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Abstract: Background: The credibility of the result of a complete blood count is closely connected with the preanalytical 
phase.  

Objectives: This study evaluated accordance of filling of microtubes with manufacturer’s recommendation and assessed 
the effect of storage of overfilled and underfilled samples on the results of complete blood count. 

Design and Methods: Volume of blood samples collected into microtubes in the wards of the University Children's 
Hospital in Cracow during one month was analyzed. In the stability studies, overfilled and underfilled samples stored at 
ambient temperature were analyzed at 1, 2, 3 and 12 hours after phlebotomy. The analysis was made using the 
SYSMEX XT-1800i analyzer. 

Results: More than half of the analyzed samples were incorrectly filled. 63% of the samples were filled above the 
manufacturer's recommended volume and 15% of test-tubes were filled below the recommendation. We observed 
differences between collected blood volume in accordance to the age of patients (p=0.001). The storage of overfilled and 
underfilled microtubes for complete blood count for 1,2,3 and 12 h at room temperature had no effect on the results of 
this test.  

Conclusion: Medical staff does not follow the instructions of the manufacturers. It might lead to a decrease of the quality 
and credibility of the results. 

Keywords: Phlebotomy, preanalytical error, nurse training, children. 

INTRODUCTION 

Complete blood count (CBC) is one of the basic 
health screening and target tests performed in the 
diagnostic laboratories. The effective and trustworthy 
laboratory service is the amalgamation of accuracy, 
precision, and rapidity of results delivered to the 
clinicians as well as to the patients. Notwithstanding 
dynamic progress in laboratory science, it is still 
susceptible to various errors classified as preanalytical, 
analytical, and postanalytical. The majority of errors 
affecting laboratory analysis occur in the preanalytical 
phase, mainly because of the difficulty in achieving 
standardized procedures for sample collection [1,2]. It 
includes improper preparation of the patient, wrong 
collection procedure, incorrect transport, preparation 
and labeling of the samples [3,4]. In the case of CBC 
measurement, one of the requirements is that blood 
must fill the tube to volume recommended by the 
manufacturer and adequate blood to anticoagulant ratio 
preserved [3,5]. It was shown in previous studies that 
improper filling of microtubes results of the impossibility 
of analysis in the case of significant underfilling and 
false results in the case of significant overfilling [6].  
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The aim of the study was to assess the accordance 
of the volume of blood samples drawn for laboratory 
testing in pediatric wards with recommendations of the 
manufacturer as well as with the hospital standard 
operating procedures (SOPs). Moreover, we analyzed 
the influence of time of blood storage in microtubes on 
the CBC results. 

MATERIALS AND METHODS 

In order to evaluate the volume of blood collected 
into the microtubes in the Children’s University 
Hospital, 1485 microsamples provided to the laboratory 
from 1st March 2016 to 30th March 2016, were 
analyzed. The capillary blood samples were collected 
in the wards by nurses. The sanitized child’s finger was 
punctured using quick and smooth motion. Then blood 
was collected in open system using capillary connected 
to the Microtube GK 150 EDTA 200µL (KABE 
Labortechnik GmbH, Nümbrecht - Elsenroch, 
Germany). When the blood filled microtube, the 
capillary was dismantled, microtube closed and blood 
was mixed. The blood volume in each microtube was 
evaluated by comparing to series of standard volumes. 
Volume standards ranged from 20µL to 900µL (with a 
difference of 20µL between particular samples). 
Laboratory Information System (LIS) was used to 
collect information on patient’s age, sex, and the 
hospital ward where the patient had the blood 
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collected. The next step was to estimate if the blood 
storage of underfilled and overfilled KABE GK 150 
EDTA 200µL samples may affect the CBC test values. 
Blood was collected from 30 healthy, adult volunteers 
(80% men) with age median 29 (26-30) years into 
series of microtubes. From each patient, six microtubes 
were filled with 700µL and 6 microtubes were filled with 
120µL (minimal blood volume required by the analyzer 
for test performing) at the same time. In each 
microtube the CBC parameters were examined 
immediately after sampling, and after 1, 2, 3, and 12 h 
of storage at ambient temperature. The analysis was 
performed using hematological analyzer SYSMEX XT-
1800i.  

