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The value of red cell morphology in
differential diagnosis of hematuria
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Summary

Phase contrast microscopic examination of the
urinary sediment was performed in 38 children
with hematuria in order lo identify glomerular or
nonglomerular origin. The rate of dysmorphic
erythrocytes were above 80 % in 12 (80 %) of 15
patients, definitely diagnosed to have glomerular
hematuria, whereas the same rate was found to be
below 20 % in 15 (75 %) of 20 patients who had
nonglomerular hematuria. Urinary sediment exami-
nation of the patients with acute glomerulonephri-

tis revealed higher rates of dysmorphic erythro-
cytes in the second examinations compared to
[irst ones, which were performed one week before.

It is concluded that phase contrast microscopic ex-
amination of the wrinary sediment is a simple and
safe method for identifying the origin of hematur-
ia in children.
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Introduction

Hematuria, may be a sign of glomerulonephritis;
or it may originatc from other parts of the uri-
nary tract. It is important to know origin of hem-
aturia while selecting the methods to be per-
formed in differential diagnosis. Kidney biopsy is
the only method for definite diagnosis of glome-
ru+lar hematuria, if non-invasive means fail to
do so. On the other hand in case of nonglomeru-
lar hematuria, it is rcasonable to begin laboratory
investigations by radiologic and/or endoscopic
methods.

It has been suggested that erythrocyte morpholo-
gy might play an important role in localization
of hematuria, since 1970 (2.3.4.5.6.9) Recently,
this method has been used more frequently due to
its simplicity and safety.

We assumed that urinary sediment examination
of the hematuric children could play an important
role in differential diagnosis. In order to investi-
gate the reliability of the method, we decided to
perform a prospective trial including 38 patients.
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Patients and Methods

38 hematuric children were included in the study,
which were followed and treated in Pediaric Depart-
ment of Cerrahpasa Medical Faculty. The number
of male and female patients were equal and mean
age was 7.7+3.8. Hemalturias thought to be related
glomerular and non-glomerular origin were exam-
ined twice (with an interval of one week) and
once, respectively. Total number of the urinary
sediment examinations were 56 (Figure 1).

Unspun and mixed urine samples, containing more
than 5 ervthrocytes per mm3 were delined as hem-
aturic \*/, Ten milliliters of these samples were
cenftrifuged at 15300 rpm, for 10 minutes, and the
sediment (0.5 ml) was mixed in order to get a sus-
pension. This sediment was examined by an inde-
pendent physician who was unaware ol the pa-
tient, chnical and laboratory [indings, using
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Fig. 1 Morphic erythrocytes in urinary sediment (Phase
contrast microscopy, x 400)
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Fig. 2 Dysmorphic erythrocytes in urinary sediment
(Phase contrast microscopy, x 400)

Olympus CH 2 phase contrast microscopy (X400).
Minimum 200 erythrocytes were examined in each
sample. Red cells with smooth surfaces which
were uniform in size were defined as "morphic”,
whereas nonhomogen erythrocytes showing varia-
tion in size with distorted shapes noted as
"dysmorphic” (Figure 2) (2,4,5,6,9) " Some cells
with regular spikes and similar to peripheral blood
cells in their echinocyte form were regarded as
morphic 3). The rate of morphic and dysmorphic
cells for each sample was determined. Also, eryth-
rocytes showing excessive variation in size were
thought to represent glomerular hematuria
Osmolarity, pH and protein measurcments were
done for each sample and presence of casts were
noted.

Exact origin of hematuria was determined by he-
matologic, urinary, bacteriologic, radiologic, ul-
trasonographie, scintigraphic, endoscopic and his-
topathologic examinations. Then these results
were compared with urinary sediment findings and
the reliability ofl the procedure was assessed.

Resulis

A definite diagnosis was achieved in 35 of the 38
patients which were included in the study. The

Table I. The etiopathogenetic factors result-
ing in hematuria.

Glomerular hematuria

Acute post-infecticus glomerulonephritis ........... 10
Henoch-Schonlein nephritis.................
Chronic glomerulonephritis

15
Nonglomerular hematuria
Postoperative hematuria....cc.coooeviieeriiiinieniinnnns 11
Urolithiasis 3
Abdominal travma 2
Cystitis SR SRS RO RS
Renal ‘uberculosis. v meismniasmnsaiiga 25

20

etiopathogenetic factors resulting in hematuria
are listed in Table 1.

The rate of dysmorphic erythrocytes in these 35
patients are shown in (Figure 3). Rates related to
glomerular hematuria, belong to the second ex-
amination of the sediments. Rates of dysmorphic
erythrocytes were more than 80 % in 12 of 15
(80 %) cases with glomerular hematuria. In the
other 3 cases the rates were found to be 63 %, 59
% and 40 %, respectively. The rate of dysmorph-
ic erythrocytes in 15 of 20 (75 %) nonglomerular
hematurias are lower than 20 %. Dysmorphic
erythrocyte rates were 40 %, 46 %, 50 %, 62 %
and 74 %, respectively, in the other 4 cases. Def-
initely undiagnosed 3 patients’ urinary scdiment
examinations yiclded different rates with a range
of 11 % and 89 %. Further investigations for
these paticnts are being carried out.

