Does urinary cytology have a role in haematuria
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Objectives
To determine the diagnostic accuracy of urinary cytology to
diagnose bladder cancer and upper tract urothelial cancer
(UTUC) as well as the outcome of patients with a positive
urine cytology and normal haematuria investigations in
patients in a multicentre prospective observational study of
patients investigated for haematuria.

Patient and methods
The DETECT I study (clinicaltrials.gov NCT02676180)
recruited patients presenting with haematuria following
referral to secondary case at 40 hospitals. All patients had a
cystoscopy and upper tract imaging (renal bladder ultrasound
[RBUS] and/ or CT urogram [CTU]). Patients, where urine
cytology were performed, were sub-analysed. The reference
standard for the diagnosis of bladder cancer and UTUC was
histological conﬁrmation of cancer. A positive urine cytology
was deﬁned as a urine cytology suspicious for neoplastic cells
or atypical cells.

Results
Of the 3 556 patients recruited, urine cytology was performed
in 567 (15.9%) patients from nine hospitals. Median time
between positive urine cytology and endoscopic tumour
resection was 27 (IQR: 21.3–33.8) days. Bladder cancer was
diagnosed in 39 (6.9%) patients and UTUC in 8 (1.4%)
patients. The accuracy of urinary cytology for the diagnosis of
bladder cancer and UTUC was: sensitivity 43.5%, speciﬁcity
95.7%, positive predictive value (PPV) 47.6% and negative

predictive value (NPV) 94.9%. A total of 21 bladder cancers
and 5 UTUC were missed. Bladder cancers missed according
to grade and stage were as follows: 4 (19%) were ≥ pT2, 2
(9.5%) were G3 pT1, 10 (47.6%) were G3/2 pTa and 5
(23.8%) were G1 pTa. High-risk cancer was conﬁrmed in 8
(38%) patients. There was a marginal improvement in
sensitivity (57.7%) for high-risk cancers. When urine cytology
was combined with imaging, the diagnostic performance
improved with CTU (sensitivity 90.2%, speciﬁcity 94.9%)
superior to RBUS (sensitivity 66.7%, speciﬁcity 96.7%). False
positive cytology results were conﬁrmed in 22 patients, of
which 12 (54.5%) had further invasive tests and 5 (22.7%)
had a repeat cytology. No cancer was identiﬁed in these
patients during follow-up.

Conclusions
Urine cytology will miss a signiﬁcant number of muscleinvasive bladder cancer and high-risk disease. Our results
suggest that urine cytology should not be routinely
performed as part of haematuria investigations. The role of
urine cytology in select cases should be considered in the
context of the impact of a false positive result leading to
further potentially invasive tests conducted under general
anaesthesia.
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Introduction
Cystoscopy with upper tract imaging is the recommended
investigation when evaluating patients with haematuria to
identify bladder cancer or upper tract cancer. Urinary
cytology is a frequently used test and has been available in
most hospitals since it was described by Papanicolaou and
Marshall [1]. Urine cytology has a high speciﬁcity and
variable sensitivity (38–84%), even in high grade disease, and
an even lower sensitivity for low grade bladder cancer (20–
53%) [2]. Hence, even with a high negative predictive value
(NPV) of 92%, urinary cytology cannot be recommended as a
standalone test [3].
There is no consensus among guideline bodies regarding the
inclusion of urinary cytology for assessment of haematuria.
The National Institute for Health and Care Excellence (NICE)
bladder cancer guidelines do not specify investigations in
patients with haematuria, but they do recommend that
patients with a new diagnosis of bladder cancer should
undergo one of the following: urine cytology; an alternative
urinary biomarker test (such as UroVysion using ﬂuorescence
in situ hybridization [FISH], ImmunoCyt or nuclear matrix
protein 22 [NMP22]); photodynamic diagnosis; or narrowband imaging [4]. The AUA suggests that cytology may be
useful for patients with persistent non-visible haematuria
(NVH) after a negative evaluation or those with carcinoma
in situ (CIS) risk factors (irritative voiding, current/past
tobacco use, chemical exposure) [5]. Such inconsistent
recommendations result in a variation in clinical practice.
The DETECT I study (ClinicalTrials.gov: NCT02676180) was a
prospective observational study which recruited patients from 40
UK hospitals who underwent investigations for haematuria [6].
Urinary cytology was performed as part of routine investigations
for patients referred for investigation after a presentation of
haematuria at one of nine centres. In the present paper, we report
the diagnostic ability of urinary cytology to diagnose bladder
cancer and upper tract urothelial cancer (UTUC) in patients with
haematuria. A secondary aim of the study was to report the
outcome of patients with positive urinary cytology after a normal
cystoscopy and upper tract imaging.

