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Sazetak

Uvod: Laboratorijsko razlikovanje glomerularne i neglomerularne hema-
turije godinama se uglavnom temelji na ispitivanju morfologije eritrocita u
mokradi. Za razliku od eritrocita iz donjih mokracnih puteva koji su intaktni,
pravilnih oblika, glomerularni eritrociti su manji i imaju nepravilne i sloZene
oblike. U ovom radu je ispitana moguénost razlikovanja podrijetla hematurije
protocnom citometrijom, mjerenjem parametara ovisnih o morfoloskim zna-
Cajkama eritrocita u mokraci nakon obiljezavanja eritrocita fluorescentnim
monoklonskim antitijelima na glikoforin A.

Materijali i metode: SvjeZi uzorci mokrace od ukupno 31 bolesnika s doka-
zanim glomerularnim i 31 bolesnika s dokazanim urolo3kim bolestima analizi-
rani su na protocnom citometru FACScan (Becton Dickinson, San Jose, SAD).
Eritrociti su izdvojeni od ostalih stanica i nestanicnih elemenata u mokrai
bojenjem fluorescentnim monoklonskim antitijelima na glikoforin A, a zatim
su mjereni intenziteti rasapa svjetlosti u smjeru ulazne zrake (engl. forward
scatter, FSC) i okomito na smjer ulazne zrake (engl. side scatter, SSC), te je izra-
Cunat omjer SSC/FSC. FSC je bio mjera velicine, a SSC mjera oblika eritrocita.

Rezultati: Nadena je statisticki znacajna razlika u izmjerenim vrijednostima
FSC (P < 0,001), SSC (P = 0,016), kao i u omjeru SSC/FSC (P < 0,001) izmedu
dviju skupina bolesnika. Prema ROC analizi (engl. Receiver Operating Characte-
ristic) dobiveni su slijedei rezultati: za FSC (grani¢na vrijednost za glomerular-
nu hematuriju FSC < 49) dijagnosticka osjetljivost 90,3% i specificnost 83,9%;
za SSC(granicna vrijednost za glomerularnu hematuriju SSC > 73) dijagnostic-
ka osjetljivost 83,9% i specificnost 61,3%; za omjer SSC/FSC (grani¢na vrijed-
nost za glomerularnu hematuriju SSC/FSC > 2,42) dijagnosticka osjetljivost
83,9% i specificnost 90,3%.

Zakljucak: Opisana metoda analize eritrocita protonom citometrijom je jed-
nostavna, automatizirana tehnika za razlikovanja podrijetla hematurije. U od-
nosu na metodu ispitivanja morfologije eritrocita daje objektivnije i pouzdani-
je podatke, te omogucuje usmjeravanje bolesnika prema uroloskoj, odnosno
nefroloskoj problematici.

Kljuéne rijeci: glomerularna hematurija, neglomerularna hematurija, pro-
tocna citometrija

Pristiglo: 12. studenog 2007.

Abstract

Background: Glomerular and urinary tract origins of hematuria are diffe-
rentiated on the basis of urinary red cell morphology. Glomerular erythro-
cytes are distorted and are smaller than erythrocytes from the lower uri-
nary tract. In this study, we investigated the possibility of flow cytometric
differentiation of the origin of hematuria using phycoerythrin-conjugated
antibody against glycophorin A, by measuring parameters dependent on
morphologic characteristics of urinary erythrocytes.

Materials and methods: Fresh urine samples from 31 patients with glo-
merular disease and 31 patients with urological disease were analyzed on
the flow cytometer FACScan (Becton Dickinson, San Jose, USA). Erythro-
cytes were distinguished from other particles with similar size in urine
by staining with phycoerythrin-conjugated antibody against glycophorin
A. The intensity of forward scattered light (FSC) and side scattered light
(SSC) of the erythrocytes were measured as indicators of red cell size and
shape, respectively. Also, the SSC/FSC ratio was calculated.

Results: A statistically significant difference in FSC (P < 0.001), SSC (P =
0.016) and SSC/FSC ratio (P < 0.001) values between two groups of pa-
tients were found. According to ROC analysis (Receiver Operating Charac-
teristic) the following results were obtained in distinguishing the origin
of hematuria: for FSC (cut-off value for glomerular hematuria: FSC < 49),
diagnostic sensitivity 90.3% and specificity 83.9%; for SSC (cut-off value
for glomerular hematuria: SSC> 73), diagnostic sensitivity 83.9% and spe-
cificity 61.3%; for SSC/FSC ratio (cut-off value for glomerular hematuria:
SSC/FSC > 2.42), diagnostic sensitivity 83.9% and specificity 90.3%.

