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The clinical utility of urinary flow cytometer is promising, and the cumulative data on
this technique is intriguing. Nevertheless, its application in certain populations such as in
children, may require careful procedures to ascertain laboratory quality and optimize the balance
between the required acceptable quality and the minimization of workload. Specimens from
patients with nephrolithiasis who have undergone extracorporeal shock wave lithotripsy may
also decrease the accuracy of the test. It is noteworthy to emphasize that all physicians and
medical technologists should develop their own criteria for diagnosis or management depending
on their cut-off values, patient population, their own limitation and experience in interpreting the
information derived from this instrument. Moreover, further study of the comparative clinical
relevance between this technique and urine specimens is the sine qua non for confirmation of

its clinical utility in managing patients with renal diseases.
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Objective

To inform the application of urinary flow cytometry in renal diseases
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An overview of clinical utility of urine sediment analysis.
There is cumulative data that urine sediment
analysis may aid physicians in proper management
of patients with kidney diseases. " Generally, some
typical urine sediment findings are very useful for
diagnostic purposes in these following entities
Figure1. “®
1. The nephritic syndrome
2. The nephrotic syndrome

3. Urinary tract infection

1. The nephritic syndrome (A nephritic — type urine
sediment)

In general, the diagnostic hallmark is
composed of the abrupt onset of hematuria, oliguria

and hypertension in conjunction with proteinurea.®

C.
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Moreover, the common findings of nephritic syndrome
consist of many erythrocytes, frequent casts of varied
types (e.g. waxy cast, granular cast, erythrocyte cast,
etc).”®

The presence of waxy cast may herald a
sinister prognosis, indicating the onset of serious

(5)

renal insufficiency.™ Birch et al also classified the

urinary erythrocytes into two groups depending on
morphology as follows.®™

1. Isomorphic erythrocyte: indicating its non-
glomerular origin as well as its association with urologic
diseases.

2. Dysmorphic erythrocyte: indicating its
glomerular origin as well as its association with

glomerular diseases.

D.

Figure 1. A. renal eptithelial cell cast, B. board cast, C. oval fat body, D. white blood cell cast
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The morphology of erythrocytes is affected
by many factors; for example, the thickness of
glomerular basement membrane, pH change,
osmolality and pressure in the renal tubule."® To
improve the precision of diagnosis of renal diseases
based on erythrocyte dysmorphism, some authorities
have used acanthocyturia as a marker for glomerular
bleeding; the definition of an acanthocyte is its small
size and deformation of the cell membrane with
extensions of the cytoplasm. The count of acanthocytic
erythrocytes must exceed 5 percent. Using these
criteria the sensitivity and specificity of this classifica-
tion for the diagonoses of renal diseases are improved
dramatically.””"® However, the effective cut-off values
to differentiate renal diseases from urological diseases
may require further investigations. The etiologies of

the nephritic syndrome are shown in Table 1.“®

Table 1. The etiologies of the nephritic syndrome.

Primary glomerulonephritis

1. Acute nephritic syndrome e.g. acute post-
streptococcal glomerulonephritis

2. Rapidly progressive glomerulonephritis e.g.
membranoproliferative glomerulonephritis
(MPGN), IgA nephropathy

3. Nephrotic syndrome e.g. minimal change disease

4. Asymptomatic abnormalities of the urinary
sediments e.g. IgA nephropathy

5. Chronic glomerulonephritis e.g.
membranoproliferative glomerulonephritis

Secondary glomerulonephritis

1. Lupus nephritis

2. Henoch-Schonlein nephritis

3. Goodpasture's syndrome

4. Other glomerulopathies associated with systemic
diseases

Other conditions

1. Acute interstitial nephritis

2. Malignant hypertension

Chula Med J

2. The nephrotic syndrome

The diagnosis of nephrotic syndrome is
usually established when the total urine protein
exceeds 3.5 gram per day or there is massive
proteinuria as defined by total urine protein > 50mg/
kg/day or > 40mg/m*hour in children. Other features
include edema, plasma albumin<25 g/L, hyper-
lipidemia, hypercoagulopathy and lipiduria."®*® The
classification of the nephrotic syndrome is listed in
Table 2.” The common findings of urine sediments
in patients with nephrotic syndrome are as listed in

Table 3.4

Table 2. The classification of nephrotic syndrome.

