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Abstract

Background We aimed to identify patients with a chief

complaint of hematuria who could safely avoid unneces-

sary radiation and instrumentation in the diagnosis of

bladder cancer (BC), using automated urine flow cytometry

to detect isomorphic red blood cells (RBCs) in urine.

Methods We acquired urine samples from 134 patients

over the age of 35 years with a chief complaint of hema-

turia and a positive urine occult blood test or microhe-

maturia. The data were analyzed using the UF-1000i�

(Sysmex Co., Ltd., Kobe, Japan) automated urine flow

cytometer to determine RBC morphology, which was

classified as isomorphic or dysmorphic. The patients were

divided into two groups (BC versus non-BC) for statistical

analysis. Multivariate logistic regression analysis was used

to determine the predictive value of flow cytometry versus

urine cytology, the bladder tumor antigen test, occult blood

in urine test, and microhematuria test.

Results BC was confirmed in 26 of 134 patients (19.4 %).

The area under the curve for RBC count using the auto-

mated urine flow cytometer was 0.94, representing the

highest reference value obtained in this study. Isomorphic

RBCs were detected in all patients in the BC group. On

multivariate logistic regression analysis, only isomorphic

RBC morphology was significantly predictive for BC

(p \ 0.001). Analytical parameters such as sensitivity,

specificity, positive predictive value, and negative predic-

tive value of isomorphic RBCs in urine were 100.0, 91.7,

74.3, and 100.0 %, respectively.

Conclusion Detection of urinary isomorphic RBCs using

automated urine flow cytometry is a reliable method in the

diagnosis of BC with hematuria.
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Introduction

The prevalence of hematuria has been reported to be as high

as 9–18 % in large screening studies [1, 2]. In patients with

hematuria, bladder cancer (BC) is one of the most important

diseases that need early and correct diagnosis. Although the

need to evaluate all patients with macrohematuria for the

presence of BC is widely recognized [3, 4], evaluating

patients with microhematuria is controversial [5]. Despite

American Urological Association (AUA) best practice policy

recommendations including urine testing, imaging, and cys-

toscopy [6, 7], Jung et al. [8] recently reported that in a large

population of patients who underwent microscopic urinaly-

sis, the prevalence of urinary tract cancer was much lower

(0.43 %). In addition, the prevalence of urothelial cancer in

the general population is low (0.01–3 %) [1, 9–11], trans-

lating to a low prior probability of disease for screening.

Nevertheless, the AUA practice recommendations did not

perform well in identifying which patients were most likely

to have malignant tumors, suggesting that there may be

alternative criteria that better identify patients who truly

require further evaluation [12]. Thus, these limitations of the

standard methods for detection of BC have provoked the

search for a new easy, reliable, and objective method of

diagnosing BC in urine samples [13].
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Red blood cell (RBC) morphology in urine is an

important piece of diagnostic information when it comes to

determining the etiology of hematuria [14–22]. Hematuria

can be classified as two types: glomerular (dysmorphic

RBCs) and non-glomerular (isomorphic RBCs) [15, 16].

However, a widespread controversy persists regarding the

diagnostic value of urinary isomorphic RBCs, primarily

because the criteria and methods for examining isomor-

phism in urinary RBCs remain vague and unstandardized

and it is difficult to overcome the intra- and interobserver

variation [14, 23, 24].

The new automated urine flow cytometer is an instru-

ment that analyzes urine samples in batches by combining

flow cytometry with fluorochrome and impedance analysis

[17]. On the basis of these findings, we undertook a dis-

covery prospective cohort study, to determine the diag-

nostic value of this new fully-automated urine flow

cytometer for the specific detection of BC.

Patients and methods

Patients

Between June and December 2011, we conducted a dis-

covery cohort analysis of urine samples from 134 patients

with a chief complaint of hematuria. All patients with or

without a referral visited our urological department

because of a positive urine occult blood test or microhe-

maturia. According to AUA guidelines [25], we included

patients over the age of 35 years. Their evaluations were

performed according to a standard protocol that essentially

mirrored the AUA best practice recommendations for

hematuria [4, 6]. Staging and grading were performed in

accordance with the 2009 TNM staging and the 2004

World Health Organization grading systems [26]. Informed

consent was obtained from each participant. This study was

conducted in accordance with an assurance filed with the

Ministry of Health, Labor and Welfare and in compliance

with the moral, ethical, and scientific principles governing

clinical research as set out in the Declaration of Helsinki

1989.

Microscopic analysis

We routinely collected urine by the clean-catch method.

