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Abstract

Objective: From ages, Peripheral smear evaluation is being considered as the gold standard for evaluation of anaemias.
Various other parameters have been assessed for their role as a substitute for peripheral smear. The present study
evaluates Mean Corpuscular Volume (hereby referred to as MCV) and RBC-histograms if they are reliable as substitutes
for the smear evaluation. Materials & Methods: This is a prospective study conducted at the department of Clinical
Pathology, Bhaskar Medical College. A total of 129 cases diagnosed as having anaemia were included in the study.
Initially each case was analysed based upon the cell counter values, RBC indices & RBC histogram. A detailed
peripheral smear evaluation was done later for each case. The results were compared and analysed statistically.
Sensitivity, Specificity and Positive, Negative predictive values were calculated. Results: Female cases outnumbered the
male patients. Microcytic hypochromic anaemia was the most common type (61%); MCV was able to detect 75% of
cases of macrocytic anaemia and 76% of cases of microcytic hypochromic anaemia. In contrast, 65% of cases of
dimorphicanaemia had MCV values in the normal range. RBC-histograms were able to detect 63% of cases, 83% of
cases with macrocytic anaemia, only 41% of patients had the characteristic double-peak on histograms. Conclusion:
Though MCV and RBC histograms can detect most of the cases of macrocytic anaemia and microcytic anaemias with
accuracy, a case with normal MCV and increased RDW requires a peripheral smear examination as the findings were
variable in dimorphic anaemia.
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Introduction

Anaemia is a significant problem in developing the diagnostic labs, cell counters have become

countries. Anaemia is the most prevalent nutritional
deficiency disorder in the world [1]. It affects all age
groups but the most vulnerable are preschool-age
children, pregnant women, and non-pregnant women of
childbearing age. Globally, anaemia affects 1.62 billion
people, which corresponds to 24.8% of the population
[2].The highest prevalence of anaemia exists in the
developing world where its causes are multi-factorial.

National Family Health Survey statistics reveal that
every second Indian woman is anaemic and one in
every five maternal deaths is directly due to anaemia
[3]. In the age where a short turnover time for
generation of reports is one of the criteria for quality of
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indispensable in evaluation of complete blood picture.
Finally, in case of equivocal results, pathologists turn to
peripheral smear for final opinion. In a laboratory where
there are large number of cases per day for evaluation, it
becomes mandatory to assess most of the cases based
on automation. The search for the best automation is
still ongoing, many parameters obtained on automated
cell counters are screened for accuracy in comparison to
the peripheral smear findings.

The present study is conducted in a tertiary care centre
and the patient population is a rural population where
awareness of anaemia and its consequences are largely
neglected. The study aimed to compare the findings of
MCV and RBC-histogramin relation to peripheral
smear findings. The objective was to analyse if both the
parameters would be useful in screening large rural
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patient populations for anaemia and categorise them anaemic populations where the prevalence rates are
with nearest accuracy. If possible, to do so, the high and could contribute to significant morbidity.
parameters can be used to screen and -categorise

Materials & Methodology

Study setting: The present study was conducted at the Department of Clinical Pathology, Bhaskar Medical College,
Moinabad. A totalof 129 cases were included in the study.

Sampling method: All the patients presenting with symptomatic anaemia or diagnosed for the first time with anaemia
based on haematological findings who presented to the General Medicine Outpatient department were included in the
study.

Inclusion criteria: Patients aged between 1 and 70 years of age diagnosed for the first time with anaemia were included
in the study.

Exclusion criteria: Known cases of anaemia receiving treatment, pregnant women, age less than 1 year, anaemia due to
defined causes like thyroid disorders, malignancies and other disorders were all excluded from the study as the treatment
received by them may alter the results.

Sample collection: The clinical details, signs and symptoms of the patients, the cell counter findings and peripheral
smear findings were recorded in a detailed protocol. The reference standards for all the parameters were clearly defined
based on Indian reference standards.

Apparatus required: The cell counter used was that of SYSMEX —XP series 3-partcounter. Peripheral smear was
stained with Leishman’s stain and evaluated. Whole blood samples collected in EDTA vacutainers were used for sample
collection.

Permissions: Institutional Ethics committee permission was taken before the start of the study. The study required no
surgical procedure and hence no special consent for any procedure was taken from the patients.

Reference ranges: Standard reference ranges from the National Health Portal of India; ACCC press.

