers, the anterior dissection creates a 
space between the Denonvilliers fascia, lateral 
pelvic fascia, and prostate. Then, the prostatic 
pedicle is controlled with hem-o-lok clips or 
bipolar (8). In sequence, the NVB dissection is 
performed until the prostate apex.

Veil of Aphrodite
Initially described by Manon et al. in 

2006, this approach is also known as high an-
terior release of the prostate. A plane between 
the prostate capsule and fascia is created pos-
teriorly at the base of the seminal vesicles. In 
sequence, the bilateral NVB release (posterola-
teral) is performed from 5 to 1 o’clock on the 
right side and from 7 to 11 o’clock on the left 
side. At the end of this dissection, the peripros-
tatic tissue (Veil of Aphrodite) is suspended bi-
laterally, resembling a curtain from the pubou-
rethral ligament (21, 22).

Retrograde NVB dissection 
In our routine, the retrograde release of 

the Neurovascular Bundles is the technique per-
formed in all NS-RARP, despite the robotic ap-
proach (da Vinci Xi or da Vinci SP) (3, 4, 6, 8, 9, 
23-27). After lifting the prostate by the seminal 
vesicles (SVs), we create a space between the 
Denonvilliers (DNV) layers. Then, we toggle the 
30 degrees’ scope facing the posterior portion 
of prostate to perform the bilateral dissection 
from 5 to 1 o’clock on the right side and from 7 
to 11 o’clock on the left side. 

After releasing the posterior portion of 
the prostate, the dissection is performed from 
the apex to the base by incising the endopel-
vic fascia close to the prostate and communi-
cating the lateral with the posterior planes. At 
this moment, the identification of the prostatic 
arteries, as mentioned before, guides the De-
grees of NVB preservation. In some cases, it is 
not possible to visualize the posteromedial and 
anteromedial arteries. Therefore, we perform 

the dissection at the usual arterial topography 
and cautiously peel the NVB to reach the cor-
rect planes. Finally, the prostatic pedicles are 
controlled with hem-o-lok clips and athermal 
technique.

The postoperative potency outcomes of 
this technique were previously described by our 
group in a study comparing the anterograde 
with the retrograde approach. In this report, we 
have defined two groups of 172 patients who 
underwent NS-RARP, and the retrograde NVB 
dissection was associated with early potency 
recovery at 3, 6, and 9 months’ post-surgery 
(28).

Recently, we have described the modi-
fication of our technique by performing a mo-
dified apical dissection underneath the pubo-
prostatic ligaments preserving the maximum 
amount of urethra length and periurethral tis-
sues. This technique also preserves the lateral 
prostatic fascia in selected patients with small 
tumor burden (9). By adopting these modifica-
tions, we described improvements in the early 
potency and continence rates when comparing 
this approach with our previous technique.

Our technical considerations for NS-RARP af-
ter 15.000 cases

Despite the surgical technique, the best se-
ries describing potency recovery following radical 
prostatectomy have never achieved 100% success 
rates. In this scenario, we have described several 
technical modifications to improve and maximize 
functional recovery over the years7. In our routine, 
the NVB preservation is planned according to the 
preoperative tumoral staging with imaging (MRI) 
and biopsy report (29). Knowing the tumor loca-
tion, stage, and anatomical relation with the NVB 
is crucial for planning the Grades of dissection and 
preoperative counseling regarding the possible ra-
tes of potency recovery following surgery (15, 26).

Our first step to initiate the NVB preser-
vation starts with the posterior dissection of 
the prostate between the Denonvilliers layers. 
Performing a wide posterior dissection between 
this avascular tissue facilitates identifying the 
lateral plane of dissection before controlling 
the arterial pedicles of the prostate. Figure-1 
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illustrates the posterior medial prostatic artery, 
one of the landmarks used to guide the diffe-
rent Grades of NVB preservation (15). During 
this step, we avoid using cautery energy whi-
le minimizing the traction of the neural bun-
dles. Once we identify the arterial landmarks, 
the dissection is performed from 5 to 1 o’clock 
on the right side and from 7 to 11 o’clock on 
the left side (Figure-2). In cases that the arterial 
landmarks are not identifiable, we cautiously 
dissect the posterior plane at the artery topo-
graphy avoiding entering the prostatic capsule.

In our NS technique, the Xi scope (30-de-
grees) plays a crucial role during the posterior 
dissection between the DNV fascia. Using the 

toggle command, the scope faces the posterior 
aspect of the prostate (30-degrees up), achieving 
the optimal anatomical visualization necessary 
to release the NVB on both sides (Figure-3). Fi-
nally, we open the endopelvic fascia at the la-
teral aspect of the prostate, searching for the 
anteromedial prostatic artery, which guides the 
Grades of NVB dissection (Figure-4). When ac-
cessing this plane, it is usually possible to visu-
alize the hematoma at the prostate base due to 
the previous posterior dissection. In sequence, 
we connect the anterior and posterior planes 
to isolate and ligate the prostatic pedicles with 
hem-o-lok clips (Figure-5). If the arterial land-
mark is not identifiable, we cautiously peel the 
anteromedial portion of the prostate at the ar-
tery topography until communicating with the 
posterior plane (Figure-6).

Full nerve-sparing considerations
In patients undergoing full nerve-spa-

ring, we use the landmark arteries (Figure-7), 
especially the posterior medial (visualized du-
ring the posterior dissection) (Figure-8) and 
anterior medial (visualized during the lateral 
dissection) (Figure-4), to guide our dissection 
plane. By dissecting the medial portion of these 
arteries closer to the prostate, we can achieve 
100% NVB preservation and the best outcomes 
for postoperative potency.

Partial nerve-sparing considerations

Figure 1 - Posterior medial prostatic artery on the right side.

Figure 2 - Posterior prostatic dissection from 5 to 1 o’clock on the right side (B) and from 7 to 11 o’clock on the left side (A).
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In patients with aggressive tumors or MRI 
imaging suggesting NVB invasion, we usually 
perform a wider dissection but still achieving a 
degree of neural preservation. In such cases, the 
dissection is guided using the lateral plane of the 
anterior medial and posterior medial arteries. The-
refore, the arteries can be visualized attached to 
the prostate in the pathology analysis (Figure-9).

CONCLUSIONS

After performing more than 15,000 cases, 
we believe that the NS-RARP learning curve and 
surgical technique are continuously evolving be-
cause the rates of postoperative functional and 
oncological outcomes are still inferior to 100%. 
Evaluating the results of our previous techniques 
is a crucial factor in identifying surgical steps that 

Figure 3 - Scope facing the posterior aspect of the prostate 
(30-degrees up), achieving the optimal anatomical 
visualization necessary to release the NVB on both sides.

Figure 4 - Left endopelvic fascia opening at the lateral 
aspect of the prostate, searching for the anteromedial 
prostatic artery.

Figure 5 - Connection between the anterior and posterior 
planes to isolate and ligate the prostatic pedicle with hem-
o-lok clips.

Figure 6 - Anterior lateral prostatic dissection at the artery 
topography until communicating the lateral and posterior 
planes.
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can be modified and improved. In addition, it is 
vital to know the prostate anatomy and physio-
logy to respect the planes with careful dissection. 
We also consider that basic concepts, such as mi-
nimizing the amount of traction used on dissec-
tion, avoiding excessive cautery (energy) during 
hemostasis, and neural preservation based on 

anatomical landmarks (arteries and planes of dis-
section), should be common to all Nerve-sparing 
techniques.

CONFLICT OF INTEREST

None declared.

Figure 9 - Right side of the prostate describing the 
anterior medial artery attached to the prostate after a 
partial nerve-sparing.

Figure 7 - Prostate anatomy describing the arterial landmarks used to guide the nerve-sparing on the right side.

Figure 8 - Posterior view under the prostate illustrating the 
posterior medial artery.
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ABSTRACT
 

Introduction: Bladder and urinary sphincter malfunctioning that results from some 
change in the central and/or peripheral nervous system is defined as neurogenic 
bladder. The urinary tract symptoms that can be related to its filling, emptying, or both 
have a significant impact on the quality of life of individuals. The present review was 
based on the document prepared for the public health system in Brazil as a treatment 
guidelines proposal.
Material and Methods: Survey questions were structured as per PICO (Population, 
Intervention, Control, and Outcome). Search strategies were defined and performed 
in the MEDLINE/Pubmed, Embase, Epistemonikos and Google Scholar databases. The 
selection of articles followed the evidence hierarchy concept; evidence body was 
identified, and the quantitative study data were extracted. The quality of evidence and 
grade of recommendation were qualitatively assessed according to GRADE (Grading of 
Recommendations, Assessment, Development and Evaluations).
Results: A total of 2.707 articles were identified, with 49 of them being selected to 
compose the basis for this review. Neurogenic bladder treatments were classified 
according to their focus on filling or emptying symptoms and sub- classified in 
pharmacological and surgical treatments.
Conclusion: Treatment guidelines are important tools for the public health system to 
promote the best practice when treating neurogenic bladder patients.
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INTRODUCTION

Neurogenic bladder is a term used to 
define bladder and urinary sphincter malfunc-
tioning that results from some change in the 
central nervous system (CNS) and/or peripheral 
nervous system (1-3). In the pediatric popula-

tion, damage often results from congenital and 
perinatal defects, such as cerebral palsy, spinal 
dysraphism, or sacral agenesis. Distinguishing 
between conditions producing stable damage 
(e.g., cerebrovascular accident, spinal cord in-
jury, and cauda equina compression) and con-
ditions generating progressive damage (caused 
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by inflammatory or degenerative processes, 
such as dementias, Parkinson’s disease, multi-
ple sclerosis, and peripheral neuropathy) to the 
nervous system is also possible (2).

 Patients with neurogenic lower urinary 
tract dysfunction have different filling, emp-
tying, or both symptoms (2). The severity of 
neurogenic bladder dysfunction depends on 
many factors, including the neurologic lesion’s 
location, nature, extension, and progression. 
Urinary tract symptoms have a significant im-
pact on the quality of life of individuals, with 
urinary incontinence being the most expressive. 
Neurogenic urinary incontinence usually results 
from bladder overactivity, urethral sphincter 
dysfunction, or a combination of them (1).

 Figure 1 shows the Functional Classi-
fication of neurogenic voiding disorders based 
on detrusor functioning and urethral sphincter 
characteristics (4).

 Medical interventions not necessarily 
restore the regular urinary function, but the 
conducts used to treat a patient’s bladder dys-
function are able to improve their highly im-
pacted quality of life. Yet, many patients will 
have to deal with the side effects from medi-
cations; the social and psychological conse-

quences from the continuous use of absorbing 
devices; intermittent self-catheterization or 
permanent catheterization; urethral slings; and 
artificial sphincter (2).

 The appropriate neurogenic bladder the-
rapy and the successful treatment outcome are 
the result of an accurate diagnosis based on the 
patient’s clinical history, physical examination, 
voiding diary, as well as a variety of complemen-
tary tests, including urodynamics and imaging (1).

MATERIALS AND METHODS

 The present review was based on the do-
cument prepared for the Brazilian Public Health 
System (SUS) as a treatment guidelines proposal.

 The authors identified and defined the te-
chnologies to be considered in the recommenda-
tions document, which did not include technolo-
gies and treatments previously available at SUS. 
Because these previously available technologies 
represent the conventional clinical practice, it 
was decided that those treatment or follow-up re-
commendations would not have a defined survey 
question, except in cases of current uncertainties 
about their use, cases of disuse, or opportunities 
of divestment. There were no restrictions on the 

Figure 1 - Functional classification of neurogenic voiding disorders: combination of detrusor - sphincter dysfunction secondary 
to damage to the innervation of the lower urinary tract that provides the basis for the current therapeutic concepts.
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number of treatments to be listed.
 The document exclusively covered the 

treatments provided to neurogenic bladder pa-
tients. Therefore, no new considerations or to-
pics about diagnosis resources were included in 
the current text. The authors selected survey ques-
tions structured as per PICO (Population, Interven-
tion, Control, and Outcome):

1 - How effective and safe oxybutynin, 
tolterodine, solifenacin, and darifenacin 
are in neurogenic bladder patients?
2 - How effective and safe botulinum toxin 
(onabotulinumtoxin A - Botox®) is in neu-
rogenic bladder patients?
3 - How effective and safe surgical treat-
ment with a sling is in neurogenic bladder 
patients?
4 - How effective and safe the artificial 
urinary sphincter is in neurogenic bladder 
patients?
5 - Is there scientific evidence to support 
the use of hydrophilic catheters in adult 
neurogenic bladder patients?
 The team of methodologists worked to 

design search strategies for MEDLINE/Pubmed 
and Embase databases. Epistemonikos and Goo-
gle Scholar databases were also used to validate 
the findings during the search on the primary da-
tabases. The search effort was limited to articles 
published in English, French, and Portuguese. The 
terms used in the search strategy and the details 
are found in the Appendix.

 The selection of articles followed the evi-
dence hierarchy concept. Once the evidence body 
was identified, the quantitative study data was 
extracted. The characteristics of the selected stu-
dies were defined in order of importance for the 
interpretation of findings. Both study characteris-
tics and key outcomes as defined in the survey 
question were extracted. The risk of bias in sys-
tematic reviews was evaluated with the use of A 
MeaSurement Tool to Assess systematic Reviews 
2 (AMSTAR-2) in randomized clinical trials using 
Cochrane’s bias risk tool, and in cases of observa-
tional studies, with the use of the Newcastle-Otta-
wa tool and the Quality Assessment of Diagnostic 
Accuracy Studies 2 (QUADAS-2) (5-8).

 The quality of evidence and grade of re-

commendation were qualitatively assessed accor-
ding to GRADE (Grading of Recommendations, 
Assessment, Development and Evaluations) cri-
teria during the recommendation consensus me-
eting (9). The panel specialist’s conclusions were 
presented in the end of the paragraph correspon-
ding to the treatment recommendation.

RESULTS

 Two thousand seven hundred seven papers 
fulfilling the search criteria were identified. In-
complete texts, abstracts, and articles on repeated 
or duplicated topics were excluded. After a full 
reading, the articles to compose the database for 
the present review were selected according to 
their scientific level of evidence and relevance 
for the clinical practice. When two or more ar-
ticles addressed the same topic, the most recent 
and most complete one was selected. Although 
many of the articles available in the literature 
had unarguable scientific and clinical relevance, 
the huge number made it impossible to inclu-
de several of the publications, with 49 articles 
being finally selected.

 Once the articles were selected, the au-
thors reviewed them and wrote texts according 
to the topics for which they were designated. All 
summaries were presented in a joint session, and 
after a discussion and approval, a compilation and 
adjustment process led to the present text.

DISCUSSION

Filling dysfunction
Bladder

Behavioral therapy
Behavioral and physical treatments may 

only be prescribed after the patient is evalua-
ted by a specialist. Prescribed behavioral ac-
tions must be associated with patient, family 
and caregiver education about the neurogenic 
dysfunction. The specific physical therapy for 
the urinary system has restricted indication to 
patients with neurogenic voiding dysfunction. 
The Specific Physiotherapy is a restricted treat-
ment in patients with neurogenic lower urinary 
tract dysfunction (NLUTD). Although the results 
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are promising, it is important to recognize that 
there are no standard treatment regarding the 
parameters, frequency and electrodes position 
in different neurological disorders. Transcuta-
neous electrical nerve stimulation (TENS) may be 
effective, also demonstrate positive results by the 
urodynamic study findings, urinary tract symp-
toms and quality of life (10-13). Systematics re-
views describes favorable effects of sacral and 
posterior tibial nerve stimulation to treat patients 
with NLUTD however there is a low quality of 
evidences. For measurable results about that tre-
atment reliable, randomized and controlled stu-
dies are required (13). (Grade of recommendation: 
Weak; Quality of evidence: Low)

Pharmacological treatment
  The pharmacological treatment 

of the bladder factor in the neurogenic voiding 
dysfunction is performed in situations where 
detrusor overactivity is present. To date, there 
is not a recommendation for the use of drugs 
to treat neurogenic detrusor underactivity. The 
pharmacologic arsenal for the treatment of ove-

ractive bladder/detrusor overactivity involves 
antimuscarinic (or anticholinergic) drugs and 
beta-3 adrenergic receptor agonists (Figure-2).

  Antimuscarinic drugs
   Antimuscarinic drugs act 

by competitively inhibiting the muscarinic recep-
tors (M2 and M3) in the bladder wall, which leads 
to detrusor muscle relaxation, intravesical pressu-
re reduction, and as a result, increased cystome-
tric capacity and decreased urinary incontinence 
secondary to detrusor overactivity (1-3, 14-16). 
Treatment response among patients is variable. 
Oftentimes, high doses or combined drugs are re-
quired to control symptoms, which lead to side 
effects that frequently result in treatment discon-
tinuation (1, 17).

 The main drugs currently available in 
Brazil are oxybutynin, tolterodine, solifenacin, 
and darifenacin. However, there is little scien-
tific evidence of these drug’s efficacy and safe-
ty as well as which of them would be optimal 
for the treatment of overactive bladder in adult 
neurogenic patients (1-3, 14).

 There are no studies directly comparing 
the four antimuscarinic drugs considered here 
(darifenacin, oxybutynin, tolterodine, and so-
lifenacin). Therefore, recommending a specific 
antimuscarinic drug is not possible. The selec-
tion must take into consideration the cost of ac-
quisition and the safety profile for each one (1, 
2, 14, 15) (Grade of recommendation: Strong; 
Quality of evidence: High)

Oxybutynin
 Oxybutynin has antimuscarinic, antis-

pasmodic, and local anesthetic effects. It has 
high affinity with M1 and M3 muscarinic re-
ceptors and with salivary glands, resulting in 
a major incidence of a dry mouth feeling with 
its use, which leads to a high treatment dropout 
rate (14-22). Oxybutynin is available as 5mg 
immediate-release tablets and 10mg extended-
-release tablets. The recommended daily dose 
is up to 15mg, depending on the tolerance and 
treatment response. Oxybutynin at ≥10mg/d 
doses showed a poorer adverse event profile.

Figure 2 - Muscarinic and adrenergic receptors of the bladder
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Tolterodine
 Tolterodine is a non-selective antimusca-

rinic drug that has higher affinity with bladder re-
ceptors than with salivary and intestinal gland re-
ceptors, and therefore, it causes a lower feeling of 
dry mouth and less constipation when compared 
with oxybutynin. The extended-release formula-
tion shows superior efficacy with fewer adverse 
effects (14-16, 23, 24). Tolterodine is available as 
4mg extended-release capsules. The recommended 
daily dose is 4mg.

Solifenacin
 Solifenacin is an antimuscarinic drug 

that has higher affinity with M1 and M3 recep-
tors and low incidence of dry mouth (14-16, 25). 
Solifenacin is available as 5- and 10mg exten-
ded-release tablets. The recommended daily dose 
is up to 10mg, depending on the tolerance and 
treatment response.

Darifenacin
 Darifenacin is a more selective antimus-

carinic drug for M3 receptors, showing little 
affinity with M1 and M2 receptors (14-16, 26). 
Darifenacin is available as 7.5- and 15mg exten-
ded-release tablets. The recommended daily dose 
is up to 15mg, depending on the tolerance and 
treatment response.

Contraindications for the use of antimuscari-
nic drugs

 The absolute contraindications for the use 
of antimuscarinic drugs include urinary retention 
(if not included in an intermittent self-catheteriza-
tion program), gastric retention, acute-angle glau-
coma, and known hypersensitivity to the drug. 
The relative contraindications include partial obs-
truction of bladder emptying, renal and/or hepatic 
impairment, excessive use of alcohol, decreased 
gastrointestinal motility, constipation, and myas-
thenia gravis (14-16).

Adverse events
 Randomized clinical trial systematic re-

views found that oral antimuscarinics yield a sig-
nificant increase of the incidence of dry mouth. 
Other adverse events are significantly frequent, 

when antimuscarinic drugs and placebo are com-
pared - blurred vision, constipation, erythema, 
fatigue, profuse sweating, and urinary retention 
(14, 15). With regard to treatment discontinuation 
rate due to adverse effects, all of the evaluated 
antimuscarinics showed to be similar (darifena-
cin, solifenacin, tolterodine), except immediate-
-release oxybutynin that showed a higher rate of 
discontinuation (27, 28). Better quality-of-life re-
sults are observed in groups on extended-release 
than immediate-release formulations (14-16). The 
persistence and adherence to treatment with an-
timuscarinics, i.e., the time elapsed from onset to 
discontinuation and in which the usage dose and 
interval are followed as prescribed, respectively, 
are the lowest among the chronic-use medications 
for several diseases (27). Discontinuation reaches 
higher than 80% levels in one year (29). Cognitive 
changes can occur with the use of antimuscarinics. 
Recently, published studies have demonstrated the 
correlation of these drugs with cognitive disorders 
(30). Careful use in elderly patients and those with 
a history of mental illness should be considered.

Beta 3-adrenergic agonist
 Mirabegron - the only Beta 3-adrenergic 

agonist representative - cannot be recommended 
or contraindicated in detriment to antimuscarinics 
as the first choice of oral drug treatment because 
there is no evidence supporting this recommenda-
tion yet (31-34). (Figure-2) (Grade of recommen-
dation: Conditional; Quality of evidence: Low)

 Studies evaluating mirabegron showed 
efficacy in controlling incontinence symptoms 
in patients with spinal cord injury and multiple 
sclerosis (31-34). However, it is worth highlighting 
that two of these studies were case series without 
a comparator group of which outcomes were only 
significant in relation to the baseline result. In 
neurogenic voiding dysfunction patients, mirabe-
gron showed significant reductions in the number 
of daily micturition and reduction of incontinence 
episodes over 24 hours (31). It is important to stress 
that one of these studies only showed a significant 
difference in the results of micturition episodes, 
urgency episodes, and mean number of inconti-
nence episodes when mirabegron was associated 
with desmopressin (32). No significant difference 
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was observed in micturition results in relation to 
the study baseline when mirabegron was used as 
monotherapy. Recently, the use of mirabegron has 
been evaluated in patients with multiple sclerosis 
and spinal cord injury. There was an improvement 
in bladder compliance and a reduction in inconti-
nence episodes with beta 3 adrenergic (33, 34).

 The adverse events observed with the use 
of mirabegron are, in general, well tolerated. Arte-
rial hypertension, tachycardia, urinary infections, 
dizziness, and headache are the most commonly 
observed adverse events following mirabegron 
administration (35). Patients with controlled ar-
terial hypertension must be monitored previously 
to the treatment and periodically during the use 
of the beta 3-adrenergic medication (35, 36). The 
concomitant use of beta 1 and beta 2-adrenergic 
blockers is not contraindicated when mirabegron 
is administered (35, 36).

 Mirabegron shows a lower discontinua-
tion rate and a longer persistence period than an-
timuscarinic drugs (28). The mirabegron dose is 
recommended to be adjusted in patients with kid-
ney and liver failure, and because it inhibits the 
enzyme CYP, caution should be taken in patients 
on digoxin and metoprolol (35, 36).

Surgical treatment
 Botulinum toxin
 Botulinum toxin type A injection into the 

bladder wall is recommended in adult patients 
with refractory neurogenic detrusor overactivity 
where behavioral, physiotherapeutic, and drug 
therapies reveal to be ineffective or poorly tole-
rated (37-44) (Grade of recommendation: Strong; 
Quality of evidence: High).

 The effects of the intravesical botulinum 
toxin injection have been demonstrated in both 
restoring detrusor stability and consequent re-
sumption of urinary continence and protecting 
the upper urinary tract by avoiding the delete-
rious effects on kidneys caused by bladder hyper-
tension (45-47).

Pre-op preparation
 An urodynamic exam is indicated for eva-

luation of the bladder-sphincter functioning. In 
addition, it allows evidencing bladder complian-

ce, urinary continence condition, and the bladder 
emptying phase. The upper urinary tract must be 
preferably evaluated using ultrasound and perti-
nent laboratory tests (48, 49). The general clini-
cal evaluation and pre-op tests must be perfor-
med according to the good clinical practices. All 
neurogenic detrusor overactivity patients that are 
eligible to botulinum toxin intravesical injection, 
or their caregivers, must be evaluated for their 
manual dexterity and appropriate cognitive func-
tion and accept the possibility of intermittent self-
-catheterization as a bladder emptying method. 
One out of four patients with neurogenic detrusor 
overactivity will develop urinary retention and 
need of intermittent self-catheterization (48, 49). 
As many patients already use intermittent self-ca-
theterization, this minimizes the problem of post-
-op urinary retention in this patient population.

Technique and dosage
 Botulinum toxin is injected into the de-

trusor muscle through cystoscopy, and general 
anesthesia or sedation may be performed (50). In 
patients with spinal cord injury, particularly those 
with a lesion at the thoracic or cervical level, ge-
neral anesthesia is required in order to reduce the 
risk of autonomic dysreflexia. For the rest of cases, 
it is possible to carry out the procedure under local 
anesthesia (50, 51). For individuals with neuroge-
nic detrusor overactivity, the recommended dose 
is 200U, with the possibility of using the 300U 
dose at the injecting physician’s discretion (52). 
The injection is performed into 20-30 equidistant 
detrusor sites (Figure-3). The trigone is usually 
spared due to the theoretical risk of vesicoureteral 
reflux, although the publications have not proven 
this effect yet (53). Neither have additional effects 
been observed when including the trigone in the 
injection sites (54).

Monitoring
 The procedure is usually performed in an 

outpatient manner. On average, botulinum toxin 
effect begins two weeks after injection. Within 
this period, the residual volume must be monito-
red, either by ultrasound or bladder catheteriza-
tion. In patients that do not perform catheteriza-
tion, if the residual volume is higher than 150mL, 
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Side effects
 Urinary tract infection and urinary re-

tention are the most frequently observed adver-
se effects in patients with detrusor overactivity 
undergoing treatment with botulinum toxin (53, 
55). Other reported adverse events are less fre-
quent, and they include procedure-related pain, 
macroscopic hematuria and autonomic dysfunc-
tion, generalized weakness, asthenia, malaise, 
and flu-like symptoms (55). There is no increase 
of the number of adverse event cases by repea-
ting the botulinum toxin injection (53).

Bladder augmentation - Ente-
rocystoplasty

  The surgical bladder augmenta-
tion is indicated for the treatment of neuroge-
nic detrusor overactivity when the intravesical 
botulinum toxin injection fails or in cases of 
low bladder compliance. The objective of blad-
der augmentation is to increase bladder capaci-
ty and compliance, and with this, to reestablish 
urinary continence and protect the upper uri-
nary tract against potential deleterious effects 
of high vesical pressure or chronic urinary re-
tention (56-58). Any intestinal segment - either 

Figure 3 - Botulinum toxin injection sites into bladder. (Image 
courtesy of Allergan, an AbbVie company)

establishing the intermittent self-catheterization is 
suggested (48, 49). There is not a fixed schedule 
for periodical evaluations. Botulinum toxin must 
be re-injected when recurrence of urinary symp-
toms, especially urinary incontinence is verified 
(on average, 9 months). The minimal interval for 
botulinum toxin re-injection is 12 weeks, so that 
anti-toxin antibody formation is not induced (48).

Figure 4: A) Enterocystoplasty procedure: open bladder (appearance of an open scallop or clam) with the Foley catheter 
and detubulized ileum segment being anastomosed to the bladder; B) Cystouretrography before the enterocystoplasty: 
trabeculated bladder with multiple diverticulae; C) Cystouretrography after the enterocystoplasty.
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of the small intestine or colon - and even a 
portion of the stomach may be used in blad-
der augmentation (Figure-4). Problems related 
to fluid reabsorption led to the complete aban-
donment of the use of jejunum for this practice. 
Ileum is the intestinal portion of choice to sur-
gically augment the bladder (enterocystoplas-
ty). Cecum, colon, and sigmoid are alternatives 
(56). (Grade of recommendation: Strong; Quali-
ty of evidence: Moderate).

 There are few studies and limited evi-
dence on bladder auto-augmentation, and most 
of them are in a pediatric population. The suc-
cess rate for neurogenic detrusor overactivity 
cases is 50%, against 92% success with ente-
rocystoplasty (59, 60).

Contraindications for enterocystoplasty
 The existence of intrinsic intestinal disease 

(e.g., Chron’s disease), post-radiotherapy intestinal 
abnormalities, inability for or non-acceptance of 
intermittent self-catheterization are contraindica-
tions for enterocystoplasty. Partial kidney failure 
is seen as a relative contraindication, once most 
of neurogenic bladder-sphincter dysfunction pa-
tients maintain the renal function stable, and in 
some cases, they even show a reduction in the 
renal function decline speed following a bladder 
augmentation (56).

Pre-op preparation
 An evaluation of the patient’s clinical 

and psychiatric conditions and certification of 
the acceptance of intermittent self-catheteriza-
tion (26-100% need intermittent self-catheteri-
zation post-operatively) are required, as well as 
guidance on the potential need for future inter-
ventions to achieve urinary continence (56). The 
upper urinary tract functioning must be verified 
through laboratory tests and imaging methods. 
Intestinal preparation must be individualized, in 
accordance with each patient’s evacuation pat-
tern. The current trend is not to perform an ex-
tensive intestinal preparation, except in major 
bowel repletion cases.

Post-op follow-up
 There may be a demand of approximate-

ly three months to adapt to the new functional 
pattern. Six months following the surgery, a cys-
tography and an urodynamic study must be per-
formed. If there is good capacity, compliance and 
good bladder emptying, a urinary tract ultrasound 
must be performed every six months. An abdo-
men x-ray exam must be performed every at least 
two years to identify bladder stones (56). In case 
of ileocystoplasty, a metabolic evaluation through 
laboratory tests must be performed if metabolic 
acidosis symptoms are identified (56, 58). From 
the fifth year following bladder augmentation on, 
an annual cystoscopy helps in the early identifica-
tion of malignant neoplasms (56).

Complications
 The use of small bowel segment usually 

does not lead to changes in the digestive and in-
testinal absorptive processes. However, approxi-
mately one third of bladder-sphincter dysfunction 
patients undergoing enterocystoplasty progress 
with increased evacuation frequency, while one 
quarter shows post-enterocystoplasty fecal incon-
tinence (61). The use of a more extensive intestinal 
segment of the ileus terminal portion may lead to 
a change of vitamin-B12 absorption, and as a re-
sult, anemia. Hematologic monitoring is required 
in the post-op follow-up (62, 63).

 With regard to complications resulting 
from the intracavitary surgical approach, appro-
ximately 10% of patients will have intestinal obs-
truction due to post-ileocystoplasty adherence. 
Spontaneous perforation occurs in 5-10% of bla-
dder augmentations, usually in the intestinal seg-
ment used for augmentation or in the anastomosis 
area with primitive bladder (60, 61, 64). The most 
common cause is the increase of intra-reservoir 
pressure secondary to drainage deficit. The diag-
nosis is based on clinical symptoms and imaging 
studies, such as ultrasound and cystography. It is 
worth highlighting that up to 20% of perforation 
cases may have a false negative result upon cys-
tography (65). Minor leakages may be conducted 
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conservatively with vesical drainage with a cathe-
ter. Situations with a higher urinary output to the 
pelvic and peritoneal cavity must be managed by 
surgical approach.

 The formation of bladder stones is more 
likely to occur the longer the time elapsed sin-
ce bladder augmentation. The likelihood of 
bladder stone formation is higher in cases in 
which bladder augmentation and urinary di-
version are associated, such as Mitrofanoff 
conduit. The chances of bladder calculi recur-
rence within two years are 30% (65). Perio-
dic bladder irrigation does not seem to reduce 
stone formation (66). When there is a urinary 
diversion, endoscopic handling becomes limi-
ted and the chances of residual fragments in-
crease.

 Asymptomatic bacteriuria occurs in 50-
100% of patients following bladder augmentation; 
however, symptomatic infections are observed in 
4-43% only (56, 65).

 The late development of malignant ne-
oplasms in patients with bladder augmentation 
due to neurogenic dysfunction is relatively rare 
and less frequent when compared with diversions 
such as ileal conduit and ureterosigmoidostomy. 
Periodic evaluation by cystoscopy five years from 
bladder augmentation and collection of oncotic 
cytology may be used in the diagnostic evaluation 
of this complication (65).

 Metabolic disorders following bladder 
augmentation result from the absorption of subs-
tances present in the urine by the intestinal muco-
sa, such as water, sodium, hydrogen ion, ammo-
nia and chloride, and the increased excretion of 
potassium and bicarbonate. As a result, in ente-
rocystoplasty, there is a risk of developing hyper-
chloremic metabolic acidosis (67). Most patients 
undergoing enterocystoplasty are asymptomatic. 
When patients become symptomatic, oral admi-
nistration of sodium bicarbonate is indicated to 
control the metabolic acidosis. Bone complica-
tions secondary to chronic acidosis is more fre-
quently observed in children undergoing bladder 
augmentation. In adults, bone complications are 
less significant. Segments that are less commonly 
used in bladder, jejunum and colon augmentation, 

respectively, lead to higher water absorption and 
hyperchloremic metabolic alkalosis (67).

Sacral Neuromodulation
 Sacral neuromodulation has been evalu-

ated in patients with neurogenic bladder (68-
70). Its use in this category of patients, however, 
is still debatable. There are case series that show 
some results in selected patients. However, the-
re is a lack of randomized studies and interna-
tional guidelines do not recommend its routine 
use. (70) (Grade of recommendation: Conditio-
nal; Quality of evidence: Low).

Sphincter
Pharmacological treatment
 A number of drugs, including alpha-adre-

nergic agonists, estrogens and tricyclic antide-
pressants, and duloxetine may be used to increase 
the resistance to urine output. However, there are 
no studies showing high-level evidence in neu-
rologic patients (71). (Grade of recommendation: 
Weak; Quality of evidence: Low)

Surgical treatment
Slings

  Autologous fascial sling surgery 
is recommended for individuals with neurogenic 
stress incontinence. Sling is a treatment of choi-
ce for women with neurogenic urethral sphincter 
failure. Studies evaluating slings (puboprostatic, 
transobturator, TVT, pubovaginal) associated with 
bladder augmentation or associated with intrade-
trusor botulinum toxin injection showed favora-
ble incontinence control results (72-79). One stu-
dy comparing TVT and pubovaginal (PVS) slings 
showed similar failure rates in both interventions. 
Some quality-of-life domains were better in the 
PVS group than in the TVT group (79). However, 
due to the lack of a control group in most stu-
dies as well as the low methodological quality and 
small population, recommending one type of sling 
over the other is not possible. Thus, the aponeu-
rotic sling is preferably recommended for women 
with neurogenic incontinence (77). (Grade of Re-
commendation: Strong [for women]; Quality of 
Evidence: Moderate [for women]).
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 A systematic review published in 2016 
included 15 non-randomized studies that used 
male urethral slings to treat neurogenic urinary 
incontinence. Of the 108 men included in those 
studies, 26 were treated with synthetic slings. 
The average success rate was 58%. Complica-
tions occurred in 14% of cases, with surgical re-
-interventions in 7%. There was no statistically 
significant difference in the success rate when 
compared the sling technique and artificial uri-
nary sphincter implant. However, more surgical 
re-interventions were necessary after implanta-
tion of artificial sphincter compared to slings 
(n=8 studies, mean=51±25% vs. n=14 studies, 
mean=7±9%; P <0.003) (80). For men with neu-
rogenic sphincter deficiency, the use of slings 
seems to have modest results, and new studies 
with a higher level of scientific evidence to de-
monstrate their efficacy are needed (Grade of 
recommendation: Conditional [for men]; Quali-
ty of evidence: Low [for men]).

Artificial urinary sphincter
 Artificial urinary sphincter is recom-

mended for individuals with neurogenic urethral 
sphincter failure. This is the procedure of choice 
in males with this dysfunction. Patients using arti-
ficial sphincters - the most consistently studied is 
AMS 800® - usually have high rates of continence 
(ranging from 70-92%) post-surgery (81-96). The 
most frequent adverse events were infection, ero-
sion, and re-operation (92-96). There are no stu-
dies comparing two different sphincter models nor 
comparing them with slings (76). Therefore, based 
on the current clinical practice, the use of AMS 
800® sphincter is recommended in adult patients 
with neurogenic urethral sphincter failure (Grade 
of recommendation: Strong; Quality of evidence: 
Moderate).

 It is advisable to monitor the upper uri-
nary tract following artificial urinary sphinc-
ter surgery (e.g., performing annual ultrasound 
exams), as some individuals may have their 
bladder filling function deteriorated after treat-
ment of neurogenic stress urinary incontinence.

Emptying dysfunction
Bladder

Pharmacological treatment
 In those patients with underactive detru-

sor, the use of drugs that improve detrusor con-
tractility has already been researched. However, 
its use in clinical practice is controversial and 
there is insufficient evidence to recommend its 
routine use to improve bladder emptying (97). 
(Grade of recommendation: Weak; Quality of 
evidence: Low).

Intermittent catheterization (IC)/Inter-
mittent self-catheterization (ISC)

 Intermittent catheterization is the periodic 
bladder emptying method in which a catheter is 
introduced through the urethra or through a ca-
theterizable conduit (such as Mitrofanoff or Monti 
conduits) to the bladder or urinary reservoirs. This 
is the procedure of choice for neurogenic lower 
urinary tract dysfunction with incomplete blad-
der emptying due to detrusor contraction deficit, 
or temporary or permanent urethral sphincter re-
laxation difficulty (98-107). In individuals with 
neurogenic bladder dysfunction, intermittent 
self-catheterization significantly reduces com-
plications, such as urinary infection (UTI), fistu-
las, vesicoureteral reflux, urethral stenosis, and 
hydronephrosis. Furthermore, ISC leads to redu-
ced morbidity and mortality, in addition to con-
siderably improving the quality of life (100, 102). 
Hydrophilic catheters were designed to facilitate 
the intermittent self-catheterization technique, 
thereby providing patients with higher comfort 
and reducing the complication rates. Hydrophi-
lic catheters, despite the cost barrier in our com-
munity, have been associated with lower rates of 
symptomatic urinary infection, even in the acute 
spinal shock phase and hematuria, when compa-
red with PVC catheters (101, 105, 106). Systema-
tic reviews and meta-analyses revealed favorable 
urinary infection and hematuria outcomes with 
the use of hydrophilic catheters when compared 
with PVC catheters (102, 106). Therefore, the use 
of low friction catheter is suggested in patients 
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showing repetitive infections and with previous 
urethral lesions. A pharmacologic-economic stu-
dy conducted in Brazil showed that the hydrophi-
lic catheter is cost-effective for a spinal cord in-
jury population from the perspective of the public 
health system (107). (Grade of recommendation: 
Strong; Quality of evidence: Moderate)

 The frequency of the intermittent self-
-catheterization performance is determined by the 
data obtained from the voiding diary. It depends 
on the patient’s bladder functional capacity; fluid 
ingestion; urodynamic parameters, such as blad-
der compliance; filling pressure; presence achie-
ved in involuntary contractions; efficacy of the 
drugs used; presence and availability of a caregi-
ver; etc. It is important that the drained volume 
is not superior to 400mL and must be regularly 
verified (108, 109). Some factors may limit the 
performance of intermittent self-catheterization, 
such as obesity (mainly among women), urethral 
lesions (diverticula and stenosis), motor sequels, 
tremor or manual difficulty, cognitive impair-
ment, lower limb hypertonia, hip prosthesis, neu-
ropathic pain, etc.

 Despite the controversies, the use of pro-
phylactic antibiotics is not recommended, once 
there is no evidence that it may reduce the in-
cidence of symptomatic urinary infection episo-
des, although it reduces the incidence of asymp-
tomatic bacteriuria. However, asymptomatic 
bacteriuria should not be treated, except when 
the patient undergoes surgical or endoscopic 
handling (102, 105).

Intermittent self-catheterization complications
 Intermittent self-catheterization is not free 

of risks and complications. The most commonly 
seen complications include urinary infections, ble-
eding upon handling, and urethral lesions (108).

 The most frequent complication from in-
termittent self-catheterization is urinary tract in-
fection (UTI). The prevalence of UTI associated 
with intermittent self-catheterization is highly 
variable in the Urology literature. This is due to 
the different criteria used (109-111). Case series 
with long-term follow-ups show that 42% of pa-
tients will have recurrent or persistent UTI (112). 

It should be emphasized that the treatment of UTI 
should only be carried out when symptoms are 
present (113). Intravesical instillation of antibio-
tics after catheterization and the use of prophylac-
tic low-dose oral antibiotic have been the subject 
of some studies; however, the results are conflic-
ting (114-116). The use of oral ascorbic acid only 
seems to be helpful in association with antimicro-
bial agents (117).

 Urethral trauma with the presence of blee-
ding is often observed on the onset of intermittent 
self-catheterization, but it may persist in up to 30-
60% of patients in late phases (118-120). Mucosa 
injury with false passage is also a frequent com-
plication, which may occur due to the presence of 
urethral stenosis, detrusor-sphincter dyssynergia 
and increased prostatic volume. Urethral stenosis 
is a late complication - on average, five years after 
the onset of intermittent self-catheterization (119). 
The low resistance caused by the catheter surface 
with hydrophilic coating has been related to the 
prevention of urethral complications with signifi-
cant reduction of hematuria episodes (118).

Sphincter
Pharmacological treatment
 Alpha-blockers may be initially used to 

reduce sphincter resistance and avoid autonomic 
dysreflexia, although their use is controversial, 
and their results are limited (121). (Grade of re-
commendation: Weak; Quality of evidence: Low)

Surgical treatment - Sphincterotomy
 Sphincterotomy is one of the options to 

treat the incomplete bladder emptying in indi-
viduals with neurogenic bladder and should be 
considered when intermittent self-catheteriza-
tion is not an option, particularly when there 
is a risk of upper urinary tract injury (122-126). 
(Grade of recommendation: Strong, Quality of 
evidence: Moderate)

 A randomized study and a prospective co-
hort compared sphincterotomy with urethral stent 
and urethral balloon. Sphincterotomy showed sig-
nificant results in reducing the voiding pressure 
and residual post-voiding volume three, six, and 
12 months from the procedure in relation to the 
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pre-procedure period. There was no significant 
difference for micturition outcomes between the 
groups (122, 123). However, the hospitalization 
time, surgery duration, and post-procedure blee-
ding were significantly higher in the sphinctero-
tomy group (122).

 This technique is contraindicated for both 
women and men with bladder acontratility or una-
ble to adapt to a urine collecting system and it has 
the potential to limit human reproduction (male 
factor). Studies evaluating the urethral sphinc-
terotomy showed high success rates in reducing 
hydronephrosis or bilateral reflux; urinary infec-
tion; autonomic dysreflexia; increased bladder 
emptying; reduction of lost detrusor pressure; and 
reduction of voiding pressure (124-126). However, 
this procedure leads to some complications such 
as hematuria, bacteremia, recurrent urinary infec-
tion, high residual volume, and autonomic dysre-
flexia, in addition to failures such as incomplete 
sphincterotomy, perineal spasticity, colon sclero-
sis; re-operation; urethral stenosis, and smooth 
sphincter dyssynergia (124-126).

Monitoring Neuro-Urological dysfunc-
tions

Neuro-urological disorders are often uns-
table, and their symptoms may vary considerably, 
even within a relatively short period. For this re-
ason, a regular follow-up is required. The main 
problems relative to neurogenic lower urinary 
tract dysfunctions are kidney failure, uretero-
hydronephrosis, recurrent urinary infection, and 
impaired quality of life due to incontinence and 
bladder emptying difficulty. Patient’s monitoring 
has the purpose of avoiding the frequent infec-
tions, impeding renal lesion, and improving the 
patient’s quality of life. Depending on the type of 
underlying neurological pathology and the cur-
rent symptom stability, the interval between ini-
tial and control investigations may vary; in many 
cases, it should not exceed one to two years. In 
high-risk patients (ex: high intravesical pressure), 
this interval should be shorter (1-3).

 Measuring blood creatinine and calcula-
ting the glomerular filtration (GF) rate yields a re-
asonable estimate of the renal function, with low 
cost. Creatinine clearance provides a more accu-

rate evaluation, but it involves a 24-hour urine 
collection to estimate creatinine excretion. Spe-
cial care should be taken in incomplete collection 
cases, as it may result in underestimation of the 
renal function. GF rate is more accurately obtai-
ned with renal scintigraphy, which is especially 
recommended when a low renal function is found 
and in high-risk patients (3). Urine test does not 
need to be a routine examination; it should be 
especially guided by the patient’s symptoms (1).

 The upper urinary tract must be monito-
red by ultrasound at regular intervals - every six 
months in high-risk patients (1).

 Urodynamic exam must be performed in 
patients with lower urinary tract symptoms, par-
ticularly in cases where there is a risk of renal 
complications. The exam may be repeated depen-
ding on risk factors that might reflect on the upper 
urinary tract functioning (1, 2, 127, 128). It is a 
fact that the indication for a urodynamic evalua-
tion must be made according to the good medical 
practice criteria when the symptoms do not allow 
a clear diagnosis or when the empiric treatment 
fails, as well as in cases where more invasive tre-
atments are needed (3, 129, 130).

 It is reasonable that any clinical changes 
or changes in the control tests require investiga-
tion and specialized, targeted treatment. However, 
we lack studies with high level of evidence on this 
topic, and each recommendation must be seen on 
an individual basis (1-3, 131). (Grade of recom-
mendation: Strong, Quality of evidence: Low).
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APPENDIX 1 – SEARCH STRATEGY Appendix 1 – Search strategy 
 
Question 1: How effective and safe oxybutynin, tolterodine, solifenacin, and 
darifenacin are in neurogenic bladder patients? 
 
