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Introduction This study presents a detailed and systematic morphological and quantitative analysis of ur-
ine cytology specimens in order to determine which qualitative and quantitative features are mostly associ-
ated with high-grade urothelial carcinoma (HGUCA).
Material and methods This study included 112 urine cytology cases with a surgical follow-up within 1
year that were originally reported as “atypical,” “suspicious for HGUCA,” or “positive for HGUCA.”
The morphological characteristics as well as the number of abnormal cells were correlated with a diagnosis
of HGUCA on follow-up biopsy.
Results Multivariate analysis showed that the presence of hyperchromatic atypical cells with nuclear-
cytoplasmic ratio � 0.7 was an independent predictor of HGUCA. Similarly, irregular nuclear membranes,
single cells, and pleomorphism correlated with surgical outcome whereas eccentric nuclear location, prom-
inent nucleoli, nuclear-cytoplasmic ratio between 0.5 and 0.7 did not. Cases with �10 atypical cells had
significantly lower rates of subsequent HGUCA than did those with >10 atypical cells (58% versus
77%). Cases with �5 atypical cells (n Z 26) showed similar prediction rates (58%) for HGUCA than
did those with 6 to 10 atypical cells (n Z 12).
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Conclusions The number of atypical urothelial cells is an important criterion that should be taken into ac-
count when assigning cases to the “positive” or the “suspicious” categories. A preliminary cutoff of 10 cells
appears to be easily applicable and valid from the clinical standpoint.
� 2015 American Society of Cytopathology. Published by Elsevier Inc. All rights reserved.

Introduction

Urine cytology remains one of the most valuable tools in the
detection of new or recurrent urothelial tumors. The low
sensitivity and specificity of urine cytology for low-grade
urothelial lesions, coupled with the observation that those
lesions rarely progress and are not part of the aggressive
“molecular unstable pathway” of bladder tumors have
resulted in a shift of perspective for the role of urine
cytology in the contemporary era.1-5 Currently, the main
clinically relevant goal of cytology is the detection of high-
grade urothelial carcinomas (HGUCAs) because they
correspond to the lesions that carry a high risk of progres-
sion and mortality, therefore warranting early detection and
treatment. It is in this context that a recent major interna-
tional and multi-institutional effort has been undertaken to
develop a uniform urine cytology reporting system, known
as the “Paris System,” which puts as a core priority the
preservation of the specificity of urine cytology for
HGUCA. In this system, the 4 main cytological categories
proposed are negative for HGUCA, atypical, suspicious for
HGUCA, and positive for HGUCA. The adoption of
consensual and evidence-based criteria for different cate-
gories is empowered by the multi-institutional nature of the
project and by a large amount of data accumulated by many
significant studies evaluating the association of different
cytological features with HGUCA. In that regard, whereas
the vast majority of related studies were qualitative-based,
the findings of 2 recent studies seem to indirectly suggest
that the number of atypical urothelial cells in a given
specimen may determine the histological outcome.6,7 We
herein present a detailed and systematic morphological and
quantitative analysis of a large set of urine cytology speci-
mens in order to determine which qualitative and quantita-
tive features are mostly associated with HGUCA.

Materials and methods

Cohort characteristics and study design

The study was approved by the institutional review board.
All urine cytology cases originally signed-out as “atypical,”
“suspicious for HGUCA,” or “positive for HGUCA” were
included. A total of 112 consecutive cytological specimens
from 97 patients collected in the year 2012 were included.
Of those, 15 patients had 2 consecutive cytological samples,
whereas the remaining 82 patients had only 1 specimen
each. For patients with multiple follow-up surgical speci-
mens, the diagnosis from the immediate surgical follow-up

was used as long as the time interval between the cytology
and biopsy was shorter than 1 year. Cases with an interval
longer than 1 year l between cytology and histology were
excluded. The surgical diagnoses were categorized into 3
groups: HGUCA (which included urothelial carcinoma in
situ, high-grade noninvasive papillary urothelial carcinoma,
and invasive urothelial carcinoma); low-grade noninvasive
papillary urothelial carcinoma (LGUCA); and benign/
reactive diagnoses.

All cytological slides were evaluated by 1 cytologist
blinded to cytological diagnoses and surgical outcomes. All
specimens were processed using ThinPrep preparation
(Hologic, Inc, Marlborough, Mass). Atypical cells were
defined as cells with a nuclear-cytoplasmic (N/C) ratio >
0.5 (single cells or in clusters) and were classified into 3
main categories based on the chromatin details: 1 Z
indistinct chromatin details; 2 Z coarse irregular clumpy
chromatin; and 3 Z fine evenly distributed chromatin. Cells
with indistinct chromatin details were further divided into 2
groups: type A cells showing regular nuclear membranes,
and type B cells showing irregular nuclear membranes.
Cells with coarse clumpy chromatin were also divided into
type C cells showing regular nuclear membranes, and type
D showing irregular nuclear membranes. The cytological
features of type E cells were as follows: increased N/C ratio,
fine chromatin, regular nuclear membranes, and prominent
nucleoli (Figs. 1-2). By definition, type E cells had an N/C
ratio � 0.7 because cells with similar cytological features
and lower N/C ratio would be considered “reactive” by most
cytologists. In comparison, types A to D cells were included
based on the nuclear characteristics independent from their
N/C ratio as long as it exceeded 0.5. Of note is that this
classification was only done for ease of evaluation for the
study and is not reflective of routine practice. In addition,
the presence/absence of all the following cytological fea-
tures was captured: hyperchromasia, eccentric nuclear
location, prominent nucleolus, necrotic background,
mitosis, and pleomorphism. The number of atypical cells
belonging to each subgroup was counted and recorded for
each cytological specimen.

Statistical analysis

All analyses were performed using the SPSS software
(version 22.0; IBM Corporation, New York, NY). The
presence or absence of each subgroup of atypical cells, as
well as individual cytological features was compared be-
tween cases with different surgical outcomes using the
Fisher exact test. P < 0.05 was considered to be statistically
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