Conclusion: The described flow cytometry analysis is a simple, automa-
ted method that can be used to establish distinction between glomerular
and non-glomerular bleeding. Compared to the method of urinary red cell
morphology examination, it yields more objective and reliable informatio-
ns and allows directing of patients to urologic or nephrologic treatment.

Key words: glomerular hematuria, non-glomerular hematuria, flow cyto-
metry.
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Uvod

Asimptomatska mikrohematurija je ¢est nalaz u opcoj po-
pulaciji. U¢estalost je, prema razli¢itim ispitivanjima, od
0,19% do 16,1%, ovisno o dobi i spolu promatrane popula-
cije, duljini pracenja i broju ispitivanja po bolesniku. Kod
starijih muskaraca, koji imaju vedirizik za teze uroloske bo-
lesti, ucestalost asimptomatske mikrohematurije je 21%
(1). Mikrohematurija moze biti posljedica benignih stanja
bezopasnih za zivot bolesnika, ali i simptom ozbiljnih bo-
lesti (2,3). S obzirom na to da se u 10-15% bolesnika s he-
maturijom nade tumor bubrega, mokra¢nog mjehura ili
prostate, hematurija se mora smatrati znakom ozbiljne bo-
lesti, dok se ne utvrdi suprotno. Mikrohematurija moze bi-
ti glomerularna ili neglomerularna. Eritrociti podrijetlom
iz glomerula imaju morfoloski razli¢ite oblike koje naziva-
mo dismorfi¢nim eritrocitima. Manji su od eritrocita pod-
rijetlom iz donjih mokra¢nih putova, koji su morfoloski
sli¢ni eritrocitima iz periferne krvi (izomorfi¢ni eritrociti).
Jednom otkrivena hematurija se mora potvrditi jedanput
ili dvaput u kratkom razdoblju, te je potrebno odrediti nje-
no podrijetlo (4-7).

Morfologija eritrocita u mokradi ve¢ desetlje¢ima ispituje
se pod svjetlosnim i fazno-kontrastnim mikroskopom. Au-
tomatizirane metode (protocni citometri za analizu mok-
ra¢e, mjerenje MCV na hematoloskim analizatorima) daju
objektivniji rezultat, ali se kao nedostatak pojavljuje inter-
ferencija tzv. urinarnog debria, tj. stani¢nih i nestanic¢nih
elemenata u mokradi koji su po svojoj velic¢ini sli¢ni erit-
rocitima. Mi smo u ovom radu izbjegli ovu interferenciju
predhodnim obiljezavanjem eritrocita fluorescentnim
monoklonskim antitijelom na glikoforin A (Gly A), mole-
kulu znakovitu za eritroidnu lozu, smjeStenu na vanjskoj
povrsini stanicne membrane. Nakon toga smo eritrocite
analizirali na proto¢nom citometru mjereci parametre ko-
ji sumjera morfoloskih znacajka eritrocita, pa tako i mogu-
¢i pokazatelji podrijetla eritrocita.

Materijali i metode

Ispitanici i uzorci

Ispitivanjem su obuhvacene dvije skupine bolesnika s he-
maturijom koji su boravili na Zavodu za nefrologiju i hi-
pertenziju Klinike za unutarnje bolesti KBC Zagreb, te na
Klinici za urologiju KBC Zagreb (tablica 1.). Skupina 1 se
sastojala od 31 bolesnika (20 muskaraca i 11 zena) kojima
je biopsijom bubrega dokazana glomerularna bolest (in-
tenzitet hematurije u sedimentu mokrace: 11 bolesnika s
< 5 eritrocita po vidnom polju (veliko povecanje 400x), 11
bolesnika s 5-15 eritrocita po vidnom polju, 9 bolesnika s
> 15 eritrocita po vidnom polju). Skupina 2 se sastojala od
31 bolesnika (15 muskaraca i 16 zena) s dijagnosticiranim
uroloskim bolestima (intenzitet hematurije u sedimentu
mokrace: 8 bolesnika s < 5 eritrocita po vidnom polju, 11
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Introduction

Asymptomatic microhematuria is a common finding in
general population. The prevalence varies from 0.19% to
16.1% in adults, depending on the age and sex of the po-
pulation screened, the length of follow-up, and the num-
ber of screening studies per patient, while it amounts
up to 21% in elderly men who are at an increased risk of
severe urologic diseases (1). Microscopic hematuria may
be a sign of a serious underlying disease, as well as of
some benign conditions not harmful to the patient (2,3).
As tumors of the kidney, urinary bladder or prostate are
found in 10%-15% of individuals affected by hematuria,
it should be considered as a symptom of serious disease
until proven otherwise. Microhematuria could be glome-
rular or non-glomerular. Glomerular erythrocytes are cha-
racterized by a wide range of morphological alterations
(dysmorphic erythrocytes) and are smaller than those
from the lower urinary tract, which maintain their regular
round shape (isomorphic erythrocytes). Once detected,
hematuria should be confirmed on one or two occasions
during a short period, and its origin should be determi-
ned (4-7).

