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Introduction
The "critical" neonate and the neonate with a low 

birth weight represent categories of patients with 
high transfusion needs1. More than 50% of paediatric 
patients in a neonatal intensive care unit receive red 
blood cell transfusions2.

Anaemia in premature neonates depends on 
blood volume at birth, on the rate of erythropoiesis 

and the amount of blood loss due to blood sampling, 
haemorrhage or haemolysis. The decision to transfuse 
must only be taken after all possible strategies have 
been used to guarantee a higher total blood volume 
at birth, to optimise erythropoiesis, and to limit 
iatrogenic anaemia3. Besides drugs that promote 
erythropoiesis, the main strategies that can be used 
to increase total volaemia at birth in neonates are 

Background. Iatrogenic anaemia caused by repeated blood sampling to monitor laboratory 
parameters can contribute, particularly in neonates, to the need for transfusion. "Point of 
care" laboratory equipment uses smaller amounts of blood for analytic determinations and 
could, therefore, help to prevent secondary anaemia. In this study we compared the results of 
haematological parameters measured using a standard laboratory method and using a "point of 
care" micromethod, with the aim of validating the use of this latter method in clinical practice 
in neonatology.

Materials and methods. One hundred and fi fty venous or capillary blood samples were 
taken from full-term or premature neonates 2-4 hours or 48 hours after birth. Each sample was 
processed by a standard haematology analyser and another micromethod instrument. Bland-
Altman plots were constructed for each parameter and intra-class coeffi cients of correlation 
were calculated in order to evaluate the concordance between the two analysers. 

Results. The concordance between the data obtained with the two analysers, expressed as the 
intra-class correlation, was 0.98 for white blood cell count, 0.97 for haemoglobin concentration, 
0.96 for haematocrit, 0.95 for mean red cell volume and 0.98 for platelet count. The micromethod 
produced overestimated mean values for the leucocyte count (+1.27; p<0.001), haematocrit 
(+1.80; p<0.001) and platelet count (+13.55; p<0.001). 

Conclusions. Overall, the concordance between the values obtained with the two analysers 
was high for each of the parameters taken into consideration. In the case of haemoglobin and 
leucocytes, give the high intra-class correlation and lack of systematic overestimation of one 
method over another, the micromethod guarantees a correct evaluation; however, despite the 
high intra-class correlations for platelet counts, the systemic error seems to suggest that the 
micromethod cannot guarantee an appropriate evaluation of this parameter.
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to postpone clamping the umbilical cord by 30-120 
sec and to minimise the volume of blood taken 
for laboratory blood tests3. The role that iatrogenic 
anaemia plays in necessitating red blood cell 
transfusion in the neonatal period is not negligible4. 
Transfusion therapy is more frequently needed in 
neonates with a very low weight at birth (<1,500 g), 
in whom a sample of 1 mL of blood often represents 
more than 1% of the total blood volume5. The 
volume of venous blood taken for blood-chemistry 
tests is the main factor that alone can contribute to 
and worsen anaemia in premature neonates; indeed 
the mean volume of blood sampled for diagnostic 
laboratory tests can range from 1.1 to 3.5 mL/kg/die3-5. 
It is common that the cumulative blood loss due to 
specimens taken during the fi rst week of life equals 
or exceeds the neonate's circulating blood volume. 
It is, therefore, imperative to try to minimise the 
blood lost due to sampling by using, for example, 
diagnostic tests based on micromethods that require 
less blood and by not withdrawing more blood than 
strictly necessary for the analyses   required3-5. In recent 
years, technological advances and improvements in 
laboratory medicine have made it possible to carry 
out some fi rst level analyses directly in the ward in 
which the patient is being cared for. 

The aim of the introduction of "point of care" 
(POC) analysers was to carry out some tests more 
quickly than was possible by sending the sample for 
analysis in the hospital's laboratory. A POC analyser 
is defi ned as any instrument that enables a test to be 
performed outside the laboratory6-7. The blood cell 
count can now be determined using a POC analyser8-9. 
The advantages of using POC equipment are, above 
all, that they require only small amounts of blood, 
they reduce the risk of iatrogenic anaemia, and the 
results are available quickly, since the test is carried 
out directly in the ward in which the patient is being 
treated. This implies a notable reduction in the time 
between blood sampling, performance of the analysis 
and the therapeutic intervention10. Such a reduction 
in the "turn around time" is a notable strong point of 
POC instruments not only in emergency and urgent 
situations, but also in the routine management of 
patients. 