The Jagiellonian University Ethical Committee 
approved the study, and all the volunteers provided 
their written informed consent. 

Statistic  

Continuous variables were presented as a median 
and interquartile range (IQR) or as a mean ± standard 
deviation and categorical variables were presented as 
numbers (percentages). Quantitative variables were 
checked for the normality of their distribution using the 
Shapiro-Wilk test. In order to evaluate differences 
between various blood volume collected into 
microtubes and to estimate if the blood storage in 
overfilled tubes may affect the CBC test values, 
Kruskal-Wallis one-way analysis of variance by ranks 
for non-normally distributed continuous variables were 
performed together with posthoc Dunn’s test when 
necessary. Results were considered statistically 
significant at p values less than 0.05. Statistical 
analysis was performed using STATISTICA v.10, 
(StatSoft Inc., USA).  

RESULTS 

The Volume of Blood Collected in the Wards of the 
University Children's Hospital in Cracow 

The median of blood volume, which was collected 
into microtubes equaled 250µL (IQR: 190-330µL) 
whereas the recommended by manufacturer blood 
filling of KABE microtubes is 200µL ±10%. Only 335 
microtubes (22%) were filled in accordance with the 
manufacturer’s instructions (180–220µL), while 930 
(63%) of the samples were filled above the 
manufacturer's recommended volume and 228 (15%) 
of test-tubes were filled below the recommended blood 
volume (Figure 1).  

 
Figure 1: The amount of blood collected into microtubes in 
hospital wards. 

The median age of the patients was 5.6 years (IQR: 
1.5-11 years). The percentage of girls was 45%, while 
boys constituted 55%. We did not observe any 
differences between blood volume collected on hospital 
wards with regard to gender (p=0.176).  

We noted that in the neonatal wards and in the 
operating room, the collected volume of blood was 
mostly underfilled, and the average blood volume was 
130µL. The highest volumes of blood were drown in 
gastro-enterology ward - the average blood volume 
was 440µL. We observed also the tendency to collec-
tion more blood volume from older children (p=0.001). 
Moreover, we noted that the medical staff collected 
excessive blood volume more frequently from older chi-
ldren when compared to correct blood volume (p= 0.001) 

and simultaneously they collected insufficient blood 
volume from neonates and infants (p= 0.006; Figure 2). 

 
Figure 2: The relationship between patients’ age and the 
blood volume median. 

The Assessment of the Impact of Storage Time on 
the Results of Complete Blood Counts 

We have not noted any significant differences in the 
number of erythrocytes (RBC), platelets (PLT), white 
blood cells (WBC), concentration of hemoglobin (HGB), 
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values of hematocrit (HTC), mean cell volume (MCV), 
mean corpuscular hemoglobin (MCH), and mean 
corpuscular hemoglobin concentration (MCHC) 
(Figures 3, 4) depending on the time of blood stored at 
microtubes at room temperature up to 12h (all cases 
p>0.05). Moreover, we have not found any significant 
changes in the results of CBC obtained in underfilled 
tubes after storage for 1, 2, 3 and 12h after phlebotomy 
in ambient temperature (all cases p>0.05).  

 
Figure 3: The impact of storage time on the results of WBC, 
PLT, RBC and HTC. 

Abbreviations: WBC, white blood cells; PLT, platelets; RBC, 
red blood cells and HTC, hematocrit level.  

DISCUSSION 

Blood collection is the most common invasive 
procedure in healthcare. Previously, the Working group 
for Preanalytical Phase (WG-PRE) of the European 
Federation for Clinical Chemistry and Laboratory 
Medicine (EFLM) has reported that blood sampling in 
Europe is performed by different professions with 
significantly different levels of education, background, 
skills as well as competence [7]. Numerous studies on 
the preanalytical phase showed that the collecting of 

adequate amount of specimen plays a key role in the 
diagnostic process [8.9.10]. It is a common 
phenomenon that medical staff does not keep the 
manufacturer's instructions for filling tubes. Many 
authors draw attention also to the significant 
disproportion between blood volume collected from the 
patient and amount of material necessary to perform 
test [11,12,13].  