The morphology of erythrocytes in urine has previously
been investigated by bright-field microscopy and phase
contrast microscopy. Automated methods (urinary flow
cytometry and MCV measurement on blood cell ana-
lyzers) provide more objective results, but are limited
by disturbing signals from other cells and non-cellular
elements present in the urine (urinary debris). In order to
avoid this interference, we stained the erythrocytes with
phycoerythrin-conjugated antibody against glycophorin
A (GlyA), a molecule found on the erythrocyte cell mem-
brane. After staining we analyzed morphological charac-
teristics of erythrocytes by flow cytometry in order to
differentiate the origin of hematuria.

Materials and methods

Patients and samples

Two groups of patients were investigated in this study.
They were admitted either at the Division of Nephrology
and Hypertension, University Department of Internal Me-
dicine, or at University Department of Urology, Zagreb
University Hospital Center (Table 1). Group 1 comprised
31 patients (20 males and 11 females) with biopsy-proven
glomerular disease (intensity of hematuria in urinary sedi-
ment: 11 patients with < 5 erythrocytes per high power
field (HPF, magnification 400x), 11 patients with 5-15
erythrocytes/HPF and 9 patients with > 15 erythrocytes/
HPF). Group 2 consisted of 31 patients (15 males and 16
females) with diagnosed urologic disease (intensity of he-
maturia in urinary sediment: 8 patients with < 5 erythro-
cytes/HPF, 11 patients with 5-15 erythrocytes /HPF and
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TABLICA 1. Znacajke ispitivanih bolesnika
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TABLE 1. Study patients characteristics

N

Progressive glomerulonephritis 4

Focal glomerular sclerosis 8

IgA nephropathy 3

Group 1 (glomerular diseases) Membranoproliferative glomerulonephritis 9
Vasculitis 2

Membrane glomerulonephritis 2

Systemic lupus nephritis 3

Cystitis 6

Renal stones 5

Prostatitis 2

Group 2 (urologic diseases) Prostatic adenoma ’
Renal tumor 1

Urinary bladder tumor 2

Renal surgical procedure 6

Catheter use 6

bolesnika s 5-15 eritrocita po vidnom polju, 12 bolesnika
s> 15 eritrocita po vidnom polju), kod kojih nije napravlje-
na biopsija bubrega.

Svim ispitanicima su uzeti uzorci druge jutarnje mokrace
koji su analizirani unutar jednog sata. Za bolesnike iz sku-
pine 1 uzorci su uzimani prije biopsije.

Istrazivanje je odobrilo bolnicko eticko povjerenstvo.

Priprema uzoraka

Za analizu su uzeta dva alikvota od po 10 mL mokrace
i centrifugirana 10 min na 2500 okr/min. Supernatanti
su odliveni, te su sedimenti dva puta isprani s 5 mL fos-
fatnog pufera pH 7,0 i svaki puta ponovno centrifugirani
pod istim uvjetima. Nakon centrifugiranja je u jednu epru-
vetu dodano 10 pl antitijela na Gly A izravno vezanog na
fluorescentnu boju fikoeritrin (RPE-Conjugated Monoclo-
nal Mouse Anti-Human Glycophorin A, Dako A/S Denma-
rk) (100 mg/L), a u drugu epruvetu koja je predstavljala
negativnu kontrolu dodano je 10 pL misjeg IgG, izravno
vezanog na fluorescentnu boju fikoeritrin (RPE-Conjuga-
ted Mouse IgG, Negative Control for Flow Cytometry, Da-
ko A/S Denmark) (100 mg/L). Nakon inkubacije od 10 min
na sobnoj temperaturi ponovljen je postupak ispiranjas 3
mL fosfatnog pufera pH 7,0, centrifugiranja pod istim uvje-
tima, te odlijevanja supernatanta. Kona¢no su stanice re-
suspendirane u 500 ulL fosfatnog pufera pH 7,0.

Analizator i metoda

Predhodno pripremljeni uzorci mokrace analizirani su na
proto¢nom citometru FACScan u programu Cellquest™

Biochemia Medica 2008;18(2):206-15

12 patients with > 15 erythrocytes/HPF). Kidney biopsy
was not performed in any group 2 patient.

