
ABSTRACT
The Packed cell volume [PCV] is a measurement of the proportion of blood that is made up of cells. The Packed cell 
volume [PCV] can be determined by centrifuging heparinized blood in a capillary tube at 10,000 RPM for a few 
minutes. This separates the blood into the layer. The automated hematology analyzer uses the principle in which 
the blood is passed between two electrodes through an aperture so narrow that only one cell can pass through at 
a time. The measurement depends on the number and size of the red blood cell.Hematocrit levels that are high or 
low  indicate a blood disorder. PCV valve is normally 42% to 50% for men and 36% to 45% for women. The aim 
of our study is to compare the PCV value by manual and automated method. This study is a prospective study, by 
comparing the packed cell volume by the manual and the automated method using twenty peripheral venous blood 
samples, which were collected from the patient with an informed consent. It is evident that measuring the packed 
cell volume by the automated method was found to be more accurate when compared to the manual method.This 
study depicts a significant outcome in measuring the packed cell volume by the automated method could be more 
effective in obtaining accurate interpretation.
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INTRODUCTION

The packed cell volume (PCV) is a concentration of the 
Red blood cells in the given volume of the blood. There 
are other names for the packed cell volume (PCV) such 
as Hematocrit (Hct), the volume of packed red cells 
(VPRC), or erythrocyte volume fraction (EVF). The value 
is expressed as a percentage or fraction of cells in the 

blood. The packed cell volume (PCV) can be determined 
by centrifuging di-potassium EDTA anticoagulated blood 
in a capillary tube or Wintrobe’s tube at 10,000- 12000 
RPM for 30 minutes. This separates the blood into layers. 
The top most layer was the plasma, which was separated 
by a column of buffy coat from the packed red blood 
cells. The buffy coat is composed of white blood cells and 
platelets. The upper limit of the Red cell column was taken 
as PCV value in percentage. The measurement depends 
on the number and size of the red blood cell. PCV valve 
is normally 42% to 50% for men and 36% to 45% for 
women. It is a part of a person's complete blood count 
results along with hemoglobin concentration, white blood 
cell count and platelet count(Wennecke, 2004). 
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Hematocrit levels that are too high or too low can 
indicate a blood disorder, in cases of dengue fever, a 
high hematocrit is a danger sign of an increased risk of 
dengue shock syndrome(Morens, Halstead and Repik, 
1985). Polycythaemia Vera, a Myeloproliferative disorder, 
Hypoxic state, reduced oxygen saturation of the red cells, 
individuals living in high altitudes have an increased 
PCV value. In these conditions, the RBC count and the 
concentration were increased, which in turn increased 
the PCV valve(Fairbanks, 1999).

In the case of low red blood cell count leads to Pregnancy 
women having additional fluid in the blood. This 
could potentially lead to a small drop in haematocrit 
levels(Kawthalkar, 2010). Haematocrit can vary from 
the determining factors of the number of red blood 
cells. These factors can be from the age and sex of the 
subject(Kertész and Hlubik, 2002). A higher packed 
cell volume level signifies the blood sample's ability 
to transport oxygen in case of hypoxia. The optimum 
PCV levels have been studied through combinations 
of assays on the given blood samples itself along with 
viscosity and hemoglobin level(Geetha, 2017). With 
modern lab equipment, the packed red cell volume is 
calculated by an automated analyzer and is not directly 
measured(Rossman, 2011). The PCV is slightly more 
accurate as the PCV includes small amounts of blood 
plasma trapped between the red cells. An estimated 
packed red cell volume as a percentage may be derived 
by tripling the hemoglobin concentration in g/dl and 
dropping the units(Bull and Brecher, 1974). A Wintrobe’s 
tube is a narrow glass tube measuring 110 mm long and 
with the hole diameter 1 mm and graduation from 0 to 
100 mm in both ascending and descending order. This 
method has been succeeded by the “micro-haematocrit” 
method which uses a small capillary tube instead of a 
Wintrobe’s haematocrit tube(Don, 2003).
 