Methods
Study Design
Between March 2016 and June 2017, patients were
prospectively recruited from 40 hospitals in England. All
patients were referred by their GP to secondary care after
presentation of haematuria. Visible haematuria (VH) was
deﬁned as haematuria reported by the patient, while NVH
was deﬁned as a value of ≥1+ of blood on urine dipstick on
≥2 occasions [7]. Men and women aged ≥18 years, who
consented to undergo cystoscopy and upper tract imaging
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within 12 weeks from study registration, were eligible for
inclusion. Patients who did not consent were excluded from
the study. Verbal and written consent were obtained from all
patients prior to cystoscopy.
The DETECT I full trial protocol has been previously
reported [6]. Study protocol was approved by the Health
Research Authority-North West Liverpool Central Research
Ethics Committee on March 2016 (IRAS ID: 179245, REC
reference: 16/NW/0150).
Procedures
A medical history and physical examination were performed.
All patients underwent ﬂexible cystoscopy. The choice of
upper tract imaging and use of urinary cytology was
determined by local guidelines or physician preference. Upper
tract imaging comprised renal/bladder ultrasonography
(RBUS) and CT urogram (CTU). Where there was a
suspicion of bladder cancer, patients underwent a subsequent
transurethral resection of bladder tumour or bladder biopsy
under anaesthesia. All urine samples collected for cytology
were voided samples collected prior to cystoscopy. DETECT I
was a pragmatic study and investigated the role of urinary
cytology in routine practice; hence, central review was not
performed. Urine samples were sent to the receiving
laboratory, where they were centrifuged and a monolayer of
cells was prepared on a glass slide. Cells were then stained
with Papanicolaou staining and examined by microscopy by a
cytopathologist.
Outcome
Patient demographics, ethnicity and smoking history were
recorded. The presence of bladder cancer was conﬁrmed by
histology according to TNM WHO classiﬁcation [8].
Cancer risk classiﬁcation was deﬁned based on European
Association of Urology guidelines [9]. The reference
standard for the diagnosis of UTUC was by
histopathological analysis.
Urinary cytology results were classiﬁed as (i) suspicious/
consistent with neoplastic cells, (ii) atypical cells or (iii)
negative for cancer. A positive/atypical urinary cytology was
deﬁned as a score of ≥3 on the Paris system for reporting of
urinary cytology [10]. Urine samples with inadequate cellular
content were excluded from analysis. Analysis reporting the
combined diagnostic performance of urinary cytology and
imaging is determined based on the ability of either urinary
cytology or imaging to detect bladder cancer or UTUC.
Statistical Analysis
Continuous data were reported as descriptive statistics using
mean, median, interquartile range (IQR) and 95% CI.
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Categorical variables were compared using the chi-squared
test and continuous variables were analysed using the t-test.
Normal distribution was assumed. Sensitivity, speciﬁcity,
positive predictive value (PPV) and NPV were calculated for
correct identiﬁcation of bladder cancer or upper tract TCC.
SPSS v22 (IBM Corp, Armonk, NY, USA) was used to
perform all statistical analysis. P values <0.05 were taken to
indicate statistical signiﬁcance. This study was registered with
ClinicalTrials.gov: NCT02676180.

