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Instructions to Authors

ellenic Urology is the official scientific journal of

the Hellenic Urological Association. Its main ob-

jective is to publish original articles, reviews and
case reports on diseases of the genitourinary system.
The journal Hellenic Urology is also concerned in the
continuous education of the Urologists and aims at
promoting the science of Urology. The journal pub-
lishes papers, which concern clinical research and
scientific achievements. It also welcomes clinical in-
vestigations as well as basic and applied laboratory
research; new data and recent developments of uro-
logical interest are also welcomed. Papers published
in another journal are not accepted.

Submission of Papers
1. General Information: The official language of
Hellenic Urology is English. Authors whose native
language is not English will have their manuscripts
proofread by a professional copyeditor offered by the
editorial team. The authors are allowed to submit their
manuscript into Greek and translation will be provid-
ed.

All the authors are jointly responsible for the con-

tents of the paper and sign together the Authorship

Responsibility, Financial Disclosure and Acknowledg-

ment form. The list of authors should not exceed six

(6) otherwise the participation of those exceeding

the above numbers should be justified accordingly. In

case of reports, the authors should not exceed four (4).

In review articles the authors should not exceed the

number of two. The following should be observed in

the case of clinical studies:

a) The authors should state that the research was
conducted according to the principles as have set
forth by the Helsinki Declaration of 1975.

b) In the Studies that involve human subjects, a state-
ment - approval from the appropriate human eth-
ics committees should be obtained.

c) A statement - approval of the competent scientif-
ic committee of the centre in which the research
work was carried out, pertaining to the protocol of
the perspective studies, should be included.

In the case of the experimental studies on animals

a statement should be made that the paper has ad-
hered to the international guidelines for research
involving animals, which has been recommended
by the WHO, stating that all research on animals was
conducted in accordance with guidelines tendered by
international law.

2. Copyright Transfer: Papers published in Hellenic
Urology constitute copyright ownership of the man-
uscript to the Hellenic Urological Association (HUA).
Thus any reproduction and/or copying of said man-
uscript is allowed only after consent of the Editorial
Board of the Journal.

3. Procedure:

The corresponding author is informed for receipt of
the manuscript and number of registration. The manu-
scripts are first checked whether they have been writ-
ten and submitted according to the instructions of the
journal (instructions to authors). Manuscripts which do
not meet the requirements of correct submission are
returned to the corresponding author with instructions
for due corrections. The manuscript is double - blind
checked by special consultantsreviewers of the journal.

The revised manuscript with an accompanying let-

ter signed by the corresponding author, in which he
declares that all corrections have been done.
The final decision for acceptance of the manuscript
lies on the Editorial Board that decides for approval, or
return of manuscript for supplementary information,
decision for re-approval or to reject the manuscript. As
soon as the paper is accepted and has been allotted
final publication, a proof is dispatched to the authors
for final checking.
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Article types

Reviews - maximum 4,000 words, 50 references, 6
tables and 10 figures, Abstract 300 words

Original Articles - maximum 3,000 words, 30 refer-
ences, 6 tables and 10 figures, Abstract 200 words

Case Reports - maximum 1,500 words, 10 referenc-
es and 6 figures, Abstract 100 words

Letter to the editor - maximum 600 words, 6 refer-
ences, 1 table and 1 figure

All article types should be accompanied by an ab-
stract in Greek. For authors whose native language is
not Greek, a Greek translation will be provided by the
Editorial Board.

Article structure

Subdivision: Divide your article into clearly defined
sections. Any subsection may be given a brief head-
ing. Each heading should appear on its own separate
line.

Introduction: State the objectives of the work and
provide an adequate background, avoiding a detailed
literature survey or a summary of the results.
Material and methods: Povide sufficient detail to
al-low the work to be reproduced. Methods already
published should be indicated by a reference: only
relevant modifications should be described. Statistical
methods should be included in Material and Methods
section.

Results: Results should be clear and concise.
Discussion: This should explore the significance of the
results of the work, not repeat them. Avoid extensive
citations and discussion of published literature.
Conclusions: The main conclusions of the study may
be presented in a short conclusions section, which
may stand alone or form a subsection of a Discussion
section.

Title page information
Title: Concise and informative. Titles are often used

in information - retrieval systems. Avoid abbreviations
and formulae where possible. Author names and af-
filiations Where the family name may be ambiguous
(e.g., a double name), please indicate this clearly. Pres-
ent the authors’ affiliation addresses (where the actual
affiliations with a lower - case superscript letter im-
mediately after the author’s name and in front of the
appropriate address. Provide the full postal address
of each affiliation, including the country name and, if
available, the e-mail address of each author.

Corresponding author: Clearly indicate who will
handle correspondence at all stages of refereeing
and publication. Ensure that phone numbers (with
country and area code) are provided in addition to
the e-mail address and the complete postal address.
Contact details must be kept up todate by the corre-
sponding author.

Summary

A concise and factual abstract is required. It should
state briefly the purpose of the research, the princi-
pal results and major conclusions. An abstract is often
presented separately from the article, so it must be
able to stand alone. For this reason, references should
be avoided, but if essential, then cite the author(s) and
year(s). Also, non-standard or uncommon abbrevia-
tions should be avoided, but if essential they must be
defined at their first mention in the abstract. Abstracts
should be structured as to include items of Objectives,
Methods, Results and Conclusions.

Keywords

Immediately after the abstract, provide a maximum
of 6 keywords, using American spelling and avoiding
general and plural terms and multiple concepts (avoid,
for example, “and’, “of"). Be sparing with abbreviations:
only abbreviations firmly established in the field may
be eligible. These keywords will be used for indexing
purposes.
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Instructions to Authors

Abbreviations

In the text, abbreviation should be detailed at their
first mention. Ensure their consistency throughout
the article.

Acknowledgements

Collate acknowledgements in a separate section at
the end of the article before the references. List here
those individuals who provided assistance during the
research.

Math formulae

Present simple formulae in the line of normal text
where possible and use the solidus (/) instead of a
horizontal line for small fractional terms, e.g., X/Y. In
principle, variables are to be presented in italics. Pow-
ers of e are often more conveniently denoted by exp.
Number consecutively any equations that have to be
displayed separately from the text (if referred to ex-
plicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them
consecutively throughout the article, using super-
script Arabic numbers. Many word processors build
footnotes into the text, and this feature may be used.
Should this not be the case, indicate the position of
footnotes in the text and present the footnotes them-
selves separately at the end of the article. Do not in-
clude footnotes in the reference list.

Table footnotes
Indicate each footnote in a table with a superscript
lowercase letter.

Artwork

Image manipulation: Whilst it is accepted that au-
thors sometimes need to manipulate images for clar-
ity, manipulation for purposes of deception or fraud

will be seen as scientific ethical abuse and will be dealt
with accordingly. For graphical images, this journal
is applying the following policy: no specific feature
within an image may be enhanced, obscured, moved,
removed, or introduced. Adjustments of brightness,
contrast, or color balance are acceptable if and as long
as they do not obscure or eliminate any information
present in the original.

Electronic artwork

General points:
Make sure you use uniform lettering and sizing of
your original artwork.
Embed the used fonts if the application provides
that option.
Aim to use the following fonts in your illustrations:
Times New Roman, 12.
Number the illustrations according to their se-
quence in the text.
Use a logical naming convention for your artwork
files.
Provide captions to illustrations separately.
Size the illustrations close to the desired dimen-
sions of the printed version.
Submit each illustration as a separate file.

Formats: If your electronic artwork is created in a Mic-
rosoft Office application (Word, PowerPoint, Excel) then
please supply ‘as is'in the native document format. Re-
gardless of the application used other than Microsoft
Office, when your electronic artwork is finalized, please
“Save as” or convert the images to one of the follow-
ing formats (note the resolution requirements for line
drawings, halftones, and line/halftone combinations
given below): PDF or JPEG. Keep to a minimum of 300
dpi Vector drawings, embed all used fonts.

Please do not:
Supply files that are optimized for screen use (e.g.,
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GIF, BMP, PICT, WPQ); these typically have a low
number of pixels and limited set of colors;

Supply files that are too low in resolution;

Submit graphics that are disproportionately large
for the content.

Figure legends: Ensure that each illustration has a leg-
end. Supply legends separately, not attached to the
figure. A legend should comprise a brief title (not on
the figure itself ) and a description of the illustration.
Keep text in the illustrations themselves to a mini-
mum but explain all symbols and abbreviations used.
Legends should be sent separately.

Tables

Number tables consecutively in accordance with
their appearance in the text. Place footnotes to ta-
bles above the table body and indicate them with
superscript lowercase letters. Avoid vertical rules. Be
sparing in the use of tables and ensure that the data
presented in tables do not duplicate results described
elsewhere in the article.

References

Citation in text: Please ensure that every reference
cited in the text is also present in the reference list.
Any references cited in the abstract must be given in
full. Unpublished results and personal communica-
tions are not recommended in the reference list, but
may be mentioned in the text. If these references are
included in the reference list they should follow the
standard reference style of the journal and should
include a substitution of the publication date with
either “Unpublished results” or “Personal communica-
tion". Citation of a reference as “inpress” implies that
the item has been accepted for publication. Web ref-
erences: As a minimum, the full URL should be given
and the date when the reference was last accessed.
Any further information, if known (DOI, author names,

dates, reference to a source publication, etc.), should
also be given. Web references can be listed separately
(e.g., after the reference list) under a different heading
if desired, or can be included in the reference list.

Reference style

Text: Indicate Indicate references by number(s) in
square brackets in line with the text. The actual au-
thors can be referred to, but the reference number(s)
must always be given. However, for more than 6 au-
thors, only the first three should be listed followed by
etal.

List: Number the references (numbers in square brack-
ets) in the list in the order in which they appear in the
text.

Examples:

Reference to a journal publication:

1. Van der Geer J, Hanraads JAJ, Lupton RA et al.
The art of writing a scientific article. J Sci Commun
2000;163:51-9.

Reference to a book:
2. Strunk Jr W, White EB. The elements of style. 3rd ed.
New York: Macmillan; 1979.

Reference to a chapter in an edited book:

3. Mettam GR, Adams LB. How to prepare an electronic
version of your article. In: Jones BS, Smith RZ, editors.
Introduction to the electronic age, New York: E - Pub-
lishing Inc; 1999, p. 281-304.

For further details you are referred to Uniform Re-
quirements for Manuscripts submitted to Biomedical
Journals (J Am Med Assoc 1997;277:927-934) (see also
http://www.nlm.nih.gov/bsd/uniform_requirements.
html).
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Editors’ responsibilities

1. Publication decisions
The editor is responsible for deciding which of the ar-
ticles submitted to the journal should be published.

The decision will be based on the paper’s impor-
tance, originality and clarity, and the study’s validity
and its relevance to the journal's scope.

The decision is guided by the policies of the jour-
nal's editorial board. The decision is constrained by
current legal requirements regarding libel, copyright
infringement, and plagiarism. The decision should
not be restricted by the authors' race, gender, sex, re-
ligious belief, ethnic origin, and citizenship. The editor
may confer with other editors or reviewers in making
this decision.

2. Confidentiality

The editor and any editorial staff must not disclose
any information about a submitted manuscript to
anyone other than the corresponding author, review-
ers, potential reviewers, other editorial advisers, and
the publisher, as appropriate.

3. Disclosure and conflicts of interest

Unpublished materials disclosed in a submitted paper
will not be used either in an editor's own project or by
the members of the editorial board for their own re-
search purposes without the express written consent
of the author.

Duties of Reviewers

1. Contribution to Editorial Decisions

Reviewers’ assists the editor in making editorial deci-
sions and through the editorial communications with
the author may also assist the author in improving the

paper.

2. Promptness
Any selected referee who feels unable or unquali-
fied to review the research reported in a manuscript
should notify the editor and exclude himself from the
review process.

3. Confidentiality

Any manuscripts received for review must be treated
as confidential documents. They must not be shown
to or discussed with others except as authorized by
the editor.

4, Standards of Objectivity

Reviews should be conducted objectively. Person-
al criticism of the author is inappropriate. Referees
should express their views clearly with supporting ar-
guments.

5. Acknowledgement of Sources

Reviewers should identify relevant published work
that has not been cited by the authors. Any statement
that an observation, derivation, or argument had
been previously reported should be accompanied by
the relevant citation.

Reviewers should also call to the editor's atten-
tion any substantial similarity or overlap between the
manuscript under consideration and any other pub-
lished paper of which they have personal knowledge.

6. Disclosure and Conflict of Interest

Information or ideas obtained through peer review
must be kept confidential and not used for personal
advantage. Reviewers should not consider manu-
scripts in which they have conflicts of interest resulting
from competitive, collaborative, or other relationships
or connections with any of the authors, companies, or
institutions connected to the papers.
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Duties of Authors

1. Reporting standards

Authors of original research papers should present ac-
curately the work performed and provide an objective
discussion of its significance.

Underlying data should be properly represented in
the paper. A paper should contain sufficient detail and
references to permit others to replicate the work.

2. Data Access and Retention

Authors are asked to provide the raw data in connec-
tion with a paper for editorial review, and should be
prepared to provide public access to such data and
should in any event be prepared to retain such data
for a reasonable time after publication.

3. Originality and Plagiarism

The authors should ensure that they have written en-
tirely original works, and if the authors have used the
work and/or words of others that this has been appro-
priately cited or quoted.

4. Multiple, Redundant or Concurrent Publication
Authors should not publish manuscripts describing
essentially the same research in more than one jour-
nal or primary publication.

5. Acknowledgement of Sources

Proper acknowledgment of the work of others must
always be given. Authors should cite publications that
have been influential in determining the nature of the
reported work.

6. Authorship of the Paper

Authorship should be limited to those who have made
a significant contribution to the conception, design,
execution, or interpretation of the reported study.

All those who have made significant contributions
should be listed as co-authors while those who have
participated in certain substantive aspects of the re-
search should be acknowledged or listed as contribu-
tors. The corresponding author should ensure that all
appropriate co-authors are included on the paper and
that all co-authors have seen and approved the final
version of the paper.

7. Hazards and Human or Animal Subjects

If the work involves chemicals, procedures or equip-
ment that have any unusual hazards inherent in their
use, the author must clearly identify these in the man-
uscript.

8. Disclosure and Conflicts of Interest
All authors should disclose in their manuscript any
financial or other substantive conflict of interest that
might be construed to influence the results or inter-
pretation of their manuscript.

All sources of financial support for the project
should be disclosed.

9. Errors in published works

When an author discovers a significant error or inaccu-
racy in his/her own published work, it is the author’s
obligation to promptly notify the journal editor or
publisher and cooperate with them to correct the pa-
per.




™
0 Nagor Greece N AG O R
nagor_greece .
Powered by @GC Aesthetics

Testicular implants
for a natural looking

Oval shape and high cohesive gel

Gel-Fill —
TGID el-Fi S

Product Code Size A (cm) B (cm) /

TGID-1 Small 2.6 3.1 ( ) B
TGID-2 Medium 34 3.9 \ /
TGID-3 Large 3.6 4.2 N S

GC Aesthetics is a Solution Provider company with 40+ years of expertise in aesthetics.

(O/ AnoxAetoukdg Avinpdswnog
. Aewq. Mnyrig 19, MeAisota
UYElaGNae. 5 go37g50 :
R ] www. gcaesthetics.com
Avtcdvn Tpitan 15-17, Begoalovikn

www.igiasi.gr | @ igiasi s.a. | 2310 - 447737 @ @ o a G



HELLENIC UROLOGY

Trends of bacterial susceptibility in chronic bacterial prostatitis. A retrospective study, p. 13-20

Novel urine biomarkers for bladder cancer

using multiple reaction monitoring
(MRM) technique

Charalampos Fragkoulis', Konstantinos Stasinopoulos?, loannis Glykas', Athanasios Pappas’,
Georgios Papadopoulos’, Georgios Stathouros’, Georgios Mermelekas*, Despoina Chatzicharalampous*,
Vasiliki Lygirou®, leronimos Zoidakis*, Konstantinos Ntoumas'
" Urology Department, General Hospital of Athens “G.N.A. G. Gennimatas”
?Urology Department, General Hospital of Sparta
3 Urology Department, Athens Medical Center
* Biomedical Research Foundation Academy of Athens, Athens

collected prospectively from patients with first diagnosis of
BCa who underwent transurethral resection of the tumor in the

INTRODUCTION/AIM: Bladder cancer (B(a) is a malignan-
cy with high rates of recurrence and progression in specific

subgroups of patients. In the majority of patients tumors are
non muscle invasive. As regular cystoscopy represents the gold
standard of follow-up in these individuals after initial treatment,
the isolation of novel urine biomarkers which will assist us
in reducing unnecessary cystoscopies or diagnosing tumors
progressing in muscle invasive disease is of great interest.

MATERIAL AND METHODS: A total of 65 urine samples were

urology department of G.N.A.“G. Gennimatas”. In all samples we
performed analysis by Multiple Reaction Monitoring (MRM) and
we evaluated the role of proteins SPARC, SLIT-2 and Prolifin-1as
potential urine biomarkers. Selection of proteins SPARC, SLIT-2
and Prolifin-1 was based in previous proteomic analysis per-
formed in urine samples of patients suffering from BCa. Results
were compared with 32 urine samples collected from healthy
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population.For the MRM technique we used mass spectrometry
ABSCIEX4000. Specificity of MRM analysis was confirmed by us-
ing 15N syntheticisotope labeled peptides as internal standards.
Statistical analysis was made using SPSS method.

RESULTS: Evaluation of SPARC revealed statistical difference
in the expression among patients with T2 disease compared to
all groups (Ta, T1, control group, p < 0.05). Regarding T1 stage
the difference was statistically significant only compared to the
control group. Evaluation of SLIT-2 revealed statistical difference
in the expression among patients with T2 disease compared to
all groups (Ta, T1, control group, p < 0.05). Regarding T1 stage,

Introduction

V4

the difference was statistically significant only compared to
the control group. Evaluation of Prolifin-1 revealed statistical
difference in the expression among patients se compared toTa
group and control group (p < 0.05).

