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Abstract: Laboratory examination consists of three main processes including pre - analytic, analytical and post - analytic. These three
processes are mutually sustainable and need to be considered because they greatly influence the results that are issued. The pre - analytical
stage refers to all the steps that must be carried out before the sample can be analyzed. Delay in processing samples that are too long will
cause physical and chemical changes which can be a source of errors in the examination. This study aims to analyze the differences in
cell morphology in EDTA blood which was examined immediately and delayed for 4 hours at a temperature of 20 - 25°C. The type of
research used is an experiment. The population is volunteer patients who carry out a complete blood count using EDTA blood who meet
the inclusion criteria set by the researcher. Samples were taken using non - probability sampling technique purposive sampling method
and analyzed using the Paired Sample T - Test. The results showed that there were differences in cell morphology that were treated
immediately and delayed 4 hours, with p - values for erythrocytes, leukocytes and platelets respectively, namely 0.000, 0.002 and 0.000.
This value indicates that the p - value <0.05 so that the hypothesis is accepted. Erythrocyte morphological changes that occur are the
discovery of burr cells. In leukocytes, the cytoplasm fades, the nucleus breaks and there is cytoplasmic vacuolization. The changes that
occur are platelets enlarge to become macro platelets and giant thrombocytes or often called giant platelets. Processing time affects
changes in cell morphology, namely the longer the delay time, the greater the number of samples that experience morphological changes

compared to samples that are processed immediately.
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1. Introduction

A health laboratory is a facility that performs measurements,
determinations, and tests on materials originating from
humans or non - human sources to assess health conditions,
identify types of diseases, establish diagnoses, provide
treatment, evaluate treatment results, and make other
decisions (Wedhaswara, 2018). Laboratory examinations are
needed for screening, diagnosis, disease monitoring, and
treatment monitoring. Therefore, the laboratory results must
be precise, accurate, and reliable.

Laboratory examinations consist of three main processes: pre
- analytical, analytical, and post - analytical. These three
processes are interconnected and must be carefully
considered as they significantly impact the results produced.
The pre - analytical stage contributes 61% of the total errors,
the analytical stage 25%, and the post - analytical stage 14%
(Wedhaswara, 2018).

The pre - analytical stage refers to all the steps that must be
taken before a sample can be analyzed. This stage includes
aspects related to patient variables (such as diet, age, gender,
etc.), specimen collection and labeling techniques, specimen
preservatives and anticoagulants, specimen transportation, as
well as processing and storage. Delays in processing samples
can lead to pre - analytical errors. Prolonged delays in sample
processing can cause physical and chemical changes that may
result in errors during examination. The maximum allowed
storage time at room temperature for peripheral blood smear
preparations is less than one hour (Kiswari R, 2014).

The examination of peripheral blood smear preparations is an
important part of the series of hematology tests. The
advantages of the peripheral blood smear examination include
the ability to assess various elements of peripheral blood cells,
such as cell morphology (erythrocytes, leukocytes, platelets),
determine the number and type of leukocytes, estimate the
number of platelets, and identify the presence of parasites
(Riswanto, 2013). The purpose of staining peripheral blood
smear preparations is to facilitate the observation of different
types of cells and to evaluate the morphology of these cells
(Rodak, et al., 2007). The International Council for
Standardization in Haematology (ICSH) recommends the
Romanowsky staining method because it provides
satisfactory results on peripheral blood smears (Bain, 2014).

Based on another research journal by John Wiley and Sons
(2013), it is stated that the stability of samples in EDTA tubes
is maintained for less than 4 hours; after 4 hours, significant
changes in cell morphology occur. The most relevant changes
include cytoplasmic fragmentation, degranulation, Pelger -
Huét anomaly in neutrophils, vacuolization in monocytes, and
echinocytes in red blood cells. Morphological changes in
platelets are less clear but are characterized by an increase in
size.

According to Warsita (2019), there are several factors causing
delays in examinations, such as delays in the delivery of
referral samples from other hospitals or clinics, and the
process of collecting a large number of samples while the
number of phlebotomists is limited. When processing
samples, attention must be paid to various aspects, starting
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from equipment preparation, preparation of the blood
collection site, sample collection method, sample volume,
actions taken after sample collection, and handling of the
collected samples (Sujud, 2015).