Results
Of the 3 556 patients recruited, urinary cytology was
performed in 567 (15.9%) as a routine test in nine of the 40
participating hospitals. In all cases, urinary cytology was
submitted in addition to cystoscopy and upper tract imaging.
Patient demographics of the 567 patients are shown in
Table 1. The median patient age was 67.7 years and 395
(69.7%) and 172 (30.3%) patients were investigated after a
presentation of VH or NVH, respectively. In total, 39 bladder
cancers (6.9%) and eight UTUCs (1.4%) were identiﬁed in the
cohort. Previously, we reported an overall incidence of
bladder cancer and UTUC of 8.0% and 0.7%, respectively in
the entire cohort of 3 556 patients [11]. The median (IQR)
time interval between a positive urine cystoscopy to
endoscopic tumour resection was 27 (21.3–33.8) days.
Table 1 Patient, cytology and histopathological characteristics (N = 567).
Variables
Median (IQR) age, years
Gender, n (%)
Men
Women
Smoking history, n (%)
Non-smoker
Current smoker
Previous smoker
Not known
Type of haematuria, n (%)
Visible
Non-visible
Urine cytology, n (%)
Inadequate cellular content/non-diagnostic
Negative
Atypical
Suspicious/consistent with neoplastic cells
Bladder cancer, n (%)
Upper tract TCC, n (%)
Bladder cancer grade, n (%)
G1
G2
G3
Concurrent CIS, n (%)
Bladder cancer stage, n (%)
CIS
pTa
pT1
≥pT2
CIS, carcinoma in situ; IQR, interquartile range.

67.7 (55.6, 75.7)
342 (60.3)
225 (39.7)
240
87
231
9

(42.3)
(15.3)
(40.7)
(1.6)

395 (69.7)
172 (30.3)
13
512
21
21
39
8

(2.3)
(90.3)
(3.7)
(3.7)
(6.9)
(1.4)

6
14
19
6

(15.4)
(35.9)
(48.7)
(15.4)

0
24
8
7

(0)
(61.5)
(20.5)
(17.9)

Diagnostic Performance of Urine Cytology
Thirteen urinary samples (2.3%) were excluded as a result of
inadequate urinary cellular content for cytology analysis
(Fig. 1). The overall accuracy of a positive/atypical urinary
cytology for the diagnosis of bladder cancer or UTUC was:
sensitivity 43.5%, speciﬁcity 95.7%, PPV 47.6% and NPV
94.9% (Table 2) with a receiver-operating characteristic
(ROC) of 0.713. The diagnostic ability of a positive/atypical
urinary cytology to identify high-risk disease was marginally
better: sensitivity 57.7%, speciﬁcity 94.9%, PPV 35.7% and
NPV 97.9%, with an ROC of 0.688 (Table 2). Selecting
patients with VH only had a similar diagnostic performance
(Table 2). Sub-analysis of atypical urinary cytology suggests a
low sensitivity of 6.0%, while a positive urinary cytology
achieved a speciﬁcity of 98.4% with an ROC of 0.856
(Table 2). In total, 26 patients (52.3%) had a false-negative
result for urine cytology, of whom 21 had bladder cancers
and ﬁve had UTUC. Bladder cancers missed according to
grade and stage were as follows: four (19%) ≥ pT2, two
(9.5%) G3 pT1, 10 (47.6%) G3/2 pTa and ﬁve (23.8%) G1
pTa. High-risk cancer accounted for 38% of patients. No
bladder cancer or UTUC was diagnosed based on a
suspicious urinary cytology test alone. Stratifying patients
according to smoking history did not change the performance
of urinary cytology.
Outcome of Suspicious Urinary Cytology with
Normal Cystoscopy and Upper Tract Imaging
Twenty-two patients had a positive urinary cytology result
despite a normal cystoscopy and upper tract imaging. Twelve
patients (54.5%) had a further diagnostic procedure in the
form of ureteroscopy with/without biopsy (n = 5) or interval
cystoscopy (n = 7). No bladder cancer, ureteric or renal
pelvis UTUC was identiﬁed. Five patients (22.7%) underwent
repeat urinary cytology which was normal. Urinary cytology
in two patients (9.1%) was reported as scanty mild atypia
cells and ignored. A further three patients(13.6%) were lost
to follow-up. No patient had a subsequent diagnosis of
cancer after further investigations. At the point of analysis,
all patients had a minimum of 1-year follow-up.
Diagnostic Performance of Urinary cytology with
Upper Tract Imaging
The combination of urinary cytology with urinary tract
imaging signiﬁcantly increased the diagnostic performance to
detect bladder cancer and UTUC compared with cytology
alone. (Table 2). The combination of urinary cytology with
CTU (sensitivity: 92.3, speciﬁcity: 94.9%) was superior to
urinary cytology with RBUS (sensitivity: 66.7%, speciﬁcity:
96.7%). By comparison, CTU alone achieved a diagnostic
performance of sensitivity 80.5%, speciﬁcity 97.0%, PPV
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Fig. 1 Flow diagram of patients recruited into study.

