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Abstract
For centuries physicians have been using urine as one of the non-invasive means for assessing
diseases. Haematuria is a frequently encountered abnormality in clinical practice. Haematuria
may have either a glomerular or a non-glomerular origin. The morphological study of urinary red
cells by Phase-Contrast Microscopy (PCM) is a useful diagnostic marker for glomerular bleeding,
if correctly interpreted and used. Today, urinalysis and in particular identification of red cells
morphology by Phase-Contrast Microscopy has been a widely accepted technique for determining
the site of haematuria. A short review on haematuria and Phase-Contrast Microscopy are
presented here for updating knowledge and academic interest.
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Introduction:
The patterns of renal diseases are different in
different countries of the world, as it is
influenced by geographical, environmental and
socioeconomic factors in that region.
Glomerular diseases are the leading cause of
end stage renal disease (ESRD) throughout the
world1. The exact incidence of ESRD in the
world is not known. The incidence of ESRD in
developing countries is more than developed
countries2. In every year around 13000 new
patients are likely to develop ESRD in
Bangladesh 3 . In our country, glomerulonephritis is the leading known cause
accounting for 47% of ESRD 4 . Clinical
presentation of glomerular diseases is ranging
from asymptomatic presentation to impaired
renal function of the patient 5 . Clinical
diagnosis of specific glomerular diseases is
difficult because the same glomerular disease
can manifest in different ways. Due to the great
variation of clinical manifestations of
glomerular diseases, diagnosis depends on

clinical features, the laboratory data and
histopathological analysis.
Haematuria is
the presence of blood in the
urine, which is commonly divided into gross or
macroscopic and microscopic haematuria6 .
Patient frequently present with haematuria in
the out patient department of hospitals.
Haematuria is a clinically significant finding
associated with a number of conditions
involving the genitourinary tract, including
those of kidney, ureter, prostate, bladder and
urethra 7 . Whatever the haematuria is
transient or persistent, it should always be
investigated in a proper way because of its
important implications. Unfortunately
little
attention was paid to the renal parenchymal
diseases the most common cause of
microscopic haematuria, if untreated that
could progress to renal failure. The causes of
haematuria may be urinary lithiasis,
glomerular and tubular diaseases, neoplasia
or infection of the kidney and lower urinary
tract and rupture of capillary blood vessels8.
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Depending on the source of bleeding,
haematuria can be classified as glomerular or
dysmorphic red cells and non-glomerular or
isomorphic red cells9. Both nephrologic and
urologic invasive procedures are often
performed in patient with haematuria in order
to formulate a diagnosis. Glomerular diseases
generally present with variable degrees of
haematuria, proteinuria, and/or impaired
renal function, singly or in combination10.
Renal biopsy is the gold standard method for
the diagnosis of GN, but it is an invasive,
expensive, time consuming procedure and can
be performed only in hospital admitted patients.
Epidemiology:
The prevalence of asymptomatic microscopic
haematuria is ranging from 0.19-21%11 due to
wide variation in the definition of clinically
significant microscopic haematuria. This
range is largely accounted for by differences in
age and sex in the populations studied.
Persistent
symptomless
microscopic
haematuria is a common condition 12. The
prevalence of isolated microscopic haematuria
in children & adolescents is approximately
1.5%13. Among school children the prevalence
of haematuria is 0.5-2%14. From population
screening it was estimated that the prevalence
of haematuria, both macroscopic and
microscopic, may range from 5% to as high as
20%15.
Pathophysiology of haematuria:
The pathophysiology of haematuria depends on
the anatomic site within the urinary tract from
which blood loss occurs. Blood originating from
the nephron is termed as glomerular
haematuria. In case of non-glomerular
haematuria anything that disrupts the
uroepithelium
such
as
irritation,
inflammation or invasion can result in normal
appearing RBCs in the urine. Direct injury to
the tubulointerstitium by infections, stones and
ischemic necrosis of papillae can produce nonglomerular haematuria16. Malignant tumour,
trauma, medications, cysts, infarction and
arterio-venous malformations can also cause
blood loss into the urinary space in nonglomerular haematuria17. The exact cause of
dysmorphic red blood cells is not fully known.
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It is thought to be the result of environmental
changes that the cells are exposed through.
The dysmorphic erythrocytes appear in the
urine when the physiological barrier of the
glomerulus for the passage of cells is disrupted.
This barrier is composed of capillary
endothelium, glomerular basement membrane
and an epithelial layer - the podocytes18. When
it has lost its barrier for erythrocytes, these
cells follow the urinary flow along the tubular
system19. It is thought to be the result of
environmental changes that the cells are
exposed through. During their course, the
erythrocytes undergo alterations in shape. A
combination of mechanical damage upon
squeezing of red cells through the glomerular
membrane followed by exposure to the changes
of osmotic environment when cells pass
through the tubular system20,21.
