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Urine and bladder washing cytology
for detection of urothelial carcinoma:
standard test with new possibilities
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Background. Light microscopic evaluation of cell morphology in preparations from urine or bladder washing contain-
ing exfoliated cells is a standard and primary method for the detection of bladder cancer and also malignancy from
other parts of the urinary tfract. The cytopathologic examination is a valuable method to detect an early recurrence
of malighancy or new primary carcinoma during the follow-up of patients after the freatment of bladder cancer.

Conclusions. Characteristic cellular and nuclear signs of malignancy indicate invasive or in situ urothelial carcinoma
or high-grade papillary urothelial carcinoma. However, low sensitivity of the method reflects the unreliable cytopatho-
logic diagnosis of low-grade urothelial neoplasms as cellular and nuclear signs of malignancy in these neoplasms are
poorly manifested. Many different markers were developed to improve the diagnosis of bladder carcinoma on urinary
samples. UroVysion™ test is among the newest and most promising tests. By the method of in situ hybridization one

can detect specific cytogenetic changes of urothelial carcinoma.
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Introduction

The examination of urine is one of the oldest medi-
cal procedures dating back to the Old Egypt.!? First
microscopical examination of the cells in the uri-
nary sediment was reported by the Czech doctor
Lambl back in 1856.2

At present the cytopathological examination of
urine or other fluid samples from the urinary tract
is a routine noninvasive diagnostic procedure to
detect cancer of the urinary tract, foremost bladder
cancer especially in patients with painless haema-
turia.3* It is also used during the follow-up proce-
dures of the patients previously treated for blad-
der cancer in order to early detect recurrence or
new primary.* Exceptionally, the cytopathological
examination of urine is used for the screening for
urothelial carcinoma in the high risk population.

The cytopathological examination is a highly
specific method for the diagnosis of invasive and
in situ urothelial carcinoma and high-grade pap-
illary carcinoma, however it is notorious of being
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unreliable for the detection of low-grade papillary
neoplasms.>

Preparation of fluid samples
from the urinary tract for
cytopathological examination

A most common sample from the urinary tract
is spontaneous — voided urine. Bladder washing
samples are also very frequent samples sent to the
cytology laboratory. Other samples such as cath-
eterized urine or urine obtained by the retrograde
catheterization of urethers or renal pelvis are sent
for the cytopathological examination only occa-
sionally.

The second morning voided urine is the most
appropriate sample for the cytopathological ex-
amination as it contains enough of preserved cells.
The first morning urine contains more cells but
they show different degrees of degeneration be-
ing exposed to the acid milieu of urine through the

doi:10.2478/v10019-010-0042-8

207



208

Strojan Flezar M / Urine and bladder washing cytology

TABLE 1. Cytological-histological correlation in 125 cases of urines and bladder washings with subsequent tissue biopsy from 2007 to 2009

PIAGNOSIS cytology Negative Mild atypia Atypia NOS* Suspicjous e Carcinoma Total
Histology carcinoma

LG** papillary urothelial carcinoma 5 4 8 9 2 28
HG*** papillary urothelial carcinoma 1 4 17 22
Invasive urothelial carcinoma - 1 2 2 21 26
Invasive and in situ urothelial carcinoma 2 2
In situ urothelial carcinoma 1 3 7 11
No malignancy 21 4 2 8 1 36
Total 27 9 13 26 50 125

*NOS = not otherways specified; **LG = low-grade; **HG = high-grade

night and are less suitable for the cytological evalu-
ation. Because the cells exfoliate from the urothe-
lium intermittently, three urine samples should be
examined from three consecutive days to ensure
that diagnostic cells were sampled.?

The bladder washing sample is obtained during
or prior cystoscopy which is an invasive diagnostic
procedure for the macroscopical evaluation of the
bladder mucosa. First the bladder should be emp-
tied by a catheter. Then 50 to 100 ml of normal sa-
line is instilled and recovered and this procedure is
repeated three times.? Bladder washing exfoliates
large sheets of urothelium and even three-dimen-
sional urothelial fragments. Therefore, bladder
washing samples are highly cellular and contain
well preserved cells.

When fluid samples cannot be delivered to the
cytology laboratory within three hours after they
were obtained, they can be prefixed with a mixture
of 2% polyethylen glycol (Carbowax™) and 50% to
70% ethanol.