Second morning urine samples were collected from all
patients, transported to the laboratory and processed
within an hour. In group 1 patients, urine samples were
obtained before biopsy.

The study was approved by the Hospital Ethics Commit-
tee.

Preparation of samples

For analysis, 2x10 mL of each urine sample were centrifu-
ged for 10 minutes at 2500 rpm, the supernatants were
decanted and sediments rinsed twice with 5 mL of phos-
phate buffer pH 7.0. After centrifugation, 10 pL of phycoe-
rythrin-conjugated antibody against glycophorin A (RPE-
Conjugated Monoclonal Mouse Anti-Human Glycopho-
rin A, Dako A/S Denmark) (100 mg/L) were added into the
first test tube, and 10 pL of phycoerythrin-conjugated
murine IgG, antibody (RPE-Conjugated Mouse IgG, Nega-
tive Control for Flow Cytometry, Dako A/S Denmark) (100
mg/L) to the second test tube for negative control. Both
test tubes were incubated for 10 minutes at room tempe-
rature, rinsed with 3 mL of phosphate buffer pH 7.0 and
centrifuged. Finally, the sediments were resuspended in
500 mL of phosphate buffer pH 7.0.

Instruments and methods

Prepared samples were analyzed on a FACScan flow cyto-
meter using Cellquest™ program (Becton Dickinson, San
Jose, USA), with argon laser as light source of 488 nm wa-
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(Becton Dickinson, San Jose, SAD), uz argonski laser kao
izvor svjetlosti valne duljine 488.

Od ukupnog broja od 10.000 stanica izdvojeni su eritrociti
kao stanice s pozitivnom fluorescencijom, te su im izmje-
reni slijededi parametri: rasap svjetlosti u smjeru ulazne
zrake (engl. forward scatter, FSC) i rasap svjetlosti okomit
na smjer ulazne zrake (engl. side scatter, SSC). Instrument
je automatski racunao srednji FSC i SSC za svaki uzorak.
FSC je parametar proporcionalan velic¢ini stanice, a SSC je
kao parametar ovisan o stupnju granuliranosti, tj. sloze-
nosti unutarnje strukture stanice ili sloZzenosti jezgre stani-
ce, bio mjera oblika eritrocita, bududi da je eritrocit stani-
ca bez jezgre. Na kraju je izracunat i omjer SSC/FSC kako
bi se izbjegao utjecaj veli¢ine eritrocita na oblik.

Statisticka analiza

Za statisticku obradu podataka primijenjen je statisticki
program GraphPadPrism 5 (GraphPad Software, Inc., USA)
verzija 5.01. Za ispitivanje normalnosti raspodjele podata-
ka primijenjen je Kolmogorov-Smirnovljev test. Podaci ko-
ji slijede normalnu raspodjelu prikazani su aritmetickom
sredinom i standardnom devijacijom, a podaci s asimet-
ricnom raspodjelom prikazani su medijanom i interkvar-
tilnim rasponom. Statisticka znacajnost razlike medu sku-
pinama ispitana je pomoc¢u Mann-Whitney testa. Kriterij
za statisticku znacajnost bio je P < 0,05. ROC analiza (engl.
Receiver Operating Characteristic) je upotrijebljena za proc-
jenu dijagnosti¢kih moguénosti mjerenih parametara.

Rezultati

Rezultati mjerenja FSCi SSC na proto¢nom citometru, kao
i omjera SSC/FSC prikazani su u tablici 2. Nadena je sta-
tisticki znacajna razlika za sva tri parametra izmedu dviju
skupina bolesnika.

Rezultati ROC analize prikazani su u tablici 3. Za sva tri pa-
rametra prikazane su dobivene povrsine ispod krivulje
(engl. area under the curve, AUC) s pripadajuc¢im 95%-tnim
intervalima pouzdanosti, optimalne grani¢ne vrijednosti,
te vrijednosti za dijagnosti¢ku osjetljivost i specifi¢cnost.
Dobivena je statisticki znacajna razlika izmedu dobivenih
AUC za FSC i SSC (P = 0,013), te za omjer SSC/FSC i SSC (P

TABLICA 2. Rezultati analize na proto¢nom citometru

Citometrijsko razlikovanje podrijetla hematurije

velength. Firstly, erythrocytes were selected as fluores-
cent positive cells on cytogram, in a total of 10,000 cells.
Then, two flow cytometric parameters were measured:
forward scatter light intensity (FSC) and side scatter light
intensity (SSC). Mean FSC and SSC values were automati-
cally calculated by the instrument for each sample. It is
generally thought that FSC and SSC are proportional to
cell size and polymorphism of nucleus, respectively. We
used FSC as a measure of erythrocyte size and SSC as
an indicator of cell surface unevenness because erythro-
cytes had lost their nuclei. Also, the SSC/FSC ratio was cal-
culated to eliminate the influence of cell size on the SSC
parameter.

