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Abstract — The medical areas are totally dependent of new 

methods that attend the hospital and laboratory needs in an agile, 

practical, accurate and reliable way. Due to its wide applicability, 

the hemogram is the hematological examination most commonly 

used in the medical routine and can be performed by automated 

or manual methods, according to a daily demand of a laboratory. 

Currently, many studies are being done through MATLAB 

software, based on the detection and counting of red blood cells 

and leukocytes. However, these studies do not include the 

hematimetric indices, which are fundamental for the conclusion 

of the diagnosis. Therefore, the present study have the objective 

of show three algorithms capable of calculating the MCV (Mean 

Corpuscular Volume), MCH (Mean Corpuscular Hemoglobin) 

and CMCH (Mean Corpuscular Hemoglobin Concentration), 

thus offering a third option besides the manual method and 

hematological equipment. The results of the algorithms were 

compared with the results obtained by conventional hematology 

equipment and presented 100% accuracy and reliability. In 

addition, it is a fast and practical tool, which reduces the chances 

of manual calculations failures as well as reduces the costs with 

hematological equipment. 

Keywords — Hematimetric Indices, Algorithms, Biomedical 

Engineering. 

I. INTRODUCTION 

     The hemogram is a medical examination widely used in 

hospitals and clinical laboratories, because is capable of 

detecting: cellular morphological alterations, the presence of 

inflammation and/or infection, the presence of anemia, 

polycythemia, leukemia, among others [4, 14]. This exam 

consists of three types of cellular analysis: erythrogram, 

leukogram and platelet, which evaluates as red blood cells, 

leukocytes and platelets, respectively [6, 9]. 

The erythrogram consists of the evaluation of red blood 

cells through total red blood cells count, hemoglobin 

concentration, hematocrit percentage and hematimetrics 

indices [11]. Also called erythrocytes and red blood cells 
(RBC), these cells are described as biconcave disc-shaped 

anucleated cells, which measure under normal conditions 

about 7μm in diameter, and have as function the transport of 

gases through the body [13]. 

The reference values of the total RBC count range from 

4.0 to 4.7x106/mm³ of blood, being a decrease in the number 

of RBCs, indicative of blood loss or anemia. The increase in 

the number of erythrocytes, may suggest polycythemia, which 

can cause damage to the body such as stroke, infarction, 

among others [15, 16]. 

The hemoglobin is the substance responsible for the 

reddish coloration of erythrocytes, and is also responsible for 

the transport of gases through the body. This pigment is 

composed of iron molecules that have a high affinity for 

oxygen molecules. The hemoglobin concentration ranges from 

13,50 to 18,00 g/dL of blood, being determined by 

biochemical methods, which can be performed by equipment 

or by manual methodologies [11, 15]. 
Considering that human blood is composed of blood cells 

and plasma, the hematocrit expresses the percentage of cells 

available in the plasma, being expressed from 38 to 51%. The 

increased values may be indicative of polycythemia, while the 

decrease may indicate the presence of anemia [11, 15]. 

The hematimetric indices are divided into three distinct 

parameters: MCV (Mean Corpuscular Volume), MCH (Mean 

Corpuscular Hemoglobin) and CMCH (Medium Corpuscular 

Hemoglobin Concentration). These indices provide an 

overview of the state of red blood cells [7, 10].  

The MCV is responsible for the size classification of the 
RBC in normal, diminished or increased, being denominated 

these states like normocytosis, microcytosis or macrocytosis, 

respectively [16]. 

The MCH and CMCH are indicators of staining of red 

blood cells, however, the MCH indicates staining of individual 

red blood cells, while the CMCH indicates hemoglobin 

concentration present in a set of red blood cells. The 

classification by staining is done through the terms 

normochromia, hypochromia or hyperchromia, which indicate 

normal, insufficient or accentuated staining, respectively [16]. 

The importance of hematimetric indices is directly linked 

to the suspicion or detection of anemia or leukemia. Only the 
total RBC count is incapable of diagnosing hematological 

disorders, thus the diagnoses are always performed through 

comparisons between the total RBC count and the 

hematimetric indices [2, 12]. 

Patients without hematological disorders have a total RBC 

count in normal values with normocytic and normochromic 

erythrocytes, that is, they do not present variations in the 

number, color and size of the cells. In turn, patients with 

anemia or leukemia present changes in two or more diagnostic 

parameters. The most common example is the diagnosis of 

iron deficiency anemia, which is detected by reducing the 
value of the total RBC count, associated with the presence of 

microcytic and hypochromic red blood cells [7, 5]. 

With the objective to improve hematological diagnoses, 

many methodologies have been developed in recent years, 

among them the use of MATLAB® software. Thus, the 
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algorithms presented in this paper present a simple, fast, 

accurate and reliable approach for the determination of 

hematimetric indices. 