Laboratory examinations are necessary for screening,
diagnosis, disease monitoring, and treatment monitoring. A
laboratory examination is considered high - quality if the
results are precise and accurate. This examination consists of
three stages: the pre - analytical stage contributes 61% of total
errors, analytical errors contribute 25%, and post - analytical
errors contribute 14%. In the pre - analytical stage, several
factors can cause errors in the examination results, such as
delays in processing EDTA samples, which can lead to
physical and chemical changes. These changes can affect the
morphology of blood cells, such as erythrocytes, leukocytes,
and platelets. If the examination is delayed, erythrocytes may
show an increase in abnormal cells, such as swelling and
bursting cells. Leukocytes may undergo cell degeneration and
changes in cell shape integrity, while platelets may become
damaged, and their count may decrease.

If there is a delay in processing the samples, it will affect the
examination results. Additionally, there has been limited
research on the types of blood cells (erythrocytes, leukocytes,
and platelets). Therefore, the researcher is interested in
conducting a study on the “differences in cell morphology in
EDTA blood that is examined immediately and after a4 - hour
delay at a temperature of 20 - 25°C. ”

2. Analysis and Method

This research was conducted at Virtu DigiLab Nusa Dua Main
Clinic, located at JI. Bypass Ngurah Rai No.220, Benoa,
South Kuta, Badung Regency. The clinic has four laboratory
units, consisting of a Clinical Pathology Laboratory,
Anatomical Pathology Laboratory, Microbiology Laboratory,
and PCR Laboratory. The research was carried out in two
rooms: the Sampling Room for sample collection and the
Clinical Pathology Laboratory for sample processing. The
Clinical Pathology Laboratory is staffed by one clinical
pathology specialist doctor and two laboratory analysts. The
most common test performed in the Clinical Pathology
Laboratory is a complete blood count (CBC), with an average
of 30 samples examined per day. Laboratory personnel follow
pre - analytical, analytical, and post - analytical stages. These
stages must be carried out correctly to obtain accurate results
in line with the patient's medical condition.

The study, titled "Differences in Cell Morphology in EDTA
Blood Immediately Examined and Delayed by 4 Hours at 20
- 25°C, " involved two treatments: EDTA blood samples were
processed immediately (0 hours) and after being left for 4
hours at room temperature (20 - 25°C). The samples were
then prepared for peripheral blood smears and observed under
a microscope. The research utilized an Olympus CX23
Binocular Microscope, which had been calibrated to ensure
accurate observation of the samples.

The number of male patients obtained was 22 (44%), while
the number of female patients was 28 (56%), making the total
sample size for the study 50 people (100%). The
characteristics of the research subjects were obtained from

volunteer patients who underwent a complete blood count and
met the inclusion criteria determined by the researchers.

Results of Erythrocyte Morphology Examination

The erythrocyte morphology examination was conducted
using the peripheral blood smear method with Giemsa
staining on EDTA blood from patients, with two treatments:
immediate examination and a 4 - hour delay. The results of
the erythrocyte morphology examination at 20 - 25°C are as
follows:

Table 2.1: Erythrocyte Morphology Examination Results

Time No Changes | Percentage | Changes | Percentage
(samples) (%) (samples) (%)
0 Hour 50 100 0 0
4 Hours 08 16 42 84

Based on Table 2.1 it can be seen that in the erythrocyte
examination performed immediately (0 hours), no cells
exhibited morphological changes. In contrast, after a 4 - hour
delay, 42 samples (84%) showed morphological changes,
while 8 samples (16%) did not exhibit any changes. The
observed morphological change in erythrocytes was the
presence of burr cells.

Results of Leukocyte Morphology Examination

Table 2.2: Leukocyte Morphology

Examination Results

Time No Changes | Percentage | Changes | Percentage
(samples) (%) (samples) (%)
0 Hour 12 24 38 74
4 Hours 03 06 47 94

Based on Table 2.2, it can be seen that in the leukocyte
examination performed immediately (0 hours), 38 samples
(76%) showed morphological changes, while 12 samples
(24%) did not exhibit any changes. In contrast, after a 4 - hour
delay, 47 samples (94%) showed morphological changes, and
3 samples (6%) did not. The observed morphological changes
in leukocytes included cytoplasmic fading, nuclear
fragmentation, and cytoplasmic vacuolization.