Immediately after collection, aliquots from these samples

were analyzed using the following examinations. Prior to

the microscopic analysis of urinary sediment, all urine

specimens were routinely examined by automated semi-

quantitative urinalysis using the US-3100R Plus� (Eiken

Chemical Co., Ltd., Tokyo, Japan) to detect positive occult

blood (OB) in the urine. OB was scored as 1?, 2? or 3?

corresponding to values of 3–20, 20–100 and[100 RBCs/

lL, respectively. A score of 3? was considered positive for

OB. The urine samples (6–12 ml, depending on concen-

tration of RBCs) were then centrifuged at 1,600 rpm for

5 min. The supernatant was discarded, and a drop of sed-

iment suspension was used for microscopic examination.

RBCs were counted manually in accordance with urine

sample examination standards [27]. A count of 5 or more

RBCs/high power field (HPF) (1 field, 4009 magnifica-

tions) was considered positive for microhematuria [27].

Urine cytology was categorized into 5 classes. Urine

cytology findings C4 suggested BC. The technicians who

performed these procedures were blind to all clinical

information.

Automated urine analysis

The samples were tested using the UF-1000i� (Sysmex

Co., Ltd., Kobe, Japan), a new flow cytometer that com-

bines diode laser technology with hydrodynamic focusing

conductometry [18–20, 28, 29]. The UF-1000i is a fully

automated flow cytometer that is capable of classifying and

counting cells and formed particles (bacteria, white blood

cells, RBCs, yeast-like cells, epithelial cells, crystals, casts,

spermatozoa, small round cells, and mucus) in fresh, un-

centrifuged urine specimens [19]. The urine sample is

automatically mixed, aspirated (0.8 ml in manual mode,

1.2 ml in automated mode), and stained in 2 dedicated

analytical channels with new specific fluorescent polyme-

thine dyes: one for bacteria, and a second for leukocytes,

yeast-like cells, and urine particles [20]. Each sample is

then delivered to a flow cell using hydrodynamic focusing

to ensure that each particle passes under the laser beam

individually and is aligned lengthwise. For each particle,

the scattered light is detected by a photo diode at two

different positions (forward- and side-scattered light) and

converted into electronic signals, together with fluores-

cence intensity. The forward scatter provides information

on the size, and the side scatter provides information on the

surface and internal complexity, while the fluorescence

intensity provides information on the nucleic acid content

of each particle [20].

The RBCs in urine were classified into two types: glo-

merular (dysmorphic RBCs) and non-glomerular (isomor-

phic RBCs), based on data acquired from UF-

1000i analysis. As a prerequisite for determining erythro-

cyte morphology in urine, there must be at least 20 non-

hemolytic RBCs per lL in the sample. The flagging of

RBC information is determined by the forward scatter

(Fsc) histogram. The morphology of RBCs using the Sys-

mex UF-1000i is determined by 2 other pieces of infor-

mation: specifically, the comprehensive size of RBCs

(RBC-P70Fsc) and the variety of forward scatter of those
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RBCs [RBC-Fsc-Distribution Width (DW)] are used as

standards for judgment. Since the diagnostic criteria for

isomorphic RBCs are C100 channels (ch) of RBC-P70Fsc

and B50 ch of RBC-Fsc-DW, the necessity of manually

counting the individual isomorphic RBCs is precluded with

the UF-1000i.

Statistical analysis

Patients were allocated to two groups based on the pre-

sence or absence of BC. The clinical parameters, including

sex, age, smoking history (Brinkman index), and results of

urine analysis including OB, microhematuria, urine cytology,

bladder tumor antigen (BTA) test, and the morphology of

RBCs in urine were compared between groups. The final

diagnosis of BC was based on clinical (cystoscopy, biopsy,

and radiological imaging methods) and/or pathological data.

Independent urologists, who were unaware of the laboratory

analysis findings, made the clinical diagnosis.

Chi squared analysis (sex, smoking history, urine cytol-

ogy, BTA test, OB, microhematuria) and t test (age) were

used to compare outcomes between the BC group and non-

BC group. Multivariate logistic regression analysis was used

to identify predictors of BC. Sensitivity, specificity, positive

predictive value (PPV), negative predictive value (NPV),

and accuracy were also evaluated. Receiver operating char-

acteristics (ROC) curve analysis was performed to predict

BC. Statistical analysis was done using R (version 2.14.0). A

p value\0.05 indicated statistical significance.