Our study has shown that there is the tendency to 
collect higher blood volume to open system microtubes 
for CBC testing than recommended by the 
manufacturer. It was observed mainly in adolescent 
wards. In our study, we have noted the relationship 
between blood sampling volume and the age of 
patients. We hypothesized that because blood loss 
attributable to laboratory testing is the primary cause of 
anemia among preterm infants during the first weeks of 
life, the phlebotomists try to collect the slightest - in 

 
Figure 4: The impact of storage time on the results of HGB, 
MCV, MCH and MCHC. 

Abbreviations: HGB, concentration of hemoglobin; MCV, 
mean cell volume; MCH mean corpuscular hemoglobin and 
MCHC, mean corpuscular hemoglobin concentration.  
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their opinion - blood volume [11,14]. Unfortunately, very 
often this amount is insufficient for the analysis and the 
second taking of a blood sample is necessary. On the 
other hand, the phlebotomist wanting to mitigate 
patients’ pain connected with blood sampling, collect 
excessive blood volume lest there is a necessity for 
analysis repetition. Another reason for excessive blood 
volume collection may be the discrepancy between 
tube internal volume and nominal filling recommended 
by a producer. This may mislead phlebotomist. As it 
was also realized, the common practice in pediatric 
wards is transferring venous blood from syringes 
directly to microtubes or fill microtubes with several 
portions of blood through the integrally mounted 
capillary.  

The use of open systems as KABE microtubes 
leads also to a greater chance of blood exposure to 
healthcare workers. Despite these drawbacks, open 
microsystems are still commonly used for diagnostic 
phlebotomy in the pediatric population in order to 
minimize the volume of blood taken from children 
however in mature patients closed systems for blood 
sampling are usually used to collect a specimen for the 
CBC. Their advantage over open systems is minimizing 
of underfilling or overfilling of the tubes, and always the 
required sample to anticoagulant ratio is preserved 
[15]. 

In the case of CBC analysis collection errors 
regarding blood volume using opens systems results in 
inappropriate anticoagulant to blood ratio [16]. It was 
shown that the overfilling may lead to the micro-clots 
formation and to decrease in a number of morphotic 
elements of blood [17,18]. Moreover, in a previous 
study, we observed that excess collection of blood 
volume resulted in a decrease of a number of 
erythrocytes, concentration of hemoglobin, hematocrit 
and mean corpuscular volume as well as in increase in 
the number of platelets [6].  

The preanalytical error may also be associated with 
the prolonged time between collection and sample 
analysis. The data of the present study has shown that 
storage of overfilled and underfilled samples in 
microtubes produced by KABE up to 12 hours in 
ambient condition has no significant effect on results of 
CBC. Similar results of the study were obtained by de 
Beca et al. via Sysmex XE-2100 who measured 
hematological parameters in K2-EDTA-anticoagulated 
vein blood specimens selected from the routine 
laboratory workload [19]. They have shown that total 
WBC, RBC, HGB, and PLT were stable at room 

temperature for up to 3 days after collection of blood. 
Also, Vogelaar et al. measured hematological 
parameters in different storage conditions in EDTA 
blood collected from 304 apparently healthy individuals 
aged between 17 and 70 years [20]. They found that 
stability of samples at room temperature during 2 days 
was acceptable for morphotic elements of blood such 
as erythrocytes, lymphocytes, and platelets. The only 
differential count was changed over time. Probably it is 
due to change in white blood cells structure which 
leads to errors in their automated classification. 
However, the total white blood count (WBC) did not 
vary. 

CONCLUSIONS 

The problem is highly relevant, as changes 
connected with an improper filling of microtubes with 
blood have a negative influence on making a definitive 
medical diagnosis. False test results can lead to 
incorrect interpretation of patient's state of health. 
Preanalytic error prevention requires excellent 
communication and cooperation among all members of 
the medical personnel - from the clinicians who ordered 
analysis, to a phlebotomist who collects the specimens, 
to the laboratory staff receiving the specimen. Quality 
improvement initiatives should, therefore, take into 
account mainly preanalytical errors associated with 
incorrect sample collection. The education of 
phlebotomy teams can help to reduce those errors. 
These educational activities should be a continuous 
part of laboratory quality control procedures because 
each deviation from the recommended guidelines can 
relevantly affect the quality of the sample analysis and 
puts patients health at risk.  
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