Statistical analysis

Statistical analysis was performed by using GraphPadPri-
sm 5 statistical program (GraphPad Software, Inc., USA)
version 5.01. Variables were tested for normality using
the Kolmogorov-Smirnov test. Parametric data were
expressed as arithmetic mean and standard deviation,
whereas nonparametric data were expressed as median
and interquartile range. Mann-Whitney test was used for
between-group difference testing. Values of P < 0.05 we-
re considered statistically significant. The Receiver Ope-
rating Characteristic (ROC) analysis was used to illustrate
diagnostic performance of the study method paramete-
rs.

Results

The results obtained for FSC, SSC and SSC/FSC ratio are
shown in Table 2. We found a statistically significant dif-
ference in all parameters between the two groups of pa-
tients.

The results of ROC analysis are shown in Table 3. The ar-
eas under the curve (AUC) obtained with the respective
95% confidence intervals as well as optimal cut-off va-
lues and diagnostic sensitivities and specificities are pre-
sented for all three parameters. A statistically significant
difference between the AUC obtained was found for FSC
and SSC (P = 0.013), and for SSC/FSC ratio and SSC (P <
0.001). Difference between the AUC obtained for FSC and

TABLE 2. Results of flow cytometric analysis

Parameter G’\ll'ozu;)11 GI\EO:;Z P

FSC 29.0 (26.0-37.0)* 81.8+42.0§ < 0.001
SSC 104.0 (87.0-125.0)* 70.5 (43.0-110.0)* 0.016
SSC/FSC 3.72 (3.04-4.12)* 0.89 (0.69-1.90)* < 0.001

FSC - forward scattered light; SSC - side scattered light; * Median (interquartile range); § Mean + SD

Biochemia Medica 2008;18(2):206—-15
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< 0,001), dok razlika izmedu dobivenih AUC za FSC i omjer
SSC/FSC nije bila statisti¢ki znacajna. Na slici 1. prikazane
su ROC krivulje za FSC, SSC i omjer SSC/FSC, s grani¢nim
vrijednostima za glomerularnu hematuriju.

Znakoviti rezultati analize mokrace proto¢nom citometri-
jom kod bolesnika s glomerularnom i neglomerularnom
hematurijom prikazani su na slici 2. Za bolesnika s glome-
rularnom hematurijom dobivene su slijedece vrijednosti:
FSC = 31,2; SSC = 110,4; SSC/FSC = 3,54; a za bolesnika s
neglomerularnom hematurijom FSC = 65,8; SSC = 36,5;
SSC/FSC = 0,54.

Na slici 3. prikazan je primjer analize dvaju uzoraka mok-
race od istog bolesnika uzetih prije i neposredno poslije
biopsije bubrega. Radilo se o bolesniku iz skupine 1 s do-
kazanom bolesti glomerula. U uzorku mokrace uzetom
prije biopsije dobivene su slijedece vrijednosti: FSC =
40,7; SSC = 99,9; SSC/FSC = 2,45; a u uzorku mokrace uze-
tom neposredno nakon biopsije FSC = 78,2; SSC = 69,4;
SSC/FSC=0,89.

Rasprava

Pouzdano otkrivanje podrijetla hematurije ima veliko kli-
ni¢ko znacenje. Mikroskopske tehnike su jeftine, ali kom-
plicirane, nereproducibilneisubjektivne (1,8-15). Objektiv-
nije, automatizirane metode (protoc¢ni citometri za anali-
zu mokracée, mjerenje MCV na hematoloskim analizatori-
ma) su ogranicene interferencijom tzv. urinarnog debria
(16-25).

U ovom smo radu ispitali metodu analize mokrace proto¢-
nom citometrijom kao metodom za razlikovanje podrijet-
la hematurije, uz predhodno bojanje eritrocita fluorescen-
tnim antitijelima na GlyA, ¢ime je izbjegnuta interferenci-
ja urinarnog debria. Nakon izdvajanja eritrocita mjereni

Citometrijsko razlikovanje podrijetla hematurije

SSC/FSC ratio was not statistically significant. ROC curves
for FSC, SSC and SSC/FSC ratio are shown in Figure 1, with
cut-off values for glomerular hematuria.