MATERIAL AND METHODS

This study is a prospective study, by comparing the 
Packed cell volume by the manual and the automatic 
method was assessed using twenty peripheral venous 
blood samples which were collected from the patients. 
The patient population was selected randomly from 
the clinical laboratory of Saveetha Dental College. The 
patients were examined, as a part of standard laboratory 
routine for hematological examinations, after informed 
consent was obtained by the patient or their responsible 
others. Approval was given by the ethical committee for 
research involving humans, Saveetha Institute of Medical 
and Technical Sciences. The criterion for the sample 
selection was the clinical request for Haemoglobin and 
complete blood count. No restriction was made for 
sex, age or clinic history of each patient under clinical 
care. All the procedures were carried out in the clinical 
laboratory of Saveetha Dental College, Saveetha Institute 
of Medical and Technical Sciences.

Wintrobe’s method: The macrohematocrit method uses 
a Wintrobe hematocrit tube, a centrifuge machine, 
and a Pasteur pipette. Blood is filled in the Wintrobe 

hematocrit tube up to 100 mm mark with the help of 
Pasteur pipette. Care is taken not to leave any bubble 
in the blood column. For this, the tube is filled slowly 
with the tip of the pipette being always below the 
highest position of the blood column. Then, the tube gets 
placed in the centrifuge machine. When testing a single 
specimen, another blood-filled Wintrobe hematocrit tube 
is kept on the opposite holder to counterbalance. The 
spin setting is 3000 rpm for 30 min. After completion 
of the centrifugation, the tube is taken out, and RBC 
column height is reported as Hematocrit (HCT). During 
the reporting, special precaution is necessary to omit the 
buffy coat, which is a combination of WBC and platelets. 
This layer should not be included in the HCT, as it may 
lead to false-positive results.
 
Method and Principle of automated hematology analyzer: 
The procedure was done as per the manufacturer's 
instructions m9 mind ray. The Automated hematology 
Analyzer used the counter principle, which blood is 
passed between two electrodes through an aperture so 
narrow that only one cell can pass through at a time. The 
PCV was a calculated value that was obtained from the 
hemoglobin level. The calculation was inserted as data 
modification in the automated analyzer by the system 
management services as per the laboratory scope and 
methodology. 
 
Statically analysis: Statistical analysis was accomplished 
by the application of unpaired t-tests using sigma 
plot platform version 12, statistical significance was 
considered for the manual and the automatic method 
is p< 0.001.
 
RESULT AND DISCUSSION

Table 1. unpaired t - Test for both male and female by 
manual and automated method for PCV value. When 
compared, the manual method shows higher PCV value 
than the automated method and the difference was 
statistically significant (p<0.001)

During the experiments, it was found that the automated 
method demanded special precautions such as avoiding 
bubbles when agitating the sample in the reagent bottle, 
incubating sample-stain diluent suspensions at room 
temperature, and protecting the sample from exposure to 
light. It should be emphasized that these precautions are 
not to be found in the manufacturer’s manual. For this 
work, the reaction occurred after 15-minute incubation 
and approximately 1 minute for each measurement. The 
whole process was performed for over 2 hours. Despite 
the great number of samples processed, we were able to 
both meet the time limit of the standard determination 
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and to prevent errors, even if the suspension presented 
stability, as informed by the manufacturer.
 

Unpaired t-tests are done for packed cell volume by 
manual and automatic methods only for samples from 
10 males (Table 2). The average PCV valve for Manual 
is 57.5% and the automated method is 45.36% with a 
difference of 12.14% which also showed a significant 
difference of p<0.001. From this, there is a significant 
difference between manual and automated methods.
 
Unpaired t-tests are done for packed cell volume by 
manual and automatic method from the peripheral 
blood sample was collected only for ten females (Table 
3). The average PCV valve for Manual is 50.55% and the 
automated method is 43.28% with a difference of 7.27%. 
The statistical analysis showed a significant difference 
of p>0.001. From this, there is no significant difference 
between manual and automated methods.
 
ANOVA with linear regression analysis was done in the 
data retrieved from the results. This is shown in Table 
4. ANOVA with linear regression analysis also showed 
that there is a significant difference between the manual 
and automated PCV calculation methods with a p-value 
of less than 0.001 and showed systematic errors and 
Random error of 0.64 % in the manual method, which 
is higher than the automated method. The scattered plot 
of the data (Figure 1) showed the distribution of the PCV 
values of all the 20 samples which were not distributed 
around the mean.
 