Phase Contrast Microscope (PCM):
Phase contrast is a method used in microscopy
and developed in 1934 by Dutch physicist Frits
Zernike. Phase is only useful on specimens
that are colourless and transparent. These
specimens are known as “phase objects”. For
this discovery Zernike was awarded the Nobel
Prize (physics) in 195322. Phase objects are
transparent things that differ from their
surrounding in optical path length. In Phase
contrast microscope (PCM) by using optical
filter, it transforms phase modulation into
amplitude modulation, rendering the phase
objects visible. Special condensers and
objectives are used in phase contrast
microscope. These alter the phase relationship
of the light passing through the object and then
passing around it 23 . The phase contrast
microscope is now widely used for examination
of biological tissues. Unstained living tissue
specimens are transparent and provide little
viewing contrast under brightfield microscopy.
PCM is able to view unstained living tissues
with enhanced viewing contrast, allowing the
biological researcher to see details, which is
normally unseen.
Evaluation of haematuria and role of PCM
The first step in the evaluation of haematuria
is a thorough medical history, including
medications and ingestion of foods etc. History,
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physical examination and simple laboratory
tests are able to confirm many of common
causes of haematuria14. The examination of
urinary sediment is a diagnostic tool
introduced into clinical practice more than 150
years ago and maintains its utility till today24.
The urinary sediment examination is one of
the most useful, and probably the single most
cost-effective investigation in the assessment
of health and diseases. Examination of the
urine in patients with haematuria is essential,
preferably before a patient is referred to a
medical specialist. Microscopic examination of
urinary sediment can increase the efficiency
of the diagnostic process when it is performed
at the start of the medical evaluation. One of
the study shows 25% of patient could have
spared from extensive urological investigation,
if the examination of urinary sediment would
have been performed at the start of
evaluation25. At present a number of diagnostic
tests many of them are invasive, are often
performed in patient with haematuria. These
test lead to increases expenditure, patient
anxiety and discomfort.
The evaluation according to the manner of
presentation can reduce the cost of the
laboratory investigation26. After ensuring the
presence of red blood cells in urine sediment
by routine examination, next step is to
determine the morphology of red cells by PCM.
Birch and Fairley were the first to show that
examination of the urinary sediment by phasecontrast microscope can help in the
discrimination between glomerular and nonglomerular forms of haematuria 27 . This
technique identifies glomerular erythrocytes
by their variable shape with vacuole and usually
with loss of membrane or destroyed forms of
membrane. Haemoglobin content is reduced in
glomerular erythrocyte, such erythrocyte
appear to be doughnut-shaped as a result of
decreased haemoglobin in the cytoplasm28.
Non-glomerular erythrocytes are uniform in
size, shape and have smooth outline29. Urinary
sediment of patients with glomerular
haematuria is characterised by the presence
of a large variety of erythrocyte shapes. There
is heterogeneity in shape and size of the
erythrocytes, and also cell fragments can be
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found. Usually, at least three different shapes
of erythrocytes are present in the urine of
patients with glomerular disease, giving rise
to a polymorphic picture, in contrast with nonglomerular haematuria in which all red cells
are similar in shape (isomorphic), resulting in
a monomorphic pattern 30. Phase contrast
microscopy is an accepted technique for
evaluation of urinary red cell morphology due
to more than 90% sensitivity and specificity.
Most of the previous studies have reported
sensitivity in the range of 89.8% to 100% and
specificity of 90% to 100% for cut-off value of
20% for dysmorphic red cells by phase contrast
microscopy31,32,33,34. The various forms of red
blood cells in the urine were described by Bessis
like discocytes, echinocyte, codocyte,
acanthocyte etc35. G l-cells are the special type
of dysmorphic erythrocyte which has the form
of a doughnut shape with target configuration,
and membranous protrusions or blebs as a
marker for glomerular haematuria36. Actually,
erythrocytes with similar morphologic features
to G1-cells had been previously observed in
urine samples from patients with GN by Addis
in 1948 and had been reported as acanthocytes
by Kohler et al. (1991)35. Most of the studies
have reported a cut off value of 5% for G1
cells 31,37,38 . The discovery of PCM has
revolutionized the investigation protocol of the
patients presented with haematuria. After
nearly 30 years of this approach, a large number
of techniques have been tried for detection of
the dysmorphic red cells suggestive of
glomerular haematuria. The techniques are
phase-contrast microscopy33,39,40, bright-field
microscopy with or without staining31,32,34,
scanning electron microscopy 41, automated
urine analysis42,43. Apart from phase-contrast
and bright-field microscopy, other techniques
are time-consuming and some of them require
costly equipment. Early detection of
haematuria and differentiation between
glomerular and non-glomerular type is very
important for determination of the correct line
of investigation and management.
Conclusion:
Laboratory medicine is in search of easier as
well as economic techniques in the diagnosis
of glomerular diseases. Examination of urinary
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red cell morphology using the phase contrast
microscope is a relatively new and less explored
technique in our country. Though the
technique of PCM is simple, but it has still not
become very popular in Bangladesh44. Possibly
because lack of sufficient expertise in this field
and specialized phase contrast microscope is
needed for this technique. PCM is a simple,
cost effective, non invasive technique which
can be performed in out door patients. This
method do not lead to a definite diagnosis, but
enable the selection of the most appropriate
test and thus avoid unnecessary, often invasive
diagnostic procedure. In our country with
limited resources, use of simple, cost effective,
and reliable technique plays an important role
in the diagnostic protocol of diseases. So the
phase contrast microscopy may be incorporated
as a part of standard urinalysis procedure to
detect the site of haematuria.
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