Different techniques are used for the cytopatho-
logical preparation of fluid samples of the urinary
tract. Some laboratories still use a centrifugation of
fluid and then the pellet is directly smeared onto
the glass slide. Other laboratories introduced the
commercial ThinPrep™ technique for the prepara-
tion of samples from the urinary tract.” ThinPrep™
was first developed for the preparation of cervical
cytology samples. The membrane filtration tech-
nique is used in several laboratories including
ours. Urine or bladder washing sample is filtered
through the polycarbonate membrane filter with
5 um pores (Costar® filter system, Costar Europe
Ltd., Netherlands, Europe; Nucleopore® filter, di-
ameter 47 mm, pores 5 pum, Whatman Inc., New
Jersey, USA), so predominantly urothelial cells re-
main on the filter. Usually the majority of erytro-
cytes and leukocytes are removed because the gen-
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tle negative pressure is applied to assist filtration,
which deforms these cells so they pass through the
filter. The cell monolayers are obtained by gently
imprinting filter onto a pair of glass slides. The cell
sample on the slide should be fixed by the imme-
diate immersion into Delaunay fixative (acetone:
96% ethanol 1:1 + 0.5 ml/l trichoracetic acid) or
fixed by spraying with Merckofix® (Merck KGaA,
Darmstadt, Germany). Cell preparations are subse-
quently stained by the Papanicolaou method.

Cytopathological diagnosis of
urothelial tumours

The last WHO classification of the tumours of the
urinary system (published in 2004) divides urothe-
lial neoplasms into infiltrating (invasive) urothelial
carcinomas and non-invasive urothelial carcino-
mas.®’ Later they are further subdivided into low
and high-grade papillary carcinomas, papillary
urothelial neoplasms of low malignant poten-
tial (PUNLMP) and papillomas on one side and
urothelial carcinomas in situ on the other side.’

In his last edition of Diagnostic cytology and its
histopathologic bases, Koss suggested that for the
purpose of cytopathological evaluation the urothe-
lial carcinomas should be divided into papillary
and non-papillary carcinomas.® The reason is that
cytopathological diagnosis of non-papillary carci-
nomas, including invasive and in situ carcinomas is
very reliable (specificity ranging from 88.1 to 99.%,
mean 97.1%; our data 96%, Table 1), while the cy-
topathological evaluation of papillary neoplasms
which are often of low-grade is notorious for being
of limited usefulness.>10-12

Another obstacle of the cytopathological evalua-
tion is that the true origin of malignant cells found
in urine cannot be reliably identified. Malignant
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FIGURE 1. Malignant cells of invasive urothelial carcinoma with
cellular debris (necrosis) in the background (Papanicolaou, x400).

cells found in urine can originate not only from
bladder, but from any part of the urinary tract,
namely from renal pelvis, urether or urethra.

Infiltrating (invasive) urothelial
carcinoma

Among non-papillary carcinomas the cells of inva-
sive urothelial carcinomas usually exhibit clear cy-
tological and nuclear characteristics of malignancy
in voided urine or bladder washing samples.>*1
Specifically, polymorphous cells with increased
nuclear-cytoplasmic ratio, polymorphous nuclei,
nuclear hyperchromasia with coarsely granular
and unevenly distributed chromatin, and nucleoli
are observed (Figure 1). The cellularity of samples
partially depends on the type of specimen, namely
larger number of malignant cells is found in blad-
der washing, while the cell degeneration with py-
knosis is more pronounced in voided urine sam-
ples. Cells lay singly or in poorly cohesive clusters.
Background may contain necrotic debris, blood
and inflammatory cells. Sensitivity of cytology for
the detection of invasive urothelial carcinoma is
high (81-100%, our data: 100%, Table 1).>1011

Urothelial in situ carcinoma

Also the urothelial in situ carcinoma exfoliates cells
with evident malignant morphology, similar to cells
of invasive urothelial carcinoma (Figure 2).5¢ In
voided urine samples the cells are of an intermedi-
ate size or small, mostly laying singly. Single bizarre
cells can be observed. Nuclei are large, of irregular
shape, hyperchromatic, contain coarse chroma-
tin, large nucleoli; pyknosis is present frequently.
Cytoplasm is scanty. In contrast to invasive urothe-

FIGURE 2. Two malignant cells (in circle) of in situ urothelial
carcinoma (note: clear background) (Papanicolaou, x400).

lial carcinoma, generally no necrosis, scanty eryth-
rocytes or leukocytes are found in the background
of samples containing cells of urothelial in situ car-
cinoma. Due to the obvious morphological signs of
malignancy the sensitivity of cytology for the detec-
tion of urothelial in situ carcinoma is high (70-100%;
our data: 100%, Table 1).5%1" However, it is difficult
to tell apart reliably the malignant cells of the in situ
carcinoma from the cells of invasive carcinoma even
when the characteristics of the background are con-
sidered in the cytopathological diagnosis.