CONCLUSION: SPARC, SLIT-2 and Prolifin proteins detected
by proteomic analysis and then evaluated by MRM analysis in
urine samples of patients suffering from BCa showed promising
results as potential molecular biomarkers. Tests revealed high
specificity and sensitivity in the detection of BCa and also in
the detection of T2 stage patients compared to control group,
T1stage and Ta stage.

markers is affected by tumor grade

) Key WOTdS and stage as well as treatment mo-

Bladder cancer (BCa) is the 7t most bladder cancer, dalities such as intravesical BCG [7].
common type of cancer among males urine biomarkers, Most commonly used urine molecular
and 117 in both sexes. Median age of MRM technique markers are summarized in table 1. In

diagnosis is between 65-70 years. It is

usually presented as non muscle in-

vasive disease (75%, NMIBC). Patients

presenting in a muscle invasive status (25%, MIBC) have
worst prognosis and higher cancer specific mortality
compared to NMIBC [1,2].

Most common symptom is hematuria followed by
lower urinary tract symptoms (LUTS). Diagnostic pro-
cedure involves abdominal ultrasound, CT scan and CT
urography. Regardless imaging findings diagnosis is
confirmed through cystoscopy and tumor biopsy [3].
Urine cytology is an additional diagnostic test with high
sensitivity in high grade tumors (84%) as well as carcino-
ma in situ. On the contrary, in cases of low grade tumors
sensitivity is reduced to 16% [4]. After diagnosis and trans-
urethral resection of the tumor patients are followed-up
with regular cystoscopies as well as imaging and urine
cytology [5]. The main disadvantage of cystoscopy is
the fact that it is an invasive method. Nowadays there
is wide interest in developing non invasive methods for
BCa patients follow-up, such as molecular urine markers
in order to reduce unnecessary cystoscopies [6].

According to European Association of Urology guide-
lines no urine molecular marker is recommended in
every day practice either for BCa diagnosis or follow-up
after initial treatment. This fact is based in many pa-
rameters such as high cost, low specificity compared
to urine cytology and high rates of false positive re-
sults. Moreover, sensitivity and specificity of most urine

a recent review article regarding BCa
urine molecular markers, authors stat-
ed that markers based on ELISA test
(Enzyme Linked Immunosorbent Assay) were inferior
compared to cystoscopy and their performance is some-
times affected by many parameters such as hematuria
[8]. Moreover, Bennet et al underline the disadvantages
of ELISA method especially low reproductivity and ques-
tionable specificity when it is used in urine samples [9].

Recent clinical trials led in discovery of some new
potential urine markers suitable for BCa diagnosis. High
levels of proteins Profilin-1 (PFN-1), SLIT-2 and SPARC
were detected in urine samples of patients suffering
from prostate cancer [10-12]. It is of great interest that
ELIZA method was considered to be insufficient in order
to confirm such results and a novel method would be
of great interest. MRM technique (Multiple Reaction
Monitoring) is a very promising method which allows us
to detect as much as 136 proteins in urine samples with
high sensitivity [13-15]. MRM method is in practice high
sensitivity mass spectrometry able to detect proteins as
well as protein fragments. Specificity of MRM analysis
was confirmed by using 15N synthetic isotope labeled
peptides as internal standards [13].

As a result, the aim of this study is to evaluate the
role of these 3 potential novel urine biomarkers (PFN-1,
SLIT-2 and SPARC) previously assessed by proteom-
ic analysis by analyzing their diagnostic performance
through multiple reaction monitoring (MRM).
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Urine Markers, EAU Guidelines 2017

Sensitivity (%) Specificity (%) ‘ Sensitivity in high grade tumors (%)
UroVysion (FISH) 30-86 63-95 66-70
Microsatellite analysis 58-92 73-100 90-92
Immunocyt/uCyt + 52-100 63-79 62-92
Nuclear matrix Protein 22 47-100 55-98 75-92
BTA stat 29-83 56-86 62-91
BTATRAK 53-91 28-83 74-71
(ytokeratins 12-88 73-95 33-100
Patients’ characteristics
‘ BCa (n = 65) ‘ Control Group (n=32)
Age (years) 69+11 73+15
Gender (males) 52 (81.3%) 29 (90.6%)
Tumor Stage
T0 32(100%)
Ta 23 (35.4%)
T 18 (27.7%) -
T2+ 24 (36.9%) -

Material and Methods

In this prospective study, we collected urine sam-
ples from consecutive patients diagnosed with BCa for
the first time in the department of Urology in General
Hospital of Athens (G.N.A. G. Gennimatas). Patients with
previous history of BCa or upper urinary tract transition-
al cell carcinoma were excluded. At total we collected
and analyzed 65 samples from BCa patients. Median age
was 69 years. We compared the results with a control
group of 32 healthy people. As far as it concerns tumor
stage, 24 patients were diagnosed with muscle invasive
disease (36.9%). Patient characteristics are presented
in table 2.

Regarding the MRM method we used a similar ap-
proach as Selevsek et al with few improvements [16].
Urine samples were centrifuged at 2000g for 10 minutes
in room temperature in order to avoid cells and tissue
fragments according to Bradford method. In the next
step, 500-1000 pl of urine were transferred to clean
tubes with equal volume of TCA 15% w/v and N-laur-
ylsarcosine (NLS) 0,1% v/v. The solution was then incu-
bated at -20 °C for 12 hours. Then all samples were cen-
trifuged at 140009 for 15 minutes at 4 °C. At next stage,

protein samples were digested by thrypsin for 16 hours.
All peptides were diluted with 0.1% formic acid (final
concentration 1 pg/pL). All peptide solutions underwent
high pressure liquid chromatography (HPLC Agilent
1200) and analyzed by mass spectrometry. Specificity
of MRM analysis was confirmed by using >N synthetic
isotope labeled peptides (SLIT-2: NHLQLFPELLFLGTAK,
PFN-1: DSPSVWAAVPGK, SPARC: VCELDENNTPMCVC-
QDPTSCPAPIGEFEK) as internal standards [13,17,18].
As far as it concerns statistical analysis, we used SPSS
program and groups were compared using t-test.

Results

The levels of the 3 potential urine biomarkers (SPARC,
PFN-1 and SLIT-2) were calculated in urine samples from
patients who were diagnosed for the first time with BCa.
Results were compared to a control group of healthy
population. Clinical information were also recorded
including patients’ age and tumor stage. At total we
analyzed 65 urine samples from 65 patients with median
age 69 years. In terms of tumor stage, 23 presented with
Ta stage, 18 with T1 and 24 with T2.

Biomarkers MRM levels are presented in image 1.

15




™ _newenicuroLogy

Novel urine biomarkers for bladder cancer using multiple reaction monitoring (MRM) technique, p. 13-20

Image 1. Boxplots, MRM levels for the control group and patient groups for A) SPARC B) SLIT-2
C) PFN-1. Black circles indicate highest levels for each group. * indicates p < 0,05 (t-test)
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Image 2. ROC curves comparing control group versus patients with tumor stage T2 for A) SPARC

B) SLIT-2 C) PFN-1
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For biomarker SPARC, samples from patients with T2
disease presented the biomarker in higher levels com-
pared to all other groups in a statistical significant way
(Ta, T1, control group, p<0.05). Samples from T1 disease
presented statistical significant difference of protein
SPARC only when compared with the control group

Discussion

Sensitivity

a

PFN-1

o
I

oA 0§

1 - Specificity

all 3 biomarkers when we compared the control group
with Ta stage patients (21.9% for SPARC, 43.7% for SLIT-2
and 31.2% for PFN-1) (Table 4).

(p<0.05) (Image 1A). similar results were noted in SLIT-
2 expression. More specifically, T2 samples presented
higher levels of SLIT-2 expression compared to all other
groups in a statistical significant way (Ta, T1, control
group, p<0.05). In addition, SLIT-2 levels were higher in
T1 patients compared with the control group (p<0.05)
(Image 1B). As far as it concerns PNF-1, T2 samples also
presented higher levels compared to Ta and T1 group
(p<0.05) (Image 1C). Moreover, all biomarkers were ex-
pressed in higher levels when we compared the BCa

group at total with the control group (Image 1).

In addition, ROC diagrams were formed for each one
of the 3 biomarkers using MRM results. Area under the
curve was higher when we compared the control group
with T2 stage patients (AUC 0.874 for SPARC, 0.895 for
SLIT-2 and 0.829 for PFN-1) (Image 2, Table 2). When we
compared control group with Ta patients AUCs were
0.516 for SPARC, 0.614 for SLIT-2 and 0.556 for PFN-1
(Table 3). As far as it concerns specificity and sensitivity
of each biomarker, SLIT-2 presents the highest specific-
ity (90.6%) compared with SPARC (81.2%) and PFN-1
(81.2%) when we compare the control group with the
T2 stage patient group. Low specificity was noted for

Multiple Reaction Monitoring (MRM) technique is
already used as potential method of prostate cancer or
renal failure diagnosis [19-21]. The major advantages of
this method rely on the evolution of mass spectrometry
[23]. In a recent study, MRM was used in order to detect
and quantify proteins possibly related to BCa. The results
indicated that protein CD44 as well as protein clusterin
presented higher levels of concentration in urine sam-
ples of patients suffering from BCa. These results were
also confirmed with immunohistochemical staining
of these proteins in tissue samples of BCa tumors [16].

As far as it concerns the present study, we docu-
mented that all 3 potential biomarkers (SPARC, SLIT-2,
PFEN-1) are extremely reliable in diagnosis of T2 stage
patients suffering from BCa. More specifically, each bio-
marker presented its best results when we compared
T2 stage disease with the control group or when we
compared the control group with the total BCa patient
group. In addition, all 3 biomarkers were less effective in
detecting Ta stage disease as they all proved to perform
poorly when we compared healthy population with
patients with Ta stage BCa. To sum up, each biomarker
was quite reliable in BCa diagnosis and could detect T2

17
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Area under the curve for all comparisons between patient groups and control group
for biomarker SPARC, PFN-1, SLIT-2

Controls vs Ta 0.516
ControlsvsT1 0.658
Controls vs T2+ 0.874
Controls vs Cancer (Ta, T1,T2+) 0.688
TavsT1 0.597
TavsT2+ 0.803
TavsT1, T2+ 0.714
TTvsT2+ 0.757

0.614 0.556
0.752 0.552
0.895 0.829
0.756 0.656
0.635 0.473
0.819 0.783
0.740 0.650
0.741 0.794

Sensitivity and specificity for all comparisons between patient groups and control group
for biomarkers SPARC, PFN-1, SLIT-2

Biomarker Sensitivity Specificity
SPARC 79.2% 81.2% 92156
Controls versus T2+ SLIT-2 79.2% 90.6% 80194
Profilin-1 79.2% 81.2% 260165
SPARC 80.0% 37.5% 20130
Controls versus all cancer SLIT-2 80.0% 53.1% 12889
Profilin-1 80.0% 28.1% 62554
SPARC 78.3% 28.1% 11939
Controls versus Ta SLIT-2 78.3% 43.7% 8820
Profilin-1 78.3% 31.2% 70913
SPARC 79.2% 69.6% 86223
Taversus T2+ SLIT-2 79.2% 78.3% 69676
Profilin-1 79.2% 73.9% 232294
SPARC 79.2% 55.6% 86223
T1 versus T2+ SLIT-2 79.2% 61.1% 77492
Profilin-1 79.2% 55.6% 241149

stage disease with success but was less reliable when we
compared healthy population with the control group.
The present study is the first which presents the role
of proteins SPARC, SLIT-2 and PFN-1 as potential urine
biomarkers in patients suffering from BCa using the
MRM technique. Of course further validation of our
results is of great interest.

Conclusion

SPARC, SLIT-2 and Prolifin proteins detected by pro-
teomic analysis and then evaluated by MRM analysis in
urine samples of patients suffering from BCa showed
promising results as potential molecular biomarkers.
Tests revealed high specificity and sensitivity in the
detection of BCa and also in the detection of T2 stage
patients compared to control group, T1 stage and Ta
stage.
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20yKpLon Twv avaAuTIK@V Kat SlayvwoTikwy emdooewv e peBddou MRM (Multiple reaction Monitoring)
yla umoyn@iou Blodeikte kapkivou g oupoddxou Kbotng ata obpa. p. 13-20

MepiAnyn
EIZATQTH: 0 kapkivog TG 0upodoxou KUOTNG
€ival pLa ETEPOYEVIE VOO0 pIE TIC TTIEPLOOOTE-

‘/ Né€erc

otnv Oupoloyikr KAwikr Tou vosokopiei-
ou [.N.A «I. Tevwnpatdey. Na Ti¢ petprioeig

PECTIEPITTAIOELC (75%) VA QVTITPOOWTENOLV EVPETNPLAGHOU MRM (Multiple Reaction Monitoring)
1N puodinBnTikolg OyKOUE Kat ot UOAOLTEC Kapkivoc kuatng, xpnotpomnoldnke gaopatoypdoc pdlag
(25%) va eppavilouv puodindnTikd @aoé- B";i;;':;‘ﬁ‘;lmmv ABSCIEX4000. H e1d1kdtnta Tou mpoadio-

TUTIO IOV OUVOEETAL PE pElwpévn EmPBiwon.
H v6oo¢ éxel uPnAd MOOOOTO UTOTPOTIIG Kal
amarrei d1a Biov mapakorodBnon tov acBevolc péow KUOTEOOKO-
TINONG. ZKOMOC TN LENETNG €ival 1) amopovwon VEwv Blodeiktav
MOV Va EMTPEMOUY TNV Eykalpn Stdyvwaon 1 va HEVOLV TIg
KUOTEOGKOMTGELC TTOU AMAIToUVTalL Katd TV mapakoAoiBnon tou
aoBevoug. Mponyoupevn mpwteopkn avdAvon oupwv 1000 o€
vyt minBuopd 600 Kai o€ acBeveic pe Kapkivo oupodoyou K-
0tn¢ 0drjynog otnv avakdAun €MTa umoPRQLV PLOSEIKTWY TwV
0Moiwv 0 pOA0C 0TOV KapKivo 0upodoxou KUoTng meptypdgetal
yla pwTn Qopa Kat dev umdpyel Ewg orpepa oxeTikr BipAto-
ypagia (SPARC, Survivin, SLIT-2, NIF-1, H2B, PR3, Profilin-1).

YAIKO KAl MEOOAOZX: Zuvohikd 65 deiypata o0pwv kabuwg
kat khwikég minpogopie GuMéyBnkav amd acbeveig mou umo-
BARBnkav o€ dloupnBpIK eKTOpR OyKou 0UPodAXOU KUOTEWS

piopov MRM empBeBaiwBnke pe tn xprion
L0OTOTIKA EMONUacpévwy memtidiwv ava-
@opdc. H otatiotiki avaluon éywve pe v pébodo SPSS.
AMOTEAEXMATA: Mia péBodog MRM yia SPARC, SLIT-2, kat
Profilin-1 mépace pe emruyia Ti¢ avaluTikEG doKIpES emava-
AnUipotnTac Kat ypappikotntac. Ta enineda twv 3 flodektav
avédvovtat pe To 0Tadio Kat Tov abyé kakorBeiag Tov dykov.
0 ouvduaopog Twv petprioewv Bpébnke va mapovatdlel vPnAi
guaioBnoia kaBwg kai e1d1kdTNTO.

LYMMEPAZMATA: O1 Brodeiktec mou avakahugOnkav kai me-
PLyPAQPNKE 0 pOAOG TOUC GTOV KapKivo 0upodoyou KUOTNG yia
TMPWTN QOPA XPNOIUoToIWVTAC HEBOSOUC TPWTEOUIKAC EMTPE-
miouv TN €ykaipn didyveon twv aoBevav. Mepartépw emkipwon
TWV apyIKWV auT@v 6ebopévwy avapévetal PEw TPOOMTIKNG
peAétng n omoia Ppioketat o€ eEENEN.
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INTRODUCTION: PCNL is the first treatment option for kidney
stones > 2cm. A small number of urologists internationally
performs percutaneous kidney puncture, mainly due to lack of
appropriate educational models and very high learning curve.
The main purpose of the current study is to present the CRET
— designed cadaveric PNL training program, to share group’s
current experience and to evaluate the appropriateness and
effectiveness of the fresh-frozen cadaver as a model in training
percutaneous renal access.

MATERIALS & METHODS: We present our experience from 5

training sessions for PNL, organized in the Anatomy Depart-
ment of Hacettepe University School of Medicine. A total of
91 urologists participated with minimum experience in PNL.
Training was done by experienced anatomists and urologists.
Following the theoretical session, each trainee had a 5-hour
hands on training on an embalmed and a fresh-frozen cadaver.
The embalmed cadavers were used for showing the urinary
tract anatomy and learning the anatomical dissection in the
preliminary program. All trainees tried to gain a successful bi-
planar access to the kidney with the aid of experienced mentors.
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After the organization of the course, an online 13- item survey
was sent to all participants to assess the training program. The
survey was composed of demographic questions on age, gen-
der, institution and current duty status as well as of questions
designed to evaluate the previous experience, and the degree
of satisfaction of the trainees.

RESULTS: Overall, 22 certified urologists with a mean age of
34.0 + 6.83 years who attended the theoretical and hands-
on-training sections were enrolled. Ten of them were at the
residency training, and the others were all specialist in urolo-
gy. Their mean experience in urology practice was 6.40 + 5.70
(2-22) years. Fourteen of all (63.63%) had never experienced
a PNL operation and had mean 1.57-point self-confidence out
of 10 point before the course. Timing of a successful percuta-
neous renal access during course was 4.34 = 2.09 mins for the
trainees. Before course the maximum ‘self-confidence level

Introduction

Percutaneous Nephrolithotomy
(PNL) is indicated as the first treatment
option for stones larger than 2 cm [1].
Although it is performed globally, the
rate of urologist-guided access to the
collecting system differs significantly
among different continents. The main cause explaining
the low rate [2,3] of Urologists performing their own
renal access is mainly the lack of proper training and
mastering of the technique prior to starting operating
theatre experience. In addition, the learning curve of the
procedure may be steep depending on the endpoint;
more than 20 procedures are needed to get basic skills,
60 to reach surgical competence and more than 100
cases to achieve surgical excellence [4-6]-

Surgical skills can be practiced and acquired by
training in the laboratory before entering the oper-
ating theatre [7,8]. To learn the proper technique for
percutaneous renal access, it is extremely helpful to start
training with simulators in a wet and/or a dry lab. Up to
date, several non-biological [9-12] and biological mod-
els [13-16] have been described. In general, compared
with simulators of non-biological materials or virtual
programs, a biological model is closer to the clinical
situation because of the resemblance in “tissue feel-
ing”. Among the biological models, porcine kidney has

"/ Key words

percutaneous access, training,
percutaneous nephrolithotomy,
PCNL, nephrolithiasis

to gain a successful percutaneous renal access was 7 points.
But after the course, the minimum score of it was 6 points
except one trainee. They scored the usefulness of the course
for their ability to gain a percutaneous renal access as 8.68
points (7-10) out of 10 point. The effect of course in terms
of basic anatomical knowledge and self-confidence about
percutaneous renal access among trainees were significantly
increased after course.