II. THE PROBLEMATIC

 The determination of the hematimetric indices can be done 
by automated or manual methods. Automated methods are 
faster, but are more expensive and require a 4 ml sample of 
blood with anticoagulant EDTA or heparin. This method may 
be based on the principles of: impedance pulses, flow 
cytometry, absorbance, fluorescence labeling, among others [7, 
15]. 
 However, due to the high cost of these equipments, the 
complete automation of the hemogram is a distant reality for 
small laboratories, being part of the examination carried out 
manually and partly through hematological equipment. The 
complete automation of the hemogram is more viable in 
laboratories with great daily demand for examinations, where 
the cost-benefit is compensated [7]. 

The obtaining automated hematology equipment in large or 
small laboratories does not dispense the use of manual 
methods, especially in cases where the equipment is unable to 
analyze blood samples; whether in cases of children under 5 
years of age or elderly over 75 years of age; cases of variations 
in coloration, size and shape of red blood cells, among others 
[7, 8]. 

 Manual methodologies are cheaper, but more time is spent 
to obtain the results. The hematimetric indices consist of 
mathematical formulas, where their values are totally 
dependent on the total RBC, hemoglobin and hematocrit counts 
[7, 3]. 
 The total RBC count requires the preparation of solutions 
with the absence of leukocytes, and subsequent red cell counts 
in the Neubauer chamber [5, 11, 14]. In turn, the manual 
methodology for determination of hemoglobin concentration is 
performed by photometric methods. The hematocrit presents a 
methodology dependent on the centrifugation of blood filled 
glass capillaries, with subsequent verification of the result by 
measuring the sediment of cells [3, 5]. 
 The complexity of the manual methodology associated with 
the application of hemoglobin and hematocrit values, in 
mathematical formulas, requires algorithms that facilitate such 
activity. The implementation of these three algorithms directly 
supports the clinical decisions, through obtaining results in a 
more precise and reliable way, besides the reduction of costs 
with the acquisition of equipment. 

III. THE PROPOSAL

The algorithms implemented in this work correspond to the 

MCV, MCH and CMCH indices, and dispensing the 

mathematical formulas memorization by the health 
professional, thus avoid calculation errors, because is only 

necessary to inform the algorithms of the requested values. 

Resulting, hence, in a reduction in the number of erroneous 

diagnoses from human failures. 

These algorithms are also of great help to medical students 

as a study tool, for further exploration of hematimetric indices 

and their applicability. 

     The experiments were conducted through a bibliographical 

review to obtain the mathematical formulas used for 

calculations. The MCV indice is determined by 

    
       

   

where Htc represents the hematocrit value obtained by the 

centrifugation of total blood, and RBC indicates the total red 

blood cell count obtained by hematological equipment or by 

manual counting in Neubauer chamber. The result is expressed 

between 80 and 90 fentoliters [7, 15, 16]. 

The HCM indice can be obtained by 

     
      

   

where Hb, indicates the hemoglobin concentration and RBC is 

the total red blood cell count. The reference value is given 

between 26 and 34 picograms [7, 15, 16]. 

 The CMCH indice is expressed by 

      
       

   

where Hb represents hemoglobin and Htc is hematocrit [7, 15, 

16]. 

IV. RESULTS

The present study was performed with based on the 

use of 5 hemogram samples, which contained the total RBC, 

hemoglobin, hematocrit, MCV, MHC and CMCH values. 

Subsequently, through the insertion of the hematocrit and 

RBC values, the algorithm calculated the values of MCV, as 

shown in figure 1. 

Figure 1: Comparison algorithm and hematological equipment 

for MCV. 

     After the values of hemoglobin concentration and total 

RBC were inserted, the algorithm calculated the values of 

MCH and CMCH, presented respectively in figures 2 and 3. 
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Figure 2: Comparison algorithm and hematological equipment 

for MCH. 

Figure 3: Comparison algorithm and hematological equipment 

for CHCM. 

 The values of the hematimetric indices VCM, HCM and 

CHCM obtained by hematological equipment, common in 

clinical analysis laboratories, were used as a parameter of 

comparison with the results obtained by the algorithms. Thus, 

it was possible to verify that the three algorithms implemented 

for MCV, MCH and CMCH presented 100% accuracy and 

reliability, which are important factors for medical diagnosis. 

V. CONCLUSIONS 

The confirmation of diagnosis or even the accomplishment 

of laboratory exams through algorithms, provides greater 

reliability of the results to both health professionals and 

patients, because the algorithms reduce the chances of human 

failures. 

The algorithms developed in this work to obtain the MCV, 

MCH and CMCH indices, as well as the research itself, 
present academic applicability, because has the capacity to 

inform students of the medical areas of the reference values 

and the applicability of each one of indices. 

 In this way, complete automation of laboratory exams and 

a reality still distant for some laboratories of underdeveloped 

and developing countries. However, the creation of new 

methodologies, such as the one presented in this work, using 

algorithms, results in a great reduction in equipment costs 

without loss in quality and accuracy of hematological 

diagnoses. 

The author did not find in the researches any 

bibliographic citation related to the methodology applied in 

the software used for the development of the research, either 

in scientific articles, periodicals or books, thus representing 
for such new results a possible contribution to the study area. 
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