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Abstract: 
Background: Changes in blood cell morphology occur easily, even after short periods of time in storage. 
Microscopic evaluation of a peripheral blood smear is one of the most beneficial tests to identify morphological 
changes. But anticoagulant-induced artefacts could lead to misinterpretation of the smears. by 24 hours changes 
become striking. In our study, we will discuss how long EDTA can preserve morphology and determine the best 
time to preserve blood samples 
Aim: The current study was undertaken to identify the anticoagulant EDTA induced artefacts and thus avoid 
misinterpretation of peripheral blood smears. 
Methods: This study was carried out in haematology laboratory of BMCH, Chitradurga. A total of 80 blood 
samples were collected from patients who had come to the OPD as a part of routine medical checkup. The blood 
samples were collected into commercially prepared Tripotassium Ethylene Diamine Tetra Acetic acid [K3 EDTA] 
vacutainer tubes and were thoroughly mixed and smears were prepared immediately and at 1hr, 2hr, 4hr and 6hr 
respectively after storing the blood samples at room temperature. Morphological artefacts were studied. 
Results: Smears made immediately after addition of anticoagulant did not show any artefactual changes. Smears 
from EDTA stored blood show significant morphological artefacts on storage. 
Conclusion: EDTA has been recommended as the anticoagulant of choice for peripheral smear but should be 
examined within 1hr of collection to avoid misinterpretation as pathological findings leading to wrong diagnosis. 
This is an Open Access article that uses a funding model which does not charge readers or their institutions for access and distributed under 
the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative 
(http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and reproduction in any medium, provided 
original work is properly credited. 
Introduction

Examination of blood smears and hematological 
parameters is often the first step in assessment of 
hematological function and diagnosis of related 
diseases. Blood is collected by venipuncture into 
collection tubes containing anticoagulant.[1] The 
most commonly used anticoagulants are 
tripotassium or trisodium salts of ethylene diamine 
tetra acetic acid, trisodium citrate and heparin. 
EDTA is the preferred anticoagulant for blood 
counts as it produces complete anticoagulation with 
minimal morphological alterations of cell. EDTA 
acts by removing Ca++ from blood by converting it 
from the ionized to non-ionized form i.e. a chelating 
agent.  In fact, EDTA is the preferred choice for 
automated blood cell counts due to its general 
availability, ease of preparation, wide spread use and 
relatively low cost[2]. However, according to Rodak 
(1995), EDTA causes structural, biochemical and 

functional damage to blood platelets and other cells 
and the alterations induced are considered 
irreversible. EDTA effects on erythrocytes may 
include red cell crenation, spiculation and formation 
of echinocytes or Burr cells.  There is often 
unacceptable artefact of the blood cells from smears 
made from EDTA tubes that is kept at room 
temperature for more than five hours.[3] Heparin 
causes leucocyte clumping and gives a faint blue 
coloration in the background stained with 
romanowsky stains. It is not suited for platelet and 
leucocyte counts.[4] Trisodium citrate is the 
preferred anticoagulant for platelet and coagulation 
studies.[5] However EDTA causes structural, 
biochemical and functional damage to blood cells. 
These artefacts are likely to be caused by a 
lysolecithin formation or fall in Adenosine 
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Triphosphate (ATP) as the blood is kept for a long 
time.[6] 

The test results strongly influence medical diagnosis 
as well as the therapy applied[1]. In the clinical 
laboratory setting, the sequence of every test begins 
with the preparation of patient for the process, 
continues with collection, processing and analysis of 
samples and finally ends with reporting of the 
results.[2] 

Many disease processes manifest themselves with 
changes in peripheral blood cells. Therefore, the 
microscopic evaluation of a peripheral blood smear 
is one of the most practical and efficient skills a 
pathologist can develop. It can provide evidence of 
ongoing disease process in a patient and thus aid in 
clinical diagnosis. There may be abnormalities in 
erythrocytes or leucocytes such as those in 
inflammation, infection and in leukemia. It can also 
reveal deficiencies of platelet numbers. Such 
evaluations will supplement the clinical examination 
and provide additional information prior to receiving 
further laboratory results[7,8] Identifying storage 
related changes is therefore important so that 
artefactual changes are not misinterpreted as 
pathologic findings. 