CONCLUSION: We used fresh-frozen cadavers for the purpose
of learning and training for percutaneous renal puncture. The
results of our survey showed that trainees improved their abil-
ity to gain a percutaneous renal access and their satisfactory
levels. The effect of the course in terms of basic anatomical
knowledge and self-confidence regarding percutaneous renal
access among trainees were significantly increased after the
completion of the course.

been widely used for training in per-
cutaneous renal access. Despite the
lack of properly designed validation
studies there are some drawbacks by
using this model; there is insufficient
realistic feeling of the surrounding
tissues of the kidney and the layers
of the human body, as well as some
inherent differences between the human and the por-
cine kidney such as the smaller size of the parenchyma
and the larger number of the calyces in the later. In
addition, difference also exist regarding the intrarenal
vessel’s anatomy [14].

Cadavers have widely been used in medical educa-
tion. Cadaveric surgical training in specialties other than
urology has been sufficiently studied [16-18]. Beside the
advantage of having the real human anatomy, cadaveric
models may easily transfer the skills from the simulator
to the patient, one of the most important steps in a
model’s validation process. Still, the value of cadavers in
endourology training has not been adequately studied.
(The efficacy on surgical skills and anatomic approach
of cadaveric model in anatomic RIRS model reported
recently) [17].

Since 2014 the Cadaveric Research on Endourology
Training (CRET) has been established. The group created
as International scientific network and constituted by
fifteen National and International members, focused
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on developing a standard curriculum in endourology
based on training on cadavers. Theoretical lessons and
hands on training courses on fresh frozen cadavers are
the main stem of more than ten courses on percuta-
neous renal surgery [17]. More specifically, all various
types and steps of PNL such as supine, prone, ultrasound
guided, X-ray guided, have been taught and tested for
PNL-inexperienced urologists.

The main purpose of the current study is to present
the CRET - designed cadaveric PNL training program,
to share group’s current experience and to evaluate the
appropriateness and effectiveness of the fresh-frozen
cadaver as a model in training percutaneous renal access.

Materials and Methods

The cadaveric training courses, organized by CRET,
took place at the Department of Anatomy in the School
of Medicine of Hacettepe University in Ankara, Turkey.
The structure of the courses, shown in figure 1, was
created by the fifteen faculty members of the group
based on the personal experience of the tutors and
the currently available evidence on how to create a
curriculum and on how to best train urologists on PNL
[9,12,18].

Between May 2013 and December 2015 five cadav-
eric PNL training courses were organized. 91 urologists
with minimum experience in PNL run through the struc-
tured courses being taught by experienced Anatomists
and Urologists. Following the theoretical session each
trainee had a 5-hour hands on training on an embalmed
and a fresh-frozen cadaver. Two embalmed and two
fresh-frozen cadavers were used during the course. On
each cadaver, five trainees worked, supervised by two
trainers at every time.

The embalmed cadavers were used for showing the
urinary tract anatomy and learning the anatomical dis-
section in the preliminary program. Injection of one
amount of pure ethanol, one amount of 37 % formal-
dehyde, 3 amounts of distilled water and 0.2 amount
of glycine via the route of common carotid and femoral
arteries was used for the embalming process. Female
amputated fresh-frozen cadavers consisted of the torso
were used for the hands-on-training procedures.

Surgical Training Protocol

Fresh-frozen torso cadavers were placed in supine
position over a radiolucent table. The bladder was en-
tered with a rigid 16 Fr cystoscope, and the mentors

passed a 5 F open-ended ureteral catheter into the renal
pelvis under fluoroscopic guidance. Following successful
placement, the ureteral catheter was fixed to the labi-
um major to prevent displacement, and the cadaver
was brought to the prone position for PNL surgery. The
pelvicalyceal system was first opacified through retro-
grade contrast injection via this catheter which helped
visualizing all major and minor calyxes of the kidney
under fluoroscopic guidance. Then, mentors explained
and showed the percutaneous access technique on
prone positioned cadavers under C-arm fluoroscopy.
In addition to a detailed description of bull’s eye (bi-
planar) technique, triangulation and monoplanar [19]
techniques were also described. All trainees tried to gain
a successful biplanar access to the kidney with the aid
of experienced mentors. Because of the possibility of
extravasation of the contrast medium from the collect-
ing system to the perirenal tissues, dilation of the tract
was not performed before all participants had a few
punctures. Initially, percutaneous access was performed
at the lower pole of the kidney via minor calyces several
times. When extravasation occurred, then other calyces
of middle and upper pole were punctured.

At the end of the renal puncture practice, a trainee
performed dilation by one step dilator, which has a
central channel for guide wire, of the tract and placed
a 15/16 F metal sheath (metal sheath for MIP-M set, Karl
Storz, Germany) under supervision of a mentor. Then
all trainees practiced on nephroscopy with a 12 F ne-
phroscope (Minimally Invasive PCNL (MIP)-M, Karl Storz,
Germany). Coincidentally, three small renal stones, sized
about 4-5 mm, were found in pelvicalyceal system of a
cadaver, laser lithotripsy and extraction of the stones by
Zero-tip nitinol basket catheters (Cook” Medical) were
done by trainees.

In addition, fresh cadavers were dissected at the
renal puncture location to clarify the adjacent organs,
relationship of ribs and layers between skin and kidney
at the end of the course (figure 2).

Validation Task

The mentors assessed a successful renal puncture
when normal saline was aspirated from the pelvica-
lyceal system of the kidney and a 0.038-inch hydrophilic
nitinol core guidewire was properly inserted into the
collecting system through the needle. The total time
needed to achieve these two steps was accepted as
“puncture-time”, which was recorded during the train-
ees’ attempts.
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Figure 1. Course Structure

Human anatomy for FNL: 20 min
Indications and disposables of PNL: 20 min
F“:St Part - Acceid technigques: 30 min

Theoretical Session
Dilatatsion, nephroscopy, stone extraction, postoperative follow-up: 20 min

(Total Time: 3 Hours)
Compl: and the soluti 30 rrin
Discussion of standard and different cases: 1 hour

Second Part

=5 i Learning of Urinary tract anatomy
Hands-on Training session

on embalmed cadavers Learning of Adjacent organs and abdominal wall anatomy

(Total Time: 1 hour)

Description of instruments
Description of access techniques on cadavers

Teaching the proper use of C-arm floroscopy

First Step: Renal Puncture

Goal: Successfull access by bulls' eye technique
Mumber of trials: unlimited

Acceptable time for success: Under 10 mins

Third Part
Hands-on Training Session 'v
on fresh-frozen cadavers

(Total time: 4 hours) Second Step: Dilation of Tract
Goal: Succesfull placement of access sheath
Number of trials: 1

Acceptable time for success: Under 20 mins

Third Step: Nephroscopy

Goal: Proper visualisation of minor, major calycies and renal pelvis
Number of trials: 1
Acceptable time for trials: 10 mins
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Figure 2. Cadaver dissection at the end of the course

Assessment of Education and Analysis

After the organization of the course, an online 13-
item survey was sent to all participants to assess the
training program. The survey was composed of de-
mographic questions on age, gender, institution and
current duty status as well as of questions designed to
evaluate the previous experience, and the degree of
satisfaction of the trainees (1 point = very low (much
less than expected) and 10 points = very high (far above
expectations). The questionnaire was prepared on the
Google Docs™ website and was sent to the last 22 train-
ees by e-mail between January and February 2016.

The results of questionnaire were entered into a
database and analyzed with the IBM SPSS Statistics 23
software program (SPSS Python 2.7.6 (c) 2001-2013
Python Software Foundation.). Statistical analyses were
evaluated with Wilcoxon Signed Ranks Test. Data were
presented as minimum, maximum and/or means plus
or minus the standard deviation. A p value of less than
0.05 was used as a threshold for statistical significance.

Results

Overall, 22 certified urologists with a mean age
of 34.0+6.83years who attended the theoretical and
hands-on-training sections were enrolled. Ten of them

were at the residency training, and the others were all
specialist in urology. Their mean experience in urolo-
gy practice was 6.40+5.70 (2-22) years. Fourteen of all
(63.63%) had never experienced a PNL operation and
had mean 1.57-point self-confidence out of 10 point
before the course. Most of them had watched more
than 5 successful accesses, tried more than 4 punctures
and gained more than 2 successful accesses. Timing of
a successful percutaneous renal access during course
was 4.34+2.09 mins for the trainees. Before course the
maximum ‘self-confidence level to gain a successful
percutaneous renal access was 7 points. But after the
course, the minimum score of it was 6 points except
one trainee.

The question “In which stage do you think you fully
understood the biplanar-bull’s eye technique” was an-
swered by the participants as follows: | already knew
it before (n = 4), during the theoretical session (n = 2),
after the practical cadaveric session (n = 16), and I still do
not understand it (n = 0). They scored the usefulness of
the course for their ability to gain a percutaneous renal
access as 8.68 points (7-10) out of 10 point. The effect
of course in terms of basic anatomical knowledge and
self-confidence about percutaneous renal access among
trainees were significantly increased after course (p =
0.000 and p = 0.002, respectively).
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DISCUSSION

PNL has a short but most difficult first step. Some-
times percutaneous access takes less than one minute in
a PNL operation which extends for hours. Thus, learning
of this step may be difficult for residents or beginners.
“On-the job"training in the surgical skills of this step has
a lot of disadvantages. The operating room is a high-
stress environment and the most expensive room in a
urology department. This area costs increase further
with trainee involvement because of the longer treat-
ment times. Another reason for the difficulty in learning
is that it is the only blind step of the procedure except
Endoscopic Combined Intrarenal Surgery (ECIRS) proce-
dures. In this step, surgeon tries to enter a 3-dimensional
organ blindly with the aid of 2-dimensional imaging
modalities. The other steps of the procedure such as
dilation of the tract, sheath placement, nephroscopy
and lithotripsy are relatively easier than the first step
because they are performed under vision. In addition,
inaccurate placement of the needle can cause injuries in
the kidney and adjacent organs, thus compromising the
planned percutaneous procedure, as well as the clinical
outcome of the patient [2,20]. On the other hand, the
urologist may need different geometric calculations for
percutaneous access in each PNL operations, because
pelvicalyceal anatomy of the kidney, stone localization,
stone burden, abnormal situation of adjacent organs
(hepatomegaly, retrorenal colon, etc.) and localization
of ribs may differ in each patient. All the above reasons
and the current literature findings suggests that several
operations are required for completing the learning
curve [4-6]. So, simulators which can mimic live surgery
and renal puncture are needed.

As such, simulators that provide experience in per-
cutaneous renal access may reduce the learning curve
associated with the procedure and increase the safety
profile for beginners as they gain experience on patients.
Surprisingly there is no standard simulator accepted
world-wide like the laparoscopy training boxes. Only
few models have been developed to train urologists in
percutaneous renal access. Two main types of simulators
are described up to date. As a biological material, inani-
mate bench models have limited success because their
ability to mimic the tactile sensation of puncturing the
flank and providing a representative target that can be
accessed under C-arm fluoroscope or ultrasonic guid-
ance is insufficient. However, some investigators have
incorporated harvested porcine kidney/ureter units and
mounted them in a way that the collecting system can

26

be viewed radiographically and accessed by needle
through material simulating the human flank [21,22].
Hammond et al. filled porcine kidney collecting systems
with pebbles to mimic stones and placed each renal unit
inside a chicken carcass [22]. With this simulator, trainees
performed renal puncture and most of the other steps
of PNL percutaneous under the guidance of fluorosco-
py. The authors noted that participants perceived that
working with the model improved their techniques of
renal access and constituted a valuable experience. On
the other hand, computer-simulated environments can
mimic a variety of real-surgical situations, including the
details or differences of human anatomy. Virtual-reality
(VR) simulators provide an interactive, risk-free envi-
ronment that avoids the financial and ethical concerns
associated with live-surgical training if combined with
tactile feedback and real-time imaging as desired. A
good example for VR is the PERC Mentor™ (Simbionix;
Lod, Israel) which is developed specifically for train-
ing in percutaneous renal puncture. It includes tactile
feedback in addition to a real-time fluoroscopy using
a virtual C-arm. A metal needle with a sensor is used to
gain renal puncture into a digitally imaged collecting
system with the aid of contrast medium which can be
delivered on demand via a retrograde ureteral catheter.

The human cadaver model has been traditionally
used by anatomists to educate medical students on ba-
sic anatomy knowledge during their medical education.
Furthermore, as a simulator, the human cadaver model
has some advantages including the similarity of real
anatomical structures and the bloodless environment
[17,23].Thus, the use of human cadavers as training
models for various surgical procedures has been studied
[23-25] and provided high overall attendees satisfaction
[26,27]. Ozcan et al. [28] evaluated the efficacy of cadav-
eric dissection training on urology residents’knowledge
in some urologic organs, and showed that the cadaveric
model was effective in improving surgical anatomy
knowledge in most urology residents. Besides, training
models other than human cadavers -including animal
models and simulators- have their own advantages and
disadvantages. Lack of human anatomical landmarks in
animal models, high costs of VR simulators, suboptimal
simulation of ex-vivo models are the main cons[26]. The
fresh-frozen cadavers used in the current course offer
a normal human anatomy and the possibility to have
a tactile sensation of the natural tissues from the skin
to the kidney.

However, the collaboration of faculty from the anat-
omy and urology departments is crucial for the success
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of the cadaveric training programs in order to improve
the novel training model on PNL with the support of
anatomists [17,26].

Presently, minimally invasive renal stone treatment
procedures such as retrograde intrarenal surgery (RIRS),
PNL and extracorporeal shock wave lithotripsy (SWL)
are increasing in urology practice. PNL is the preferred
modality of treating large renal calculi (>2 cm), and
those that have failed SWL or RIRS [1]. In addition since
it was first described in 1976 by Fernstrém and Johans-
son [29], it has been commonly performed all over the
world. Many different types of PNL surgeries had been
described (standard, mini, micro, ultra mini, tubeless,
etc.), which increased the complexity of describing the
procedure and forced the endourologists to improve
their surgical skills. Indeed, this was the main reason for
our team to set up the novel PNL access training model
on a fresh-frozen cadaver model which is the same step
in all PNL types. As mentioned above, there are several
reports in the literature describing the training models
for PNL access, however to the best of our knowledge,
this is the first report defining the training model for
PNL using fresh frozen cadavers.

Blaschko et al. [30] stated that the new preservation
techniques of cadavers have provided very good tissue
quality for dissection and the multiple-use of cadaveric
tissue maximizes the educational use of this training
format. Our team also demonstrated that despite being
used by each participant during the hands-on-train-
ing session in endourological surgeries, these cadavers
could be reused in the next training program without
compromising the tissue quality. This effectively reduces
the cost of cadaver use for training by half; however,
endoscopic surgical training on cadaver also provides
excellent tissue preservation compared to open surgical
training model. Following our team’s practice, it is sug-

gested that cadavers should be used in a specific order
for training purposes. Firstly, we use cadavers only in
endoscopic training like RIRS, then the same cadavers
can be used for PNL training and finally for laparoscopy
and open surgery training. This rational is cost effective.

Though fresh frozen cadaver use has considerable
advantages, they are not commonly available which is
the main limitation of our model. Training models or
simulators have to meet several requirements. These
models must be cost effective, easy, fast to prepare
and commonly available. However, they also need to
be realistic, provide the feeling of human tissue and
simulate the retroperitoneal anatomy especially for
PNL procedures. Certainly, any simulator described up
to date cannot replace the real surgery. However, we
consider fresh frozen cadavers to be the most realistic
models for percutaneous renal access training. Another
limitation of the cadaveric model is that, although it
can tolerate multiple punctures (>20), once a tract is
dilated, contrast leaks out of the model and it cannot
be reused.

CONCLUSION

We used fresh-frozen cadavers for the purpose of
learning and training for percutaneous renal puncture.
The results of our survey showed that trainees improved
their ability to gain a percutaneous renal access and
their satisfactory levels. The effect of the course in terms
of basic anatomical knowledge and self-confidence
regarding percutaneous renal access among trainees
were significantly increased after the completion of
the course. The use of fresh frozen cadavers has been
described previously, however in the field of PNL access
training, it is an innovative and highly realistic simula-
tion model.
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NepiAnyn

EIZATQrH/XKOMOZ: H diadeppukn veppohi-
BoBpuyia (PNL) amotelei Thv mpaytn emhoyr
QVTIUETWMIONG VEQPIKWV AiBwv >2cm. Evag
HIKpOC aptBpdc oupoldywv dieBvae mpaypa-
Tomoti GladepIkn mapakévnon tou mueho-
KAAUKIKOD 0UOTHHATOC, KUpiwg Adyw ENepng
KATAAANAWVY EKTTALOEVTIKWY HOVTEAWY Kal
UPNARC KapmuAng ekudbnong e eméppaong.
2KOMO¢ TNC peAéTNC €ival va mapouetaoel To MTWHUATIKG HOVTEND
ekpdBnong PNL, T péxpt onpepa pmeipia kat va aflohoyroel
N KataAnAGTNTA Kal amoTEAEOPATIKOTNTA TOU 0T SladePpIKN
TMAPAKEVTNON TOU TUENOKAAUKIKOD OUGTAHATOC.