Typical patterns of flow cytometry urine testing in patien-
ts with glomerular and non-glomerular hematuria are
shown in Figure 2. The values obtained for patient with
glomerular hematuria were as follows: FSC = 31.2; SSC =
110.4; and SSC/FSC = 3.54; and for patient with non-glo-
merular hematuria FSC = 65.8; SSC = 36.5; and SSC/FSC
=0.54.

An example of flow cytometry urine analysis of two sam-
ples from the same patient obtained prior and following
biopsy is shown in Figure 3. The patient was from group
1, with biopsy proven glomerular kidney disease. The va-
lues obtained in the first sample were as follows: FSC =
40.7; SSC = 99.9; and SSC/FSC = 2.45, and in the second
sample FSC = 78.2; SSC = 69.4; and SSC/FSC = 0.89.

Discussion

Reliable determination of the origin of hematuria is of
great clinical importance. Although microscopic tec-
hniques are cost-effective, they are time-consuming and
associated with inter-observer variations (1,8-15). Althou-
gh more objective results have been obtained with the
introduction of automated methods (urinary flow cyto-
metry and MCV measurement on blood cell analyzers),
identification of erythrocytes only by size leads to the in-
terference of urinary debris (16-25).

In the present study, we stained erythrocytes prior to
flow cytometry analysis with phycoerythrin-conjugated
antibody against Gly A, a glycoprotein on erythrocyte
membrane specific for erythroid cell line, and then ana-
lyzed morphological characteristics of erythrocytes by
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SLIKA 1. ROC krivulje za razlikovanje podrijetla hematurije pomocu vri-
jednosti FSC, SSC i omjera SSC/FSC

Biochemia Medica 2008;18(2):206-15

FIGURE 1. ROC curves for discrimination of the origin of hematuria by
flow cytometry method according to FSC, SSC and SSC/FSC ratio.
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su parametri koji su pokazatelji morfoloskih znacajka
eritrocita u mokraci: FSC kao pokazatelj veli¢ine eritrocita
i SSC kao pokazatelj slozenosti oblika eritrocita. Takoder
se izracunao omjer SSC/FSC kao mogudi bolji pokazatelj
morfoloskih znacajka eritrocita. Metoda nije dosad opisa-
na u literaturi. Tanaka i sur. su opisali metodu obiljezava-
nja eritrocita fluorescentnim antihemoglobinskim antiti-
jelima (26). Kao sto je poznato, hemoglobin je smjesten
unutarstani¢no, pa je za obiljezavanje bila potrebna pred-
hodna permeabilizacija stanicne membrane eritrocita,
$to kod antitijela na Gly A nije slucaj, jer je Gly A smjesten
na povrsini stanice eritrocita.

Mjerenjem parametara FSCi SSC te izracunavanjem omje-
ra SSC/FSC dobivene su statisti¢ki znacajne razlike u rezul-
tatima izmedu skupine bolesnika s glomerularnom i neg-
lomerularnom hematurijom (tablica 2.).

ROC analiza je pokazala mogucnost pouzdanog razliko-
vanja izmedu dviju skupina bolesnika mjerenjem parame-
tara protocne citometrije, osobito FSC i omjera SSC/FSC
(tablica 3., slika 1.). Primjerice, prema omjeru SSC/FSC,
od 31 bolesnika iz skupine 1 glomerularna hematurija je
potvrdena kod njih 26 (osjetljivost 83,9%), dok su kod 5
ispitanika dobiveni rezultati ukazivali na neglomerularnu
hematuriju (16,1% lazno negativnih rezultata). Kod 3 od 5
ispitanika nadena je hematurija niskog intenziteta (1+ na
test traci, < 5 eritrocita po vidnom polju uz veliko pove-
¢anje u sedimentu mokrace), $to bi moglo biti razlogom
za lazno negativne rezultate. Lazno pozitivni rezultati glo-
merularne hematurije dobiveni su kod 3 ispitanika (9,7%)
iz skupine 2 (specifi¢cnost 90,3%). Kod 2 ispitanika je poka-
zana visoka osmolalnost mokrace (626 i 951 mOsmol/kg),
$to je mogucdi uzrok promjene u obliku eritrocita, pa tako
i lazno pozitivnog rezultata za glomerularnu hematuriju.
Kod glomerularne hematurije zapazene su prosje¢no ni-
ze vrijednosti FSC i vise vrijednosti SSC u odnosu na neg-
lomerularnu hematuriju. Takoder su dobivene vise vrijed-
nosti omjera SSC/FSC kod glomerularne hematurije. Ovak-
vi su rezultati potvrdili pretpostavke o ,glomerularnim”
eritrocitima koji su maniji po velicini, ali imaju nepravilne

TAaBLICA 3. Rezultati ROC analize
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measuring FSC and SSC as indicators of erythrocyte size
and shape, respectively. Also, the SSC/FSC ratio was calcu-
lated. To our knowledge, this method has not been pre-
viously reported in the literature. The method of erythro-
cyte labeling with fluorescein-labeled antihemoglobin
antibodies has been reported by Tanaka et al. (26). As it
is well known, hemoglobin is a molecule localized inside
the cell, and previous cell membrane permeabilization is
necessary for erythrocyte labeling. This was not the case
with antibodies against Gly A because Gly A is a molecu-
le found on the erythroid cell membrane.