Guidelines on the use of POC analysers in 
haematology strongly recommend that only automated 
instruments that use primary samples should be 

employed, while semi-automated instruments, which 
require a dilution of the blood sample during the pre-
analytic stage, should not be used6.

  The purpose of this study was to compare the 
values of haematological parameters obtained with 
the standard method in use at the haematology 
laboratory with those obtained using a micromethod-
based POC instrument, with the aim of validating the 
possible introduction of such an instrument in daily 
clinical practice in the fi eld of neonatology, in order 
to minimise the risk of iatrogenic anaemia.

Materials and methods 
Patients

Capillary blood samples (91 cases) or venous 
blood samples (59 cases) were taken 2-4 hours or 48 
hours after birth from 150 neonates born at term or 
prematurely. 

Following approval from the Ethics Committee of 
the "San Giovanni Calibita" Fatebenefratelli Hospital 
(Rome), demographic data and perinatal and maternal 
information (type of delivery, gestational age, birth 
weight, Apgar score) were collected for the patients 
enrolled in the study. All blood samples were taken 
after having obtained informed consent from the 
parents of each of the patients enrolled.

Standard method and micromethod 
for measuring the blood count

All capillary and venous blood samples were 
processed in a blood analyser habitually used in 
our laboratory (  SysmexXE2100 [TOA Medical 
Electronics, Kobe, Japan]) for the determination 
of the complete blood count and differential counts 
of leucocytes, reticolocytes and erythroblasts. 
Ten microlitres of each whole blood sample were 
also analysed with a POC instrument,   ABX-
MicrosCRP200 (Horiba Medical, Montpellier, 
France), which uses a primary sample for the 
rapid measurement of the blood count through an 
impedancemetric method. 

The ABX-MicrosCRP200 is a compact, completely 
automated blood analyser capable of determining 
the following parameters within 70 seconds: white 
blood cell (WBC) count, red blood cell (RBC) count, 
haemoglobin (Hb) concentration, haematocrit (Hct), 
mean corpuscular volume (MCV),   mean corpuscular 
haemoglobin (MCH), mean corpuscular haemoglobin 
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concentration(MCHC),   red cell distribution width 
(RDW), platelet count (PLT), plateletcrit (PCT), mean 
platelet volume (MPV), platelet distribution width 
(PDW), and the percentages and absolute counts of 
lymphocytes, monocytes and granulocytes.

All the samples were analysed within 4 hours 
of having been taken. Both the analysers were 
regularly calibrated and underwent quality controls, 
as described by the manufacturers.

Statistical analysis
The data obtained were analysed using SPSS 

  software (SPSS Inc., Chicago, IL, USA). In order 
to determine the concordance between the two 
analysers, Bland-Altman plots were constructed for 
each parameter and the intra-class coeffi cients of 
correlation (ICC) were calculated.

Results 
The study was conducted on 150 neonates (81 

males and 69 females). Of these, 60% were delivered 
by Caesarean section and 71% had an Apgar score at 
5 minutes between 9 and 10. The mean gestational 
age was   38 weeks (range, 25.4 to 41.6 weeks), the 
mean weight at birth was 2,900 g (range, 468 g to         
4,270 g) (Table I). Fifteen percent of the neonates 
weighed less than 1,500 g at birth.

The concordance between the data obtained with 
the two analysers, expressed as the ICC (Table II), 
was 0.98 (95% CI: 0.95-0.99) for both the RBC   count 
(Figure 1A) and the platelet count (95% CI: 0.96-
0.98) (Figure 1B), 0.97 (95% CI: 0.96-0.98) for Hb 
concentration (Figure 2A), 0.96 for the Hct (95% CI: 
0.93-0.98) and 0.95 for the MCV (95% CI: 0.93-0.96) 
(data not shown). 

Overall, the difference between the mean values 
showed that the ABX-MicrosCRP200 analyser 
overestimated the RBC count (+1.27x103/μL; 95% 
CI: +1.05; +1.50; p<0.001), Hct (+1.80%; 95% 
CI: +1.30; +2.31; p<0.001) and platelet count 
(+13.55x103/μL; 95% CI: +7.47; +19.62; p<0.001) 
(Table II  ).

Our data did not show any statistically signifi cant 
over- or under-estimation of Hb concentration 
(p=0.064) (Figure 2B, Table II) or MCV (data not 
shown). 

The standard deviation of the difference between 
the values obtained with the two methods was 1.28 
for the RBC count, 34.18 for the platelet count, and 
0.65 for Hb concentration (Table II).