YAIKO & MEOOAOZ: Mapovatadetal n epmeipia amé 5 ekmai-
deutikd oepvapia yia PNL ta omoia opyavwbnkav oto Tunpa
Avartopiag tng latpikn¢ oxoAi¢ Tou Mavemotnpiov Hacettepe
¢ Aykupag. Zuppeteiyav ouvohikd 91 oupoAdyol e eAdyiotn
eumelpia otn PNL. H ekmaibevon yive amd éumeipoug avatopoug
kat oupoldyou. MepiehapPave Bewpia kar hands-on training,
d1apKelac 5 wpwv, o€ 2 TAPUXEVPEVA Kal 2 VWTIA KATEYUYpEVA
mopata. Ta Tapuyevpéva mopata xpnotpomotidnkav yia m
Baolkn ekmaidevon 0TV avatopia Tou OUPOTIOINTIKOD Kal TNV
QVATOMIKN TApAoKELT TwV 10TwWV. O KOPPOS AKPWTNPIACHEVWY
YUVAIKEIWV VIOV KATEYUYHEVWY TTOUATOV, XpnotpomotBnke
070 hands-on training. O1 ekmaideutég afloAdynoav v emtuyi
MAPAKEVTNON Tou MUEAOKAAUKIKOU GUOTHATOG KAl TO XPOVO Yl
va emitevyBei. Ot Teheutaiol 22 GupPETEOVTEC, CUPMARPWOEAY
dladIkTiaka éva epwTnEaToAdylo e dnpoypagikd aTolxEia Kal

v

Né€eig

EVPETNPLACHOV
ekmaibevon ot Stadeppukn
mapakévtnon, dtadeppukn
veppohiBoBpuiia,
veppohiBiaon

EPWTNAOELC y1a TV adloAdynon ¢ mpon-
youpevng epmelpiac ot PNL kat tou fab-
HoU IKavomoinong amo to ogpvdpto.

ANOTEAEXMATA: YuvoAikd, 22 oupohdyol
(10 &1d1kevopevor) pe péon nhikia 34,0 +
6,83 €t mou mapakohovBnoav tn Bewpn-
TIKN ekmaidevon Kat 1o hands-on training
ovpmepteAi@Onoav otn peétn. 0 péoog
xpovo¢ doknang atnv oupooyia frav 6,40
+ 5,70 €. To 63,63% d¢v €ixe mapakorouvbriot moté PNL ka
€ixe péoo 6po 1,57/10 fabyé automemoibnong yia Ty enépBaon.
O1 meploodTepot amod autolg mapakolovBnoav >5 emTuyeic
MAPAKEVTNOELC, ixav >4 mpoomdbelec mapakévtnong kat >2
EMTuynpéveg. 0 pEoog xpovVog MTUX00C TAPAKEVTNONG TWV
ekmabevopevav frav 4,34 + 2.09 min. Evw o péyiotog faduog
QUTOTIEMOIANONG Yla EMTUYN MAPAKEVTNON TIPWV TO OEUVAPLO
frav 7, 0 eAdx10toc fabpoc petd To course ftav 6. 2Ty pwTnon
«X€& molo 0Tadlo TG exmaidevong katavorjoate tn Bull's-eye
TEXVIKI», 4 amdvinoav 0Tt T yvwpilav 16, 2 ot Bewpntikn
ekmaidevon, 16 ato hands-on training oTa MTWpATA KAl KAVE(S
011 0¢ T Katdafe. BaBpoldynoav T xpnoipéTnTa TOU OEHIVO-
piov ot dladeppukn mapakévnon pe 8,68/10 Babuoic. Metd to
oepvdpto, av€riBnke oTaTIOTIKA ONPAVTIKA N BadiKA yvwon Tng
avatopiag kat n automemoiBnon Toug yia EMTuyn mapakévnon.
LYMIMEPAZMATA: H xpnotpomoinon vwnwv KateYuypévwv
MwPdTwv oav povtého ekuadnong PNL, avénoe ™ yvaon g
Baoiki¢ avatopiag Tov 0VPOTIOINTIKOU TWV EKMAIGEVOEVWY Kal
10 faBuo avtomemoiBnong yia ety dadeppiki mapakévmon.
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AIM: Attempting to improve the diagnostic performance/dis-
criminatory ability of uroflow test, we developed mathemati-
cal formulas aiming to calculate the probability of diagnosing
bladder outflow obstruction (B0OO) on an individual, gender
specific basis and assessed their clinical applicability compared
to maximum flow rate (Qmax).

METHODS: This is a post-hoc analysis of data derived from a
study we recently presented introducing the Flow Resistive

Forces Index (QRF), a novel measure of bladder outlet/urethral

resistance, performed in a cohort of 84 adults (61 males-23 fe-
males) with voiding symptoms, who all underwent uroflowme-
try followed by pressure-flow plots and were classified according
to Shafer nomogram (Linearized Passive Urethral Resistance
Relation [LinPURRY]) as unobstructed (0-1) or obstructed (2-6).
By applying logistic regression model analysis we devised math-
ematical formulas measuring the probability (P, ) an individual
to be diagnosed with BOO. Bivariate linear correlations and ROC

curve analysis were employed to assess clinical applicability
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of the equations compared to Q__ . Statistical analyses used
SPSS-22° and Med(alc® (p < 0,05).

RESULTS: Outflow obstruction was diagnosed in 50,8% males
and 25% females (p = 0,03). The two novel logistic regression
model equation based mathematical formulas, achieved cal-
culation of the probability (P, ) of diagnosing bladder outlet
obstruction, with an accuracy of 80,3% in men and 83,3% in
women. On bivariate linear correlations and ROC curve analysis,
inboth sexes P was found to be a highly significant predictor

B0O
of bladder outflow obstruction diagnosis approaching LinPURR,

Urethral Resistance Factor [URA], Abrams-Griffiths number
[AGN] and exhibiting statistically significantly greater Areas
Under the Curves [AUCs] compared to Q.

CONCLUSION: The introduced mathematical formulas accurate-
ly predict the probability of BOO diagnosis during uroflowmetry,
significantly outperforming the standard and widely used esti-
mator Qmax. Further clinical evaluation and external validation,
might render them valuable tools for proper selection of patients
who need further invasive urodynamics investigation.

INTRODUCTION ‘/ K d ed volume, flow time, Q__, average
€y woras flow rate [Q_ ], time to peak flow),
Key parameters of Uroflowmetry, Uroflowmetry, we developed a mathematical for-

the simplest, non-invasive and wide-
ly used urodynamic test available for
initial assessment of BOO, are Q _ and

max

flow pattern, with Q__ representing the

Flow Resistive Forces Index (QRF),
bladder outflow resistance,
bladder outlet obstruction,

Urodynamics,

mula to calculate the Flow Resistive
Forces Index (QRF), a novel measure
of bladder outlet/urethral resistance
and assessed its clinical applicability

most relevant variable and the only so pressure flow study, compared to the standard indicator
far submitted to extensive quantitative maximum flow rate (Q, ), Q.. Tofurther expand the diagnostic
investigation.'-® However, its diagnostic Probability of bladder outflow cam;;xability of this new bladder outlet
accuracy for detecting BOO varies con- obstruction (P, ) obstruction estimator we subsequent-

siderably, is substantially influenced by

threshold values and is generally found to be low (in-
conclusive sensitivity, poor specificity) since, decreased/
low Q, _, values can result from outflow obstruction,
impaired detrusor contractility or a combination of both.
Furthermore, there are no features of the uroflow curve
shape that allow a definitive distinction between outlet
obstruction and detrusor underactivity'*¢°, Conse-
quently, uroflow test is limited by its inability to dis-
criminate between the underlying mechanisms and
cannot be used alone to offer a precise diagnosis as
to the cause of abnormal flow, especially in complex
cases but, it rather should be seen merely as a general
indicator of voiding dysfunction suggestive of second
stage investigation in order for a definitive diagnosis
to be made'*46891° |n a large part, these limitations
are attributed to the fact that, although each free uro-
flow curve contains a large amount of data, in practice
the classical methods of analysis usually take into ac-
count only a small part of this information (Q__, flow
pattern)”''2, Aiming to improve the diagnostic per-
formance (discriminatory ability) of uroflowmetry as a
clinical test to detect BOO by extracting the maximum
amount of data from the available information (void-

ly developed two distinct mathemati-
cal formulas in order to calculate the predicted proba-
bilities of diagnosing bladder outflow obstruction (P, )
on an individual, gender-specific basis and assessed
their clinical applicability.

PATIENTS AND METHODS

The construct of this survey was based on a post-
hoc analysis of data derived from a study we recently
presented '*141516 to introduce the Flow Resistive Forces
Index (QRF), a novel measure of bladder outflow/ure-
thral resistance that we propose.

MAIN IDEA — THEORETICAL/CONCEPTUAL FRAMEWORK FOR DE-
VELOPING THE MATHEMATICAL FORMULA: Central pillars of our
theoretical model were the impulse-momentum prin-
ciple and the temporal profile of uroflow curve pattern:
In terms of hydrodynamics, voiding ensues due to the
action of a resultant force that produces the impulse
required to sufficiently change the momentum of a
given volume of urine on which it is applied.'”89In
fluid mechanics, the analysis of motion is performed by
use of “Newton’s Laws of Motion” from which, Newton's
2" law states that the rate of change of momentum of
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a body is equal to the total force acting on it and takes
place in the direction of the force, expressed by the lin-
ear momentum equation: F =m - a =mAv/At (F =force,
m = fluid mass [m = dV, V =fluid volume, d = fluid densi-
tyl, v =velocity, a = acceleration [ = dv, , /dt])'****2. As
urine is considered a Newtonian fluid (zero viscosity and
shearing stress, flow non-stationary, isothermal and tur-
bulent), the above can be applied to its flow kinetics?.
Thus, main idea was based on the concept that voiding
occurs when a force produces the impulse required to
change the momentum of intravesically accumulat-
ed urine, triggering transition from the stationary to
the flowing state by virtue of energy transformation
(conversion of the potential energy possessed by the
accumulated urine to kinetic) due to the existence of
active contractile powers modified by the viscoelastic
properties of the bladder wall'”'8°,On the other hand,
the normal urine flow curve is smooth, bell-shaped with
slight asymmetry (near-Gaussian) and a characteristic
pattern comprised of an ascending (acceleration) and
a descending (deceleration) limb, with slopes before
peak flow rate being steeper than those afterQ__ =",
In this context and again according to Newton's 2" law
of motion, the sum of forces acting on a flowing fluid
relates to its acceleration while, experimental and com-
putational models have confirmed a diphasic normal
uroflow curve that increases/accelerates (“acceleration
wave”) reaching Q__ and then gradually reduces/de-
celerates until voiding termination®7.182021.222730 | fact,
the shape of the flow curve is determined by detrusor
contraction kinetics and decreased detrusor power and/
orincreased urethral pressure, will result in low flow rate
and a smooth flat flow curve'?’.

Ignoring gravity for computational convenience
and simplicity and relying on basic hydrodynamics,
we assumed that the resultant (net/total) driving force
applied to a given volume of urine during voiding can
be obtained by combining forces working in opposite
directions, categorized into two main types:

1) Expulsive forces, that act in the direction of vesical
output facilitating/promoting urine outflow [pressure/
pushing forces] and result in acceleration of urine flow.
They represent the main “trigger” for the transition from
the stationary to the flowing state and coincide with the
impulsive forces generated by detrusor muscle contrac-
tion. Detrusor pressure is that component of intraves-
ical pressure that is created by bladder wall properties
(passive/active) representing the main force that con-
verts potential into kinetic energy. At the beginning of

a post-hoc analysis of the Flow Resistive Forces index (QRF) study, p. 30-39

micturition the detrusor contracts actively, resulting
in an increased contractile force (muscle tension) and,
consequently, an increased P, , which is considered to
reflect the pump function of the bladder®?*. Abdomi-
nal straining resulting in a raised P_  and therefore an
increased P__is not often employed in normal voiding
as it is not as efficient as detrusor contraction in ex-
pelling urine?*. However, it has been argued that the
contracting power of the bladder alone is not enough
to allow the urine go out efficiently, hypothesizing that
some additional driving force is needed. This has been
based on observations that some humans, especially
women, can initiate and maintain micturition only by
urethral relaxation and abdominal straining without
detrusor contraction while, electromyographic inves-
tigations in female rats showed the abdominal muscle
to be reflexively activated (abdominal straining) during
urine expulsion.?* Nevertheless, since the exact physi-
ological role of abdominal straining in normal voiding
remains to be elucidated, for the purposes of our study
we assumed that detrusor pressure reflects the pump
function of the bladder considering it the main force
to promote urine outflow'820:242425.26

2) Resistive forces which oppose flow/impede urine
expulsion [drag/pulling forces/frictional resistance],
acting opposite to the direction of fluid movement and
result in flow deceleration.'****?*These forces comprise
bladder outlet/urethral resistance which in adults can be
represented and approximately quantified by Urethral
Resistance Factor (URA) that is considered the most rea-
sonable estimate of urethral resistance®6182021:242526 JRA
was developed by Griffiths in 1989 as a single urethral
resistance parameter, based on the concept that any
simultaneous pair of pressure/flow values occurring
during micturition can be represented in pressure-flow
plots corresponding to Schafer’s PURR by a single point
determined by the equation: Pdet = Puo + Q*/c [P =
Urethral opening pressure, ¢ = cross sectional area]**>%,
Quantification of urethral resistance by Puo is only ap-
proximate; it is however the nearest approach to a sin-
gle resistance factor that can be achieved, applicable
to men and women since PURR is applicable to both
genders**? calculated for any instantaneous pair of
Pdet/flow values by the formula: URA = puo = [(1 +
4dQ?Pdet)"2 - 1]/(2dQ?) #?>% (d = 3.8 x 10*) which by
transformation derives Pdet = (2dQ?URA + 1)>- 1/4dQ>.
Based on this equation, we developed the QRF deter-
mining mathematical formula performing relatively
simple calculations in three consecutive steps.
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Summarizing, the Resultant Force (sum of all forces)
acting on urine volume at a particular instant of time
during voiding, representing the net driving force that
accelerates urine flow, can be expressed as: F = Fexpulsive
= F e = Detrusor Pressure (P, ) — Urethral Resistance
(R) and taking into account the average values, as: ZF_
= det (average) - average®

QRF MATHEMATICAL FORMULA DEVELOPMENT: For the purpos-
es of the study we performed calculations taking into
account the average values of the main parameters
included and proceeded with mathematical equation
formulation, based on the following assumptions:1)
URA = R: URA and urethral resistance (R) both express
the same physical concept (quantification of the degree
of bladder outlet/urethral patency) and thus, can be
used interchangeably, 2) Q = Velocity: Flow velocity
and volumetric flow rates quantify fluid motion, inter-
related by the equation:V = Q/A — Q=VA (V=average
velocity, A = fluid cross-sectional area perpendicular
to flow)*', 3) mass(m) = volume (V): Mass and volume
of a substance are interrelated by density (d = m/v);
since density (specific gravity) of urine ranges between
1,01-1,03, we assumed that mass equals urine volume.
Subsequently, by performing simple calculations as
shown in Table 1, we derived the formula:

1 \/ Qmax(tft - thf) 14
Q thf(tft - tpf)

QRF =

ave

CLINICAL APPLICATION: Calculations to determine QRF
values in the clinical setting were performed by using
data extracted from the files of urodynamic studies per-
formed in a cohort of 84 adult patients, 61 males (mean
age: 59,7 [24-83]) - 23 females (mean age: 51,3 [25-78]),
who presented with voiding dysfunction symptoms.
Adhering to the existent standard diagnostic proto-
col in our department that is suggested/used when
evaluating Lower Urinary Tract Symptoms (LUTS), after
medical history taking, IPSS-questionnaire completion
and physical examination, all subjects underwent 2-3
free uroflowmetry sessions (highest Q__ values ob-
tained) followed by PFS performed conforming to ICS
good urodynamic practices guidelines?. Patients were
subsequently classified in accordance to established
criteria mainly LinPURR [Schafer's Nomogram] while
AGN & URA were also included, as non-obstructed (Lin-
PURR:0-1)or obstructed (LinPURR:2-6)*. Subsequently,
in this observational study conducted in accordance
with the Helsinki Declaration guidelines (World Medical
Association research ethics code)*, we evaluated QRF

clinical applicability by assessing its diagnostic perfor-
mance characteristics comparedto Q__.

DATA PROCESSING - STATISTICAL ANALYSIS: Data were pro-
cessed using Fischer’s exact test, t-test, bivariate linear
correlations, binary logistic regression and Receiver
Operating Characteristic (ROC) curve analysis, to esti-
mate the influence of QRF and Qmax on the likelihood
of bladder outflow obstruction diagnosis. Following a
whole group (both genders) investigation, a multiple
(binary) logistic regression model analysis was conduct-
ed in males and females separately, using Q__ and QRF
as predictors of bladder outlet obstruction, to estimate/
calculate the predicted probability that a patient would
be diagnosed with obstruction. Key products of this
analysis were two distinct logistic regression predictive
equations that were created for predicting the binary
dependent variable “P_ " that is, the probability that
an individual will be diagnosed with bladder outflow
obstruction, from the independent variables (i.e those
which made a significant contribution to prediction)’.
Subsequently, a ROC curve analysis was employed along
with bivariate linear correlations, to evaluate the overall
diagnostic performance of the deriving mathematical
equations in predicting outflow obstruction compared
toQ, _,in males and females independently, as well as,
to determine the optimal cut-off points of the calculat-
ed probabilities (P,) values. Statistical analysis was
performed by using SPSS-22° & MedCalc® softwares
(p < 0,05).

RESULTS

Overall, urodynamic obstruction was demonstrated
in 37 from a total of 84 patients (43,5%). Specifically, 31
of 61 (50,82%) [1-in-2] males and 6 of 24 (25) [1-in-4]
female patients (x> = 4,67 — p = 0,03), were diagnosed
with BOO.