1) Search strategy  
 
MEDLINE / Pubmed: 
 (("Urinary Bladder, Neurogenic"[Mesh] OR Neurogenic Urinary Bladder OR 
Neurogenic Bladder)) AND ((((("oxybutynin" [Supplementary Concept] OR 
oxybutynin)) OR ("Tolterodine Tartrate"[Mesh] OR Tolterodine)) OR ("Solifenacin 
Succinate"[Mesh] OR Solifenacin)) OR ("darifenacin"[Supplementary Concept] OR 
darifenacin)) 
 
Access date: 27/Oct/2017  
 
Total: 254 references 
 
EMBASE: 
 ('neurogenic bladder'/exp OR 'neurogenic bladder' OR 'neurogenic urinary bladder') 
AND (('oxybutynin'/exp OR 'oxybutynin' OR 'tolterodine'/exp OR 'tolterodine' OR 
'solifenacin'/exp OR 'solifenacin' OR 'darifenacin'/exp OR 'darifenacin') AND 
[embase]/lim) 
 
Access date: 27/Oct/2017  
 
Total: 574 references 
 
2) Selection of evidence 
Only randomized clinical trials and systematic reviews of randomized controlled trials, 
which compared the antimuscarinics tolterodine, solifenacin, oxybutynin and 
darifenacin with placebo, with each other or with other antimuscarinics, were 
considered eligible. 
828 references were retrieved through the search strategies (254 Medline and 574 
Embase). 133 duplicates were removed. After removing duplicates, 625 references were 
evaluated by reading titles and abstracts. 590 references were excluded, leaving 35 
references for the complete reading. After full reading 28 studies were excluded: two 
systematic reviews without meta-analysis; a systematic review with meta-analysis, but 
with incomplete quantitative analysis and most meta-analyzes with only one study; two 
clinical studies conducted in patients with non-neurogenic overactive bladder and 23 
observational studies. Thus, seven randomized clinicians (23, 25, 17-19, 21, 22), 
retrieved by the search above, and two more randomized clinical studies retrieved by 
manual search (20, 24), totaling 9 references, were included. 
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Question 2: How effective and safe botulinum toxin (onabotulinumtoxin A - 
Botox®) is in neurogenic bladder patients? 
 
1) Search strategy 
MEDLINE / Pubmed: 
((((("Urinary Bladder, Neurogenic"[Mesh] OR "Neurogenic Urinary Bladder" OR 
"Bladder, Neurogenic" OR "Neurogenic Bladder" OR "Urinary Bladder Neurogenic 
Dysfunction" OR "Neurogenic Dysfunction of the Urinary Bladder" OR "Neurogenic 
Urinary Bladder Disorder" OR "Neuropathic Bladder" OR "Urinary Bladder Disorder, 
Neurogenic" OR "Bladder Disorder, Neurogenic" OR "Neurogenic Bladder Disorders" 
OR "Neurogenic Bladder Disorder" OR "Urinary Bladder Neurogenesis" OR 
"Neurogenesis, Urinary Bladder" OR "Bladder Neurogenesis" OR "Neurogenesis, 
Bladder" OR "Neurogenic Urinary Bladder, Atonic" OR "Neurogenic Bladder, Atonic" 
OR "Atonic Neurogenic Bladder" OR "Neurogenic Urinary Bladder, Spastic" OR 
"Neurogenic Bladder, Spastic" OR "Spastic Neurogenic Bladder" OR "Neurogenic 
Urinary Bladder, Uninhibited" OR "Neurogenic Bladder, Uninhibited" OR "Uninhibited 
Neurogenic Bladder")) AND ("Botulinum Toxin Type A"[Mesh] OR "Botulinum 
Toxins"[Mesh] OR "Clostridium Botulinum Toxin Type A" OR "Clostridium 
botulinum A Toxin" OR "Botulinum A Toxin" OR "Toxin, Botulinum A" OR 
"Botulinum Neurotoxin A" OR "Neurotoxin A, Botulinum" OR "Dysport" OR "Lasa 
Brand of Botulinum A Toxin" OR "Speywood Brand of Botulinum A Toxin" OR "Ispen 
Brand of Botulinum A Toxin" OR "Oculinum" OR "Botox" OR "Merz Brand of 
Botulinum A Toxin" OR "Allergan Brand of Botulinum A Toxin" OR "Toxins, 
Botulinum" OR "Botulinum Toxin" OR "Toxin, Botulinum" OR "Clostridium 
botulinum Toxins" OR "Toxins, Clostridium botulinum" OR "botulinum Toxins, 
Clostridium" OR "Botulin")) AND (((randomized controlled trial[pt] OR controlled 
clinical trial[pt] OR randomized[tiab] OR placebo[tiab] OR drug therapy[sh] OR 
randomly[tiab] OR trial[tiab] OR groups[tiab] NOT (animals [mh] NOT humans 
[mh])))  
 
Total: 423 references 
 
Access date: 23/11Nov/2017 
 
EMBASE: 
('botulinum toxin type a'/exp OR 'botulinum toxin type a' OR 'botulinum toxins'/exp OR 
'botulinum toxins' OR 'clostridium botulinum toxin type a'/exp OR 'clostridium 
botulinum toxin type a' OR 'clostridium botulinum a toxin'/exp OR 'clostridium 
botulinum a toxin' OR 'botulinum a toxin'/exp OR 'botulinum a toxin' OR 'toxin, 
botulinum a' OR 'botulinum neurotoxin a'/exp OR 'botulinum neurotoxin a' OR 
'neurotoxin a, botulinum' OR 'dysport'/exp OR 'dysport' OR 'lasa brand of botulinum a 
toxin' OR 'speywood brand of botulinum a toxin' OR 'ispen brand of botulinum a toxin' 
OR 'oculinum'/exp OR 'oculinum' OR 'botox'/exp OR 'botox' OR 'merz brand of 
botulinum a toxin' OR 'allergan brand of botulinum a toxin' OR 'toxins, botulinum' OR 
'botulinum toxin'/exp OR 'botulinum toxin' OR 'toxin, botulinum' OR 'clostridium 
botulinum toxins' OR 'toxins, clostridium botulinum' OR 'botulinum toxins, clostridium' 
OR 'botulin'/exp OR 'botulin') AND ('urinary bladder, neurogenic'/exp OR 'urinary 
bladder, neurogenic' OR 'neurogenic urinary bladder' OR 'bladder, neurogenic'/exp OR 
'bladder, neurogenic' OR 'neurogenic bladder'/exp OR 'neurogenic bladder' OR 'urinary 
bladder neurogenic dysfunction' OR 'neurogenic dysfunction of the urinary bladder' OR 

Question 2: How effective and safe botulinum toxin (onabotulinumtoxin A - 
Botox®) is in neurogenic bladder patients? 
 
1) Search strategy 
MEDLINE / Pubmed: 
((((("Urinary Bladder, Neurogenic"[Mesh] OR "Neurogenic Urinary Bladder" OR 
"Bladder, Neurogenic" OR "Neurogenic Bladder" OR "Urinary Bladder Neurogenic 
Dysfunction" OR "Neurogenic Dysfunction of the Urinary Bladder" OR "Neurogenic 
Urinary Bladder Disorder" OR "Neuropathic Bladder" OR "Urinary Bladder Disorder, 
Neurogenic" OR "Bladder Disorder, Neurogenic" OR "Neurogenic Bladder Disorders" 
OR "Neurogenic Bladder Disorder" OR "Urinary Bladder Neurogenesis" OR 
"Neurogenesis, Urinary Bladder" OR "Bladder Neurogenesis" OR "Neurogenesis, 
Bladder" OR "Neurogenic Urinary Bladder, Atonic" OR "Neurogenic Bladder, Atonic" 
OR "Atonic Neurogenic Bladder" OR "Neurogenic Urinary Bladder, Spastic" OR 
"Neurogenic Bladder, Spastic" OR "Spastic Neurogenic Bladder" OR "Neurogenic 
Urinary Bladder, Uninhibited" OR "Neurogenic Bladder, Uninhibited" OR "Uninhibited 
Neurogenic Bladder")) AND ("Botulinum Toxin Type A"[Mesh] OR "Botulinum 
Toxins"[Mesh] OR "Clostridium Botulinum Toxin Type A" OR "Clostridium 
botulinum A Toxin" OR "Botulinum A Toxin" OR "Toxin, Botulinum A" OR 
"Botulinum Neurotoxin A" OR "Neurotoxin A, Botulinum" OR "Dysport" OR "Lasa 
Brand of Botulinum A Toxin" OR "Speywood Brand of Botulinum A Toxin" OR "Ispen 
Brand of Botulinum A Toxin" OR "Oculinum" OR "Botox" OR "Merz Brand of 
Botulinum A Toxin" OR "Allergan Brand of Botulinum A Toxin" OR "Toxins, 
Botulinum" OR "Botulinum Toxin" OR "Toxin, Botulinum" OR "Clostridium 
botulinum Toxins" OR "Toxins, Clostridium botulinum" OR "botulinum Toxins, 
Clostridium" OR "Botulin")) AND (((randomized controlled trial[pt] OR controlled 
clinical trial[pt] OR randomized[tiab] OR placebo[tiab] OR drug therapy[sh] OR 
randomly[tiab] OR trial[tiab] OR groups[tiab] NOT (animals [mh] NOT humans 
[mh])))  
 
Total: 423 references 
 
Access date: 23/11Nov/2017 
 
EMBASE: 
('botulinum toxin type a'/exp OR 'botulinum toxin type a' OR 'botulinum toxins'/exp OR 
'botulinum toxins' OR 'clostridium botulinum toxin type a'/exp OR 'clostridium 
botulinum toxin type a' OR 'clostridium botulinum a toxin'/exp OR 'clostridium 
botulinum a toxin' OR 'botulinum a toxin'/exp OR 'botulinum a toxin' OR 'toxin, 
botulinum a' OR 'botulinum neurotoxin a'/exp OR 'botulinum neurotoxin a' OR 
'neurotoxin a, botulinum' OR 'dysport'/exp OR 'dysport' OR 'lasa brand of botulinum a 
toxin' OR 'speywood brand of botulinum a toxin' OR 'ispen brand of botulinum a toxin' 
OR 'oculinum'/exp OR 'oculinum' OR 'botox'/exp OR 'botox' OR 'merz brand of 
botulinum a toxin' OR 'allergan brand of botulinum a toxin' OR 'toxins, botulinum' OR 
'botulinum toxin'/exp OR 'botulinum toxin' OR 'toxin, botulinum' OR 'clostridium 
botulinum toxins' OR 'toxins, clostridium botulinum' OR 'botulinum toxins, clostridium' 
OR 'botulin'/exp OR 'botulin') AND ('urinary bladder, neurogenic'/exp OR 'urinary 
bladder, neurogenic' OR 'neurogenic urinary bladder' OR 'bladder, neurogenic'/exp OR 
'bladder, neurogenic' OR 'neurogenic bladder'/exp OR 'neurogenic bladder' OR 'urinary 
bladder neurogenic dysfunction' OR 'neurogenic dysfunction of the urinary bladder' OR 
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Question 2: How effective and safe botulinum toxin (onabotulinumtoxin A - 
Botox®) is in neurogenic bladder patients? 
 
1) Search strategy 
MEDLINE / Pubmed: 
((((("Urinary Bladder, Neurogenic"[Mesh] OR "Neurogenic Urinary Bladder" OR 
"Bladder, Neurogenic" OR "Neurogenic Bladder" OR "Urinary Bladder Neurogenic 
Dysfunction" OR "Neurogenic Dysfunction of the Urinary Bladder" OR "Neurogenic 
Urinary Bladder Disorder" OR "Neuropathic Bladder" OR "Urinary Bladder Disorder, 
Neurogenic" OR "Bladder Disorder, Neurogenic" OR "Neurogenic Bladder Disorders" 
OR "Neurogenic Bladder Disorder" OR "Urinary Bladder Neurogenesis" OR 
"Neurogenesis, Urinary Bladder" OR "Bladder Neurogenesis" OR "Neurogenesis, 
Bladder" OR "Neurogenic Urinary Bladder, Atonic" OR "Neurogenic Bladder, Atonic" 
OR "Atonic Neurogenic Bladder" OR "Neurogenic Urinary Bladder, Spastic" OR 
"Neurogenic Bladder, Spastic" OR "Spastic Neurogenic Bladder" OR "Neurogenic 
Urinary Bladder, Uninhibited" OR "Neurogenic Bladder, Uninhibited" OR "Uninhibited 
Neurogenic Bladder")) AND ("Botulinum Toxin Type A"[Mesh] OR "Botulinum 
Toxins"[Mesh] OR "Clostridium Botulinum Toxin Type A" OR "Clostridium 
botulinum A Toxin" OR "Botulinum A Toxin" OR "Toxin, Botulinum A" OR 
"Botulinum Neurotoxin A" OR "Neurotoxin A, Botulinum" OR "Dysport" OR "Lasa 
Brand of Botulinum A Toxin" OR "Speywood Brand of Botulinum A Toxin" OR "Ispen 
Brand of Botulinum A Toxin" OR "Oculinum" OR "Botox" OR "Merz Brand of 
Botulinum A Toxin" OR "Allergan Brand of Botulinum A Toxin" OR "Toxins, 
Botulinum" OR "Botulinum Toxin" OR "Toxin, Botulinum" OR "Clostridium 
botulinum Toxins" OR "Toxins, Clostridium botulinum" OR "botulinum Toxins, 
Clostridium" OR "Botulin")) AND (((randomized controlled trial[pt] OR controlled 
clinical trial[pt] OR randomized[tiab] OR placebo[tiab] OR drug therapy[sh] OR 
randomly[tiab] OR trial[tiab] OR groups[tiab] NOT (animals [mh] NOT humans 
[mh])))  
 
Total: 423 references 
 
Access date: 23/11Nov/2017 
 
EMBASE: 
('botulinum toxin type a'/exp OR 'botulinum toxin type a' OR 'botulinum toxins'/exp OR 
'botulinum toxins' OR 'clostridium botulinum toxin type a'/exp OR 'clostridium 
botulinum toxin type a' OR 'clostridium botulinum a toxin'/exp OR 'clostridium 
botulinum a toxin' OR 'botulinum a toxin'/exp OR 'botulinum a toxin' OR 'toxin, 
botulinum a' OR 'botulinum neurotoxin a'/exp OR 'botulinum neurotoxin a' OR 
'neurotoxin a, botulinum' OR 'dysport'/exp OR 'dysport' OR 'lasa brand of botulinum a 
toxin' OR 'speywood brand of botulinum a toxin' OR 'ispen brand of botulinum a toxin' 
OR 'oculinum'/exp OR 'oculinum' OR 'botox'/exp OR 'botox' OR 'merz brand of 
botulinum a toxin' OR 'allergan brand of botulinum a toxin' OR 'toxins, botulinum' OR 
'botulinum toxin'/exp OR 'botulinum toxin' OR 'toxin, botulinum' OR 'clostridium 
botulinum toxins' OR 'toxins, clostridium botulinum' OR 'botulinum toxins, clostridium' 
OR 'botulin'/exp OR 'botulin') AND ('urinary bladder, neurogenic'/exp OR 'urinary 
bladder, neurogenic' OR 'neurogenic urinary bladder' OR 'bladder, neurogenic'/exp OR 
'bladder, neurogenic' OR 'neurogenic bladder'/exp OR 'neurogenic bladder' OR 'urinary 
bladder neurogenic dysfunction' OR 'neurogenic dysfunction of the urinary bladder' OR 
'neurogenic urinary bladder disorder' OR 'neuropathic bladder'/exp OR 'neuropathic 
bladder' OR 'urinary bladder disorder, neurogenic' OR 'bladder disorder, neurogenic' OR 
'neurogenic bladder disorders' OR 'neurogenic bladder disorder' OR 'urinary bladder 
neurogenesis' OR 'neurogenesis, urinary bladder' OR 'bladder neurogenesis' OR 
'neurogenesis, bladder' OR 'neurogenic urinary bladder, atonic' OR 'neurogenic bladder, 
atonic' OR 'atonic neurogenic bladder' OR 'neurogenic urinary bladder, spastic' OR 
'neurogenic bladder, spastic' OR 'spastic neurogenic bladder' OR 'neurogenic urinary 
bladder, uninhibited' OR 'neurogenic bladder, uninhibited' OR 'uninhibited neurogenic 
bladder') 
 
Total: 762 references 
 
Access date: 23/Nov/2017 
 
2) Selection of evidence 
 The search for evidence resulted in 1185 references (423 on MEDLINE and 762 
on EMBASE). Of these, 122 were excluded because they were duplicated. One 
thousand and sixty-three references were screened by reading the title and abstracts, of 
which eighty-two references had their full texts evaluated for confirmation of eligibility. 
As an inclusion criterion, priority was given to systematic reviews with meta-analysis of 
randomized controlled trials and primary studies such as comparative randomized 
controlled trials. Comparative randomized controlled trials not included in systematic 
reviews were included. 
73 studies were excluded because they were narrative reviews, letters to the editor, old 
systematic reviews for which there are already updates and clinical trials contained in 
included systematic reviews or because they used a type of botulinum toxin other than 
onabotulinumtoxinA. 
Nine studies were included: three systematic reviews with meta-analysis (39, 40, 44) 
and six randomized clinical trials (37, 38, 41, 42, 43, 45). 
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Question 3: How effective and safe surgical treatment with a sling is in neurogenic 
bladder patients? 
 
1) Search strategy 
MEDLINE / Pubmed: 
(("Suburethral Slings"[Mesh] OR sling surgery OR sling OR Suburethral Slings OR 
Midurethral Sling)) AND ("Urinary Bladder, Neurogenic"[Mesh] OR Neurogenic 
Urinary Bladder OR Neurogenic Bladder) 
 
Total: 117 references 
 
Access date: 27/Oct/2017 
 
EMBASE: 
(("Suburethral Slings"[Mesh] OR sling surgery OR sling OR Suburethral Slings OR 
Midurethral Sling)) AND ("Urinary Bladder, Neurogenic"[Mesh] OR Neurogenic 
Urinary Bladder OR Neurogenic Bladder) 
 
Total: 175 references 
 
Access date: 27/Oct/2017 
 
2) Selection of evidence 
The search for evidence in the MEDLINE (via PubMed) and Embase databases resulted 
in 292 references (117 in MEDLINE and 175 in Embase). Of these, 57 were excluded 
because they were duplicated. Two hundred and thirty-five references were screened by 
reading the title and abstracts, of which 46 had their full texts evaluated for 
confirmation of eligibility. Among the excluded studies, 1 was a non-systematic review, 
1 was an editorial, 8 case series in pediatric patients, 4 were not treating sling, 4 clinical 
trials that performed sling in less than 5 patients, 2 clinical trials that included patients 
with post-incontinence prostatectomy, 1 study that excluded patients with neurogenic 
bladder, 2 studies that did not clarify the cause of incontinence and 15 non-comparative 
retrospectives. The inclusion criteria of the studies consisted of evaluating prospective 
studies that addressed the use of the technique of interest in patients with neurogenic 
bladder. Eight studies (8 publications) (72-76, 78-80) were included. 
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Question 4: How effective and safe the artificial urinary sphincter is in neurogenic 
bladder patients? 
 
1) Search strategy 
Medline / PubMed: 
((("Urinary Sphincter, Artificial"[Mesh] OR Artificial Urinary Sphincter OR artificial 
sphincter))) AND ("Urinary Bladder, Neurogenic"[Mesh] OR Neurogenic Urinary 
Bladder OR Neurogenic Bladder) 
 
Access date: 27/Oct/2017 
 
Total: 190 references 
 
EMBASE: 
('neurogenic bladder'/exp OR 'neurogenic bladder' OR 'neurogenic urinary bladder') 
AND (('bladder sphincter prosthesis'/exp OR 'bladder sphincter prosthesis' OR 'artificial 
urinary sphincter'/exp OR 'artificial urinary sphincter' OR 'artificial sphincter'/exp OR 
'artificial sphincter') AND [embase]/lim) 
 
Access date: 27/Oct/2017 
 
Total: 173 references 
 
2) Selection of evidence 
The search in the databases resulted in 363 references (190 on MEDLINE and 173 on 
EMBASE). After removing the duplicates, 280 references were screened by reading the 
title and abstract. Studies in the pediatric population, studies in the population with non-
neurogenic urinary incontinence, case series with less than 10 patients, and case reports 
were excluded. Twenty-nine publications had their texts evaluated in full, to confirm 
eligibility, with 28 non-comparative studies and a systematic review. Of these, twelve 
were excluded for the following reasons: they evaluated the Adjustable Compressive 
Therapy device (n = 2); only a summary was available, without enough information to 
answer the research question (n = 3); included pediatric population (n = 2); evaluated 
intraurethral prosthesis (n = 1); included mixed population (urinary incontinence of 
different etiologies), with no information on efficacy and safety for the population of 
interest (n = 4). 
The systematic review, without meta-analysis, published in 2014, recovered only 54 in 
its search (not comprehensive) on various surgical treatments in patients with 
neurogenic bladder and included only eight studies evaluating artificial sphincter, with a 
poor report on the studies. Three of these studies evaluated the pediatric population and 
one included a case series with less than 10 patients. So, it was decided to exclude the 
review and include the primary studies eligible for this research question. In the end, 13 
studies (16 publications) were considered eligible to answer the research question (81-
96). 
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Question 5: Is there scientific evidence to support the use of hydrophilic catheters 
in adult neurogenic bladder patients? 
 
1) Search strategy 
MEDLINE / Pubmed: 
(((hydrophilic catheter* OR hydrophilic-coated catheter* OR hydrophilic coated 
catheter* OR hydrophilic catheterization))) AND ("Urinary Bladder, 
Neurogenic"[Mesh] OR Neurogenic Urinary Bladder OR Neurogenic Bladder) 
 
Access date: 27/Oct/2017 
 
Total: 23 references 
 
EMBASE: 
('neurogenic bladder'/exp OR 'neurogenic bladder' OR 'neurogenic urinary bladder') 
AND (('hydrophilic catheter' OR 'hydrophilic coated catheter' OR 'hydrophilic-coated 
catheter' OR 'hydrophilic catheterization') AND [embase]/lim) 
 
Access date: 27/Oct/2017 
 
Total: 16 references 
 
2) Selection of evidence  
The search for evidence resulted in 39 references (23 on MEDLINE and 19 on 
EMBASE). Of these, 11 were excluded because they were duplicated. Twenty-eight 
references were screened by reading the title and abstracts, of which fifteen references 
had their full texts evaluated for confirmation of eligibility. 
As an inclusion criterion, systematic reviews with meta-analysis of randomized clinical 
trials and primary studies of the type randomized clinical trials were prioritized. As 
heterogeneity was observed between the studies and the small number of studies 
included in the meta-analyzes of the relevant outcomes for the research question, we 
chose to include the randomized clinical trials present in the systematic reviews that 
specifically addressed the study population. 
In total, 11 studies were excluded: 1) one study did not provide sufficient or incomplete 
information; 2) four studies included interventions of no interest to study; 3) two studies 
included a pediatric population; 4) a congress summary reference had made the full 
study available; 5) three studies were observational; 6) two reviews were narrative. 
The manual search found three systematic reviews with meta-analyzes and two 
randomized clinical trials included in the reviews. Two randomized clinical trials were 
included in the search. Thus, four randomized clinical trials present in both the 
performed and manual searches, as well as in systematic reviews, specifically addressed 
the study population and were included. In total, seven studies were considered eligible 
(99, 101-106). 
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ABSTRACT
 

Objective: This review aimed to analyze interventions raised within primary and tertiary 
prevention concerning the disease’s incidence, progression, and recurrence of Prostate 
Cancer (PCa). Priority was given to the multidisciplinary approach of PCa patients with 
an emphasis on modifiable risk factors.
Materials and Methods: We conducted a comprehensive literature review in the 
following databases: Embase, Central, and Medline. We included the most recent 
evidence assessing cohort studies, case-control studies, clinical trials, and systematic 
reviews published in the last five years. We only included studies in adults and in vitro 
or cell culture studies. The review was limited to English and Spanish articles.
Results: Preventive interventions at all levels are the cornerstone of adherence to 
disease treatment and progression avoidance. The relationship in terms of healthy 
lifestyles is related to greater survival. The risk of developing cancer is associated 
to different eating habits, determined by geographic variations, possibly related to 
different genetic susceptibilities.
Discussion: PCa is the second most common cancer in men, representing a leading 
cause of death among men in Latin America. Prevention strategies and healthy 
lifestyles are associated with higher survival rates in PCa patients. Also, screening for 
anxiety and the presence of symptoms related to mood disorders is essential in the 
patient’s follow-up concerning their perception of the condition.
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INTRODUCTION

Cancer causes significant social and eco-
nomic impacts, leading to 672.758 deaths per year 
worldwide. The increase in morbidity and morta-
lity is directly related to the change in population 
distribution (1). Among the strongly linked fac-
tors, aging, increase in population life expectancy, 

better socioeconomic development worldwide, 
and the variable profile of pathologies stand out, 
placing cancer among the leading causes of death 
in the population (1).

Prostate cancer (PCa) is the second most 
common cancer in men, with a peak presentation 
between 65 and 70 years of age. It represents the 
leading cause of death among Latin American 
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and Caribbean men (56.4 Age-Standardized Rate 
(ASR) per 100000) (2). It has a multifactorial and 
polygenetic etiology. Its incidence and prevalen-
ce are linked to modifiable and non-modifiable 
risk factors, which have been studied in diffe-
rent population groups. Non-modifiable factors 
include African descent and a family history of 
PCa; susceptibility is also described in individu-
als expressing certain genetic profiles. Among the 
modifiable factors, diet, exercise, toxic exposures, 
and behavioral measures have been linked to di-
fferences in PCa prognosis (3). In 2019, an estima-
te of 174.650 new PCa cases were diagnosed in 
the United States, representing one case for every 
five new cancer diagnoses, constituting a public 
health problem in the male population (1, 4). In 
Latin America, 190.385 new cases (27.9%) were 
reported (2). To reduce the social and economic 
impact on the population, guidelines have establi-
shed primary, secondary, and tertiary prevention 
strategies (3, 5). In Latin America, prevention pro-
grams are heterogeneous due to the structure and 
accessibility of the different health systems.

This review focused on analyzing interven-
tions raised within primary and tertiary preven-
tion concerning the disease’s incidence, progres-
sion, and recurrence of PCa. Priority was given 
to the multidisciplinary approach of PCa patients 
with an emphasis on modifiable risk factors.

Acquisition of evidence
A comprehensive literature search was 

carried out in the following databases: Embase, 
Central, and Medline. We included studies that es-
tablished the relationship between PCa and mo-
lecular factors, changes in diet (including dietary 
patterns, group relationship of macromolecules, 
vitamins, and micronutrients), exercise, mental 
health and work, and multimodal therapy; in ter-
ms of prevention, impact on morbidity-mortality 
and as part of treatment. We used MeSH terms 
related to PCa: “prostate cancer”, “prostate neo-
plasm” and for lifestyle both MeSH and free lan-
guage terms were used for: exercise (“physical ac-
tivity”, “aerobic exercise”, “exercise”, “training”); 
diet (“diet habit”, “diet modification”); mental 
health and work (“anxiety”, “mental health”, “de-

pression”, “work”, “professional burnout”, “acute 
stress disorder”; and multimodal treatment (Sup-
plementary material 1). We included the most re-
cent evidence assessing cohort studies, case-con-
trol studies, clinical trials, and systematic reviews 
published in the last five years until September 
2020. We only included studies in adults and in 
vitro or cell culture studies. The review was limi-
ted to English and Spanish articles. We included 
a few studies before five years, according to their 
relevance.

Evidence synthesis
Molecular basis for the impact of lifestyle 

on PCa
We reviewed the molecular impact of li-

festyle variation in subjects diagnosed with PCa. 
Those studies indicate that certain oncogenic 
factors are related to pro-inflammatory mecha-
nisms, generating variations in the cellular cycle 
(Table-1). Among these factors are continuous 
exposure to androgens, insulin-like growth fac-
tor (IGF-1), vasoactive peptides, and reactive oxy-
gen species (ROS) related to apoptosis inhibition. 
These enhanced abnormal cell signaling pathways 
overexpress angiogenesis mechanisms and cause 
disease progression (6, 7).

DNA methylation, non-histone protein 
expression, and telomerase activity are modified 
under continuous exposure to ROS. Regular phy-
sical activity, and a diet low in carbohydrates and 
saturated fats are linked to suitable DNA struc-
tural repair. A prospective study has shown the 
relationship between vigorous physical activity 
and progression to metastatic PCa. Patients with 
regular physical activity one year before diagnosis 
showed decreased methylation of the promoter re-
gions related to the CRACR2A gene. This gene en-
codes a calcium-binding protein, involved in the 
innate immune response, related with carcinoge-
nesis mechanisms (8). Nevertheless, DNA structure 
hypomethylation is associated with a lower risk 
of progression. Thomas et al. found that sedenta-
ry patients, with high stress levels, overexpressed 
histone acetylation with excessive RAS oncogene 
family levels, which resulted in an increased cell 
proliferation. Also, microRNA (miRNA) generated 
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Table 1 - Summary of the pathogenesis of molecular factors that are related to environmental factors such as diet and 
physical activity.

INTERVENTIONS FACTORS MOLECULE MECHANISM OF ACTION AUTHOR

Physical activity

Inflammation IL2 ↑ Innate immunity boosts

Thomas et al. 2017 (7)

CRP ↑ Innate immunity boosts

IL6 ↓ Inhibits caspases, 
antiproliferative

TNF ↓ Inhibits caspases, 
antiproliferative

Hormonal pathway 
modifiers

IGF-1 ↓ Modification of hormonal 
pathways

IGFBP3 ↑ Modification of hormonal 
pathways

Hormones VIP ↓ Modifies androgenic resistance 
and cell proliferation

Irisin ↑ Modify bioavailability

Testosterone ↓ or ↑ or — Modify bioavailability

Leptin ↓ or ↑ or — Modifies cell proliferation

DNA TMPRSS2: ERG ↓ Modify fusion Pernar et al. 2019 (6)

CRACR2A Methylation Modify expression Dai et al. 2019 (8)

Diet

Carbohydrates IGF-1 ↑ ↑ Hyperinsulinemia, tumor 
development

Masko et al. 2013 (15)

Proteins Phytoestrogens ↓ Block in estrogen receptors Hwang et al. 2009 (22)

Heterocyclic 
amines

↑ Genomic instability Koutros et al. 2008 (20)

Fats Omega 3 ↓ Antiproliferative, antiangiogenic Williams et al. 2011 (29)

Vegetables Isothiocyanates ↓ Block estrogen receptors Gaziano et al. 2009 (36)

Vitamins Vitamin B ↓ Folate depletion Tomaszewski et al. 2011 
(35)

Vitamin C ↓ Antioxidant Gaziano et al. 2009 (36)

Vitamin A ↑ Cell proliferation Gaziano et al. 2009 (36)

Phytochemicals Epigallocatechin ↓ Antiproliferatives Masko et al. 2013 (15)

NF-kB ↓ Proapoptotic pathways Masko et al. 2013 (15)

Coffee ↓ Antioxidant Xia et al. 2017 (42)

Nuts ↓ Antioxidant Pascual et al. 2018 (49)

*↑: Increase activity; - no change ↓: Decrease activity IL: Interleukin; CRP: C-reactive protein; TNF: tumor necrosis factor; IGF-1: insulin-like growth factor-1; Insulin-like 
growth factor binding-protein-3 (IGFBP-3); VIP: Vasoactive intestinal peptide; TMPRSS2/ERG: gen fusion of Transmembrane protease serine 2 and ERG gen; CRACR2A: 
Ca2+ release-activated Ca2+ channel regulator 2A; NF-kB: nuclear factor kB.
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cell signaling changes concerning the expression 
and coordination of p53 gene activity, concluding 
that physical activity is significantly related to 
epigenetic factors (7).

Qin et al. found that prostate cancer an-
tigen 3 (PCA3) distinguishes healthy patients 
from patients with PCa; this biomarker is over-
-expressed in more than 95% of PCa cells. The 
influence of ethnicity on PCA3 is not clear; we 
need more studies to conclude differential diag-
nosis of PCa (9-11).

Patients with locally advanced PCa, in 
whom vigorous physical activity and absence 
of tobacco use was documented, had longer and 
more stable telomeres. Besides, they had a re-
duction in prostate-specific antigen (PSA) levels 
compared to sedentary patients. Increased expres-
sion of vasoactive intestinal peptide (VIP), which 
promotes angiogenesis, is related to rapid disease 
progression in patients with resistance to hormone 
therapy (8).

On the other hand, elevated testosterone 
levels are linked to an increase in PCa incidence. 
Physical activity, approximately 15 minutes to an 
hour, is known to increase testosterone levels qui-
ckly; however, increased levels are not related to 
free testosterone. They are directly related to hi-
gher protein-bound levels, which are biologically 
inactive. Over time, moderate to intense regular 
exercise reduces testosterone, generating negative 
feedback by blocking luteinizing and follicle sti-
mulating hormones (7, 8).

Plant consumption was also related to in-
creased expression of Interleukin 2 (IL-2). It pro-
motes the innate immune response, generating 
adequate activity in natural killer (NK) and T cells. 
Patients with rich intake of cruciferous vegetables 
and isothiocyanates have a decreased expression 
of Interleukin 6 (IL-6) and Tumor Necrosis Factor 
(TNF), associated with the inhibition of caspase 
activation (7, 12).

At the molecular level, changes in diet and 
physical activity involving aerobic and anaerobic 
exercise on an ongoing basis (metabolic equiva-
lents [MET] needed to perform the activity ≥6) 
are related to a modification in the hormonal and 
anti-inflammatory pathways. Regular physical ac-
tivity alters endogenous hormone levels, reducing 

the availability of growth factors such as IGF-1, 
and decreasing cellular stress. No significant asso-
ciations were found between total physical activi-
ty and PCa risk; however, men with vigorous phy-
sical activity continue to have a 30% lower risk 
of advanced PCa and a 25% lower risk of lethal 
PCa. The most common molecular subtype of PCa 
is related to the TMPRSS2:ERG gene fusion. Gene-
tic expression of the TMPRSS2:ERG fusion gene 
is lower in men who perform vigorous physical 
activity compared to those who are sedentary (6).

On the other hand, sleep quality has been 
shown to have a buffering impact on cortisol le-
vels. In a group of patients diagnosed with locali-
zed PCa, low cortisol levels were associated with 
depressive symptoms (13); also, low sleep quality 
was significantly associated to worse prognosis. 
These results suggest that the relationship betwe-
en sleep quality and depressive symptoms may 
be partially explained by the altered circadian 
release of cortisol, influencing the inflammatory 
cascade that enhances disease progression and 
early mortality (13).

Diet and PCa
Multiple studies have struggled to find 

the relationship between different dietary com-
ponents and PCa at various disease stages. Also, 
different authors have searched the association 
between the impact of prevention strategies on 
PCa patients (Table-2).

Carbohydrates
The role of simple carbohydrate con-

sumption has been highlighted for its ability to 
generate hyperinsulinemia and obesity; likewise, 
insulin has been associated with tumor develop-
ment. Previous studies related to ketogenic non-
-carbohydrate diets show decreased tumor growth 
in mice, similar to what is found in other low-carb 
diets, such as the Atkins diet (14, 15).

Fabiani et al. found that a carbohydrate 
diet pattern was associated with an increased risk 
of PCa (OR: 1.64) (16). However, the effects of IGF-
1 have been controversial. According to Jayedi et 
al., increases in fasting blood glucose were not 
associated with an increased risk of PCa. None-
theless, other studies show that the effect of blood 
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glucose and diabetes on PCa is time-dependent. 
Thus, there could be a reduction of up to 12% in 
patients with type 2 diabetes mellitus (DM2). Con-
sequently, similar survival may be seen in patients 
with or without DM2 (17, 18).

Proteins
Proteins may be involved in tumor deve-

lopment or progression. Cooking red meats can 
lead to the formation of heterocyclic amines, 
which are mutagenic compounds that are ge-
nerated when creatine, amino acids, and sugars 
are subjected to high temperatures. These com-
pounds can trigger genomic instability from di-
rect DNA damage, and a dose-response effect has 
been identified in PCa (19, 20). Other animal pro-
teins, such as fatty fish, have not shown an as-
sociation with an increased risk of PCa but could 
reduce the risk of cancer-specific death (21). Soy 
contains high amounts of phytoestrogens, which 
can block the estrogen receptor, decrease proli-
feration, and increase cell differentiation, which 
would contribute to PCa prevention, consistent 
with findings from a recent meta-analysis sho-
wing a significant association between soy con-
sumption and a lower risk of PCa (22, 23).

The evidence is controversial, showing an 
association with PCa, but not with the aggressi-
veness or lethality (15). The relative risk (RR) of 
PCa associated with milk and dairy consumption 
has increased since the first studies, and the most 
recent meta-analysis reports an RR of 1.50 (IC95% 
1.03-2.17) for whole milk. Thus, its use showed 
a high risk of prostate cancer mortality (RR 1.43 
IC95% 1.13-1.81) (24, 25).

Fats
So far, studies have found no association 

between overall fat consumption and PCa risk. 
However, consumption of saturated fats could be 
associated with an increased risk of biochemical 
recurrence following prostatectomy, along with an 
increased risk of advanced PCa (26, 27). On the 
other hand, the increased proportion of unsatura-
ted Omega-6 fats versus Omega-3s has been asso-
ciated with an increased risk of PCa. This is due 
to the conversion of arachidonic acid into other 
compounds that promote inflammation and cell 

growth (28). Omega-3, on the other hand, has an-
ti-inflammatory, antiproliferative, antiangiogenic, 
and proapoptotic effects, which place it as an ex-
cellent anti-tumor molecule (29). Cholesterol can 
be a risk factor for the development of solid tu-
mors due to pro-inflammatory pathway activation 
and intratumor steroidogenesis. In addition, low-
-density lipoproteins have been involved in the 
PCa onset and progression. Hence, some studies 
indicate that statins could prevent progression but 
not initiation of PCa (15, 30). Lippi et al. found 
a positive correlation between the intake of fried 
products and the risk of PCa, although the eviden-
ce was inconclusive (31).

Vegetables
Epidemiological studies have found an in-

verse relationship between consumption of cruci-
ferous vegetables (such as broccoli or cauliflower) 
and the risk of PCa. Isothiocyanates in this group 
of vegetables can suppress cell growth by inhi-
biting androgen receptor transcription (32, 33). 
Furthermore, vegetables of the genus Allium (e.g., 
onion, garlic) can stimulate the immune system, 
inhibit cell growth, modulate the expression of 
androgen-responding genes and induce apoptosis, 
playing a protective role against PCa (34).

Vitamins and minerals
There is no clarity regarding vitamin B; 

however, evidence suggests that folate depletion 
could decrease tumor growth (35).

Similar effects have been attributed to vi-
tamin C due to its antioxidant properties and its 
ability to reduce oxidative stress, which is an es-
sential factor in cancer initiation and progression. 
However, randomized clinical trials have shown 
no effect on PCa (36).

Whereas low vitamin D consumption may 
be associated with an increased risk of PCa mor-
tality, no significant association with regard to 
its role in prevention or progression has been de-
monstrated (37). Vitamin E supplementation was 
associated with an increased risk of cancer, al-
though this was only evidenced in one study (38). 
By decreasing calcium bioavailability, vitamin K 
would expectedly be a protective factor in PCa, 
which was found in a cohort study (15, 39). Des-
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Table 2 - Summary with reviews that support intervention by food groups, discriminated by author, type of study, and 
intervention.

FOOD GROUP AUTHOR TYPE OF STUDY FINDINGS

Carbohydrates

Fabiani et al. 2016 (16) Systematic review and 
meta-analysis

Twelve observational studies were included. Patterns of 
"healthy diet" versus "Western diet" were compared in the 

risk of PCa. The Western diet increased the risk of PCa (OR 
1.34). Also, a carbohydrate pattern was associated with 

increased risk (OR 1.64).

Jayedi et al. 2018 (17) Systematic review and 
meta-analysis

Twelve thousand four hundred ninety-four cases of PCa 
were included. The association between fasting glucose 
levels and the risk of PCa was determined. Increases in 

fasting glucose were not associated with an increased risk 
of PCa when comparing the category of high versus low 

levels (RR 0.88)

Masko et al. 2013 (15) Review Studies of ketogenic non-carbohydrate diets showed a 
decrease in tumor growth in animal models. Low-carb diets 

(20%) showed similar tumor and survival growth rates. 
Human studies on the effect of restricting carbohydrates on 

PCa are lacking.

Karlin et al. 2017 (18) Case-control They included 276 cases (patients with PCa and DM), 276 
controls (patients with PCa without DM). Survival 5 years 
was 88% and 93% in patients with and without DM (HR 

1.64). DM did not impact survival or PCa, and its treatment 
affected glycemic control.

Proteins

Cross et al. 2005 (19) Prospective cohort Cooking red meats can lead to the formation of heterocyclic 
amines, which are mutagenic compounds that are 

generated when creatine, amino acids, and sugars are 
subjected to high temperatures. These compounds can 

trigger genomic instability from direct DNA damage. More 
than 10 g a day of cooked meat than not consuming it was 
associated with an increased risk of PCa 1.4 times. One of 
the heterocyclic amines was associated with an increased 

risk of  PCa of 1.2  times.

Koutros et al. 2008 (20) Prospective cohort Six hundred sixty-eight patients with PCa (140 advanced) 
were included. Total meat consumption was associated 

with an increased risk of 1.26 times the incidence of PCa 
and 1.97 times the risk of advanced PCa when comparing 

the highest with the lowest consumption.

Szymanski et al. 2010 
(21)

Systematic review and 
meta-analysis

There was no association between fish consumption 
and reduced incidence of PCa. An association was found 

between fish consumption and a significant reduction of up 
to 63% in specific PCa mortality (RR 0.37).

Hwang et al 2009 (22); 
Applegate et al 2018 (23)

Systematic review and 
meta-analysis

Soy contains high amounts of phytoestrogens, which can 
block the estrogen receptor, decrease proliferation, and 
increase cell differentiation, impacting PCa prevention. 

There is a significant association between soy consumption 
with a lower risk of PCa.

Lu et al. 2016 (25) Systematic review and 
meta-analysis

The partnership between dairy consumption and PCa 
mortality was assessed. An RR of 1.50 was found for 

whole milk. Increased whole milk consumption showed a 
high risk of prostate cancer mortality  (RR1.43)  in dose-

response form.



IBJU | IMPACT OF LIFESTYLE IN PROSTATE CANCER PATIENTS

250

Fats

Strom et al. 2008 (26) Retrospective cohort The association between saturated fat consumption and 
PCa biochemical relapse was assessed. Patients with high 
consumption had more relapse (p=0.006) and had shorter 
relapse-free survival than patients with low consumption 

of saturated fats (26.6 vs. 44.7   months, respectively, 
p=0.002).

Gathirua-Mwangi and 
Zhang 2014 (27)

Systematic review Studies have shown that consuming saturated fats has 
been significantly associated with an increased risk of 

advanced PCa. 

Berquin et al. 2011 (28) Review The increased proportion of unsaturated omega-6 fats 
versus omega-3s has been associated with an increased 

risk of PCa.   Arachidonic acid is converted into other 
compounds that promote inflammation and cell growth. 

At the same time, omega-3 has anti-inflammatory, 
antiproliferative, antiangiogenic, and proapoptotic effects, 

which place it as an excellent anti-tumor molecule.

Vegetables

Liu et al. 2012 (33) Systematic review and 
meta-analysis

The association between consumption of cruciferous 
vegetables, such as broccoli or cauliflower, and the risk of 

PCa was assessed. A significant decrease in the risk of PCa 
(relative risk 0.90) was found.

Wang et al. 2006 (32) In vitro The effect of phenethyl isothiocyanate on the regulation of 
androgen receptor expression in PCa cells was studied. Cell 

growth was stopped, and androgen receptor expression 
decreased, mediating transcriptional and post-translational 

effects.

Chan et al. 2009 (34) Review Vegetables of the genus allium, such as onion or garlic, 
can stimulate the immune system, inhibit cell growth, 

modulate the expression of androgen-responding genes 
and induce apoptosis so that they would play a protective 

role against PCa. However, their role in reducing the risk of 
PCa remains to be determined.

Masko et al. 2013 (15) Review Excessive vitamin A consumption has been associated with 
an increased risk of developing aggressive PCa, but not 

with the disease. 

Tomaszewski et al. 2011 
(35)

In vitro The level of serum folate and prostate tissue was evaluated 
and compared with cell proliferation. Serum folate levels 
correlated positively with folate content in tumor prostate 
tissue ( p<0.03). Increased cell proliferation was found 
in patients with higher serum folate levels consistent 
with a higher incidence of PCa in patients receiving 

supplementation.

Gaziano et al. 2009 (36) Clinical trial Compared with placebo, Vitamin E did not affect the 
incidence of PCa (HR 0.97;  0.58). Nor was a significant 

effect of vitamin C found in PCa  (HR 1.02; px0.80).
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pite these studies, neither the use of multivitamin 
supplements nor individual vitamin or mineral su-
pplementation affect the incidence of death from 
PCa (40).