High-grade papillary urothelial
carcinomas

Among papillary tumours, high-grade papillary
urothelial carcinomas (including former WHO clas-
sification grade II and III) shed cells with cytologi-
cal atypia consistent with malignancy, as described
above. The majority of high-grade carcinomas of
former grade III exfoliate evident malignant cells,
while in 20-30% of former grade II carcinomas the
cytological atypia is less pronounced. Sensitivity
of cytology for the detection of high-grade papil-
lary urothelial carcinomas of former grade II and
III combined is 72%, however for papillary urothe-
lial carcinomas of former grade III is 91% (our data
94%, Table 1).5101

Low-grade papillary urothelial
carcinomas and other low-grade
papillary neoplasms

On the contrary, low-grade papillary urothelial
carcinomas are difficult to diagnose in cell sam-
ples, because the cytological signs of malignancy
are not obvious.>® Cells and nuclei are rather uni-
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FIGURE 3. Papillary structure covered with mildly atypical
urothelial cells diagnostic of low-grade papillary urothelial neo-
plasm (Papanicolaou, x400).

form, nuclear-cytoplasmic ratio is not obviously in-
creased. Nuclei are only slightly or moderately en-
larged, chromatin is relatively bland. These nuclei
are difficult to recognize as malignant in cytology.
The background is typically clean, some erythro-
cytes can be found. Only rarely true papillary frag-
ments containing fibrovascular core can be found,
but are not specific for papillary carcinomas; they
could belong to PUNLMP or papillomas (Figure 3).
Urinary cytology is not reliable for diagnosing low-
grade papillary carcinoma and other low-grade
papillary neoplasms. Sensitivity for the detection
of low-grade papillary tumours is low, however
various percentages are reported in the literature
ranging from 0-73% (majority between 30 to 40%;
our data: sensitivity 18% for the positive diagnosis
and 55% for the combined positive/suspicious di-
agnosis, Table 1).>10-13

Differential diagnosis of inconclusive
cytological atypia

In low-grade papillary urothelial carcinomas and
other low-grade papillary neoplasms cells exhibit
some degree of cytological atypia described above.
However, several benign lesions can show similar
cytological atypia, namely reactive atypia related
to inflammation, stones in the urinary tract or in-
strumentation.>® Also the post-treatment reactive
urothelial changes could be pronounced and have
to be taken into consideration. Cytological atypia
of reactive type can be very prominent after the
irradiation of bladder, intravesical chemotherapy
with mitomycin or immunotherapy with Bacillus
Calmette-Guérin (BCG) (used for the therapy of
carcinoma in situ). The polyoma virus infection
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FIGURE 4. Typical polioma virus cytopathic effect on urothelial
cell (Papanicolaou, x400).

produces the so called decoy cells with enlarged,
usually round nuclei that have typical intranuclear
viral inclusions (Figure 4). The chromatin has ap-
pearance of ground glass, with condensation of
chromatin at the nuclear border, so called type 1
nuclear changes. The cytoplasm of decoy cells is
scarce to moderate, thickened or degenerated, may
have a comedo shape. Other three types of poly-
oma related cytological changes are described but
are not so reliably recognized in routine setting.?