Haemoglobinlevels [4]:

Men: 13.8 — 17.2gm/dl
Women: 12.1 — 15.1gm/dl
Children: 11 — 16gm/dl

MCV|[4]: Normal value MCV.

Male Female
2-6 years 76.8 —83.3 77.7-84.1
6-12 years 78.2-83.9 79.5-85.2
12-18 years 80.8 — 86.6 82.1-87.7
>18 years 81.2-94.0 78.5-96.4
Classification of severity of anaemia [5]:
Mild Moderate Severe
6 months — 5 years 10-10.9 7-9.9 <7
5—11 years 11-11.4 8-10.9 <8
12 — 14 years 11-11.9 8-10.9 <8
Non-pregnant women 11-11.9 8-10.9 <8
Men 11-12.9 8-10.9 <8
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The peripheral smear findings were taken as Gold standard and we compared MCV as well as RBC histograms with the
smear findings. The sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) were
calculated using the 2x2 square method and the results analysed.

Histogram interpretation: If the graph starts before 34 fl and touches the baseline before 1501], they are considered to
be a left shift indicates micro erythrocytosis. If the graph starts after 34fl and touches the base line after 150fl, they are
considered to be a right shift indicates macro erythrocytosis. If graph starting at 341l and ending between 225-250 FL,
they are a broad base. If RBCs Populations has two morphologies, then the graph will have two peaks representing to
their respective morphology and called as dimorphic red cells. If the RBCs population will have single lineage of cells
seen, the graph will be constraint and will look like short peak [6].

Results

A total of 129 patients were assessed with a peripheral smear, RBC-histogram and MCV values. The Male: Female ratio
was 1: 2. Thirty-four (34%) of the female patients were in the age group of 20-40 years. 45% of male patients were below
the age of 20 years (Table 1). On classifying anaemia according to severity, 59% of patients had moderate anaemia; 34%
were classified as having severe anaemia (Table 2). When anaemias were classified based on peripheral smear findings,
61% were microcytic hypochromic anaemia, 20% were normocytic normochromic anaemia and 13% were classified as
dimorphic anaemia (Table 3).

Tables-1: Age and sex distribution (n = 129)

Age Male Female

1-10 years 9 4
11=20 years 12 17
21-30 years 2 26
31-40 years 6 18
41-50 years 6 9
51-60 years 2 5
61-70 years 5 3
71-80 years 4 1

Table-2: Classification of anaemia as per severity (n =129)

Severity Number of patients
Mild 8
Moderate 76
Severe 45

Table-3: Morphological classification of anaemia (n = 129)

Type of anaemia Number of patients
Normocytic/Normochromic 26
Microcytic/Hypochromic 78
Macrocytic anaemia 8
Dimorphic anaemia 17

When MCV was compared with peripheral smear findings (Table 4), 70% of cases with normocytic normochromic
anaemia had MCV within the normal range. 75% of macrocytic anaemia cases had MCV greater than the normal range;
76% of microcytic hypochromic anaemia cases had MCV values lesser than the normal range. In contrast 65% of cases
of dimorphic anaemia had MCV values within the normal range. When the RBC histograms were compared with the
peripheral smear findings (Table 5), 75% of cases with normocytic normochromic anaemia had normal histogram; 63%
of cases with microcytic hypochromic anaemia had left shift in the histogram; 83% of cases with macrocytic anaemia had
right shift in the histogram. In contrast only 41% of the patients with dimorphic anaemia had the characteristic “double-
peak” on histogram and 53% of the patients with dimorphic anaemia had either a right shift or a left shift of the histogram
depending upon the predominant population of red cells.
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MCV Normocytic/ Macrocytic Microcytic/ Dimorphic anaemia
Normochromic hypochromic
Normal 14 2 19 11
Increased 3 6 1 4
Decreased 3 0 64 2

Table-5: Comparison of RBC-histogram with peripheral smear (n = 129)

RBC-histogram | Normocytic/Normochromic | Microcytic Macrocytic Dimorphic anaemia
Normal 21 29 1 3
Left shift 3 49 0 4
Right shift 4 0 7 1
Double peak 0 0 0 7

When RBC-histogram was analysed for evaluation of anaemias in comparison to peripheral smear as GOLD
STANDARD, for normocytic anaemia, an NPV of 90% was obtained; in microcytic anaemia, PPV was 88%; in

macrocytic anaemia, specificity was 96% and NPV was 99%. In case of dimorphic anaemia, specificity and PPV were

100% and NPV was 96%.