Phytochemicals
Epigallocatechin-gallate is the most abun-

dant phytochemical of green tea, and its role in the 
reduction of PCa tumor growth has been reported. 
Other mechanisms, such as proapoptotic pathway 
induction, decreased inflammation through NF-

Vitamins and minerals

Gilbert et al. 2011 (37) Systematic review and 
meta-analysis

In prospective studies, the OR for an increase of 1000 
IU in daily intake was 1.14 for total PCa and 0.93 for 

aggressive PCa, and low vitamin D consumption could 
be associated with an increased risk of lethal PCa, no 

significant association with risk or its role in prevention or 
progression has been demonstrated.

Klein et al. 2011 (38) Clinical trial The long-term effect of vitamin E supplementation on 
the risk of PCa was sought. The vitamin E group was at 

increased risk of developing PCa (HR 1.17; 0.008).

Nimptsch et al. 2008 (39) Prospective cohort A non-significant inverse association between vitamin K 
consumption and PCa (relative risk  0.65) was observed. 

The association was stronger for the advanced PCa  
(relative risk  0.37, p for the trend 0.03). 

Stratton et al. 2011 (40) Systematic review and 
meta-analysis

The use of multivitamin supplements, individual 
supplementation with vitamins or minerals did not affect 
PCa or the incidence of advanced or metastatic PCa or 

death by PCa.

Phytochemicals

Xia et al. 2017 (42) Systematic review and 
meta-analysis

Consumption of coffee could reduce the risk of localized 
PCa (RR = 0.90, 95% CI: 0.84-0.97).

Masko et al. 2013 (15) Review Epigallocatechin-gallate is the most abundant 
phytochemical of green tea. It has been described as 

reducing tumor growth in PCa, among other mechanisms 
such as induction of proapoptotic pathways, decreased 
inflammation through NF-kB, antioxidant properties. Its 
consumption could be associated with a lower incidence 

of PCa and a lower progression of precancerous lesions in 
dose-dependent form.

Rowles et al. 2018 (45) Systematic review and 
meta-analysis

A reduction in PCa incident risk was associated with high 
consumption of tomato and lycopene, a phytochemical 

of the carotenoid family, with antioxidant properties. The 
increase in tomato consumption was found to be inversely 
associated with the risk of PCa (RR 0.81, p=0.001), and a 

significant dose-response association was found.

-kB, and antioxidant properties, have also been 
found. Its consumption could be associated with 
a lower incidence of PCa and a lower progression 
of precancerous lesions in a dose-dependent form 
(15).

Similarly, coffee has been inversely asso-
ciated with PCa risk due to its caffeine content 
and other antioxidants (41). In the latest meta-
-analysis carried out by Xia et al., it was found 
that coffee consumption could reduce the risk of 
localized PCa (RR 0.90, IC95% 0.84-0.97) (42).
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Prevention of PCa
In general, measures are very similar to 

those taken to prevent cardiovascular risks, such 
as increasing consumption of fruits and vegeta-
bles, while reducing red meats and saturated fats. 
A reduction in PCa incidence risk has been asso-
ciated with high tomato and lycopene consump-
tion, a phytochemical of the carotenoid family, 
with antioxidant properties (43, 44). The most re-
cent meta-analysis on tomato consumption and 
PCa risk found that the increase in consumption is 
inversely associated with the risk of PCa (RR 0.81, 
0.71-0.92), and a dose-response association was 
found (45).

An increased risk of PCa with high con-
sumption of beef, milk, or animal fat has been 
documented (5). More importantly, diet patterns 
seem to affect PCa progression. In this regard, pe-
ople on predominantly Western diets (increased 
consumption of meats, processed products, and 
fats) have higher risk of PCa compared to those 
with high consumption of vegetables, fruits, and 
whole grains (16, 46). Meanwhile, the Mediterra-
nean diet has encouraged the consumption of ve-
getables, fruits, nuts and seeds, whole grains, dai-
ry products, olive oil, fresh fish, and seafood while 
restricting the intake of red and processed meats, 
fats, and sugary foods. A recent meta-analysis su-
ggests that this dietary pattern is unrelated to ove-
rall PCa risk (RR 0.95 IC95% 0.90-1.01), or even 
cancer mortality (47). This diet and the so-called 
DASH have been inversely associated with the risk 
of aggressive PCa (48).

Pascual-Geller et al. found that a high in-
take of nuts and fish offered a protective function. 
In addition, there was a significant risk reduction 
of PCa in cases with higher consumption of fruits 
and vegetables, in addition to a lower risk of ag-
gressiveness associated with eating fruits, vegeta-
bles, legumes, and fish. Similarly, Alvarez-Cubero 
et al. found that fruit consumption was associated 
with a lower Gleason score (49, 50). Notwithstan-
ding, vegetarianism has not shown a significant 
reduction in the risk of PCa (51).

Based on the involvement of inflamma-
tion in the pathogenesis of some tumors such as 
PCa, the impact of some dietary components has 
been studied. Thus, saturated fats, refined sugars, 

and red meats could have pro-inflammatory pro-
perties, while some soy and phytochemical pro-
ducts would have anti-inflammatory properties. 
An increase in the diet’s inflammatory index did 
not show an increase in the risk of PCa (RR 1.06 
IC95% 0.97-1.15) (52). In contrast, antioxidant in-
take has been associated with a decrease in some 
biomarkers of oxidative stress in urine and benign 
prostate tissue in patients with PCa (53) (Supple-
mentary material 2).

Exercise and Pca
Studies on exercise and PCa have sought 

to establish their association with a decrease in 
tumor progression and mortality, as well as bene-
fits in quality of life, post-prostatectomy urinary 
incontinence, and bone quality in patients with 
metastases, among others. Epidemiological studies 
have associated exercise and physical activity, in-
cluding regular long-term recreational or occupa-
tional physical activity, with a decrease in cancer 
risk, specifically PCa, between 10 and 30%. Also, 
among the benefits of implementing an exercise 
regimen, there are: 1) Induction of epigenetic mo-
difications; 2) Improvement in quality of life; 3) 
Regulation of the inflammatory response and im-
mune system, and 5) Improvement in body com-
position by increasing muscle tissue (54-57).

There seems to be a significant benefit in 
decreasing exercise-related oxidative stress, which 
lowers hydrogen peroxide levels, a free radical in-
volved in carcinogenesis, and other inflammatory 
mediators, including TNF-a and IL-6 (5, 7, 58). It 
is also important to note that a decreased risk is 
usually more significant with vigorous exercise 
than with light physical activity, demonstrating 
a dose-response effect (55). Multiple studies have 
shown a decrease in cancer-specific mortality as-
sociated with increased physical activity. On the 
other hand, Friedenreich et al. found a 38% re-
duction in PCa mortality in patients performing 
post-diagnostic physical activity (59). Also, pros-
pective studies associate vigorous physical activi-
ty with decreased PCa mortality and reduced pro-
gression in patients with localized PCa (60).

Although physical activity has been shown 
to be of moderate benefit for fatigue reduction, 
sub-maximum physical condition, lower hemibo-
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dy strength, perception of masculinity, body ima-
ge, cognitive and social function, no significant 
effect has been found on the quality of life of PCa 
patients, disease progression, sexual function 
or cardiovascular health (61-63). In particular, 
endurance exercise improves muscle mass and 
strength in patients with PCa, without showing 
improvement in quality of life and fatigue. Ho-
wever, in patients treated with androgen depriva-
tion therapy (ADT), there has been no difference 
between aerobic or resistance exercise (64, 65). 
It should be noted that leisure time physical ac-
tivity, such as walking, swimming, or dancing, 
has not been associated with a lower risk of lo-
cal or advanced PCa (66). Also, synergistically, 
exercise can lead to an increase in the potency of 
chemotherapy or radiation therapy by increasing 
circulation and intratumor chemotherapy deli-
very. Even as neoadjuvant therapy, exercise may 
be adequate in preparing and improving physical 
tolerance of patients who are taken to first-line 
chemotherapy (67). In patients taken to radical 
prostatectomy, pelvic floor exercises have shown 
to decrease the incidence of urinary incontinen-
ce significantly. However, these exercises do not 
appear to show any benefit when used only as a 
postoperative therapy (68).

Androgen deprivation therapy is gene-
rally considered a standard intervention in pa-
tients with locally advanced or metastatic PCa. 
However, it is associated with multiple adverse 
effects, such as reduction in muscle mass and 
strength, decrease in bone mass and density, in 
addition to increased fat mass, insulin resistance, 
fatigue, and alterations in sexual function (54). 
It has been shown that exercise can significan-
tly improve cancer-related fatigue and quality of 
life in patients treated with ADT, as well as in-
crease strength in the upper and lower body, help 
maintain control of fat mass and Body Mass In-
dex (BMI), maintain sexual function, and mitigate 
resistance to some medications (such as enzaluta-
mide). However, it has no substantial evidence for 
improvement of depression, bone mineral density 
or other blood markers (65, 67, 69, 70). Despite 
current evidence and recommendations on lifesty-
le interventions in PCa patients treated with ADT, 
patients continue to experience increased central 

adiposity, loss of bone density, and worsening of 
glycemia due to lack of adherence (71).

Men with more vigorous long-term phy-
sical activity had a 30% lower risk of progression 
to advanced PCa, and a 25% lower risk of dying 
from PCa (72). Also, muscle endurance exercises 
(non-aerobic) reduce the risk of tumor recurrence. 
It was also found that men with more robust phy-
sical activity had a lower risk of developing the 
TMPRSS2:ERG gene fusion (6).

Mental health and PCa
Prostate cancer is a challenge for the men-

tal health of patients even before they are diag-
nosed because of all the implications and inter-
ventions around it. During diagnostic procedures, 
specifically prostate biopsy, symptoms of depres-
sion or anxiety may be mild; however, when the 
biopsy is negative, anxiety symptoms are more 
significant in those with post-biopsy complica-
tions (pain, bruising, hematospermia, among other 
symptoms) (73). Screening with PSA has not been 
associated with increased concern or psychologi-
cal distress. However, fear, anxiety, and lack of 
information can impact decisions and perceptions 
patients have about its performance (74, 75).

According to Watts et al., the prevalence of 
depression prior to, during, and after treatment for 
PCa was 17.27%, 14.7%, and 18.44%, respective-
ly; while for anxiety, it was 27.04%, 15.09%, and 
18.49%, respectively, both considerably high (76). 
Besides, mortality in patients with depression may 
be higher, and related emotional symptoms can 
negatively influence decision-making regarding 
therapy (77, 78).

Central concepts that influence the well-
-being of PCa patients include a sense of purpose, 
social connection, and motivation in life, which 
are suggested as essential areas of focus in prac-
tice (79). In this respect, patients with depressive 
symptoms benefit significantly from peer support 
or psychotherapy (80). Although no clinical trials 
were found to evaluate the efficacy of antidepres-
sant medications in PCa patients, population stu-
dies reveal their regular use (81).

Patients with lower educational levels were 
found to be at increased risk of developing depres-
sive symptoms, warranting relevant psychosocial 
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interventions in high-risk groups (82). Furthermo-
re, multidisciplinary interventions, such as online 
psychosocial support, can encourage that patients 
return to work, reducing the social and economic 
burden of PCa (83, 84).

Active surveillance has helped patients 
with low-risk PCa avoid or postpone active treat-
ment and prevent possible adverse effects; howe-
ver, the impact it may have on the psychosocial 
well-being of patients has not been well docu-
mented (85).

In support care, some unmet needs that 
merit person-centered care are identified. The-
se include intimacy, information, physical, and 
psychological needs (86). Although radical pros-
tatectomy, active surveillance, and radiation the-
rapy are well tolerated in terms of post-treatment 
anxiety and depression, sexual and intestinal dys-
function, and, above all, urinary incontinence, can 
induce worsening of psychological distress (87).

Research regarding the impact of circadian 
cycle disruption on the risk of PCa, such as sleep 
disorders, or night shift work, which has inconsis-
tently shown an increased risk of PCa predomi-
nantly in Asian populations, has been expanded 
in recent years. The risk is higher in rotating night 
shift work over fixed ones (88-91).

In addition to the adverse effects of ADT 
mentioned above, other psychological effects in-
clude, difficulties in multiple sexual domains, 
emotional lability, cognitive disturbances, rever-
sible Parkinson’s dementia, anxiety, and an incre-
ase in the risk for depression of up to 41%; these 
symptoms are significantly associated with alco-
hol consumption and smoking (92-95). Similarly, 
couples can also suffer emotional consequences 
related to the effects of ADT, with exercise being 
a useful intervention for the dyad (96). It has 
also been shown that the patient’s partner may 
be afraid of recurrence of the disease, becoming a 
significant concern (97).

Multimodal treatment and PCa
Having a pro-inflammatory cellular envi-

ronment is one of the most important mechanis-
ms in carcinogenesis. The presence of oxidative 
stress, inflammatory cytokines, and accelerated 

cell growth leads to a stable medium that predis-
poses mutations and expression of carcinogenic 
phenotypes (43, 98). Within the tertiary preven-
tion of PCa, the MEAL study included 440 patients 
between the ages of 50 and 70, diagnosed with 
low-risk localized PCa (99). The progression of 
the disease was analyzed at the histological and 
biochemical level, in addition to the presence of 
urinary symptoms, a specific level of anxiety and 
quality of life (99); vegetables high in isothiocya-
nates, carotenes, and lycopene were found to be 
associated with PCa prevention (98, 99). Macro 
and micronutrient levels were measured in plasma 
during fasting, and results were generalizable to 
the general population; there were no significant 
differences between the age groups (p=0.98), race 
(p=0.52), geographic distribution (p=0.60), time of 
diagnosis of PCa (p=0.85), PSA values (p=0.96), 
clinical stage (p=0.27), and Gleason stratification 
(p=0.76) (99).

It was concluded that a healthy lifestyle, a 
diet low in saturated fats, and increased consump-
tion of vegetables (more than six in a day) and 
legumes, were linked to stable or lower PSA levels, 
and a decrease in disease progression.

At the molecular level, changes in cellular 
expression, increased telomerase activity, and a 
higher stability in its terminals have been eviden-
ced. The rates of intervention and progression of 
the disease were decreased, inhibiting carcinoge-
nesis mechanisms and inducing the expression of 
cytoprotective enzymes (98, 99).

Patients with BMI >25 have increased 
levels of biomarkers linked to disease aggressi-
veness, such as C-peptide, insulin, insulin-like 
growth factor (IGF-1), IGF 3 binding protein, 
and adiponectin. They also have insulin receptor 
expression changes, IGF-1 receptor, and AKT re-
ceptor in epithelial and stromal cells, linked with 
rapid disease progression (70, 100). Free radical 
augmentation is generated from beta-oxidation 
during fat metabolism and induction of prosta-
te inflammation, causing a significant increase in 
the risk of progression (101). Some authors propo-
se inhibition of fatty acid synthase as a protective 
mechanism; however, documented studies are in-
conclusive (33, 42, 53, 71).
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The active intervention of a plant-based 
diet, supplemented with soy, fish oil, vitamin E, 
selenium, and vitamin C, in conjunction with three 
hours per week of moderate exercise and one hour 
of daily stress management in support groups 
among patients with localized PCa, has shown 
slower carcinogenesis progression and decreased 
cell proliferation activity by approximately 70% 
(p <0.001). Satisfactory physical perception and 
lower levels of anxiety are reflected in quality of 
life assessment scales (102).

Dietary recommendations for patients with 
localized or metastatic castration resistant PCa 
have been the same as those that seek to reduce 
the risk of developing PCa (103). However, it has 
been considered whether some dietary products 
may have interactions with drugs used to treat 
castration resistant PCa. Pharmacokinetic studies 
have shown that the dosage of abiraterone with 
high or low-fat meals is associated with a mo-
dest increase in drug concentration compared to 
the usual fasting dosage (104). Szmulewitz et al. 
found that administering this drug with a low fat 
breakfast had a similar effect in terms of PSA le-
vels and progression-free survival (105).

Author’s proposal
As noted above, the recommendations for 

lifestyle changes around PCa and its complica-
tions are not distant from the strategies for cardio-
vascular risk prevention. Currently, multiple mo-
lecular mechanisms appear to be involved in the 
development and progression of the disease, so 
even greater biological plausibility will be found 
to support these interventions.

As dietary measures, it is recommended to 
keep a low intake of simple carbohydrates, decrea-
se consumption of red meats and processed foods, 
and reduce consumption of saturated fats. In addi-
tion, dietary patterns with high consumption of 
vegetables (predominantly cruciferous) and fruits, 
such as the Mediterranean diet, and high intake of 
tomatoes, may be suggested due to their lycope-
ne content. Phytochemicals in tea and coffee are 
also beginning to play an essential role in the pre-
vention of PCa and should be taken into account 
when guiding patients.

Muscular endurance exercise should be 
part of every doctor’s general recommendations 
in the clinical field due to the potential benefit it 
confers in terms of cancer risk prevention and car-
diovascular risk. These benefits are even more sig-
nificant in patients diagnosed with PCa. Physical 
activity should be recommended throughout the 
disease process. It can improve patient’s quality of 
life, urinary symptoms of incontinence, psycholo-
gical stress resulting from the disease, and cancer-
-related fatigue until mortality is reduced; it also 
has the potential of being a significant neoadju-
vant and adjuvant mode of therapy for the treat-
ment of PCa. The introduction and promotion of 
multidisciplinary programs aimed at prevention, 
treatment, and palliation of PCa in Latin Ameri-
ca are indispensable. A change in public policy is 
required to transform the reality of our patients.

These recommendations should be main-
tained for patients on ADT, in order to improve 
patient’s quality of life. They may also be comba-
ting other mental health conditions, such as de-
pression or anxiety, a widespread reality in these 
patients.

Priority is made to provide a comprehen-
sive approach to PCa patients to influence all the-
se factors and reduce the risk of progression. In 
this regard, the presence of anxious or depressi-
ve symptoms, tobacco use, or alcoholism should 
always be ruled out and alert to the presence of 
adverse psychosocial conditions that may worsen 
the prognosis and course of the disease. Psychoso-
cial support should be included as part of standard 
management.

Establishing an adequate perception of the 
disease, while promoting protective factors, and 
educating patients on healthy lifestyles positively 
impacts the health system because of the decre-
ased economic impact and greater adherence to 
treatment. Patients undergoing surgery, hormone 
therapy, and radiation therapy with joint monito-
ring of their lifestyle and risk factors may lower 
health costs and minimize the morbidity related to 
treatment (5, 55, 70, 99, 106).

Figure 1 and Supplementary material 2 
summarize the recommendations for intervening 
in the lifestyle of patients.
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CONCLUSIONS

Preventive interventions at all levels are 
the cornerstone of adherence to disease treatment 
and progression avoidance. The relationship in 
terms of healthy lifestyles is related to greater sur-
vival. The risk of developing cancer is associated 
to different eating habits, determined by geogra-
phic variations, possibly related to different gene-
tic susceptibilities.

Screening for anxiety and the presence of 
symptoms related to mood disorders is essential in 
the patient’s follow-up concerning their percep-
tion of the condition.
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APPENDIX

Supplementary material 1 - Search strategies. We used MeSH terms and synonyms related to prostate cancer and the 
suggested interventions.

Diet and prostate cancer
((((diet habit[MeSH Terms]) OR (diet habits[MeSH Terms])) OR (diet modification[MeSH Terms])) AND ((cancer of prostate[MeSH 
Terms]) OR (cancer of the prostate[MeSH Terms]) OR (cancer, prostate[MeSH Terms]) OR (prostate neoplasm[MeSH Terms])))

Exercise
(((activity, physical[MeSH Terms]) OR (aerobic exercise[MeSH Terms]) OR (exercise[title]) OR (physical activity[title]) OR 
(training[title])) AND ((cancer of prostate[MeSH Terms]) OR (cancer of the prostate[MeSH Terms]) OR (cancer, prostate[MeSH 
Terms]) OR (prostate neoplasm[MeSH Terms])))

Mental health
(((((anxiety[MeSH Terms]) OR (mental health[MeSH Terms])) OR (depression[MeSH Terms])) OR (work [MeSH Terms])) OR 
(burnout, professional[MeSH Terms])) OR (acute stress disorder[MeSH Terms]) AND ((cancer of prostate[MeSH Terms]) OR 
(cancer of the prostate[MeSH Terms]) OR (cancer, prostate[MeSH Terms]) OR (prostate neoplasm[MeSH Terms]))

Supplementary material 2 - Summary of recommendations on lifestyle changes and Pca

Diet
1. Consumption of cruciferous vegetables (broccoli, cauliflower)
2. Increased consumption of tomato and its preparations
3. Mediterranean diet pattern or DASH diet*
4. Reduce consumption of simple carbohydrates and saturated fats
5. Consumption of green tea and coffee (3-5 cups per day)
6. Reduce consumption of red meats and processed products

Exercise
7. At least 150 minutes/week
8. Long-term physical activity 
9. Pelvic floor exercise for symptoms of urinary incontinence in post-prostatectomy patients
10. Neoadjuvant or adjuvant exercise in patients on chemotherapy or radiation therapy, and in patients in ADT**

Mental Health and Work
11. Screening for depressive, anxious, psychological stress symptoms
12. Include psychosocial support within standard management
13. Provide the opportunity for psychotherapy or peer support
14. Comprehensive approach to the couple
15. Avoid night shift jobs
16. Providing multidisciplinary care to promote return to work

Multimodal treatment
17. Close monitoring of all patients undergoing surgery, hormone therapy and radiation therapy with joint monitoring of their 

lifestyle and risk factors
18. Similar recommendations in patients with castration-resistant metastatic PCa***
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ABSTRACT
 

Purpose: Prostate cancer (PCa) is the second most common oncologic disease among 
men. Radical treatment with curative intent provides good oncological results for PCa 
survivors, although definitive therapy is associated with significant number of serious 
side-effects. In modern-era of medicine tissue-sparing techniques, such as focal HIFU, 
have been proposed for PCa patients in order to provide cancer control equivalent to 
the standard-of-care procedures while reducing morbidities and complications. The 
aim of this systematic review was to summarise the available evidence about focal 
HIFU therapy as a primary treatment for localized PCa.
Material and methods: We conducted a comprehensive literature review of focal HIFU 
therapy in the MEDLINE database (PROSPERO: CRD42021235581). Articles published in 
the English language between 2010 and 2020 with more than 50 patients were included.
Results: Clinically significant in-field recurrence and out-of-field progression were 
detected to 22% and 29% PCa patients, respectively. Higher ISUP grade group, more 
positive cores at biopsy and bilateral disease were identified as the main risk factors 
for disease recurrence. The most common strategy for recurrence management was 
definitive therapy. Six months after focal HIFU therapy 98% of patients were totally 
continent and 80% of patients retained sufficient erections for sexual intercourse. 
The majority of complications presented in the early postoperative period and were 
classified as low-grade.
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INTRODUCTION

Prostate cancer (PCa), with almost 1.3 
million new cases and 359.000 deaths annually, 
is the second-most frequent oncologic disease 
and the fifth leading cause of cancer-related dea-
th among men (1). In the past decade, because of 
greater public and professional awareness as well 
as widespread use of molecular testing, PCa diag-
nosis has shifted dramatically towards earlier-sta-
ge, localized disease (2). Radical treatment with 
curative intent provides good oncologic results 
for these patients, although definitive therapy is 
associated with many serious side-effects (3), all 
of which have a significant negative impact on a 
man’s physical and mental well-being (4). As part 
of the tremendous progress being made in new 
treatment modalities, minimally-invasive proce-
dures, such as high-intensity focused ultrasound 
(HIFU), have been suggested for PCa patients 
with the intent of providing equivalent oncolo-
gic safety to the standard of care with a reduced 
side-effect profile (5). Targeting energy at a fo-
cal lesion in or on the prostate, thereby sparing 
surrounding, non-cancerous prostate tissue, could 
reduce treatment-related toxicity to the minimum 
level possible, thus raising interest in focal HIFU 
therapy is seen in uro-oncological society (6). In 
this systematic review, we provide the available 
evidence about focal HIFU therapy as a primary 
treatment for treatment-naïve localized PCa. Our 
objective is to review technical aspects of the pro-
cedure, oncologic and functional outcomes, com-
plications, as well as retreatment options.

MATERIALS AND METHODS

 This systematic review was based on re-
commendations by Cochrane (7) and Preferred 
Reporting Items for Systematic Reviews and Me-
ta-Analyses (PRISMA) protocols (8). The review 
protocol was registered in the PROSPERO data-

base (CRD42021235581). Web search was per-
formed on the MEDLINE database (through Pub-
Med) using the key words <prostate cancer> AND 
<HIFU focal therapy> OR <HIFU partial gland 
ablation> OR <HIFU focal therapy outcomes> OR 
<HIFU focal therapy complications> OR <retreat-
ment after HIFU focal therapy>. The search was 
limited to articles published in the English langua-
ge and reporting focal HIFU outcomes between 
2010 and 2020, including meta-analyses, rando-
mised controlled trials, prospective development 
studies, prospective and retrospective case series 
with more than 50 patients. Two authors perfor-
med abstract screening independently. In case of 
discrepancies, uncertainty was solved by a third 
author. Web search was implemented by manual 
search including senior authors consultation and 
search of included articles reference lists. Review 
articles, case reports, and congress abstracts as 
well as studies reporting whole-gland ablation or 
procedures performed in a salvage setting were 
excluded. The following data were extracted from 
each study: study design, study population, tech-
nical aspects of the procedure, type of anaesthesia, 
urinary catheter management, length of follow-
-up, oncologic and functional outcomes, and 
complications and recurrence management.

RESULTS

Evidenced synthesis
 Of 847 studies identified, we included 20 

in the final analysis (Figure-1): 1 randomised con-
trolled trial (9), 10 prospective development studies 
(10-19), and 9 retrospective case series (6, 20-27). 
Across all the studies, 4209 patients were treated 
with focal HIFU. Study design and data extracted 
from each study are summarised in Table-1.

Technical aspects of the procedure
 All the patients underwent transrectal 

focal HIFU using three devices: Sonablate 500 

Conclusions: This review highlights that focal HIFU therapy appears to be a safe 
procedure, while short-term cancer control rate is encouraging. Though, second-
line treatment or active surveillance seems to be necessary in a significant number 
of patients.
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Figure 1 - PRISMA flow diagram for articles included into the review.

(SonaCare Medical LLC; 8 studies and 2786 pa-
tients) (10, 11, 13, 22-24, 26, 27), Ablatherm Fu-
sion (EDAP TMS; 8 studies and 778 patients) (6, 
12, 15, 18, 20, 21, 25, 27), and Focal One (EDAP 
TMS; 6 studies and 679 patients) (6, 16, 18, 19, 21, 
25). The procedure was performed with the patient 
in the lateral or supine position under general (9 
studies) (6, 9, 10, 14, 15, 18, 19, 23, 27) or spinal 
anaesthesia (4 studies) (9, 14, 15, 24). Four au-
thors used a 6-mm safety margin from the apex 
of the prostate to preserve sphincter functionality 
and maintain continence (6, 12, 15, 25), while in 
one study (24) the safety distance was decreased 
to 3mm and in another one (16) it was increased 
to 10mm.

 Bladder catheterization with an indwelling 
urethral catheter (11 studies) (6, 9, 12, 14-16, 18, 
22, 24, 25, 27) or suprapubic approach (5 studies) 
(9, 10, 16, 22, 27) was maintained for 1 to 14 days 
postoperatively (6, 9, 10, 16, 18, 20, 22, 23, 25, 

27). Four of 11 studies with a urethral catheter dis-
continued bladder drainage 1 to 3 days postope-
ratively (6, 15, 18, 25), while in another 4 studies, 
the bladder catheter was removed one week after 
the procedure (9, 16, 22, 27).

 Antibiotic prophylaxis ranged from a sin-
gle dose intraoperatively (2 studies) (6, 16) up to 
7 days after the surgery, usually until the blad-
der catheter was removed (3 studies) (22, 23, 27). 
Transurethral resection of the prostate (TURP) 
was proposed for men with a prostate size greater 
than 50cm3 (6, 14, 21, 27) or lower urinary tract 
symptoms (6, 14, 16, 25). TURP was performed 
in 6 of 20 studies (6, 14, 15, 21, 25, 27), while 
α-blocker therapy was reported just by 1 author 
(6). TURP was typically performed within 6 to 
12 months preoperatively (14, 16). Few authors 
considered concomitant TURP with focal therapy 
under the same anaesthesia (14, 15), while van 
Velthoven et al. (15) reported a modified version 
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Table 1 - Study design, oncological and functional outcomes, as well as complications and retreatment of the 20 studies included.

Author, years Study design Patients, N Prostate cancer risk group* Type of ablation Follow-up, months

Cohort with control biopsy,%
In-field recurrence, %

Out-of-field progression, 

%
Reported functional 

outcomes
Reported adverse events

Reported retreatment 

tactics
Any CS Any CS

Bakavicius et al.
 2019 (6)

Retrospective cases 
series

210 Low, intermediate Lesion-targeted ablation, 
hemiablation, subtotal 

ablation

11 – – – – – – Yes –

Hamdy et al., 2018 (9) Randomized control trial 41 Intermediate Lesion-targeted ablation, 
quadrant ablation, 

hemiablation

– – – – – – – – –

Ahmed et al., 2015 (10) Prospective 
development study

56 Low, intermediate Lesion-targeted ablation 12 92.9 34.6 15.4 7.7 3.8 Yes Yes Yes

Dickinson et al., 2017 
(11)

Prospective 
development study

118 Low, intermediate Lesion-targeted ablation, 
hemiablation

12 94.1 36.9 18.9 – – – – –

Feijoo et al., 2016 (12) Prospective 
development study

67 Low, intermediate Hemiablation 12 100a 16.4a – 10.4a – Yes Yes –

Guillaumier et al., 2018 
(13)

Prospective 
development study

625 Low, intermediate, high Quadrant ablation, 
hemiablation

56 35.5 18.0 – 12.2 – Yes Yes Yes

Rischmann et al., 2017 
(14)

Prospective 
development study

111 Low, intermediate Hemiablation 30 91.8 13.9 5.0 20.8 6.9 Yes Yes Yes

van Velthoven et al., 
2016 (15)

Prospective 
development study

50 Low, intermediate Hemiablation 35 16.0b 6.0b – 10.0b – Yes Yes Yes

Schmid et al., 2020 (16) Prospective 
development study

98 Low, intermediate – 3 – – – – – – Yes –

Lovegrove et al.,
2020 (17)

Prospective 
development study

420 Low, intermediate, high Lesion-targeted ablation, 
quadrant ablation, 

hemiablation, hockey 
stick ablation, subtotal 

ablation

65 and 73 – – – – – Yes – –

Ganzer et al., 2018 (18) Prospective 
development study

51 Low, intermediate Hemiablation 17 96.1 26.5 8.2 34.7 2.0 Yes Yes Yes

Mortezavi et al., 2019 
(19)

Prospective 
development study

75 Low, intermediate – 6 90.7 – 20.6 – 29.4 Yes – Yes

Albisinni et al., 2017 
(20)

Retrospective cases 
series

55 Low, intermediate Hemiablation 36 – 12.7b 9.1b 21.8b – Yes Yes Yes

Tourinho-Barbosa et al., 
2020 (21)

Retrospective cases 
series

190 Low, intermediate Lesion-targeted ablation, 
quadrant ablation,

hemiablation, subtotal 
ablation

37 91.6 30.0 – 16.8 – Yes Yes Yes

Stabile et al., 2019 (22) Retrospective cases 
series

1032 Low, intermediate Lesion-targeted ablation, 
hemiablation

36 41.1 31.5 –  – Yes

Johnston et al., 2019 
(23)

Retrospective cases 
series

107 Low, intermediate Lesion-targeted ablation, 
quadrant ablation, 

hemiablation

30 62.6 28.0 Yes Yes Yes

Bass et al., 2019 (24) Retrospective cases 
series

150 Low, intermediate, high Lesion-targeted ablation, 
hemiablation, hockey 

stick ablation

24 58.0 – 12.7 – 12.0 Yes Yes Yes

Annoot et al., 2019 (25) Retrospective cases 
series

55 Low, intermediate Hemiablation 33 – – 21.8 – 5.5 – – Yes

Huber et al., 2020 (26) Retrospective cases 
series

598 Low, intermediate, high Lesion-targeted ablation, 
quadrant ablation, 

hemiablation

– – 35.1c – – –

Abreu et al., 2020 (27) Retrospective cases 
series

100 Low, intermediate, high Hemiablation 18 58.0 10.0 8.0 23.0 10.0 Yes Yes Yes

* = Prostate cancer risk stratification is based on modified D’Amico classification system according to EAU Prostate Cancer guidelines 2020. The grouping reflects the 
biggest part of the cohort included into the study.  For visual purpose “–“ = symbol was used when specific data was not available in a study. In some studies control 
biopsies were performed not routinely per-protocol and (a) based on scheduled clinical visits without post-operative mpMRI, (b) on PSA kinetics only, as well as (c) 
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Table 1 - Study design, oncological and functional outcomes, as well as complications and retreatment of the 20 studies included.

Author, years Study design Patients, N Prostate cancer risk group* Type of ablation Follow-up, months

Cohort with control biopsy,%
In-field recurrence, %

Out-of-field progression, 

%
Reported functional 

outcomes
Reported adverse events

Reported retreatment 

tactics
Any CS Any CS
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 2019 (6)

Retrospective cases 
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210 Low, intermediate Lesion-targeted ablation, 
hemiablation, subtotal 

ablation

11 – – – – – – Yes –

Hamdy et al., 2018 (9) Randomized control trial 41 Intermediate Lesion-targeted ablation, 
quadrant ablation, 

hemiablation

– – – – – – – – –

Ahmed et al., 2015 (10) Prospective 
development study

56 Low, intermediate Lesion-targeted ablation 12 92.9 34.6 15.4 7.7 3.8 Yes Yes Yes

Dickinson et al., 2017 
(11)

Prospective 
development study

118 Low, intermediate Lesion-targeted ablation, 
hemiablation

12 94.1 36.9 18.9 – – – – –

Feijoo et al., 2016 (12) Prospective 
development study

67 Low, intermediate Hemiablation 12 100a 16.4a – 10.4a – Yes Yes –

Guillaumier et al., 2018 
(13)

Prospective 
development study

625 Low, intermediate, high Quadrant ablation, 
hemiablation

56 35.5 18.0 – 12.2 – Yes Yes Yes

Rischmann et al., 2017 
(14)

Prospective 
development study

111 Low, intermediate Hemiablation 30 91.8 13.9 5.0 20.8 6.9 Yes Yes Yes

van Velthoven et al., 
2016 (15)

Prospective 
development study

50 Low, intermediate Hemiablation 35 16.0b 6.0b – 10.0b – Yes Yes Yes

Schmid et al., 2020 (16) Prospective 
development study

98 Low, intermediate – 3 – – – – – – Yes –

Lovegrove et al.,
2020 (17)

Prospective 
development study

420 Low, intermediate, high Lesion-targeted ablation, 
quadrant ablation, 

hemiablation, hockey 
stick ablation, subtotal 

ablation

65 and 73 – – – – – Yes – –

Ganzer et al., 2018 (18) Prospective 
development study

51 Low, intermediate Hemiablation 17 96.1 26.5 8.2 34.7 2.0 Yes Yes Yes

Mortezavi et al., 2019 
(19)

Prospective 
development study

75 Low, intermediate – 6 90.7 – 20.6 – 29.4 Yes – Yes

Albisinni et al., 2017 
(20)

Retrospective cases 
series

55 Low, intermediate Hemiablation 36 – 12.7b 9.1b 21.8b – Yes Yes Yes

Tourinho-Barbosa et al., 
2020 (21)

Retrospective cases 
series

190 Low, intermediate Lesion-targeted ablation, 
quadrant ablation,

hemiablation, subtotal 
ablation

37 91.6 30.0 – 16.8 – Yes Yes Yes

Stabile et al., 2019 (22) Retrospective cases 
series

1032 Low, intermediate Lesion-targeted ablation, 
hemiablation

36 41.1 31.5 –  – Yes

Johnston et al., 2019 
(23)

Retrospective cases 
series

107 Low, intermediate Lesion-targeted ablation, 
quadrant ablation, 

hemiablation

30 62.6 28.0 Yes Yes Yes

Bass et al., 2019 (24) Retrospective cases 
series

150 Low, intermediate, high Lesion-targeted ablation, 
hemiablation, hockey 

stick ablation

24 58.0 – 12.7 – 12.0 Yes Yes Yes

Annoot et al., 2019 (25) Retrospective cases 
series

55 Low, intermediate Hemiablation 33 – – 21.8 – 5.5 – – Yes

Huber et al., 2020 (26) Retrospective cases 
series

598 Low, intermediate, high Lesion-targeted ablation, 
quadrant ablation, 

hemiablation

– – 35.1c – – –

Abreu et al., 2020 (27) Retrospective cases 
series

100 Low, intermediate, high Hemiablation 18 58.0 10.0 8.0 23.0 10.0 Yes Yes Yes

triggered only when a suspicious lesion on post-operative mpMRI was detected or PSA rising was observed. Abbreviations: CS - clinically significant; EAU - European 
Association of Urology; mpMRI - multiparametric magnetic resonance imaging; N - number of patients; PSA - prostate-specific antigen.



IBJU | SYSTEMATIC REVIEW OF FOCAL HIFU IN PROSTATE CANCER

268

of TURP (including just 1 treated lobe of the pros-
tate) at the end of focal therapy. Two authors (9, 
16) considered TURP as an exclusion criterion if 
it was performed 6 months before the surgery. In 
2 studies (17, 26), androgen-deprivation therapy 
(ADT) was initiated in a subset of patients to redu-
ce prostate volume, while another 4 authors (6, 16, 
18, 21) considered ADT as an exclusion criterion.

Oncologic outcomes
 Oncologic outcomes were reported in 16 

of 20 studies (10-15, 18-27) included in this re-
view. Median follow-up ranged from 6 to 56 mon-
ths; the studies with the longest follow-up periods 
were Tourinho-Barbosa et al. (21) at 37 months 
and Guillaumier et al. (13) at 56 months.

 Median time to reach prostate-specific 
antigen (PSA) nadir varied from 3 to 12 months 
postoperatively (10, 14, 15, 21, 24, 27), with the 
median PSA reduction being 53% to 84% (10, 11, 
14, 15, 18, 19, 21, 23, 24, 27).During follow-up, 
11 of 16 studies (10, 11, 13, 14, 18, 19, 21, 24-27) 
reporting oncological outcomes performed multi-
parametric magnetic resonance imaging (mpMRI) 
6 to 12 months postoperatively or at any time 
earlier if it was clinically indicated, followed by 
control biopsies afterwards. Three studies have 
performed follow-up sampling without postope-
rative mpMRI, based on the PSA kinetics only (15, 
20) or scheduled clinical visits (12). According to 
the literature, including articles only with control 
mpMRI followed by targeted and systematic biop-
sies, clinically significant in-field recurrence and 
out-of-field progression were detected in 5% to 
22% (10, 11, 13, 14, 18, 19, 24, 25, 27) and 2% 
to 29% (10, 14, 18, 19, 24, 25, 27) patients with 
PCa, respectively. Any type of PCa in the field was 
detected in 10% to 37% of patients (10, 11, 13, 14, 
18, 21, 27), while out-of-field PCa was detected 
in 8% to 35% of patients (10, 13, 14, 18, 21, 27). 
Higher International Society of Urological Patho-
logy (ISUP) grade group (21), more positive co-
res (24), bilateral PCa at primary biopsy (24, 27), 
and higher postoperative PSA nadir (11, 21, 24, 
25) have been identified as the main predictors of 
disease recurrence. Oncologic outcomes from the 
first randomised controlled trial (9) are waited in 
the near future.

Functional outcomes
 Thirteen of 20 studies (10, 12-15, 17-21, 

23, 24, 27) have reported functional outcomes 
after focal HIFU therapy. Urinary and erecti-
le function, as well as health-related quality of 
life (QOL) have been evaluated by self-reported 
symptoms and various questionnaires, including 
the International Prostate Symptom Score (IPSS) 
(28) - 9 studies (10, 12-14, 17-19, 21, 27), In-
ternational Continence Society (ICS) male short-
-form questionnaire (ICSmaleSF) (29) - 3 studies 
(12, 18, 21), International Index of Erectile Func-
tion (IIEF) questionnaire (30) - 6 studies (10, 12, 
14, 18, 19, 27), Expanded Prostate Cancer Index 
Composite (EPIC) questionnaire (31) - 4 studies 
(10, 13, 17, 19) and Functional Assessment of 
Cancer Therapy-Prostate (FACT-P) questionnaire 
(32) - 2 studies (10, 19). Incontinence was defi-
ned as the use of any pad in 9 studies (10, 12, 
14, 15, 17, 20, 21, 23, 27) or more than 1 pad 
per day in 2 studies (13, 19). Erectile dysfunc-
tion (ED) was defined as the persistent inability 
to attain and maintain an erection sufficient to 
permit satisfactory sexual intercourse (19).

 At 3 and 6 months after focal HIFU thera-
py, 86% to 98% (15, 20, 21) and 90% to 98% (19, 
20) of patients with PCa self-reported as totally 
continent, while 12 months after the procedure, 
complete continence was achieved in 93% to 97% 
of patients (10, 14, 15, 17, 20, 24). No further im-
provement in urinary function was observed 2 to 
3 years after the procedure (17). IPSS score remai-
ned unchanged during the first 6 months posto-
peratively (12, 18, 19). Interestingly, Abreu et al. 
(27) and Rischmann et al. (14) reported improved 
initial IPSS results after focal therapy, therefore, 
it should be highlighted that preoperative TURP 
in these studies was performed according to the 
study protocol. On the EPIC urinary domain ques-
tionnaire, the incontinence score showed initial 
deterioration, although 6 months after the proce-
dure, the score had returned to baseline (19) and 
remained high at 2 (97% continent) and 3 years 
(98% continent) afterwards (13). No changes in 
ICSmaleSF score were detected for 85% of patients 
with PCa 3 months after the procedure (21), al-
though the same improvement from baseline was 
observed 12 months after focal therapy (18).
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 According to self-reported symptoms for 
erectile function, 69% to 80% of patients with PCa 
had retained sufficient erections for sexual inter-
course 6 months after focal HIFU (19, 20), and 
these rates remained stable (14, 15, 17, 20, 24) 
or improved slightly (86%) (23) within the next 
2 years. The total score on the 15-question IIEF 
questionnaire (IIEF-15) initially decreased by 23 
points, with a gradual recovery during the early 
postoperative phase, 6 months after the procedu-
re, the total score was still inferior by 17 points 
compared with baseline (19). Another study (10) 
evaluated erectile function in the later postope-
rative period (12 months) using the same IIEF-15 
questionnaire, where 88% of patients reported 
normal erectile function. A few authors used the 
IIEF short-form questionnaire (IIEF-5) after focal 
HIFU. Abreu et al. (27) reported no deterioration 
in erectile function, while Feijoo et al. (12) and 
Ganzer et al. (18) reported that 52% to 70% of 
patients with PCa retained the same preoperative 
values on the IIEF-5 after the procedure. Just one 
study (17) reported ED rates after a second focal 
HIFU, where retreatment was associated with a 
7% increased ED rate.

 No negative side-effects on bowel 
function were detected on the EPIC bowel do-
main questionnaire (19), and no deterioration 
in QOL was registered on the FACT-P questio-
nnaire (10, 19).

Complications
 Complications after focal HIFU have been 

reported in 13 of 20 studies (6, 10, 12-16, 18, 20, 
21, 23, 24, 27). Overall, 13% to 41% patients with 
PCa undergoing focal HIFU experienced some 
type of complication (6, 12-16, 18, 20, 24, 27). The 
most common treatment-related side effects were 
acute urinary retention (7% - 27% of patients) (6, 
14-16, 18, 20, 24, 27), urethral sloughing (7% - 
43%) (6, 10, 14, 27), and urinary tract infection 
(UTI) (5% - 18%) (6, 10, 13-16, 18, 27), followed 
by acute infective epididymitis (2% - 8%) (6, 13), 
fistula (0.3% - 3%) (13, 24), and iatrogenic ure-
thral stricture disease (2% - 4%) (6, 15, 23).

 The majority of complications (85% - 
100%) presented in the early postoperative period 
- that is, up to 3 months after the procedure (6, 

16, 27). In terms of severity, 80% to 100% of com-
plications were classified as minor (Clavien-Dindo 
grade I-II), not requiring any surgical intervention 
(6, 10, 12, 15, 16, 18, 20, 24, 27). The majority 
of cases of acute urinary retention were managed 
conservatively with temporary bladder catheteri-
zation or α-blocker therapy (6, 12, 16, 24, 27). The 
most commonly reported interventions for trea-
ting grade III to V complications were suprapubic 
bladder catheterization, TURP, urethrotomy, ure-
throplasty, and surgical management of fistula (6, 
12, 13, 15, 16, 18, 24).

 Ablation volume (6) and inclusion of the 
urethra (16) were identified as the main predictors 
for postoperative complications. The majority of 
the patients (78%) undergoing subtotal HIFU re-
ported having some type of complication, while 
more precise, lesion-targeted ablation was asso-
ciated with a significantly lower (36%) risk of si-
de-effects (6). Inclusion of the urethra in the HIFU 
ablation zone led to adverse events (AEs) in 48.8% 
of patients, while patients undergoing urethra-
-sparing surgery had a significantly lower (26.3%) 
risk of complications (16). Other risk factors in-
cluded smaller prostate volume, higher body mass 
index, and longer bladder catheterization time (6).

