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ABSTRACT 
 

Objective: To determine the diagnostic accuracy of urinary cytology to diagnose urothelial cancer 
for patients with asymptomatic hematuria. 
Patients and Methods: A retrospective cohort study was undertaken of asymptomatic hematuria 
patients referred from primary care to the Department of Urology in our institution.  All patients with 
asymptomatic hematuria received urinary cytology examination. Urinary cytology was classified 
according to the Paris System.  Patients with visible hematuria (VH) underwent to examine the 
kidney and bladder with filling using ultrasonography (KBFU), computed tomography urography 
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(CTU) and flexible cystoscopy, while patients with non-visible hematuria (NVH) underwent initially 
KBFU, and in cases of having risk factors such as smoking history and exposed to chemical 
substances CTU and flexible cystoscopy were additionally performed.   
Results: The study included 790 patients with a median age of 69 years.  Of these patients 235 
(29.7%) had VH and 555 (70.3%) were referred for NVH.  In the VH patients 61 (30.0%) and 5 
(2.1%) were histologically diagnosed as bladder cancer and upper tract urothelial cancer (UTUC), 
while in the NVH patients 30 (5.1%) and 2 (0.4%) were histologically identified as bladder cancer 
and UTUC, respectively.  In the VH group the accuracy of urothelial cancer in the urinary cytology 
was: sensitivity 24.2% and specificity 100%, while in the NVH group sensitivity 31.2% and 
specificity 100%.  In histologically confirmed 98 patients with bladder cancer / UTUC the rate of 
sensitivity in the urinary cytology for even high-grade cancers had only 46.0%.  The rates of 
sensitivity in any type of hematuria and grade increased by approximately two times with adding 
atypical cytology results as positive. 
Conclusion: Although urinary cytology is a convenient and noninvasive test with histologically high 
specificity for urothelial cancer, the rates of sensitivity of urinary cytology are inferior.  However, 
adding atypical cytology results as positive improves accuracy of detection of urothelial cancer and 
prevent from the missing diagnosis.  Nevertheless, urinary cytology has its place as an additive 
diagnostic tool to cystoscopy and imaging diagnosis for the investigations of asymptomatic 
hematuria.  
 

 
Keywords: Asymptomatic hematuria; urinary cytology; Urothelial cancer; bladder cancer; upper tract 

urothelial cancer. 
 

ABBREVIATIONS  
 

VH : Visible hematuria  
NVH : Non-visible hematuria (NVH)  
CTU : Computed tomography urography  
UTUC : Upper tract urothelial cancer  
KBFU :Kidney and bladder with filling using 

ultrasonography  
PPV : Positive predictive value  
NPV : Negative predictive value  
ROC : Receiver-operating characteristic 
WHO : World health organization 
EAU : European Association of Urology  
AUA : American Urological Association  
BTA : Bladder tumor antigen;  
NMP : Nuclear matrix protein  
FISH : Fluorescence in situ hybridization  
 

1. INTRODUCTION  
 

Hematuria including visible hematuria (VH) and 
non-visible hematuria (NVH) is a common cause 
for urological referrals as it can be a sign of 
urothelial malignancies [1], and in such 
hematuria patients it is general to examine using 
cystoscopy for bladder cancer and computed 
tomography urography (CTU) for upper tract 
urothelial cancer (UTUC).   However, these tests 
are invasive and cause significant discomfort as 
to especially cystoscopy for patients. 
 