Results of Platelet Morphology Examination Results

Table 2.3: Platelet Morphology Examination Results

Time No Changes | Percentage | Changes | Percentage
(samples) (%) (samples) (%)
0 Hour 13 26 37 74
4 Hours 0 0 50 100

Based on Table 2.3 it can be seen that in the platelet
examination performed immediately (0 hours), 37 samples
(74%) showed morphological changes, while 13 samples
(26%) did not. In contrast, after a 4 - hour delay, all samples
(100%) exhibited morphological changes. The observed
changes included platelets enlarging into macroplatelets and
giant thrombocytes, often referred to as giant platelets.

Data Analysis Results

The examination data in this study is presented in tables and
analyzed statistically using Statistical Product and Service
Solutions (SPSS) version 25.0. The analysis was performed
using a parametric test, specifically the Paired Sample T -
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Test, to observe differences in cell morphology between
samples processed immediately and those delayed by 4 hours.
The results of the Paired Sample T - Test analysis are
presented in the following table:

Table 2.4: Results of Cell Morphology Data Analysis

Morphology Examination p- value
Erythrocytes 0.000
Leukocytes 0.002
Platelets 0.000

Based on Table 2.4, the results for erythrocyte morphology
show a p - value of 0.000, indicating a p - value < 0.05, which
means there is a significant difference in erythrocyte
morphology between the samples examined immediately and
those delayed by 4 hours. For leukocyte morphology, the p -
value is 0.002, also indicating a p - value < 0.05, showing a
significant difference in leukocyte morphology between the
two conditions. Similarly, the results for platelet morphology
show a p - value of 0.000, indicating a significant difference
in platelet morphology between immediate and 4 - hour
delayed examinations.

3. Discussion

3.1 Results of Erythrocyte, Leukocyte, and Platelet
Morphology Examination in EDTA Blood Immediately
Examined at 20 - 25°C

Based on Table 2.1, it can be observed that in the erythrocyte
examination conducted on 50 samples, no morphological
changes were found in the samples processed immediately.
The erythrocytes observed were in good condition. According
to the literature, erythrocytes are non - nucleated blood cells
that have a biconcave disc shape. These cells appear red due
to the presence of hemoglobin. Under the microscope,
erythrocytes appear round, red, and paler in the center
(Kiswari, 2014).

Based on Table 2.2, in the leukocyte examination conducted
on 50 samples, 12 samples (24%) showed no changes, while
38 samples (76%) exhibited morphological changes.
According to the literature, leukocytes have a colorless
nucleus and are larger in size compared to erythrocytes
(Maharani, 2018). This study's findings show that a larger
number of leukocytes underwent changes, which contrasts
with the study by Asiyah et al. (2018), where no significant
changes were observed. This discrepancy may be due to
differences in research variables, methods, and tools used.

Based on Table 2.3, in the platelet examination conducted on
50 samples, 13 samples (26%) showed no changes, while 37
samples (74%) exhibited morphological changes. Platelets
are derived from the cytoplasmic fragmentation of
megakaryocytes and do not have a nucleus. Platelets have
adhesive and aggregative properties, meaning they must be
examined immediately, and delays beyond one hour should
be avoided (Harjo, 2011).

3.2 Results of Erythrocyte, Leukocyte, and Platelet
Morphology Examination in EDTA Blood Delayed for 4
Hours at 20 - 25°C

Based on Table 2.1, in the erythrocyte examination conducted
on 50 samples, 8 samples (16%) showed no changes, while
42 samples (84%) exhibited morphological changes after a 4
- hour delay. Normal erythrocytes are always biconcave, non
- nucleated, and contain hemoglobin, which gives blood its
red color. The morphological changes observed were the
presence of abnormal erythrocytes with protrusions around
the cell surface. When sample processing is delayed, the
anticoagulant in the EDTA tube reduces the surface tension
of the erythrocyte membrane, making the membrane weak
and unstable. The erythrocytes swell, forming surface
protrusions, leading to a shape change from disc - shaped to
echinocyte.

