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ABSTRACT

Background: Microhematuria is a common clinical finding that may indicate various renal or
urological conditions. While often detected incidentally, its etiological distribution varies, and
the diagnostic role of urine microscopy remains a critical, cost-effective tool for distinguishing
glomerular from non-glomerular causes.

Objective: To describe the etiological profile and evaluate the diagnostic performance of urine
microscopy in patients presenting with microhematuria in a tertiary care setting.

Materials & Methods: A cross-sectional hospital-based study was conducted at a Government
Medical College in Nagpur, India, from January to December 2025. The study included 192
participants (aged >18 years) with microhematuria, defined as >3 RBCs per high-power field
(HPF). Midstream clean-catch urine samples were centrifuged and examined under light
microscopy to evaluate RBC morphology, casts, and other parameters.

Results: Out of 1748 samples, microhematuria was detected in 192 (10.98%), with the highest
prevalence in the 41-50 age group (26%) and a male predominance (1.59:1). While 30.73% of
patients were asymptomatic, common symptoms included dysuria (23.96%) and flank pain
(19.27%). Lower urinary tract pathology was the leading etiology (34.37%), followed by
glomerular causes (29.17%) and non-glomerular renal pathologies (25%). Dysmorphic RBCs
were observed in 81.36% of glomerular cases. The presence of RBC casts showed a highly
significant statistical association with glomerular disease (p < 0.00001).

Conclusion: Urine microscopy is a powerful diagnostic modality, not merely a screening tool.
The strong correlation between dysmorphic RBCs, RBC casts, and glomerular pathology
allows for high diagnostic accuracy in differentiating the origin of hematuria. Incorporating
detailed microscopy into routine protocols is essential for early detection and guided
management, particularly in resource-limited settings.
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INTRODUCTION

Hematuria is defined as the presence of red
blood cells (RBCs) in the urine. It is broadly
categorised into gross hematuria, visible to
the naked eye, and microscopic hematuria
(microhematuria), detectable only by

laboratory analysis despite normal-appearing
urine. Microhematuria is typically defined as
the presence of >3 RBCs per high-power
field (HPF) on microscopic examination of
properly collected urine specimens. !
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Microhematuria may arise from a broad
spectrum of etiologies involving both the
renal and urinary tracts. Glomerular causes
include intrinsic kidney diseases such as IgA
nephropathy  and  vasculitis,  where
dysmorphic RBCs and RBC casts on urine
microscopy can be key diagnostic clues
suggesting glomerular bleeding.
Nonglomerular causes include urinary tract
infections, urolithiasis, benign prostatic
hyperplasia, urothelial tumours, and other
structural abnormalities. >*

Despite its clinical 1mportance, the
etiological distribution of microhematuria
varies across populations and healthcare
settings, and there is ongoing debate
regarding the most cost-effective and
evidence-based diagnostic strategies.
Current  guidelines  emphasise  risk
stratification based on age, smoking history,
degree and persistence of microhematuria,
and other risk factors for genitourinary
malignancy to determine the extent of further
evaluation, including  imaging and
cystoscopy. 25

Given this clinical heterogeneity, hospital-
based studies that profile the causes of
microhematuria and assess the utility of urine
microscopy provide essential data for
optimizing diagnostic pathways, reducing
unnecessary invasive testing, and improving
patient outcomes. This study aims to describe
the etiological profile and evaluate the
diagnostic performance of urine microscopy
in patients presenting with microhematuria in
a tertiary care setting.

MATERIALS & METHODS

A cross-sectional study was conducted in the
Department of Microbiology at Government
Medical College, Nagpur, Maharashtra,
India, from January 2025 to December 2025.
The permission from the Institutional Ethical
Committee was obtained. The sample size
was calculated as follows.

7’ Xpxq
n=——7 —
Where:

n = required sample size (138.24)

Z = standard normal deviate at 95%
confidence interval (1.96)

p = prevalence of microhematuria (assumed
as 10% based on previous literature)
q=1-p

d = allowable error (absolute precision),
taken as 5%

(Although the minimum required sample size
was 139, data were available for 192
participants, all of whom were included in
the study)

Inclusion criteria

Patients aged 18 years and above with the
presence of microhematuria, defined as >3
red blood cells per high power field (HPF) in
a centrifuged urine sample were included.
Both inpatients and outpatients were taken up
for the study.