Non-urothelial carcinomas of the urinary
tract

In rare instances also non-urothelial malignant
cells are observed and can be diagnosed by the
cytopathological examination of cell samples from
the urinary tract. The most common non-urothe-
lial carcinoma is squamous cell carcinoma.® It can
exfoliate cells with obvious squamous features,
namely orangeophylic cytoplasm that is well dem-
onstrated in Papanicolaou stained cell prepara-
tions. When combined with malignant cytological
features the diagnosis of squamous cell carcinoma
can be made on urine or bladder washing sample.
However, it is difficult if not impossible to differen-
tiate whether malignant squamous cells originate
from squamous cell carcinoma of bladder or they
belong to the part of urothelial carcinoma of blad-
der with squamous differentiation. One also has to
bear in mind that in the urinary samples from fe-
male patients the malignant squamous cells could
originate from squamous cell carcinoma of the
uterine cervix with exfoliated cells in the vaginal
excretions washed by urine or by direct invasion of
squamous cell cervical carcinoma into the bladder.
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In males, adenocarcinoma of the prostate can
exfoliate cells into the urine, occasionally they are
found in bladder washings.® Roundish glandular
like structures of malignant cells can be found, with
the cytological atypia roughly reflecting the grade
of prostate adenocarcinoma. Immunocytochemical
staining with antibody to prostate specific antigen
(PSA) can confirm the final diagnosis of prostatic
adenocarcinoma.

Ancillary urine-based
techniques for the diagnosis of
urothelial bladder cancer

Although the cytopathological examination of
urine or bladder washing cell samples is very spe-
cific (97%; our data: 96%, Table 1) it suffers from
low sensitivity especially in the case of low-grade
papillary tumours.>!*1® This type of tumours is
prone to recurrence and it is found in 70% of pa-
tients, furthermore 5% of them develop invasive
carcinoma.’® A specific clinical problem are pa-
tients with early invasion into lamina propria at first
diagnosis. In these patients the disease progresses
to the muscular invasive form in 20-30% of cases
and the progression potentially leads to a fatal out-
come.®® The patients treated previously for urothe-
lial carcinoma are therefore followed-up regularly
with cystoscopy and cytology. Due to the above
mentioned limitations of cytology the need for
new non-invasive techniques to detect recurrences
has emerged.’* However, although the new mark-
ers exhibit better sensitivity than cytology only few
could reach the high specificity of cytology.

DNA ploidy

In the seventies and eighties of the last century the
researchers and pathologists were using DNA cy-
tometry to measure DNA ploidy of urothelial tu-
mors.!415

There was found that the non-invasive low-
grade urothelial tumours were predominantly
diploid, while grade II urothelial carcinomas were
diploid in about 50% of cases while the other 50%
were aneuploid. The grade III tumours and car-
cinomas in situ were predominantly aneuploid.
When correlating the DNA ploidy to clinical data
they found that aneuploid tumours were associ-
ated with tumour persistence, recurrence, and pro-
gression to invasion.!* However, DNA diploidy in
low-grade tumours could not improve the predic-
tion of recurrence which is very frequent in these

tumours. DNA ploidy measurement in urothelial
tumours has reached its limitations, so new ancil-
lary methods were searched for.

ImmunoCyt/uCyt™

This cytology based test was developed in 1997. It
is an immunofluorescence based test, using three
monoclonal antibodies, two of them (M344 and
LDQI10, labelled with fluorescein green) are direct-
ed against mucin-like antigens related to urothelial
carcinoma.!”’® They were found to be positive in
71% of non-invasive (pTa) or early invasive (pT1)
tumours. The third antibody (19A211 labelled with
Texas red) is directed against high molecular weight
carcinoembrionic antigen (CEA). It was found to
be positive in 90% of non-invasive (pTa) or early
invasive (pT1) tumours. Sensitivity of the test was
shown to be 53-100% (mean 90%) also for low-grade
tumours, while the specificity was 64-95% (74%),
which is less than cytology. The test obtained FDA
clearance in 2000 for the detection of malignant cells
in urine in patients treated for urothelial cancer.

BTA stat®

Bard BTA stat® (bladder tumour antigen test)®
(Polymedco, Cortland Manor, NY, USA) is a solu-
ble urine marker test that was aimed at the basal
membrane antigen detection (complement factor
H-related protein) in the urine using latex agglutina-
tion test (immunoassay).® The test showed variable
sensitivity (34%-100%) and especially its sensitivity
for low-grade tumours was rather modest, while the
specificity was in the same range (40-96%). However,
the high false positive rate (4-34%) makes the test de-
batable for a wider clinical use. FDA approved the
test to detect bladder cancer in voided urine.