We found statistically significant differences in FSC, SSC
and SSC/FSCratio values between patients with glomeru-
lar and urologic source of bleeding (Table 2).

The ROC curve analysis revealed good discrimination be-
tween the two groups of patients according to the mea-
sured parameters, FSC and SSC/FSC ratio in particular
(Table 3, Figure 1). Based on the SSC/FSC ratio, glomeru-
lar hematuria was confirmed in 26 of 31 group 1 patients
(sensitivity 83.9%), while in 5 patients (16.1% false negati-
ve results) non-glomerular hematuria was found. Among
these 5 samples, low intensity hematuria was observed
in 3 samples (1+ or less by dipstick testing, < 5 erythro-
cytes/HPF in urine sediment analysis). False positive re-
sults of glomerular hematuria were obtained in 3 (9.7%)
group 2 patients (specificity 90.3%). Two of them had
high urine osmolality values (626 and 951 mOsmol/kg),
which was the most likely cause of change in erythrocyte
shape and of the false positive result.

As expected, we observed lower FSC and higher SSC va-
lues for glomerular hematuria, as compared with non-
glomerular hematuria (Figure 2). Also, the SSC/FSC ratios
were significantly higher in glomerular hematuria. The-
se results confirmed the characteristics of “glomerular”
erythrocytes that are small but of irregular shape, unli-
ke “non-glomerular” erythrocytes which are larger and
smooth-shaped. In the FSCxSSC scatterplot (Fig. 2) of a
patient with glomerular hematuria (A), a large promine-
nt cell population was evident with relatively low FSC va-

TABLE 3. Results of ROC analysis

FSC SSC SSC/FSC ratio
AUC 0.862 * 0.678 *§ 0.892§
95% Cl 0.757-0.967 0.537-0.819 0.805-0.979
Optimal cut-off value 49 73 2.42
Sensitivity (%) 90.3 83.9 83.9
Specificity (%) 83.9 61.3 90.3

FSC - forward scattered light; SSC - side scattered light; AUC - area under the curve; * statistically significant differen-
ce between AUC according to FSC and SSC (P = 0.013); § statistically significant difference between AUC according to

SSC/FSCand SSC (P < 0.001)
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oblike, za razliku od ,neglomerularnih” eritrocita koji su
vediiimaju pravilan oblik. Na slici 2. u dvoparametrijskom
prikazu FSCxSSC kod bolesnika s glomerularnom hematu-
rijom (A) jasno se vidi stani¢na populacija s relativno nis-
kim vrijednostima FSC i Sirokom distribucijom po ordinati
koja predstavlja vrijednosti SSC. Kod bolesnika s neglome-

Glomerular hematuria

] FSC=31.2

5SC=110.4
SSCIFPC=3.64

e e i s (T

SLIKA 2. Tipi¢an nalaz analize mokrace na proto¢nom citometru kod
bolesnika s glomerularnom i neglomerularnom hematurijom: FSCxSSC
(A), raspodjela eritrocita prema FSC (B) i SSC (C).
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lues but with broad distribution of SSC values. In non-glo-
merular hematuria, howewer, a cell population could be
observed whose SSC distribution was not so broad, but
FSC values were remarkably increased.

An occurrence of a new cell population following kidney
biopsy, as compared to pre-biopsy finding, was observed

Monglomenilar hematuria

A
i FSC=65.9
:
i
|
i B
{l SSCe365
1 SSCIFSC=054
c
| |

FIGURE 2. The typical patterns of flow cytometry urin analysis in pa-
tients with glomerular and non-glomerular hematuria: FSCxSSC scat-
terplots (A), distribution of erythrocytes according to FSC (B) and SSC
Q).
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rularnom hematurijom, medutim, eritrociti su u prikazu
FSCXSSC smjesteni potpuno drukdije, s niskim vrijednosti-
ma SSC i visim vrijednostima FSC.