Exclusion criteria

The patients with gross hematuria visible to
the naked eye and those who were not willing
to participate in the study were excluded.

A midstream clean-catch urine sample was
collected in a sterile, wide-mouthed
container from study participants. Samples
were processed within 1-2  hours of
collection. Urine samples were centrifuged at
2000-3000 rpm for 5 minutes. The
supernatant was discarded, and the sediment
was resuspended and examined under light
microscopy. The following parameters were
evaluated: Number of RBCs per HPF; RBC
morphology, categorized as isomorphic or
dysmorphic; Presence of RBC casts, WBCs,
WBC casts, Epithelial cells, crystals, and
bacteria.

Statistical Analysis

Data obtained were entered into Microsoft
Excel. The results were analysed statistically
by IBM statistical package for the social
sciences (SPSS) statistics 20.0. The Chi-
square test and Fisher's exact test were used
in calculating the p value. The p values of
less than 0.05 were considered statistically
significant.
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RESULT
Among 1748 urine samples collected to
perform urine microscopy, 192 (10.98%)

showed the presence of microhematuria. It
was most commonly observed in the 41-50
years age group (26%).

Table 1: Age-wise distribution of microhematuria cases

Age group (years) | Number of cases (n=192) | Percentage (%)
18-30 36 18.75
31-40 43 22.40
41-50 49 25.52
51-60 40 20.83
>60 24 12.50

Male predominance was noted among
microhematuria cases, with male to female
ratio of 1.59:1. Out of 192 microhematuria
cases detected by urine microscopy, 118
(61.46%) were males, and 74 (38.54%) were
females.

Approximately 30.73% of patients were
asymptomatic, with microhematuria detected

incidentally. Most of the patients presented
with urinary symptoms like dysuria,
accounting for 23.96% (46/192). This was
followed by flank pain (37/192, 19.27%),
hypertension (27/192, 14.06%), edema
(20/192, 10.45%) and fever (16/192, 8.33%)

Clinical Presentation of Patients with Microhematuria
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Figure 1: Clinical Presentation of Patients with Microhematuria

In urine microscopy, dysmorphic red blood
cells were identified in 29.17% of cases. The
presence of dysmorphic RBCs, especially in
association with RBC casts observed in
14.58% of samples, indicates a glomerular

source of hematuria. These findings
demonstrate the usefulness of urine
microscopy in distinguishing glomerular
from non-glomerular causes of hematuria.
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Table 2: Urine Microscopy Findings

Urine microscopy findings | Number of cases (n=192) | Percentage (%)
RBCs >3/HPF only 67 34.89
Dysmorphic RBCs 56 29.17
Isomorphic RBCs 71 36.98
RBC casts 28 14.58
WBCs / pus cells 52 27.08
Crystals 32 16.67
Micro-organisms 26 13.54
Epithelial cells 35 18.23

Figure 2: Urine microscopy findings. 2A- RBCs (Blue arrow); 2B- Squamous epithelial cell (Brown
arrow) and WBCs (Black arrow); 2C- Transitional epithelial cells; 2D- Mixed cell cast
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Figure 3: Crystals and micro-organisms in urine microscopy. 3A- Triple phosphate crystal (Blue arrow)
and Calcium phosphate crystal (Black arrow); 3B- Uric acid crystals; 3C- Calcium oxalate crystals (Red
arrow); 3D- Budding yeast cells (Green arrow); 3E- Cocci in chains (Grey arrow); 3F- Bacilli. (RBCs are
indicated by yellow arrows)

The etiological causes of microhematuria  non-glomerular renal pathologies (25%).
showed lower urinary tract pathology as the =~ Drug induced microhematuria was seen in
most common cause (34.37%). This was 6.77% cases. Other causes included 4.69%.
followed by glomerular causes (29.17%) and
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Figure 4: Etiological categories of Microhematuria
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Table 3: Distribution of Etiological Causes of Microhematuria