Table-6: Sensitivity, Specificity, Positive & Negative predictive values of MCV (n = 129).

Sensitivity Specificity PPV NPV
Normocytic/Normochromic 70 70 30 92
Microcytic/hypochromic 76 88 93 67
Macrocytic 75 93 43 98
Dimorphic anaemia 35 68 07 76

Table-7: Sensitivity, Specificity, Positive & Negative predictive values of RBC-histogram (n=129)

Sensitivity Specificity PPV NPV
Normocytic/Normochromic 75 65 38 90
Microcytic/hypochromic 63 86 88 60
Macrocytic 83 96 50 99
Dimorphic anaemia 41 100 100 92

Discussion

Women’s health in India is facing a serious nutritional
challenge, with the country on the one hand grappling
with the largest number of anaemic women in the
world[7]. Anaemia is a major killer in India. Statistics
reveal that every second Indian woman is anaemic and
one in every five maternal deaths is directly due to
anaemia [8].

Anaemia spares none; it affects both adults and children
of both sexes, although pregnant women and adolescent
girls are most susceptible and most affected by this
disease. The results on the prevalence and deaths due to
anaemia are still staggeringly high despite the

government having initiated many health programmes

and allocated large amounts of finances over the last

three decades to combat this disease[9]. In summary,
the current situation is:

e One in every two Indian women (56%) suffers from
some form of anaemia

e 4 out of every 5 children in the age of 6-35 months
suffer from anaemia [10].

e 20% of the maternal deaths are due to anaemia and
anaemia indirectly contributes to another 40% of
maternal deaths

e Maternal mortality staggeringly high at 454 per
every 100,000 live births [11].
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The present study was conducted at the department of
Clinical Pathology, Bhaskar Medical College. A total of
129 cases were diagnosed as having anaemia. Out of
them, 46 were males, 83 were female patients. In the
study by Sandhya et al, 53% of patients were females
[12]. In the study by Sundara Rao et al, 70% of patients
were females [13]. In the study by Kushwaha et al, 40%
of patients were females [14].

In the present study, 34% of female patients were in the
age group of 20-40 years, 45% of male patients were
below theage of 20 years. In the study by Sundararao et
al, maximum cases were found in the 30-40-year age
group. In the study by Sandya et al, maximum number
of cases were in the age group of 30 — 40 years.

The present study clearly indicated that the factors
responsible for anaemia in males and females were
different. Menstruation, pregnancy and nutritional status
are the main factors affecting haemoglobin levels in
women while nutritional status is playing an important
role in males. In the present study, anaemia was
classified based on the severity - 59% of cases had
moderate anaemia; 34% of cases had severe anaemia.

The above finding indicated that most of the patients do
not present clinically until haemoglobin levels are
reduced well below the normal range. This necessitates
frequent testing of higher risk groups like females
beyond adolescence; those with a family history of
anaemia and people with malnutrition.

When anaemias were classified according to the
peripheral smear findings, the commonest type was
microcytic hypochromic anaemia (61%) followed by
normocytic normochromic anaemia (20%) and
dimorphic anaemia (13%). The observation indicated
that iron deficiency was far more common than folate
and B12 deficiency in the study population. In the study
by Sandya et al, 61% cases were microcytic
hypochromic anaemia; 17% were normocytic anaemia.
In the study by Singla et al, 76% of cases were
diagnosed as microcytic hypochromic anaemia [15]. In
the study by Jain et al, 40% of cases were microcytic
hypochromic anaemia [16].

The present study considered Peripheral smear opinion
as the Gold Standard for the evaluation of anaemia.
When MCV was compared with the peripheral smear
findings, 70% of cases of normocytic normochromic
anaemia had normal values; 75% of cases with
macrocytic anaemia had increased values; 76% of cases
of microcytic hypochromic anaemia had lesser values.
In case of dimorphic anaemia, 65% of cases had normal
MCV- hence would have been diagnosed as normocytic

Original Research Article
anaemia if peripheral smear was not evaluated in these
cases. RDW plays an important role in these cases — if it
is high, then a further assessment is necessitated.
Thepresent study also compared RBC- histogram
findings with peripheral smear findings — in 75% of
cases with normocytic anaemia the RBC- histogram
was a normal curve; in microcytic anaemia, 63% of
cases had a left shift; in macrocytic anaemia 83% of
cases had a left shift.