Total number of patients enrolled in
study, n= 3699
Total number of patients withdrawn
from study, n= 143
Patient choice, n=29
Did not have cystoscopy and/ or
imaging, n=114
Total number of patients remaining,
n= 3556

Patients with urinary cytology
performed, n= 567
Inadequate urinary cells, n=13
Patients with urinary cytology with
adequate cellularity, n= 554

Visible haematuria,
n= 382

Non-visible haematuria,
n= 172

79.3% and NPV 97.2%, while RBUS had a sensitivity of
50.7%, a speciﬁcity of 99.3%, a PPV 84.3% and an NPV of
96.5% [12].

Discussion
In the present paper, we report the diagnostic performance of
urinary cytology to detect bladder cancer and UTUC in a
multi-centre prospective haematuria study. To our knowledge,
this is the ﬁrst multi-centre UK study evaluating the ‘realworld’ diagnostic accuracy of urinary cytology in the
haematuria setting. Eight of the nine hospitals routinely
performing urinary cytology in this study were district
general hospitals. The prospective, structured design
represents a strength of this study and the multi-centre
recruitment allows results to be generalized to the wider UK
population. The diagnostic ability of urinary cytology was
poor, even for diagnosis of high grade bladder cancer and
regardless of risk group stratiﬁcation, such as by those with
VH.
There have been two historic single-centre reports on the
role of urinary cytology in the haematuria setting. Hoﬂand
et al. [13] reported that urinary cytology successfully
identiﬁed cancer that was missed on cystoscopy or imaging
in 0.2% (n = 2), while the study by Mishriki et al. [14]
suggested that 0.07% (n = 2) of patients beneﬁted from
urinary cytology. In the present study, urinary cytology did
not detect additional cancers identiﬁed by urinary cytology
or imaging and the results suggest that routine urinary
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cytology has no added beneﬁt for the assessment of
haematuria.
Table 3 summarizes the recommendation of the AUA, NICE,
BAUS (subsequently replaced by NICE), National
Comprehensive Cancer Network, Canadian, Dutch and
Japanese Urology Associations [4, 5, 15–19]. With the
exception of the previous BAUS haematuria
recommendations, all other guidelines recommend the use of
urinary cytology in selected patients presenting with
haematuria; however, there is no consistency, and the
recommended patient groups that may beneﬁt from urinary
cytology varies among the guidelines [20].
While urinary cytology has a high speciﬁcity, the sensitivity
of urinary cytology can range from 12% to 85% [2, 21]. The
proportion of high grade tumours, inter-observer variability,
sample preparation and differences in urine collection
methods can explain this wide variation. Ideally, urine
samples collected for cytology should include three daily midmorning or random samples and be transferred to the
receiving laboratory in a timely manner [22]. Where long
delays are expected, an equal volume of 50% alcohol should
be added to allow prompt ﬁxation. Multiple urine voided
samples have been shown to increase the sensitivity from 44%
to 67% in a retrospective single-institution study [23];
however, in clinical practice, this is rarely performed. Patients
are often seen in a busy one-stop haematuria clinic and,
because of time constraints, only one voided urine sample is
collected and used for both urine analysis and urine cytology.
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0.708 (0.535–0.882)
0.787 (0.597–0.977)
98.8 (96.8–99.7)
97.4 (93.5–99.4)
42.9 (19.8–68.3)
60.0 (30.0–85.4)
96.7 (94.0–98.5)
96.6 (92.3–98.9)
66.7 (34.5–90.5)
66.7 (34.5–90.5)