Etiology Number of cases (n=192) | Percentage (%)
Nephritic syndrome 38 19.79
Nephrotic syndrome 21 10.94
Urolithiasis 41 21.35
Renal cysts 10 5.21
Renal tumors 5 2.60
Pyelonephritis 9 4.69
Papillary necrosis 1 0.53
Lower urinary tract infections (Cystitis, prostatitis) | 27 14.06
Benign Prostatic Hypertrophy 12 6.25
Bladder or ureteric malignancy 6 3.13
Anticoagulants (e.g.: Heparin, Warfarin) 8 4.17
Chemotherapy (e.g.: Cyclophosphamide) 5 2.60
Trauma/Instrumentation 4 2.08
Menstrual contamination 2 1.04
Snake bite-associated AKI 3 1.56

Various RBC morphologies were also
studied. It is mainly categorised into 2,
namely Isomorphic RBCs and Dysmorphic
RBCs (Acanthocytes). The correlation of
RBC morphology with etiology showed that
dysmorphic RBCs were predominantly

A\
—

associated with glomerular causes. Among

48 (81.36%) of glomerular causes,
dysmorphic RBCs were seen, whereas
isomorphic  RBCs, crenated  RBCs,

fragmented RBCs and ghost cells were seen
in other pathologies (Figure 5).
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Figure S: RBC morphologies in urine microscopy. Isomorphic RBCs (Discocytes) (Blue arrow),
Dysmorphic RBC (Acanthocyte) (Red arrow), Crenated RBC (Black arrow), Ghost cells (Green arrow),

Knizocytes (Pink arrow)
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Table 4: Correlation of RBC Morphology with etiology

Predominant RBC morphology in urine Glomerular Pathology Other pathologies
microscopy (n=59) (n=133)
Dysmorphic RBCs 48 (81.36%) 8 (6.02%)
Isomorphic RBCs 9 (15.25%) 62 (46.61%)
Mixed or others 2 (3.39%) 63 (47.37%)

On studying the Diagnostic Utility of
Dysmorphic  RBCs  for  Glomerular
Hematuria, it was found that wurine

microscopy demonstrated high sensitivity
and specificity in differentiating glomerular
from non-glomerular hematuria (Table 5)

Table 5: Diagnostic Utility of Dysmorphic RBCs for Glomerular Hematuria

Parameter

Value

Sensitivity

81.36%

Specificity

93.98%

Positive predictive value

85.71%

Negative predictive value

91.91%

RBC casts were observed in 28 cases, among
which 26 (92.86%) were of glomerular

pathologies. The chi-square statistic is
59.4413. The p-value is <0.00001
(Significant at p <0.05). Thus, the presence
of RBC casts showed a statistically
significant association with glomerular
disease.

DISCUSSION

Microhematuria is a frequent finding in
routine urine microscopy. It is one of the
earliest indicators of a significant renal or
urological disease. In the current study,
microhematuria was detected in 10.98% of
urine samples. The reported occurrence of
microhematuria in various populations
ranges from 2% to 31%, depending on the
screening methods, age group and the
diagnostic criteria utilised. ®”® This finding
highlights the significant occurrence of
microhematuria in routine clinical practice.

In this study, peak incidence was observed in
41-50 years of age. This finding is in
accordance with multiple studies that show
an age-related increase in both glomerular
and urological pathologies such as
urolithiasis, malignancies, benign prostatic
enlargement and infections.”!° In the current
study, there is a male predominance (M: F =
1.59:1) of microscopic hematuria, which
goes hand in hand with the epidemiological
data showing higher rates of urolithiasis,

prostatic  disorders  and
exposures in men. '

In our study, hematuria was detected
incidentally in 30.73% of cases. This means
that nearly one-third of the patients were
asymptomatic, which is a noteworthy
observation that supports prior studies,
which showed microscopic hematuria might
be the only early manifestation of glomerular
pathology or occult urological diseases. '* In
contrast, a study by Vivante et al. showed
that 0.1%-0.5% were diagnosed to have
persistent asymptomatic isolated
microscopic hematuria, of which 0.7%
developed End Stage Renal Disease (ESRD).
In the same study, the prevalence of
persistent asymptomatic isolated
microscopic hematuria was 0.3% among
adolescents and young adults. Among
participants with hematuria, there was early
detection of ESRD, which helped in early
therapeutic interventions with the potential
of slowing progression to ESRD. "3

Among the symptomatic cases, dysuria and
flank pain were the most common presenting
complaints in the present study. In a study by
Paul Froom et al., predominant chief
complaints were fever (8.74%) and weakness
(14.99%). Urinary retention, anemia,
abdominal pain and nonspecific pain were
other symptoms. '* While microscopic
hematuria itself is usually symptomless, any
accompanying clinical features should
prompt consideration of the underlying

occupational
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etiology driving the presentation rather than
the microscopic hematuria alone.