Aim 

The aim of this study is to analyze the storage 
artefacts and avoid false interpretation of peripheral 
blood smears 

Implication of the Study 

As it causes many storage artefact, reporting 
pathologist should be aware of all storage artefact 
and avoid false interpretation of peripheral blood 
smear. 

Materials and Methods 

This study was carried out in haematology 
laboratory of BMCH, Chitradurga. A total of 80 
blood samples were collected from patients who had 
come to the OPD as a part of routine medical 
checkup. The blood samples were collected into 
commercially prepared Tripotassium Ethylene 
Diamine Tetra Acetic acid [K3 EDTA] vacutainer 
tubes and were thoroughly mixed and smears were 
prepared immediately and at 1hr, 2hr, 4hr and 6hr 
respectively after storing the blood samples at room 
temperature. The vacutainer tubes contain the 
correct concentration of the anticoagulant and when 
filled appropriately, and mixed thoroughly help in 
minimizing error. Finger prick PBSs were also 
prepared from the same patients, which served as 
control. The smears were stained with Leishmann 
stain and studied under conventional microscope for 
identification of storage induced artefacts. Inclusion 
Criteria Patients with no history of fever, or those 
who were not on chemotherapy or on any 
medication and whose haematological parameters, 

when tested on automated haematology analyser, 
were within normal limits, were included in this 
study. Exclusion Criteria Patients with history of 
fever or those who were on chemotherapy or any 
medication and whose haematological parameters 
when tested on automated haematology analyser, 
were not within normal limits, were excluded from 
this study. 

Morphological artefacts to be studied are as 
follows: 

Nuclear Features: Lobulations, degeneration, 
karyolysis, vacuolations, rupture. 

Cytoplasmic Features: Vacuolations, granularity, 
blebs, hairy projections, degranulation, rupture. 

Platelets: Swelling, Aggregation. 

Others: Swollen WBC’s. crenated RBC’s, smudge 
cells, abnormal staining characteristics. 

Materials 

1) EDTA containing purple vacutainer tube 
2) Slides 
3) Needle or lancet 
4) Vacutainer holder 
5) Alcohol swab 
6) Cotton balls 
7) syringe 
8) Slide case 

Procedure 1. Specimen is collected into EDTA 
(purple) vacutainer. (5 or 7ml volume) Preparation 
of peripheral blood smear from prolong stored (i.e. 
1,2,4 and 6 hrs) sterile EDTA containing blood 
sample tube at room temperature. 

Step 1. A small drop of venous blood is placed on a 
glass microscope slide. 

Step 2. A spreader slide is positioned at 45 angle and 
slowly drawn toward the drop of blood. 

Step 3. The spreader slide is brought in contact with 
the drop of blood and is being drawn away. 

Step 4. The spreader slide is further pulled out, 
leaving a thin layer of blood behind. 

Step 5. The blood smear is nearly complete. 

Step 6. End result will be a glass slide with a well-
formed blood film. After drying for about 10 
minutes, the slide is stained with Leishman stain. 

Results 

The present study included 80 blood samples. 
Smears obtained by finger prick method without any 
added anticoagulant served as controls. These 
smears showed clumping of RBC’s and aggregated 
platelets. No other significant morphological 
alterations/artefacts were observed in direct smears. 
Smears made immediately after addition of 
anticoagulant did not show any artefactual changes. 
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Smears from EDTA showed significant 
morphological artefacts on storage. 

Nuclear Changes 

Nuclear lobulations were observed in the beginning 
followed by degeneration, karyolysis or pyknosis, 
vacuolation and rupture which was observed after 
2hrs with EDTA. 

Cytoplasmic Changes 

These included appearance of vacuoles, cytoplasmic 
granules, hairy projections, blebs and rupture which 
was observed after 2hrs with EDTA blood. 