Minimal change nephrotic syndrome

Focal segmental glomeruiosclerosis (FSGS)

Difftuse mesengial proliferative glomerulonephritis
(MesPGN)

Diffuse mesangiocapillary glomerulonephritis (MCGN)

or Membranoproliferative giomerulonephritis (MPGN)

Diffuse membranous glomerulonephropathy (MGN)

Table 3. The common findings of urine sediments

in the patients with nephrotic syndrome.

Lipid droplets Oval fat bodies
Granular casts

Fatty casts

Cholesterol crystal
Epithelial casts

The difference between the nephrotic syndrome
and the nephritic syndrome is that very few or even
no erythrocytes are seen in nephrotic syndrome. %%
Despite that lipiduria is a rather good marker, the

disadvantages of using this finding as an indicator
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for the nephrotic syndrome are low specificity and
sensitivity for diagnosis.?” Certain situations like the
polycystic kidney diseases, acute tubular necrosis,
Fabry's disease, and some abnormalities of lipid
metabolism can produce lipiduria without the nephrotic

syndrome.“®*

3. Urinary tract infection

Diagnosis can be based on a urine culture
obtained from a clean catch or a catheterized
specimen: the diagnosis is established when colony
counts are greater than 100,000 in a clean catch urine
or in any urine culture in excess of 5,000 colonies
from urine obtained from a suprapubic puncture or
catheterized specimen is significant.”” To make the
diagnosis of urinary tract infection, the method of the
specimen collection and the colony counts must be
taken into account.”?. The common findings in urine
sediment are leukocytes, white blood cells, casts, or
bacteria.”” The range of sensitivity and specificity of
the presence of white blood cells for diagnosis of
urinary tract infection in children is about 32-100 %
and 45-98 % respectively.®** When using the bacteria
obtained from the microscopic examination, sensitivity
and specificity are about 16-99 % and 11-100 %.***!
If the positive of leukocyte esterase or positive of nitrite
or positive of microscopic examination is used for the
diagnosis of urinary tract infection in children, the
sensitivity and sensitivity will reach about 99.8 % and

(23-24)

70 % respectively.

Principle of the urinary cell flow cytometer
Flow cytometry measures fluorescence and
optical characteristics of single cells, including

any particles such as nuclei, latex beads, or

nmsUsegnaldinaluladivalulamasiunsitedelsala 919

microorganisms.”>?® Physical properties, such as size
(represented by forward angle light scatter) and internal
complexity {represented by right-angle scatter) can
differentiate certain cell populations.®*® Fluorescent
dyes can bind with different cellular components such
as DNA or RNA.#* |n addition, antibodies conjugated
to fluorescent dyes can bind specific proteins inside
cells or on the cellmembrane.®*® When labeled cells
are passed by alight source, the fluorescent molecules
are excited to a higher energy state.”**® When
returning to their resting states, the fluorochromes
will emit light energy at higher wavelengths.®?"
Commonly used dyes include propidium iodide and
fluorescein.®*2” Cells in suspension are drawn into a
stream created by a surrounding sheath of isotonic
fluid that creates laminar flow, allowing the cells to

pass cell by cell through an interrogation point.**”

- At the interrogation point, a beam of monochromatic

light, usually from a laser, intersects the cells.®*"

Emitted light is given off in all directions and is
collected via optics that direct the light to a series of
filters and dichroic mirrors that isolate particular
wavelength band.”**” The light signals are detected
by photomultiplier tubes and digitized for computer
analysis.”*?" The result is usually displayed in a
histogram or two-dimensional dot-plot format.?*?"
The principle of flow cytometry is tnus based
on the analysis of the properties of the particles by
irradiating alaser beam on the particles and measuring
fluorescence and scattered light. ®? The scattered
light, fluorescence, and impedance are recorded and
converted into electrical signals.**® Cell or particle
distributions are demonstrated and analyzed in
histograms and scattergrams. ®?® The flow cytometry

principle is illustrated in Figure 2.
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Figure 2. Principle of flow cytometry in the UF - 100