Urinary cytology is a non-invasive method for 
detection of urothelial cancer of the urinary 
bladder and upper tract, and a frequency used 

examination, and has been available in most 
institutions since it was demonstrated by 
Papanicolaou and Marshall [2].  Urinary cytology 
has a high specificity but a low sensitivity, in 
extremely lower sensitivity for low grade cancer 
[3].  Therefore, positive urinary cytology is helpful 
in diagnosing urothelial malignancies, while a 
negative result does not exclude the possibility of 
a tumor, especially of low-grade urothelial tumors.  
Many guidelines [4-8] recommend the use of 
urinary cytology in selected patients presenting 
with hematuria: for high grade tumor and 
carcinoma in situ (CIS) in the EAU guideline [4], 
and VH in the Japanese guideline of hematuria 
[7] and Canadian Consensus Statement 
[8].  However, there have been no consensus 
among guideline bodies with respect to the 
inclusion of urinary cytology for assessment of 
hematuria.  We evaluated the diagnostic ability of 
urinary cytology to diagnose bladder cancer and 
UTUC in patients with asymptomatic hematuria 
based on a retrospective cohort study.  
   

2. PATIENTS AND METHODS  
 
Between January 2016 and December 2018, a 
retrospective observational study was 
undertaken of all patients referred from primary 
care to the Department of Urology, in our 
institution, for the evaluation of asymptomatic 
hematuria.  Urine tests including dipstick, 
urinalysis and cytology were performed using 
fresh urine.  VH was defined as hematuria 
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reported by the patient, while NVH was defined 
as a value of ≥1+ of blood on urine dipstick, and 
greater than 4 red blood cells per high power 
field on collected urinalysis.   All patients with 
asymptomatic hematuria underwent urinary 
cytology examination.  Urinary cytology was 
obtained from either the bladder voided or 
catheterized, and classified according to the 
Paris System [9].  A positive urinary cytology was 
defined as the presence of malignant cells and 
suspicious of malignant cells.    All patients with 
VH underwent to examine the kidney and 
bladder with filling using ultrasonography (KBFU), 
CTU and flexible cystoscopy, while patients with 
NVH were initially conducted to examine with 
KBFU, and if they had risk factors such as 
smoking history and exposed to chemical 
substances, additional investigations with CTU 
and flexible cystoscopy were performed.  In 
cases of negative urinary cytology and normal 
KBFU in the NVH investigations flexible 
cystoscopy was omitted in the patients without 
risk factors.  Urothelial cancers were confirmed 
by histological evaluation of the specimens 
obtained by surgeries or biopsies.  Tumor 
grading was assigned according to the                    
2004 WHO / International Society of                            
Urologic Pathology consensus classification                          
[10].      
 
Univariate and multivariate analysis by logistic 
regression models was used to determine the 
variables of significance with respect to the 
bladder cancer/ UTUC.  Sensitivity, specificity, 
positive predictive value (PPV) and negative 
predictive value (NPV) were calculated for 
correct identification of bladder cancer/ UTUC. 
JMP

®
 10 (SAS Institute Inc., Cary, NC, USA) and 

EZR (Easy R) software [11] were used to 
performed all statistical analyses.  A p-value less 
than 0.05 was considered as                    
significant.   
 

3. RESULTS  
 
The study included 790 patients with a median 
age of 69 years (range:17-97 years).  There were 
461 (58%) men and 329 (42%) women, with a 
man to women ratio of 1.4 to 1.  Of these 
patients 235 (29.7%) had VH and 555 (70.3%) 
were referred for NVH.  Positive urinary cytology 
was found in 16 patients (3.2%), while 32 
patients (4.1%) had atypical urinary cytology.   In 
total, 91 bladder cancers (11.5%) and 7 UTUCs 
(0.9%) were histologically identified.  In the VH 
patients 61 (30.0%) and 5 (2.1%) were 
diagnosed as bladder cancer and UTUC, while in 

the NVH patients 30 (5.1%) and 2 (0.4%) were 
identified as bladder cancer and UTUC, 
respectively (Table 1).   
 
As to the relationship between bladder cancer / 
UTUC and variables, univariate analysis 
identified the following factors as associated with 
bladder cancer / UTUC: age (p=0.0007), gender 
(p<0.0001), type of hematuria (p<0.0001), 
smoking histology (p<0.0001) and urinary 
cytology (p<0.0001).  By multivariate analysis 
age (p=0.0194), type of hematuria (p<0.0001), 
smoking history (p=0.0028) and urinary cytology 
(p<0.0001) were independent predictors related 
to bladder cancer / UTUC (Table 2).    
 