In case of dimorphic anaemia only 41% of cases had the
classic “double peak” and approximately 30% of the
cases had a normal curve on histogram. Before the
smear was evaluated in cases of dimorphic anaemia,
RDW was an important clue.

If it was elevated, even if MCV and RBC-histogram
were normal, the smear showed two or more
populations of cells. However, dimorphic anaemia is a
broad entity and hence a smear was always mandatory
to assess the abnormal cells. The reason for the cases of
dimorphic anaemia to show a normal histogram curve is
that histogram has a very broad range — recognises cells
between 34 fl and 250 fl as race; though the MCV has a
shorter range, it was also not identifying all cases of
dimorphic anaemia as MCV is an average value and
hence is very susceptible to smallchanges in the MCV
values.

In the study by Sandyaetal, out of the 17% of
normocytic normochromic anaemia 8% showed normal
histogram and 9% showed mild broad base curve
histogram. Out of the 61% of microcytic hypochromic
anaemia, 4% were normal histogram, 27% were left
shift histogram, 26% were broad base curve histogram,
2% short peak histogram and 2% abnormal (bimodal)
histogram.In the study by Singla et al, out of
43(19.54%) cases of normocytic normochromic
anaemia, 26(11.8%) showed normal curve and
17(7.72)% showed broad base curve.

Out of 140(63.23%) cases of microcytic hypochromic
anaemia 7(3.18%) were normal, 60 (27.27%) showed
left shift curve, 60 (27.27%) showed broad base curve,
7 (3.18%) showed bimodal curve histogram. and 6
(2.72%) showed short peak. Out of total 28 (12.7%)
cases of dimorphic anaemia, 9(4)% showed normal
curve, 4(1.81%) showed left curve, right curve 9(4%),
broad base curve 4 (1.81%) and 2 (0.9%) showed
bimodal curve.

The present study also calculated the sensitivity,
specificity, positive and negative predictive values of
MCV and RBC-histograms in assessing the various
anaemias (Table 6 & 7). When normocytic anaemia was
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assessed, the sensitivity & specificity of MCV were low
(70%) but the negative predictive value was high
(92%); in microcytic anaemias, the PPV was 93%; in
Macrocytic anaemias, specificity was 93% and in
dimorphic anaemia, all the predictive parameters were
significantly low. When RBC-histogram was analysed
for evaluation of anaemias in comparison to peripheral
smear as Gold Standard, for normocytic anaemia, an
NPV of 90% was obtained; in microcytic anaemia, PPV
was 88%; in macrocytic anaemia, specificity was 96%
and NPV was 99%.

In case of dimorphic anaemia, specificity and PPV were
100% and NPV was 96%. The present study was the
only one of this type which calculated the role of
predictive parameters in analysing the role of MCV and
RBC-histograms in analysing anaemias before the
evaluation of peripheral smear.

Conclusion

MCV and RBC-histograms impart very valuable and
importantly very early and rapid information about the
RBC status of the patient in anaemias. But the
sensitivity and specificity of MCV being low in all
types of anaemias, it’s use as a screening test is of
doubtful value.

However, the positive predictive values being high for
microcytic anaemia, negative predictive value being
high for macrocytic anaemia and dimorphic anaemia,
the RBC-histograms can be used for analysis of
anaemias where the prevalence rates are high.
Peripheral smear evaluation is still not being replaced
by any parameter for the analysis of anaemias. Both the
automation parameters and smear in conjunction help to
achieve an accurate analysis of anaemias.

The present study was done on a rural population where
anaemia prevalence is quite high and the population
needs a test which is rapid yet accurate both for
screening and confirmation. We analysed the role of
MCV and RBC-histogram in the analysis of anaemia
for their sensitivity, specificity and predictive values.

The present study is of the opinion that Peripheral
smear examination cannot be replaced by Mean
Corpuscular Volume estimation and RBC-histogram
can be used with near complete accuracy in cases of
dimorphic anaemia.

The present study is also of the opinion that rapid
staining methods of the Peripheral smear can be very
useful in decreasing the turn-around time of the reports
instead of relying completely on the automated
parameters obtained from the cell counter.
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