Recurrence management
 Recurrence management was reported in 

13 of the 20 studies (10, 13-15, 18-25, 27) inclu-
ded in this review. A second focal HIFU ablation 
procedure to treat in-field recurrence or out-of-
-field progression after 1 focal HIFU therapy ses-
sion was reported in 2 (14, 23) and 4 (14, 15, 20, 
23) studies, respectively, where 5% to 11% and 2% 
to 13% of patients with PCa, respectively, under-
going focal HIFU ablation were retreated in this 
manner. According to other authors, 4% to 19% of 
patients with PCa underwent a second focal HIFU 
ablation procedure, although these authors did not 
specify whether in-field or out-of-field disease 
was treated (10, 13, 19, 21, 22, 24, 27).

 Other retreatment strategies after one fo-
cal HIFU ablation included focal cryotherapy, sal-
vage whole-gland therapies, and ADT. According 
to Stabile et al. (22), salvage focal cryotherapy was 
performed in 1% of patients. Salvage whole-gland 
therapies consisted of whole-gland HIFU, radical 
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prostatectomy (RP), and external beam radiation 
therapy (EBRT). Salvage whole-gland HIFU abla-
tion was performed in 0.4% to 10% of patients 
with PCa (14, 18, 22), salvage RP was performed 
in 1% to 22% of patients with PCa (13, 14, 18-
20, 22-25, 27), and salvage EBRT with or without 
ADT was performed in 0.9% to 8% of patients (10, 
13-15, 18, 20, 22-24). A small number of patients 
(0.2% - 6%) were treated with ADT only, usually 
because of metastatic disease at the time of recur-
rence (13, 15, 20, 22-24).

 Some patients with low-risk disease, mos-
tly those harbouring ISUP grade group 1 PCa, were 
offered deferred treatment options. According to 5 
articles (10, 14, 18, 19, 25), 4% to 35% of patients 
with PCa were under active surveillance after fo-
cal HIFU therapy.

 Two studies (13, 14) reported third-line 
salvage treatment after 2 focal HIFU ablation pro-
cedures, including third-line focal HIFU ablation, 
which was performed in 1% of patients (13), sal-
vage RP, which was performed in 1% of patients 
(14), salvage EBRT, which was performed in 2% 
of patients (14), and ADT only, which was used in 
1% of patients (14). A second focal HIFU therapy 
procedure was associated with increased risk (by 
7%) of ED (17) but did not compromise continence 
(21), no serious AEs were detected after any type 
of salvage therapy (21, 24).

DISCUSSION

 Since the introduction of aggressive PSA 
testing into clinical practice, the diagnosis of PCa 
has shifted dramatically towards earlier-stage and 
localized disease (2). In the past decade, because of 
the widespread use of mpMRI and rapid progress 
in ultrasound and mpMRI-ultrasound fusion tech-
nologies, the more precise detection of early-stage 
PCa has moved towards early-stage, clinically sig-
nificant disease, which carries the highest risk of 
progression (33). Taking into account that active 
treatment is crucial for this type of PCa and that 
whole-gland therapies are associated with serious 
AEs in the sexual and urinary domains (3, 4), focal 
therapy could be a better option for these patients.

 Focal HIFU focuses ultrasound waves at 
a malignant lesion in or on the prostate, it pro-

duces heat above 65°C and destroys the targeted 
area through coagulative necrosis. Since the ear-
ly 2000s, 3 HIFU devices have been commercially 
available for PCa treatment: Sonablate 500, Abla-
therm, and Focal One. All three machines have 
been used in some of the studies included in this 
review: the Sonablate 500 device in 8 studies, the 
Ablatherm device in 8 studies, and the Focal One 
device in 6 studies. Some differences in technical 
characteristics exist between these devices, what 
could also have affected treatment outcomes (34). 
The Ablatherm and Focal One device use cou-
pling liquid to protect the rectum; thus, patients 
should be placed in a lateral position to allow gas 
bubbles to rise outside the imaging and therapy 
fields. The Sonablate 500 device uses circulating 
chilled water instead of coupling liquid, thus, a 
supine patient position is recommended. The Focal 
One device, which features the latest technology, 
enables more precise pre-treatment planning and 
shape and size modifications during the procedure 
(which are not possible with the Ablatherm devi-
ce) as well as end-of-treatment validation through 
contrast-enhanced ultrasound (which is not possi-
ble with the Sonablate 500 device) (35).

 Across all the studies included in this re-
view, tissue-preserving strategies during focal 
HIFU therapy were inconsistent. Based on the vo-
lume of the disease and the extension within the 
prostate, different treatment strategies have been 
proposed: index-lesion or focal ablation, quadrant 
ablation, hemiablation, and subtotal or hockey-
-stick ablation (36). After the procedure, the type 
and length of bladder catheterisation varied sig-
nificantly among the initial studies. According to 
some authors (22), a suprapubic approach was ba-
sed on their personal experience with whole-gland 
therapy and prolonged voiding problems afterwar-
ds. Thus, urethral catheterization was avoided to 
decrease the risk for urethral strictures. When it 
became clear that most men re-established voiding 
less than a week after the procedure, indwelling 
urethral catheterization for up to 3 days posto-
peratively was adopted as the standard approach 
in most of the studies. A few authors have also 
performed TURP in preoperative or perioperative 
settings to decrease postoperative sloughing and 
prolonged need for bladder catheterization. None 
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of these authors has evaluated the impact of TURP 
on postoperative functional outcomes.

 Short-term oncologic results have been 
reported in the majority of the studies reviewed, 
while just 2 studies (13, 21) have reached a posto-
perative follow-up adequate for intermediate-term 
results. Taking into account the prolonged natural 
history of PCa and the lack of reliable compara-
tive data on medium- and long-term oncologic 
outcomes, no final decision could be made regar-
ding cancer control after focal HIFU therapy. PSA 
nadir in all the studies reviewed had been rea-
ched 12 months postoperatively, with a median 
reduction greater than 50% from baseline. Despite 
one author (20) using PSA kinetics to trigger pos-
toperative biopsies, it should be highlighted that 
currently no accepted definition of biochemical 
disease control following focal therapy has been 
established, thus, postoperative follow-up could 
not be based on Phoenix (37), Stuttgart (38), or 
any other criteria, and postoperative mpMRI with 
control biopsies are mandatory (39). During short-
-term follow-up, half of the patients were histolo-
gically confirmed as having clinically significant 
(ISUP grade group ≥2) disease, where in-field and 
out-of-field PCa was detected in up to 22% and 
29% of patients, respectively.

 Retreatment possibilities have been re-
ported in some of the studies. Therefore, no data 
regarding indications for different retreatment 
strategies, including second focal HIFU or other 
focal therapies, or for whole-gland treatment op-
tions were reported in any of the studies. For low-
-risk recurrence, a deferred treatment option was 
offered in the majority of the studies, where up to 
35% of patients with PCa after focal HIFU were 
undergoing active surveillance. The majority of 
the studies used radical treatment options, such 
as salvage RP and salvage EBRT, to treat PCa re-
currence or progression. Second focal HIFU was 
initiated in up to 20% of patients with PCa, where 
in-field recurrence was treated in 11% of patients 
and out-of-field progression in 13% of patients.

 Regarding the overall complication rate, 
focal HIFU therapy appears to be a threatening 
procedure in which up to 41% of patients expe-
rience some type of complication. It should be no-
ted, however, that the majority of complications 

are low grade and do not require surgical inter-
vention. The most common side-effects are tem-
porary acute urinary retention, urethral sloughing, 
and UTI. One author (24) reported a slightly higher 
number (3%) of postoperative fistulas, but the pro-
blem was solved by increased cooling time betwe-
en treatment pulses in the midzone of the prosta-
te. Regarding self-reported symptoms and various 
questionnaires, initial deterioration in the urinary 
domain during the early postoperative phase was 
observed in 14% of patients with PCa. During the 
next few months after the procedure, significant 
improvement in continence rates has been obser-
ved, and 1 year after the procedure, only a low 
percentage of patients presented incontinence of 
any grade. Regarding erectile function, 70% of pa-
tients with PCa reported no changes in early the 
postoperative period of focal HIFU. Gradual reco-
very during the early postoperative phase was also 
observed, and 86% of patients retained sufficient 
erection for sexual intercourse following the pro-
cedure.

CONCLUSIONS

 Focal HIFU therapy appears to be a safe 
procedure with low-grade complications and to 
offer good preservation of urinary and erecti-
le function. Its short-term cancer control rate is 
encouraging, although second-line treatment or 
active surveillance seems to be necessary in a 
significant number of patients with PCa. If inter-
mediate- and long-term oncologic outcomes are 
verified against standard-of-care procedures in 
high-quality comparative trials, focal HIFU could 
become the standard of care for well-selected pa-
tients with PCa.

ABBREVIATIONS

ADT = androgen-deprivation therapy
AE = adverse event
EBRT = external beam radiation therapy
ED = erectile dysfunction
EPIC = Expanded Prostate Cancer Index Composite
FACT-P = Functional Assessment of Cancer The-
rapy-Prostate
HIFU = high-intensity focused ultrasound
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ICS = International Continence Society
ICSmaleSF = ICS male short-form questionnaire
IIEF = International Index of Erectile Function
IPSS = International Prostate Symptom Score
ISUP = International Society of Urological Patho-
logy
mpMRI = multiparametric magnetic resonance 
imaging
PCa = prostate cancer
PSA = prostate-specific antigen
QOL = quality of life
RP = radical prostatectomy
TURP = transurethral resection of the prostate
UTI = urinary tract infection
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ABSTRACT
 

Objectives: The purpose of our study was to assess the association between the 
winter season and desmopressin treatment failure in South Chinese children with 
monosymptomatic nocturnal enuresis (MNE).
Materials and Methods: A retrospective study was conducted to analyze the clinical data 
of children with monosymptomatic nocturnal enuresis who have visited our urology 
clinic from January to December 2019. All patients received desmopressin treatment. 
Final treatment outcomes were categorized as successful (complete response) or failed 
(absent and partial response). The relationship between winter season and treatment 
response to desmopressin was evaluated. Additionally, associated risk factors were 
investigated with both univariate and multivariate regression analysis.
Results: In total, 393 patients diagnosed with MNE were included in the present study. 
There were no statistically significant differences in pretreatment variables at first 
visit between patients who visited the clinic in winter and those who did so in other 
seasons. However, the treatment failure rate of MNE in the winter season was higher 
than that of other seasons (77.50% vs. 52.74%). Multivariate logistic regression analysis 
demonstrated that the severity of symptoms and an initial clinic visit in the winter 
season were significantly related to desmopressin treatment failure in MNE patients.
Conclusion: Winter season and severity of symptoms are two risk factors associated with 
desmopressin treatment failure in MNE patients.
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INTRODUCTION

Nocturnal enuresis (NE) is defined as inter-
mittent incontinence during sleep that manifests in 
at least one episode per month for three consecutive 
months in children older than five years (1). NE is a 
common developmental disorder, especially in boys, 
and its prevalence among children aged 7 is 5-10% 
(2, 3) and among adults is 0.5-2.3% (4, 5).

Enuresis can be classified as monosympto-
matic nocturnal enuresis (MNE) or non-monosymp-
tomatic nocturnal enuresis (NMNE) depending on 
whether accompanying lower urinary tract symp-
toms are present, with the former type being cha-
racterized by the absence of such symptoms. Desmo-
pressin, a synthetic version of the human antidiuretic 
hormone (ADH), is one of the recommended first-line 
treatments for MNE (6). In fact, desmopressin reduces 
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nocturnal urine production, matching such produc-
tion with bladder capacity. After receiving oral des-
mopressin treatment, nearly one-third of children 
had no subsequent MNE episodes, one-third ob-
tained partial relief, and one-third had no benefit 
(7). MNE cure rate can be improved by combination 
therapy strategies (8).

The winter season was reported to be a risk 
factor in enuresis treatment failure in Japan (9). The 
same trend was also observed in Shenzhen, a city that 
belongs to the subtropical monsoon climate zone in 
southern China, but the nature of the relationship be-
tween the winter season and desmopressin treatment 
failure remains unclear. Therefore, in our current stu-
dy, we investigated the difference between children 
who received desmopressin treatment in the winter 
and those who received it during other seasons.

MATERIALS AND METHODS

Participant selection
We retrospectively analyzed the clinical data 

of 460 consecutive children diagnosed with MNE 
who had been referred to urology outpatient clinic 
of Shenzhen Children’s Hospital between January 
to December 2019. All procedures performed in this 
study were in accordance with the ethical standar-
ds of the Research Ethics Committee of Shenzhen 
Children’s Hospital (IRB number: 2021044). All in-
cluded children with MNE met the diagnostic crite-
ria listed by the International Children’s Continence 
Society (ICCS): age >5 years; involuntary nocturnal 
leakage at least once a month; and duration of MNE 
>3 months (10, 11). Patients were excluded if they 
presented with one of the following exclusion cri-
teria: organic lesions including neurological or uri-
nary system malformations, diabetes mellitus; con-
comitant daytime symptoms; and treatment duration 
spanning two time points (December to February and 
March to November). Patients with missing infor-
mation (n=30) and those who had poor compliance 
(n=37) were excluded from the study. Ultimately, the 
data of 393 children with MNE were analyzed.

The severity of enuresis was classified based 
on the number of nights when MNE was observed: 
mild, less than 2 nights per week; moderate, 3-4 
nights per week; and severe, greater than 5 nights 
per week (12). Shenzhen is located in the southeast 

coast of China, close to Hong Kong, with a typical 
subtropical monsoon climate. Therefore, the win-
ter season was considered to span from December 
to February (Figure-1).

All patients received routine health coa-
ching about avoiding irregular bladder and bowel 
habits, establishing healthy lifestyle behaviors and 
limiting fluid intake before bedtime during des-
mopressin treatment. All children received des-
mopressin tablets as first-line treatment and were 
followed up for a minimum of three months. The 
initial dose of desmopressin was 0.1mg 1h before 
bedtime. This dose could be raised to a maximum 
dose of 0.4mg if patients showed no response after 
two weeks. The treatment response was evaluated 
after three months’ treatment, and therapy was 
discontinued if possible. Treatment unresponsive-
ness, partial responsiveness and complete respon-
siveness, was defined as a reduction in symptom 
frequency less than 49%, equal to 50-99%, and 
equal to 100% dry nights, respectively (1). Tre-
atment failure was defined as: absent or partial 
response (13) and the patients were divided into 
a successful or failed outcome group according to 
their responsiveness.

Statistical Analysis

The SPSS 25.0 statistical software (SPSS Inc., 
Chicago, IL, USA) was used for statistical analysis. 
A chi-square test was employed to analyze the rela-
tionship between variables of the two groups, a t test 
was utilized for computing statistical differences, and 
the Mann-Whitney U test was used to compare tre-
atment efficacy between the two groups. Statistical 
analyses were performed using univariable logistic 
regression followed by multivariable logistic regres-
sion to evaluate possible risk factors of desmopres-
sin treatment failure. P values <0.05 were considered 
statistically significant.

RESULTS

A total of 393 children diagnosed with MNE 
were included in our current study. The mean age 
of the cohort was 7.39 years, and the mean follow-
-up time was 6.3 months after treatment initiation. 
A total of 206 children (52.42%) presented with 
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severe symptoms according to frequency of night-
time urination, and 117 subjects (29.77%) had a po-
sitive family history of enuresis. Habitual snoring 
during sleep was reported by 78 subjects (19.85%). 
Obesity was observed in 45 (11.45%) patients, while 
348 (88.55%) children were classified as non-obese 

according to BMI (Table-1). There was no differen-
ce between the two groups in age, sex, severity of 
symptoms, family history, parent educational level, 
sleep quality, and weight problems (Table-1).

Ultimately, 156 (39.69%) children with 
MNE showed complete response to desmopres-

Figure 1 - The average temperature (℃) in Shenzhen region in 2019. Data were recorded from the Shenzhen Meteorological 
Bureau website (http://weather.sz.gov.cn/qixiangfuwu/qihoufuwu/qihouguanceyupinggu/nianduqihougongbao/content/
post_6851743.html).

Table 1 - Characteristics of cases for the first visiting urology clinic in winter or other seasons.

Variables
winter

n = 120
other seasons

n = 273
t/χ2/Z p

Age (years ± SD) 7.53±1.67 7.34±1.42 1.170 0.243

Gender(male/female) 51/69 143/130 3.256 0.071

Mother’s age (years ± SD) 34.42±5.34 34.90±5.83 0.764 0.445

Father’s age (years ± SD) 38.55 ±5.79 38.09±6.02 0.715 0.475

Severity of symptoms (severe / mild and 
moderate)

71/49 135/138 3.155 0.076

Family history (present / absent) 37/83 80/193 0.093 0.760

Mother’s academic qualifications (High / Low) 81/39 171/102 0.857 0.355

Father’s academic qualifications (High / Low) 76/44 188/85 1.157 0.282

Snoring during sleep (present / absent) 18/102 60/213 2.552 0.110

obesity (present / absent) 18/102 27/246 2.147 0.143

Response to desmopressin treatment

no response 36 82 -16.226 0.000

partial response 57 62

complete response 27 129
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sin treatment, 119 (30.28%) showed partial im-
provement, and 118 (30.03%) were unresponsi-
ve (Table-1). No differences in age, sex, family 
history, parent educational level, sleep quality 
and weight problem were observed between the 
successful treatment and failed treatment group 
(Table-2). In the successful treatment group, 

63 (40.38%) of children showed a severe MNE 
phenotype, but in the failed treatment group 
the percentage of severe symptoms was greater 
(60.76%, n=144) and this difference was signifi-
cant (p=0.000) (Table-2). The number of patients 
who had their first-time visit to the urology cli-
nic in the winter season was 27 (17.31%) in the 

Table 2 - Univariate logistic regression analysis was performed to assess risk factors for desmopressin treatment failure. (n = 393).

Variables
Treatment 

success group
n = 156

Treatment 
failure group

n = 237
p value OR 95% CI

Age 7.23±1.38 7.51±1.56 0.068 1.138 0.990-1.308

Gender (male)

Male 85 109 0.100 0.711 0.474-1.067

Female 71 128

Mother’s age 34.63±5.80 34.84±5.62 0.713 1.007 0.971- 1.043

Father’s age 38.36 ±6.25 38.15±5.76 0.726 0.994 0.961- 1.028

Severity of symptoms

Severe 63 144 0.000 2.286 1.513-3.453

Mild and moderate 93 93

Family history

Present 45 72 0.745 1.076 0.691- 1.677

Absent 111 165

Mother’s academic qualifications

High 108 156 0.286 0.793 0.519- 1.214

Low 48 81

Father’s academic qualifications

High 100 133 0.482 0.856 0.555- 1.320

Low 44 65

Snoring during sleep

Present 34 44 0.433 0.818 0.495- 1.351

Absent 122 193

Obesity

Present 17 28 0.780 1.095 0.578- 2.077

Absent 139 209

Visiting clinic

Winter season 27 93 0.000 3.086 1.890-5.036

Other seasons 129 144

OR = Odds ratio; CI = confidence interval
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successful treatment group, and 93 (39.24%) in 
the failed treatment group. This difference was 
statistically significant (p=0.000) (Table-2).

Univariate logistic regression analysis 
showed that both the severity of symptoms and 
wintertime first-time visit were closely related 
to desmopressin treatment failure (odds ratio 
[OR]=2.286, 95% confidence interval [CI]=1.513-
3.453, p=0.000 and OR=3.086, 95% CI=1.890-
5.036, p=0.000 respectively). Other demogra-
phical and clinical factors including age, sex, 
family history, parent educational level, sleep 
quality, and overweight did not influence treat-
ment efficacy (Table-2). Similarly, multivariate 
logistic regression analysis with a forward ste-
pwise model also indicated that the severity of 
symptoms and wintertime first-time visit were 
significantly associated with desmopressin tre-
atment failure (OR=2.172, 95% CI=1.423-3.315, 
p=0.000 and OR=2.945, 95% CI=1.791-4.842, 
p=0.000 respectively).

DISCUSSION

Our study confirmed that the complete 
responsiveness rate and partial responsiveness 
rate were 39.7% and 30.3% respectively. These 
data were similar to those obtained in a pre-
vious study (14).

Many studies have suggested that seaso-
nal variations in climate are important factors 
that cannot be ignored during the onset, develo-
pment, and progression of diseases. Specifically, 
in regard to enuresis, it has been shown that the 
duration and frequency of enuresis in the same 
group increased in the winter compared to that 
in the summer season (15). Furthermore, in a 
study by Yoshiyuki Shiroyanagi et al., children 
with NE received enuresis alarm treatment were 
more prone to treatment failure in the winter 
than in any other season, thus showing winter-
time as an independent risk factor for treatment 
failure (9). These findings were similar to those 
of our current study. In fact, we showed that tre-
atment efficacy in children who had their first-
-time visit and began desmopressin treatment in 
the winter had poorer outcomes than children 
that did so during other seasons. The possible 

explanations for this pattern could be the follo-
wing: first, cold temperatures can increase the 
osmolality of urine, which could be attributed to 
a reduced arginine vasopressin (AVP) excretion 
from the hypophysis as well as to the failure to 
maintain the concentration gradient in the renal 
medulla (16, 17). Also, systemic levels of cyclic 
guanosine monophosphate (cGMP) are signifi-
cantly blunted in the cold, indicating suppressed 
nitric oxide (NO) signaling (17). The central ner-
vous system has been confirmed to be capable 
of secreting anti-diuretic hormone (ADH) in res-
ponse to NO stimulation (18); thus, decreased NO 
secretion during the cold months could lead to a 
reduction in ADH production. However, another 
study demonstrated that cold-induced diuresis 
was not a consequence of a reduction in AVP 
release, because no change in AVP plasma levels 
was recorded in rats. Rather, cold-induced diu-
resis was possibly caused by the downregulation 
of V2 receptors and the subsequent decrease in 
the expression of the AQP-2 water channel pro-
tein (19). The limitation of this study was that 
data were obtained in rats; consequently, whe-
ther the same mechanism occurs in the human 
body has yet to be determined.

The second possible explanation for the 
high rate of desmopressin treatment failure in 
the winter season is the negative influence of 
cold weather on bladder capacity. Increased 
nocturnal detrusor activity and low bladder ca-
pacity play important roles in nocturnal enu-
resis (11). Studies have demonstrated that cold 
stressors increased detrusor activity and decrea-
sed bladder capacity without altering body tem-
perature in rats (20, 21). A human study showed 
that lower urinary tract symptoms were signi-
ficantly improved by physical exercise in cold 
sensitive patients (22). In this report, althou-
gh desmopressin reduced urine production, the 
increased nocturnal detrusor activity and low 
bladder capacity induced by the cold remained 
unresolved. Therefore, the findings of the abo-
vementioned study could explain why a higher 
rate of desmopressin treatment failure is obser-
ved during the winter season.

Of course, the present study had several 
limitations. First, the sample size was small. Se-
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cond, the retrospective design of the study im-
posed inherent limitations. Our findings need to 
be confirmed by a large-scale, prospective study.

In conclusion, winter season and severe 
symptom of enuresis were associated with des-
mopressin treatment failure in MNE.
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COMMENT

This is an interesting article addressing the effects of cold (winter season) in treatment results 
of primary monosymptomatic enuresis (PME). Although retrospective, the study includes a fair number 
(393) of children that were treated with desmopressin in a subtropical climate region of China, and it 
uses the International Children’s Continence Society Criteria to define their results (1).

Although in our clinical daily practice we observe, and also hear from parents, that children 
presenting PME does worse during the wintertime, few studies have described this relationship be-
tween cold months and worsening or greater difficulty in treating enuresis. Previously, Tas et al., 
2014, have shown that the number of wet nights per month and the number of enuretic episodes for 
one night increased during the winter months, which negatively impacts in the quality of life of these 
children in this period of the year (2).

One explanation for this association could be increased urine production during the cold period 
due to reduced loss of water by sweating despite reduced intake. It is known, based on experimental 
studies in rats, that lower temperatures reduce the difference between water intake and urine output 
significantly, as well as renal concentrating responses, (3) anti-diuretic hormone (ADH) secretion is 
also decreased (4).

These mechanisms may explain an increase in nocturnal urine output during the cold months 
of the year but no study was found that definitely explain or correlate cold weather to arousal or 
wakening problems, which is one of the main mechanisms related to the cause of enuresis up to today.

The authors have evaluated other important factor associated with enuresis in their study, such 
as severity of symptoms, family history of enuresis, obesity, sleep quality (snoring), among others, 
and in a multivariate analysis found only severity of symptoms and winter season as factors related 
to treatment failure with the use of desmopressin in children presenting PME (5). Similar results were 
found by Shiroyanagi et al., 2014, evaluating the use of enuresis alarm during wintertime. In their 
study, initiating treatment with enuresis alarm during winter season was an independent risk factor 
with 3.13 more chance of treatment failure (6).

As we all know, desmopressin and enuresis alarm have different mechanisms of action and 
are indicated for enuresis associated with nocturnal polyuria or not, respectively, and each treatment 
seems to go worse during winter season. These poor results during the cold months of the year with 
two different treatment modalities lead us to think that cold may also influence sleep quality and 
arousal of these children. It has been shown that apnea-hypopnea index has an inverse correlation 
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to temperature (7), and that sleeping problems 
(difficulty initiating sleep, difficulty maintaining 
sleep, and excessive daytime sleepiness) occur 
more frequently in winter season (8). 

All this raise the question whether the 
worst results in treating enuresis during winter 
season with desmopressin, presented by Sun et 
al., are related to changes in nocturnal urinary 

production, changes in sleep pattern or both. 
This is  an open field for new studies and, as we 
know, enuresis etiology is multifactorial and cold 
weather may also play a rule in this already com-
plicated and difficult to understand problem that 
affects millions of children worldwide.
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ABSTRACT
 

A major challenge in the management of ureteropelvic junction obstruction (UPJO) is 
the selection of patients who would benefit from surgical treatment. Tissue inhibitor 
metalloproteinase-2 (TIMP-2) and insulin-like growth factor-binding protein 7 (IGFBP7) 
indicate renal cell stress and are associated with cell cycle arrest. The [TIMP-2] [IGFBP7] 
ratio (Nephrocheck®) has been recently applied in patients in intensive care units 
patients to predict the development of acute kidney injury. In this study, we evaluated 
the performance of these biomarkers performance to distinguishing obstructive 
hydronephrosis (HN) from non-obstructive HN.
Materials and Methods: Consecutive patients with UPJO were enrolled in this study. 
Urinary [TIMP-2] [IGFBP7] and clinical characteristics (hydronephrosis grade, differential 
renal function, and drainage half-time) were measured in the following groups: 26 
children with obstructive HN at initial diagnosis (group 1A) and after six months of 
dismembered pyeloplasty (group 1B); 22 children with non-obstructive HN (group 2), 
and 26 children without any urinary tract condition, as the control group (group 3).
Results: Comparing the initial samples, [TIMP-2] [IGFBP7] had higher levels in the HN 
groups and lower levels in the control group; however, no difference was observed 
between the HN groups (obstructive vs. non-obstructive). After six months of follow-
up, patients who underwent dismembered pyeloplasty showed stability in the urinary 
concentration of [TIMP-2] [IGFBP7]. All patients with [TIMP-2] [IGFBP7] higher than 1.0 
(ng/mL)2/1000 had diffuse cortical atrophy on ultrasonography.
Conclusions: We showed that urinary levels of urinary [TIMP-2] [IGFBP7] are higher in 
children with HN than controls. Nephrocheck® is not reliable in predicting the need for 
surgical intervention for pediatric patients with UPJO.
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INTRODUCTION

NephroCheck® (Astute Medical, San Diego, 
CA, USA) is an immunoassay test that measures the 

urinary concentrations of two cell-cycle arrest bio-
markers, tissue inhibitor metalloproteinase-2 (TIMP-
2) and insulin-like growth factor-binding protein 7 
(IGFBP7), and provides a quantitative risk index that 
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combines them into a single numerical ratio\([TIMP-
2] [IGFBP7]/1000), which is a reliable predictor of 
acute kidney injury (AKI) in critically ill patients, the 
results of which can be expected within 1 hour of 
sample collection (1). In comparison with serum cre-
atinine and the urinary output, it has the advantage 
of detecting renal damage even in the absence of glo-
merular filtration rate (GFR) alterations (2).

Ureteropelvic junction obstruction (UPJO) 
particularly represents a challenge regarding treat-
ment indications and its follow-up. The main issue is 
that UPJO is a spectral disease, where in not all cases 
of hydronephrosis (HN) represent a kidney-damaging 
state, and decision-making involves choosing betwe-
en the options for binary treatment: surgical correc-
tion or surveillance.

There has been controversy regarding the in-
dications of surgical intervention in asymptomatic 
patients. Some authors have proposed initial nono-
perative management along with intensive imaging 
protocols with surgical intervention primarily based 
on decreasing ipsilateral differential renal function or 
increasing the drainage half-time (3). However, in the 
era of patient-oriented medicine, several studies have 
focused on the identification of ultrasonography fin-
dings or serum and urinary biomarkers for managing 
UPJO in children.

Morphological changes associated with uri-
nary obstruction include tubular dilation, and atro-
phy, thickening of the basement membrane, and 
interstitial fibrosis. TIMP-2 and IGFBP7 have a mo-
lecular weight of approximately 24 kDa and 29 kDa 
respectively (4). Both are expressed and secreted by 
renal tubular cells and involved in G1 cell cycle ar-
rest during the early phases of cellular stress or injury 
caused by various insults (e.g., sepsis, ischemia, oxi-
dative stress, and toxins) (5).

When exposed to cellular stress or injury, 
renal tubular cells may produce and release TIMP-
2 and IGFBP7. TIMP-2 stimulates p27 expression 
and IGFBP7 directly increases the expression of p53 
and p21. These proteins block the effect of cyclin-
-dependent protein kinase complexes (CyclD-CDK4 
and CyclE-CDK2) on cell cycle promotion, resulting 
in transient G1 cell cycle arrest, thereby providing 
cells with an opportunity to repair DNA damage and 
regain function. This process occurs during early 
cellular stress and may help cells maintain energy 

balance and prevent further DNA damage and divi-
sion (6). However, sustained cell cycle arrest results 
in a senescent cell phenotype and leads to fibrosis. 
Therefore, cell cycle arrest is not only associated with 
an increased risk of AKI but may also serve as a link 
between AKI and renal fibrosis (7, 8).

Our hypothesis is that cell cycle arrest bioma-
rkers (TIMP-2 and IGFBP7) have higher urinary levels 
in patients with UPJO who require surgical interven-
tion (associated with interstitial fibrosis) compared to 
those in patients elected for surveillance.

MATERIAL AND METHODS

This was a case-control prospective stu-
dy performed from September 2016 to June 2019 
at our institution (research ethics board approval 
#62235816.8.0000.0068). Children with congenital 
HN caused by UPJO diagnosed at the pediatric unit 
of the Department of Urology, and healthy children 
without underlying pathologies were enrolled from 
the childcare outpatient clinic. All subjects were aged 
between 1 month and 18 years. All caregivers of the 
children were interviewed and provided informed 
consent for the children to participate in the study.

The diagnosis of HN without ureteral dila-
tation was primarily confirmed using renal ultra-
sonography (US). The degree of HN was graded 
according to the Society for Fetal Urology (SFU) 
classification and the alternative grading score pro-
posed by Onen [Onen’s alternative grading system 
(AGS)] on renal US (9).

Irreversible renal damage may occur parti-
cularly in patients with severe HN; Onen’s AGS has 
the advantage of accurately indicate this condition 
by dividing SFU-4 into two different groups. The cri-
teria for correlation between the two systems are as 
follows: SFU-1 (pelvic dilatation alone) and SFU-2 
(pelvic dilatation with minimal calyceal dilatation) is 
considered AGS-1, SFU-3 (calyceal dilation without 
parenchymal thickness) is considered AGS-2, and 
SFU-4 (calyceal dilation with parenchymal thickness) 
is classified as either AGS-3 when the renal paren-
chymal thickness represents half or less of the con-
tralateral normal kidney or AGS-4 if there is severe 
parenchymal loss (cyst-like kidney) (10) (Figure-1).

UPJO was diagnosed as HN without ipsilate-
ral ureteral dilatation on US; if vesicoureteral reflux 
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was suspected, voiding cystourethrography was per-
formed. Subsequently, a radioisotope renal scan was 
performed in all cases to confirm the diagnosis. At 
our institution, as technetium-99m mercaptoacetyl-
triglycine renography is not available, both diuretic 
renography [diethylenetriaminepentaacetate (DTPA) 
radionuclide renal scan] and static renography [di-
mercaptosuccinic acid (DMSA) radionuclide renal 
scans) were performed. DMSA radionuclide renal 
scan was interpreted as differential renal functions 
(DRFs): a DRF of the affected dilated kidney of <40% 
was considered abnormal. DTPA radionuclide renal 
scan curves were classified according to Lee (10): pat-
tern IV of Lee was considered obstructed.

The indications for surgical intervention (pye-
loplasty) were based on the available guidelines (11-
14): symptomatic obstruction, impaired DRF (<40%), 
decrease of >10% in renal function in subsequent in-
vestigations, poor drainage function after the admi-
nistration of diuretics, increasing APD, or worsening 
HN to SFU grades III and IV on US from the current 
proposed indications for surgical intervention (11).

The exclusion criteria included associated 
anomalies, such as vesicoureteral reflux, urete-
rovesical junction obstruction, and posterior ure-
thral valve obstruction; bilateral HN; previous 
operation of the urinary system; other deforma-
tions in the external genital organs, lower part of 

the ureter, bladder, and urethra; urinary stones; 
and neurogenic bladder dysfunction.

The patients were categorized into three 
groups based on the clinical and imaging findin-
gs, including the APD, DRF, and drainage curve 
on the radioisotope renal scan: group 1 (obstructi-
ve HN), group 2 (non-obstructive HN) and control 
group.

The patients were followed up for at le-
ast 6 months; they underwent regular clinic vi-
sits, US, and radionuclide renal scans. The clinical 
work-up included the analysis of medical charts 
to determine age, sex, laterality, grade of HN, an-
teroposterior pelvic diameter, age at the time of 
diagnosis, method of treatment, measurement of 
blood pressure, and physical examination results. 
The biochemical work-up included the determina-
tion of serum creatinine levels.

In group 1 (obstructive HN), voided uri-
nary samples were collected twice: preoperative-
ly (baseline evaluation) before surgical repair for 
UPJO (examination A) and 6 months postoperati-
vely (examination B). In group 2 (non-obstructive 
HN) and the control group, urinary samples were 
collected only once at baseline. Collection was ba-
sed on the patient’s age and ability to spontaneou-
sly void, with a preference for midstream urinary 
samples (whenever possible). Urinary culture was 

Figure 1. Comparison of SFU hydronephrosis grading system and Onen’s AGS.
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obligatory to exclude active urinary infections and 
avoid interference with the studied urinary markers.

Urine was aseptically collected, mixed and 
centrifuged (3000rpm, 10 min), and stored in sam-
ples frozen at - 80°C. After thawing, the urine cre-
atinine concentration was determined (measured 
using the Jaffe reaction), and measurements of 
urinary IGBP-7 and TIMP-2 (using microsphere-
-based LuminexÒ technology, as described below) 
were performed.

Urine specimens were prepared for analy-
sis in 96-well plates using the 4-cytokine Milli-
plex MAP Human Premixed Multi-Analyte Kit 
LXSAHM-04-1KIT (BiotechneÒ, Minneapolis, MN) 
following the manufacturer’s protocols. Analytes 
were quantified using a Magpix analytical test 
instrument, which utilizes xMAP technology, 
multiple analyte profiling (Luminex Corp., Austin, 
TX), and xPONENT 4.2 software (Luminex). Con-
centrations of cytokines (pg/mL) were determined 
based on the fit of a standard curve for mean flu-
orescence intensity (pg/mL).

Statistical Analysis

Statistical analysis was performed using 
IBM SPSS Statistics for Windows, Version 17.0 
(SPSS, Chicago, IL, USA) and the R platform 
(v.3.2.5). Continuous variables are shown as 

median±standard error of the mean, and cate-
gorical variables are presented as frequencies. A 
comparison of the demographic, clinical, ima-
ging, and urinary variables was performed. For 
homogeneous groups, a one-way analysis of va-
riance (ANOVA) was conducted. For nonparame-
tric groups, the Mann-Whitney U test or Kruskal-
-Wallis test was performed. The influence of the 
time decrease in urinary markers was also evalua-
ted using ANOVA. Statistical significance was set 
at p <0.05. Finally, receiver-operating characteris-
tic (ROC) curves were generated to determine the 
optimal cut-off point (using Youden’s index) for 
the studied urinary markers in UPJO.

RESULTS

This study enrolled 74 patients. Group 1 
(obstructive HN) comprised 26 children (15 boys, 11 
girls) with a median age of 4.9±4.7 years. Group 2 
(non-obstructive HN) included 22 children (13 boys, 
9 girls; median age 6.9±4.8 years). Group 3 (control 
group) consisted of 26 healthy children (17 boys, 9 
girls; median age 6.1±3.4 years).

The demographic characteristics and cli-
nical data for each group are presented in Table-1. 
All patients had a normal estimated GFR >90mL/
min/1:73m2 calculated using the Schwartz formu-
la (15). In group 2 (non-obstructive HN), unilateral 

Table 1 - Demographic and clinical characteristics parameters of the patient and control groups showed as average, minimum 
and maximum.

Parameters Group 1 (obstructive HN) Group 2 (non-
obstructive HN)

Control p

Age (years) a 4.9 (0-17) 6.9 (0-18) 6.1 (0-15) 0.077

Sex b (male/female) 15/11 13/9 17/9 0.835

Laterality b (right/left) 13/13 6/16 NE 0.109

Clinical concern b 13 0 NE 0.001

APD (mm) c 31.2 (16-65) 19.7 (7-40) NE 0.001

SFU grade IV b 16 (62%) 0 NE 0.001

Onen`s AGS IV b 8 (31%) 0 NE 0.001

Split renal function c 37.7 (11-57) 48.4 (40-55) NE 0.005

Lee curve IV b 26 (100%) 0 NE 0.001

APD = anterior-posterior diameter of affected renal pelvis; HN = hydronephrosis; NE = not evaluated.
a Kruskal Wallis Test; b Pearson Chi-Square Test; c Mann-Whitney Test
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HN was more common on the left side (72%), and in 
group 1 (obstructive HN), the laterality was even. As 
expected, there was statistically significant diffe-
rence between the groups regarding the symptoms, 
degree of HN on the SFU grading scale based on 
US, DRF based on DMSA scans, and pattern of 
renal scan curves based on DTPA scans (Table-1).

Baseline evaluations of [TIMP-2] 
[IGFBP7]/1000 revealed the following concen-
trations: Group 1 (obstructive HN), 0.29 (0.10-
0.85) (ng/mL)2/1000; Group 2 (non-obstructive 
HN), 0.23 (0.09-0.42) (ng/mL)2/1000, and control 
group, 0.12 (0.03-0.18) (ng/mL)2/1000. [TIMP-
2] [IGFBP-7] had different concentrations in the 
three groups, with higher values according to the 
severity of obstruction (groups 1 and 2 vs. con-
trols, p=0.0021). However, higher levels of [TIMP-
2] [IGFBP-7]/1000 in group 1 (obstructive HN) 
did not exhibit statistically significant differences 
when compared to those in group 2 (non-obstruc-
tive HN) (Figure-2).

ROC curve analysis showed a disappointing 
diagnostic profile for the detection of obstructive 

HN for [TIMP-2] [IGFBP7]/1000 [area under the 
curve (AUC) of 0.5]. All patients with [TIMP-2] 
[IGFBP7]/1000 greater than 1.0 had diffuse corti-
cal atrophy on US (Onen’s AGS 4) (Figure-3).

The follow-up analysis of urine concen-
trations of the [TIMP-2] [IGFBP7] comparisons in 
group 1 (obstructive HN) between the preoperative 
sample (0.29; 0.10-0.85) and postoperative follow-
-up sample (0.29; 0.16-0.65) showed a trend of 
stability in these values (p=0.335) (Table-2).

DISCUSSION

The present report describes a novel ap-
plication of [TIMP-2] [IGFBP7]/1000, known as 
Nephrocheck®, a rapid urine-based diagnostic me-
thod that has already been incorporated into cli-
nical practice to identify an AKI biomarker within 
critical care because it is simple to collect and may 
be used sequentially or in a monitoring context. 
This is the first study to analyze the performance 
of urinary [TIMP-2] [IGFBP7]/1000 in the context 
of obstructive nephropathy.

Figure 2 - Figure shows concentrations of TIMP-2.

IGFBP-7/1000 on the three groups: group 1 (obstructive HN), group 2 (non-obstructive HN) and control on the first sample, before any treatment
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Figure 3 - The figure shows the correlation between first samples concentrations, before any treatment, of TIMP-2.

IGFBP-7/1000 and Onen’s alternative grading score on patients with HN. Indicating a trend of linear correlation between degree of hydronephrosis and concentration 
of TIMP-2 • IGFBP-7/1000.

The pathophysiology of the increases in 
urinary IGFPB-7 and TIMP-2 levels in AKI are 
not well understood. Johnson and Zager argued 
that two mechanisms are responsible for this: 1) 
a decrease in glomerular permeability and 2) in-
jury-induced tubular cell release of constitutively 
expressed TIMP2 and IGFBP7 into the urine (15). 
The mechanism of obstructive nephropathy invol-
ves many factors, including local ischemia due to 
distention and increased intratubular pressure, le-
ading to tubular cell injury. Markers of cell cycle 
arrest, such as TIMP-2 and IGFBP7, may signal 
that the renal epithelium has been stressed and 
confer a shutdown function but may still be able 
to recover without permanent injury.

Urinary biomarkers for kidney injury are 
divided into 3 groups: stress, damage, and dys-
function. Stress markers are preformed and do not 
require genetic transcription to be expressed; they 
reflect conditions that are potentially reversible, 
and cell damage may or may not occur. Damage 
markers to be expressed need alterations in the 
renal cellular metabolism or they are produced by 
immune system cells that infiltrate the renal sys-
tem, reflecting renal injury processes. Dysfunction 
markers originate from the exfoliation of viable 
cells into the tubular lumen secondary to necrosis 

and cellular apoptosis of the renal tubules, which 
reflect sustained insults to the kidneys, leading to 
a persistent decrease in the GRF. Nephrocheck® is 
classified as a test of urinary stress markers (16).

For the aforementioned reasons, our group 
chose to assess this promising biomarker of kidney 
damage in a different clinical scenario (other than 
AKI). Obstructive uropathy has a chronic nature; 
therefore, this may have contributed to the failure 
to reach a good AUC to distinguish patients with 
UPJO who require surgical repair.

A cut-off value of 0.3 (ng/mL)2/1000 for 
Nephrocheck® was developed to assess the risk of 
AKI in adults (14). Meersch found an AUC of 0.85 
when studying [TIMP-2] [IGFBP7]/1000 to predict 
the risk of AKI in 51 children undergoing cardio-
pulmonary bypass surgery. Interestingly, baseline 
levels were high (approximately 1.0ng/mL2/1000) 
in all children and decrease after surgery, with the 
best cut-off value to predict AKI at 4 hours of 0.7 
(lower than the baseline value and higher than the 
recommended cut-off value of 0.3 for Nephroche-
ck®) (17). In a chronic scenario, such as obstructi-
ve nephropathy, [TIMP-2] [IGFBP7] likely behaves 
differently from that in AKI. The median concen-
tration of all groups was below the cut-off value 
proposed to predict AKI in adults and children.
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Table 2 - All data of 74 patients.