Urine microscopy detected RBCs and their
morphologies, WBCs, Casts and Crystals.
According to the guidelines from the
European Confederation of Laboratory
Medicine (ECLM), the basic level for anyone
examining urine samples consists of
description and identification of
erythrocytes, leukocytes, epithelial cells,

hyaline/non-hyaline casts, bacteria,
Trichomonas, spermatozoa, artefacts
(hairs/fibers  etc.), lipid droplets and
crystals. !> 16

In this study, lower urinary tract pathology
(33.33%) was the leading -etiological
category of microhematuria, followed by
glomerular (30.73%) and non-glomerular
renal pathologies (24.48%). Urolithiasis is
the single most common cause, followed by
nephritic syndrome and lower urinary tract
infections. Similar observations were
documented in various studies. '8 A
thorough medication history in evaluation is
important, as drug-induced microhematuria,
though less frequent, is not uncommon. 2°
This is because the urinary bladder is
vulnerable to the adverse effects of drugs,
particularly due to anticoagulants and
cyclophosphamide, because of the frequent
excretion of drug metabolites in the urine.?!

Different RBC morphologies were evaluated
during urine microscopy in this study.
Dysmorphic RBCs were present in 29.17%
cases. While evaluating the underlying
etiology, it was found that the dysmorphic
RBCs were the predominant morphology
observed in 81,36% of glomerular
pathologies. In a study by Birch et al,
Dysmorphic erythrocytes were present in 86
of 87 patients who were later shown to have
glomerulonephritis; all 30 patients with non-
glomerular  lesions had  isomorphic
erythrocytes in the urine, and ten patients
yieldled a mixed morphologic pattern
suggestive of dual pathology, which was
confirmed in four patients. 2 The majority of
dysmorphic red blood cells, including
echinocytes, anulocytes, ghost cells,
schizocytes, stomatocytes, codocytes, and

knizocytes, were shown  to be
uncharacteristic of glomerular haemorrhage
and also occurred in glomerular or
nonglomerular disease. On the other hand,
the RBC morphological defect associated
with glomerular disease was a ring form with
vesicle-shaped  protrusions known as
acanthocytes. 23 The findings of the present
study are in accordance with multiple
studies, which showed dysmorphic RBCs,
particularly acanthocytes, are reliable
markers of glomerular bleeding.?>?>*

In the current study, dysmorphic RBCs in
urine microscopy proved to have a good
diagnostic utility for detecting glomerular
pathology, as it showed high sensitivity
(81.36%) and high specificity (93.98%). In
accordance with the above finding, a study
by Gyory et al. showed sensitivity was 88%,
specificity 83%, accuracy 86%, positive
predictive value 93%, and negative
predictive value 71%. 2* Urine microscopy,
when  performed  meticulously, can
accurately localise the source of bleeding
before advanced imaging, histopathological
or serological testing.

RBC casts were observed in 14.58% of
samples. A statistically  significant
association between RBC casts and
glomerular pathology (p < 0.00001) was
observed, with 92.86% of RBC cast—positive
cases belonging to glomerular etiologies.
RBC casts continue to be one of the most
useful findings in urine microscopy, as they
are commonly  recognised as a

pathognomonic indicator for
glomerulonephritis.?®27 8
CONCLUSION

The present study reinforces the fact that
urine microscopy is indispensable for the
detection of hematuria, which is usually
missed if it is not gross. There is a strong
correlation between dysmorphic RBCs and
RBC casts with glomerular pathology. This
can be demonstrated using cost-effective
microscopy, which helps differentiate it from
non-glomerular  pathology  with  high
diagnostic accuracy. This establishes the fact
that urine microscopy is not a mere screening
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tool but a powerful diagnostic modality.
Incorporating urine microscopy into routine
evaluation protocols can significantly
increase early detection of underlying renal
and urological diseases. In resource-limited
settings, where advanced diagnostics may
not be immediately available, a simple urine
microscopy can provide critical insights into
the origin of hematuria and guide appropriate
further investigation. Thus, helps in
appropriate timely management.
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