NMP22 (nuclear matrix protein)™
immunoassay

NMP22™ test (Matritech, Newton, MA, USA) is a
soluble urine marker test. NMP22 (nuclear matrix
protein) is a member of family of nuclear matrix
proteins that are involved in DNA configuration,
structure and function.!>*% It was shown that the
sufficient difference existed between normal and
urothelial cancer cells to be used as a diagnostic
test. The NMP22™ detection method is an immu-
noassay that showed high sensitivity (60-86%) for
the detection of urothelial neoplasia, however the
specificity is bellow that of cytology (48-81%) pro-
ducing many false positive tests. Besides, the test
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TABLE 2. Results of the first set of the UroVysion™ test in patients with different cytopathological diagnoses on cell samples.

FISH UroVysion™ test

Negative Positive Total
Cytology No malignancy (negative) 1 - 1
Mild Atypia 1 1 2
Moderate atypia / suspicious for carcinoma 5 5
Carcinoma (positive) 3 3
Total 2 9 1

FISH = fluorescence in situ hybridization

was reported to be rather inconvenient and costly.
Anyhow, the FDA approved to detect bladder can-
cer in voided urine, adjunct to cystoscopy.

Other potential urinary markers of
urothelial carcinoma

Many other markers either cell based (microsatel-
lite analysis, telomerase detection, Quanticyt nucle-
ar karyometry) or soluble urine markers (BLCA-4,
BLCA-1, HA-HAse, survivin) were reported to be
useful for the detection of urothelial cancer.®> The
majority exhibited higher sensitivity than cytology,
however they didn’t reach the high specificity of
cytology and did not obtain the FDA approval for
the clinical use.

Multitarget multicolour
fluorescence in situ
hybridization (FISH)
UroVysion™ test

High frequency of specific chromosomal abnor-
malities in urothelial cancers was found in the
nineties and several DNA probes were made to
detect these abnormalities.?'? Initial studies tested
single DNA probes using FISH for the detection
of urothelial carcinoma, however single probes
resulted in limited specificity and sensitivity. The
procedures were also time consuming, therefore
they could be not introduced into the routine clini-
cal management of the patients.

The study of Sokolova ef al. showed that the
application of several DNA probes combined sig-
nificantly increased the sensitivity for the detection
of abnormal cells.? In their study they tested ten
FISH probes and found that the highest sensitivity
was achieved using three chromosome enumera-
tion probes (CEP), namely for chromosome 3 (la-
belled by Spectrum red), chromosome 7 (labelled
by Spectrum green), chromosome 17 (labelled by
Spectrum aqua) and one locus-specific identifier
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(LSI) probe for 9p21 (labelled by Spectrum gold).
In their study the cut-off value set at 5 abnormal
cells yielded sensitivity 84%, specificity 92% for the
detection of urothelial carcinoma. Based on their
observation the commercially available multicolour
multitarget FISH UroVysion™ test (Abbott Molecul
Inc., Des Plaines, IL, USA) incorporating all four
DNA probes was made.? Initially it was FDA ap-
proved in 2001 for the surveillance of patients with
bladder cancer, later it was approved also for the
detection of bladder cancer in persons with haema-
turia suspected of having bladder cancer. In other
words, UroVysion™ can be used for screening of
bladder cancer in patients with haematuria.
Already in 2002 the studies using commercial
UroVysion™ test were published. One of the first
was the study by Bubendorf et al. who showed
that UroVysion™ could facilitate the diagnosis of
bladder cancer and detect the recurrence.® They
claimed that the test was a rapid, simple and pow-
erful diagnostic method. Either voided urine or
bladder washing samples prepared as cytospins
could be used. They found that the sensitivity for
the detection of non-invasive carcinoma was 73%,
while later studies showed sensitivity ranging from
36-86%. The sensitivity for the detection of invasive
carcinoma was even higher reaching 100%, and
other studies confirmed 94-100% sensitivity. The
specificity in their study was 96%, in the later stud-
ies up to 100%.20? They suggested that the cystos-
copy examination should follow a positive test even
in the absence of suspicious or positive cytology.
Although the test is rather expensive, the cost ben-
efit ratio was supposedly lower taking into account
the decreased need for the diagnostic cystoscopy.
In one of the later studies Yoder et al. suggested
that if cytology was positive and used as the first
diagnostic test no UroVysion™ test was needed,
as cytology is nearly 100% specific.?® If cytology
was negative or atypical cells were found, the re-
flex UroVysion™ test was performed on the same
urine or bladder washing specimen. The problem
arose if FISH was positive and the subsequent cys-
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FIGURE 5. Mild cytological atypia of urothelial cells (arrow) in routine cytology bladder washing specimen (Papanicolaou, x400) (A). Positive UroVysion

test: 9 aneuploid cells (B). Majority were diploid cells (C).

toscopy was negative. The authors found that these
were anticipatory positive cases because 50 to 80%
patients with FISH positive test developed cancer
within 29 months.