Table II - Correlations between the results obtained with the standard method and the micromethod.
 
 
 

95% CI for the 
differences  Limits of concordance  

n ICC Mean SD SEM Lower 
limit

Upper
limit p-value Lower 

limit
Upper
limit

External 
limits

RBCx103/µL 150  0.98 1.27 1.28 0.115 1.05 1.50 0.000 –1.3 3.8 6%

RBC + NRBC 150  NC 1.00 1.22 0.11 0.78 1.22 0.000 –1.4 3.4 6%

Hb g/dL 150  0.97 0.11 0.65 0.058 –0.01 0.22 0.064 –1.2 1.4 3%

Htc % 150  0.96 1.80 2.82 0.255 1.30 2.31 0.000 –3.8 7.4 5%

PLTx103/µL 150  0.98 13.55 34.18 3.069 7.47 19.62 0.000 –54.8 81.9 7%

Legend:
ICC=intra-class correlation; Mean=difference between the means of the values; SD=standard deviation of the difference between the means of 
the values; SEM=standard error of the mean; p-value=p-value for the difference between the means; NRBC=erythroblasts; NC=not calculated.

     

Table I - Characteristics at birth of the population of 
neonates enrolled in the study.

  Weight
(g)

Gestational age 
(weeks)

Males (n=81)

Mean 2,768 37
SD 841.8 3.6
Minimum 734 27.0
Maximum 4,270 41.4

    

Females (n=69)

Mean 2,516.7 36.5
SD 903.3 3.7
Minimum 468 25.4
Maximum 4,160 41.6

    

All (n=150)

Mean 2,900 38
SD 877.2 3.7
Minimum 468 25.4
Maximum 4,270 41.6

Legend:
SD = standard deviation.
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Conclusions 
In recent years, POC instruments for the rapid 

determination of the blood count have provided 
considerable advantages for laboratory diagnostics. 
In the USA more than 20% of blood chemistry tests 
are now performed outside the hospital laboratory7. 
The Guidelines of the International Council for 
Standardization in Haematology (ICSH) express the 
hope that the technology and availability of POC for 

fast analysis of the blood count will become yet more 
widespread7. 

The comparison between the haematology 
analysers conducted in this study was aimed 
at validating the possible introduction of the 
micromethod-based POC analyser into daily clinical 
practice, since this method uses a capillary sample of 
blood and, therefore, reduces the risk of iatrogenic 
anaemia among neonates.

Figure 1 - Concordance of the results obtained with the two different analysers for (A) white blood cell counts and (B) 
platelet counts.

Legend: xe = SysmexXE2100; micros = ABX-MicrosCRP200; WBC = white blood cells; PLT = platelets.

Figure 2 - Concordance (A) and Bland-Altman correlation (B) between the results of haemoglobin concentration 
measured with the two different methods.

Legend: xe = SysmexXE2100; micros = ABX-MicrosCRP200; Hb = haemoglobin; Hb mean = mean haemoglobin concentration; 
Hb diff = difference between the haemoglobin measurements.
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The results obtained with the micromethod, 
compared with those of the conventional method, 
showed that the ABX-Micros analyser is suffi ciently 
reliable for the measurement of Hb concentration, but 
that the RBC and platelet counts need to be interpreted 
with care.

The concordance between the two methods was 
high for each of the parameters considered. 

The standard deviation of the difference between 
the means of the Hb concentration did not have an 
impact on the transfusion threshold1,11. In neonates, 
the administration of red cell concentrates is 
recommended when the neonate's Hb concentration 
is below 10 g/dL, or below 12-13 g/dL in the fi rst 24 
hours of life or in the presence of cardiovascular or 
respiratory disease11.

In contrast, the standard deviation of the 
differences between the means of platelet count could 
be relevant as regards the evaluation of neonates with 
thrombocytopenia12. Platelet transfusion in neonates 
is currently not recommended if the platelet count 
is greater than 100,000/µL; if the platelet count is 
between 50,000/µL and 100,000/µL a transfusion 
should be carried out only in neonates with active 
bleeding; if the platelet count is between 30,000/µL 
and 50,000/µL, prophylactic transfusion should 
be considered in the following cases: (i) neonates 
with a birth weight ≤1,000 g in the fi rst week of 
life, (ii) previous intraparenchymal/intraventricular 
haemorrhage (24-48 hours), (iii) presence of 
coagualation disorders, (iv) "critical" neonates, with 
sepsis or fl uctuating blood pressure, (v) need to carry 
out invasive procedures. If the platelet count is below 
20,000-30,000/µL, prophylactic transfusion should 
be considered in all cases12. Taking into account the 
transfusion threshold identifi ed as optimal in the 
above mentioned recommendations, it is clear that a 
standard deviation of 34.1x103/µL in the difference 
between the mean values of platelet count could 
make a correct evaluation of the real count diffi cult, 
both for the purposes of deciding whether to give a 
transfusion, and for a correct estimate of the post-
transfusion increase in platelet count.