In acute glomerulonephritic cases the rate of dys-
morphic erythrocytes differed in two examina-
tions, performed with one week interval. The
rates were higher in the second examination, ex-
cluding one case (Figure 4). It was noted that pa-
tients with acute glomerulonephritis were admit-
ted to the hospital in the 2 to 9 days after the
first symptom of the discase.

In the urinary sediments, containing dysmorphic
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crythrocytes more than 80 %, the diameters of
the erythrocytes revealed excessive variation.

Comment

Addis (U, was the first author describing dys-
morphic erythrocytes in the urinary sediments,
but he did not point out the importance of this
finding. Birch and Fairley @), reported a relation-
ship between glomerular hematuria and dys-
morphic erythrocytes. Authors have noted the
uniform appearence of erythrocytes in nonglo-
merular hematuria. Another author Chung (),
first suggested that urinary sediments could be
stained with Wright's technic, in the absence of
phase contrast microscopy, and this method
would also be valuable in differential diagnosis of
hematuria.

The pathogenesis of dysmorphic erythrocyte for-
mation is unclear. It has been shown that neither
osmolarity, pH, NaCl content of the urine, nor
the time period between voiding and examination
affects erythrocyte morphology (19, 1t has also
been suggested that dysmorphism might be due
to mechanical trauma of the erythrocytes, during
their passage through the pores of basement
membrane (7),
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The exact rates of dysmorphic erytrocytes which
would identify glomerular and nonglomerular
hematuria is another controversial issue. Fasset
et al ©), have proposed figures more and less than
80 % for glomerular and nonglomerular hematur-
ia, respectively. Smilarly, Fairley and Birch (),
have suggested that, dysmorphic erhyrocyte rates
less than 20 % typically indicates nonglomerular
origin. These authors have shown the existence
of dysmorphic erytrocytes in the urinary sedi-
ments of healthy people and have claimed that all
hematurias do contain dysmorphic erythrocytes.
Rizzoni et al ), have reported different figures;
they proposed that morphic erythrocyte rates
above 90 % were indicative for nonglomerular or-
igin, while dysmorphic erythrocyte rates above
40 % would indicate glomerular hematuria. On
the other hand, Stapleton (10), has assumed glo-
merular hematuria if the rate of dysmorphic
erythrocytes exceed 10 %.

Our results show that it is possible to identify
the localisation of hematuria with a risk of 20 %
misdiagnosis if dismorfism figure is taken as 80
9. If the rates is decreased to 40 %, this would
cover all of our glomerular hematurias, but criter-
ia would also indicate 5 nonglomerular hematuric
sediments as glomerular ones.

Existence of dysmorphic erythrocytes (up to 40
% - 60 9%) in the urinary sediment of patients
with urolithiasis have been described in the litera-
ture (&9 Similarly, we found 74 % and 40 %
erythrocytes in 2 patients' urinary samples
known to have urinary stone disease.

Van Isegham et al (11, have followed a patient
with acute glomerulonephritis prospectively and
examined erythrocyte morphology 12 times with
an interval of few days. They have found dys-
morphism rates less than 10 %, more than 70 %
and 95 % in 5., 10. and 15. days of the discase,
respectively, We also noted an increase in the rate
of dysmorphic erythrocytes, during the progres-
sion of the discase.

As a result examination of the erythrocyte mor-
phology in hematuric children secems to be a sim-
ple and practical method for differential diagnosis.
Dysmorphic erythrocytes more than 80 % show
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glomerular hematuria while the same erythrocy-
tes less than 20 % is indicative for nonglomeru-
lar hematuria. Dysmorphism between these fig-
ures makes various further investigations neces-
sary. Repeating the examination for many times
during the disease period gives more accurate re-
sults.

References

1. Addis T: Glomerular Nephritis. New York, Mac
Millan, 1948, s:42.

2. Birch DF, Fairley KF: Hematuria: Glomerular or
nonglomerular? Lancet 2:845, 1979.

3. Chang BS: Red cell morphology as a diagnos-
tic aid in hematuria. JAMA 252:1747, 1984.

4. Fairley KF, Birch DF: Hematuria: A simple
method for identifying glomerular bleeding. Kid-
ney Int 21:105, 1982,

5. Fasett RG, Horgan B, Gove D, Mathew TH:
Scanning electron microscopy of glomerular and

non glomerular red blood cells. Clin Nephrol
20:11, 1983.

6. Fasett RG, Horgan BA, Mathew TH: Detaction
of glomerular bleeding by phase-contrast micros-
copy. Lancet 1:1432, 1982.

7. Jai-Trung L, Hiroyoshi W, Hroshi M, Masuji H,
Hisake T, Fumiko U, Akiro S, Koji N, Kiyoyasu
N: Mechanism of hematuria in glomerular disease.
Nephron 335:68, 1983.

8. Meadow SD: Haematuria. Postlethwaite RJ (Ed)
"Clinical Paediatric Nephrology”, Bristol, Wright,
1986, s:29.

9. Rizzoni G, Braggion F, Zacchello G: Evalua-
tion of glomerular and nonglomerular hematuria
by phase-contrast microscopy. J Pediatr 103:370,
1983.

10. Stapleton FB: Morphology of urinary red
blood cells: A simple guide in localizing the site
of hemaruria. Pediatr Clin North Am: 34(3):561,
1987.

11. Van Iseghem PH, Hauglustaine D, Bollens W,
Michielsen P: Urinary erytrocyte morphology in
acute glomerulonephritis. Br Med J 287:1183,
1983.

103