The outcomes of the diagnostic ability of urinary 
cytology are shown in Table 3.  The overall 
accuracy of positive urinary cytology for the 
diagnosis of bladder cancer / UTUC was: 
sensitivity 26.5%, specificity 100%, PPV 100%, 
NPV 90.6% with a receiver-operating 
characteristic (ROC) of 0.633 in all the hematuria 
patients.  In the patients with VH the accuracy of 
positive urinary cytology for the diagnosis of 
bladder cancer / UTUC was: sensitivity 24.2%, 
specificity 100%, PPV 100% and NPV 77.2% 
with a ROC of 0.621, while in the patients with 
NVH sensitivity 31.2%, specificity 100%, PPV 
100% and NPV 96.0% with a ROC of 0.656.  The 
diagnostic ability of positive / atypical urinary 
cytology (adding atypical cytology as positive) to 
identify bladder cancer / UTUC was better in the 
sensitivity and NPV but the specificity and PPV 
were worse in the overall and each 
subgroup.  The rates of sensitivity in the overall 
and both type of the hematuria increased by 
approximately two times.   
 
Table 4 shows the urinary cytology outcomes in 
the 98 patients with bladder cancer / UTUC 
histologically confirmed with surgical 
interventions stratified by tumor grade and 
stage.  Overall, 27% of the patients had positive 
cytology, 28% had atypical cytology and 45% 
had negative cytology.  Of the 26 patients with 
positive cytology, 88% had high grade and 31% 
had pT2 or more stages.  Of the 45 patients with 
negative cytology 80% had low grade, and all of 
them had pTa or pT1.    
 
As to the sensitivity of urinary cytology for grade 
and pT stage in histologically confirmed 98 
patients with bladder cancer / UTUC, positive 
urinary cytology had the sensitivity of only 46.0% 
for even high-grade urothelial cancers, and 
72.7% for pT2 or more, respectively.  If cytologic 
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interpretation was broadened to include positive 
and atypical cytology, the rates of sensitivity 
increased in any grades and stages (Table 
5).  However, 5 of 32 (16%) patients with atypical 
cytology revealed no evidence of urothelial 
cancer on the initial inspection, and then 
received a periodic repeat urinary cytology 
examination with cystoscopy and imaging 
diagnosis during the follow-up.  Of these patients 
two had several atypical urinary cytology results 
despite the normal cystoscopy and upper tract 
imaging.  We subsequently performed further 
investigations of urinary cytology obtained by 
selective ureteral catheterization, ureteroscopy 
and randomly bladder biopsies, and resulted in 
no evidence of urothelial cancer in both of the 
patients.  However, a ureteral cancer was 
identified in one of both with re-examination of 
selective ureteral catheterization and 
ureteroscopy one year after the investigations. 
 

4. DISCUSSION 
 
Hematuria is one of the most hallmarks of 
urological malignant diseases.  The most 
common cause of hematuria of these malignant 
diseases is urothelial cancer, and especially 
asymptomatic VH is the commonest presentation 
of a malignant disease of the bladder and upper 
urinary tract.  The prevalence of urological 
malignancy among patients with VH has been 

reported to be ranged from 18.9 to 31.5% [12,13], 
while for NVH in a US cohort study of urological 
evaluation of secondary care patients with NVH 
urinary tract cancers were found 2.1% [14], and a 
recent meta-analysis study reported the 
detection rate of bladder cancer of 3.2% with 
ranged from 0 to 16% in 37 studies [15].  In our 
study the prevalence of urothelial cancer in the 
VH and NVH patients was 32.1% and 5.5%, 
respectively, which were slightly higher 
prevalence in both types of hematuria.  
  