This finding is consistent with a study by Yunus et al. (2022),
which observed that erythrocyte morphology in EDTA blood
smears, based on storage time, showed morphological
abnormalities in size, staining, and shape after a 2 - hour
delay. Both studies found morphological changes occurred.

The 4 - hour delay caused morphological changes in
erythrocytes, where they appeared swollen with protrusions
on their surface. EDTA tubes contain K3EDTA
anticoagulant, which prevents blood clotting, so EDTA tube
samples must be processed quickly to reduce examination
errors.

Cinthia's (2018) research also produced similar results. After
a 3 - hour delay, 12.5% of samples were categorized as good,
while 87.5% were categorized as poor, indicating that more
damage occurs when EDTA blood examination is delayed.
This can be attributed to chemical, biomechanical, and
immunological changes in blood cells during storage, which
may cause structural or morphological damage.

The findings are further supported by a study conducted by
Isti et al. (2018), which observed samples over storage periods
of 0, 7, 14, 21, and 28 days. The study reported that abnormal
erythrocyte morphology increased with prolonged storage
time.

Based on Table 2.2, it can be seen that in the leukocyte
examination conducted on 50 samples, after a 4 - hour delay,
3 samples (6%) showed no changes, while 47 samples (94%)
exhibited morphological changes. Normal leukocytes are
larger than erythrocytes, with a colorless nucleus and clear
cytoplasm. The changes observed included cytoplasmic
fading, nuclear fragmentation, and cytoplasmic vacuolization.
These changes occurred due to the delayed examination of
EDTA samples, which can cause blood cells to undergo
morphological alterations.

These findings align with a study by Zalinna (2017), which
states that delaying examination for more than 2 hours can
lead to leukocyte lysis, vacuolization, degranulation,
hypersegmentation, and the disintegration of leukocytes into
smaller sizes, potentially affecting the results of the
examination.
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The study is also supported by research by Erlin (2014),
which found significant differences in leukocyte counts in
EDTA blood stored at room temperature and examined after
2, 4, and 6 hours. Delaying EDTA blood examination for 1 -
3 hours causes swelling in the leukocyte nucleus, leading to
structural changes such as nuclear fragmentation, cytoplasmic
fading, and vacuolization. If automated cell counting is
performed, the results may not accurately reflect the sample
condition.

Delaying the examination time can affect leukocyte
morphology; the longer the delay, the more the cells'
morphology deteriorates due to hemolysis or cell death.
Blood cells undergo biochemical, biomechanical, and
immunological changes during  storage, causing
morphological damage. Storage can result in lobulation,
disintegration, and vacuolization in leukocytes. Additionally,
research by Ekanem (2012) supports that delays in
examination time reduce the leukocyte count, as cells are
damaged (hemolysis) or die. If the examination is delayed
beyond 2 hours, the blood specimen may undergo
degeneration of blood elements. This pre - analytical phase is
the most significant contributor to examination errors.

Based on Table 2.3, it can be seen that in the platelet
examination delayed by 4 hours, all 50 samples (100%)
exhibited morphological changes. These changes included
platelets enlarging into macroplatelets and the presence of
giant thrombocytes.

This finding is consistent with research by Wirawan (2011),
which states that delaying platelet counts in EDTA blood for
1 hour can cause platelets to easily adhere to each other
(aggregation) or attach to foreign objects (adhesion).

Another study by Merta et al. (2014) noted that delaying
blood collection for 1 - 3 hours causes swelling in the cell
nucleus, changes in nuclear chromatin, and eventually
disintegration of the cells. The decrease in platelet count
following a delay in examination is due to the swelling of
platelets, resulting in the presence of giant platelets.

3.3 The Effect of Delayed Processing of EDTA Blood on
Erythrocyte, Leukocyte, and Platelet Morphology When
Examined Immediately and After a 4 - Hour Delay at 20 -
25°C

Based on Table 2.4, the Paired Sample T - Test results
indicate the differences in cell morphology between samples
examined immediately and those delayed by 4 hours. The
results for erythrocyte morphology showed a p - value of
0.000, indicating p < 0.05, meaning there is a significant
difference in erythrocyte morphology between samples
examined immediately and after a 4 - hour delay. The results
for leukocyte morphology showed a p - value of 0.002, again
indicating p < 0.05, showing a significant difference in
leukocyte morphology between the two conditions. Similarly,
the platelet morphology results showed a p - value of 0.000,
also indicating a significant difference in platelet morphology
between immediate and delayed examinations.