Results

Patient characteristics

Table 1 summarizes the clinical parameters for all 134

patients in this study. The median age was 74 years (range

35–91 years). BC was clinically and/or pathologically con-

firmed in 26 of 134 patients, for a positive rate of 19.4 %. The

causes of hematuria in 108 patients without BC are as follows:

benign prostate hyperplasia (BPH)/lower urinary tract

symptom (LUTS) 28 cases (20.9 %), urolithiasis 22 cases

(16.4 %), urinary tract infection (UTI) 17 cases (15.7 %),

patients on oral anticoagulants 15 cases (11.2 %), renal cysts 4

cases (3.7 %), glomerulonephritis 2 cases (1.9 %), prostate

cancer 1 case (0.7 %), wandering kidney 1 case (0.7 %), and

unknown 18 cases (16.7 %). We identified no patients with

upper urinary tract cancer. There were slight differences in age

between the BC group and non-BC group (Table 2). The

results of malignancy potential and clinical staging were as

follows: low grade 6 (23.1 %), high grade 19 (73.1 %),

unknown 1 (3.8 %); cTa 7 (26.9 %), cT1 5 (19.2 %), cT2 2

(7.7 %), cT3 1 (3.8 %), cT4 6 (23.1 %), and cTis 5 (19.2 %).

Comparative findings between BC group and non-BC

group (Table 2)

We compared several clinicopathological parameters in

urine between the BC group and non-BC group (Table 2).

All OB-positive patients had microhematuria. Microhe-

maturia was detected in 74 participants (96.2 % of

BC group, 45.4 % of non-BC group). Although OB

Table 1 Patients’ characteristics in this study

Total

Number of patients 134

Male/female (%) 102 (76.1)/32 (23.9)

Median age (range) (years) 74 (35–91)

Bladder cancer (%)

Negative 108 (80.6)

Positive 26 (19.4)

Table 2 Clinical markers in patients with and without BC

Bladder

cancer group

Non-bladder

cancer group

p

N 26 108

Male (%) 22 (84.6) 80 (74.1) 0.258

Age, median (range) (years) 76 (54–91) 74 (27–89) 0.013

Brinkman index, median

(range)

0 (0–1600) 0 (0–1650) 0.172

Occult blood in urine

- 0 (0.0) 20 (18.5) \0.001

± 1 (3.8) 30 (27.8)

? 1 (3.8) 30 (27.8)

2? 7 (26.9) 21 (19.4)

3? 17 (65.4) 7 (6.5)

Microhematuria

- 1 (3.8) 59 (54.6) \0.001

? 25 (96.2) 49 (45.4)

BTA (%)

Positive 5 (19.2) 34 (31.5) 0.217

Negative 21 (80.8) 74 (68.5)

Urine cytology (%)

Class I 0 (0.0) 1 (0.9) \0.001

Class II 8 (30.8) 80 (74.1)

Class III 13 (50.0) 26 (24.1)

Class IV 1 (3.8) 1 (0.9)

Class V 4 (15.4) 0 (0.0)

Morphology of RBCs in urine

Isomorphic 26 (100.0) 9 (8.3) \0.001

Dysmorphic 0 2 (1.9)

Mixes 0 12 (11.1)

Undeterminable 0 85 (78.7)
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demonstrated significant differences between BC group

and non-BC group, only 65.4 % patients in BC group and

6.5 % patients in non-BC group were OB-positive.

Although almost all patients except one in the BC group

demonstrated microhematuria, in the non-BC group 45.4 %

showed microhematuria. The BTA test showed positive

results in only 5 patients (19.2 %) in the BC group and 34

patients (31.5 %) in the non-BC group, and did not dem-

onstrate any significant differences between the BC group

and non-BC group. Although there were significant dif-

ferences in urine cytology between the BC group and non-

BC group, only 4 of 26 BC patients were rated class V for

positive urinary cytology. On the other hand, surprisingly,

isomorphic RBCs were detected in all patients in the BC

group (Table 2). In contrast, the findings were more het-

erogeneous among the 108 patients in the non-BC group. A

few patients had isomorphic RBCs (9 patients, 8.3 %),

mixed RBCs (12 patients, 11.1 %), and dysmorphic RBCs

(2 patients, 1.9 %). The primary diseases of these patients

with isomorphic RBCs in the non-BC group were urolith-

iasis (3 cases), BPH (2 cases), currently taking oral anti-

coagulants (1 case), wandering kidney (1 case), and

unknown (2 cases).