For each electrical signal, the height and
width are measured.*” One example of a urinary
flow cytometer is the UF-100 by TOA MEDICAL
ELECTRONICS, this instrument exploits fluorescence
and forward light pulse measurement to produce
scattergrams and impedance measurements to

5% The electric

indicate the volume of cells Figure 3-
impedance is detected by using two electrodes
attached to both sides of the orifice, A stable D.C. is
passed through the circuit.*** Whenever a urine cell
passes through this orifice, the voltage will change in
proportion to the impedance change due to different
volume of cell.*** Hyodo et al have proposed criteria
to discriminate types of abnormality of red blood
cells by using the Forward scatter (Fsc).®**" The Fsc
indicates the cross-sectional area of the cells in
proportion to the luminocity whereas the forward scatter
pulse width (FSCW) represents the length of cells and

the fluorescence length (FL) represents the amount of

membranous protein in the cell membrane and DNA
or RNA in the nucleus.”®*"” Moreover, the fluorescence
pulse width (FLW) reflects the length of the stained
portion in the cells. When the Fsc of ch 126 and Fsc
of ch 84 are used as important indicators Figure 6,
the diagnosis of dysmorphic erythrocytes is made
if > 80 % of erythrocytes have Fsc < ch 126 and <
80 % of erythrocytes have Fsc > ch 84 suggesting
glomerular erythrocytes; whereas, the diagnosis of
isomorphic erythrocytes is considered when > 80 %
of erythrocytes have Fsc > ch 84 which suggests nun-
glomerular red blood cells.®”*" Furthermore, in cases
where < 80% of erythrocytes have < ch 126 and
< 80 % of erythrocytes have Fsc > ch 84, a mixed
type of erythrocyte origin between glomerular
bleeding and non- glomerular bleeding is a likely
diagnosis. ®**" The percentage of 80 % is used for
the discrimination level because this criterion is

generally supported.®**¥ The ranges of Fsc intensity
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between 84 and 126 corresponds to a red blood cell more quantitative, provide additional information on
size of 4 to 6 pm.***” When the sizes of spherical erythrocyte morphology, giving scattergrams as well

latex particles were analyzed, the size of 1 um as histograms to help physicians gain insights in the
corresponded with Fsc intensity of 21.%"*" Thus, the  of diagnosis and management of diseases.

urine cell flow cytometer may make routine urinalysis
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Figure 4. Demonstration of source of the parameters in UF -100



922 TuWs ygladniiies uazAns

Chula Med J

Figure 5. Demonstration of source of the parameters in UF - 100
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Figure 6. The Fsc as a parameter for discrimination of the origin of hematuria

The application of urinary flow cytometer in renal
disease

The benefit of having the urinary flow cytometer
in the laboratory comes from balancing routine
laboratory work and required quality standards. In
certain circumstances, like in laboratory in a medical
school, orin hospitals responsible for a large number
of specimens daily, automated instruments will play
important role in reducing the need for unnecessary
manual examination.®*"*¥ An effective screening tool

is essential in cases of an unavoidable overwhelming

daily workload.® Irrespective of whether manual
urinalysis or automated urinary flow cytometer based
urinalysis is used in alaboratory, to achieve satisfactory
laboratory standards, proper collection, specimen
transportation, and specimen handling must still be
emphasized.®® When a new technique is used in a
laboratory, formal training and appropriate evaluating
and surveillance protocols should ascertain the
competency of the technicians. Parallel testing may
be necessary by comparison with mainstay laboratory