BINARY LOGISTIC REGRESSION MODEL ANALYSIS: A test of
the full against a constant (intercept) only model was
statistically significant in men (p < 0,0001) as well as in
women (p = 0,0003), indicating that both predictors as
a set reliably distinguished between obstructed and
unobstructed pressure-flow study outcome (success-
fully identified obstructed patients). QRF was found to
exhibit the highest score test (measure of how much
an independent variable would be significant in the
model) [strong predictor], significantly differing from
Q,,,, (weak predictor) [22,476 (p < 0,0001) vs 0,287 (p =
0,592) - overall statistics = 24,752 inmenand 11,172 (p
<0,001) vs 0,972 (p = 0,332) — overall statistics=11,172
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Steps followed to develop the Flow Resistive Forces Index (QRF) calculating
mathematical formula

Step-1: Calculation of average acceleration during urine flow (=Av/At =AQ/At) according to flow phase

Combination of two equations calculating:
1. acceleration of urine flow during acceleration phase (ascending limb of urofow curve) [variables: Q_,Q,,t ,t1and | —3a =qQ (t -2t )/2t
p ave 'max * ft pf ft

2. deceleration of flow during deceleration phase (descending limb of uroflow curve) [variables:Q, , Q_, t,, tpf]

(Eg-1)

where:a_ = average acceleration of urine flow, Q= maximum flow rate, Q_ = initial flow at the beginning of voiding = 0], t, = time of initiation of urination [= 0],
tpf: time to peak flow, Q. = final flow at termination of urination [= 0], t, = flow time.

Step-2: Calculation of average acceleration based on linear momemtum equation and urethral resistance factor (URA) formula

- aave = Pdetave - Rave/V -

~a, =dQ R 2/V

ave  ave

Combination of two equations calculating:
l.F=mxa=Vxa—a =1F /VPdet -R_/Vand
2.R=URA=[(1+4dQ’Pdet)" - 1]/2dQ* — Pdet = (2dQ, *Rave + 1)~ 1/4dQ,

(Eq-2)

where:a__ = average acceleration of urine flow, Q, = average flow rate, R = average urethral resistance, Pdet = average detrusor pressure, V = voided volume
of urine.

Step-3: Combining equations (Eq) 1and 2, ignoring d for computational convenience/simplicity and solving forR__

R =QRF= _! 0ty =26V
Qave thf(tﬂ - tpf)

‘max

where: QRF = Flow Resistive Forces index that expresses the average resistance (R) to urine outflow, Q, = average flow rate, Q__ = maximum flow rate, t, = flow
time, t= time to peak flow, V = voided urine volume.

Binary Logistic Regression Models

Variable (oef(t;;;ient Std. Error p-value Exp (B) Odds ratio 95% Cl
Variables in the Equation (MEN)
QRF 1,38969 0,38051 13,3385 0,0003 4,0136 1,9-8,46
Q.. -0,082032 0,039739 4,2612 0,0390 0,9212 0,85-0,9
Constant -3,18838 1,02325 9,7091 0,0018 0,041 -
Variables in the Equation (WOMEN)
QRF 3,39709 1,91540 3,1456 0,0761 29,8771 0,7-1275
Q.. -0,11473 0,10357 1,2271 0,2680 0,8916 0,73-1,1
Constant -11,39213 6,23802 3,3352 0,0678 0,000 -

Table 2: Presents the logistic regression coefficient (b), Wald test, statistical significance of individual regression coefficients tested using the Wald Chi-square statistic
and odds ratio [Exp(B)] for each of the predictors).

in women, respectively]. Prediction success overall was
80,33% in men and 83,3% in women. According to Wald
criterion (Wald x?) QRF made a significant contribution
to prediction (p=0,0003) vs Q__ (p=0,0390) in men and
a stronger (not quite significant [p =0,0761]) vs Q__ (p
=0,268) in women. Odds ratios (Exp[B]) indicated that
when QRF value was raised by 1-unit, obstruction was
4-times more likely to occur in men and almost 30-times
in women, the latter considered rather inconclusive due
to wide confidence intervals (Table 2).

MATHEMATICAL EQUATIONS FORMULATION: Next, based on
the logistic regression equation formula for predicting
the dependent variable from the independent variables,
we formulated gender specific equations for calculat-
ing the probability of a positive for BOO uroflow test.
Variables included in the formulas were QRF, Q__ and

logistic regression equation constant in men while, QRF
plus constant in women, as follows:

Males P — @l1389xQRF~0,082 X Qmax=3,18) / ] 4. @ (1,389 QRF —0,082 X Qg ~3,18)
80O

Females Psooz e (2,717 x QRF - 11,04) / 1+ e(z,m QRF-11,04)
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Bivariate linear correlations

Pearson correlation coefficient (r)
2-tailed p-value (p)

r

Qmax
Men P
r
PBOO p
r
Qmax
p
Women
r
PBOO p

-,094 -073 -026
,469 575 ,839
0,476 0,513 0,611
,001 ,000 ,000
-,580 -,045 -,162
,003 ,835 449
0,615 0,716 0,728
,001 ,002 ,000

Table 3: QRF was significantly positively associated with AGN, URA and LinPURR grading in both sexes while, Q__was non-significantly, negatively associated with

these urine outflow obstruction indices.

Areas Under the ROC Curves
Variable ‘ AUC ‘

| 95%Cl |

p-value
MEN
Paco 0,889 0,0415 0,783-0,955 <0,0001
Q.. 0,502 0,0763 0,371-0,633 0,9775
WOMEN
Peo 0,931 0,0508 0,749-0,994 0,002
Q.. 0,704 0,136 0,484-0,871 0,142

Table 4: Pairwise comparisons of ROC curves (QRF vs Q__ ) among men the difference was extremely significant in favor of QRF while in women, marginally not quite

significant (likely inconclusive due to very wide confidence intervals).

where: P, = calculated probability that a patient will
be diagnosed with BOO, e = base of natural logarithms
(=2.72), 3,18/11,04 = constants of the equations (men/
women respectively), 1,389/0,082 and 2,717/0 = coef-
ficients of QRF/Q,__ as predictor variables (in males/
females respectively).

These equations allow calculation of a single value
for determining the probability of diagnosing bladder
outlet obstruction, with a diagnostic accuracy (% cor-
rect) of 80,3% in men and 83,3% among women.

Bivariate Linear Correlation analysis

P..o Was found to be highly significantly (strongly)
positively related to AGN, URA and LinPURR in both sex-
es while, Q__ was non-significantly (weak correlation)
associated to these obstruction criteria, excluding sig-

nificant negative correlation to AGN in women (Table 3).

ROC curves analyses

In both sexes (predominantly in men), P, was a
highly significant predictor of bladder outflow obstruc-
tion diagnosis approaching URA and AGN, exhibiting
statistically significantly greater areas under the ROC
curves (AUC) compared to the correspondingto Q__,
that yielded the lowest AUC-ROC curve values not reach-
ing statistical significance (Table 4). On pairwise com-
parisons of AUC-ROC curves [probability of obstruction
(P,oo) Vs Q. I, the difference was extremely significant
[Peoo 0,889 -Q, . :0,502 - AAUC = 0,387, p < 0,0001]

inBr()r?en while, nonsignificant [P, : 0,931 -Q,__:0,704
-AAUC=0,227, p=0,1776) in women (figure 1). Based
on Youden-index (J-statistic) calculations, the optimal
probability values (P, ) cut-off points [values above
which, obstruction is highly likely to be diagnosed]
were determined as 0,44 in men and 0,14 in women.

According to these criteria, obstruction was successfully
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Figure 1. Pairwise comparison of AUC/ROC curves (P, vs Q_ ) in both genders

100 100 |-

[ L 1—] a Paoo (0,931)

an | Paoo (0,889) [ ok
r[ Qs (0,502) [ Qo (0,704)
E - f

1] H— = eofF f

L = -

i :
] g
40 - o 40H
20 H 20+
A/AUC= 0,387 A/AUC= 0,227
i S p<0,0001 0 p=0,1776
[l L 1 ) ——— ——— 1. | - I y —"
0 20 40 60 80 100 0 20 40 B0 80 100
100-Specificity 100-Specificity
Predictive/diagnostic performance characteristics of PBOO cut-off points

Sensitivity 90,32% (74.25-97.96) 100,00% (54,07-100)
Specificity 74,67% (57.72-90.07) 83,33% (58,58-96,42)
Likelihood Ratio (+) 3,87(2.00-7.48) 6(2,14-16,86)
Likelihood Ratio (-) 0,13(0.04-0.38) 0,00
Positive Predictive Value (PPV) 80,00% (67.43-88.55) 66,67% (41,58—84,89)
Negative Predictive Value (NPV) 88,46% (71.98 - 95.81) 100,0%
Accuracy 83,61%(71.91-91.85) 87,5% (67,64-97,34)

predicted in 9 out of 10 and correctly excluded in 8 in
10 men (Fisher’s exact test = 27,976(df-1), two-tailed P
value = 0,0004 (extremely significant) — Relative Risk
(RR) = 6,993 [95% Cl: 2,36 — 20,358] as well as, in 10 out
of 10 and 8in 10 women respectively (Fisher’s exact test
=13,3 (df =1) - p=0,0003 (extremely significant) — Rel-
ative Risk (RR) = 17,72 [95% Cl:1,11 — 282,69]. Statistical
measures of the predictive/diagnostic performance of
the equations are shown in Table 5.

DISCUSSION

Motivated by the well documented low discrimi-
natory ability of Q__, the currently most widely used
uroflowmetry parameter for initial assessment of BOO
suggestive LUTS, we attempted to improve the diag-
nostic accuracy of uroflow-test in a noninvasive manner

36

utilizing all the information contained in the uroflow
curve such as voided volume, flow time, Q__,Q_ , peak
flow time'346791011123334 Thys, we developed a mathe-
matical formula incorporating these five variables, that
calculates the Flow Resistive Forces Index (QRF), a novel
measure of urethral resistance’®'41516,

In practice, we performed 2-3 free uroflow measure-
ments and selected those with highest Q__ and voided
volume of at least 150ml, based on ICS guidelines and
studies indicating that the highest Q__ of three serial
uroflowmetries provides a valuable improvement in
diagnostic power over a single measurement to esti-
mate the likelihood of BOO, given that the flow/volume
relationship for the bladder is optimized between 300-
450ml'>?7 Subjects were classified as unobstructed or
obstructed according to Schafer’s nomogram which,
despite arguments that LinPURR grading is typically ap-
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plicable only to men we decided to employ it in females,
since there is no clear consensus on how to properly
determine BOO in women?.

The Flow Resistive Forces index (QRF) was found to
correlate well with standard urodynamic obstruction
criteria in contrast to Q__ that was weakly associated
with these parameters while, linear correlations, logistic
regression and ROC curve model analyses, showed that
in both sexes but predominantly in men, QRF was a
strong predictor of BOO, significantly differing fromQ_
that achieved weak association. Expanding further our
research in this area, we subsequently developed two
distinct mathematical formulas in order to calculate the
predicted probabilities of diagnosing bladder outflow
obstruction (P,,.) on an individual basis'*'*'>'%, These
gender specific equations allow calculation of a single
value for determining the probability of diagnosing
bladder outlet obstruction (P, ), with a reasonable
diagnostic accuracy (80,3% men — 83,3% women). The
calculated P, was found to represent a significant
predictor of bladder outflow obstruction diagnosis, as
it strongly positively related to standard urodynamic
obstruction criteria (AGN, URA, LinPURR) in both sexes,
in significant contrast to Q__ which was weakly related
to these parameters, excluding Q__ negative correlation
to AGN in women. The optimal probability P, cut-off
points [values above which, obstruction is highly likely
to be diagnosed] were determined as 0,44 in men and
0,14 in women. According to these criteria, obstruction
was successfully predicted in 9 out of 10 and correctly
excluded in 8in 10 men (accuracy 83,6%) as well as, in
10/10 and 8/10 women (accuracy 87,5%) respective-
ly. Practically speaking, QRF values higher than these
points suggest that BOO is highly likely and are strong
indication for PFS while when lower, this invasive uro-
dynamic procedure could be avoided. However, since
these criteria derive from a relatively small sample size
and are, therefore, considered preliminary we suggest
that they would rather be regarded cautiously until
further, large scale studies allow more accurate and
validated determinations.

Potential study limitations are single center origin,
relatively small patient cohort size, lack of control-arm

group, lack of external validation and employment of
Schafer Nomogram in females. Although pressure-flow
analysis for BOO in women is not yet as standardized
as in men, the concept of high pressure and low flow
when compared to normal as a measure of obstruction
prevails. Since there is no clear consensus on how to
properly determine BOO in women, it has been sug-
gested that Schafer’s nomogram could be applicable
to females at least until, future studies standardize the
urodynamic diagnosis of obstruction in women.** An-
other drawback of this paper is that we did not trial the
formula in subjects with detrusor failure/poor contrac-
tile function and thus cannot comment on its ability to
differentiate between the two low flow states and avoid
misdiagnosing underactivity as BOO. To this aim, a par-
allel study in a cohort of patients with bladder underac-
tivity is currently underway however, sufficient sample
size for reliable data analysis has not been achieved yet.
Lastly, URA is not applicable to children because the
hydrodynamic model might be different from adults
and thus, a different resistance factor is required.*122526
Therefore, our mathematical model might not be suit-
able for use in this age group, at least in its current form.
In spite of these weaknesses, we consider this study a
noteworthy attempt to improve the diagnostic accuracy
of uroflow testing.

CONCLUSION

The introduced mathematical formulas, based on a
novel measure of bladder outflow resistance the Flow
Resistive Forces index (QRF), were found to accurately
predict the probability (P,.) of bladder outflow ob-
struction in men and women separately, significantly
outperforming Q__ . Despite acknowledged study lim-
itations, the formulated equations seem to improve the
discriminatory ability and overall diagnostic perfor-
mance of uroflowmetry thus, we anticipate that with
further clinical evaluation and external validation, they
might become valuable clinical tools able to facilitate
proper selection of those who need further invasive
urodynamics investigation (pressure-flow study), on
an individual basis.
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MepiAnyn
EIZATQTH/ZKOMOZ: Emyeipwvtag fektinon
NG d1ayvwoTIKNG amddoonc/dlaKpITIKN IKa-

‘/ Né€erc

AMOTEAEXMATA: BOO dtamotwfnke o€
50,8% Twv avOpwv Kai 25% TwV yuvaiKwv

vOTNTAC TNE OUPOPOOPETPNONG, avamTOape £up£tr|plaop00 (p=0,03). Ot dvo KavotopeC pabnpati-
000 pabnpatika povtéha (e§lowoelc) umoho- 0UPOPOORETPNON, ké¢ €€100)0€1¢ hoyloTIKN G mahvdpopnong
ylopoU ¢ mBavotnrag Sidyvwong umoKuoTI- Afi"“lc A“"‘f‘llf‘”" BpéBnke 6T emTuyydvouv umoAoyIopo
kol kw\Opatoc (BOO) o e€atopkevpévn, avtigtaonc por¢ (QRF), ¢ mAavotnTag TeMKRC Sidyvwong umo-

. , , Flow Resistive Forces Index (QRF), , , ,
@uhoeSaptwpevn BAon Kal peENETOApE TV avtiotaon poric obpuY KuoTikod Kwhoparog (P, ) pe drayvwotiki
KAIVIKI] TOUC EQAPHOOCIUOTNTA CUYKPITIKA pE anéppagn e€660u Kl'mnlc, akpiBeia 80,3% otoug Avdpec kai 83,3%
my péylotn por ovpwv (Q_ ). OupoSuvapikii, OTIC YUVaiKeC. TOG0 01 SUABIKEC YPAUIKEC
MEOOAOX: H mapoloa epyacia amotehei Mehétn NMigang-Pori 0Upwv, OUOXETIoELC 000 Kat N avaAuon KapmuAwy
post-hoc avdhuon dedopévawv mov mpoéku- péylom porj ovpwv (Q, ), ROC curve katédei€av ot kat 0ta 600 QUAA
Pav amd mv perét Flow Resistive Forces mBavotnta didyvaong 0 d¢iktng P, amotehei 1oyupd mpoBAenTikd

Index (QRF) mov mpoogata mapovaidoayie,
ELONYOUEVOL EVa VEO PETPO EKTIHNONG TV
avTioTdoewv 6080V KUOTEWC Kal o TTpaypatomolrnke o€
opdda 84 evnhikwv (61 dvopec-23 yuvaikeg) pe dtatapayr ovpn-
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amd pelétn migong-poni¢ oupwv Kat diayvwon Tagivopolpevn
(vopoypapa Shafer- LinPURR) w¢ pn BOO (0-1) 5 BOO (2-6). Me
avaAvon povtéhou AoyloTiki¢ maAvdpopunong dlapoppuoape
600 pabnpatikéc e€lonaeic umohoyiopot e mbavomnrag (P, )
TeNkN¢ S1dyvwong BOO evw, pe epappoyn Suadikic ypappKAg
ouoyétiong kat avahuong kapmudwv ROC, ektiproape Ty kAwi-
K1} TOUC EQappoatuotnTa o€ o0yKpion pe Qmax. H otatiotikn
avaluon éywe pe xprion SPSS-22° kat MedCalc®(p < 0,05).
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1. Introduction Key words associated with left side varicocele,
] Ferof attributed to renal venous hyperten-
Varicocele is a congenital abnormal- magnetic resonance imaging, . )
ity of the testicular vessels detected in varicocele, >on b?cause of the compression of
q the vein between the aorta and the
25% of infertile patients; although the abnormal semen analysis, . .
! diffusion coefficient superior mesenteric artery [7]. Mag-

exact correlation between the condition
and infertility is not fully understood,
varicocelectomy can result in improve-
ment of semen quality and might restore DNA damage
[1]. The diagnosis of varicocele relies mainly on clinical
examination and the condition is classified according
to Dubin and Amelar grading system, dividing the
condition into 3 groups according to palpability and
inspection; however, improvement of semen analysis
after surgical treatment among three grades does not
differ and this widespread classification lacks of prog-
nostic value [2]. Additionally, in daily urological prac-
tice, the differentiation between clinically significant
and incidental, non-significant varicocele is difficult,
especially in men who do not desire fertility in near
future; in such cases imaging modalities such as Color
Doppler Ultrasound (CDU) or Magnetic Resonance Im-
aging (MRI) may add useful information regarding the
management of these patients [3]. Moreover, the usage
of imaging modalities contribute for the recognition of
underlying pathology accompanying varicocele such as
nutcracker syndrome or retroperitoneal disease [4]. In
this paper, we review the role of MRI in the diagnosis,
the evaluation of varicocele and the assessment of the
harmful potential of the condition.