Multivariate analysis to examine the significant factors

in diagnosis of BC

The reference values for BC were based on ROC curve

analysis of the automated urine flow cytometry RBC

counts, BTA, urine cytology, OB, and microhematuria

(Fig. 1). As shown in Fig. 1, the area under the curve

(AUC) for the automated urine flow cytometry RBC

counts was 0.94, which was higher than those for BTA

(0.44), urine cytology (0.74), OB (0.89), and microhe-

maturia (0.75). In addition, on multivariate logistic

regression analysis, OB (p = 0.078), microhematuria

(p = 0.291), and urine cytology (p = 0.012) were not

significant predictors of BC, whereas isomorphic RBCs

(p \ 0.001) was a single significant predictor for BC

(Table 3). Diagnostic performance in terms of sensitivity

(100.0 %), specificity (91.7 %), PPV (74.3 %), NPV

(100.0 %), and diagnostic accuracy (93.3 %) of isomor-

phic RBCs in urine for detecting BC were satisfactory

(Fig. 2); namely, isomorphic RBCs in urine are associated

with greater sensitivity, NPV, and accuracy, and almost

equal specificity and PPV as compared with urine cytol-

ogy and OB.

Discussion

Hematuria is a frequent manifestation of the diseases of the

urinary tract [30]. The AUA Guidelines recommend cys-

toscopy for all patients aged 35 years and older presenting

with hematuria and all asymptomatic microhematuria

patients who present with risk factors for urinary tract

malignancy regardless of age [25]. Cystoscopy, however, is

a highly invasive procedure with significant associated

risks, including urinary bleeding and febrile UTI [31].

Approximately 10 % of patients with macrohematuria and

2–5 % of patients with microhematuria are ultimately

determined to have BC [3, 32]. Loo et al. [12] reported that
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asymptomatic microscopic hematuria is an unreliable pre-

dictor of urothelial malignancy, and suggests that routine

testing for malignancy in patients with asymptomatic

microscopic hematuria may be unnecessary and may

expose patients to unnecessary risks. In fact, most patients

and physicians prefer to avoid cystoscopy as a diagnostic

tool. Therefore, noninvasive, established, high-integrity

and conventional screening tests for BC have been eagerly

anticipated.

In this study, all of the OB positive patients had mi-

crohematuria. In clinical practice, however, many patients

with OB-positive results do not have hematuria. Further-

more, it is well recognized that the effectiveness of OB

screening for BC is limited to a small number of patients

[33]. Consistent with previous reports, multivariate logistic

regression analysis demonstrated that OB was not a sig-

nificant predictor for BC in this study (Table 3). Although

microscopic examination of the urinary sediment currently

occupies a critical role in screening for BC, the AUA

practice policy reported that only a small percentage

(2.6 %) of 3,762 asymptomatic microhematuria patients

were found to have a urinary tract malignancy [6]. Despite

all patients in this study having high risk factors for BC, the

false-positive rate of microhematuria was high at 45.4 %

compared with only 8.3 % isomorphic RBCs. As with

previous reports [6, 34, 35], the BTA test showed positive

results in only 5 patients (19.2 %) belonging to BC group,

and the findings were similar between the BC group and

non-BC group (Table 2) in the present study. Although

urine cytology is also commonly used to screen for BC in

cases with a definitive diagnosis of hematuria, this test is

associated with a high rate of false-negative results [6, 35],

and 27 studies have reported a wide range of sensitivity

values, ranging from 0 to 100 %, and specificity values,

ranging from 62.5 to 100 % [6]. Urine cytology allows

detection of BC with a high grade of malignancy, but the

technique is much less reliable in tumor cells with low

grade malignancy. In addition, the accuracy of cytological

diagnosis depends, to a large extent, on the experience of

the cytologist and can inevitably vary from one cytologist

to another. In this study, urine cytology had a sensitivity of

only 19.2 % (Fig. 2), and was not a significant predictor for

BC in multivariate logistic regression analysis (Table 3).

On the other hand, the sensitivity of isomorphic RBCs in

urine was 100.0 %, considerably higher than that of urine

cytology (19.2 %, Fig. 2), and isomorphic RBCs were

significant predictors for BC (p \ 0.001, Table 3).

Since the publication by Fairley and Birch [36], it is well

known that two main types of RBCs can be found in the

urine: isomorphic RBC (a marker of nonglomerular

bleeding) and dysmorphic RBC (a marker of glomerular

diseases). Discriminating with the naked eye between

glomerular and nonglomerular causes of hematuria can be

difficult in clinical practice. Shichiri et al. [16] reported the

distribution curves of urinary RBC size using automated

blood cell analysis. Varieties of automated systems,

including computer-assisted light microscopy [37], immu-

nocytochemical staining, flow cytometric analysis of

erythrocytes [21], and measurement of the size or mean

corpuscular volume of erythrocytes [22], have been used to

analyze RBC morphology in urine. However, the accuracy,

reproducibility, and reliability of these methods have been

repeatedly challenged [14, 21, 33].