Table 2. Unpaired t - Test only for male by manual and 
automated method for PCV value.The average PCV valve 
of males in this study, for Manual is 57.5% and the 
automated method is 45.36% with a difference of 12.14% 
which also showed a significant difference of p<0.001. 
From this, there is a significant difference between manual 
and automated methods

Table 3. unpaired t - Test only for female by manual and 
automated method for PCV value.The average PCV valve 
for Manual is 50.55% and the automated method is 43.28% 
with a difference of 7.27%. The statistical analysis showed 
a significant difference of p>0.001. Hence we found. In 
females, there is no significant difference between the 
manual and automated method of PCV values

 	
	 DF 	 SS 	 MS 	  F 	  P 

Regression	 1	 1108.296	 1108.296	15.675	 <0.001
Residual	 18	 1272.654	 70.703	  	  
Total	 19	 2380.95	 125.313	  	  

Table 4. ANONA with linear regression analysis for P and 
R value. SS- Sum of square, MS- Mean square. Linear 
regression analysis also showed that there is a significant 
difference between the manual and automated PCV 
calculation methods with a p-value of less than 0.001 and 
showed systematic errors and Random error of 0.64 % in 
the manual method, which is higher than the automated 
method

Unpaired t-tests are done for packed cell volume by 
manual and automatic methods for all 20 samples from 
10 males and 10 females (Table 1). The average PCV 
valve for Manual is 50.55% and the automated method 
is 43.28% with a difference of 7.27%. The statistical 
analysis showed a significant difference of p< 0.001. 
From this there is a significant difference between 
manual and automated methods.
 

Figure 1: Scattered plot of Data showed the distribution 
of the PCV values of all the 20 samples which were not 
distributed around the mean

The study conducted by Ike S.O et al in 2010 
(Ike et al., 2010)used the same methodology followed 
in our study with all the blood parameters by manual 
and automated methods of hematology. It showed that 
there was a significant difference between the manual 
and automated method of hematology analysis with a 
p-value of <0.05 and an error of R=0.91%. The study 
concluded that automated values were more reliable than 
the manual method. By comparing our study, the error 
was R=0.64% for the PCV valve and similarly, our study 
also showed a significant difference between the two 
methods with lower error with automated value.
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Kakel et al in 2013(Kakel, 2013) was done a comparison 
of manual and automated hematology for all the 
parameters. It showed a significant difference between 
the manual and automated method of hematology 
analysis with PCV value of 53% and 45% for automated 
and manual method respectively. The study concludes 
that the automated PCV value is more than the manual 
method. By comparing our study, with the PCV value of 
43.3% and 52.3% for an automated and manual method 
for PCV value. This showed a difference in the PCV value 
from the value of Kakel’s study.
 
Karem et al(Karem, Sabour and Kulaifa, 2016) performed 
a comparison of manual and automated hematology for 
all the parameters. It showed that there was a significant 
difference between the manual and automated methods 
of hematology analysis with a p-value of <0.001. The 
study concludes that the automated PCV value is more 
than a manual method. By comparing our study, with the 
Significant difference between the Manual and automated 
method of Haematology analysis with a p-value of < 
0.001. Zandecki M et al(Zandecki et al., 2007) did a 
comparison of manual and automated hematology for 
all the parameters. It showed that there was a significant 
difference between the manual and automated methods 
of hematology analysis with a p-value of <0.001. The 
study concludes that the automated PCV value is more 
than the manual method. Both the studies were showing 
that the automated value was higher than the manual 
method value in case of Packed cell volume. In our study 
we found in inverse that the manual method value was 
higher than the automated method value.
 
CONCLUSION

With the limitations of the study we conclude that 
the PCV value in the manual method is higher than 
the automated method and it is showing a significant 
difference in males than females. The present study 
depicts a significant outcome in measuring the packed 
cell volume by the automated method could be more 
effective in obtaining accurate interpretation.
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