Platelets: Swelling of platelets occurred at 2hrs with 
EDTA. Platelet aggregation that is pseudo 
agglutination of platelets occurred at 3hrs.

 

Duration WBC cytoplasmic 
changes 

WBC Nuclear 
changes Platelet swelling Platelet aggregation 

0hrs No change No change No change No change 

2hrs Vacuoles (91%) and 
rupture (46%) Degeneration (63%) 78% 10% 

4hrs Hairy projections 
(85%) 

Lobulations (97%) 
and vacuolation 

(28%) 
80% 22% 

6hrs Blebs and rupture 
(89%) Rupture (97%) 92% 84% 

Table 1: EDTA induced storage artefacts 
 
Other Artefacts: Changes like smudge cells, 
swelling of WBC’s, crenated RBC’s and abnormal 
staining characters were also observed which began 

at 3-4hrs with EDTA blood. These changes are 
shown in Table 2

 
Duration Smudge cells Swollen WBC Crenated RBC Abnormal staining 

0hrs No change No change No change No change 
2hrs 35% 35% 48% 10% 
4hrs 14.5% 44% 40% 26% 
6hrs 82% 84% 92% 85% 

Table 2: EDTA induced other storage artefacts 
 
Storage artefacts misinterpretated on peripheral 
blood smear: 

WBC Storage Artefacts: 

• Neutrophil-nuclear lobulation and cytoplasmic 
vacuolation → Infection/sepsis 

• Lymphocyte –nuclear lobulation→ 
Hyperchromatic nuclei 

• Monocytes –cytoplasmic vacuolation and 
nuclear degeneration→ Infection/sepsis 

Platelet Storage Artefacts: 

• Plateletaggregation→ Pseudothrombocytopenia 

RBC Storage Artefacts: 

• Crenated RBC → Burr cells 
• Loss of central pallor → Spherocyte 

Therefore, while examination of peripheral blood 
smears all these changes should be kept in mind so 
that they are not misinterpreted as pathological 
findings.

 

 
Figure 1: Abnormal staining 
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Figure 2: Crenated RBC’s with loss of central pallor 

 

 
Figure 3: Crenated RBC’s 

 

 
Figure 4: Cytoplasmic vacuolation 
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Figure 5: Nuclear pyknosis 

 

 
Figure 6: Smudge Cells 

 
Discussion 

Screening, diagnosis and monitoring of hematogical 
disorders is done firstly by examination of the 
peripheral smear. Morphology of various blood cells 
has a significance to many diseases hence manifest 
with changes in peripheral blood.[1,9] EDTA is the 
ideal anticoagulant for automated blood cell counts. 
But it is associated with various morphological 
artefacts on prolonged storage leading to 
misinterpretaion.[10] control as finger prick smears 
showed only platelet aggregation. Smears studied 
immediately after addition of anticoagulant did not 
show any artefactual changes. 

EDTA blood stands in the test tube causes 
abnormalities in leukocyte morphology to take 
place. Pathologist should have knowledge about the 
artifactual changes which leads omission false 
interpretation and information to the physician. 
Clinical history plays an important role. There is 
deviation from normal in case of morphology of 
blood components like RBC’s, WBC’s and platelets. 
In the current study we came across different 

artifactual changes induced due to storage blood in 
anticoagulants. 

In our study no significance changes at 0 hr in all 
smears. In 2 hour, the smears show no significance 
change, but some smears show platelet swelling. In 
6 hour, the smears show platelet swelling and 
platelet aggregation. 

The significant changes observed with 
anticoagulated blood in order of sequence were: 

In case of WBC 

Nuclear changes 

Nuclear lobulation> nuclear degeration 
>karyolysis/pyknotic nucleus > nuclear vacuolation 
> nuclear rupture which began after 2 hrs with 
EDTA blood. 

Cytoplasmic changes 

Cytoplasmic vacuoles> cytoplasmic granules> hairy 
projections>cytoplasmic blebs> cytoplasmic 
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rupture which began as early as 2 hr with EDTA 
blood. 