Positive urine cytology
Atypical urine cytology
Positive/atypical urinary cytology
or suspicious CTU suggestive of
bladder cancer or UTUC
Positive/atypical urinary cytology or
suspicious RBUS suggestive of
bladder cancer or UTUC

All patients
VH

(0.615–0.811)
(0.619–0.825)
(0.567–0.769)
(0.747–0.964)
(0.433–0.707
(0.773–0.924)
(0.778–0.930)
Positive/atypical urine cytology

All patients
VH
High risk bladder cancer
All patients
All patients
All patients
VH

43.5
44.2
57.7
38.2
6.0
90.2
92.3

(29.8–57.9)
(30.0–59.0)
(38.7–75.3)
(23.2–55.0)
(5.3–33.4)
(78.8–96.9)
(81.2–98.0)

95.7
94.7
94.9
98.4
96.7
94.9
94.4

(93.7–97.2)
(92.0– 96.7)
(92.8–96.6)
(97.0–99.3)
(94.8–98.0)
(91.9–97.0)
(91.1–96.8)

(33.0–62.5)
(35.6–67.0)
(22.4–50.7)
(40.7–80.4)
(6.3–38.9)
(58.0–82.2)
(58.7–83.1)

(92.8–96.6)
(90.0– 95.4)
(96.3–98.9)
(93.9–97.4)
(93.9–97.4)
(96.7–99.6)
(96.8–99.7)
94.9
93.0
97.9
95.9
95.9
98.6
98.7
47.6
51.4
35.7
61.9
19.0
71.2
72.0

0.713
0.722
0.688
0.856
0.570
0.849
0.854

ROC
NPV (95% CI)
PPV (95% CI)
Speciﬁcity (95% CI)
Sensitivity (95% CI)

Diagnostic accuracy, %
Patient cohort
Test

Table 2 Diagnostic accuracy of urinary cytology in isolation and urinary cytology in combination with CT urogram or renal/bladder ultrasonography to diagnose bladder cancer and
upper tract urothelial cancer.

Cytology not required for haematuria investigations

Over time, different reporting criteria have been used when
reporting urinary cytology [24], but none of these criteria has
gained widespread acceptance, resulting in signiﬁcant
variation in reporting. In addition, there is signiﬁcant intraobserver variability between cytopathologists, even when the
same reporting criteria are used [24,25]. Central review of
652 urinary cytology specimens showed a j coefﬁcient of
between 0.36 and 0.45 for non-tertiary institutions [25].
In addition, a report of ‘atypical’ urinary cytology represents
a diagnostic conundrum. There is no consensus on the exact
classiﬁcation of atypical urine cytology. Published reports
suggest that up to 23.2% of urinary cytology results are
categorized as atypical [26]. The prognostic value of atypical
urinary cytology is debatable. A retrospective analysis of 1
320 patients with atypical urinary cytology suggests that 21%
of cases will develop malignancy with a mean follow-up of
155 days, although others have questioned the signiﬁcance of
the atypical category [26,27].
The cost of urinary cytology is estimated to be £114.55 (2012
adjusted cost) based on a Health Technology Assessment
estimate [28]. Flexible cystoscopy and imaging are estimated
to cost £401.88 and £83.85, respectively, suggesting that
urinary cytology, if performed, cost nearly 20% of the cost of
haematuria investigations. No guideline body recommends
that urinary cytology or any other urinary biomarkers should
replace cystoscopy, and direct visualization of the bladder is
recommended in patients with haematuria. Other
commercially available urinary biomarkers, such as
ﬂuorescence in situ hybridization, NMP22, ImmunoCyst and
Cxbladder, achieve a sensitivity of 57–82% and a speciﬁcity of
74–88%, which will miss a substantial number of bladder
cancers with a high risk of false-positive results [29]. The
requirement for cystoscopy and upper tract imaging makes
the need for cytology redundant. Given that cystoscopy has a
sensitivity of >98% to diagnose bladder cancer, a positive
urinary cytology for malignancy is more likely to reﬂect a
false-positive than a missed tumour on cystoscopy [30].
Under ideal conditions, CTU has been shown to achieve a
sensitivity of 95% and an NPV of 98%, suggesting that CTU
can be used as a form of triage to refer patients directly for
rigid cystoscopy where transurethral resection of bladder
tumour can be performed, bypassing the need for ﬂexible
cystoscopy [30]. While we did not ﬁnd such a high sensitivity
and NPV for both CTU and RBUS for the detection of
cancer in our patient cohort, we found that the combination
of urinary cytology with imaging resulted in an improved
sensitivity for the detection of cancer, but this improvement
was not sufﬁcient to replace cystoscopy [12].
Although urinary cytology improves the detection rate of
cancer when combined with imaging, this increase in
diagnostic performance is at the expense of the risk of falsepositives. In the present cohort, 22 patients (4.3%) had a
© 2018 The Authors
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Table 3 Comparison of recommendations on the use of urinary cytology.
AUA [5]
CUA [15]
BAUS [16]
NICE [4]
NCCN [17]
JUA [18]
DAU [19]