Group Age 
(years)

Sex Laterality Clinical 
concern

APD 
(mm)

SFU 
grade 
score

Onen`s 
AGS

Split renal 
function

Lee 
curve

[TIMP-2] 
• [IGFBP7] 

/1000

1 1 11.42 Female Right Yes 18 2 1 27,7 4 0,27

2 1 10.93 Male Left Yes 16 3 2 57 4 0,77

3 1 8.98 Male Left Yes 22 2 1 37 4 0,53

4 1 8.13 Male Left Yes 20 2 1 42 4 0,03

5 1 7.48 Female Left Yes 19 4 3 26 4 0,99

6 1 1.37 Male Left No 29 4 3 35 4 0,84

7 1 0.42 Female Left No 50 4 4 40 4 1,67

8 1 2.59 Male Right No 36 3 2 22 4 0,16

9 1 8.31 Female Right Yes 30 4 4 25 4 0,19

10 1 8.19 Male Right No 24 4 3 51,5 4 0,13

11 1 1.52 Male Right No 36 4 3 48 4 0,31

12 1 1.70 Male Left Yes 32 4 4 47 4 66,19

13 1 4.00 Male Left Yes 61 4 4 12 4 0,77

14 1 1.24 Female Right No 16 2 1 22 4 0,18

15 1 2.24 Male Right Yes 20 3 2 48 4 0,05

16 1 0.45 Male Left Yes 28 3 2 43 4 1,68

17 1 2.17 Male Right No 21 3 2 55 4 0,06

18 1 0.36 Male Right No 21 3 2 45 4 0,86

19 1 1.09 Female Left No 20 4 4 11 4 1,40

20 1 0.48 Female Left No 37 4 4 23 4 3,27

21 1 16.87 Female Right Yes 36 4 3 29 4 0,26

22 1 9.02 Male Left Yes 62 4 3 52 4 0,08

23 1 2.08 Female Right No 23 4 3 34 4 0,01

24 1 12.13 Female Right Yes 43 4 3 46 4 0,02

25 1 1.38 Male Left No 65 4 4 43 4 0,61

26 1 1.88 Female Right No 27 4 3 48 4 0,09

27 2 6.57 Male Left No 28 2 1 47 2 0,45

28 2 0.77 Female Left No 22 2 1 50 3 0,53

29 2 0.53 Female Left No 21 2 1 51 2 0,20

30 2 4.20 Male Left No 14 1 1 51 2 0,68

31 2 6.45 Male Left No 20 1 1 55 2 0,14

32 2 0.15 Male Left Yes 11 1 1 52 2 0,56

33 2 1.94 Male Left Yes 18 1 1 51 1 0,29

34 2 0.52 Female Right No 7 1 1 47 2 0,37

35 2 10.68 Male Right No 18 1 1 50 1 0,08
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36 2 7.91 Female Left No 17 3 2 47 2 0,17

37 2 4.99 Female Right No 26 3 2 41 2 0,42

38 2 7.40 Male Left No 40 3 2 49 3 0,48

39 2 0.85 Female Right No 19 3 2 48 1 0,41

40 2 8.11 Male Right No 18 3 2 46 3 0,38

41 2 17.98 Male Left No 32 1 1 47 2 0,09

42 2 0.68 Female Left No 9 2 1 40 3 0,21

43 2 0.46 Female Right Yes 16 3 2 47 4 0,07

44 2 1.65 Male Left No 18 1 1 54 2 0,02

45 2 3.45 Male Left No 18 1 1 47 2 0,23

46 2 2.83 Female Left Yes 9 2 1 47 2 0,02

47 2 5.62 Male Left No 23 2 1 47 2 0,46

48 2 8.08 Male Left No 30 2 1 49 3 0,04

49 3 1.78 Male NA NA NA NA NA NA NA 0,06

50 3 7.22 Male NA NA NA NA NA NA NA 0,11

51 3 8.39 Male NA NA NA NA NA NA NA 0,10

52 3 3.08 Male NA NA NA NA NA NA NA 0,65

53 3 6.52 Female NA NA NA NA NA NA NA 0,83

54 3 3.08 Male NA NA NA NA NA NA NA 0,18

55 3 8.59 Female NA NA NA NA NA NA NA 0,01

56 3 8.14 Male NA NA NA NA NA NA NA 0,09

57 3 5.28 Female NA NA NA NA NA NA NA 0,13

58 3 6.02 Male NA NA NA NA NA NA NA 0,66

59 3 10.19 Male NA NA NA NA NA NA NA 0,16

60 3 7.56 Female NA NA NA NA NA NA NA 0,06

61 3 7.99 Male NA NA NA NA NA NA NA 0,12

62 3 9.51 Male NA NA NA NA NA NA NA 0,14

63 3 7.40 Male NA NA NA NA NA NA NA 0,16

64 3 4.22 Female NA NA NA NA NA NA NA 0,90

65 3 10.04 Male NA NA NA NA NA NA NA 0,03

66 3 4.82 Female NA NA NA NA NA NA NA 0,01

67 3 4.14 Male NA NA NA NA NA NA NA 0,07

68 3 3.99 Male NA NA NA NA NA NA NA 0,03

69 3 0.54 Female NA NA NA NA NA NA NA 0,11

70 3 6.53 Male NA NA NA NA NA NA NA 0,17

71 3 8.47 Female NA NA NA NA NA NA NA 0,00

72 3 4.52 Male NA NA NA NA NA NA NA 0,02

73 3 15.21 Male NA NA NA NA NA NA NA 0,12

74 3 2.67 Female NA NA NA NA NA NA NA 0,01

NA = not applicable
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The expression of these markers increases 
when there is any insult to the renal tissue. We 
found that urinary [TIMP-2] [IGFBP7] was hi-
gher in patients with HN than in controls (groups 
1 and 2 vs. controls, p=0.0021), indicating that 
noxious stimuli occur at any grade of HN.

It is interesting to note that all patients 
with values greater than 1.0ng/mL2/1000 had 
diffused cortical atrophy (Onen’s grading score 
of 4) on US, denoting that patient with severe 
HN have an irreversible renal damage that radi-
cally changes the cellular metabolism (Figure-3).

After stabilization of the injury or resolu-
tion of the pathology that causes renal lesions, a 
decrease in biomarker expression was expected. 
However, after surgical clearance, the patients 
persisted with the same urinary concentration of 
[TIMP-2] [IGFBP7]. It is likely that some altera-
tions in renal cellular metabolism occurs perma-
nently and may justify this behavior.

STUDY LIMITATIONS

Our study had some limitations. Nephro-
check® was developed to predict AKI in critically 
ill adult patients in the intensive care unit (18). 
Despite the interesting results predicting 30-day 
mortality in neonatal and pediatric patients with 
AKI, Nephrocheck® has not been widely used in 
daily pediatric clinical practice (19).

In our sample, the prevalence of obs-
tructive HN in children older than 2 years was 
58.3%, which is higher than that reported in the 
literature (15-25%) (20). Most prenatal HN ca-
ses resolve in a mean time of 30 months, and 
patients that require intervention will usually 
undergo surgery during this period (21). Our pa-
tients might have received a delayed diagnosis 
due to the complexity of the referral system of 
our public health system, which delayed the first 
visit to the specialist following the identification 
of HN (usually in prenatal period).

Future prospective studies are necessary 
to better define the diagnostic role and possible 
prognostic value of these parameters in the eva-
luation of HN in the neonatal population.

CONCLUSIONS

In this initial evaluation of TIMP-2 and 
IGFBP-7 in pediatric patients with UPJO, despite sho-
wing a positive correlation according to the severity 
of obstruction, logistic regression after controlling for 
creatinine levels did not demonstrate that these cell 
cycle arrest biomarkers are reliable in predicting the 
need for surgical intervention in pediatric patients 
with UPJO.
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ABSTRACT
 

Objective: To compare enhancement patterns of typical adrenal adenomas, lipid-poor 
adenomas, and non-adenomas on magnetic resonance imaging (MRI).
Materials and Methods: Evaluation of adrenal nodules larger than 1.0 cm, with at least 
2-year follow-up, evaluated on MRI in January 2007 and December 2016. Two different 
protocols were included - upper abdomen MRI (delayed phase after 3 minutes) and 
abdomen and pelvis MRI (delayed phase after 7 minutes) – and nodules were divided in 
typical adenomas (characterized on out-of-phase MRI sequence), lipid-poor adenomas 
(based on follow-up imaging stability) and non-adenomas (based on pathological finding 
or follow-up imaging). T2-weighted and enhancement features were analyzed (absolute 
and relative washout and enhancement curve pattern), similarly to classic computed 
tomography equations.
Results: Final cohort was composed of 123 nodules in 116 patients (mean diameter of 1.8 
cm and mean follow up time of 4 years and 3 months). Of them, 98 (79%) nodules had 
features of typical adenomas by quantitative chemical shift imaging, and demonstrated 
type 3 curve pattern in 77%, mean absolute and relative washout of 29% and 16%, 
respectively. Size, oncologic history and T2-weighted features showed statistically 
significant differences among groups. Also, a threshold greater than 11.75% for absolute 
washout on MRI achieved sensitivity of 71.4% and specificity of 70.0%, in differentiating 
typical adenomas from non-adenomas.
Conclusion: Calculating absolute washout of adrenal nodules on MRI may help identifying 
proportion of non-adenomas.
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INTRODUCTION

Incidental nodules in adrenal glands are 
common findings in radiology daily practice, and 
identified in up to 5% of computed tomography (CT) 
exams in patients who are asymptomatic or present 
symptoms not related to the adrenal gland (1, 2). 
The incidence of adrenal nodules further increases 
to 9-13% in patients submitted to imaging examina-
tions for a known malignancy, but only 26-36% of 

such lesions are metastatic. The vast majority of 
incidental adrenal lesions are benign non-func-
tioning adenomas, even in patients with known 
extra-adrenal malignancy (3). However, lesions of 
concern such as metastasis, carcinomas and phe-
ochromocytoma may also present as incidental 
findings, and differentiating these lesions on ima-
ging exams is crucial.

Magnetic resonance imaging (MRI) has 
high accuracy in differentiating benign and ma-
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lign nodules, especially when evaluating chemical 
shift imaging (CSI). The majority of adrenal lesions 
contain high intracytoplasmic lipid-to-water ratio, 
and according to Weiss, are more likely to be benign 
adrenocortical neoplasms (4, 5).

The following characteristics are explored on 
imaging exams and are well established in the lite-
rature: measurement of CT density (<10 Hounsfield 
Units) (6) and signal drop on out-of-phase chemical 
shift sequence on MRI (7). Lesions that own these 
strict imaging criteria may presumably be considered 
lipid-rich adenomas, with no need of follow-up or 
more aggressive procedures.

Therefore, the majority of adrenal lesions are 
benign in nature (particularly adenomas), and it is 
very important to accurately differentiate them from 
malignant lesions, which will need an interventional 
procedure. Lesions that do meet the fat content crite-
rion are considered indeterminate and can be further 
evaluated by their enhancement pattern. Caoili et al. 
(8) first described a particular enhancement pattern 
of adenomas on CT, characterized by rapid enhan-
cement followed by rapid washout on delayed pha-
ses, as opposed to the majority of malignant lesions. 
Indeed, the use of enhancement pattern on MRI for 
adrenal lesions is not well established in clinical 
practice, unlike CT.

There are few reports evaluating enhance-
ment pattern of indeterminate adrenal lesions on 
MRI, essentially washout patterns. Few articles re-
ported enhancement of adrenal nodules on MRI, but 
they included small samples, evaluated only a single 
characteristic, did not include pheochromocytomas 
or had short follow-up periods (9-14). Studies with 
larger samples, including medullar adrenal lesions 
and with longer follow-up periods, would be impor-
tant to corroborate the use of enhancement pattern 
on MRI to evaluate indeterminate adrenal lesions.

Therefore, the objective of this study was 
to compare enhancement patterns of typical adre-
nal adenomas, lipid-poor adenomas and non-ade-
nomas on MRI.

MATERIALS AND METHODS

This is a retrospective study approved 
by the Institutional Review Board, in which the 
informed consent was waived (CAAE number 

81443117.5.0000.0071). A search for adrenal no-
dules on MRI was performed on the electronic me-
dical records of the organization, for the period of 
January 2007 to December 2016.

Inclusion criteria were adrenal nodules with 
typical findings of adenoma or any adrenal nodu-
le with at least 2-year follow-up. Exclusion criteria 
were imaging follow-up less than 2 years, lesions 
characterized as cysts or myelolipomas on MRI, le-
sions measuring less than 1.0 cm, studies with in-
complete or inappropriate protocols.

The diagnosis of adenoma was based on: pre-
sence of intracellular fat in an homogeneous adrenal 
nodule by quantitative chemical shift technique of at 
least 16.5% of signal drop in out-of-phase sequence 
(7) or by the temporal stability of an homogeneous 
lesion for at least two years. The diagnosis of non-
-adenoma lesions was made by pathology result 
after surgical resection: newly-developed or growth 
of lesion in an oncologic patient, which was consi-
dered metastasis or newly-developed heterogeneous 
lesions.

MRI examinations were performed using se-
veral different 1.5 or 3 Tesla scanners. Adrenal le-
sions were analyzed in two different magnetic reso-
nance protocols: upper abdomen MRI and abdomen 
and pelvis MRI. Protocol details are summarized on 
supplementary table. On upper abdomen protocol, 
delayed phase was acquired 3 minutes after admi-
nistration of contrast medium. On abdomen and pel-
vis protocol, this delayed phase was acquired with 
a mean of 7 minutes (range from 4 minutes to 12 
minutes), due to post-contrast sequence on the pelvis. 
The contrast dose used in the studies was 0.2mL/kg 
body weight, with an injection rate of 2mL/s.

One radiologist (board certified radiology 
with one-year experience in abdominal imaging) 
reviewed all medical records and MRI exams. The 
study coordinator anonymized the exams, which 
were evaluated using a PACS (Picture Archiving and 
Communication System) workstation (KODAK/Ca-
restream; Carestream Health, Rochester, New York, 
USA). First, the signal intensity on T2-weighted ima-
ging was compared to the normal gland parenchyma 
(homogeneous vs. heterogeneous and hyposignal vs. 
hypersignal). Then, regions of interest (ROI) were pla-
ced on adrenal nodules on axial plane in at least one 
half to two-thirds of the diameter, in the following 
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sequences: in and out-phase, pre-contrast, portal 
phase and equilibrium/delayed phase, and signal 
intensity was recorded for each sequence.

Three enhancement features were eva-
luated: absolute washout, relative washout and 
enhancement curve pattern. The first two were 
calculated similarly to classic CT equations (8): (1) 
absolute washout = (portal phase signal-delayed 
phase signal) / (portal phase signal-unenhanced 
signal); (2) relative washout = (portal phase sig-
nal-delayed phase signal) / (portal phase signal).

The enhancement curve pattern was 
analyzed according to the standards used in bre-
ast MRI exams (15), comparing signal intensity on 
portal and delayed phases. Type 1 curve (or pro-
gressive) when there is progressive enhancement 
from portal to delayed phase and more than 10% 
signal increase occurred. Type 2 curve (or plate-
au) when signal intensity remained between-10% 
and+10% from portal to delayed phase. And type 
3 (or regressive) when more than 10% signal de-
crease occurred from portal to delayed phase.

Statistics were performed using R studio 
(Version 1.0.153). ANOVA test was employed to 
evaluate the variable age. To evaluate sex, onco-
logic history and signal on T2-weighted imaging, 
the chi-square test was used. And finally, to eva-
luate size, absolute washout and relative washout 
the Kruskal-Wallis test was used.

RESULTS

The initial search resulted in 708 adrenal no-
dules during the experimental period. A total of 585 
nodules were excluded for the following reasons: le-
sions with less than 2-year follow-up (n=518); mye-
lolipomas (n=18); cysts (n=8); lesions smaller than 
1.0cm (n=13), incomplete exam protocols (n=27), 
and retroperitoneal lesion confirmed as non-adrenal 
on surgery (n=1). The final cohort was composed of 
123 nodules in 116 patients (50 men and 66 women), 
mean age of 57 years (range from 22 to 88 years), 
and mean follow-up of 4 years and 3 months (range 
from 24 to 95 months). Mean nodule diameter was 
1.8cm (ranging from 1.0 to 12.6cm); in that, 44 were 
in the right adrenal gland and 79 in the left.

Ninety-eight of 123 (79%) nodules had ty-
pical features of adenomas by quantitative chemical 

shift imaging, 15 (12%) nodules were presumably 
considered as lipid-poor adenomas based on sta-
bility and 10 (9%) lesions were considered as non-
-adenoma. The non-adenoma lesions comprised phe-
ochromocytomas (n=3), adrenal carcinomas (n=2), 
metastasis of melanoma (n=1), collision tumor (n=2), 
mesenchymal neoplasm (n=1), and neoplasm of pe-
ripheral nerve sheath (n=1). Characteristics of lipid 
poor adenomas and non-adenomas are summarized 
on Tables 1 and 2, respectively.

Age and sex comparison among the three 
groups had no statistically significant differences (p 
value 0.353 and 0.982, respectively). Oncologic his-
tory and signal on T2-weighted imaging differences 
were statistically significant among groups, showing 
a tendency of lesions being more heterogeneous and 
having hypersignal on T2-weighted imaging on non-
-adenoma group (Figure-1) greater than in the non-
-typical adenoma and typical adenomas (Table-3).

Size comparisons of adenoma vs. non-ade-
nomas and lipid-poor adenomas vs. non-adenomas 
showed statistically significant differences (p value 
0.004 and 0.002, respectively) (Figures 2 and 3).

 In the typical adenoma group, 76 of the 98 
(77%) lesions were included in curve pattern type 3, 
19 (19%) in curve pattern type 2, and three (4%) in 
curve pattern type 1. Mean absolute and relative wa-
shouts were 29% and 16%, respectively. When per-
forming a subgroup analysis, 70 lesions were eva-
luated on upper abdomen MRI protocol and 28 on 
abdomen and pelvis protocols, with mean absolute 
and relative washout of 25.2% (0 to 65%) and 13.8% 
(0 to 33%) for upper abdomen and 37.2% (0 to 66%) 
and 20.9% (0 to 45%) for abdomen and pelvis proto-
cols, respectively (p-value <0.0004).

Among lipid-poor adenomas, 8 out of 15 
(53%) lesions were included in curve pattern type 
3, four (27%) in curve pattern type 2, and three 
(20%) in curve pattern type 1. Mean absolute and 
relative washouts were 21% and 10%. When per-
forming a subgroup analysis, eight nodules were 
evaluated on upper abdomen protocol and seven 
on abdomen and pelvis protocol, with mean abso-
lute and relative washouts of 14.8% (0 to 42%) and 
5.8% (0 to 18%) for upper abdomen, and 28.4% (0 
to 71%) and 14.1% (0 to 35%) for abdomen and 
pelvis protocols, respectively (p-value 0.239 and 
0.126, respectively).



IBJU | ENHANCEMENT PATTERNS OF ADRENAL NODULES ON MRI

297

Among non-adenomas, four of 10 (40%) 
lesions were included in curve pattern type 3, four 
(40%) in curve pattern type 2, and two (20%) in 
curve pattern type 1. Mean absolute and rela-
tive washout were 10% and 5%. When perfor-
ming a subgroup analysis, four nodules were 
evaluated on upper abdomen and six on abdo-
men and pelvis protocols, with mean absolute 
and relative washouts of 9.7% (0 to 25%) and 
4.7% (0 to 15%) for upper abdomen and 19.1% 
(0 to 36%) and 9% (0 to 15%) for abdomen and 
pelvis protocols, respectively (p-value 0.246 
and 0.349, respectively).

When comparing the absolute and rela-
tive washouts among the groups, statistically 
significant differences were found in typical 
adenoma and non-adenoma groups, as dis-
played in Table-4. A receiver operating characte-
ristic (ROC) curve analysis was carried out in this 
scenario; and using 11.75 as cut-off value, we ob-

tained an area under the curve of 0.802, sensiti-
vity of 71.4% and specificity of 70.0% (Figure-4).

DISCUSSION

Adrenal nodules are frequent incidental 
findings in radiology daily routine, and lipid-
-rich adenomas are the most prevalent lesions. 
Most adenomas are well characterized on une-
nhanced CT with a definitive diagnosis and no 
additional study required. However, lipid-poor 
adenomas may occur in 30% of cases (16), and 
may not be fully characterized on imaging, 
even on CSI MRI. These lesions are considered 
indeterminate and pose management dilemmas 
(17). It is important to bear in mind that some 
non-adenoma lesions may display a high lipid 
content, such as extra-adrenal primary tumors 
producing lipid-rich adrenal metastases and be a 
potential analysis pitfall.

Table 1 - Size, enhancement pattern and protocol performed on magnetic resonance imaging of the evaluated lipid poor 
adrenal adenomas (N= 15).

Size (cm) Curve Pattern Absolute washout (%) Relative Washout (%) Protocol (delayed phase time)

1.0 3 42 18 Superior (3'00'')

1.0 3 25 12 Superior (3'00'')

1.0 2 25 7 Superior (3'00'')

1.1 3 71 35 Total (6'23'')

1.2 2 0 0 Superior (3'00'')

1.2 3 34 15 Total (7'24'')

1.2 3 30 13 Total (5'37'')

1.3 2 0 0 Superior (3'00'')

1.4 1 0 0 Total (10'24'')

1.6 3 33 20 Total (5'54'')

1.6 3 31 16 Total (6'28'')

1.8 3 27 11 Superior (3'00'')

2.0 2 0 0 Superior (3'00'')

2.0 1 0 0 Superior (3'00'')

2.5 1 0 0 Total (7'32'')
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Table 2 - Final diagnosis, size, enhancement pattern and protocol performed on magnetic resonance imaging of the evaluated 
lipid poor adrenal adenomas (N= 10).

Diagnosis Size (cm) Curve Pattern 
Type

Absolute 
Washout

Relative 
Washout

Protocol 
(delayed phase 

time)

Diagnosis

Metastasis (melanoma) 1.5 2 7 3 Superior (3'00'') ND

Pheochromocytoma 2.0 3 36 15 Total (6'44'') AP

Mesenchymal neoplasm 3.5 3 27 13 Total (6'31'') AP

Collision metastasis 
(bladder) 3.5 2 9 5 Total (5'04'') ND

Pheochromocytoma 3.5 1 0 0 Total (12'30'') AP

Collision cyst into 
adenoma 4,0 3 25 15 Superior (3'00'') IM

Pheochromocytoma 4.7 2 6 1 Superior (3'00'') AP

Carcinoma 6.5 3 21 12 Total (7'41'') AP

Peripheral nerve sheath 
neoplasm 10.0 1 0 0 Superior (3'00'') AP

Carcinoma 12.6 2 22 9 Total (7'56'') AP

AP = anatomopathological; ND = newly developed; IM = imaging

Figure 1 - 83-year-old man with oncology history of melanoma. Axial images show a 1.5 cm hyperintense heterogeneous 
lesion on T2-weighted (a) with no evidence of microscopic fat in in and out-of-phase images (not show). T1- weighted 
pre-contrast (b), portal (c) and delayed (d) post-contrast showed an absolute washout estimated at 7%, not suggestive 
of adenoma. This lesion was new relative to the anterior exam, had uptake on positron emission tomography (PET) and 
decreased in size after treatment (not show), compatible with metastasis
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In cases of indeterminate nodules on CSI 
sequence, enhancement evaluation can aid diffe-
rentiating benign and malignant lesions. Previous 
reports have suggested delayed contrast-enhanced 
MRI may be helpful in distinguishing adrenal tumors, 
since loss of signal intensity (SI) tends to be greater 

in adenomas than in non-adenomas, with a charac-
teristic pattern of early enhancement and quick wa-
shout (18). The enhancement pattern of an arterial 
blush highly correlates with adenoma, even if there 
is negligible SI loss on out-of-phase images. Malig-
nant lesions present an absence of capillary blush on 

Table 3 - Oncologic history and T2-weighted imaging analysis evaluated by groups.

Variable Typical adenomas
N (%)

Lipid poor adenomas
N (%)

Non-adenomas
N (%)

Total
N (%)

p-value

Oncologic history

<0.001No 88 (89.8) 12 (80.0) 3 (30.) 103 (83.7)

Yes 10 (10.2) 3 (20.0) 7 (70.0) 20 (16.3)

T2 signal

<0.001Homogeneous 91 (92.9) 10 (66.7) 2 (20.0) 103 (83.7)

Heterogeneous 7 (7.1) 5 (33.3) 8 (80.0) 20 (16.3)

T2 signal

<0.001Hyposignal 94 (95.9) 10 (66.7) 5 (50.0) 109 (88.6)

Hypersignal 4 (4.1) 5 (33.3) 5 (50.0) 14 (11.4)

Total 98 (100.0) 15 (100.0) 10 (100.0) 123 (100.0)

Chi-square test

Figure 2 - 73-year-old woman with history of renal neoplasia and a typical adrenal adenoma. Axial images show a 1.2 
nodule in the right adrenal gland with hyposignal on T2-weighted imaging (a), mild heterogeneous enhancement (b) and with 
presence of microscopic fat in in (a) and out-of-phase (b) images. Absolute washout was calculated at 66% and relative of 
37%. The lesion remained was stable over 8 years.
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Figure 3 - 47-year-old man in investigation of a rectal lesion. Axial images show a 1.1 cm nodule in the right adrenal gland 
with no evidence of microscopic fat in in (a) and out-of-phase (b) images. The lesion was hypointense lesion on T2-weighted 
(not show), with hypervascular enhancement (c) and washout on delayed imaging (d). Absolute washout was calculated at 
71% and relative of 35%. The lesion was stable over 3 years and the diagnosis of lipid-poor adenoma was made.

Table 4 - Comparisons of absolute and relative washouts among the three groups.

Z-value P-value

Absolute washout

Adenomas vs lipid-poor adenomas 1.20 0.229

Adenomas vs non-adenomas 1.82 0.069

Lipid-poor adenomas vs non-adenomas 0.66 0.508

Relative washout

Adenomas vs lipid-poor adenomas 1.90 0.058

Adenomas vs non-adenomas 2.20 0.028

Lipid-poor adenomas vs non-adenomas 0.50 0.618
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immediate contrast-enhanced images and a prolon-
ged retention in the tumor, due to tumor infiltration 
and loss of cellular membrane integrity. Rodacki et 
al. demonstrated adenomas have the greatest early 
enhancement on signal-time curve, persisting throu-
gh the first 60 seconds, whereas metastases and phe-
ochromocytomas showed maximum enhancement in 
the interstitial (delayed) phase (9).

Enhancement pattern analysis of adrenal no-
dules has been well described on CT. However, this 
protocol involves more radiation dose and a time 
consuming 15-minute delayed phase. Some reports 
have also evaluated a 10-minute (19) and 5-minute 
delay (20), both with good results. Therefore, the idea 
of a 3-5 minutes washout seemed promising on MRI. 
Our first analyses of enhancement curve patterns 
were not useful to differentiate non-typical adeno-
mas and non-adenomas.

Total abdomen protocol yielded greater wa-
shout values than upper abdomen protocol, which 
is in agreement with previous literature on CT (8). 
Interestingly, even with a short 3-minute delay de-
layed post-contrast phase, few adenomas exhibited 
washout values higher than non-adenomas. High 

sensitivity and specificity were achieved when using 
absolute washout to differentiate typical adenomas 
from non-adenoma lesions.

Another important point of this study, des-
pite not being the primary objective, was to observe 
differences in size, oncologic history, and signal on 
T2-weighted imaging had all statistical differences 
among groups, and these variables should be consi-
dered when an adrenal lesion is diagnosed in clinical 
practice. Increasing size in follow-up exams is not 
always related to malignancies (21) and a misdiagno-
sis of a benign lesion can be emotionally and finan-
cially harmful.

There are some limitations of this study. First, 
the majority of adrenal nodules were excluded due 
to no or shorter-than-2-year follow-up. Second, a 
homogeneous lesion stable over a 2-year follow-up 
period may not be an adenoma, but rather an in-
dolent lesion. Third, we have not evaluated labora-
tory findings to identify functionality of the nodules. 
And finally, the exams were evaluated by a single 
experienced radiologist; hence an interobserver agre-
ement could not be calculated.

CONCLUSIONS

Enhancement pattern analysis and calculated 
washout may aid in the identification of lipid-poor 
adenomas on MRI. Those findings might be used to 
tailor more conservative approaches.
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ABSTRACT

Purpose: To determine independent predictors of inguinal lymph node (ILN) metastasis 
in patients with penile cancer.
Patients and methods: We retrospectively analyzed all patients with penile cancer who 
underwent surgery at our medical center in the last ten years (n=157). Using univariate 
and multivariate logistic-regression models, we assessed associations with age, medical-
history, phimosis, onset-time, number and maximum diameter of involved ILNs measured 
by imaging, pathological T stage, degree of tumor differentiation and/or cornification, 
lymphatic vascular infiltration (LVI), nerve infiltration, and ILN metastases. Interaction 
and stratified analyses were used to assess age, phimosis, onset time, number of ILNs, 
cornification, and nerve infiltration.
Results: A total of 110 patients were included in the study. Multiple logistic regression 
analysis showed that the following factors were significantly correlated with ILN 
metastasis: maximum diameter of enlarged ILNs, T stage, pathological differentiation, 
and LVI. Among patients with a maximum ILN diameter ≥1.5cm, 50% had lymph node 
metastasis whereas 30.6% patients with a maximum ILN diameter <1.5cm showed LNM. 
Among 44 patients with stage Ta/T1, 10 showed ILN metastases, while 47.0% patients 
with stage T2 showed ILN metastases. Among 40 patients with highly differentiated 
penile-cancer, eight showed ILN metastasis, while 47.1% patients with low-to-middle 
differentiation showed ILN metastases. The rate of LNM was 33.3% in the LVI-free group 
and 64.3% in the LVI group.
Conclusion: Our single-center results suggested that maximum ILN diameter, 
pathological T stage, pathological differentiation, and LVI were independent risk 
factors for ILN metastases.
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INTRODUCTION

Penile cancer is a rare malignancy, with an 
incidence of 0.081 per 100.000 in the United Sta-

tes and Europe (1, 2), and a prevalence of 2.3 to 
8.3 per 100.000 in some developing regions, such 
as Asia, parts of Africa and Brazil (3, 4). Penile 
cancer is highly malignant and is mainly spread 
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by lymphatic metastasis. The point of origin is 
the inguinal lymph nodes (ILNs), and jump me-
tastasis rarely occurs (5, 6) ILN metastasis is the 
most important determinant of treatment and 
prognosis in patients with penile cancer (3, 7).

Pathology after lymph node biopsy or 
lymph node dissection remains the gold stan-
dard for the evaluation of ILN metastasis. Ho-
wever, it is an invasive operation that involves 
many postoperative complications, including 
poor lymph node drainage and poor wound he-
aling (8). Therefore, researchers must explore 
the risk factors for ILN metastasis to determine 
which patients with penile cancer require ILN 
dissection. In so doing, patients with occult me-
tastasis could receive prompt treatment, whi-
le patients with a lower risk of ILN metastasis 
could avoid excessive treatment.

Tumor stage, histological grade, lympha-
tic and vascular infiltration, histological subtype, 
and human papillomavirus have been identified 
as important predictors of ILN metastasis in pre-
vious studies (9, 10). However, these studies were 
conducted in a single center, and the sample size 
was small. In addition, only univariate analysis 
was used to explore the risk factors for ILN me-
tastasis. In the present study, we aimed to test the 
independent risk factors and the role of inguinal 
lymph node metastasis in penile cancer in diffe-
rent populations, especially in China. We con-
ducted multiple logistic and subgroup analyses, 
and interaction tests on all patients with penile 
cancer who underwent surgery in a large tertiary 
hospital over a 10-year period.

MATERIALS AND METHODS

This cross-sectional study was conducted 
between January 2010 and December 2019 at a 
comprehensive tertiary hospital in China. The in-
clusion criteria were as follows: (1) primary tu-
mor treated surgically, (2) tumor pathology con-
firmed by experienced pathologists, and (3) ILN 
metastasis pathologically confirmed by biopsy 
or prophylactic inguinal lymphadenectomy. Pa-
tients with pelvic lymph node or distant metasta-
ses were excluded, as were those treated in other 
hospitals. All patients provided informed consent 

and the institutional ethics committee approved 
the study (IRB-032-06).

We retrieved the following clinical infor-
mation from the patient’s medical records: age, 
previous medical history (hypertension, diabetes, 
or cardiovascular disease), phimosis, onset time, 
number and maximum diameter of the invol-
ved ILNs, pathological T stage, degree of tumor 
differentiation and/or cornification, lymphatic 
vascular infiltration (LVI), and nerve infiltration. 
The number and maximum diameter of the ILNs 
were determined using ultrasound or computed 
tomography. Tumor stage was assessed according 
to the TNM Classification of Malignant Tumors 
(TNM) system, which was updated in 2018 (11). 
The pathological differentiation of tumors was 
evaluated according to the criteria described by 
Velazquez et al. (12).

Primary tumors were treated surgically 
using either penis-sparing, partial amputation, or 
total excision via perineal urethrostomy. Accor-
ding to the EAU guidelines (2009) (13), ILN biop-
sy or bilateral ILN dissection is recommended for 
patients with stage ≥T1G2 and/or enlarged lymph 
nodes that have not significantly shrunk after 4-6 
weeks of antibiotic treatment. Surgery was perfor-
med by three experienced urologists.

Continuous variables are presented as 
mean±standard deviation (SD) or median (inter-
quartile range), while categorical variables are 
expressed as frequencies or percentages. To faci-
litate statistical analysis, all continuous variables 
except age were converted into categorical varia-
bles. Risk factors for penile cancer were identified 
using univariate logistic regression analyses, and 
independent predictive factors for ILN metastasis 
were confirmed by multivariate logistic regression 
analyses. The statistical packages R (The R Foun-
dation, Vienna, Austria) was used to analyze the 
data. Statistical differences were considered signi-
ficant when the P-value was less than 0.05.

RESULTS

A total of 157 patients were identified; 
47 were excluded due to lack of follow-up data, 
resulting in 110 patients included in the study 
(Figure-1). Forty-one patients had confirmed 
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ILN metastasis, of whom 25 were pathologically 
confirmed by ILN biopsy and the rest were con-
firmed by pathology after prophylactic inguinal 
lymphadenectomy. There were no signs of ILN 
metastasis in 69 patients. Hence, the rate of ILN 
metastasis was 37.3%.

Table-1 lists the clinicopathological cha-
racteristics and univariate analysis of the variables 
associated with ILN metastasis in the 110 patients. 
The mean age was 61.6±11.8 years. Univariate 
analysis showed that the following factors were 
correlated with ILN metastasis: maximum diame-
ter of enlarged ILNs (P=0.045), pathological stage 
(P=0.010), degree of pathological differentiation 
(P=0.009), and LVI (P=0.025).

Significant single factors were included 
in the multivariate analysis (Table-2). We applied 
both non-adjusted and multivariate adjusted mo-
dels (adjusted for age, previous medical history, 
and other variables that affected the X regression 
coefficient by more than 10%). A two-sided sig-
nificance level of 0.05 was used to evaluate sta-
tistical significance. The results showed that the 
following factors were independent predictors of 
ILN metastasis: largest diameter of enlarged ILNs, 
T stage of tumor, pathological differentiation, and 
LVI. Specifically, patients with the largest ILN dia-
meter ≥1.5cm showed a 1.3-fold increased risk of 

metastasis compared to those with the largest ILN 
diameter <1.5cm. Those with tumor stage T2 and 
above showed a two-fold greater risk of ILN me-
tastasis than those with tumor stage Ta or T1. Tho-
se with low to moderate tumor differentiation had 
a 2.6-fold greater risk of ILN metastasis than those 
with high pathological differentiation. Finally, pa-
tients with LVI had a 2.6-fold greater risk of ILN 
metastasis than those without LVI.

To further demonstrate the stability of our 
results, we performed stratified analyses and in-
teraction tests of the four independent risk fac-
tors, as shown in the forest plot (Figure-2a-d and 
Table-3). The results showed that no significant 
interactions were observed.

DISCUSSION

The most important factor affecting the 
prognosis of penile cancer is ILN metastasis (3, 14-
16). Several studies have indicated that the rate 
of ILN metastasis in patients with penile cancer 
is 30–40% (17). The latest meta-analysis (18) se-
lected 42 eligible studies that included a total of 
4.802 patients, of whom 1.706 (36%) were diag-
nosed with ILN metastasis. This finding was cor-
roborated by our results, in which 37.3% of the 
patients had ILN metastasis (41/110).

Figure 1 - Flowchart for the recruitment of patients in this study
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Table 1 - Clinicopathological characteristics and univariate analysis of variables associated with inguinal lymph node
metastasis

The P value is written in italics when it is less than 0.05
HBP, high blood pressure; CDV, cardiovascular disease; ILN, inguinal lymph node; LVI, lymphatic vascular infiltration, T stage, the TNM system of penile cancer updated 
in 2018; degree of tumor differentiation: According to the percentage of undifferentiated cells, the tumor was divided into middle and low differentiated groups and highly 
differentiated groups. CI, confidence interval; HR, hazard ratio.

Table 1 ： Clinicopathological characteristics and univariate analysis of variables

associated with inguinal lymph node metastasis

The P value is written in italics when it is less than 0.05
HBP: high blood pressure; CDV: cardiovascular disease;ILN: Inguinal lymph node;LVI:
Lymphatic vascular infiltration, T stage: The TNM system of penile cancer updated in
2018; degree of tumor differentiation: According to the percentage of undifferentiated
cells, the tumor was divided into middle and low differentiated groups and highly 
differentiated groups. CI: confidence interval; HR: hazard ratio;

Total Without  metastasis With metastasis HR(95％CI) P-value
N 110 69 41
Age(years)(Mean+SD) 61.6 ± 11.8 61.0 ± 12.0 62.5 ± 11.5 0.1 (-0.3, 0.5) 0.529
HBP(N,%) 0.0 (-0.4, 0.4) 0.984
no 94 (85.5%) 59 (85.5%) 35 (85.4%)
yes 16 (14.5%) 10 (14.5%) 6 (14.6%)
Diabetes(N,%) 0.1 (-0.3, 0.4) 0.799
no 101 (91.8%) 63 (91.3%) 38 (92.7%)
yes 9 (8.2%) 6 (8.7%) 3 (7.3%)
CDV(N,%) 0.1 (-0.2, 0.5) 0.439
no 102 (92.7%) 65 (94.2%) 37 (90.2%)
yes 8 (7.3%) 4 (5.8%) 4 (9.8%)
Phimosis(N,%) 0.2 (-0.2, 0.6) 0.347
no 58 (52.7%) 34 (49.3%) 24 (58.5%)
yes 52 (47.3%) 35 (50.7%) 17 (41.5%)
Onset_time(month)(N,%) 0.1 (-0.2, 0.5) 0.475
<12 76 (69.1%) 46 (66.7%) 30 (73.2%)
>=12 34 (30.9%) 23 (33.3%) 11 (26.8%)
Number_ILN(N,%) 0.2 (-0.2, 0.6) 0.254
＜3 46 (41.8%) 26 (37.7%) 20 (48.8%)
≥3 64 (58.2%) 43 (62.3%) 21 (51.2%)
Maxium_ILN(N,%) 0.4 (0.0, 0.8) 0.045
＜1.5cm 72 (65.5%) 50 (72.5%) 22 (53.7%)
≥1.5cm 38 (34.5%) 19 (27.5%) 19 (46.3%)
T_stage(N,%) 0.5 (0.1, 0.9) 0.01
Ta/T1 44 (40.0%) 34 (49.3%) 10 (24.4%)
T2 and higher 66 (60.0%) 35 (50.7%) 31 (75.6%)
Differentiation(N,%) 0.6 (0.2, 1.0) 0.005
lower-middle 70 (63.6%) 37 (53.6%) 33 (80.5%)
higher 40 (36.4%) 32 (46.4%) 8 (19.5%)
Cornification(N,%) 0.0 (-0.3, 0.4) 0.807
no 74 (67.3%) 47 (68.1%) 27 (65.9%)
yes 36 (32.7%) 22 (31.9%) 14 (34.1%)
LVI(N,%) 0.4 (0.0, 0.8) 0.025
no 96 (87.3%) 64 (92.8%) 32 (78.0%)
yes 14 (12.7%) 5 (7.2%) 9 (22.0%)
Nerve_infiltration(N,%) 0.2 (-0.2, 0.6) 0.362
no 92 (83.6%) 56 (81.2%) 36 (87.8%)
yes 18 (16.4%) 13 (18.8%) 5 (12.2%)
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Table 2 - Multiple logistic regression models assessed the correlation between risk factors and ILN metastasis

The data in the table: β (95%CI) P value/OR (95%CI) P value

Table2: Multiple logistic regression models assessed the correlation between risk
factors and ILN metastasis 

The data in the table: β (95%CI) P value / OR (95%CI) P value 
Outcome variable: metastasis
Exposed variables:
1).Maximum_ILN
Non-adjusted model adjusted for: None
Adjust I model adjust for: age; HBP; diabetes; CDV
Adjust II model adjust for: age; HBP; diabetes; CDV;+onset_time; T_stage;
differentiation; LVI; Number_ILN
2).T_stage
Non-adjusted model adjusted for: None
Adjust I model adjust for: age; HBP; diabetes; CDV
Adjust II model adjust for: age; HBP; diabetes; CDV+onset_time; Number_ILN;
Maximum_ILN; differentiation; LVI; nerve infiltration
3).Differentiation
Non-adjusted model adjusted for: None
Adjust I model adjust for: age; HBP; diabetes; CDV
Adjust II model adjust for: age; HBP; diabetes; CDV+onset_time; Number_ILN;
Nerve_infiltration
4).LVI
Non-adjusted model adjusted for: None
Adjust I model adjust for: age; HBP; diabetes; CDV
Adjust II model adjust for:age, HBP, diabetes, CDV+onset_time, Number_ILN,
Maximum_ILN, T_stage, Nerve_infiltration, differentiation 
ILN: inguinal lymph nodes; LVI: lymphatic vascular infiltration

Exposure  Non-adjusted      Adjust I       Adjust II
HR,95％CI     P value HR,95％CI    P value HR,95％CI      P value

Maxium_ILN
 ＜1.5cm 1 1 1
 ≥1.5cm 2.3 (1.0, 5.1)  0.047 2.4 (1.1, 5.6)  0.035 10.7 (2.1, 53.3)  0.004
T_stage
 Ta/T1 1 1 1

  T2 and above 3.0 (1.3, 7.1)  0.011 3.1 (1.3, 7.5)  0.010 7.1 (1.7, 28.9)   0.006
Differentiation 
  high 1 1 1
 low-middle 3.6 (1.4, 8.8)  0.006 4.0 (1.5, 10.4) 0.004 6.2 (1.9, 20.2)   0.003

LVI
  no 1 1 1
  yes 3.6 (1.1, 11.6) 0.032 3.6 (1.1, 11.8) 0.033 7.4 (1.3, 40.8)   0.022

Outcome variable: metastasis Exposed variables:

1) Maximum_ILN
Non-adjusted model adjusted for: None
Adjust I model adjusted for: age; HBP; diabetes; CDV
Adjust II model adjusted for: model1+onset_time; T_stage; differentiation; LVI; umber_ILN

2) T_stage
Non-adjusted model adjusted for: None
Adjust I model adjusted for: age; HBP; diabetes; CDV
Adjust II model adjusted for: model1+onset_time; Number_ILN; Maximum_ILN; differentiation; LVI; nerve infiltration

3) Differentiation 
Non-adjusted model adjusted for: None 
Adjust I model adjusted for: age; HBP; diabetes; CDV
Adjust II model adjusted for: model1+onset_time; Number_ILN; Nerve_infiltration

4) LVI
Non-adjusted model adjusted for: None 
Adjust I model adjusted for: age; HBP; diabetes; CDV
Adjust II model adjusted for: model1+onset_time, Number_ILN, Maximum_ILN, T_stage, Nerve_infiltration, differentiation
ILN, inguinal lymph nodes; LVI, lymphatic vascular infiltration.

In our multiple regression analysis, the 
maximum diameter of the enlarged ILNs, patho-
logical stage, pathological differentiation, and LVI 
were the only predictors of ILN metastasis. We 
conducted a stratified analysis and interaction 
tests on the four factors and found no any ob-
vious interaction, further proving the stability of 
our results.

A maximum ILN diameter of >1.0cm is
usually considered abnormal, while a diameter 
>1.5cm, with a relatively hard texture, strongly
indicates tumor metastasis (19). The present stu-
dy suggested that the largest diameter of enlarged 
ILNs was an independent risk factor, corrobora-
ting studies by Tang et al. (20) and Zhou et al. (9). 
However, in another study, 50% of enlarged ILNs 
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Figure 2 - Odds ratios for inguinal lymph node metastasis, according to baseline characteristics
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were inflamed or reactive, rather than metastatic 
(17), indicating that ILN metastasis cannot be re-
liably detected using imaging or clinical evalua-
tion. It is essential to predict ILNM in combination 
with the pathological characteristics of the prima-
ry tumor.

The pathological stage of the primary tu-
mor is generally considered the most important 
parameter for predicting ILN metastasis in pa-
tients with penile cancer (21). Depending on whe-
ther there is infiltration of the urethra or corpus 
cavernosum, the tumor stage can be classified as 
T1, T2, or higher (11). In the present study, the 
rate of ILN metastasis in patients with T1 stage 
was 22.7% (10/44), while it was 47.0% (31/66) in 
those with T2 stage and above. The ILN metas-
tasis rate in patients with T2 stage disease was 
significantly higher than that in patients with T1 
stage disease. Several researchers have suggested 
that if the corpus cavernosum is infiltrated, ILN 
dissection should be performed, even if there are 
no obvious enlarged ILNs (22, 23). However, deci-
ding to perform ILN dissection in all patients with 
T2 and above based only in tumor stage will lead 
to overtreatment (24). In the present study, 53.0% 
of patients with T2 stage disease and above sho-
wed no obvious signs of ILN metastasis. Therefore, 

other factors should be considered when screening 
for high-risk patients.

The degree of tumor differentiation under 
pathological conditions is negatively correlated 
with tumor pathological grade or malignancy, with 
lower tumor differentiation indicating higher gra-
de, higher malignancy, and greater risk of metas-
tasis (18). Solsona et al. (25) found that the grade 
of tumor differentiation correlates well with ILN 
metastasis, corroborating our multiple regression 
analysis (HR=3.0, 95% CI: 1.3-7.1). According to 
Horenblas et al. (26), the lymph node metastasis ra-
tes of G1, G2, and G3 were 29%, 46%, and 82%, 
respectively. Our results were similar to these, with 
20% (8/40), 45% (30/66), and 75% (3/4), respec-
tively. Theodoresu et al. (27) asserted that tumor 
grade is the only predictor of ILN metastasis, and 
they recommended ILN dissection in patients with 
G2 and G3, which coincides with our point of view.

The existing literature has different opi-
nions on whether LVI is a predictor of ILN me-
tastasis. Some studies have ranked LVI as one of 
the most important factors of metastasis (28-31), 
while others have not (32). Our findings suggest 
that LVI is significantly associated with ILN me-
tastasis (HR=3.6, 95% CI: 1.1-11.6) among pa-
tients with penile cancer.

Subgroup analysis:(A) forest plot of Maximum_ILN; (B) forest plot of T_stage; (C) forest plot of differentiaton; (D) forest plot of LVI
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Table 3 - Association between related risk factors and inguinal lymph node metastasis, according to baseline characteristics.