As to the risk factors for the development of 
bladder cancer in hematuria patients, advanced 
age, male gender, smoking history and 
occupational exposures have been demonstrated 
[16,17].  Recently, Cha et al. [13] developed a 
highly accurate, well-calibrated nomogram to 
predict the risk of bladder cancer based on 
variables of increasing age, smoking history, 
gross hematuria and positive cytology in patients 
with asymptomatic hematuria.  Their 
multivariable model achieved 83.1% accuracy for 
predicting the presence of bladder cancer in the 
patients with asymptomatic hematuria.  In our 
study the accuracy in urinary cytology for 
predicting urothelial cancer in the patients with 
hematuria was 90.9%, and the predicting risk 
factors for urothelial cancer were mostly 
consistent with previously reported studies 
[16,17] except for gender.    

 

Table 1. Patient demographics 
 

・Median age, ys,                 (range): 69 (17-97) ・Bladder cancer, n (%)  

・Gender, n (%)   Grade  

  Men : 461 (58.4)            Low : 46 (50.5) 

  Women : 329 (41.6)            High : 45 (49.5) 

・Smoking history, n (%)   pT stage  

  Non-smoker : 238 ( 30.1)             pTa : 60 (50.5) 

  Current smoker :   68  ( 8.6)             pT1 : 22 (24.2) 

  Previous smoker : 108 (13.7)             pT2 or more : 6 ( 6.6) 

  Unknown : 376 (47.6)             pTis : 3 ( 3.3) 

・Type of hematuria  ・UTUC, n (%)  

  Non-visible : 555 (70.3)    Grade  

  Visible : 235 (29.7)             Low : 2 (28.6) 

・Urinary cytology, n (%)               High : 5 (71.4) 

  Negative : 732 (92.7)   pT stage  

  Atypical : 32 ( 4.1)              pTa,1 : 2 (28.6) 

  Positive : 16 ( 3.2)              pT2 : 1 (14.3) 

・Urothelial cancer, n (%)               pT3,4 : 4 (57.1) 

  Bladder cancer : 91 (11.5)   

  UTUC : 7 ( 0.9)   
N: number of patients, ys: years, UTUC: upper tract urothelial cancer, pT: pathological 



 
 
 
 

Hirano et al.; AJRRU, 4(4): 42-49, 2021; Article no.AJRRU.71940 
 
 

 
46 

 

Table 2. Univariate and multivariate logistic regression models associated with bladder 
cancer/UTUC in the hematuria patients 

 

Variables Odd (95%CI) p value 

• Univariate analysisAge   

Age 1.028 ( 1.012-1.044) 0.0007 
Gender (M vs. F) 2.754 ( 1.703 -4.628) <0.0001 
Type of hematuria (V vs. Non-V) 6.383 ( 4.075 - 10.181) <0.0001 
Smoking history (+ vs. -) 3.236 ( 1.982 - 5.372) <0.0001 
Urinary cytology (posi vs. atypi/neg) 2.84e+8 (123.612 -  ) <0.0001 

• Multivariate analysis   

Age 1.025 ( 1.004 – 1.047) 0.0194 
Gender (M vs. F) 1.597 ( 0.733 - 3.620) 0.2410 
Type of hematuria (V vs. Non-V) 4.284 ( 2.353 - 8.045) <0.0001 
Smoking history (+ vs. -) 2.719 ( 1.404 - 5.430) 0.0028 
Urinary cytology (posi vs. atypi/neg) 7.61e+9 ( 55.789 -  ) <0.0001 

M: male, F: female, V: visual, Non-V: non-visual, posi: positive, atypi: atypical, neg: negative, vs: 
versus 