Cytology not recommended for asymptomatic NVH. In patients with persistent NVH after a negative evaluation or those with CIS risk factors (irritative
voiding, current/past tobacco use, chemical exposure) cytology may be useful. No comment for VH
All haematuria patients should undergo cytology. Those with negative investigations should undergo urinary cytology in conjunction with urine analysis and
blood pressure checks at 6, 12, 24 and 36 months. No comment for VH
Cytology not part of VH or NVH investigations
Role of cytology not commented on for initial investigations. Cytology/urinary biomarkers or photodynamic diagnosis/narrow band imaging in patients with
suspected bladder cancer
Role of cytology not commented on for initial investigations. Consider cytology for suspected bladder cancer
Cytology recommended for VH. NVH without risk factors should be subject to renal tract ultrasonography or cytology
Cytology recommended in VH patients of any age or NVH at age >50 years after a negative evaluation

AUA, American Urology Association; BAUS, British Association of Urological Surgeons; CIS, carcinoma in situ; CUA, Canadian Urology Association; DAU, Dutch Association of
Urology; JUA, Japan Urology Association; NICE, National Institute for Health and Care Excellence; NCCN, National Comprehensive Cancer Network; NVH, non-visible
haematuria; VH, visible haematuria.

positive cytology result despite a normal cystoscopy and
upper tract imaging. None of these patients had a subsequent
diagnosis of cancer. A substantial number of patients
underwent further invasive tests, such as ureteroscopy with/
without ureteric urine sampling or an interval cystoscopy,
while others underwent a repeat urinary cytology, which was
reassuring. All of these tests were triggered by a false-positive
cytology result which led to costly, unnecessary tests, carrying
additional risk and contributing to patient anxiety.
Limitations of the present study include the difference in
methods used for the collection of urine and processing for
cytopathological analysis. The classiﬁcation of positive
cytological analysis may also have differed among
cytopathologists. In addition, there was no central review of
cytology results; however, these results reﬂect the diagnostic
ability of urinary cytology throughout the UK, which will
inform policy-makers. There were 47 cancers in the present
series, which was low. A larger series may suggest a small
beneﬁt for urinary cytology in patients with a normal
cystoscopy and imaging, as previously reported by others
[13,14]. We acknowledge that urinary cytology may test
positive because of a cancer anticipatory effect [31]. While we
do not have long-term follow-up data for patients where
cytology was positive with a normal cystoscopy and imaging,
these patients were followed up till discharged from urology
care.
In conclusion, urine cytology will miss a signiﬁcant number
of muscle-invasive bladder cancer and high-risk non-muscleinvasive disease. Our results suggest that urinary cytology
should not be routinely performed as part of haematuria
investigations. The role of urinary cytology in select cases
should be considered in the context of the impact of a falsepositive result leading to further potentially invasive tests
conducted under general anaesthesia. Future larger,
prospective, observational studies are required to validate
these ﬁndings. Until urinary biomarkers with a high
diagnostic accuracy have been independently validated,
cystoscopy and upper tract imaging will remain the
cornerstone test for patients with haematuria [32].
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