OR, odds ratio; CI, confidence interval.

OR, odds ratio; CI, confidence interval

Subgroud N OR,95％CI P value P for interaction
X= Maxium_ILN
Age ,y 0.304
   <60 42 1.3 (0.4, 4.9) 0.666
   >=60 68 3.2 (1.1, 9.1) 0.029
Onset_time ,m 0.627
   <12 76 2.5 (1.0, 6.6) 0.058
   >=12 34 1.6 (0.3, 7.6) 0.54
Phimosis 0.164
   no 58 5.0 (1.3, 18.8) 0.017
   yes 52 1.0 (0.2, 4.1) 0.982
Cornification 0.967
   no 74 2.3 (0.7, 7.9) 0.18
   yes 36 2.5 (0.5, 12.3) 0.272
Nerve_infiltration 0.996
   no 92 2.2 (0.8, 6.0) 0.132
   yes 18 7.0 (0.3, 181.5) 0.241
X= T_stage
Age ,y 0.98
  <60 42 2.7 (0.5, 13.5) 0.227
   >=60 68 3.8 (1.0, 14.5) 0.046
Onset_time ,m 0.971
   <12 76 2.3 (0.7, 7.0) 0.158
   >=12 34 4.2 (0.6, 28.8) 0.142
Number_ILN 0.588
   ＜3 46 3.7 (0.9, 15.0) 0.069
   ≥3 64 2.1 (0.5, 9.3) 0.336
Phimosis 0.446
   no 58 5.4 (1.3, 21.9) 0.017
   yes 52 1.4 (0.3, 6.3) 0.65
Cornification 0.069
   no 74 5.0 (1.4, 17.2) 0.011
   yes 36 0.8 (0.2, 4.0) 0.766
X= differention
Age,y 0.12
   <60 42 0.9 (0.2, 4.5) 0.928
   >=60 68 7.2 (1.7, 30.4) 0.007
Onset_time,m 0.09
   <12 76 5.4 (1.3, 21.7) 0.017
   >=12 34 1.4 (0.3, 6.7) 0.643
Number_ILN 0.148
   ＜3 46 1.0 (0.2, 4.1) 0.985
   ≥3 64 12.0 (1.9, 75.1) 0.008
Phimosis 0.62
   no 58 2.2 (0.5, 9.0) 0.27
   yes 52 3.5 (0.9, 14.3) 0.078
Cornification 0.634
   no 74 3.1 (0.9, 10.8) 0.068
   yes 36 5.4 (0.9, 34.5) 0.072
Nerve_infiltration 0.551
   no 92 4.1 (1.4, 12.2) 0.01
   yes 18 0.4 (0.1, 9.4) 0.59
X= LVI
Onset_time ,m 0.631
   <12 76 2.8 (0.6, 13.2) 0.182
   >=12 34 1.3 (0.1, 13.0) 0.799
Number_ILN 0.702
   ＜3 46 3.6 (0.2, 53.2) 0.351
   ≥3 64 5.9 (1.1, 32.6) 0.044
Phimosis 0.201
   no 58 1.2 (0.2, 6.2) 0.85
   yes 52 8.3 (0.7, 91.6) 0.085
Cornification 0.111
   no 74 4.9 (0.8, 29.7) 0.083
   yes 36 1.1 (0.1, 11.1) 0.933
Nerve_infiltration 0.138
   no 92 7.9 (0.9, 73.4) 0.068
   yes 18 3.0 (0.2, 54.2) 0.457
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The present study had several strengths. 
First, although some potential confounding factors 
were unavoidable, we used strict statistical adjust-
ments to minimize residual confounding. Second, 
the effect modifier factor analysis took full advan-
tage of the data; no interaction was found, indica-
ting that the results were more stable.

However, there were some limitations to 
our study. Patients with penile cancer were recrui-
ted from a large single medical center. Therefore, 
an external validation of the results is required. 
The study was cross-sectional, and no information 
was available about the degree of risk factors prior 
to ILN metastasis, because the earlier pathology 
reports contained no such data. Moreover, no data 
were available regarding lymph node extranodal 
transfer and the growth pattern of tumors in some 
patients (papillary, ulcerated, invasive,) therefore, 
we could not consider these variables in the fi-
nal results, although there was evidence that these 
factors had prognostic significance. Despite these 
limitations, the findings of this study have impli-
cations for clinicians when formulating further 
treatment plans for patients with penile cancer 
who have undergone surgery. However, prospec-
tive studies with a larger sample size are required.

CONCLUSION

In conclusion, the maximum diameter of 
the enlarged ILN, pathological stage, patholo-
gical differentiation, and LVI were independent 
predictive factors that worsened the prognosis of 
patients with penile cancer. Specifically, patients 
with enlarged lymph nodes >1.5cm in diameter, 
pathological stage T2 and above, low-to-middle 
differentiation, and LVI are more likely to develop 
ILN metastasis. Prophylactic ILN dissection is re-
commended for these patients. Prospective studies 
with larger sample sizes are required to support 
our findings.

ABBREVIATIONS

ILN = inguinal lymph node;
LVI = lymphatic vascular infiltration;
SD = standard deviation;

HBP = high blood pressure;
CDV = cardiovascular disease;
CI = confidence interval;
HR = hazard ratio.
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COMMENT

Although penile cancer is a global health problem, especially in underdeveloped countries, with 
high annual expenses for care of patients affected by the disease, few healthcare policy efforts have 
been taken by authorities to mitigate this devastating disease. The psychological and physical burden 
that arises from the treatment, as well as the demoralizing demise that comes with advanced illness, 
has been widely neglected by the urology scientific community in favor of other urological malignan-
cies. In this scenario, rare investigators, without adequate research funds and governmental support, 
have been responsible for the few advances in the field of investigation and treatment of penile cancer 
in recent decades. 

In the current edition of the International Brazilian Journal of Urology, the authors analyze 
thorough a cross-sectional study, the risk factors for inguinal lymph node metastasis in patients with 
penile cancer (1). It is well established that the presence and extent of inguinal metastases are the most 
important prognostic factors related to survival of patients with penile carcinoma (2). Although this 
carcinoma is potentially curable by radical inguinal lymphadenectomy, the procedure is historically 
associated with a significant incidence of morbidity, leaving many patients at risk for inguinal me-
tastases without the appropriate approach (3). The question raised by urologists over the last 40 years 
remains the same: Should inguinal lymphadenectomy be performed in all patients, exposing them to 
the risks of inguinal dissection? Unfortunately, the question still remains without a definitive answer. 
At initial presentation, about 50% of patients with penile cancer have clinically detectable inguinal 
lymphadenopathy. However, only half of them have metastatic lymph node involvement. On the other 
hand, about 20% of patients with clinically negative inguinal lymph nodes have micrometastasis that 
will only be diagnosed through histopathological examination of surgical specimens obtained from 
lymphadenectomy. Thus, inguinal lymphadenectomy is unnecessary in 80% of patients with clinically 
negative lymph nodes and 50% of those with clinically positive lymph nodes (4-6).

In order to determine the best candidates to perform inguinal lymphadenectomy, the authors 
present in the current study an attempt to stratify patients at high risk for developing inguinal me-
tastases by analyzing independent risk factors. The results demonstrate that patients with low to 
moderate tumor differentiation (p=0.009), lymphovascular invasion (p=0.025) and T-stage 2 (p=0.010) 
or higher are more likely to develop inguinal lymph node metastasis. These results are not surprising. 
Indeed, they are in line with data from previous published studies and the current guidelines on penile 
carcinoma, advocating the performance of prophylactic radical inguinal lymphadenectomy for pa-
tients considered at intermediate and high risk of inguinal lymphatic spread (4-8). An interesting find-
ing of the study concerns the maximum diameter of enlarged inguinal nodes (>1.5 cm) measured by 
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imaging, which was found to be an independent 
risk factor (p= 0.045) for inguinal metastasis. 
Palpable lymph nodes are strongly indicative of 
metastasis and should be promptly treated with 
radical inguinal lymphadenectomy (2, 4, 5). Fur-
thermore, it is reasonable to assume that lymph 
nodes with diameter >1.5 cm can be identified 
by simple physical examination, leaving imag-
ing methods in such cases to staging or evalu-
ation of obese patients in cases where physical 
examination is unreliable (5). Despite the need 
of further investigation to support this finding, 
it can be helpful in decisions to perform ingui-

nal dissection, especially in doubtful cases, such 
as in obese patients with pT1G1 primary tumor 
pathology.

Despite the advances in the treatment of 
penile carcinoma, efforts to fight the develop-
ment of this malignancy are still far from de-
sirable. The engagement of the international 
urological community in association with local 
authorities, adequate funding for research and 
improvement of the human development index, 
especially in underdeveloped countries, seem to 
be the best ways to mitigate the disease.
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The effect of vitamin D deficiency in children with overactive 
bladder related urinary incontinence 
______________________________________________________________________________________________
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ABSTRACT

Purpose: Overactive bladder (OAB) is a common syndrome associated with lower urinary 
tract symptoms (LUTS), especially urinary incontinence in children, which may affect 
the patient’s quality of life (QoL). Vitamin D deficiency has been shown to be associated 
with OAB syndrome. This study evaluated the relationship between vitamin D status and 
OAB-related symptoms and QoL in children.
Materials and Methods: The study included 52 pediatric patients with OAB-related urinary 
incontinence and 41 healthy children. LUTS were assessed using the Dysfunctional 
Voiding and Incontinence Symptoms Score (DVISS) questionnaire, and QoL was assessed 
using the Pediatric Incontinence Questionnaire (PINQ). Oral vitamin D supplementation 
was given to patients with OAB with vitamin D deficiency. Urinary symptoms and QoL 
were evaluated before and after vitamin D supplementation.
Results: Vitamin D deficiency was more common in the OAB group (75%) than in the 
control group (36.6%). Logistic regression analysis revealed that vitamin D status (<20ng/
mL) was a significant predictor of OAB. Both pre-treatment and post-treatment DVISS 
and PINQ scores showed a positive correlation. After vitamin D supplementation, 8 
(23.5%) patients had a complete response and 19 (55.9%) patients had a partial response. 
Significant improvement in QoL was also achieved.
Conclusions: Vitamin D deficiency is more common in children with urinary incontinence 
and OAB than in healthy children. Although vitamin D deficiency is not routinely evaluated 
for every patient, it should be evaluated in treatment-resistant OAB cases. Vitamin D 
supplementation may improve urinary symptoms and QoL in patients with OAB.
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INTRODUCTION

According to the International Children’s 
Continence Society (ICCS), overactive bladder (OAB) 
is characterized by urinary urgency and may be as-
sociated with daytime incontinence, frequency, and 
holding maneuvers used to prevent involuntary uri-
nary incontinence (UI) (1). It is the most common 
cause of voiding dysfunction in children and is defi-

ned as bladder storage phase dysfunction (2). OAB is 
not synonymous with detrusor overactivity, because 
although detrusor overactivity is a urodynamic diag-
nosis, OAB is a symptom-based diagnosis (3). OAB 
is commonly found in children (especially between 
ages 5-7 years and in boys) and adolescents, affec-
ting around 5-12% of children aged between 5 and 
10 years and 0.5% of adolescents up to age 18 years 
with daytime symptoms (2, 4).
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Clinically, urgency is usually associated with 
UI and frequency (1, 2). UI is seen in around 14-30% 
of OAB cases (4, 5). UI impairs quality of life (QoL) 
and negatively affects children’s social, behavioral, 
and emotional well-being. These issues tend to im-
prove after successful treatment of UI (6). Treatment 
options for OAB tend to be staggered, with “lines of 
therapy” that correspond to different levels of invasi-
veness ranging from least to most invasive (7).

Lower urinary tract symptoms (LUTS) may be 
a result of multifactorial causes; OAB in particular 
is a well-known cause of LUTS. To prevent the oc-
currence of LUTS and reduce their severity, the re-
lationship between many micronutrients and OAB 
has been widely assessed and the growing number of 
studies recently suggested that serum vitamin D defi-
ciency was associated with OAB. This may be due to 
the effects of vitamin D on muscle function through 
the vitamin D receptors distributed throughout the 
bladder wall. Vitamin D deficiency or insufficiency 
may result in abnormalities in calcium homeostasis 
with ensuing abnormal detrusor contractility becau-
se the active metabolite acts through the vitamin D 
receptor. Weakened detrusor muscles may also beco-
me hypercontractile or irritable similar to that seen 
in hypocalcemic skeletal muscle function (8). It has 
been reported in previous studies that serum vitamin 
D levels are lower in patients with OAB and that vi-
tamin D supplementation as an alternative treatment 
option reduces OAB-related symptoms and improved 
QoL in adults (9, 10).

Vitamin D deficiency in children can cause 
OAB through detrusor muscle activity and impair 
QoL, especially by causing UI. Vitamin D intake can 
also reduce symptoms and improve QoL, as in adults. 
As far as we know, there is no study in the litera-
ture evaluating the relationship between vitamin D 
and OAB in the pediatric age group. In this study, 
we aimed to analyze serum vitamin D levels in chil-
dren with OAB-related UI, to determine their effect 
on symptoms and QoL, and to evaluate whether vi-
tamin D supplementation alleviated these symptoms 
and improved QoL.

MATERIALS AND METHODS

This study was prospectively planned and 
conducted at the Pediatric Urology Clinic of Behcet 

Uz Training and Research Hospital between May 
2017 and July 2021. Only children aged over 5 ye-
ars who presented to the pediatric urology outpatient 
clinic were included in the study. Participants were 
divided into two groups as patients with OAB-related 
UI (group 1) and a healthy control group (group 2). 
The study followed the principles of the latest edition 
of the Declaration of Helsinki guidelines, written and 
verbal informed consent was obtained from all par-
ticipants, and the institution’s internal review board 
approved the study protocol (605-2021/14-06).

Based on the ICCS criteria, OAB was clini-
cally defined as (I) urinary urgency with or without 
urge incontinence, (II) need for holding maneuver, 
(III) urination more than seven times a day. Findings 
supporting the diagnosis of OAB were normal or low 
bladder capacity, a tower-shaped voiding curve in 
uroflowmetry, and post-void residual urine volume 
<20mL (1).

Patients with clinically diagnosed OAB-rela-
ted UI who did not benefit from the use of anticho-
linergics after standard urotherapy and were referred 
for further evaluation were included in the OAB-
-related UI study group. The criteria for inclusion in 
the control group were a Dysfunctional Voiding and 
Incontinence Symptoms Score (DVISS) of 0, and no 
indication of constipation (Rome III). Patients with 
kidney and liver disease, genetic and muscle disea-
ses, chronic diseases affecting vitamin D metabolism, 
neurologic disease, history of urologic surgery, uro-
logic malignancies, psychiatric disorders, recurrent 
urinary tract infections, and those taking any me-
dication that might affect LUTS or vitamin D levels 
were excluded from the study.

The initial evaluation of the participants 
began by taking their medical histories. In addi-
tion to the demographic data of the patients, 
symptoms such as daytime urinary frequency, 
sense of urgency, nocturia, enuresis, and urinary 
incontinence were recorded. Each patient comple-
ted at least a 48-hours bladder diary according to 
the recommendations of the ICCS (1). Uroflowme-
try was performed in all patients in the patient 
group, and post-void residual urine was evalua-
ted with ultrasound. LUTS were evaluated using 
the DVISS (Figure-1). QoL was evaluated using 
question 14 of the DVISS (11) and the Pediatric 
Incontinence Questionnaire (PINQ) (Figure-2) (12, 
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Figure 1 - The Dysfunctional Voiding and Incontinence Symptoms Score (DVISS) form for children.

Does your child have urinary 
incontinence (peeing not on the 
toilet) during the day? 

No Sometimes 1-2 times/day 3 or more times/day 

0 1 3 5 

If yes to Question 2 A few drops Only underwear wet Outer clothing 
layers wet 

1 3 5 

Does your child have urinary 
incontinence (peeing not on the 
toilet) during the night? 

No 1-2 nights/week 3-5 nights/week 5-7 nights/week 

0 1 3 5 
If yes to Question 4 Underwear or pajamas wet Bed wet 

1 4 

My child goes to toilet to pee No Yes 
0 1 

My child has to strain to pee No Yes 
0 3 

My child experiences pain 
when s/he pees 

No Yes 
0 1 

My child pees intermittently 
when on the toilet 

No Yes 
0 2 

My child has to go to revisit to 
toilet to pee soon after s/he pees 

No Yes 
0 2 

My child has to run to the toilet 
when s/he feels the need to pee 

No Yes 
0 1 

My child can hold his/her pee 
by crossing his/her legs, 
squatting, or doing the ‘’ pee 
dance ‘’ 

No Yes 

0 2 

My child wets his/her clothes 
before reaching the toilet 

No Yes 
0 2 

My child does not pass stool 
every day 

No Yes 
0 2 

Quality of life 
If your children experiences 
any of the symptoms/issues 
mentioned above, does this 
affect his/her family life or 
social life? 

Not at all Not so much Affects Seriously affects 

0 1 3 5 
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No Hardly Sometimes Often All the 

time 

Q1 I get shy because of my bladder problem 0 1 2 3 4 

Q2 
People in my family treat me in a 

different way because of my bladder 
problem 

0 1 2 3 4 

Q3 I am worried that people might think my 
clothes smell of wee 0 1 2 3 4 

Q4 I think that my bladder problem won’t 
get better 0 1 2 3 4 

Q5 Mum and dad worry about me because 
of my bladder problem 0 1 2 3 4 

Q6 I would feel better about myself if I 
didn’t have a bladder problem 0 1 2 3 4 

Q7 My bladder problem makes me feel 
nervous 0 1 2 3 4 

Q8 Mum or dad sometimes seems a bit 
cranky because of my bladder problem 0 1 2 3 4 

Q9 My bladder problem stops me from 
going on sleepovers or holidays 0 1 2 3 4 

Q10 My bladder problem makes me feel bad 
about myself 0 1 2 3 4 

Q11 I wake up during my sleep because of 
my bladder problem 0 1 2 3 4 

Q12 I miss out on doing things because of my 
bladder problem 0 1 2 3 4 

Q13 I feel unhappy because of my bladder 
problem 0 1 2 3 4 

Q14 My bladder problem makes me feel sad 0 1 2 3 4 

Q15 I think about my bladder problem when 
choosing which sport to play 0 1 2 3 4 

Q16 I have to go to the toilet when I’m 
watching a movie 0 1 2 3 4 

Q17 If my bladder problem was fixed, I 
would invite more friends to my house 0 1 2 3 4 

Q18 I choose hobbies that won’t be spoiled 
by stopping to go to the toilet 0 1 2 3 4 

Q19 My bladder problem makes me feel 
different to other people 0 1 2 3 4 

Q20 I miss out on being with friends because 
of my bladder problem 0 1 2 3 4 

 
Q: question 

Figure 2 - The Pediatric Incontinence Questionnaire (PINQ) form for children.
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13). Participant’s blood levels of 25 (OH)D were 
examined. Vitamin D deficiency was considered 
as <20ng/mL (14).

Patient follow-up
Patients with OAB and no vitamin D defi-

ciency were referred for biofeedback and transcuta-
neous electrical nerve stimulation (TENS) therapy and 
were not included in the further course of the study.

Only oral vitamin D3 2000 IU/day was pres-
cribed for 8 weeks (loading dose) to participants with 
OAB and vitamin D deficiency (14). DVISS, QoL, and 
PINQ scores and symptoms were recorded two mon-
ths after the treatment in those who regularly used 
their prescribed vitamin D3. Response to treatment 
was evaluated as recommended by the ICCS (no res-
ponse if there was <50% reduction, partial response 
if there was 50% to 99% reduction, and complete res-
ponse if there was 100% reduction) (1).

The groups were evaluated before treatment 
concerning the sociodemographic data and vitamin 
D status. After vitamin D loading treatment, clini-
cal response was evaluated within the patient group 
based on a reduction in clinical symptoms, DVISS 
scores, QoL scores, PINQ scores, and data from the 
bladder diary.

Statistical Analysis

 Statistical analyses were performed using the 
SPSS version 17.0 software package (SPSS Inc., Chi-
cago IL, USA). The distribution of data was analyzed 
using the Kolmogorov-Smirnov and Shapiro-Wilk 
test. Continuous variables with normal distribution 
are presented as mean±standard deviation (SD) and 
those with non-normal distribution as median. Ca-
tegorical data are reported as numbers (frequency). 
Student’s t-test and the Chi-square test (or other ap-
propriate non-parametric tests) were used to compa-
re data. Pearson’s correlation analysis was used to 
evaluate the relationship between vitamin D levels 
and selected parameters among patients with OAB 
for normally distributed data (Spearman’s correlation 
analysis for non-normally distributed data). The Mc-
Nemar test was used to compare the frequency of uri-
nary symptoms before and after vitamin D treatment. 
The paired-sample t-test was used to compare PINQ 

and DVISS scores before and after vitamin D treat-
ment. Binary logistic regression analysis was used to 
determine predictive factors for the development of 
OAB-related UI. P-values of <0.05 were considered 
statistically significant.

RESULTS

This study included 52 patients in group 1 
and 41 healthy children in group 2. There was no sig-
nificant difference between the mean ages (P=0.08). 
Boys constituted 48.1% (n=25) of group 1 and 56.1% 
(n=23) of group 2 (P=0.44). Group 1 had lower vita-
min D levels compared with group 2 (P=0.046). Vita-
min D deficiency (<20ng/mL) was observed in 75% 
(n=39) of group 1 and 36.6% (n=15) of group 2 (P 
<0.001). Other characteristics of the participants are 
summarized in Table-1.

Correlation analysis was performed to eva-
luate the relationships between age, vitamin D le-
vels, DVISS scores, QoL scores, and PINQ scores. 
None of the scoring systems had a significiant rela-
tionship with vitamin D levels and age (P >0.05). Pre-
-treatment DVISS scores correlated positively with 
QoL (r=0.584, P <0.001) and PINQ scores (r=0.455, 
P=0.001). PINQ scores were positively correlated with 
QoL scores (r=0.680, P <0.001). Post-treatment DVISS 
scores were also positively and significantly corre-
lated with QOL (r=0.476, P=0.004) and PINQ scores 
(r=0.500, P=0.003). Moreover, PINQ scores had a sig-
nificant positive correlation with QoL scores (r=0.681, 
P <0.001) (Figure-3). In multivariate analysis, vitamin 
D deficiency (<20ng/mL) (OR: 5.20, 95% CI: [2.13-
12.70]; P <0.001) was found as an important factor 
for OAB-related UI, whereas sex (OR: 0.74, 95% CI: 
[0.32-1.65], P=0.19) was not found as a decisive fac-
tor for OAB-related UI.

The patients who had vitamin D deficiency 
and used regular vitamin D3 supplementation (n=34) 
had significantly lower DVISS, QoL, and PINQ sco-
res compared with baseline, two months after the 
first dose of the supplement. Symptoms of urinary 
incontinence, urinary frequency, sense of urgency, 
and holding maneuver improved significantly after 
taking vitamin D supplementation (P <0.05) (Ta-
ble-2). When we evaluated response to treatment as 
recommended by the ICCS, 8 (23.5%) patients had a 
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complete response to vitamin D supplementation and 
19 (55.9%) had a partial response. Seven (20.6%) pa-
tients did not respond to vitamin D supplementation. 
Patients were also evaluated according to preschool 
age-school age and sex in terms of response to 
treatment. While 77.8% (n=14) of preschool-aged 
children (5-7 years) and 81.3% (n=13) of school-
-aged children (≥7 years) responded to treatment 
(P=0.803), 80% (n=12) of boys and 78.9% (n=15) 
of girls responded to treatment (P=0.94).

DISCUSSION

Vitamin D is a pro-hormone that acts 
through its fat-soluble active metabolite 1.25 
dihydroxy vitamin D (1.25 (OH) 2D) by binding 
to receptors in distant organs. In addition to cal-
cium metabolism, it is effective in magnesium and 
phosphorus metabolism and many metabolic pa-
thways in the body. Its active metabolite exerts 
its effect on vitamin D receptors (15, 16). Some 
studies have shown the presence of vitamin D re-
ceptors in the detrusor muscle and its significant 

effects, which can be explained by the importance 
of intracellular calcium concentration of vitamin 
D in the regulation of smooth muscle contractions 
(17, 18). It has also been suggested that the RhoA/
Rho-related kinase pathway is responsible for the 
development of detrusor overactivity (19, 20). Vi-
tamin D and its analogs have been shown to cause 
calcium insensitivity and relax smooth muscles 
(21). We planned this study considering the hy-
pothesis that vitamin D might play a role in the 
pathophysiology of OAB and related symptoms.

Dallosso et al. reported that OAB symp-
toms were delayed by higher oral intake of pro-
tein, potassium, and vitamin D among various nu-
trients, and found that OAB symptoms were more 
common in people who were deficient in vitamin 
D intake (22). Digesu et al. presented the results of 
a study considering the role of a synthetic vita-
min D analog in terms of treating UI. Cystometry 
testing was used to define bladder capacity before 
and after treatment. The bladder capacity in tho-
se receiving synthetic vitamin D analog treatment 
was superior to placebo. The authors emphasized 

Table 1 - Demographic and clinical characteristics of the study population.

OAB (n=52) Controls (n=41) p value*

Mean age ± SD (years) (min-max) 7.71 ± 2.66 (5-16) 8.68 ± 2.48 (5-16) 0.08

Sex (n) (boy/girl) 25/27 23/18 0.44

Serum vitamin D ± SD (ng/mL) 17.10 ± 7.54 20.66 ± 9.46 0.046

Serum vitamin D < 0.001

Normal (≥ 20 ng/mL) (n) (%) 13 (25.0) 26 (63.4)

Deficiency (< 20 ng/mL) (n) (%) 39 (75.0) 15 (36.6)

Symptoms (n) (%)

Frequency**  52 (100) 0 (0.00)

Urinary incontinence 52 (100) 0 (0.00)

Urgency 48 (92.3) 0 (0.00)

Enuresis 42 (80.0) 0 (0.00)

Holding maneuver 37 (71.2) 0 (0.00)

Constipation 17 (32.7) 0 (0.00)

*P < 0.05 was considered statistically significant; ** > 7 times/day; OAB: overactive bladder



IBJU | VITAMIN D DEFICIENCY IN OVERACTIVE BLADDER

322

that vitamin D analogs might be an alternative or 
supportive to anticholinergic agents (21).

Abdul-Razzak et al. reported lower levels 
of vitamin D in patients with OAB compared with 
a healthy control group. Vitamin D deficiency was 
more prevalent in patients with OAB (80%) than in 
controls (34.9%). They also showed that vitamin D 
supplementation improved UI and urinary symptoms 
in patients with OAB, as well as their QoL (23). Yoo et 
al. reported lower vitamin D levels in an adult patient 
group with LUTS and OAB and that their symptoms 
improved significantly with vitamin D supplemen-
tation. They associated the role of vitamin D in OAB 
symptoms with its effectiveness in detrusor muscle 
function, in particular (10). Kilic et al. reported that 

patients with OAB-related UI had lower vitamin levels 
than controls (19.16±9.08ng/mL vs. 21.25±13.64ng/
mL; p=0.015) in the geriatric population. In another 
study, the authors reported two cases of UI whose 
symptoms resolved after vitamin D replacement (24). 
Parker et al. suggested that adequate vitamin D se-
rum levels could cause an increase in pelvic floor 
muscle efficiency and a decrease in detrusor contrac-
tion strength resulting in a more effective response 
by reducing UI episodes compared with behavioral 
therapy. In conclusion, lower vitamin D levels were 
associated with worse QoL measures and LUTS (8). 
Badalian et al. and Vaughan et al. showed that higher 
vitamin D levels were preventive for UI in their stu-
dies (25, 26). In our study, the mean serum levels of 

Figure 3 - Scatter plot with trend line of patients with overactive bladder-related urinary incontinence before and after 
vitamin D treatment.
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vitamin D were only 2.5ng/mL higher in controls. 
Although this difference seems statistically sig-
nificant, we thought that the fact that the higher 
number of patients with vitamin D deficiency 
in the OAB group created the clinical differen-
ce (75% vs. 36.6%, respectively). Moreover, we 
found that vitamin D deficiency increased the 
risk of OAB-related UI in children 3.5 times.

Children with UI have more social proble-
ms. Many studies have shown that children with 
UI have difficulties with self-confidence, social 
adaptation, behavioral problems with school and 
friends, and a decrease in QoL (13, 27). Bower et 
al. created the PINQ, as a cross-cultural tool spe-
cific to children with UI and lower urinary tract 
dysfunction. This questionnaire has proven to be 
a reliable and valid tool for children with UI and 
is recommended for assessing their QoL (13). Thi-
bodeau et al. evaluated 40 children (10 males, 30 
females) aged 5-11 years who had non-neuroge-
nic UI and stated that PINQ and DVISS provided 
for making clinically appropriate assessments of 
LUTS and helped in their understanding of the 
impact of LUTS on QoL (28). Equit et al. also used 
this questionnaire to measure changes in QoL du-
ring treatment (29). In our study, the symptoms 

and QoL of children with OAB-related UI were 
evaluated using PINQ and DVISS, and it was sho-
wn that vitamin D supplementation significantly 
improved symptoms and QoL.

The limitations of the study were the 
small sample size, which could affect conclusions 
about the subgroup analyses, the patient group 
consisting of only those who used medication for 
OAB without clinical benefit, short-term follow-
-up and not measuring vitamin D levels after 
follow-up. In addition, we did not randomize 
patients when receiving placebo and vitamin D 
supplementation during the follow-up, but rather 
adopted a similar design to a previously publi-
shed study (30). Despite these limitations, to the 
best of our knowledge, our study is the first to 
show that vitamin D supplementation can impro-
ve OAB and its associated symptoms in children, 
as well as QoL.

CONCLUSION

In conclusion, this study showed that vi-
tamin D deficiency was more common in children 
with OAB-related UI than in healthy children, 
and demonstrated that vitamin D supplementa-

Table 2 - Effect of vitamin D supplementation on urinary symptoms and quality of life in patients who completed the follow-up 
questionnaire.

Pre-treatment (n=34) Post-treatment (n=34) p value*

DVISS score (median [IQR]) 17 (11.75-20.00) 10 (7.00-15.00) < 0.001

QQL score (median [IQR]) 2 (0-2) 0 (0-2) < 0.001

PINQ score 33.62 ± 15.93 24.24 ± 18.16 < 0.001

Frequency (times/day) (median [IQR]) 9 (8-10) 8 (6-10) < 0.001

Urinary incontinence (n) (%) 34 (100) 18 (52.9) < 0.001

Urgency (n) (%) 32 (94.1) 18 (52.9) < 0.001

Enuresis (n) (%) 27 (79.4) 23 (67.6) 0.13

Urinary frequency ( > 7 times/day) (n) (%) 34 (100) 17 (50.0) < 0.001

Holding maneuver (n) (%) 24 (70.6) 11 (32.4) < 0.001

Constipation (n) (%) 6 (17.6) 3 (8.8) 0.26

DVISS = Dysfunctional Voiding and Incontinence Symptoms Score Questionnaire; QOL = Quality of Life; PINQ = Pediatric Urinary Incontinence Quality of Life Score; IQR = 
Interquartile range
*P < 0.05 is considered statistically significant.
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tion could reduce urinary symptoms associated 
with OAB and improve QoL in treatment-resis-
tant cases. These findings reflect the importance 
of evaluating vitamin D levels in children with 
OAB-related UI. Although vitamin D deficiency is 
not routinely evaluated in every patient, we su-
ggest considering it in treatment-resistant cases. 
We think that vitamin D supplementation impro-
ves QoL with the improvement of symptoms and 
that vitamin D supplementation will increase the 
treatment response in treatment-resistant cases 
by supporting other treatment modalities.
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Vitamin D deficiency or insufficiency is associated with lower urinary tract 
symptoms
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COMMENT

The present work presented a very relevant and original assessment associating vitamin D defi-
ciency in children with overactive bladder related urinary incontinence (1). This topic has been studied 
in adults, but still little explored in children, which makes this study very relevant and current. Overac-
tive bladder (OAB) is the most important underlying cause of urgency that leads to incontinence in men 
and women (2). In ddition OAB is a syndrome that is associated with multiple urinary tract symptoms 
and could affect the patient’s quality of life. The vitamin D deficiency and insufficiency is reported to be 
linked to OAB syndrome, which exacerbated by stress conditions. Urinary incontinence and hypovita-
minosis D are prevalent problems of the geriatric population (3). However, little is known about its role 
in pediatric OAB; in this context the results of the present study make an important contribution to guide 
future evaluation of vitamin D deficiency and considering it in treatment-resistant cases.

Regarding to Vitamin D, his synthesis depends on adequate sunlight exposure (including in 
tropical countries like Brazil) and also is available from the diet, however, it is biologically inactive. It 
becomes activated after it undergoes two steps of hydroxylation, in the liver and in the kidneys; Vitamin 
D is a group of fat-soluble secosteroids responsible for increasing intestinal absorption of calcium, mag-
nesium, and phosphate, and has many other biological effects (4). Vitamin D status is identified through 
measurement of sérum vitamin D. 

Vitamin D deficiency is considered as serum vitaamin D levels of <20 ng/ml, insufficiency is 
considered as levels ranging between 20 and 30 ng/m and normal levels of vitamin D are considered to 
be >30 ng/ml.  Skeletal and smooth muscle growth and function are reported to be affected by vitamin D 
status (5). In this context, Vitamin D receptors are found in skeletal and smooth muscle cells throughout 
the body, specifically in the bladder detrusor muscle (6); Vitamin D is the single most deficient vitamin 
and musculoskeletal pain and weakness are symptoms found to be accompanied by vitamin D deficiency. 
The possible effect of vitamin D on the detrusor muscle and on the levator ani muscles, which contain 
both smooth and striated muscle fibers, could explain the association between vitamin D deficiency 
and urinary incontinence (6). Previous study have demonstrated that a vitamin D receptor agonist can 
regulate calcium entry through L-type Ca2+ channels in the human bladder smooth muscle cells. This 
suggests a possible effect of the vitamin D receptor agonist on the modulation of bladder contractile 
mechanisms (6).

The present study in its discussion reports that there is an increasing evidence suggesting that 
vitamin D deficiency or insufficiency is associated with lower urinary tract symptoms (7). In addition, 
these symptoms may be attenuated after Vitamin D deficiency in children can cause OAB through de-
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trusor muscle activity and impair quality of life, 
especially by causing urinary incontinence. The 
Vitamin D intake can reduce symptoms and im-
prove quality of life, as in adults. As far as we 
know, there is no study in the literature evaluating 
the relationship between vitamin D and OAB in 
the pediatric age group. 

In the current study, the authors aimed to 
analyze serum vitamin D levels in children with 
OAB-related urinary incontinence, to determine 
their effect on symptoms and quality of life, and 
to evaluate whether vitamin D supplementation 
alleviated these symptoms and improved quality 
of life.

In conclusion, the present study showed 
that vitamin D deficiency was more common in 
children with OAB-related urinary incontinence 
than in healthy children, and demonstrated that 
vitamin D supplementation could reduce urinary 

symptoms associated with OAB and improve qual-
ity of life in treatment-resistant cases. The find-
ings reflect the importance of evaluating vitamin 
D levels in children with OAB-related urinary in-
continence. Although vitamin D deficiency is not 
routinely evaluated in every patient, they suggest 
considering it in treatment-resistant cases.  

These findings are relevant and encourag-
ing as it is not difficult to assess serum vitamin 
D levels, as supplementation is easy to perform 
in children, the previous studies cited throughout 
this commentary and the unpublished results of 
the present study in children have demonstrated 
and encouraged that vitamin D  supplementation 
improves quality of life with the improvement of 
symptoms and that vitamin D supplementation 
will increase the treatment response in treatment-
resistant cases by supporting other treatment mo-
dalities.
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Thulium laser enucleation of prostate versus laparoscopic 
trans-vesical simple prostatectomy in the treatment of large 
benign prostatic hyperplasia: head-to-head comparison
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ABSTRACT
 

Objectives: To compare thulium laser enucleation of prostate (ThuLEP) versus 
laparoscopic trans-vesical simple prostatectomy (LSP) in the treatment of benign 
prostatic hyperplasia (BPH).
Materials and Methods: Data of patients who underwent surgery for “large” 
BPH (>80mL) at three Institutions were collected and analyzed. Two institutions 
performed ThuLEP only; the third institution performed LSP only. Preoperative 
(indwelling catheter status, prostate volume (PVol), hemoglobin (Hb), Qmax, 
post-voiding residual volume (PVR), IPSS, QoL, IIEF-5) and perioperative data 
(operative time, enucleated adenoma, catheterization time, length of stay, Hb-
drop, complications) were compared. Functional (Qmax, PVR, %ΔQmax) and patient-
reported outcomes (IPSS, QoL, IIEF-5, %ΔIPSS, %ΔQoL) were compared at last 
follow-up.
Results: 80 and 115 patients underwent LSP and ThuLEP, respectively. At baseline, 
median PVol was 130 versus 120mL, p <0.001; Qmax 9.6 vs. 7.1mL/s, p=0.005; 
IPSS 21 versus 25, p <0.001. Groups were comparable in terms of intraoperative 
complications (1 during LSP vs. 3 during ThuLEP) and transfusions (1 per group). 
Differences in terms of operative time (156 vs. 92 minutes, p <0.001), Hb-drop (-2.5 
vs. -0.9g/dL, p <0.001), catheterization time (5 vs. 2 days, p <0.001) and postoperative 
complications (13.8% vs. 0, p <0.001) favored ThuLEP. At median follow-up of 40 
months after LSP versus 30 after ThuLEP (p <0.001), Qmax improved by 226% vs. 205% 
(p=0.5), IPSS decreased by 88% versus 85% (p=0.9), QoL decreased by 80% with IIEF-
5 remaining almost unmodified for both the approaches.
Conclusions: Our analysis showed that LSP and ThuLEP are comparable in relieving 
from BPO and improving the patient-reported outcomes. Invasiveness of LSP is 
more significant.
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INTRODUCTION

Lower urinary tract symptoms (LUTS) secon-
dary to benign prostatic hyperplasia (BPH) are among 
the most common medical issues for the aging male 
(1). Indeed, population-based studies have suggested 
that more than 40% of men aged over 60 years old 
suffers from BPH (2).

In patients bothered by LUTS secondary to 
benign prostatic obstruction (BPO) refractory to me-
dical therapy and indication to surgical treatment, 
transurethral resection of the prostate (TURP) and 
open simple prostatectomy have been the historical 
reference-standards for prostates <80g and ≥80 gra-
ms, respectively (3).

Both TURP and open simple prostatectomy 
have demonstrated effectiveness in relieving from the 
BPO and able to offer durable improvements in uri-
nary functional outcomes (4, 5).

However, they suffer from the drawback of 
potential perioperative morbidity. Looking for a re-
duction of such surgical morbidity, a variety of mi-
nimally-invasive alternative techniques have been 
introduced.

In this evolving scenario, the thulium laser 
enucleation of prostate (ThuLEP) has been descri-
bed in 2010 by Herrmann et al. who pioneered the 
concept of an anatomical enucleation of the prostate 
adenoma by a widely blunt dissection of the transi-
tional zone of the gland (6). Nowadays, ThuLEP re-
presents a viable option in case of large (>80mL) BPH 
as suggested by the European Association of Urology 
(EAU) guidelines (7).

Experienced laparoscopic surgeons are still 
challenging endoscopic enucleation techniques with 
laparoscopic simple prostatectomy (LSP), performed 
via a trans-vesical or a trans-capsular approach, 
either pure or robot-assisted, which duplicates the 
principles of open adenomectomy (8, 9).

While several analyses have been publi-
shed comparing LSP to the holmium laser enuclea-
tion (HoLEP) and to the green-laser enucleation of 
prostate, to the best of our knowledge, no study has 
been focused on the comparison of ThuLEP versus 
LSP. To contribute to this field, the present study 
was conceived aimed to compare the perioperative 
outcomes of ThuLEP versus LSP in the treatment 
of large BPH.

MATERIALS AND METHODS

Data of consecutive patients who un-
derwent surgery for large BPH (configured as 
prostate volume >80mL at preoperative ima-
ging) at three referral Institutions were collec-
ted on dedicated prospectively maintained da-
tabases and retrospectively analyzed. The study 
was approved by the leading institution local 
ethics committee (no. approval STS CE Lazio 
1/N-726) and performed in accordance with the 
ethical standards as laid down in the 1964 De-
claration of Helsinki and its later amendments.

Two institutions performed ThuLEP only 
(ThuLEP Group) between September 2018 and 
April 2019; the third institution performed LSP 
only (LSP Group) via a trans-vesical approach. 
LSP procedures were performed between Octo-
ber 2012 and September 2019. All the procedures 
were performed by experienced surgeons. Sur-
gical techniques for LSP and ThuLEP have been 
previously described (10, 11). For LSP, an extra-
-peritoneal approach was chosen. After dissec-
ting the prostate and the bladder free from the 
overlying fatty tissue, a 3-4cm vertical cystotomy 
incision was performed at the level of the bladder 
neck. The ureteral orifices were identified, then 
the enucleation the adenoma was carried out wi-
thin the plane between the prostatic capsule and 
the adenoma. Bladder neck trigonization was per-
formed to facilitate re-epithelialization. A three-
-ways 22F Dufour catheter was introduced and 
inflated, and cystotomy was closed using absor-
bable barbed sutures in double layer.

ThuLEP was performed according to ei-
ther a two-lobes or a three-lobes technique, de-
pending on the anatomy of the adenoma. The 
procedure was performed using an Iglesias 26F 
resectoscope, with a 4mm, 12 degrees optics. The 
200 Watt-Cyber-TM laser generator (Quanta Sys-
tem) was used with maximum power of 70 Watts 
set for cutting and 40 Watts set for coagulation. 
Low-power coagulation was used during almost 
the whole enucleation, while activating cutting 
in case of sticky tissue. A 550nm laser fiber was 
used, with apical release performed at the begin-
ning. The enucleated lobes were morcellated by 
the Piranha morcellator (Richard Wolf).
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Outcome measurements
Preoperative variables, including age, 

body mass index (BMI), comorbidities as assessed by 
the Charlson’s index (CCI) (12), prostate volume (PVol 
as assessed by trans-rectal ultrasonography - TRUS), 
hemoglobin (Hb), serum prostate specific antigen 
(PSA), maximum urinary flow rate at uroflowmetry 
(Qmax) with post-voiding residual volume (PVR) (or 
alternatively an indwelling catheter status), Inter-
national Prostate Symptom Score (IPSS) with Qua-
lity of Life (QoL) and International Index of Erecti-
le Function questionnaire (IIEF-5) were compared 
at baseline (13). In case of elevated serum PSA and 
suspected prostate cancer, TRUS biopsy was per-
formed to exclude malignancy, as appropriate.

Perioperative data, including intraoperative 
complications, operative time, enucleated adeno-
ma grams at final pathology, catheterization time, 
length of stay, PSA at three months postoperative-
ly, Hb drop (either absolute and percentage), and 
complications classified according to the Clavien-
-Dindo grade (14), were compared.

Functional data, including Qmax, PVR, and 
%ΔQmax, together with patient-reported outcomes 
as assessed by the IPSS with QoL questionnaire 
(with relative %ΔIPSS and %ΔQoL), were compa-
red at the last follow-up available. Finally, IIEF-5 
questionnaire was re-assessed at the last follow-up 
available to check for potential impact of the tre-
atment received on sexual function.

Statistical Analysis

Continuous variables were summarized 
using medians and interquartile ranges (IQR); 
frequencies and proportions were used to sum-
marize categorical variables. Median values of 
continuous variables calculated in the treatment 
groups were compared by using the two-sam-
ple Wilcoxon rank-sum test, while differences 
in frequencies and proportions of categorical 
variables were compared by using the Fisher’s 
exact test.

For continuous intraoperative outcomes, 
the mean difference between groups, after adjus-
ting for potential confounders (including age, BMI, 
Hb, PSA, PVol, IPSS, QoL, IIEF-5 and treatment re-
ceived), was estimated by using multivariable line-

ar regression models. Postoperative complications 
were compared between the groups, after adjusting 
for potential confounders, by using multivariable 
exact logistic regression models.

Significance level was set at p-value <0.05. 
Statistical analysis was performed by using Stata 
16.1 (StataCorp. 2019. Stata Statistical Software: 
Release 15. College Station, TX: StataCorp LLC).

RESULTS

Eighty versus 115 patients underwent 
LSP versus ThuLEP and were analyzed. Groups 
were comparable at baseline in age, Charlson’s 
comorbidity index and PVR. Statistically sig-
nificant differences were found in BMI, per-
centage of patients with indwelling catheter, 
PSA, Hb, PVol (130 (IQR 115-150) versus 120 
(100-160mL), LSP versus ThuLEP, respectively, 
p <0.001), Qmax (9.6 (IQR 5.9-11.3) vs. 7.1 (5.9-
8.7mL/s), p=0.005), IPSS (21 (IQR 16-27) vs. 25 
(23-27), p <0.001), QoL, and IIEF-5 at univaria-
te analysis. Table-1 reports the complete data 
about the baseline characteristics of patients 
stratified by treatment group.

Concerning the perioperative data (Ta-
ble-2), the treatment groups were comparable 
in terms of intraoperative complications (1 vs. 
3, namely 1 conversion to open surgery during 
LSP vs. 2 extravasation syndromes and 1 seve-
re bleeding occurred during ThuLEP) and trans-
fusions (1 patient per group). Resected adenoma 
grams were comparable between the techniques 
(83, IQR 70-104 vs. 85, IQR 67-118, p=0.7).