 
The reported sensitivity of voided urinary 
cytology for detecting bladder cancer ranges 
from 40% to 76%, and is dependent on a number 
of factors such as high stage and high grade, 
disease prevalence, and the expertise of the 
cytopathologist [18].  In a study of 3556 patients 
presenting with hematuria who were recruited as 
part of the prospective DETECT I trial, of the 
3556 patients, urinary cytology was performed in 
567 patients (15.9%).  Bladder cancer was 
diagnosed 39 patients (6.8%) and UTUC was 
diagnosed 8 (1.4%).  For diagnosing bladder 
cancer / UTUC, urinary cytology had a sensitivity 
of 43.5%, specificity of 95.7%, PPV of 47.6%, 
and NPV of 94.9%.  Urinary cytology missed 21 
bladder cancers and 5 UTUCs, and of the 21 
bladder cancers missed 4 (19%) were pT2 or 
higher, 2 (9.5%) were G3 pT1, 10 (47.6%) were 
G3/2 pTa, and 5 (23.8%) were G1 pTa [19].  They 
concluded urinary cytology will miss a significant 
number of muscle invasive bladder cancer and 
high-risk non-muscle invasive disease.   In our 
study the rates of sensitivity of urinary cytology 
for the detection of urothelial cancer were only 
26.5% in the overall asymptomatic hematuria 
patients, and also only 24.2% in even the VH 
patients.  Additionally, the diagnostic ability of 
urinary cytology for even high-grade cancers was 
also poor because of the rate of sensitivity of 
only 46.0% in the high-grade diseases.  The 
routine use of urinary cytology for even VH and 
high-grade tumor is of limited value in diagnosis.   
 
The interpretations of atypical urinary cytology for 
diagnosis seem to be conundrum.  The 
prognostic value of atypical urinary cytology is 
also debatable, and the accuracy of urinary 
cytology depends on which threshold is used to 

consider a cytologic result positive.  Raab et al. 
[20] reported that by considering any atypical 
diagnosis as positive the sensitivity values of 
cytology for high-grade urothelial cancer lesions 
as well as low-grade ones improved.   In our 
study, when the atypical urinary cytologic 
outcomes were considered as positive diagnosis, 
the rates of sensitivity of urinary cytology also 
increased in any type of hematuria, grade and 
stage as well.  Atypical cytology as positive 
diagnosis reduces to miss the detection of 
urothelial cancer.  However, even if the initial 
inspections with CTU and cystoscopy are normal 
in the atypical cytology results, further 
investigations such as selective ureteral 
catheterization, ureteroscopy and random 
bladder biopsies in such cases should be 
considered because we experienced to identify 
an UTUC with the additional investigations during 
follow-up. 
 
There have been a number of guidelines for the 
diagnosis and evaluation of hematuria from 
national organizations and specialty societies [4-
8]. Urological referral for evaluation is 
recommended for all patients who have a single 
episode of VH, and urinary cytology is routinely 
recommended for the diagnosis of urothelial 
cancer in patients with VH according to the 
Japanese guidelines of management of 
hematuria [7] and Canadian Consensus 
Statement [8], while the investigation of patients 
with asymptomatic NVH is inconsistent among 
the available guidelines [4-8]. Recently, Linder et 
al [21] reviewed major organizational guidelines 
on the evaluation and management of 
asymptomatic microscopic hematuria, and 
identified the variations in the existing guidelines  
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Table 3. Diagnostic accuracy of urinary cytology to diagnose bladder cancer/UTUC in the hematuria patients 
 

  Diagnostic accuracy   

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

All patients (VH+NVH)      

・Positive 26.5 (18.1-36.4) 100 (99.2-100) 100 (81.0-100) 90.6 (88.3-92.6) 0.633 

・Positive/atypical 54.1 (43.7-64.2) 99.4 (98.5-99.8) 93.0 (83.0-96.1) 93.9 (91.9-95.5) 0.768 

Patients with VH      

・ Positive 24.2 (14.5-36.4) 100 (96.8-100) 100 (71.3-100) 77.2 (71.0-82.6) 0.621 

・ Positive/atypical 56.1 (43.3-68.3) 98.8 (95.8-99.9) 94.9 (82.7-99.4) 85.2 (79.4-89.9) 0.774 