procedures and a backup plan should be available
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in case of the occurrence of discrepancy between
two procedures or instruments. In most cases of urine
specimens analysis performed by the urinary flow
cytometer (Data obtained from using UF-100), a
good correlation is obvious when compared with
standardized microscopic methods.®*” Most cases
of microhematruia seem to be isolated, and the
prevalence of an abnormal renal biopsy specimen in
isolated microhematuria ih children without a family
history was 40 %.°® For screening purposes in this
clinical setting, the urinary flow cytometer may not
pose any diahnostic problems.®”*" Another benefit
of using this instrument is that the physician can obtain
the extra information on red blood cell morphology
easily, and the classification of the origin of red blood
cells in the urine specimens may be feasible.®**"
This classification of red blood cells may help to
provide proper and prompt management of patients
with hematuria or clinical manifestations of
glomerulonephritis.!'"*"73%%%) gome equivocal
classification may be encountered in specimens
obtained from patients who have undergone
extracorporeal shock wave lithotripsy (ESWL) and
patients with bladder cancer who have undergone
transurethral resection. The findings of the test in these
cases may suggest mixed-type when the above
criteria are used. ®**" When the microscopical
examination applied to all cases with ESWL, this
showed that it was isomorphic hematuria.®**” This
sort of specimens had an FSC intensity > 84 in more
than 80 % of urinary red blood cells population and
< 80 % of all red blood cells had FSC intensity < 126,
or it might have fallen in the overlapped size; > 80 %
of all red blood cells had FSC intensity < 126, and>
80 % of all red blood cells had FSC intensity > 84.%%3"
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The misclassification of red blood cells is also
influenced by the storage condition of urine specimen
and the physiological urinary red blood cells."® When
bacterial counts are extremely high, this bacterial
interference will affect the counts of red blood cells.***”
Moreover, when the red blood cells counts are
extremely high, the microscopic exami-nation of urine
sediment is mandatory.®**" According to experience
with UF-100, a high number of epithelial cells will
mandate the microscopic examination of urine
specimens.®* The drawback of using this instrument
is that the specimens from newborns and very young
children under three years of age seem not to be
analyzed properly due to very poor storage condition
before an acceptable volume is reached.“”*" Our
experierice with the UF-100, raises problems about
bacterial counts obtained by this instrument, since
the bacterial countis expressed in cell/ | which seem
to be unfamiliar to most physicians. Such bacterial
counts cannot be used, as are conventional criteria,for
diagnosing urinary tract infection Table 4, Figure 7.%°%
We explain these high results by three hypo-theses
as follows:

1. This may come from the limitation of differen-
tiation between organism and nonspecific
particles commonly found in urine which can
be interpreted carefully by using the proper
reference range and adjusted according to
evaluation protocols in each own institute® "

2. The asymptomatic bacteriuria may contribute
to such problem. The prevalence of this
disease varies depending on age, sex, and
certain clinical settings, thereby the signifi-
cance of this interference shouid be considered

before using this technique.“**
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Table 4. Data obtained from normal adult population in our laboratory based on the urinary cell flow

cytometer*

Parameters

cell/iL, cell/HPF(95% coefficient interval)

red blood cell
white blood cell
epithelial cell
cast

bacteria

4.64, 0.84 (2.54-6.74, 0.46-1.22)
7.16, 1.28 (3.77-10.54, 0.67-1.9)
5.59, 1.01 (1.88-9.31, 0.34-1.68)
0.14, 0.41 (0.06-0.23, 0.18-0.64)
409.14, 73.56 (76.13-742.15, 13.70-133.59)

* From 38 normal adults with 21 are male (55.3%). Normal population is defined as:

® Not have undergone any treatments in the previous 6 weeks for any diseases

® Absence of hypertension

e Not menstruating or pregnant

® Not taking any treatments, by physician, home remedy, over-the-counter medication for urinary tract infection

e 2.6 i/0) 2.20A4F
-c 15.6 /el 2.8 FHPF ]
B S.4 i} 0.90/HbF
oSt .13 (40 0,375 !
WMCT 17380 (/a0 313,005
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Figure 7. A normal subject without symptomatic
urinary tract infection, data indicating
that bacteria count by this method may

be higher than conventional method.