Significant differences were found in ter-
ms of operative time (156 vs. 92 minutes, LSP vs. 
ThuLEP, respectively, p <0.001), Hb drop at the 1st 
postoperative day (-2.5 vs. -0.9g/dL, p <0.001), 
catheterization time (5 vs. 2 days, p <0.001), 
hospital stay (9 vs. 2 days, p <0.001), and pos-
toperative complications (13.8% vs. 0, p <0.001). 
Post-operative complications recorded after LSP 
included 2 arrhythmias, 2 epididymitis, 4 urine 
leakages, 2 peri-vesical hematomas and 1 seve-
re acute bleeding, the latter being managed with 
trans-urethral hemostasis (Clavien 3b).

At the third month postoperatively, PSA 
was 1.0 (IQR 0.4-2.1) vs. 1.8 (1.2-2.5ng/mL) (LSP 
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Table 1 - Distribution of baseline characteristics of patients in the treatment groups. 

Group LSP
n = 80

Group ThuLEP
n = 115

p-value

Age, years 69 (65 – 74) 68 (64 – 73) 0.5

Charlson's Comorbidity Index 0.7

0-1 80 (100) 112 (97.4)

≥ 2 0 (0) 3 (2.6)

BMI 27.0 (24.4 – 28.7) 25.0 (23.3 – 27.0) < 0.001

Indwelling catheter 35 (43.8) 16 (13.9) < 0.001

PSA, ng/mL 11.0 (4.9 – 15.8) 3.1 (2.3 – 5.6) < 0.001

Hemoglobin, g/dL 14.9 (14.2 – 15.8) 14.2 (13.4 – 15.6) 0.003

Prostate Volume, mL 130 (115 – 150) 120 (100 – 160) < 0.001

Qmax, mL/s 9.6 (5.9 – 11.3) 7.1 (5.9 – 8.7) 0.005

PVR, mL 100 (50 – 200) 90 (75 – 120) 0.09

IPSS 21 (16 – 27) 25 (23 – 27) < 0.001

QoL 5 (4 – 5) 6 (5 – 6) < 0.001

IIEF-5 15 (6 – 22) 19 (16 – 23) < 0.001

Median is reported for continuous variables, while number of observations is reported for categorical variables. Inter-Quartile Range (IQR) and percentages are reported in 
brackets, as appropriate. LSP: Laparoscopic Simple Prostatectomy; ThuLEP: Thulium Laser Enucleation of Prostate; BMI: Body Mass Index; PSA: Prostate Specific Antigen; 
Qmax: Maximum Urinary Flow; PVR: Post-Voiding Residual volume; IPSS: International Prostate Symptom score; QoL: Quality of Life; IIEF-5: International Index of Erectile 
Function Questionnaire.

vs. ThuLEP, respectively, p <0.001), with a more 
pronounced decrease after LSP (-90% vs. -46%, 
p <0.001).

At a median follow-up of 40 months 
(IQR 25-56) after LSP vs. 30 months (30-30) 
after ThuLEP (p <0.001), no significant diffe-
rences were found between the approaches in 
terms of improvement in functional outcomes 
and patient-reported outcomes. Namely, Qmax 
was found improved by 226% (IQR 172-335) 
vs. 205% (152-295) (p=0.5), reaching a median 
value of 30.2mL/s (IQR 22.2-39.8) vs. 22.2mL/s 
(19.5-26.4) (p <0.001); PVR became virtually ab-
sent in both the groups; IPSS decreased by 88% 
(IQR 93-63) vs. 85% (92-77) (p=0.9), reaching a 
median value of 3 (IQR 1-6) vs. 4 (2-6) (p=0.1); 
QoL decreased by 80% (IQR 100-67) vs. 80% (92-
67) (p=1), reaching a value of 1 (0-1) vs. 1 (1-2) 
(p=0.037). IIEF-5 remained almost unmodified 
regardless of the approach (0 (IQR 0-0) vs. 0 (-4; 
1), LSP versus ThuLEP, respectively, p=0.5).

After multivariable analyses, the adjusted 
average difference of Hb drop between the treatment 
groups (LSP vs. ThuLEP) was 1.1g/dL (95% C.I. 0.7-

1.5, p <0.001). This value indicates that the reduction 
of Hb after surgery was significantly lower in the 
ThuLEP group compared to that observed in the LSP 
group (-1.3g/dL vs. -2.4g/dL, respectively).

The adjusted average catheterization time 
in the LSP and the ThuLEP groups were 5.8 and 2.7 
days, respectively; the adjusted mean difference be-
tween the groups was -3.1 days (-3.9 to -2.3 days, 
p <0.001). The number of complications observed in 
the LSP group was 11 (13.8%) and 0 for ThuLEP.

The difference between the two rates was sta-
tistically significant even after adjusting for potential 
confounders (p <0.006).

DISCUSSION

Data from the present comparative analysis 
between LSP and ThuLEP showed that the techniques 
are comparable in relieving from BPO and improving 
the patient-reported outcomes. On the other hand, 
our analysis found that ThuLEP is characterized by 
a lower invasiveness, given that patients who un-
derwent LSP were more likely to experience a more 
consistent postoperative Hb drop, were more likely to 
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Table 2 - Distribution of peri-operative and post-operative outcomes in the treatment groups. 

Group LSP
n = 80

Group ThuLEP
n = 115

p-value

Operative time, min 156 (134 – 193) 92 (70 – 110) < 0.001

Intraoperative Complications 1 (1.3) 3 (2.6) 0.6

Resected Adenoma, grams 83 (70 – 104) 85 (67 – 118) 0.7

Hemoglobin at 1st postoperative day, g/dL 12.5 (11.5 – 13.2) 13.1 (12.5 – 14.2) < 0.001

Δ Hemoglobin at 1st postoperative day, g/dL -2.5 (-3.0 – -1.8) -0.9 (-1.7 – -0.3) < 0.001

% Δ Hemoglobin at 1st postoperative day -16.6 (-21.1 – -12.3) -6.0 (-11.5 – -2.3) < 0.001

Postoperative Complications* 11 (13.8) 0 (0) < 0.001

1 6 (7.5) -

2 3 (3.7) -

3b 1 (1.3) -

4a 1 (1.3) -

Transfusions 1 (1.3) 1 (0.9) 0.8

Catheterization Time, days 5 (5-7) 2 (1-3) < 0.001

Hospital Stay, days 9 (8-9) 2 (2-3) < 0.001

PSA at 3rd Postoperative Month, ng/mL 1.0 (0.4 – 2.1) 1.8 (1.2 – 2.5) < 0.001

Δ PSA at 3rd Postoperative Month, ng/mL -9.1 (-14.0 – -4.0) -1.4 (-3.5 – -0.6) < 0.001

% Δ PSA at 3rd Postoperative Month -90 (-96 – -78) -46 (-70 – -26) < 0.001

Qmax, mL/s 30.2 (22.2 – 39.8) 22.2 (19.5 – 26.4) < 0.001

Δ Qmax, mL/s 21.2 (14.2 – 30.8) 15.5 (12.0 – 18.9) 0.037

% Δ Qmax 226 (172 – 335) 205 (152 – 295) 0.5

PVR, mL 0 (0 – 10) 0 (0 – 30) 0.004

IPSS 3 (1 – 6) 4 (2 – 6) 0.1

Δ IPSS -16 (-25 – -11) -21 (-24 – -17) 0.04

% Δ IPSS -88 (-93 – -63) -85 (-92 – -77) 0.9

QoL 1 (0 –1) 1 (1 – 2) 0.037

Δ QoL -3 (-5 – -2.5) -4 (-5 – -3) 0.003

% Δ QoL -80 (-100 – -67) -80 (-92 – -67) 1

IIEF-5 11 (5 – 21) 18 (14 – 21) < 0.001

Δ IIEF-5 0 (0 – 0) 0 (-4 – 1) 0.5

% Δ IIEF-5 0 (0 – 0) 0 (-23.8 – 11.1) 0.3

*According to Clavien-Dindo Classification.
Inter-Quartile Range (IQR) and percentages were reported in brackets, as appropriate. Qmax: Maximum Urinary Flow; PVR: Post-Voiding Residual volume; IPSS: International 
Prostate Symptom score; QoL: Quality of Life; EPIC: Expanded Prostate Cancer Index Composite
Median is reported for continuous variables, while number of observations is reported for categorical variables. Inter-Quartile Range (IQR) and percentages are reported in 
brackets, as appropriate.
LSP = Laparoscopic Simple Prostatectomy; ThuLEP = Thulium Laser Enucleation of Prostate; PSA = Prostate Specific Antigen; Qmax = Maximum Urinary Flow; PVR = Post-
Voiding Residual volume; IPSS = International Prostate Symptom score; QoL = Quality of Life; IIEF-5 = International Index of Erectile Function Questionnaire.
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report complications and were more likely to keep the 
catheter for a longer time.

Anecdotal literature compared simple pros-
tatectomy, whatever the surgical approach, to the 
adoption of thulium laser fibers during endouro-
logical procedures to treat BPO. One multicentric 
three-match comparative analysis was published by 
Nestler et al. (15). In this study, the data of 35 robot-
-assisted LSP patients, of 390 open simple prostatec-
tomy patients and of 937 thulium vapo-enucleation 
patients were collected at referral institutions and 
matched by age, PVol, Qmax, IPSS and QoL. As a 
result, compared to open and robotic LSP, thulium 
vapo-enucleation showed a shorter operative time, 
with robotic LSP showing longer operative time (83 
vs. 130 vs. 182 min, p <0.004). Open surgery su-
ffered from higher blood losses, transfusion’s and 
complication’s rates. Such data are in line to what 
observed in our multicenter experience. Nestler et al. 
did not find any significant difference in terms of 
Hb drop (1.2 vs. 1.5g/dL, p=0.2) and related trans-
fusions rate (0 vs. 9.4%, p=0.4) between endoscopic 
and robotic approach. In both the groups, one patient 
underwent re-intervention due to acute bleeding. In 
our analysis, absolute and percentage Hb drop were 
higher after LSP, even after adjusting for potential 
confounders. As regarding the postoperative Qmax and 
the patients reported outcomes, no differences were 
found among the three techniques investigated in the 
Nestler and colleague’s analysis, that is again in line 
with the herein reported findings.

Another study in this setting was published 
by Enikeev et al., who concluded that ThuLEP does 
represent a minimally-invasive treatment modality 
for the management of BPO in large volume glands 
(>80cc) (16). The authors compared the data of 40 
patients who underwent open simple prostatectomy 
to those of 90 patients who underwent ThuLEP. With 
treatment groups being comparable at baseline, the 
authors found no significant differences as regarding 
the operative time, and the weight of adenomatous 
tissue removed. On the other hand, patients who un-
derwent open simple prostatectomy had significan-
tly longer catheterization time and hospital stay (9.0 
vs. 3.3 days, p <0.001). Such data are comparable to 
our experience: our data overlaps those published by 
Enikeev et al., if excluding the operative time that we 

found longer for LSP due to the intrinsic challenges 
related to the pure laparoscopic approach when du-
plicating the open adenomectomy technique.

Similar experiences were published but in-
vestigating a matured alternative to ThuLEP with 
more consistent literature. Gunseren et al. compared 
the data of 60 HoLEP versus 61 LSP versus 37 open 
simple prostatectomy patients. While HoLEP was 
found comparable to open prostatectomy (89.6±27.4 
vs. 95.9±25.1 min), LSP had a statistically longer 
operative time (124.8±40.2, p <0.001), that was not 
dissimilar to the one observed in our LSP group (17). 
No significant differences were found in terms of 
peri-operative complication’s and transfusion’s ra-
tes. The improvements in Qmax (19.6±6 vs. 18.6±5.2 
vs. 16.7±4.8mL/s, p=0.052, respectively) and IPSS 
(18.3±5 vs. 16.7±4.8 vs. 16.3±4, p=0.07, respectively) 
at the 3rd month postoperatively were comparable 
among the groups, again confirming that, when pro-
perly performed, “enucleation is enucleation” (18). 
Similar outcomes were obtained by Juaneda et al., 
who compared the data of 20 HoLEP vs. 20 LSP pa-
tients reporting comparable short-term functional re-
sults and complication rates between the approaches, 
with the advantage of shorter catheterization time 
and hospital stay favoring HoLEP (with a relatively 
higher cost-effectiveness) (19).

In summary, after reviewing similar studies 
about the topic, if compared to the virtually “ide-
al” reference standard of simple prostatectomy, the 
endoscopic transurethral laser enucleation of a lar-
ge prostate adenoma (performed either by using the 
holmium or the thulium lasers) appears to be equally 
effective in de-obstructing the patient, as witnessed 
by the significant improvement in the uroflowme-
try parameters and the patient-reported outcomes. 
Moreover, our analysis shows that the invasiveness 
related to the treatment ThuLEP itself is reduced, as 
the reader can deduct from the lower drop in Hb, the 
shorter catheterization time, and the lower rate of 
complications.

As with all the studies, there are several li-
mitations to our analysis. First, there is the potential 
for selection bias that remained not accounted. Given 
the exclusiveness of each institution for its specific 
technique, patients could have self-selected to the 
surgical or endoscopic indication.
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Second, a standardized post-operative mana-
gement was not utilized which likely caused some 
heterogeneity between the groups regardless of the 
surgical treatment received. On the other hand, each 
of the involved surgeons performed a technique he/
she was confident with and offered the patients the 
best performance in his/her hands.

Third, several differences at baseline were 
found by univariate statistical analysis. Although 
most of them were considered of limited clinical rele-
vance, the reader should bear in mind their existen-
ce and their potential impact on the outcomes. Mo-
reover, the key data for assessing the success of the 
de-obstructive techniques herein investigated were 
compared at different time points, due to differen-
ces in the available follow-up between the treatment 
groups. However, if “enucleation is enucleation”, as 
witnessed by the comparable resected adenoma gra-
ms whatever the adopted technique, we would ex-
pect similar results even after ThuLEP matured longer 
follow-up.

Fourth, we recognize the relatively small 
populations analysed in our research, but the spe-
cific indication to minimally-invasive surgery for 
large BPH, particularly to pure LSP is still a niche 
in urology, worth of being investigated. Similar 
studies about the topic have been published, but 
none specifically compared LSP versus ThuLEP in 
a head-to-head fashion.

Lastly, the “elephant in the room” is the 
reporting of urinary incontinence. This is arguably 
one of the reasons why transurethral enucleation 
procedures have failed to gain as much traction 
and diffusion as should have been expected consi-
dering the number of years this approach was des-
cribed and the perioperative outcomes. Moreover, 
the occurrence of bladder neck contracture and/
or urethral stenosis is worth of being investigated. 
We are performing a dedicated analysis focused on 
the incidence and the risk factors for bladder neck 
contracture and/or urethral stenosis after ThuLEP.

CONCLUSION

Data from the present comparative analy-
sis showed that LSP and ThuLEP are comparable 
in relieving from BPO and improving the patient-

-reported outcomes. ThuLEP resulted as a less 
invasive approach, given that patients who un-
derwent LSP were more likely to experience more 
consistent postoperative Hb drop, to keep the ca-
theter longer, and to experience complications..
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Epididymal disjunction anomalies in undescended testis – a 
factor associated with spermatic obstruction
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ABSTRACT
 

Background: To analyze the incidence of epididymal anomalies (EAs) associated to 
spermatic obstruction in patients with undescended testis (UT) according to testicular 
position and age.
Materials and Methods: We studied 87 patients (110 testis) with cryptorchidism and 
analyzed the presence of EAs correlated with the testicular position, age and patency of 
the processus vaginalis (PV). To analyze the relations between the testis and epididymis 
we considered three situations: (a) Normal pattern: the epididymis was attached to the 
testis at the head and tail and epididymis totally attached to the testis; (b) EAs: when the 
epididymis was attached to the testis only at the head (Figure-1A) and (c) EAs associated 
to spermatic obstruction: epididymis was attached to the testis only at the tail (Figure-1B) 
and when there are no visible connection between testis and epididymis (Figure-1C). We 
used the Wilcoxon-Mann-Whitney test and the Chi-square test for contingency analysis 
(p <0.05).
Results: The mean age of the patients was 5.18 years (SD=2.867). Of 110 testes analyzed, 
14 were abdominal (12.72%); 83 inguinal (75.45%) and 13 suprascrotal (11.81%). Normal 
relationships between testis and epididymis were observed in 54 patients (62.1%) with 
no significant differences in relation to the patient’s age (p=0.666). Epididymal tail 
disjunction was observed in 23 patients (26.44%), with no significant differences in 
relation to age (p=0.59). EAs associated to spermatic obstruction were observed in 16 
patients (18.4%), also with no significant differences in relation to age (p=0.684). We did 
not observe significant correlation between the testis position and the incidence of EAs 
(p=0.119). We did not observe significant correlations between patency of the PV (64.7%) 
and incidence of EAs (p=0.742).
Conclusions: Epididymal anomalies associated with spermatic obstruction are present in 
almost 20% of undescended testes, without significant correlation with age, testicular 
position and patency of the PV. This information needs to be correlated to the infertility 
risk of this congenital anomaly.
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INTRODUCTION

Undescended testis can be associated with 
several anatomical anomalies. Epididymal anomalies 
(EAs) and patency of the processus vaginalis (PV) are 
among the most frequent, with a highly variable inci-

dence reported in the literature: from 36 to 79% (1-4). 
Undescended testis is associated with greater chan-
ce of testicular cancer and infertility (5, 6). Infertility 
in patients with undescended testis may result from 
obstruction associated with epididymal disjunction 
anomalies and epididymis atresia (7, 8).
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Several studies have examined the rela-
tionship of EAs and patency of the PV (9-11). 
On the other hand, analysis of the correlation 
between the incidence of anomalies associa-
ted with spermatic obstruction in undescended 
testis (head disjunction and total epididymal 
disjunction) with testis position, patient age 
and patency of the PV are rare in literature.

We hypothesized that disjunction of epi-
didymal head and total disjunction of epididy-
mis are usual in undescended testes and more 
frequent in testes situated in high position and 
with patency of the PV. The aim of this article 
is to evaluate the incidence of epididymal ano-
malies associated with spermatic obstruction in 
patients with undescended testis (UT) according 
to testicular position, patient age and patency 
of the PV.

MATERIALS AND METHODS

This retrospective single-center study 
was approved and was carried out in accordan-
ce with the ethical standards of the hospital’s 
institutional committee on human experimen-
tation - IRB number 30706720.8.0000.5259.

From January 2011 to January 2020, we 
studied 87 patients with cryptorchidism (110 
testes). All patients underwent orchidopexy and 
the testes were divided into three groups ac-
cording to their position: A) abdominal: testes 
located above the inner inguinal ring; B) ingui-
nal: testes located between the inner and outer 
inguinal rings; and C) suprascrotal: testes loca-
ted below the outer inguinal ring. During sur-
gery, three parameters were analyzed: A) tes-
ticular position; B) relationship between testis 
and epididymis; and C) persistence of processus 
vaginalis (PV).

To analyze the relations between the tes-
tis and epididymis, we used a previous classifi-
cation (12, 13): Type I - epididymis attached to 
the testis at the head and tail; Type II - epididy-
mis totally attached to the testis; Type III - epi-
didymis attached to the testis only at the head; 
Type IV - epididymis attached to the testis only 
at the tail; Type V - no visible connection be-
tween testis and epididymis; and Type VI - epi-

didymal atresia. Type I and II relationships are 
considered normal while the other types are 
considered epididymal anomalies (EAs) (12).

Figure-1 depicts the disjunction ano-
malies of the epididymis. The EAs with head 
disjunction and total disjunction (Type IV and 
V) were analyzed together because they can lead 
to infertility by the presence of a spermatic obs-
truction preventing the passage of sperm towards 
the epididymis, especially if they are present bila-
terally in cases of undescended testis. To analyze 
the PV, we considered two situations: (a) com-
plete obliteration of the PV between the internal 
inguinal ring and the upper pole of the testis; and 
(b) complete patency of the PV.

Statistical Analysis

All parameters were statistically processed 
and graphically described. The Wilcoxon-Mann-
-Whitney test was used for comparison of quanti-
tative data (p <0.05). The Chi-square test was used 
to analyze the population contingency under stu-
dy (p<0.05), calculated by Graph Pad.

RESULTS

All the 87 patients were aged between 1 
and 10 years (mean=5.18/SD=2.867). Of these 
patients, 29 (33.33%) had cryptorchidism on the 
right side, 35 (40.22%) on the left side and 23 
(26.43%) were bilateral. Of 110 testes, 14 were ab-
dominal (12.72%), 83 inguinal (75.45%) and 13 
suprascrotal (11.81%). The correlation between 
EAs and patient age can be seen in Table-1. The 
relationships between testes position, epididymal 
anomalies and patency of the PV are reported in 
Table-2. In Table-3 we can observe all the data of 
the 87 studied patients.

We did not observe epididymal atresia 
(Type VI anomalies) in our sample. The normal re-
lationships between testis and epididymis (Type I 
and II) were observed in 54 patients (62.1%), with 
no significant differences in relation to patient 
age (p=0.666). We observed normal relationships 
between testis and epididymis in 12 of the supras-
crotal testes (92.3%); 50 of inguinal testes (60.2%) 
and 7 abdominal testes (50%).
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The disjunction of epididymal tail (Type 
III) was observed in 23 patients (25.3%), with no 
significant differences in relation to patient age 
(p=0.59). Disjunction of epididymal tail was ob-
served in 5 (35.7%) of abdominal testes and 18 
(21.7%) of inguinal testes. This anomaly was not 
observed in suprascrotal testes.

Disjunctions of epididymal head and to-
tal disjunction of epididymis (anomalies associa-

ted with spermatic obstruction - Types IV and V) 
were observed in 16 patients (18.4%), also with no 
significant differences in relation to patient age 
(p=0.684). The anomalies associated with sperma-
tic obstruction were observed in 15 (18.1%) of the 
inguinal testes, 2 (14.3%) of the abdominal testes 
and only 1 (7.7%) of the suprascrotal testes.

We did not observe significant correlation 
between the testis position and the incidence of 

Figure 1 - Schematic drawing showing the epididymal disjunction anomalies: A) disjunction between testis and epididymal 
tail; B) disjunction between testis and epididymal head; and C) total disjunction between testis and epididymis.

Table 1 - The table shows the correlation between epidididymal anomalies with age in patients with undescended testis. The 
relationships between testis and epididymis was classified as Type I when epididymis attached to the testis at the head and 
tail; Type II - epididymis totally attached to the testis; Type III.

Relationships Between Testis and 
Epididymis

Age (years)

1 to 2 years 3 to 5 years 6 to 10 years
Total Mean SD

N(%) N(%) N(%)

Normal Relationship 
(Types I and II)

No 5(29.4) 12(42.9) 16(38.1) 33 5,48 2,917

Yes 12(70.6) 16(57.1) 26(61.9) 54 5,00 2,848

Total 17(100) 28(100) 42(100) 87 5,18 2,867

Epididymal Tail Disjunction 
(Type III)

No 13(76.5) 19(67.9) 33(78.6) 65 5,22 2,923

Yes 4(23.5) 9(32.1) 9(21.4) 22 5,09 2,759

Total 17(100) 28(100) 42(100) 87 5,18 2,867

Epididymal Disjunctions 
associated to spermatic 
obstruction (Types IV 
and V)

No 15(88.2) 23(82.1) 33(78.6) 71 5,00 2,788

Yes 2(11.8) 5(17.9) 9(21.4) 16 6,00 3,162

Total 17(100) 28(100) 42(100) 87 5,18 2,867
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epididymal anomalies in our sample (p=0.119). 
We observed 13 patients (11.31%) with bilate-
ral cryptorchidism. In these 13 patients, 8 of 
them (61.53%) had epididymal anomalies and 
in 3 of them (23.07%) the epididymal anomalies 
were bilateral. In bilateral cases of undescended 
testis the anomalies associated with spermatic 
obstruction (Types IV and V) were observed in 
6 cases (46.15%) and in 2 of them (15.38%) the 
patients had total disjunction between the testis 
and epididymis (Type 5) in both sides (Table-3).

Open PV was found in 74 cases (64.7%) 
of cryptorchidism. We did not observe signi-
ficant correlations between patency of the PV 
and incidence of EAs (p=0.742). The normal re-
lationships (Type I and Type II) occurred in 24 
(66.7%) of the cases of PV obliterated and in 45 
(60.8%) of the cases of PV patency. Epididymal 
tail disjunction occurred in 6 cases (16.7%) in 
obliterated PV and 17 cases (23%) in patency 
of the PV, and the anomalies associated with 
infertility (Types IV and V) were observed in 
6 cases (16.7%) of obliterated PV and 12 cases 
(16.2%) of patency of the PV.

DISCUSSION

Epididymal anomalies can occur due to 
abnormal involution of the mesonephric duct 

adjacent to the testis (1). The epididymal body 
and vasal structure arise from the mesonephric 
tubules and Wolffian duct (14). The union be-
tween rete testis and mesonephric tubules be-
gins at around 12 weeks of gestation (14). The 
epididymal anomalies of disjunction can be ex-
plained by the difference in the embryological 
origin of the epididymis from the mesonephric 
duct or by changes in vascularization during 
the development of the mesonephric tubules 
and their fusion with the testicular tubules (15).

Knowledge of EA associated with cryp-
torchidism is relevant in clinical practice to 
prevent accidents during orchidopexy and to 
counsel patients and predict infertility in the 
future, such as in cases of epididymis atre-
sia, disjunction of epididymal head and total 
disjunction between the testis and epididymis 
(16, 17).

Turek et al. (12) found high incidence 
of EAs associated with cryptorchidism in the 
literature (1, 18, 19). The author considered it 
to be a consequence of the lack of definition of 
the normal pattern of the anatomy of the epidi-
dymis in the several studies. In a recent paper 
(11), with the same standard proposed by Turek 
et al. (12) to analyze the relationship betwe-
en the testis and epididymis, the authors found 
incidence of more than 30% EAs (disjunction 

Table 2 - The table shows the correlation between epidididymal anomalies with testicular position and patency of processus 
vaginalis in 87 patients studied. The relationships between testis and epididymis was classified as Type I when epididymis 
attached to the testis at the head and tail; Type II - epididymis totally attached to the testis; Type III - epididymis attached to 
the testis only at the head; Type IV - epididymis attached to the testis only at the tail; Type V – no visible connection between 
the testis and epididymis.

RELATIONSHIPS BETWEEN TESTIS AND EPIDIDIMYS TESTICULAR POSITION PROCESSUS VAGINALIS

Abdominal Canal
Supra-

Escrotal
Open Close

n (%) n (%) n (%) n (%) n (%)

Normal (Types I and II) 7 (50) 50 (60.2) 12 (92.3) 45 (60.8) 24 (66.7)

Tail disjunction (Type III) 5 (35.7) 18 (21.7) 0 17 (23) 6 (16.7)

Anomalies Associated to Infertility (Types IV and V) 2 (14.3) 15 (18.1) 1 (7.7%) 12 (16.2) 6 (16.7)

Total 14 (100) 83 (100) 13 (100) 74 (67.27) 36 (32.72)
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Table 3 - The table shows the data in 87 studied patients with cryptorchidism in order of age.  Type I - epididymis attached 
to the testis at the head and tail; Type II - epididymis totally attached to the testis; Type III - epididymis attached to the testis 
only at the head; Type IV - epididymis attached to the testis only at the tail; Type V – no visible connection between testis and 
epididymis; and Type VI – epididymal atresia.

PATIENTS AGE SIDE POSITION EPIDIDYMIS PROCESSUS VAGINALIS

1 1 year Right Inguinal Type I Patent

1 1 year Left Inguinal Type I Patent

2 1 year Left Inguinal Type V Patent

3 1 year Right Abdominal Type III Patent

4 1 year Right Abdominal Type III Patent

5 1 year Right Abdominal Type II Patent

6 1 year Left Inguinal Type V Patent

7 1 year Right Inguinal Type I Patent

7 1 year Left Inguinal Type I Patent

8 1 year Left Inguinal Type I Patent

9 1 year Left Inguinal Type I Patent

10 1 year Right Suprascrotal Type I Patent

11 1 year Right Suprascrotal Type I Patent

12 2 years Right Inguinal Type I Patent

12 2 years Left Inguinal Type III Patent

13 2 years Right Inguinal Type II Obliterated

PATIENTS AGE SIDE POSITION EPIDIDYMIS PROCESSUS VAGINALIS

14 2 years Left Inguinal Type III Patent

15 2 years Right Inguinal Type I Patent

16 2 years Right Inguinal Type II Obliterated

17 2 years Right Suprascrotal Type I Obliterated

17 2 years Left Suprascrotal Type II Obliterated

18 3 years Right Suprascrotal Type II Obliterated

19 3 years Left Inguinal Type I Patent

20 3 years Left Abdominal Type III Patent

21 3 years Right Inguinal Type IV Obliterated
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21 3 years Left Inguinal Type I Patent

22 3 years Left Abdominal Type II Patent

23 3 years Left Abdominal Type II Patent

24 3 years Right Inguinal Type I Patent

25 3 years Right Abdominal Type III Patent

26 3 years Right Inguinal Type I Patent

27 3 years Left Inguinal Type I Obliterated

28 3 years Right Abdominal Type III Patent

29 3 years Right Inguinal Type I Patent

PATIENTS AGE SIDE POSITION EPIDIDYMIS PROCESSUS VAGINALIS

30 3 years Right Inguinal Type I Patent

30 3 years Left Inguinal Type I Obliterated

31 3 years Right Inguinal  Type III Patent

32 4 years Right Inguinal Type I Patent

33 4 years Left Inguinal Type III Patent

34 4 years Right Inguinal Type I Patent

34 4 years Left Inguinal Type I Patent

35 4 years Right Inguinal Type I Patent

35 4 years Left Inguinal Type IV Patent

36 4 years Left Inguinal Type III Patent

37 4 years Right Inguinal Type I Patent

37 4 years Left Inguinal Type I Patent

38 4 years Right Inguinal Type I Patent

39 4 years Left Inguinal Type IV Patent

40 4 years Left Inguinal Type III Patent

41 4 years Left Inguinal Type III Patent

42 4 years Left Suprascrotal Type V Patent

43 5 years Left Inguinal Type III Patent

44 5 years Right Abdominal Type I Patent
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PATIENTS AGE SIDE POSITION EPIDIDYMIS PROCESSUS VAGINALIS

45 5 years Left Inguinal Type II Patent

46 6 years Left Inguinal Type III Patent

47 6 years Right Inguinal Type I Patent

47 6 years Left Inguinal Type I Patent

48 6 years Right Inguinal Type V Obliterated

48 6 years Left Inguinal Type V Patent

49 6 years Right Suprascrotal Type I Obliterated

49 6 years Left Suprascrotal Type I Obliterated

50 6 years Left Inguinal Type II Obliterated

51 6 years Right Inguinal Type II Obliterated

52 6 years Left Abdominal Type I Patent

53 6 years Left Abdominal Type I Patent

54 6 years Right Inguinal Type II Obliterated

54 6 years Left Inguinal Type I Patent

55 6 years Left Inguinal Type III Patent

56 6 years Right Inguinal Type I Patent

56 6 years Left Inguinal Type I Patent

57 6 years Right Inguinal Type V Obliterated

57 6 years Left Inguinal Type V Patent

PATIENTS AGE SIDE POSITION EPIDIDYMIS PROCESSUS VAGINALIS

58 6 years Right Inguinal Type I Obliterated

58 6 years Left Inguinal Type I Obliterated

59 6 years Left Inguinal Type I Obliterated

60 6 years Right Suprascrotal Type I Obliterated

61 7 years Right Inguinal Type I Obliterated

57 6 years Left Inguinal Type V Patent

58 6 years Right Inguinal Type I Obliterated

58 6 years Left Inguinal Type I Obliterated

59 6 years Left Inguinal Type I Obliterated

60 6 years Right Suprascrotal Type I Obliterated
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61 7 years Right Inguinal Type I Obliterated

62 8 years Left Inguinal Type I Patent

63 8 years Right Inguinal Type III Obliterated

63 8 years Left Inguinal Type III Obliterated

64 8 years Left Inguinal Type I Obliterated

65 8 years Left Inguinal Type I Patent

66 8 years Left Inguinal Type I Obliterated

67 8 years Right Inguinal Type III Obliterated

68 8 years Left Inguinal Type III Obliterated

PATIENTS AGE SIDE POSITION EPIDIDYMIS PROCESSUS VAGINALIS

69 9 years Right Abdominal Type IV Patent

70 9 years Right Inguinal Type III Patent

71 9 years Left Inguinal Type V Patent

72 9 years Right Inguinal Type I Obliterated

72 9 years Left Inguinal Type I Obliterated

73 9 years Right Suprascrotal Type I Obliterated

73 9 years Left Suprascrotal Type I Patent

74 9 years Right Inguinal Type II Patent

74 9 years Left Inguinal Type III Obliterated

75 9 years Right Inguinal Type IV Obliterated

76 9 years Right Abdominal Type IV Patent

77 9 years Right Inguinal Type III Patent

78 9 years Left Inguinal Type I Patent

79 9 years Right Inguinal Type III Obliterated

80 9 years Right Inguinal Type IV Obliterated

80 9 years Left Inguinal Type I Obliterated

81 9 years Right Inguinal Type I Obliterated

82 9 years Left Inguinal Type I Patent

82 9 years Right Inguinal Type V Obliterated
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PATIENTS AGE SIDE POSITION EPIDIDYMIS PROCESSUS VAGINALIS

83 9 years Left Inguinal Type II Patent

84 9 years Right Suprascrotal Type I Patent

84 9 years Left Suprascrotal Type I Patent

85 10 years Left Inguinal Type II Patent

86 10 years Left Abdominal Type II Patent

87 10 years Left Inguinal Type IV Patent

and/or atresia) in patients with cryptorchidism, 
confirming the high incidence of this anomaly.

EAs can be classified as disjunction ano-
malies, epididymal atresia and elongated epididy-
mis (12, 13, 18). In this study, we used the same 
standard classification proposed by Turek et al. 
(12) to analyze the relationship between the testis 
and epididymis and found incidence greater than 
18% of the total disjunctions between testis and 
epididymis and head disjunction of epididymis in 
patients with cryptorchidism, confirming the high 
incidence of EAs associated with infertility in this 
condition. We did not observe epididymal atresia 
in our sample, which suggests the rarity of this 
anomaly (1).

The epididymis is anatomically connected 
to the gubernaculum, which in turn is attached to 
the testis and scrotum. An interesting and contro-
versial theory suggests that the epididymis is one 
of the organs responsible for testicular migration, 
through its peristaltic and secretory activity in 
the second gestational trimester (20). This theory 
would explain some cases of cryptorchidism, whe-
re the epididymis is separated and located lower 
than the testis (21).

Mollaeian et al. (1) studied 652 undes-
cended testes and observed epididymal disjunc-
tion in 16.87% of the cases. Caterino et al. (22), 
in a study of 895 patients, and Kim et al. (2) 
in a study of 110 patients, reported EAs, res-
pectively, in 96% and 65% - a very high rate. 
Probably this high rate was associated with a 
classification considering normal relationships 

between testis and epididymis as anomalies. 
In this study, we observed EAs in 39 patients 
(43.7%). Disjunction of epididymal tail was ob-
served in 23 patients (25.3%), and disjunction 
of epididymal head and total disjunction be-
tween the testis and the epididymis (anomalies 
that could be associated with infertility) were 
observed in 16 patients (18.4%), a significant 
number. Infertility can only be determined af-
ter a couple is unsuccessful in achieving preg-
nancy by natural conception after 12 months of 
unprotected intercourse. Patients with solitary 
testicles can have normal fertility. A very inte-
resting data in our sample is the presence of to-
tal disjunction between the testis and the epidi-
dymis (Type 5 epididymal anomaly) in 2 of the 
13 patients with bilateral cryptorchidism of our 
sample (15.38), which would lead these patients 
to have a great chance of having infertility.

Some studies have found an association 
of patency of the PV with EAs and cryptorchi-
dism, suggesting there is a common stimulus, 
probably androgenic, participating in the epi-
didymal development, testicular migration and 
closure of the PV (3, 23). The PV is usually obli-
terated after the end of testicular migration (24, 
25). The rate of patency of the PV in patients 
with cryptorchidism ranges from 21.3 to 81.3% 
(23). We observed patency of the PV found in 
74 cases (64.7%) of cryptorchidism, but with 
no significant correlations with the incidence 
of EAs. This finding is discordant with several 
studies in the literature. It can be attributed to 
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the type of classification used to determine EAs. 
We used the classification that is currently ac-
cepted in the literature (12, 13). The anomalies 
associated with spermatic obstruction (Types 
IV and V) were observed in 6 cases (16.7%) of 
obliterated PV and 12 cases (16.2%) of patency 
of the PV, with no significant difference.

The main limitations of our study are: a) 
small sample size; b) uneven age distribution; c) 
impossibility of histological analysis to observe 
patency of epididymal ducts (due to ethical rea-
sons); and d) we do not have long-term follow-
-up of patients with types 4 and 5 epididymal 
abnormalities to ascertain if they have deve-
loped infertility. A perfect study would be to, 
prospectively, follow patients diagnosed with 
undescended testis until they reach adulthood.

CONCLUSIONS

We found epididymal anomalies asso-
ciated with spermatic obstruction in almost 
20% of undescended testes and their incidence 
had no correlation with age, testicular position 
and patency of the PV. This information needs 
to be correlated to the infertility risk in this 
congenital anomaly.
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Epididymal abnormalities associated with sperm obstruction
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COMMENT

The testicular descent process is a complex event, occurring defectively in 1% to 4% of full- term 
newborn boys and 1% to 45% of preterm newborns (1). Cryptorchia is a common genital anomaly not 
fully understood. Much has been studied on the histological development of cryptorchid testes with 
many previous publications. More than 40 years ago, germ cell counts, and the analysis of spermatogo-
nial development associated the cryptorchidism to male fertile potential, with strong data showing that 
abnormal germ cell development is often present (2). In addition, anomalies of the epididymis, vaginal 
process and gubernaculum have been reported with a potential impact on fertility, especially regarding 
the anatomical relationship between the epididymis and the testis. This may be abnormal in boys with 
cryptorchidism (3), but the reported frequency ranges widely from 16% to 75% probably because this 
anomaly is difficult to be characterized and classified (4, 5). In this context, which criteria, then, related 
to the patterns of epididymal anomalies, would be associated with a possible obstruction, thus impacting 
fertility? 

In this interesting study, with original figures and clear tables, the authors evaluated a number 
of epididymal abnormalities associated with sperm obstruction in patients with undescended testis ac-
cording to: testicular position, patient age and patency of the vaginal process (6). For this, in a period of 
nine years (2011-2020), 87 patients with cryptorchidism who underwent orchidopexy had their condition 
retrospectively analyzed. For the relationship between the testis and the epididymis, the authors used a 
previous classification (7, 8): Type I - epididymis adhered to the testis in the head and tail region; Type 
II - epididymis fully adhered to the testis; Type III - epididymis inserted in the testicle only in the head; 
Type IV - epididymis adhered to the testis only in the tail; Type V - no visible connection between testis 
and epididymis; and Type VI - epididymal atresia. Type I and II relationships were considered normal, 
while the other types are considered epididymal anomalies. Those with head disjunction and total epidid-
ymal disjunction (Type IV and V) were locked together, as, in theory, it can lead to infertility due to the 
presence of a sperm obstruction preventing the passage of sperm to the epididymis, if present bilaterally. 

Based on this classification, the authors identified epididymal anomalies associated with sperm 
obstruction in almost 20% of cases, occurrence that is unrelated with age, testicular position or perme-
ability of the vaginal process. That said, it is clear a potential impact of this pathology on the male repro-
ductive function, which may be associated with obstructive azoospermia. Despite this initial conclusion, 
an impossibility of histological analysis (observing the patency of the epididymal ducts - obviously not 
performed for ethical reasons) and the lack of long-term follow-up to verify if they developed infertility, 
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are limitations brought up in the study that actu-
ally compromise more solid conclusions. 

Despite the great enthusiasm that stud-
ies like these bring for understanding a complex 
process of anomalies of the epididymal testicular 
junction, condition in theory possibly associated 
with with obstructive azoozpermia, a long journey 

ahead awaits us. The authors have a recognized 
work in this field and surely, future studies con-
firming epididymal obstruction and long term clin-
ical follow-up will help us to reach clear answers.
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Access to surgical treatment may be the 
only solution for preventing chronic disabilities 
and mortality (1) in cases of traumatic injuries and 
countless other situations that significantly affect 
quality of life such as iatrogenic, inflammatory or 
neoplastic injury. Notwithstanding successful pre-
vention strategies, these conditions are responsible 
for a significant portion of disease burden in the 
population. In practice, speedy access to essential 
surgery is not always widely guaranteed (2), al-
though it is part of the human right to health. In 
developing countries, where the most appropriate 
treatment for various diseases is not always readily 
available (2), there is a high incidence of complica-
tions from delays in diagnosis or access to specia-
lized centers. In Brazil, this is the context in whi-
ch complex urethral stenosis in public university 
institutions linked to the Unified Health System is 
approached.

Male urethral stenosis has significant ne-
gative impact on patients’ quality of life. Its pa-
thophysiology is better known and differences be-
tween developed and developing countries must be 
considered. The recent study by Astolfi et al, (3) 
evaluating 899 patients, shows that in Brazil iatro-
genesis was the most frequent cause (43.2%), follo-
wed by idiopathic (21.7%) and traumatic (21.5%). 
Of the inflammatory causes (13.7%), the largest 

part was due to scleroatrophic lichen (66.7%), and 
33.4% to infectious urethritis.

Regarding the stenosis site, Palminteri et 
al. (4) showed that in developed countries, steno-
sis occurs mainly in the anterior urethra (92.2%), 
particularly in the bulbar segment (45.9%), with 
involvement of the posterior urethra in only 7.8% 
of cases (5). Most trauma-related stenosis occurred 
in urethral lesions associated with pelvic fractures 
(62.7%) and 62.7% were associated with perineal 
trauma. Of iatrogenic causes, 59% were seconda-
ry to urethral instrumentation (catheterization and 
other procedures), 24.8% due to procedures such as 
prostatectomy, radiotherapy and postectomy, and 
16.2% following failure to correct hypospadias.

Such demographic data are useful in gui-
ding the development of preventive and therapeu-
tic population strategies, as well as being important 
for educational guidance in relation to manipu-
lation of the urethra (6), from vesicoureteral ca-
theterization to instrumentation of the urethra in 
therapeutic procedures and, above all, to learn the 
different urethroplasty techniques. Strategies must 
be guided by the Unified Health System (SUS) as 
set forth in Article 5 of Law 8.080 of September 
1990, and educational guidance is an obligation of 
medical schools and specific courses in Urology as 
a specialty.

The SUS offers universal coverage and free 
access to all levels of health care for each person 
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within its territory, but there may be long waiting 
periods for exams or surgery. Tertiary care cen-
ters and the best health care services are unevenly 
concentrated in the richest regions of the country, 
making access more difficult for the population li-
ving in more disadvantaged areas. In order to re-
duce the impact of such inequality, Out-of-Home 
Treatment was established by Ordinance No. 55 of 
the Ministry of Health, an instrument that aims, 
through the SUS, to guarantee medical treatment 
to patients with diseases that are untreatable in 
their municipality of origin due to lack of technical 
conditions.

Although SUS clinical care and treatment 
strategies are well organized, with specific progra-
ms for different diseases, in the case of urethral ste-
nosis the current situation has space for improve-
ment. Patients still go through various difficulties 
to reach referral centers, resulting in delayed access 
to definitive treatment. This can worsen progno-
sis due to episodes of urinary tract infection and 
secondary changes in the upper urinary tract. At 
the same time, doctors who provide initial care and 
those at the Reference Centers face their own diffi-
culties.

Not every urologist is able to perform surgi-
cal correction of the various forms of urethral ste-
nosis, whether in adults or children. Referrals for the 
most classic techniques, such as urethral dilatations 
and urethrotomies, are much more selective today, 
although they are still widely performed. Without 
appropriate referral, they provide only tempora-
ry resolution and often increase the extent of the 
primary lesion (7). In other countries, developed or 
otherwise, these techniques are still performed by 
the majority of practicing urologists (8-11) in spite 
of there being excellent centers where all modern 
modalities are performed.

Nowadays, urethroplasties require years of 
study to obtain the most lasting results, and some 
authors consider proficiency as occurring after 
around 100 surgeries (12). Thus, it may be that ure-
throplasties are underutilized due to lack of trai-
ning or access to a trained colleague (13, 14). It is 
important to consider, then, that training in recons-
tructive urology should be encouraged and offered 
by the various Medical Residency Services in Uro-
logy in Brazil (15, 16).

 Depending on the etiological factor or the 
extent of the urethral lesion (17, 18), some pa-
tients with urethral stenosis experience complica-
tions such as erectile dysfunction and/or urinary 
incontinence, requiring additional procedures, such 
as implantation of penile prostheses and artificial 
sphincters, which are generally costly and are not 
always widely available in the public health care 
services.

We highlight the importance of greater spe-
ed in referring patients to SUS Reference Centers 
where professionals trained to perform the diffe-
rent types of urethroplasties practice, as there is a 
certain dispute due to supply and demand ratio of 
slots available to the municipalities in their scope. 
The Municipality schedules the consultation, but 
scheduling slots should not be undertaken by an 
administrative officer who is unfamiliar with the 
functional implications of each disease. It should 
be undertaken by a doctor able to differentiate the 
more serious situations, using the available slots 
correctly.