Patients with NVH      

・ Positive 31.2 (16.1-50.0) 100 (98.9-100) 100 (58.7-100) 96.0 (94.0-97.5) 0.656 

・ Positive/atypical 50.0 (31.9-68.1) 99.6 (98.6-100) 88.9 (65.3-98.3) 96.8 (94.9-98.1) 0.748 

VH: visible hematuria, NVH: non-visible hematuria, UTUC: upper tract urothelial cancer, PPV: positive predictive value, NPV: negative predictive value,  CI: 
confidence interval, ROC: receiver operating characteristic 

 
Table 4. Urinary cytology outcomes in 98 patients with bladder cancer/UTUC treated with surgical interventions stratified by tumor grade and 

stage 
 

 Positive Atypical Negative 

• Total, n (%) 26 (27) 27 (28) 45 (45) 
• Grade, n (%)    
  Low 3 (12) 9 (33) 36 (80) 
  High 23 (88) 18 (67) 9 (20) 
• pT stage, n (%)    
  pTa 8 (31) 15 (56) 38 (84) 
  pT1 8 (31) 8 (30) 7 (16) 
  pT2 or more 8 (31) 3 (11) 0 
  pTis 2 ( 7) 1 ( 3) 0 

N: number of patients, pT: pathological, UTUC: upper tract urothelial cancer 
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Table 5. Sensitivity of urinary cytology for 
grade and pT stage in 98 patients with 

bladder cancer/UTUC managed by surgical 
interventions 

 

Urinary cytology  Sensitivity (95%CI) 

•Positive  

 •Grade, %  

   Low 6.2 (1.3-17.2) 

   High 46.0 (31.8-60.7) 

 •pT stage, %  

   pTa 13.1 (5.8-24.2) 

   pT1 34.8 (16.4-57.3) 

   pT2 or more  72.7 (39.0-94.0) 

   pTis 66.7 (9.4-99.2) 

•Positive/atypical  

 •Grade, %  

   Low 25.0 (13.6-39.6) 

   High 82.0 (68.6-91.4) 

 •pT stage, %  

   pTa 37.7 (25.6-51.0) 

   pT1 69.6 (47.1-86.8) 

   pT2 or more  100  (61.5-100) 

   pTis 100  (19.4-100) 

pT: pathological, CI: confidence interval, UTUC: 
upper tract urothelial cancer 

 
reflected the absence of level 1 evidence on the 
subject, as well as differences in relative 
prioritization across healthcare systems of 
diagnostic certainty vs fiscal control.  The use of 
urinary cytology or urinary markers such as BTA-
stat, NMP22 and UroVysion FISH in the initial 
evaluation for patients with NVH is not 
recommended by a number of guidelines.  The 
AUA guidelines shows that urinary cytology may 
be useful in cases of persistent NVH after 
negative evaluation or those with risk factors for 
carcinoma in suite [5], while the EAU guidelines 
acknowledge the urinary cytology for the 
investigation of high-grade urothelial cancer and 
carcinoma in site as an adjunct to cystoscopy [4].  
Nabi et al. [22] described that urinary cytology 
should be only performed in the proper clinical 
situation such as in patients with negative 
investigations using cystoscopy and imaging 
modalities for hematuria and in patients with 
previous urothelial cancers and high risks of 
recurrences in the upper tract.  Although some 
guidelines [7,8], as described above, recommend 
routine use of urinary cytology for VH patients, 
urinary cytology should be ordered in negative 
investigations with cystoscopy and imaging 
modalities because of the low rates of sensitivity 
of urinary cytology in even VH patients. 

5. CONCLUSION 
 
Although urinary cytology is a convenient and 
noninvasive test with histologically high 
specificity for urothelial cancer, the rates of 
sensitivity of urinary cytology are inferior for even 
VH patients and high-grade cancers.  However, 
adding atypical cytology results as positive 
improves accuracy of detection of urothelial 
cancer and prevent from the missing diagnosis.  
Nevertheless, urinary cytology has its place as 
an additive diagnostic tool to cystoscopy and 
imaging diagnosis for the investigations of 
asymptomatic hematuria. 
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