In one of the last published studies using
UroVysion™ test, Kipp et al. have shown that also
the percentage of polysomic cells (cells having an
extra copy of one or more chromosomes) in the
FISH positive patients is important.?” The result
of more than 5% of abnormal cells correlated with
the recurrence and the progression of urothelial
carcinoma to muscle invasion in patients with non-
(muscle)-invasive carcinoma. Furthermore, the re-
sult of more than 31% of abnormal cells was corre-
lated to muscle invasion. However, a similar prob-
lem appeared as in previous studies, many patients
with FISH positive test had negative cystoscopy, so
the further treatment of these patients would have
to be determined.

Obviously, as any diagnostic test also the
UroVysion™ FISH test could give false positive re-
sults, namely signal splitting, few tetrasomic cells
(cells of the G2M phase) or overlapping cells could
be interpreted as polysomic cells.

On the other hand the test could also be false
negative, specifically if there are no diagnostic cells
in the sample or due to certain technical problems.
As in other diagnostic tests, including cytology, it
was also found to be negative in some low-grade
urothelial tumours.

Nevertheless, there is a general agreement
among cytopathologists that UroVysion™ FISH
test is a new promising diagnostic tool in urinary
cytology.??

Experience of the Institute of Pathology,
Faculty of Medicine, University of
Ljubljana with UroVysion™ test

We started introducing UroVysion™ test by the
end of 2008. The performance of the UroVysion™

test on a Papanicolaou stained slides of urine or
bladder washings prepared by membrane filter
imprint technique routinely used at our institute,
was not yet reported.

Our approach was to find the area on the slide
containing well preserved and well distributed
atypical /representative cells which were marked
by a diamond pencil for the subsequent testing by
UroVysion™. UroVysion™ test was performed ac-
cording to the manufacturer’s guidelines with two
minor adjustments, the slides were first decolor-
ized in acid ethanol and the enzyme digestion was
lengthened to 28 minutes. Eighteen out of 29 tests
were used to introduce and optimize a new method
and further, eleven tests were used on diagnostic
samples (Table 2). We found that all 5 cases of unde-
termined and suspicious atypia were UroVysion™
test positive, while also one case of mild cytological
atypia that would be regarded as negative/benign
was positive in a patient who was previously treat-
ed for non-invasive low-grade papillary carcinoma
(Figure 5). As expected all 3 cases with positive/
malignant cytology were UroVysion™ test posi-
tive and one case with negative cytology was also
negative on UroVysion™ test. We concluded that
the cytopathological diagnosis could be improved
in 6/7 (88%) of atypical-suspicious cases. However,
further experience with the test will be needed and
the correlation of the UroVysion™ test results to
histopathological diagnosis on tissue biopsies is
awaited in order to improve the diagnosis in in-
creasing number of patients with urothelial carci-
noma in Slovenia.*®

Our initial impression is that the UroVysion™
test requires optimization to suit the procedures al-
ready used in one’s laboratory for the preparation
of the fluid samples from the urinary tract. The in-
troduction of UroVysion™ test requires initial staff
training and additional equipment, foremost fluo-
rescence microscope with appropriate filters. At the
present the test is rather costly and time consuming.

Radiol Oncol 2010; 44(4): 207-214.
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Conclusions

Malignant cytomorphological characteristics of ex-
foliated cells in urine or bladder washing can facili-
tate the diagnosis of primary or recurrent urothe-
lial carcinoma, therefore the method remains a use-
ful diagnostic test with high specificity. However,
in cases with less pronounced cellular and nuclear
atypia the cytopathological diagnosis is not reli-
able giving too many false negative results. Many
ancillary tests were developed on urinary samples
in the past two decades to overcome the low sensi-
tivity of cytology for the detection of bladder can-
cer. The newest and most promising test is com-
mercially available multicolour multitarget FISH
UroVysion™ test which was introduced into rou-
tine diagnostics also at the Institute of Pathology,
Faculty of Medicine, University of Ljubljana.
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