2. Role of MRI in the diagnosis of varicocele
and evaluation of underlying pathology

The performance of pelvic MRl angiography has
been reported as an adjunctive tool for the diagnosis
of the varicocele; the pampiniform plexus can be visu-
alized tortuous and dilated confirming the condition
whereas the accurate illustration of the variations in
the surrounding vessels and collaterals is useful for the
dictation of appropriate management [5]. In a study of
a limited number of patients, von Heijne et al demon-
strated that the visualization of a left testicular vein in
comparison to non-visualization of the normal, contra-
lateral side is indicative of the diagnosis of varicocele
and the authors supported the role of MRI angiography
in the diagnosis of recurrent varicoceles [6]. Addition-
ally, MRI can assist in the diagnosis of other entities
which accompany or cause varicocele. Left renal vein
entrapment or nutcracker syndrome (NCS) is commonly

netic resonance imaging has been

highlighted as the modality of choice
by some authors because of significant advantages
comparing with other conventional modalities; in com-
parison to computer tomography angiography, it does
not involve radiation and obligatory administration of
contrast material, whereas imaging is not undermined
by the bowel dilatation like in cause of ultrasonography
[8]. Of note, the usage of specific sequences, especially
T2-TRUFI (True Fast Imaging with Steady-State Free Pre-
cession) can confirm the diagnosis and can replace Color
Doppler Ultrasound as a more standardized modality
for the follow up of patients with NCS [8]. An anatom-
ical equivalent of renal vein entrapment, May-Thurner
syndrome, is the result of iliac vein entrapment between
the right iliac artery and the spine which could resultin
thrombosis and severe swelling of the lower extremity
[9]. The condition may be the cause of a refractory to
traditional treatment left varicocele, causing pain and
scrotal swelling; MRI can reveal the compression of the
vein and the presence of cross-pelvic collaterals and
can guide appropriate management [10]. Also, MRI can
detect scrotal venous malformation, a rare condition
that mimic varicocele during physical examination and
can cause varicocele-like symptoms [11]. Last but not
least, rare varicocele manifestations like intratesticular
varicocele, can be easily detected using MRI [12].

3. Role of MRI in the assessment of testicular function
on the presence of varicocele

Using diffusion-weighted imaging during a MRl scan,
Emad-Eldin et al have observed that in testes affected
by varicocele there was a positive correlation between
mean apparent diffusion coefficient (ADC) values and
both sperm count and sperm motility; because of the
association between low ADC values and abnormal
semen parameters the authors highlighted the usage
of MRI as an indicator of testicular parenchymal dam-
age and risk of subfertility [13]. Similarly, in a cohort
of 31 patients with clinical varicocele, Cekic et al ob-
served a positive correlation between ADC values in
the parenchyma of the affected testicles and impaired
semen parameters; once again, low ADC values were
associated with impaired sperm count whereas sperm
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morphology was also correlated with lower ADC[14]. In
another study of 45 patients with unilateral varicocele
compared to healthy controls, ADC values using conven-
tional and ZOOMit DWI were found significantly reduced
in varicocele-affected testicles, which could reflect the
harmful effect of the condition in the testicular function
and therefore, MRI and especially diffusion-weighted
imaging could be a reliable tool for the diagnosis, the
evaluation and the follow-up of patients treated for var-
icocele [15]. Furthermore, Karakas et al have observed
that low ADC values should be expected not only in the
parenchyma of the affected, ipsilateral testis but in the
contralateral testis as well; also, a negative correlation
between these ADC values and the diameter of the
dilated vessels was found [16]. The authors advocated
a possible cause of these reduced ADC values could be
the subsequent development of fibrosis in the testicular
parenchyma [16].

4. Discussion

Although the usage of MRl in the evaluation of var-
icocele seems promising, future research should clarify
the sensitivity and specificity of the modality. For ex-
ample, similar ADC values as in patients with varicocele
have been observed in hydrocele-affected testicles,
corresponding to possible mechanical compression;
whether these changes should be attributed to under-
lying testicular damage is unknown [17]. Secondly, the
MRI findings and the correlation with semen parame-
ters in men with varicocele implicate that this imaging
modality could be useful for the assessment of fertility
status of patients with the condition. However, if these
changes truly correspond to underlying testicular dys-
function like hypoxia or fibrosis is questionable since
histopathological correlation in testicular parenchyma
is lacking [16]. Furthermore, it seems that interpreta-
tion of the images should be interrelated with present
medical condition and clinical findings. For instance, in
an experimental study, Kangasniemi et al found that
the induction of ischemia in the rat testicles through
ligation resulted in reduction of the apparent diffusion
coefficient up to 20% [18]. Similarly, Maki et al observed
that the ADC values in the proven, necrotized, twisted
testicles were significantly reduced up to 25% compared

and assessment of varicocele?, p. 40-44

to the contralateral, normal side; in cases of other scro-
tal conditions like appendiceal torsion or epididymitis
there was no difference between sides [19]. Whether
or not MRI performance and interpretation of findings
are reproducible and useful should be proven in daily
clinical practice; cost of the modality should also be
taken into consideration. To our opinion, MRI should be
an area of future research and given the highly objective
and standardized characteristics of the technique, the
modality could be proven as the modality of choice in
the future; the measurement of ADC might be used for
the assessment of the testicular parenchyma in infertile
patients or it could be used prior and after varicocelec-
tomy as an objective reference factor of the outcome
of treatment in testicular function, like other imaging
modalities. For example, using color ultrasonography,
the measurement of Resistive Index (RI) of intratestic-
ular arteries can be used as prognostic markers of dys-
permia; values > 0.6 are indicative of impaired semen
parameters, regardless of cause [20], [21]. Furthermore,
the decrease of Rl in the spermatic artery of the affect-
ed testis after treatment for varicocele is indicative for
improvement and can implicated success of treatment
[22], [23]. It is reasonable that MRI could serve such a role
alike and given that the specific scientific field remains
relatively unexplored, early data seems promising. We
expect further research and prospective studies in se-
lected patients to give prominence to the role of MRI
in the daily urological practice.

5. Conclusion

Varicocele remains a clinical question in daily uro-
logical practice, as far as the optimal inclusion criteria
which define the ideal candidate for treatment are still
lacking. Ultrasonography is the widespread tool for the
assessment of varicocele, providing useful information
regarding the testicular function. However, MRI seems
promising as it could facilitate the diagnosis of under-
lying pathology, the exact vascular anatomy and the
assessment of testicular function. Further research is
necessary for the standardization of the technique and
the establishment of the role of MRI in the evaluation
of varicocele.
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Surgical treatment of urinary stone disease has been revolution-
ised over the last three decades. The advent of Extracorporeal
Shock Wave Lithotripsy, Percutaneous Nephrolithotomy and
Ureterorenoscopy has replaced open stone surgery almost
entirely. These treatment modalities consistently lead to high
stone-free rates, however they are also inherent to compli-
cations. Minimizing the complication rate necessitates the

accurate knowledge of indications, limitations and technical
details of these treatments. Mastering operative techniques,
recognizing predisposing factors and applying preventive
measures furthermore decreases the incidence and severity of
stone treatment complications. Lastly, prompt treatment of
complications decreases patients’ morbidity and/or mortality.

Introduction

Surgical treatment of urinary calcu- k/ Key words

li has changed enormously during the
last threedecades. Nowadays, the trend
among urologists involved in the man-
agement of urinary tract stone disaese is
to apply less invasive treatment modal-
ities, based on patient and stone char-
acteristics. Extracorporeal Shock Wave

Lithotripsy (SWL), Percutaneous Nephrolithotomy (PNL),

Ureteroscopy (URS), Retrograde Ureteroscopic Intraren

Surgery (RIRS) and laparoscopic stone surgery are the
currently available minimally invasive techniques;these
have proved to be highly successful and have replaced

complications,
extracoropreal shock wave

lithotripsy,

percutaneous nephrolithotomy,
ureteroscopy, urinary lithiasis

open stone surgery (OSS) as the treat-
ment of choicefor urinary calculi. As
new and less invasive techniques
have emerged, so has the awareness
of identifying and treating associated
complications.

1. Complications of SWL

Since its first presentation in the

early1980s (1), SWL has revolutionised the treatment

al  of urinary lithiasis. Shock waves act via a number of

mechanical and dynamic forces on stones such as cav-
itation, shear and spalling (2). Although these forces are
undoubtly highly effective in breaking stones they can
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also cause trauma in the kidney and adjacent tissues
(3).In a large prospective study, Salem S et al evaluated
the incidence rate and management of SWL complica-
tions in 3241 patients undergoing 7245 SWL sessions
(4); overall, 4075 complications occurred with colicky
pain, haematuria and steinstrasse being the most fre-
quent (40%, 32% and 24.2%, respectively). The authors
concluded that despite the high complication rate in
their study, the majority of post-SWL complications was
mild and amenable to conservative management (4).
Table 1 summarises the immediate and late post-SWL
complications. In Table 2 the predisposing factors as
well as the preventive meausures are shown.

1a. Complications related to stone fragments

SWL is not always effective in totally eliminatingcal-
culi. Residual stone disease, due to incomplete fragmen-
tation, may result in steinstrasse and upper urinary tract
obstruction. Understanding the predisposing factors
to SWL failure may alsolead to adequate prevention of
complications. As the follow-up of patients undergoing
SWL increases, the probability of residual stones to in-
crease in size (21-59%), become symptomatic or neces-
sitate intervention (43%) increases also (5). Predisposing
factors to SWL failure include stone composition, size,
number and location as well as renal morphology and
shock wave rate and energy (6). Fragmentation rates
are lower in cystine and calcium oxalate monohydrate
stones (7), in stones larger in diameter (8) or number
(1-3), as well as in those located at the lower calyx (9) or
the middleor distal ureter (10). Wave rate of 60 shocks
per minute results in improved stone-free rates without
increase in patient morbidity (11,12). Improving stone
comminution by progressively increasing lithotripter
output voltage (13), by using two confocal, opposing
shock wave sources triggered simultaneously or by
delivering two shock wave sessions at carefully timed
close intervals (14), may also prevent complications
related to remaining stone fragments. Finally, it has
been shown that success rates of SWL is dependant
upon the shock wave characteristics of the lithotripter
used for stone fragmentation (15).

Routine insertion of stents prior to SWL has been a
matter of debate. Older studies had advocated stenting
prior to SWL to prevent complications resulting from
residual fragments, especially when large stonesare
treated (16). More recent data, however,indicate that
the use of a JJ uretericstent does not influence stone
clearance after SWL treatment (17).Therefore, routine
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Complications after SWL for urinary stones

Immediate ‘ Delayed

Related to stone fragments Renal function?
Infectious Hypertension?
Tissue effects Fertility?
Renal (haematoma, haemorrhage)
Cardiovascular

Gastrointestinal

Genital System

Foetus

stenting is not recommended as part of SWL treatment
of ureteric stones. The use of alpha blockers for facili-
tation of stone passage, in the concept of Medical Ex-
pusive Therapy (MET), has been extensively evaluated.
Several trials and meta-analyses have demonstrated
increased stone-free rates following administration of
a-blockers and this has recently been reconfirmed in
a prospective randomised study by Ates F. et al (17).

1b.Infectious complications

Bacteriuria and clinical urinary tract infection (7.7-
23.5%) and bacteraemia (up to 14%), rarely leading to
sepsis (1-2.7%) and death, have been reported following
SWL (5). Clinical urinary infection is more common in
patients with struvite stones, multiple or complex stones
or patients undergoing periprocedural stone or urolog-
ic manipulation (2). The risk of sepsis increases in the
presence of either a positive urine culture before SWL
or urinary obstruction (18). The role of routine prophy-
lactic antibiotics is controversial. It is widely accepted
that preoperative antibiotics should be administered
to patients with infection-related stones (staghorn and
struvite calculi), positive urine cultures or a history of
recurrent urinary tract infections and also to those
undergoing instrumentation at the time of SWL (2,5).
However, routine prophylactic antibiotics in all patients
undergoing SWL may be efficacious and cost effective
in decreasing the need for inpatient treatment of uro-
sepsis (19). Early biochemical and clinical diagnosis and
prompt treatment are of paramount significance (20).

1¢c. Renal effects of SWL

Renal complications of SWL can be divided into ear-
ly effects on kidney anatomy and late complications
affecting kidney function and causing systemic hyper-
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Predisposing factors and preventing measures to SWL complications

Effect ‘ Possible Predisposing
Factors

Complications related to stone | Hard stones

fragments
Large stones
Lower pole stones Improve SWL efficacy
Increased number of stones
Impaired renal anatomy
Increased shock wave rate
Decreased shock wave energy
Infectious complications Pre-existing UTI
Infected calculi
Multiple stones
Staghorn stones
History of recurrent UTls
Urinary obstruction
Instrumentation at the time of SWL

‘ Possible prevention
Measures

Alternative therapy for hard and large stones (PCNL, sandwich therapy,
ureterorenoscopy)

Stenting when treating large stones
Improve SWL efficacy

Treatment of pre-existing UTI

Early diagnosis of UTI

Prophylactic antibiotics when predisposing factors are present
Prophylactic antibiotics for all?

Renal effects

Acute
Damage to vascular endothelium | Pre-existed hypertension

Damage to nephron, renal Pre-existed renal disease

tubules, and interstitium

Loss of corticomedullary
demarcation

Increased excretion in urine of
metabolites indicating

Increased patient age

renal damage

Haematuria

Haematoma

Decrease in GFR

Decrease in effective RPF
Chronic

New onset of hypertension?
Perirenal Fibrosis Increased patient age

Loss of renal function

tension. Endothelial cell damage to midsized arteries,
veins and glomerular capillaries occurs immediately
after SWL. The lesion is usually focal, with the majority
of the renal parenchyma left unaffected (21). Clinically
insignificant gross haematuria, which is attributed to
injury of arcuate veins located at the corticomedullary
junction and which usually resolves spontaneously, is
the most common clinical manifestation of renal trauma
after SWL (5,21). Silent haematomas revealed by com-

Increased shock wave number, rate, and energy

Increased shock-wave number, rate, and energy

Use of different types of lithotripter
Decrease shock wave number, rate, and energy

Use of two shock wave tubes

Delivery of two shock-waves at carefully timed close intervals

Decrease shock-wave number, rate, and energy

puted tomography or magnetic resonance imaging may
occur in 20-25% of cases (22). However, symptomatic
intrarenal, subcapsular or perirenal fluid collections
and haematomas are rare and occur in less than 1%
of patients undergoing SWL (22). Risk factors impli-
cated to haematoma formation post-SWL are patient
age, bleeding diathesis, drugs with antiplatelet activity,
hypertension, obesity, diabetes mellitus, number and
intensity of shock waves and type of the lithotripter
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used (22,23). Treatment is conservative with the most
likely outcome being spontaneous resolution of the
haematoma without any long term effects on renal
function or blood pressure (24).

Decrease of glomerular filtration rate and renal plasma
flow (25, 26) accompanied by blood and urine biochem-
ical evidence of renal injury (27) are evident immediately
after SWL. However, these changes do not persist in the
long term and renal damage resolveswithin a period of
days to 2 months (28). Furthermore, despite initial con-
cern for detrimental effect of shock waves on the growing
kidney, no significant decrease in mean ipsilateral and
total glomerular filtration rate or parenchymal damage
was noted in the long-term in children undergoing SWL
(29). Experimental evidence suggests that trauma to the
kidney is reduced when cavitation is suppressed by de-
creasing the kV, the number and the rate of shock waves
delivered (30,31). Treatment with two shock wave tubes
(32), delivery of two shock waves at carefully timed close
intervals of microseconds (13), step-wise power ramping
with ‘pause-protection’ of 3-4 minutes after the initial
dose (33) or the use of antioxidants (34) may also be ef-
fective in reducing renal injury. However, none of the
above has been tested in clinical trials (35).

There is a long-standing dabate regarding the relation
between SWL and hypertension.The incidence of newly
diagnosed hypertension after SWL (8%) does not differ
significantly from that in the general population (6%) (5).
Similarly, the annualized incidence of new-onset hyper-
tension in SWL patients is 2.1% compared to the 1.6%
observed in non-SWL patients (36). Several retrospective
studies have shown that SWL is responsible for elevation
of the diastolic blood pressure (5,36), especially in pa-
tients over 60 (37) or those who are followed for a long
period (38). Most of these studies did not stratify patients
into at-risk groups or excluded patients with pre-existing
hypertension, renal disease, or other risk factors for renal
injury after SWL. Randomized controlled trials failed to
reveal any evidence that SWL causes changes in blood
pressure (39,40). More recently,El-Nahas et al reported
that SWL in paediatric patients has no significant effect
on renal growth and does not lead to the development
of arterial hypertension or diabetes (41).

1d. Other tissue effects of SWL

Morbid cardiac events are extremely rare following
SWL (42). Mild cardiac arrhythmias are not uncommon
(11-59%) but can be reduced by shock wave gating
to the electrocardiogram pulse (42). SWL may be per-

Complications in Urinary Stone Treatment, p. 45-58

formed safely in patients with pacemakers when ap-
propriate precautions are followed,as well as in those
with aortic aneurysms (5).

Gastric and duodenal erosions were identified in
up to 80% of patients treated with SWL (43). However,
severe gastrointestinal complications following SWL
are extremely rare (1.819%) (44). These are associated
not only with the increase in the number and energy of
shock waves delivered but also with patient position as
well. The majority of intenstinal perforations occurred
with the patient being in the prone position and receiv-
ing shock-waves that exceeded the United States Food
and Drug Administration recommended numbers [44].

Evidence from experimental and clinical studies
suggeststhat SWL has no severe permanent effects on
testicular and ovarian function (45,46). Nevertheless, in
a recent study by Gulum M et al, sperm DNA damage
score increased and other sperm parameters deterio-
rated in men undergoing SWL for distal ureteric stones,
suggesting that the procedure may affect fertility in
men. All these changes, however, returned to normal
3 months after SWL (47).

Pregnancy remains the only absolute contraindica-
tion to SWL because of the potential disruptive effects
of shock wave energy upon the foetus (48).