U primjeru na slici 3A. vidi se jasno pojava nove populaci-
je eritrocita u uzorku istog bolesnika uzetom nakon biop-
sije bubrega u usporedbi s uzorkom uzetim prije biopsije.
Zbog toga su i dobiveni rezultati mjerenja bili potpuno
razliciti prije i poslije biopsije, $to bi moglo dovesti do

Prior to biopsy

e S e

: S5C=139.4
+ ) SSCTFSC=245

SLIKA 3. Primjer nalaza mokrace na proto¢nom citometru kod istog
bolesnika prije i nakon biopsije bubrega: FSCxSSC (A), raspodjela eritro-
cita prema FSC (B) i SSC (Q).

Citometrijsko razlikovanje podrijetla hematurije

in patients undergoing this diagnostic procedure (Figu-
re 3A). This new cell population gave rise to a change in
FSC, SSC and SSC/FSC values, and could lead to misinter-
pretation of the type of hematuria. However, the patient
was affected by glomerular disease, and a nonglomeru-
lar erythrocyte population occurred in his urine sample
due to the invasive diagnostic procedure, presenting as
mixed hematuria. Flow cytometry analysis program al-

Following blopsy

FSC=T82

CeMET o T

SSC=63.4
S5CFSC=0.89
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41
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FIGURE 3 Flow cytometry analysis of two samples from the same pa-
tient obtained prior and following kidney biopsy: FSCxSSC scatterplo-
ts (A), distribution of erythrocytes according to FSC (B) and SSC (C).
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pogresne interpretacije da se radi o neglomerularnoj he-
maturiji. Radi se, medutim, o bolesniku s glomerularnom
boles¢u kod kojeg se zbog invazivnog dijagnostickog
postupka pojavila populacija neglomerularnih eritrocita
u mokradi, $to je prolazna pojava i predstavlja mijesanu
hematuriju. Program za analizu na proto¢nom citometru
omogucava uocavanje ovakvih slucajeva, ali i zasebnu
analizu i pracenje dviju populacije eritrocita kod mijesane
hematurije.

Prema pokazanim rezultatima, opisana metoda na pro-
to¢nom citometru omogucava pouzdano razlikovanje
podrijetla eritrocita u mokradi. Bilo bi, medutim, korisno
potvrditi dobivene rezultate na ve¢em broju ispitanika,
kao i ispitati osjetljivost metode kod blage hematurije, tj.
malog broja eritrocita u mokraci. Ogranicenje ovoga ispiti-
vanja svakako je cinjenica da ispitanici iz skupine 2 nisu bi-
li podvrgnuti biopsiji bubrega, pa moguca glomerularna
bolest kod njih nije bila isklju¢ena. Kao i kod ostalih meto-
da za razlikovanje podrijetla hematurije potrebno je ana-
lizu provesti u kratkom razdoblju nakon uzorkovanja, po-
gotovu kod izrazito koncentriranih ili razrijedenih uzoraka
mokrace. Opisana metoda je objektivna i jednostavna, te
je primjenjiva u svakodnevnom rutinskom radu laboratori-
ja. Klini¢arima daje mogu¢nost brzeg usmjeravanja boles-
nika prema nefroloskoj odnosno uroloskoj problematici,
kao i izbjegavanje skupih i invazivnih dijagnostickih pos-
tupaka koji se provode kako bi se otkrio uzrok hematurije.
Laboratorijskim pak stru¢njacima predstavlja moguc¢nost
nove primjene protoc¢ne citometrije, i to u podru¢ju urolo-
gije i nefrologije.
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lows for detection of such cases and also separate ana-
lysis and follow-up of two erythrocyte populations in
mixed hematuria.

According to our results, the method described that iden-
tifies only erythrocyte from urine by staining with phycoe-
rythrin-conjugated antibody against Gly A enables reliab-
le differentiation of the origin of hematuria. It would, ne-
vertheless, be useful to confirm the results obtained in a
larger number of subjects, and to examine the method
sensitivity for mild hematuria. The limitation of the study
was the possibility of concomitant glomerular disease in
group 2 patients, which was not excluded by kidney biop-
sy. Also, as in other methods used to distinguish the ori-
gin of hematuria, the analysis should be performed shor-
tly after sampling, particularly of highly concentrated or
diluted urinary samples.

The method described seems to be objective, simple and
applicable in routine laboratory practice. It provides cli-
nicians with the possibility to rapidly direct patients to
nephrologic or urologic examination and thus to avoid
expensive or invasive diagnostic procedures performed
to detect the cause of hematuria. To laboratory professio-
nals, it is a new opportunity to use flow cytometry in the
fields of urology and nephrology.
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