In reference public health care centers, the-
re are generally several specialties operating, each 
with a historical queue of patients awaiting surgical 
treatment and, as a result, operating rooms have di-
fferent distributions on weekdays. In Urology, there 
are other important diseases such as tumors, uri-
nary obstructions due to other causes, anomalies, 
lithiasis, etc. Thus, in addition to the availability 
of slots for surgery, there is also internal competi-
tion for use of operating rooms between the more 
serious diseases. Another fact to be considered is 
the lack of counter-referral for following up com-
plex cases after treatment; the impossibility of ou-
tpatient visits at a longer time interval reduces the 
number of places available for new patients.

Urological knowledge advances quickly 
and requires constant updating, in addition to care-
ful analysis of international literature. The national 
guidelines need updating to adapt to the current 
context of urological work in public centers in de-
veloping countries, aiming to reconcile information 
from the medical field, in order to standardize beha-
vior that supports reasoning and decision-making, 
which must be subjected to their own assessment 
and criticism, given the reality and clinical status 
of each patient.
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With regard to trauma, in particular, in pu-
blic hospitals Brazilian urologists, in most cases, 
do not have access to the instruments that would 
help them provide the best emergency care; the ri-
gid cystoscope in general is not a reality in SUS 
emergency cases, and the flexible cystoscope is not 
available even in private hospitals. Often, retrogra-
de urethrocystography itself (a low cost, easy to 
perform and accurate test, which allows for better 
treatment planning) (19) cannot be offered.

Traumatic urethral injuries are not uncom-
mon, particularly in severely injured patients (17, 
18). Supra-pubic urinary diversion is often perfor-
med in trauma in critically ill patients to enable 
accurate monitoring of urine output and resuscita-
tion. Immediate surgical repair can be technically 
difficult and should be limited to patients who 
experience penetrating urethral trauma and are 
hemodynamically stable. Injuries to the posterior 
urethra are often associated with major abdominal 
trauma or pelvic fractures that are life-threatening 
and require immediate attention and resuscitation. 
Anterior urethral injuries are usually the result of 
direct trauma to the urethra, with few associated 
and less extensive injuries (6).

Incomplete posterior urethral lesions can be 
treated with bladder catheterization, however, there 
is a risk of it turning into a complete lesion, where 
treatment options are immediate primary surgical 
reconstruction (currently abandoned due to high 
rates of erectile dysfunction, incontinence, stenosis 
and intraoperative bleeding), primary realignment 
in stable patients (which decreases rates of steno-
sis and incontinence and is the choice in several 
referral services) or supra-pubic urinary diversion 
and late reconstruction (classic and often manda-
tory management due to the clinical instability of 
polytrauma patients) (6, 12), with urethral stenosis 
as the rule in the latter case. Late posterior perineal 
urethroplasty has high success rates and avoids the 
need for multiple procedures (17, 18).

Erectile dysfunction occurs in approxima-
tely 50% of patients, has a multifactorial etiology 
(and results from trauma aggression, not treatment). 
In patients undergoing posterior urethroplasty, 5 to 
15% will develop recurrent stenosis and about 4% 
to 10% will develop urinary incontinence (16, 17). 
These complications and functional sequelae are 

also treated by the SUS, but not always in the same 
proportion as they occur. It is in this sphere that the 
greatest difficulties are concentrated for professio-
nals who work with reconstructive urology in the 
public health care service, much more than those 
related to the techniques of urethroplasty itself. Ac-
cess to penile prostheses and artificial sphincters is 
limited to a few services in Brazil. Moreover, the 
functional impact resulting from postponed treat-
ment affects surgical procedures and referrals.

Narrowing in the penile urethra is less fre-
quent, however, it tends to be longer than those 
present in the bulbar urethra. Due to the narro-
wness of the cancellous body and, consequently, 
greater spongiofibrosis, endoscopic treatment has 
lower success rates and should not be routinely in-
dicated, being reserved only for ring stenoses (7, 
8). Excision techniques and primary anastomosis 
of the penile urethra result in penile curvature or 
shortening due to contact with the corpora caver-
nosa. Thus, the treatment of choice is substitute 
urethroplasty (graft or flap), or staged urethroplasty 
in more complex cases. Use of foreskin flaps should 
be considered as they are more accessible in the 
penile urethra, decreasing morbidity and surgical 
time, however, success rates are lower than for use 
of oral mucosa, which is widely used due to excel-
lent success rates; the graft is preferably positioned 
on the dorsal surface of the urethra (6).

As for narrowing of the bulbar urethra, 
when short (up to 2cm), of idiopathic cause and 
with little spongiofibrosis, it can be treated with en-
doscopic urethrotomy under direct vision (8), more 
modern methods of internal urethrotomy with laser 
have good success rates (70 to 80%), however, limi-
ted to a single approach in patients who have not 
had other treatment and to short impairments, due 
to the high rate of recurrence (20).

Bulb narrowing of traumatic or inflam-
matory origin leads to extensive spongiofibro-
sis. Initially, the plan is to remove spongiofibrosis 
whenever possible and perform wide spatulated 
anastomosis between two healthy stumps, however, 
due to the risk of penile curvature or shortening, 
excision and primary anastomosis are limited to up 
to 3cm (6, 8).

In narrowing where obliteration of the ure-
thral lumen is not complete, with involvement ex-
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ceeding 3cm and of non-traumatic etiology, substi-
tute techniques can be used with oral mucosa graft, 
with graft located in the dorsal or ventral region or 
in both regions, with similar results. In more com-
plex cases, enlarged urethroplasty techniques can 
be used, with resection and mucosa graft (6).

Evidently, there are no simple solutions to 
a situation as complex as health care in a country 
like Brazil, the size of a continent and with great 
regional diversity. The immense effort the Unified 
Health System makes to facilitate the population’s 
access to health care, in its most diverse areas, is 
praiseworthy, and seeking to improve this program, 
in order to comply with Article 196 of the Consti-
tution, must be ongoing on the part of responsible 
authorities. There is much to be done. Public insti-
tutions linked to the SUS, in their turn, also make 
great efforts to operate as an effective part of this 
System.

As we have seen, there are countless chal-
lenges in the treatment of urethral stenosis in Pu-
blic Health Care Centers nowadays. In this context, 
the role of teaching hospitals transcends the sphere 
of continuing education, by influencing our con-
duct and the doctor-patient relationship. Therefore, 
the choice of conduct and information transmitted 
to our patients must be an absolute priority in our 
daily practice. Even in the face of all these challen-
ges, urologists who work with reconstructive sur-
gery feel stimulated in the face of the complexity 
of the cases and combat adversity by remaining 
motivated to do, above all, what they were trained 
as doctors to do: comfort, relieve and treat the sick.
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COMMENT

Gastroschisis is a paraumbilical abdominal wall defect associated with protrusion of the abdominal con-
tent through a defect which cause is not completely elucidated, but there is evidence of an abnormality 
in the formation and development of the ventral body wall during embryogenesis, resulting in bowel 
herniation (1). Patients with gastroschisis are associated with malformations outside the gastrointestinal 
tract in around 10% of the cases, and with abnormalities related to the gastrointestinal tract in up to 25% 
of cases (2, 3). The association of gastroschisis and undescended testis probably occurs by mechanical 
factors rather than prematurity (4).

Undescended testis is associated with abdominal wall defects around 30 to 40% of the cases and in 
these patients the spontaneous testicular descent occurs in about in 50% of the cases (5). In this interesting 
systematic review published in Journal of Pediatric Surgery in 2021, the authors confirmed that cryptorchi-
dism in gastroschisis appears to occur more frequently than in the normal population with an unfavorable 
presentation which is represented by originally intrabdominal or prolapsed testis in the majority of cases. 
This a very interesting paper to pediatric urology.
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COMMENT

Evidence has shown a trend towards urgent surgical repair of penile fracture (PF) in order to have 
more adequate functional and cosmetic results in relation to conservative treatment (1). The surgery aims to 
restore the anatomical and functional integrity of the penis, to avoid complications such as penile curvature, 
erectile dysfunction (ED), penile plaque and painful erection (2). 

In this recent publication, the authors evaluated 138 patients with PF over 19 years to identify the 
factors that can influence the sexual function after surgical repair. Clinical features, perioperative findings, 
time from injury to surgery, lesions of the corpora cavernosa and presence of urethral injury were reviewed. 
Sexual function was evaluated six months after surgical repair by applying the International Index of Erecti-
le Function-5 (IIEF-5) questionnaire and assessing penile curvature and the presence of a painful intercourse. 
They used elective incision in most cases (81.2%), while subcoronal degloving incision was used only in 
cases when it was impossible to locate the tunical tear by physical examination.

The authors found ED in 24 cases (17.4%), penile curvature that was interfering with sexual inter-
course in 21 patients (15.3%), and painful intercourse in 18 patients (13%). The presentation delay varied 
from 1 hour to 5 days (mean = 16.8 hours). They discovered that presentation time delay, tunical leak located 
in the proximal shaft of the penis and elective incision were the three factors associated with higher penile 
curvature. They also found that presentation delay, the injury in the proximal shaft and elective incision 
were the most related factors to ED. They concluded that elective incision should be performed for tunical le-
aks located only in the distal shaft of the penis, while for those located in the proximal shaft, circumferential 
degloving incision should be considered to reduce the risk of penile curvature caused by this type of lesion. 

Vol. 48 (2): 356-357, March - April, 2022
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There are many studies (3-5) demonstrating 
safety and efficacy of the surgical treatment of PF 
and the positive impact on sexual function. The ma-
jority of surgeons use subcoronal degloving incision 
with low rates of surgical wound complications (3,6). 
However, some authors advocate use of a small skin 
incision to access the exact point of injury, to avoid 
the complications of degloving and postectomy (7, 
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8). Finally, regardless of incision type, immediate 
surgical repair of PF is the gold standard approa-
ch and should be strongly recommended to avoid 
long-term complications, especially penile tortuo-
sity and ED. It is noteworthy that erectile function 
is a complex phenomenon comprising emotional, 
physical and relational aspects and can be affected 
after surgical treatment of PF.
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COMMENT

Ureteral stents are frequently used in urology practice, particularly following ureteroscopy for 
urinary stone treatment (1). However, urinary stent-related symptoms are among the most bothersome 
symptoms affecting patient’s quality of life (2, 3). Stent-related symptoms are usually worse during the 
first four days after surgery, with a peak of medication use on day 1 after placement (4). Sometimes, these 
symptoms are so limiting that the patient usually refers the treatment for urinary stone as stent place-
ment. Stent composition, design and size, and medical therapies have been studied to mitigate patient’s 
suffering. 

 Some strategies have been proved to reduce stent-related symptoms. Silicone composed stents 
are associated with less patient discomfort (5, 6). A novel intraureteral stent placement was associated 
with less discomfort than conventional stent placement (7). Other studies found that stent-related patient 
symptoms increase with the diameter of the stents. Therefore, smaller diameter stents should be preferred 
(8, 9). Stent-related symptoms may be significantly mitigated with drug monotherapy or combination of 
beta-3 adrenergic receptor agonist, alpha-blockers and anticholinergic (10-16).

 Falahatkar et al. studied the effects of pregabalin, solifenacin and their combination therapy on 
urinary stent-related symptoms in a randomized controlled clinical trial (17). Patients were randomly 
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allocated into four groups: pregabalin 75 mg BID 
(N=64), solifenacin 5 mg once a day (N=64), pre-
gabalin 75 mg BID and solifenacin 5 mg once a 
day (N=64), and no medication (N=64). Ureteral 
Symptom Score Questionnaire (USSQ) was used to 
compare groups at 2 and 4 weeks after discharge 
from hospital (18). Authors reported significant 
beneficial effects in all indexes of USSQ only for 
combined pregabalin and solifenacin therapy over 

CONFLICT OF INTEREST
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control group. Reported side effects were mild for 
all studied groups. Lack of a placebo arm and ap-
plication of USSQ only at 2 and 4 weeks after dis-
charge from hospital are some of the limitations of 
this study.

Urinary stent-related symptoms should not 
be overlooked and could be relieved by an ade-
quate stent selection and a combination of posto-
perative medical therapy.
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COMMENT

Endoscopic view of the collecting system provides the chance to observe many abnormalities that 
could be correlated to urinary stone formation. Papillary calculi result from subepithelial lesions (1). The-
refore, the observation of papillary abnormalities could help to understand lithogenesis and eventually 
help the management of patient’s treatment.

 Almeras et al. reported the endoscopic evaluation of renal papillae during 88 consecutive flexible 
ureteroscopies based on the 2016 proposed classification (2). This classification was inspired on the on-
cologic TNM classification. It included stone description (Sx), number and type of papillary abnormality 
(nPx) and the amount of Randall’s plaque (Rx) (3). The present study updated the former classification to 
new SxnPxDrx/i/px, including mixed type of stone, excluding subepithelial stones, including papillary 
abnormalities of medullary sponge kidney and including description of deposits (D) of the amount of 
Randall’s plaque (r), intrapapillary deposits (i) and intraductal plugs (p). Main findings were that 83% of 
the patients had Randall plaques and only 4.5% of the patients had no abnormalities. Erosions were pre-
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sent in 55.7%, anchored stones in 30.7%, intraduc-
tal crystallization in 15.9% and extrophic papillae 
in 8%. The description of the renal papillae showed 
clinical importance because it was correlated to the 
diagnosis of a metabolic lithogenesis. High amount 
of Randall’s plaque was associated with dark an-
chored stones (Sa1). Calcium phosphate stones 
were correlated to intraductal crystallization (Sc) 
and hypercalciuria was higher in light anchored 
stones (Sa2) than dark anchored stones (Sa1).
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 As endoscopic surgeons, we should seize 
the opportunity to use the endoscopic view not 
only to treat the already formed stones but also 
to help patients with the diagnosis of the cause 
of stone formation. The proposed classification 
by Almeras et al. seems to be too complex to be 
adopted by urological community and should 
be validated by other investigators to be recom-
mended but it is the most embracing endosco-
pic classification so far.
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ABSTRACT         _______________________________________________________________________________________

Background: Reports in the literature describe lymphocele formation in up to half of patients following pelvic lymph 
node dissection (PLND) (1) in robotic-assisted radical prostatectomy (RARP), with 1-2% requiring intervention (2). The 
advantage of surgical approach is permanent excision of the lymphocele capsule and fewer days with pelvic drains 
compared to percutaneous drainage. This study aims to describe the step-by-step surgical management of symptomatic 
lymphoceles using a less invasive robotic platform, the Da Vinci® Single Port (SP).
Material and Methods: We describe the technique of lymphocelectomy and marsupialization with the Da Vinci® SP 
for symptomatic lymphocele. For this study, several treatment modalities for symptomatic lymphoceles were available, 
including percutaneous drainage, sclerosing agents, and surgical marsupialization. All the data for this study were 
obtained through the procedure via Da Vinci® SP.
Results: Operative time for the case was 84 minutes. Blood loss was 25ml. No intra- or post- operative complications 
were reported. The patient had his drain removed in under 24 hours after surgery. The mean follow-up period was 7.7 
months. There were no complications or lymphocele recurrence.
Conclusion: Da Vinci® SP lymphocelectomy is safe and feasible with satisfactory outcomes. The SP enables definitive 
treatment of the lymphocele sac (3), reducing the number of days with abdominal drains and allows further decrease in 
surgical invasiveness with fewer incisions and better cosmesis.
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ABSTRACT         

_______________________________________________________________________________________

Introduction: A challenging situation in proximal hypospadias is the presentation of patients with successful urethroplasty 
but with persistent or recurrent ventral curvature (VC) after multiple hypospadias repair.
Materials and Methods: We present a 13 year-old boy with 7 previous surgeries (long TIP, Duplay, meatoplasty) to 
treat hypospadias presenting with 60 degrees of VC, in spite of a well-accepted coronally neomeatus. We degloved the 
penis and artificial erection clearly appointed corporal disproportion causing curvature. We disconnected urethra from 
corpora. After excision of remnant fibrotic tissue, there was a residual curvature so a lenghtening corporoplasty with 
dermal graft from groin was performed. We have adjusted the urethral meatus position into a proximal penile shaft. 
We used a buccal mucosa graft placed in an inverted U-shape position planning a second stage urethroplasty (1). An 
indwelling silicone Foley tube was left for one week. The patient was discharged the day after surgery.
Results: The aspect after corporoplasty proved satisfactory curvature correction. Patient had an excellent outcome and 
is scheduled for a second-stage after 6 months.
Discussion: Snodgrass and Bush (2) reported that on 73 patients with an average of 2.7 operations for proximal shaft to 
perineal hypospadias; of which, 83% had VC at re-operation averaging 50°. We do believe that some good results with 
minimal dorsal plicature may recur in adolescence and therefore when these procedures may be considered, they should 
be performed by classic Nesbit technique (3). Otherwise, the choice for primary ventral lengthening should be taken.
Conclusion: Severe curvature associated with hypospadias should undergo a major procedure at early stage to avoid 
decompensation after dorsal plicature in adolescence. We had a very satisfactory result, the patient awaits the second 
stage procedure (Figure-1).
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Figure 1 - End aspect after complete healing of buccal mucosa. Notice that penis is straight and second stage will be 
performed after 6 months of interval. 
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ABSTRACT         

_______________________________________________________________________________________

Introduction and Objective: Upper tract urothelial carcinoma (UTUC) represents 5% of all urothelial malignancies (1-
3). Accurate pathologic diagnosis is key and may direct treatment decisions. Current ureteroscopic biopsy techniques 
include cold-cup, backloaded cold-cup and stone basket (4-6). The study objective was to compare a standard cold-cup 
biopsy technique to a novel cold-cup biopsy technique and evaluate histopathologic results.
Materials and Methods: We developed a novel UTUC biopsy technique termed the “form tackle” biopsy. Ureteroscope is 
passed into ureter/renal collecting system. Cold-cup forceps are opened and pressed into the lesion base (to engage the 
urothelial wall/submucosal tissue) then closed. Ureteroscope/forceps are advanced forward 3-10mm and then extracted 
from the patient. We compared standard versus novel upper tract biopsy techniques in a series of patients with lesions 
≥1cm. In each procedure, two standard and two novel biopsies were obtained from the same lesion. The primary study 
aim was diagnosis of malignancy. IRB approved: 21-006907.
Results: Fourteen procedures performed on 12 patients between June 2020 and March 2021. Twenty-eight specimens 
sent (14 standard, 14 novel) (Two biopsies per specimen). Ten procedures with concordant pathology. In 4 procedures the 
novel biopsy technique resulted in a diagnosis of UTUC (2 high-grade, 2 low-grade) in the setting of a benign standard 
biopsy. Significant difference in pathologic diagnoses was detected between standard and novel upper tract biopsy 
techniques (p=0.008).
Conclusions: The “form tackle” upper tract ureteroscopic biopsy technique provides higher tissue yield which may 
increase diagnostic accuracy. Further study on additional patients required. Early results are encouraging.
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ABSTRACT         

_______________________________________________________________________________________

Introduction: Over the years, since Binder and Kramer described the first Robotic-assisted Radical Prostatectomy (RARP) 
in 2000, different Nerve-sparing (NS) techniques have been proposed by several authors (1). However, even with the 
robotic surgery advantages, functional outcomes following RARP, especially erection recovery, still challenge surgeons 
and patients (2, 3). In this scenario, we have described different ways and grades of neurovascular bundle preservation 
(NVB) using the prostatic artery as a landmark until our most recent technique with lateral prostatic fascia preservation 
and modified apical dissection (4-6). In this video compilation, we have illustrated the anatomical and technical details 
of different grades of NVB preservation.
Surgical technique: After the anterior and posterior bladder neck dissection, we lift the prostate by the seminal vesicles 
to access the posterior aspect of the prostate. Then, we incise the Denonvilliers layers and work between an avascular 
plane to release the posterior NVB from 5 to 1 and 7 to 11 o’clock positions on the right and left sides, respectively6. 
In sequence, we access the prostate anteriorly by incising the endopelvic fascia bilaterally (close to the prostate) until 
communicating the anterior and posterior planes. Finally, we control the prostatic pedicles with Hem-o-lok clips and 
then proceed for the apical dissection preserving the maximum amount of urethra length and periurethral tissues.
Considerations: Potency recovery following radical prostatectomy remains a challenge due to its multifactorial etiology. 
However, basic concepts for nerve-sparing are crucial to achieving optimal outcomes, such as minimizing the amount 
of traction used on dissection, avoiding excessive cautery, and neural preservation based on anatomical landmarks 
(arteries and planes of dissection).
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ABSTRACT         

_______________________________________________________________________________________

Introduction: Tissue transfer has been used in urethral reconstruction for decades, and several grafts have been 
described (1, 2). The ideal graft would have optimal tissue characteristics and lead to minimal morbidity at the donor 
site. Urethroplasty using bladder mucosa was first described by Memmelaar in 1947 (3). The main limitation in using 
bladder mucosal grafts has been the invasiveness of open harvesting (4). We describe an endoscopic technique using 
Holmium:YAG laser to harvest bladder mucosal graft for substitution urethroplasty.
Methodology: A 33-year-old male with no history of urethral instrumentation, trauma, or infection presented with 
obstructive lower urinary tract symptoms. On retrograde urethrogram a 6cm bulbar urethral stricture was identified. 
Several options were discussed, and the patient opted for a one-sided onlay dorsal urethroplasty (5) using a bladder 
mucosal graft.
Equipment used to harvest the graft included an 18.5Fr continuous flow laser endoscope with a Kuntz working element 
(RZ) and a 60W Holmium Laser (Quanta) with 550μm laser fiber.
The procedure was started by making a perineal incision, urethral mobilization and incision of the stricture segment. The 
laser endoscope was then introduced via the perineum. Settings of 0.5J, 30 Hz, and long pulse were used and a 7 x 2.5cm 
graft was harvested from the posterior bladder wall. Hemostasis of the harvest site was performed. The bladder mucosal 
graft was thinned in similar fashion to a buccal mucosal graft and sutured as per previously described techniques.
Conclusion: Endoscopic Holmium Laser harvesting of bladder mucosal graft is feasible and may allow this graft to 
become an alternative to buccal mucosa. Further studies are required to define its role in urethral reconstruction.
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“Intravaginal eletrical stimulation for bladder training method” 
by Cássio L. Z. Riccetto, 2021
______________________________________________________________________________________________
Necmettin Yildiz 1

1 Department of Physical Medicine and Rehabilitation, Pamukkale University Faculty of Medicine, Denizli, 
Turkey

To the editor,

I appreciate the interest shown for our manuscript by Dr. Cássio L. Z. Riccetto (1, 2). I support the 
importance you attribute to the multidisciplinary team and bladder training plus electrical stimulation in 
the management of idiopathic overactive bladder. The sentence “The authors concluded that the association 
of bladder training with intravaginal electrical stimulation was superior to isolated electrical stimulation in 
the treatment of overactive bladder.” is included in your editorial comment mentioning the conclusion of 
our study (1, 2). In order not to create a confusing situation for the readers, I wanted to state that our study 
result was “Bladder training added to intravaginal electrical stimulation were more effective than bladder 
training alone” (1).

The Author
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RESPONSE TO THE AUTHORS “Intravaginal eletrical stimulation 
for bladder training method” by Cássio L. Z. Riccetto, 2021
______________________________________________________________________________________________
Cássio L. Z. Riccetto 1

1 Divisão de Urologia Feminina, Faculdade de Ciências Médicas da Universidade Estadual de Campinas 
– UNICAMP, Campinas, SP, Brasil

To the editor,

While bladder training has long been a first-line treatment for women with overactive bladder syn-
drome (1, 2), its effectiveness as an isolated treatment is still somewhat controversial in the literature. In 
the prospective randomized study presented by Yildiz et al. (3), the combined use of intravaginal electrical 
stimulation plus bladder training determined a significant improvement in the overall success of the tre-
atment of overactive bladder syndrome in women in comparison to Bladder training alone. We agree with 
the authors that the aim of their study was not to evaluate intravaginal electrical stimulation as an isolated 
method of treatment for an overactive bladder. In this regard, despite the widespread use of electrical sti-
mulation techniques as pelvic floor rehabilitation strategies, its effectiveness as an isolated method is still 
controversial, as also referenced in the article (4). In fact, it is somewhat complicated to study the isolated 
effects of electrostimulation techniques for voiding dysfunctions, as the therapist’s explanations about the 
treatment can also influence the patient’s perception of their effects. We congratulate the authors for the 
initiative, highlighting the trend towards a multimodal approach to the treatment of overactive bladder 
syndrome in women (5).

The Author
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Re: Long term outcomes of one-stage augmentation anterior 
urethroplasty: a systematic review and meta-analysis
______________________________________________________________________________________________
Wojciech Perdzynski 1

1  Damian`s Hospital - Reconstructive Surgery of the Male Genito-Urinary Tract, Warsaw, Poland

To the editor,

Authors reviewed the current literature on augmentation anterior urethroplasty choosing for a de-
tailed analysis of large groups of patients from leading centres in which long-term postoperative observa-
tion time is performed. They hypothesized that good long-term results are far below the commonly quoted 
85%. In conclusion, the authors stated that the success of augmentation urethroplasty in the long-term 
(after more than 100 months of follow-up) appears to keep deteriorating (1). Very exact statistics suppor-
ted authors` opinion that augmentation urethroplasty has worst than expected long term results (1). This 
important publication reminded us from the beginning of 21 century (2-4) when there were descriptions 
of stricture recurrence rate after buccal mucosa graft urethroplasty (BMGU) done for urethral stricture (US) 
that increased every 5 years from the operation, reaching 30% or even more 15 years after the operation. 
Those publications stimulated us to think about finding the cause of deterioration in so many patients with 
a long-term follow-up and to think about a treatment for that complication. In all patients who were sent 
to our Department with re-stricture after operations for US done elsewhere, hard scars along penile urethra 
could be palpated. We came to the conclusion that a treatment to decrease scar formation may be a solution 
for US recurrence. It seemed to us reasonable to try to prevent those complications actively instead of using 
“watch and see” passive method of postoperative observation and waiting whether recurrence of US appe-
ars or not. That is why in 2010 in a prospective study we introduced a calibration (not dilatation) of urethra 
with anti-scar gel as a preventive method for stricture recurrence (5). We began to act actively during the 
time of scar remodelling which starts early in postoperative time and is followed by scar contraction, the 
main cause -, as we hypothesized, - of US recurrence. We used only calibrations: we introduced dilator the 
same size as the actual inner size of urethra. That excluded the possibility of urethral injury, which may 
occur during dilatations. All patients described in our paper had had many urethral instrumentations such 
as dilatations and endoscopic incisions and reoperations for US. We decided to perform BMGU and 5 weeks 
later, after internal urethral caliber was measured (by calibrator) we started calibrations with anti-scar gel 
performed by patients themselves (after teaching them how to disinfect calibrators and to perform self-ca-
libration) under our supervision (usually every six weeks in the first year after operation). We are convinced 
that the best results of that treatment can be obtained during early remodelling phase of postoperative 
wound healing in which anti-scar gel can prevent fibrosis and in consequence prevent scar contracture. 
In our publication, phases of wound healing are described as well as action of anti-scar gel, which may 

Vol. 48 (2): 377-378, March - April, 2022

doi: 10.1590/S1677-5538.IBJU.2021.0856



IBJU | LETTER TO EDITOR

378

CONFLICT OF INTEREST

None declared.

REFERENCES

1. Benson CR, Li G, Brandes SB. Long term outcomes of one-
stage augmentation anterior urethroplasty: a systematic 
review and meta-analysis. Int Braz J Urol. 2021;47:237-50.

2. Andrich DE, Mundy AR. Substitution urethroplasty with 
buccal mucosal-free grafts. J Urol. 2001;165:1131-3; dis-
cussion 1133-4.

3. Wood DN, Andrich DE, Greenwell TJ, Mundy AR. Stand-
ing the test of time: the long-term results of urethroplasty. 
World J Urol. 2006;24:250-4.

4. Barbagli G, Kulkarni SB, Fossati N, Larcher A, Sansa-
lone S, Guazzoni G, et al. Long-term followup and dete-
rioration rate of anterior substitution urethroplasty. J Urol. 
2014;192:808-13.

5. Perdzyski W, Adamek M. Calibration of urethra with anti-
scar gel as a new preventive method for stricture recur-
rence after urethroplasty performed due to refractory 
anterior urethral stricture disease. Cent European J Urol. 
2020;73:80-90.

ARTICLE INFO 

  Wojciech Perdzynski
https://orcid.org/0000-0003-4342-8261

Int Braz J Urol. 2022; 48: 377-8

_____________________
Submitted for publication:

December 14, 2021

_____________________
Accepted after revision:

December 20, 2021

_____________________
Published as Ahead of Print:

January 10, 2022

______________________
Correspondence address:

Wojciech Perdzynski, MD
Damian`s Hospital, Reconstructive Surgery of the

Male Genito-Urinary Tract, 
Warsaw, Poland

E-mail: wperdz@wp.pl

help to understand a scientific background of our 
method of treatment. Until now, in 39 patients with 
recurrent anterior US (31 of them had failure after 
hypospadias repair) calibration with anti-scar gel 
was used with good results. Median follow-up (at 
the time of publication) was 61 months (range 12 
to 114). In uroflowmetry we detected that voiding 
improved in all patients. Both preoperative mean 
Qmax and mean Qavg increased, the former from 
6.2 to 22.5ml/s, the latter from 4.3 to 12.4 ml/s, 
(p<0.001), at 12 months post-operation. Mean post-
-void residual volume (PVR) decreased from 89 ml 
before operation to 10 ml, (p<0.001), at 12 months 
post-operation. Mean inner urethral size increased 
from 3.9mm one-month post-operation to 5.4 mm, 
(p<0.001), 9 months’ post-operation. No recur-
rent US was detected in any of the patients during 
the time of observation (now the average time of 
follow-up is 86 months, ranging from 26 to 144). 
A follow-up with a calibration of the urethra with 

the last adjusted Hegar was done annually as well 
as on patient’s request. We observed that a rou-
tine calibration with anti-scar gel preventing scar 
contraction after urethroplasty in the long-term is 
a safe and effective method of postoperative ma-
nagement. Patients are very motivated to continue 
self-calibration since they suffered a lot for a long 
period of time due to serious problems with voi-
ding as well as due to the painful memory of many 
operations.

In the authors` opinion, BMGU as the “gold 
standard” in long narrowed segment and recurrent 
anterior US, could be enriched by calibration with 
anti-scar gel, as a routine postoperative procedure 
which may form comprehensive, broadened the-
rapy for US. Along with BMGU - if other authors 
confirm the effectiveness of our method, - may be-
come a new standard of procedure (5).

The Author
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Re: The role of transperineal ultrasound in the evaluation of 
stress urinary incontinence
______________________________________________________________________________________________
Luis Augusto Seabra Rios 1

1  Departamento de Urologia, Hospital Albert Einstein, São Paulo SP, Brasil

To the editor,

Radiological evaluation of stress urinary incontinence in women (SUI) began in the last century 
and is performed in order to classify grade and severity of urinary leakage and better understanding of 
the pathology (1). Several studies validated the use of image exams regarding position and mobility of the 
bladder neck and proximal urethra, and correlation of hypermobility with SUI (2). However, normal values 
of bladder neck mobility were never defined with certainty due to great variability in young nulliparous 
women (3).

 Many series were published discussing the use of perineal ultrasound to evaluate SUI, but in many 
studies, it was observed lack of uniformity of techniques and methods, preventing definition and standar-
dization of evaluated parameters and determination of reliable evidence (4-6).

 The referred study presents several virtues, including the prospective characteristic, inclusion of 
control group, clear definition of studied populations, use of specific and validated questionnaires, careful 
description of examined ultrasonographic parameters and comparison with the classic method (Q tip test), 
that evaluates urethral mobility. This methodology leads to clear and specific results, preventing confoun-
ders factors such and pelvic prolapse and neurological diseases (7).

 The authors evaluated, other than classical determination of urethral angle, grade of descent of bla-
dder neck and posterior urethral-vesical angle, also the grade of urethral rotation caused by the increase of 
abdominal pressure during Valsalva maneuver. This last parameter identifies one of the many pathological 
factors of SUI, the mobility and posterior-inferior rotation of proximal urethra during stress maneuvers. 
The use of regression analysis allowed the identification of the grade of mobility of the bladder neck as 
independent predictor factor of SUI. The study data also allowed the calculation of cut-off values of SUI in 
relation to the grade of bladder neck mobility, with high sensitivity and specificity.

 Although evaluation and quantification of urethral mobility is necessary in patients with urinary 
incontinence, the relevance of this data must be balanced in the clinical set, since this factor is only one of 
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the many components of pathology of SUI. Sphinc-
ter function is complex and its intrinsic deficiency 
is not necessarily related to urethral hypermobility 
or dystopia Therefore, it is important to highlight 
that perineal ultrasound, that however may pro-
vide accurate data regarding urethral position and 
mobility, does not inform precise functional data 
related to sphincter activity, frequently harmed in 
patients with SUI.

 The good correlation of ultrasound data 
and Q tip-test must be taken into consideration 
when aspects such as costs and availability of ul-
trasound as propaedeutic method in patients with 
SUI are present.

The Author



381

I N F O R M A T I O N  F O R  A U T H O R S

Manuscripts submitted for publication should 
be sent to:

Luciano A. Favorito, MD, PhD 
Editor, International Braz J Urol

Submit your article here:  
 https://www.intbrazjurol.com.br

Manuscripts must be written in current En-
glish or Portuguese. Non-native English speakers 
should ask a native specialist in medical English for 
checking the grammar and style. Either American or 
British English may be used but should be consistent 
throughout the manuscript.

A submission letter signed by all authors 
must accompany each manuscript. This letter must 
state that: a)- the paper or portion thereof have not 
been previously published and are not under consi-
deration by another Journal, b)- that all authors have 
contributed to the information or material submitted 
for publication, and that all authors have read and 
approved the manuscript, c)- that the authors have 
no direct or indirect commercial financial incentive 
associated with publishing the manuscript, d)- that 
the source of extra-institutional funding, specially 
that provided by commercial companies, is indica-
ted, e)- that the study had been reviewed and appro-
ved by a certified Ethical Board or Committee, inclu-
ding the nmeber of the approval dociment and the 
date of the approval, f)- a non-plagiarism statement 
( I (We) declare that all material in this assignment is 
my (our) own work and does not involve plagiarism). 
g)- Clinical trials must be registered on any Clinical 
Trials Registry and the letter must bring the number 
of registration and the name of the registry. After 
accepted for publication, the manuscript will become 
property of the International Braz J Urol.

Conflict of Interest – Any conflict of inte-
rest, mainly financial agreement with companies 

whose products are alluded to in the paper, must be 
clearly disclosed when submitting a manuscript for 
review. If accepted, a disclosure will be published in 
the final manuscript.

The requirements for authorship and the ge-
neral rules for preparation of manuscripts submitted 
to the International Braz J Urol are in accordan-
ce with the Uniform Requirements for Manuscripts 
Submitted to Biomedical Journals (International 
Committee of Medical Journal Editors. Uniform Re-
quirements for Manuscripts Submitted to Biomedical 
Journals. Ann Intern Med, 126: 36-47, 1997). An 
electronic version of the Uniform Requirements is 
available on various websites, including the Inter-
national Committee of Medical Journal Editors web 
site: www.icmje.org.

In response to the concerns of the editors of 
scientific medical journals with ethics, quality and 
seriousness of published articles, a Committee on 
Publication Ethics (COPE) was established in 1997 
and a guideline document was published. The Inter-
national Braz J Urol signed, approved, and follows 
the COPE guidelines. The Editor strongly encourages 
the authors to carefully read these guidelines before 
submitting a manuscript (www.publicationethics.
org.uk/guidelines or www.brazjurol.com.br, vol. 26 
(1): 4-10, 2000). 

Peer Review – All submissions are subject 
to editorial review. Typically, each manuscript is 
anonymously forwarded by the Editor to 4 Reviewers 
(at least 2). If the Editor receives conflicting or in-
conclusive revisions, the manuscript is always sent 
to 1 or 2 additional Reviewers before the Editor’s 
decision. If considered necessary by the Editor or 
by the Reviewers, statistical procedures included in 
the manuscript will be analyzed by a statistician.  
 
 The International Braz J Urol contains six 
sections: Original Article, Review Article, Surgical 
Technique, Challenging Clinical Case, Radiology Page 

INTERNATIONAL

BRAZ J UROL

http://www.icmje.org/


382

INTERNATIONAL

BRAZ J UROL I N F O R M A T I O N  F O R  A U T H O R S

and Video Section. The articles should be written in 
Portuguese or English official orthography.

Abbreviations should be avoided, and 
when necessary must be specified when first 
time mentioned. Unusual expressions may not 
be used. A list of abbreviations must be provided 
at the end of the manuscript. 

Every manuscript submitted to publication 
should have a cover page containing the title, short 
title (up to 50 characters), authors and institution. 
Up to six key words should be provided. These 
words should be identical to the medical subject 
headings (MeSH) that appear in the Index Medi-
cus of the National Library of Medicine (http://
www.nlm.nih.gov/mesh/meshhome.html) . 
One of the authors should be designated as cor-
respondent and the complete correspondence 
address, telephone and fax numbers and E-mail 
should be provided. 

If any financial support has been pro-
vided, the name of the institution should be 
mentioned.

Original Article: Original articles should 
contain a Cover Page, Abstract, Introduction, 
Materials and Methods, Results, Discussion, Con-
clusions, References, Tables and Legends, each 
section beginning in a separate page and numbe-
red consecutively. Original articles should cover 
contemporary aspects of Urology or experimen-
tal studies on Basic Sciences applied to urology. 
The manuscript text should contain no more than 
2500 words, excluding the Abstract. The number 
of authors is limited to five. References should 
contain no more than 30 citations, including the 
most important articles on the subject. Articles 
not related to the subject must be excluded.

Review Article: Review articles are accep-
ted for publication upon Editorial Board’s request 
in most of the cases. A Review Article is a cri-
tical and systematic analysis of the most recent 
published manuscripts dealing with a urological 
topic. A State of the Art article is the view and 

experience of a recognized expert in the topic. An 
abstract must be provided.

Surgical Technique: These manuscripts 
should present new surgical techniques or instru-
ments and should contain Introduction, Surgical 
Technique, Comments and up to five References. 
An abstract must be provided. At least five cases 
performed with the technique must be included.

Challenging Clinical Case: These ma-
nuscripts should present relevant clinical or 
surgical situations which can bring or consoli-
date our understanding of genesis, natural his-
tory, pathophysiology and treatment of diseases.  
Structure of the articles

Abstract (maximum 200 words) and should 
contain

▪ Main findings: Report case(s) relevant aspects
▪ Case(s) hypothesis: Proposed premise subs-

tantiating case(s) description
▪ Promising future implications: Briefly deli-

neates what might it add? Lines of research that 
could be addressed

Full text (maximum 2000 words):
▪ Scenario: Description of case(s) relevant pre-

ceding and existing aspects;
▪ Case(s) hypothesis and rational: precepts, 

clinical and basic reasoning supporting the case(s) 
hypothesis and the raised scenario. Why is it im-
portant and is being reported?

▪ Discussion and future perspectives: what mi-
ght it add and how does it relate to the current lite-
rature. ‘Take-home message’ - lessons learnt;

▪ Table and/or Figure limits: 2 (plates aggre-
gating multiple images are encouraged) each ex-
ceeding table or figure will decrease 250 words of 
the full text;

▪ Number of references: 10-15.

Radiology Page: Will be published upon 
the Section Editor decision.

Video Section: The material must be submit-
ted in the appropriate local, in the Journal’s site, whe-

http://www.nlm.nih.gov/mesh/meshhome.html
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re all instructions may be found (Video Section link) 
Letters to the Editor: The letter should be related 
to articles previously published in the Journal, 
should be useful for urological practice and must 
not exceed 500 words. They will be published ac-
cording to the Editorial Board evaluation.

 
ILLUSTRATIONS:

The illustrations should not be sent merged in 
the text. They should be sent separately, in the 
final of the manuscript.

1) The number of illustrations should not exceed 
10 per manuscript.
2) Check that each figure is cited in the text.
3) The legends must be sent in a separate page.
4) The legends of histological illustrations should 
contain the histological technique and the final 
magnification.
5) The International Braz J Urol encourages color 
reproduction of illustrations wherever appropriate.
6) All histological illustrations should be sup-
plied in color. 

 
ELECTRONIC SUBMISSION:

1) Do not embed the figures in the text, but su-
pply them as separate files.
2) For Submitting Photographs Electronically, 
please:
Supply photographs as TIFF (preferable) or JPG 
files. The TIFF of JPG should be saved at a re-
solution of 300 dpi (dots per inch) at final size. 
If scanned, the photographs should be scanned at 
300 dpi, with 125mm width, saved as TIFF file and 
in grayscale, not embed in Word or PowerPoint.
3) For Submitting Line Artwork Electronically 
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Line drawings must be supplied as EPS fi-
les (give an EPS extension, e.g. Fig01.eps). 
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Use lower case for all labeling, except for initial 
capitals for proper nouns and necessary mathe-
matical notation. Centre each file on the page and 

save it at final size with the correct orientation. 
We recommend a minimum final width of 65 mm, 
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relabeled to fit the format of the Journal.
4) IMPORTANT - Avoid - Do Not

a) DO NOT embed the images in the text; save 
them as a separate file 
b) DO NOT supply artwork as a native file. Most 
illustration packages now give the option to “save 
as” or export as EPS, TIFF or JPG.
c) DO NOT supply photographs in PowerPoint or 
Word. In general, the files supplied in these for-
mats are at low resolution (less than 300 dpi) and 
unsuitable for publication. 
d) DO NOT use line weights of less than 0.25 point 
to create line drawings, because they will nor 
appear when printed.

TABLES: The tables should be numbered with Ara-
bic numerals. Each table should be typed on a sin-
gle page, and a legend should be provided for each 
table. Number tables consecutively and cites each 
table in text in consecutive order.
REFERENCES: The References should be numbered 
following the sequence that they are mentioned in 
the text. The references should not be alphabeti-
zed. They must be identified in the text with Ara-
bic numerals in parenthesis. Do not include unpu-
blished material and personal communications in 
the reference list. If necessary, mention these in 
the body of the text. For abbreviations of jour-
nal names refer to the “List of Journals Indexed 
in Index Medicus” (http://www.nlm.nih.gov). The 
authors must present the references according to 
the following examples; the names of all authors 
must be included; when exist more than six au-
thors, list the first six authors followed by et al. 
The initial and the final pages of the reference 
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WHEN SUBMITTING A MANUSCRIPT:
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The Title must be motivating, trying to 
focus on the objectives and content of the ma-
nuscript.

Introduction must exclude unnecessary 
information. It should briefly describe the reasons 
and objective of the paper.

Materials and Methods should describe 
how the work has been done. It must contain su-
fficient information to make the study reproduci-
ble. The statistical methods have to be specified.

The Results should be presented using 
Tables and Figures whenever possible. Excessive 
Tables and Figures must be avoided. The tables 
should not be repeated on the text.

The Discussion must comment only the re-
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Conclusions must be strictly based on the 
study findings.
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30 citations, including the most important articles 
on the subject. Articles not related to the subject 
must be excluded.

The Abstract must contain up to 250 words 
and must conform to the following style: Purpose, 
Materials and Methods, Results and Conclusions. 
Each section of the manuscript must be synthe-
sized in short sentences, focusing on the most 
important aspects of the manuscript. The authors 
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find it interesting. 
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The authors should observe the following checklist before submitting a manuscript 
to the International Braz J Urol

 The sequence of manuscript arrangement is according to the Information for Authors.

 The Article is restricted to about 2,500 words and 6 authors.

 Abbreviations were avoided and are defined when first used and are consistent throughout the text.

 Generic names are used for all drugs. Trade names are avoided.

 Normal laboratory values are provided in parenthesis when first used.

 The references were presented according to the examples provided in the Information for Authors. The references were 
numbered consecutively, following the sequence that they are mentioned in the text. They were identified in the text using 
Arabic numeral in parenthesis. The names of all authors were provided. When exist more than six authors, list the first 
sixauthors followed by et al. The initial and the final pages of the reference should be provided. The number of references 
must be accordingly to the informed in the Instructions for Authors, depending on the type of manuscript.

 The staining technique and the final magnification were provided for all histological illustrations. The histological illustra-
tions are supplied in color.

 Legends were provided for all illustrations, tables, and charts. All tables and charts were in separate pages and referred to in 
the text. All illustrations and tables are cited in the text.

 An Abstract was provided for all type of articles. The length of the Abstract is about 250 words.

 A corresponding author with complete address, telephone, Fax, and E-mail are provided.

 A submission letter and a disclosure form, signed by all authors, are included.

 The authors should included written permission from publishers to reproduce or adapt a previously published illustrations 
or tables.

 Conflict of Interest – Any conflict of interest, mainly financial agreement with companies whose products are alluded to in 
the paper, is clearly disclosed in the manuscript.

 Check that each figure is cited in the text. The illustrations are not merged in the text.

 The photographs are supplied as TIFF or JPG files and saved at a resolution of 300 dpi (dots per inch) at final size.

 The photographs should be scanned at 300 dpi, with 125mm width, saved as TIFF file and in grayscale, not embed in Word 
or PowerPoint.

 A list of abbreviations is provided.
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