A study by Archana Shrivatava et al, is “Effects of 
prolonged storage of blood in EDTA on blood cells 
morphology in peripheral blood smears”.[11] In that 
study the smears were examined and changes in 
smears were observed at different hours of duration 
of storage. At 1st hr there are no significant changes, 
though at 3rd and 6th hr more changes start 
appearing in blood cells. The most significant 
changes start next day i.e. after 24hrs.There is 
separation of nuclear lobes, loss of granules and 
vacuolation of cytoplasm in neutrophils. Whereas in 
lymphocytes and monocytes there is irregular 
lobulation of nucleus to disintegration and smudging 
and spehering. 

A study by Shaista Choudhary et al, is “Storage 
artefacts in peripheral blood smear”. In that study 
EDTA has been recommended as the anticoagulant 
of choice for peripheral smear but should be 
examined within 1hr of collection to avoid 
misinterpretation as pathological findings leading to 
wrong diagnosis. Initially lobulations were observed 
in WBC as early as 2hrs followed by nuclear 
degeneration, karyolysis, nuclear vacuolations and 
nuclear rupture and cytoplasmic change. Platelet 
Swelling of platelets occur as early as 2 hrs with 
EDTA and agglutination of platelets initiated at 3 hrs 
and marked at 6hrs.[12] 

A study by Dr. Alpesh Chavda et al, is “Storage 
artifacts in peripheral blood smears”. In that study 
EDTA has been recommended as the anticoagulant 
of choice for peripheral smear but should be 
examined within 2hrs of storage. Up till 2 hrs it 
allows the best preservation of cellular components 
and morphogy of blood cells. In case of WBC 
nuclear change seen after 2hours in EDTA blood. In 
case of RBC crenation seen after 3-4 hrs. [13] 

Observed findings were as Follows 

Nuclear Changes: Initially lobulations were seen as 
early as 2hrs followed by nuclear degeneration, 
karyolysis, nuclear vacuolations and nuclear rupture 
which started at 2 hrs. Similar findings were noted 
by Koolwal, Vajpayee and Raphael et al. [13-16] 

Cytoplasmic Changes: Cytoplasmic vacuoles seen 
to start at 2 hrs of storage with completely different 
morphology as hairy projections, blebs and rupture 
at the end of 6hrs. 

Platelets: Swelling of platelets seen as early as 2 hrs 
with EDTA. EDTA induced pseudo –agglutination 
of platelets initiated at 3 hrs and marked at 6hrs. The 
findings correlate with Koolwal and Chavda et 
al.[14,15] 

Other artefacts noted like smudge cells, increase in 
size of WBC’s, crenated RBC’s and abnormal 
staining were also seen which began at 3-4hrs with 

EDTA blood. Similar findings were noted by 
Narasimha et al.[16] 

These above-mentioned changes can be 
misinterpreted as pathological abnormalities. With 
respect to WBC morphology vacuolisation of 
monocytes is noted. Neutrophils show separation of 
nuclear lobes and cytoplasmic vacuolation. 
Cytoplasmic vacuolation of neutrophils false 
interpreted as infection/sepsis. On other hand 
lymphocytes show nuclear lobulation which is 
misdiagnosed as malignant cells.[9] EDTA samples 
sometimes may lead to pseudo thrombocytopenia. 
This is because of poor mixing of blood with EDTA 
or due to inadequate EDTA.12 0.1% of individuals 
have EDTA dependent agglutinins which can induce 
platelet clumping. 

Conclusion 

The observations of our study show that marked 
changes occur in RBC, WBC and Platelet 
morphology if the blood samples collected in EDTA 
anticoagulant are stored over a period of time. This 
may result in erroneous reporting which can lead to 
wrong diagnosis. We recommend that analysis of 
PBSs, made from samples collected in EDTA 
anticoagulant, should be made within 1hr of 
collection. In situations where the laboratory has 
decided to carry out the investigation of the sample 
that has been delayed, comments indicating the age 
of the specimen and its possible side effects on 
interpretation should be clearly mentioned on the 
results. 
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