The overestimation of the RBC count given by 
the ABX  -MicrosCRP200 could be due, in part, to the 
interference of erythroblasts and could be clinically 
relevant, especially in leucopenic patients.

The   ABX-MicrosCRP200 analyser's ability to 

carry out a rapid blood count (70 seconds) can, 
however, be very important in a neonatal intensive 
care unit13. Indeed, the introduction of a POC 
analyser in a neonatal intensive care unit could lead 
to a reduction in iatrogenic anaemia among "critical" 
neonates10 and a consequent reduction of transfusion 
support with RBC4.

  There are various advantages of using a POC 
system: the smaller blood sample (only 18 µL) 
necessary for the test, a signifi cant reduction in the 
pre- and post-analytic error, immediate availability 
of results and, consequently, the possibility of rapid 
therapeutic intervention. These benefits largely 
outweigh any logistical-organisational problems that 
a laboratory must face (management of decentralised 
working sites and documentation, management and 
training of the staff carrying out the test) which 
could slow the spread of use of POC instruments in 
a hospital14.

Rapid measurement of haematological parameters 
(Hb and Hct) by POC analysers can increase safety 
and optimise the transfusion support also in adults 
during the intra-operative period15.

The recent recommendations of the Italian Society 
of Transfusion Medicine and Immunohaematology 
(SIMTI) on peri-operative transfusion in adult patients 
emphasised the need to exploit POC instruments 
provided that these are automated systems that do 
not require the dilution of the whole blood in the 
pre-analytic phase6,16. 

Furthermore, a recent study in a large cohort of 
donors demonstrated that the use of a capillary blood 
test in pre-donation screening was an effective and 
safe approach in the process of selecting blood donors 
provided that the staff had suffi cient dexterity in 
carrying out the capillary sampling17.

Our   results are in accordance with those of other 
authors17-21, as far as regards the lack of signifi cance 
of the overestimation of RBC counts and Hct by the 
micromethod. As far as regards the overestimation 
of the Hct, our data confirm already published 
information22-24 on the greater inaccuracy of the 
measurement of this parameter, which could be 
explained by the different technologies and methods 
used by the companies manufacturing blood counters 
and by the greater total variability (analytic and 
biological) compared to that of Hb. This is the reason 
why Hb is proposed as the main parameter to be used 
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in clinical practice. For example, in 2008, the World 
Health Organization decided to consider Hb, and no 
longer Hct, as the most important parameter in the 
diagnosis of polycythemia vera25. 

Compared to the fi ndings of previously reported 
studies17-21, our results differ with regards to the 
platelet count, whose mean value was variably 
underestimated by the abovementioned studies both 
in neonates and in adult patients. This discrepancy 
could, hypothetically, be due to the fact that in our 
study we compared the performance of the two 
analysers on the same sample (venous or capillary) 
processing the same sample first on the POC 
instrument and then with the conventional analyser; 
this could have led to the formation of platelet 
aggregates in the samples of capillary blood.  

Studies on larger populations of patients could 
clarify whether the differences observed between 
the performances of the two analysers for some 
parameters are due to poor standardisation of the 
technique of capillary blood sampling which, in a 
population of neonates, is still a critical phase. 

It is to be hoped that, before introducing POC 
instruments such as the ABX-MicrosCRP200, each 
laboratory establishes the limits of acceptability 
of differences for each parameter between values 
obtained with the reference haematology laboratory 
analyser and the POC analyser. In fact, only in 
this way will it be possible to differentiate, in the 
population of patients (neonates or adults) in which 
the method is intended for use, which clinical 
decisions can be based on data obtained with the POC 
analyser from those for which it is necessary to use 
standard haematology analysers.

In conclusion, the data from this study, albeit 
collected in a relatively small number of patients, 
seem to demonstrate that the ABX-MicrosCRP200 
analyser can defi nitely be of benefi t as a POC analyser 
for initial screening evaluations in a neonatal intensive 
care unit, although it cannot completely replace a full 
blood count carried out using a traditional analyser.
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