2. Complications of PNL

Since the first creation of a percutaneous tract for
stone removal, reported in 1976 (1), specific indications
for PNL have emerged, including treatment of large,
hard infected stones, obstruction-related stones, ex-
tracorporeal lithotripsy failures and stones related with
anatomic variations (2). Although technological refine-
ments and increased surgical experience have ensured
successful execution of the procedure, complications
can rarely emerge (Tables 3,4) (3). These complications
could be classified according to the Clavien system for
better monitoring and recording PNL outcome (3,6,10).

2a. Injury of the renal unit

Injures of the collecting system and bleeding are the
two major effects of PNL on renal unit while there are
no long-term adverse effects on the growing kidney
or the kidney function (49,50).

A. Collecting system injuries

Collecting system injuries are rare and include per-
foration, infudibular stenosis, extrarenal stone fragment
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Complications related to Percutaneous Nephrolithotomy

Complications to the renal unit

Injury to the collecting system and fluid extravasation
+ Collecting system perforation

+ Ureteral avulsion

« Stricture

« Infudibular stenosis

« Retained foreign bodies

« Extrarenal stone fragment migration
Bleeding

+ During percutaneous Access

+ During tract Dilation

« Intraoperative bleeding

« Postoperative bleeding

Complications to the renal unit
+ Lung and pleural cavity

« Colon and Small Intenstine

« Liver and spleen

« Lymphatic

Medical Complications

« Infection and sepsis

+ Fluid overload

- Hypothermia

+ Positioning Related injuries

« Air embolism

- Deep vein Thrombosis-Pulmonary embolus
+ Loss of renal function

« Mortality

Recommendations for prevention and treatment of complications related to PNL

Pre-existing urinary tract infection should be actively treated

Prophylactic antibiotic therapy reduced the risk of infectious complications in patients with sterile urine and noninfectious calculi
Prophylactic antibiotics should be given 1 week prior to PNL in patients with stones of > 20 mm or dilated pelvicalyceal systems
Surgery has to be delayed when purulent urine emerge from puncture site

Most bleedings after PCNL can be managed conservatively

Meticulus technique, puncture of the posterior calyx under fluoroscopy or ultrasound, use of balloon dilation and minor angulation of the resectoscope prevent from
severe hemmorhage

Most of delayed bleedings following PCNL are due to AV-creation

Preoperative CT scan is warranted in high risk patients for existence of a retrorenal colon
Ultrasound guided or CT guided punctures minimizes the risk of colonic injury

The risk of hydrothorax and overall risk is higher with supracostal punctures

migration, retained foreign bodies, nephrocutaneous  perforations to the peritoneal cavity occur rarely (51,52).
fistula formation and ureteric stricture or avulsion. Col-  Perforations should be suspected in the presence of
lecting system perforation has been reported to occurin  severe discrepancy between irrigant input and output
up to 7.2% of PNLs (51,52). Small retroperitoneal perfo-  during PNL; they are diagnosed when perirenal and/or
rations predominate, while injuries of the renal pelvisor  renal sinus fat or other retroperitoneal organs are visual-
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ized and may lead to postoperative pain, infection and
rarely to abdominal distension and ileus (53). Infudibular
stenosis may be secondary to mechanical or thermal
injury of the infundibulum, prolonged operative time,
multiple PNL procedures and extended nephrostomy
tube drainage (54). The rest of the complications are
extremely rate.

Methods of prevention include manipulation of the
collecting system only under fluoroscopic or endoscopic
control, use of open or continuous flow system of low
pressure, use of normal saline as the irrigant fluid and
short length of operation to diminish the amount of
fluid absorption (51). In addition, judicious stone frag-
mentation and fluoroscopic monitoring of nephrostomy
tube insertion and removal are necessary (53).

In the case of minor perforation, premature termi-
nation of the procedure is usually not necessary as this
will seal within 24-48h after the end of the procedure
(53). However, in the case of severe perforation, termi-
nation of the procedure and nephrostomy drainage are
required.Generally, it has been advocated that small cali-
ber nephrostomy tubes usually suffice in most PNL cases
and provide greater patient comfort, whereas tubes of
greater diameter should be used in less straightforward
cases (ie multiple accesses, gross residual stones) (55).
In the rare case of intraperitoneal extravasation, intense
diuresis and drainage may be needed (53). Close obser-
vation in simple cases or endourological, laparoscopic
or open management for severe cases of infudibular or
ureteric injuries (51,53,54), removal of foreign bodies
and correction of a distal obstruction in the case of a
fistula (3,53) are usually sufficient solutions.

B. Haemorrhage

Severe haemorrhage requiring intervention occurs in
0.6-1.4% of PNLs (51) while blood transfusion is required
in up to 7.9% of cases (56). Bleeding can occur at anystep
of PNL, including percutaneous access, tract dilatation
or stone disintegration as well as during the postoper-
ative period. Factors that may influence haemorrhage
during PNL include stone type, stone surface area, the
occurrence of operative complications, mature nephros-
tomy tract, operative time, method of access guidance
(fluoroscopy vs. ultrasound), method of tract dilatation,
multiple (=2) tracts, size of the tract, renal parenchymal
thickness, and diabetes (56,57). Significant risk factors
for severe postoperative bleeding include stone size,
upper caliceal puncture, solitary kidney, staghorn stone,
multiple punctures and inexperienced surgeon (58).
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Several technical steps may prevent haemorrhage
during or after PNL. The collecting system should be
punctured along the direction of the infudibulum and
through the fornix of the posterior calyx which provides
the most direct access to the targeted stone (59,60). Bal-
loon dilation up to the peripheral aspect of the collect-
ing system under fluoroscopic guidance is associated
with less bleeding (56-60). Keeping the working sheath
inside the collecting system throughout the procedure,
avoiding excessive torquing of rigid instruments and use
of flexible nephroscopes may also reduce the incidence
of haemorrhage (56-60).

Therapeutic caveats for intraoperative haemorrhage
include the advancement of the sheath when bleeding
occurs during access or dilation, removal of clots to
clear the view when inside the system, repositioning
of the sheath when over-advancement has injured the
system, temporary interruption of the procedure and
tamponade of the tract with a nephrostomy tube for
a short time period and finally cessation of the opera-
tion and use of specific tamponade catheters for 24h
to 2-4 days (51,53). In the case of early perioperative or
late post-operative severe bleeding the formation of a
arteriovenous fistula or a pseudoaneurysm should be
suspected and immediate renal angiography and selec-
tive or superselective embolisation attempted (51,61).

2b. Injury to adjacent organs

Lung, pleura and colon are the adjacent organs most
commonly injured during PNL. Supracostal puncture
is associated with intrathoracic complications in up to
37% of cases. Punctures above the 11 rib results in a
tremendously higher intrathoracic complication rate
(34.6%) compared to the supra 12%- rib access (1.4%)
(51,53,62-64). Intraoperative alterations in respiratory
parameters and/or ventilatory difficulties should raise the
suspicion of pleural violation. The presence of contrast
within the pleural cavity during the nephrostomogram
at the end of PNL is confirmatory. Appropriate manage-
ment include close observation, placement of a chest
tube and ureteric stent and antibiotic coverage. Colonic
perforation is reported in less than 1% of PNLs (51). It
may occur when the puncture site is placed lateral to
the posterior axillary line or in the rare event of a patient
with a retrorenal colon. Horseshoe kidney and chronic
colonic distension predispose to the injury. Preoperative
CT scan and CT scan guided access may prevent injury.
Management could be conservative (creation of a guided
fistula) or surgical (colostomy or reconstruction) (51,65).
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Injuries to the small intestine,liver or spleen are rare.
Over-advancement of the sheath, puncturing during
inspiration, access above the 10" - 11* rib and organo-
megaly are predisposing factors. Conservative manage-
ment with close monitoring, antibiotic therapy, paren-
teral hyperalimentation, ureteric stenting, controlled
fistula formation or major surgical reconstruction are
warranted in these cases (53).

2¢. Medical Complications

Medical sequelae of PNL include infection, fluid
overload, hypothermia, deep vein thrombosis, pulmo-
nary embolism, or positioning related injuries. Death is
extremely rare (0.1-0.7%) and usually occurs from pul-
monary embolism or myocardial infarction (51,53,66).
Infectious complications are more common compared
to other medical complications. Fever secondary to
urinary tract infection occurs in 21-32.1% of PNLs and
may lead to sepsis in 0.3-4.7% of cases (51,67). Predis-
posing factors include pre-existing untreated urinary
tract infection (UTI), renal insufficiency, sturvite or stag-
horn calculi, long-lasting operation, high amount or
high pressure of irrigation fluid, multiple tracts, blood
transfusion, presence of pyelocaliectasis and history of
previous PNL (53,68,69). Treatment of a pre-existing UTI,
prophylactic administration of antibiotics for one week
prior to operation on large or staghorn stones (70,71),
cessation of the procedure and draining of the system
when purulent urine emerge through the puncture,
working in the collecting system under low pressures
and keeping surgery duration <90min constitute effi-
cient preventing measures (51,66). These precautions
may reduce the incidence of upper tract infection by
tree times (70,71). Close monitoring, appropriate anti-
biotic treatment, optimal renal drainage and electrolyte
control are required when infection or sepsis occur.

3. Complications of ureteroscopy and retrograde
intrarenal surgery

Since its initial description, ureteroscopy has gained
widespread acceptance as a treatment option of ureteric
stones. Advances in technology have led to the intro-
duction of small calibre ureteroscopes with the capacity
to accommodate accessory instruments necessary to
disintegrate stones. Also, the advent of fiberoptic tech-
nology has provided the opportunity to create flexible
scopes capable of reaching the entire collecting system.
Ureteroscopy, like other stone treatment modalities, is

Classification of Complications associated with

Ureteroscopy
Major Minor
Ureteral perforation Difficulty in advancing the scope
Ureteral Avulsion Mucosa abrasion
Extravasation False passage
Intussusception
Bleeding
Bladder overdistention

Stone migration / extrusion
Equipment malfunction
Instrument breakage
Thermal injury

Early postoperative complications

Major Minor
Infection/fever Severe pain

Distal or proximal stent migration
Bleeding / clot retention
Steinstrasse

Urinary retention

Edema

Vesicoureteral reflux

Late postoperative complications

Major Minor
Avascular ureteral necrosis Vesicoureteral reflux

Ureteral stricture Residual fragments

inherent to intraoperative and early or late postopera-
tive complications (Table 5) (72,73). However, with all
technological advances, instrument refinements and
increase of surgeon’s experience, complications and
adverse events associated with ureteroscopic lithotripsy
have decreased dramatically over the last 10 years,-
dropping to an incidence of 1-15% (72-79). Significant
complications, including ureteric perforation, avulsion
and stricture, likewise decreased from 6.6% to 1.5%
during the same period (74-79). Ureteric injury may
occur at every step of ureteroscopy, including initial
ureteroscopic manoeuvres for insertion of the safety
and working guidewires and dilatation of the ureter, in-
sertion and/or upward advancementof the instrument,
stone disintegrationand/or manipulation using various
accessories as well as post-ureteroscopy manoeuvres
with or without stenting.
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3.1. Intraoperative complications

Difficulties in introducing guidewires, dilators or
ureteroscopes may be attributed to the presence of
enlarged prostate, re-implanted ureter, ureterocele,
cystocele, reduced mobility of the contralateral hip,
fixation of the ureter secondary to previous pelvic opera-
tions, retroperitoneal surgery or radiotherapy, as well as
ureteric stenosis, angulations or spasm. These difficulties
may predispose to ureteric injury. Complications may
occur in 4,7% of rigid ureteroscopy cases; the compli-
cation rate is higher in the presence of impacted stones
and stones located at the upper ureter (80). Surgeon’s
experience, anticipation of difficulties based on the
findings of an IVU or an intraoperative retrograde study
and adequate instrumentation including guidewires,
open-ended ureteric and angiographic catheters, ac-
cess sheaths and balloons of different material, size and
tip configuration assist in overcoming difficult ureteric
access (74,81,82). Adapting trendelenburg position,
manipulation of the vagina and surgeon'’s patience may
provide extra help. Finally, abandoning the procedure,
stenting the ureter and operating at a later time could
be a wise decision in extremely difficult cases (74).

Ureteric perforation can occur in 0-17% of cases at
any portion of the ureter (73,78). The risk is increased in
the cases of difficult access, placement of a guidewire
over a long-standing impacted stone, dilation over an
impacted stone, over-dilation, unexpected tortuous
ureter, excessive force with the scope or the instru-
ments, use of electrohydraulic disintegration energy
and excessive operating time (83-86). Anticipation of
the difficulties, use of a wire covered with hydrophilic
polymer, usually over an angiographic catheter, avoid-
ing brutal instrument manipulation, use of flexible and
hydrophilic single step two-piece system access sheaths
and use of holmium laser for stone degradation may all
prevent perforation (83-88). Minorperforations do not
require cessation of the operation, provided there is no
severe haemorrhage and a ureteric stent can be safely
positioned (89). Stenting only is also sufficient in major
perforations, while draining of the collecting system
with a nephrostomy tube is rarely required.

Ureteric avulsion and intussusception are rare oc-
curring in less than 0.5% of cases (78,90,91). Their in-
cidence increases when the urologist treat an upper
ureteric stone, removes a stone entrapped in a basket,
applies excessive force to remove a large stone, dilates
over a perforating wire, or advances the scope over a
perforating wire. Prevention by working always in view
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of the ureteric lumen, using small calibre scopes and
fragmenting the stone before retrieval is warranted
(73,84). Immediate or delayed reconstruction with an
end-to-end anastomosis, Boari flap, psoas hitch, trans-
ureteral-ureteral anastomosis, ileal interposition and
renal auto-transplantation may be required depending
on the length and location of the defect. Nephrectomy
should be considered as the last solution.

Mucosal tearsare common especially during dilation,
insertion of the ureteroscope and stone manipulation.
These lesions are usually self-limited and require stent-
ing only occasionally. False ureteric passage is also rare
occurring in 0.4% of cases (78). Advancement of a guide-
wire over an impacted stone or forceful advance of the
scope increases false passage rates. Proper recognition
and correct repositioning of the guidewire is needed
(73). Thermal injury is secondary to the lithotripters
used to break the stones. Ultrasonic probes achieve the
higher temperatures followed by the electrohydraulic
probe and the holmium laser fibre (73,83,84). The cou-
marin pulsed-dye laser is not absorbed by haemoglobin
or soft tissues and is not associated with increased risk
of thermal injury (74,84). Intraoperative bleedingmay
occur in 0-3.1% of cases (76-78,90,92) as a consequence
of simple mucosal tear, submucosal trauma or more
severe injuries of the ureteral wall. Severe haemorrhage
blinding the view should prompt the surgeon to insert
a stent and postponethe operation.

Stone migration is higher when an upper ureter
stone is treated, a guidewire is placed without fluo-
roscopy, the collecting system is dilated, the ureter
is flashed rigorously and also when highly explosive
energy sources for stone disintegration, such as pneu-
matic lithotripters, are used. Low pressure fluid irriga-
tion, introduction of a guidewire or astone coneover
the calculi, use of a polymeric gel (93) and use of laser
lithotriptersare measures to reduce stone retropulsion.
Flexible ureteroscopy or stenting and subsequent SWL
constitute alternative treatments (72-74). Extrusion of
the entire stone or some fragments into the periureteric
space may occur rarely (0.5-2.3%) when the ureter is
perforated (84,90,94,95). Hard stone, weak ureteric wall
and excessive force are common causes. No treatment
is usually required and the patient should be informed
and observed (94,96,97).

Instrument damage is not rare during ureteroscopy.
Breakage of baskets, disruption of the tips of the ultra-
sonic, electrohydraulic or laser lithotripters, bending
and breakage of the fiberoptics of semi-rigid uretero-
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scopes, rupture of the flexible ureteroscope at the level
of the actively deflecting portion and breakage of the
objective lens of the scope are the most common (78,98-
100). Using and manipulating the probes and scopes
judiciously, avoiding advancing rigid scopes over a huge
prostate or a large psoas muscle, avoiding inserting an
instrument while a flexible scope in bended, basketing
the stone when already broken in smaller pieces and
keeping the tip of the probe always in view and away
from the tip of the instrument constitute preventive
measures.

3.2. Early postoperative complications

Bleeding, clot ureteric obstruction or urinary reten-
tion and periureteric haematoma occur in less than 0.5%
of ureteroscopies (72-74). Conservative management
is usually adequate. The reported incidence of pain is
5.5% (78). Early postoperative pain is associated with
the procedure itself and increasesin prolonged pro-
cedures. It may be the result of transient obstruction
from uretericoedema, clots or stone fragments. The
incidence ranges from 3.5 to 9.0%, howeveronly 1.1%
of patients need analgesicspostoperatively (76,78,92).
Late pain is associated with stents used mainly to reduce
the incidence of postoperative complications (101,102).
Several studies report a 10-85% incidence of stent-re-
lated symptoms (103,104,105) whereas others note
a 94-100% rate of symptom resolution after stent re-
moval (103,106,107,108). Stent migration occurs more
frequently when the stent is too short; this can be sur-
passed by using stents with a withdrawal string (109).
Urinary tract infection (UTI),secondary to ureteroscopy,
has been reported to be 1.6% in large series (72-74,78).
Nevertheless, low-grade fever is much more common,
occurring in as many as 6.9% of patients in a study(92).
Pre-existing UTl and/orthe presence of infectious stones
increases the incidence of post-ureterolithotripsy in-
fection (72-74). Therefore, patients should be operated
onhaving sterile preoperative urine cultures. In addition,
broad spectrum prophylactic antibiotics for common
genitourinary pathogens should be administered.In
the case of purulent discharge, ureteroscopy should
be abandoned and the ureter drained. Ureteroscopy
in a febrile patient with an obstructing stone is contra-
indicated. Administration of proper antibiotics should
be commenced postoperatively when fever appears.