The UF-1000i automated urine analyzer uses a semi-

conductor laser with forward- and side-scatter detection

and a single DNA dye for its 2 counting channels: 1 for

sediment analysis and 1 for microbes [18]. Some authors

have reported the effectiveness of automated urine flow

cytometry screening for other disorders [20]. On the basis

of these findings, we evaluated the efficacy of automated

urine flow cytometry for BC screening. Without exception,

the automated urine flow cytometer detected isomorphic

Table 3 Multivariate logistic regression analysis to identify predic-

tors of BC

p Odds

ratio

95 % CI

OB (3? vs. others) 0.078 4.786 0.841 to 27.248

Microhematuria (? vs. -) 0.291 3.854 0.316 to 47.030

Urine cytology (C4 vs. \4) 0.226 29.116 0.132 to [999.999

Morphology of RBCs in urine

(isomorphic vs. others)

\0.001 102.689 11.203 to 941.284

CI confidence interval

0

20

40

60

80

100

sensitivity specificity PPV NPV accuracy

cytology OB morphology(%)  

Fig. 2 The sensitivity, specificity, PPV, and NPV of isomorphic

RBC, urine cytology, and OB to detect BC were as follows:

isomorphic RBC: 100.0, 91.7, 74.3, 100.0 %, urine cytology by

classifying the class III samples as negative: 19.2, 99.1, 83.3, 83.6 %

(urine cytology by classifying the class III samples as positive: 69.2,

76.0, 40.9, 91.1), OB: 65.4, 93.5, 70.8, 91.8 %, respectively
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RBCs in the BC group (Table 2). This finding was extre-

mely favorable in comparison with other test results

(Fig. 2). On multivariate logistic regression analysis, iso-

morphic RBCs (p \ 0.001) was the only significant pre-

dictor for BC (Table 3). In this study, we can detect

isomorphic RBCs in patients not only with high grade/

stage BC but also with low grade/stage BC. This is the first

report to indicate the effectiveness of using isomorphic

RBCs in urine by automated urine flow cytometry for BC

screening in cases with hematuria. The UF-1000i deter-

mines RBC morphology based on the comprehensive size

of RBCs (RBC-P70Fsc) and the degree of forward scatter

observed (RBC-Fsc-DW). A previous report found that this

method may be more reliable and accurate than inspection

of urine RBCs by phase contrast microscopy [22]. Conse-

quently, we can expect this fully-automated system to show

high reproducibility, unlike urine cytology. The automated

urine flow cytometer rapidly identified positive samples.

Theoretically, it can analyze up to 100 samples per hour,

requiring a volume of 4.0 ml of fresh, uncentrifuged urine

samples in automated mode. Given the large number of

urine samples that must be evaluated in a short time for

mass screening, we believe that the automated urine flow

cytometer is a useful addition to existing BC screening

tools in patients with hematuria.

All patients included in this study visited our urological

department due to hematuria, such as positive urine OB or

microhematuria. Since our institution is a hub cancer center

in North Tokyo, almost all patients were referred to our

department on suspicion of urothelial cancer. Therefore,

this selection bias was the major limitation of this study

and produced the high detection rate of BC (19.4 %). The

second limitation of this study was the small number of

study subjects (n = 134). Several other potentially con-

founding factors warrant mention. First, we detected iso-

morphic RBCs in 9 patients (8.3 %) who did not have BC.

The primary diseases of these patients with isomorphic

RBC in the non-BC group were urolithiasis, BPH, cur-

rently-taking oral anticoagulants, and wandering kidney. In

comparison with glomerular disease, the efficacy of urinary

RBC morphology in diagnosis of non-glomerular diseases

is scarcely known [18–20]. Consequently, we could not

clarify the cause of our false-positive results. Second, Ki-

tamoto et al. [38] showed the effect of different pH or

osmolality on the shapes of urinary RBCs in glomeru-

lonephritic patients. Although it is well-known that RBCs

transform into a confetti-like shape under higher osmolality

with low pH in the urine, we could not evaluate such

influence on the diagnosis because of a lack of sufficient

data. Third, for the purposes of this study, we defined

microscopic hematuria as 5 or more RBCs per HPF

on microscopic examination, in accordance with the

Japanese guidelines [27]. Some global guidelines define

microhematuria as 2 or more RBCs per HPF [3, 6, 39],

while others range from 1 to more than 10 RBCs per HPF

[6, 9]. Since the Japanese guideline represents the average

of this range, we feel confident in using this value.

We concluded that isomorphic RBCs using automated

urine flow cytometry is a much more reliable and non-

invasive method in the diagnosis of BC in patients with

hematuria compared with conventional examinations

including urine cytology.
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