3. Normal flora may be counted as pathologic
ones,and this hypothesis can be proved by
using the proper urine culture technique.“'*
Hence we recommend all laboratories set their

own cutoff levels to suit their facility, their population,
standard operating procedures, prevalence of certain
diseases, and their experience. However, quantitative
measurement of organisms: by using microscopic
examination, has varied sensitivity, specificity, intra-
observer, and inter- observer variability®? Comparing
the results with urine culture may be a more favorabie
and feasible method.®® The instrument has a
measurement range below 40,000 per 9.0 pl of urine,
therebya specimen with high concentration is outside
this limit of measurement, its reliability may be
decreased.®*” Based on our observation, markedly
turbid urine specimens from our pediatric subjects
such as urine containing significant amorphous
materials or lipiduria, will strongly interfere with cell

count by this instrument, therefore proper dilution
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protocols may be warranted Figure 8. Furthermore, researchers as well as ours show two distinct

some controversial pattern of histogram in pediatric population of white blood cells, the diagnostic utility

samples obtained from previous observation by other
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Figure 8. Specimens obtained from our subject with nephrotic syndrome, data indicating that all parameters
are high, when care ful microscopic examination is done, we found that lipiduria may interfere the

particle or cell counts in this clinical setting.
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Summary

The clinical utility of urine flow cytometer is
promising. [ts application in certain population such
as in children may require procedures to ascertain
the laboratory quality and optimize the balance
between quality and minimization of workload. It is
noteworthy to emphasize that all physicians and
medical technologists should develop their own criteria

for diagnostic or management aspects depending on

Chula Med J

their cut - off values, patient population, their own
limitations and their experience in interpreting the
information derived from this instrument such as the
scattergram or the histogram. A summary of research_
evaluating this instrument is shown in Table 5.8%%" 330
Further studies on the comparative clinicat relevance
between this technique and urine specimens in a
large array of population with varied diseases are

necessary.

Table 5. Related researches on urinary cell flow cytometer.

Research groupl/year of study

Details

1. Hyodo T, et al./ 1995

The research group indicated that flow cytometricAnalysis of urinary biood

cells was fast, simple, Reliable method to differentiate glomerular and non-

glomerular hematuria.( The sensitivity and sensitivity of detecting glomerular

red blood celis were 100% and 92.54%,respectively

2. Hyodo T, et al./ 1999

The automated urinary flow cytometer is useful as a routine screening test for

differentiate between glomerular and non-glomerular haematuria.A proposed

Kitasato Univeristy Kidney Center Criteria is used to differentiate between two

kinds of haematuria. The sensitivity and specificity of this instrument using

these criteria in diagnosing glomerular haematuria were 90.3% and 92.5%

respectively.
3. Kouri TT, et al., 1999

They indicated that the urinary flow cytometer had a high correlation of white

blood cell and red blood cell between the manual chamber counting and this

instrument (r = 0.98, and 0.88, respectively). Identification of bacteria by this

instrument, has a sensitivity and specificity of 55% and 90% respectively,

compared with bacterial culture cutoff of > 10* colony-form unit per milliliter

Research grouplyear of study
4. Ben-Erza J et al., 1998

Details

They concluded that the UF-100 could perform reliable quantitative

microscopic urinalysis. Good correlation between manual microscopic

method and this automated urinalysis analyzer was achieved. (gamma

statistics: 0.880-0.970)
They analyzed the values of urinary red blood cells in the healthy adults by an

5.Hyodo T, etal., 1997

automated urinary flow cytometer. Their result pointed out that the hematuria

was €"11.0 cells /microliter and the results seemed corresponded to the report

of Birch et a/ .
6. Muranaka K., 1996

The correlation of this method with microscopy is excellent(r = 0.86,

agreement ratio = 97.7%). The specificity and sensitivity of the UF-100 for

bacteria in urine is good (sensitivity = 77.8%, specificity = 90.0%).
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