3.3. Late postoperative complications

Ureteric stricture is the most severe late complica-
tion of ureteroscopy with an incidence of 0.5% to 37%
(76,84,106,110-112). Most recent series report stric-
turesin less than 2% of uncomplicated ureteroscopy
(76,78,92). Strictures can be the result of ureteric per-
foration, irrigant fluid extravasation, ischaemia of the
ureteric wall due to an impacted stone or a compressive
stent, submucosal false passage, stone granuloma for-
mation due to stone fragments embedded in the wall
or expulsed in the periureteric space, thermal injury,
inflammation or most commonly trauma of the ure-
teric wall (84,112,113). Surgeon’s experience, gentle
manipulation of the ureter, ureteric dilation only when
necessary and use of small ureteroscopes through di-
lated ureteric orifices with postoperative stenting are
useful preventive measures (76,114-116). Conservative
endoscopic treatment can be attempted in the case of
ureteric stricture. Three techniques can be used: catheter
dilation, balloon dilation and endoincision, which is the
most successful (117). When open surgery is required,
techniques similar to those described for repair of ure-
teric avulsion are used. Ureteric necrosis is extremely
rare and secondary to ischaemia. Treatment is similar
to avulsion(73,118,119). Vesicoureteric reflux, occurring
in 0-20% of cases, is usually temporary and of minimal
clinical significance (73,115,120). Finally, persistence of
stone fragments should be treated in accordance with
their site and characteristics.

Conclusion

In the modern era, minimally invasive treatment of
urinary stone disease has replacedopen surgeryalmost
totally. However, shock wave lithotripsy, percutane-
ous nephrolithotomy and rigid or flexible ureterosco-
py are not devoid of complications. Mastering these
techniques and knowing their inherent limitations, in
association with the recognition of predisposing factors
and preventing measures have led to a low complica-
tion rate. Technical improvement and refinements are
expected tofurtherreducethe incidence of complica-
tions.
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A case report of a large retroperitoneal
hematoma after an uneventful Retrograde
Intrarenal Laser lithotripsy

Dimitrios Memmos, Anastasios Anastasiadis, Aiketarini Tsionga, Dimitrios Kaluvianakis, Georgios Dimitriadis

Every procedure may potentially present complications and
endourologic procedures are not an exception. This case-re-
port presents the case of a 66 year old man that underwent

1 Dept of Urology, Aristotle University of Thessaloniki, Greece

endoscopic lithotripsy for the treatment of nephrolithiasis.

Introduction/Background

Every procedure may potentially
present complications. Retrograde in-
trarenal surgery (RIRS) along with ex-
tracorporeal shockwave lithotripsy are
the treatments of choice for renal stones
<20 mm (1). The advent of new technol-
ogies concerning flexible scopes and la-

‘/ Key words

retrograde intrarenal surgery,
retroperitoneal hematoma,
complication

The procedure was successful and presumably uncomplicated.
However, on the first post-operative day a rare complication
occured; a large retroperitoneal hematoma.

ser parameters have made RIRS a very
popular and easy procedure for the
modern urologist (2). It is a relatively
safe procedure that in many centers is
considered a day-surgery procedure.
However, complications are still a re-
ality and the surgeon has to be aware
in order to identify and treat them ac-
cordingly. The most common compli-
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cations include postoperative fever and obstruction,
but even sepsis and death have been described (3). This
article presents the case of a retroperitoneal hematoma
after RIRS in an otherwise uncomplicated procedure.

Patient information

A 66-year-old male was presented to the emergency
department of our institution complaining about acute
left flank pain. The patient was under medication for
hypertension and diabetes mellitus and had no previ-
ous or family history of urinary calculi. The ultrasound
performed in the emergency department revealed dis-
tention of the pelvicalyceal system and the non-contrast
CT scan showed a 7mm obstructing stone in the left
proximal ureter. Because of the persistent pain, despite
administration of analgesics, a DJ stent was placed and
ureteroscopic lithotripsy was scheduled at a later stage.
The patient was discharged stable and symptom free.

Procedure

Two months later the patient underwent endo-
scopic lithotripsy under general anesthesia. The pa-
tient received amoxicillin/clavulanic acid medication
perioperatively. During the procedure a guidewire was
placed in the kidney through the previously placed DJ
stent. Contrast was injected retrogradely in the ureter
and revealed that the stone had migrated inside the
pelvis of the kidney. The semi-rigid ureteroscope was
advanced to evaluate the ureter. Afterwards, a 11/13-
46 cm (Boston Navigator®) ureteral access sheath was
advanced easily through the dilated ureter and the
flexible ureteroscope (Storz Flex-Xc) was inserted into
the kidney. Rocamed Traxerflow® was used as irrigation
system and to improve visibility whenever it was lim-
ited. Then, lithotripsy was performed using a 270 um
laser fiber (Dornier). The lithotripsy lasted 31" and it was
completed uneventfully. A retrograde pyelography was
performed and the contrast medium revealed no extrav-
asation. The evaluation of the collective system with the
ureteroscope didn’t show any trauma of the mucosal
wall. A DJ stent and a Foley catheter were placed after
completion of the procedure.

Two hours postoperatively the patient complained
about acute left flank pain mimicking renal colic. Pa-
tient’s blood pressure was 120/65mmHg, heart rate
90bpm and Sa0, was 98%. The ultrasound that was per-
formed didn’t reveal any suspicious findings. The pain
was relieved after IV injection of painkillers (1 gr parac-
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etamol and 8mg diclofenac). The patient stayed over-
night and remained calm and stable. A blood sample
was taken the next morning. The examination revealed
a significant hemoglobin drop (from 12,7 gr/dL preop-
eratively to 7,3 gr/dL). The patient remained stable with
blood pressure 110/60mmHg, heart rate 95bpm and
Sa0, 99% and presented no symptoms, the initial pain
was absent and there was no presence of macroscopic
hematuria. The patient was immediately transfused
with two units of red blood cells and was supported
with intravenous fluids. A contrast enhanced CT scan
was performed immediately and revealed a retroperi-
toneal hematoma 16x8x10 cm without enhancement
by the IV contrast injection and no extravasation from
the pyelocaliceal system. The seemingly stable condition
of the hematoma suggested conservative treatment
with IV fluids and transfusions when necessary. The
hemoglobin levels remained stable and the patient was
transfused with 5 units of red blood cells in total. On the
3 post-operative day he presented fever and the anti-
biotic regiment was changed to piperacillin/tazobactam
according to the urine culture. The fever subsided on
the 5™ postoperative day and patient remained stable
until discharge on the 11* postoperative day.

Follow-up

The DJ stent was removed one month later after
performing a contrast enhanced CT scan that revealed
reduction of the hematoma.

The contrast enhanced CT performed three months
after the procedure showed complete resolution of the
hematoma and no other abnormal findings.

Discussion

Even though current literature suggests that most
complications following RIRS are usually Clavien Dindo
I-Il there is a chance for more rare and serious compli-
cations (4). In general, complications after RIRS include
fever, hematuria, obstruction, stent migration and even
sepsis and death; however, retroperitoneal hematoma
as a complication of RIRS has only been described once
by Ozgur et al (5). Even though the exact cause of the
hematoma cannot be explained, the use of the irrigation
pump and the increased intrarenal pressure has been
reported as the main reason for the manifestation of
subcapsular (6) and intraparenchymal hematomas (7).

Although data is not robust, it is to author’s opinion,
that it is preferable to maintain as low intrarenal pres-
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sure as possible, something that could be achieved by
using an access sheath and an adjustable water pump.
Increasing the diameter of access sheath may improve
water flow during flexible ureteroscopy, but this is not
happening when the working channel of the uretero-
scope is occupied (8). According to Traxer et al, by using
Flex Xc and Boston Navigator access sheath 11/13 and
the 270 um laser fiber the mean pressure is very low,
around 4 cmH20 (9).

The purpose of irrigation is to provide a clear vision
during the whole endoscopic procedure. High irrigation
flow is provided by increasing the pressure of irrigant
by pumping, by gravity or syringe injecting with foot
or hand. As mentioned before, we used the Rocamed
Traxer flow, which has not standard settings and it is
used manually only when there is no clear vision intra-
renaly, so there is no constantly high pressure in the
renal pelvis.

Finally, an uneventful case, is a case marked by no
noteworthy or untoward incidents; that means that
introduction to anesthesia was quick and easy, pull out
of DJ stent and introduction of access sheath where
easily done, stone was clearly identified, with no other
pelvicalyceal abnormalitites. Fragmentation time was

31'and the whole procedure, with the placement of the
DJ stent, lasted less than 60 minutes. In our center, we
try, whenever it is possible, not to exceed more than 60
minutes intrarenaly.

Conclusion

After an uneventful and easy going endourological
procedure, a large hematoma occurred.

With no life threatening clinical signs after the oper-
ation, a major hemoglobin drop and a CT scan revealed
this complication.

Itis imperative for the surgeon and the whole team,
when performing an endourological procedure, either
a simple diagnostic ureteroscopy either a complicated
combined intrarenal case with simultaneous percuta-
neous and retrograde access, to follow some simple
rules; to have all available equipment in place, to have
an experienced surgeon in place (operating or mento-
ring),to respect all tissues; We must not forget that we
navigate and operate in a 4mm tube.

A blood exam, for Hb check just before patient’s
discharge, in day cases, may contribute in identifying all
potential —and very rare- retroperitoneal hematomas.
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Vesicovaginal fistula repair by 0’Connor’s
technique, case series presentation

Anastasios Tsalavoutas, Georgios Koritsiadis, Sofianos Kanatas, Konstantinos Triantafillidis,
Georgios Athanasopoulos, Michail Nomikos, Miltiadis Seferlis, Theodoros Kouranos

Department of Urology, Thriasio General Hospital of Eleusina, Greece

PURPOSE: We aim to present our experience for the repair of
vesicovaginal fistula (VVF) with special reference to surgical
approach.

MATERIALS AND METHODS: From September 2018 to August
2019, 4 supratrigonal complex VVF patients with mean age of 49
years underwent operative treatment via the transabdominal
route by 0'Connor’s technique. Patients were evaluated at 1, 3
and 6 months thereafter.

RESULTS: Mean fistula size was 1.3 -2.7 cm range. Mean op-
erative time was 245 (150-320) minutes, and blood loss was
insignificant. Hospital stay ranged from 4-7 days, depending,
mainly, on drainage flow, ranging from 150 to 430 ml and in
each occasion was peritoneal fluid. All patients were dry after
catheter removal and at six months follow up.

CONCLUSION: 0"Connor’s technique is safe and achieves excellent
functional results at the treatment of complex supratrigonal VVFs.

INTRODUCTION mummies before 2,000 years BC%. The
. . . / literature on the subject is extensive,
Ve5|covag!nal fistula (VVF) is an ab- Key words but is largely based on anecdote, small
normal opening between the bladder vesicovaginal, retrospective case series and opinion
and the vagina that results in contin- fistula, 0’ Connor, rather than on fact
uous and unremitting urinary inconti- transabdominal VVE is much less common in devel-

nence. The existence of VVF is believed
to have been known to the physicians of
ancient Egypt, with examples present in

oped countries, where it arises main-
ly as a complication of pelvic surgery
(e.g. hysterectomy) or RT for cancer.* Hillary et al., in
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their systematic review, reported that 83.2% of cases of
VVF in developed countries had a surgical etiology (e.g.
simple abdominal hysterectomy and other types of pel-
vic surgery, including benign and malignant colorectal,
urological, and gynecological procedures), whilst only
4.8% were of a surgical etiology in underdeveloped
countries*. VVFs following abdominal hysterectomy
account for 75% of all fistulae®. The precipitating factor
is mostly unnoticed injury to the bladder during surgery
or inadvertent placement of a suture or a clamp into the
bladder wall. It is estimated that 0.5-2% of hysterecto-
mies are complicated by VVFs.>Obstetric VVF due to ob-
stetric trauma is common in underdeveloped countries.
The major risk factor appears to be prolonged obstruc-
tion that produces an extended period of ischemia of
the bladder and vaginal wall that leads to tissue necrosis
and the subsequent development of a VVF®. Occasion-
ally, postoperative VVFs may not develop until a few
weeks or even few months after an operation or RT.

Surgical treatment is the primary method for repair-
ing VVFs. Whether the approach is vaginal or abdom-
inal, the outcome of surgical reconstruction is good
and exceeds 90%. The outcome may be suboptimal
in certain types of VVFs, e.g. RT-induced, longstanding
(bladder is defunctionalised for a long time), and recur-
rent.”Absolute indications for an abdominal approach
include: ureteric involvement, the need for concomitant
bladder augmentation, severe vaginal stenosis, and an
inability to tolerate the dorsal lithotomy position (e.g.
due to muscular spasticity)'2. When the VVF is close to
the bladder neck, preoperative documentation of stress
Ul (SUI) is required. Synthetic slings should be avoided
and autologous slings can be used?.

Immediate vs delayed repair: is an issue of debate.
The exact definition of immediate’ repair varies between
authors, with most considering early repair as at <6
weeks of creation. Typically, it is recommended to wait
at least 3 months to allow the inflammatory response
to subside before definitive surgery. Early VVF repair can
be performed in the absence of infection and in patients
who have not received pelvic RT. Contraindications to
early repair include: RT-induced VVF and associated
enteric injury. The advantage of early repair includes
avoidance of prolonged urine leakage, which has a neg-
ative effect on the patient’s quality of life.”Vascularised
tissue flaps or grafts are used to reinforce a repair, fill
dead space, and to improve vasculogenesis following
a repair. Graft interposition is not indicated in all cases
of VVF repair. No high-quality evidence supports the
routine use of graft interposition. However, they are
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definitely indicated in complex, RT-induced, recurrent,
and long-standing VVFs?.

MATERIALS AND METHODS

Here we present 4 cases of females with supratrigo-
nal complex VVFs. They had all been treated with hys-
terectomy, 3 for benign and one for malign disease.
All but 1 (fig. 1) were postmenopausal. The mean age
was 49 years old. Symptoms appeared 2-3 weeks after
hysterectomy with continuous urinary incontinence,
which did not stop despite catheter insertion and an-
timuscarinics usage.

All subjects were evaluated with cystoscopy, vaginal
exploration and CT scan urography to rule out uret-
eral involvement. Fistulas were supratrigonal at the
level of the vaginal cuff, with a median diameter of 1.3
-2.7 cm. In one patient there were 2 separate tracts,
independently communicating with the vaginal cuff.
In another patient, with a very large diameter fistula
(2.7 cm), ureteral single J stents were placed to drained
ureters out of the bladder, due to uncontrolled leakage,
and remained until the time of reconstruction. By this
approach leakage decreased to some extent.

Antibiotics were not prescribed before surgery, un-
less symptomatic urinary infection was present. All pa-
tients had contaminated urine but only one presented
urinary tract infection (fig. 2). In this case, nitrofurantoin
was administrated for 5 days. Urine culture yielded E.coli
in 3 cases and Proteus mirabilis in one case (fig. 3), sen-
sitive to most antibiotics and resistant to amoxicillin.
The day before surgery cefoxitin 2 g and amikacin 1g
were administrated. Fig. 4 was started on antibiotics
4 days before surgery instead of one. Cephalosporins
were continued until discharge.

TREATMENT

Surgical treatment was offered after at least 4
months of catheter drainage (4-7 months) and fistula
persistence, as proved by cystography.

Typical O'Connor transabdominal approach was fol-
lowed in all four cases. Middle line subumbilical incision
was made. Access to the peritoneal cavity was gained,
small intestine retracted caudally and bladder dome
and lateral walls dissected widely. Sagittal cystotomy
was performed from the dome to the level of the fistula
(about 8-10 cm long) and ureteral stents were placed
bilaterally.

Wide and thorough dissection of the bladder and
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Figure 1. Blunt dissection of bladder base from Figure 2. Fistula tract excision with electrocautery
anterior vaginal wall -

Figure 3. Complete separation of bladder
and vagina

Figure 4. Omentum interposition between
bladder and vagina cuff. Two sutures are used
for fixation to the lateral vaginal walls

vagina was performed around the fistula, which was ex-  vicryl 2/0. Greater omentum was then interpositioned
cised with electrocautery. In one case ultrasonic shears  and fixated with vicryl 3/0 sutures. In one case, omen-
ligature was used instead. tum could not be used because it was short due to pre-

Vagina was sutured transversely in one layer with  vious operations. A peritoneal graft from the base of
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the bladder was used instead. Before bladder closure,
ureteral stents were removed and bladder was closed
in the middle sagittal plane in two interlocking layers
using vicryl 2/0 and 3/0.

Percutaneous drainage was placed at the surgical
bed. 3-way 20Fr Foley catheter was inserted.

Median operative time was about 245 (150-320)
minutes and blood loss less than 100mL.

Oral feeding started on the same day, and all patients
were mobilized the 1 postoperative day. Analgesic
requirement was minimal: paracetamol 3 times a day
for the first 48 hours.

Abdominal drainage ranged from 150 to 430ml from
day one until discharge. In all cases, it was peritoneal
fluid (urea and creatinine of the fluid equal to serum
values). So, they were removed the day before discharge.

The 2 postoperative day all the pts presented blad-
der overactivity followed with urinary leakage by the
catheter. Even though this symptom is disturbing, it
can be attributed to detrusor muscle spasm due to the
catheter and bladder reinnervation. Antimuscarinics
were administered (solifenacin 10 mg qd).

Urethral catheter was removed after one month. No
cystography or cystoscopy was performed. All pts were
asymptomatic at 3 and 6 months follow up.

Mepilnyn
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Tou 2018 £w¢ kat Tov Abyouoto Tou 2019, 4
aoBeveic pe emmeypéva KuaTeokoAmikd oupiyyla UmepBev Tou
TPIYWvou Kat péon nAwkia 49 £tn, umePAnBnoav o€ dtakothakr
amokatdotaon katd 0’Connor. EmavektipnOnkav o 1 prjva,
0TOUG 3 Kal 6 rvec.

AMOTEAEZMATA: To péyeBog Twv ouplyyiwv kupavotav amd
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KUGTEOKOATTIKO, GUPiyYLo,
dtakothiaki mpooméhaon

CONCLUSION

O’Connor approach for the treatment of VVFs is
highly effective and safe, facilitates thorough and wide
bladder and vagina dissection and permits tissue closure
without tension. By this approach, the use of greater
omentum as an interpositional flap is feasible, a tissue
well proved to be a perfect substrate for best healing.
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