The observed changes in erythrocyte morphology included
the presence of burr cells. In leukocyte morphology, changes

such as cytoplasmic fading, nuclear fragmentation, and
cytoplasmic vacuolization were observed. In platelets, after a
4 - hour delay, macroplatelets and giant thrombocytes were
identified. These results demonstrate microscopically that the
delay in processing affects the quality of erythrocyte,
leukocyte, and platelet morphology. Each cell type has
different stability levels, so if delays are unavoidable, the
maximum allowable delay time should be carefully
considered.

A study by John Wiley & Sons (2013) found that sample
stability in EDTA tubes is maintained for less than 4 hours,
after which significant morphological changes occur. This
aligns with research by Kiswari (2014), which stated that the
maximum storage time for EDTA blood samples, particularly
concerning leukocyte count, is 2 hours at room temperature.
According to Hardiasari et al. (2015), platelet examinations
should be performed accurately and within less than 1 hour
after blood collection. Therefore, delays in processing can
significantly impact the quality of blood cell morphology.

Challenges encountered during the research process can lead
to less valid results, so it is important to carefully consider the
factors that can affect research outcomes.

4. Conclusion

Based on the results and discussion of this study, the

following conclusions can be drawn:

1) The results of cell morphology examination in EDTA
blood samples that were examined immediately showed
that 100% of erythrocyte samples had ho morphological
changes, indicating that the erythrocytes in all samples
were in good condition. For leukocytes, 24% showed no
changes, while 76% exhibited morphological changes.
For platelets, 26% showed no changes, while 74%
exhibited morphological changes.

2) The results of cell morphology examination in EDTA
blood samples delayed for 4 hours showed that 16% of
erythrocytes had no changes, while 84% exhibited
morphological changes. For leukocytes, 6% showed no
changes, while 94% exhibited morphological changes. In
platelets, all samples (100%) exhibited morphological
changes.

3) There is a significant difference in the morphology of
erythrocytes, leukocytes, and platelets between samples
examined immediately and those delayed for 4 hours,
with each showing a p - value of less than 0.05.

Ethical Clearance

This research has been number of ethical clearance at research
ethical comitee with number registered no.61/ELl.
STIKESWIKA/EC/11/2023.

References

[1] Cinthia, Agnes.2018. Perbedaan Morfologi Eritrosit
Pada Spesimen Darah K3EDTA Yang Segera Di
Periksa Dan Di Tunda Selama 3 Jam. [Skripsi].
Semarang: Universitas Muhammadiyah Semarang.

[2] Fitria, L. dan Sarto, M., 2014. Profil Hematologi Tikus
(Rattus norvegicus Berkenhout, 1769) Galur Wistar

Volume 13 Issue 9, September 2024
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal

WWW.ijsr.net

Paper |D: SR24911124553

DOI: https://dx.doi.org/10.21275/SR24911124553 747


https://www.ijsr.net/

International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2022): 7.942

Jantan dan Betina Umur 4, 6, dan 8 Minggu.
Biogenesis 2 (2): 94 - 100. ISSN 2302 - 1616.

[3] Gandasoebrata, R. (2010). Penuntun Laboratorium
Klinis. Edisi 16. Dian Rakyat. Jakarta.

[4] Gandasoebrata, R. (2013). Penuntun Laboratorium
Klinis. Dian Rakyat. Jakarta.

[5] Hardiasari. R., Sujud, Nuryati, A. (2015). Perbedaan
jumlah trombosit pada darah EDTA Yang Segera
Diperiksa Dan Penundaan Selama 1 Jam di
Laboratorium RSJ Grhasia Yogyakarta. Yogyakarta:
Medical Laboratory echnology Journal, 1 (12): 91 -
95.

[6] Harjo, A. D. D., 2011. Perbedaan Hasil Pemeriksaan
Hitung Jumlah Trombosit Cara Manual Dan Cara
Automatik  (Analizer), Semarang:  Universitas
Muhammadiyah Semarang. Maha, D. P., 2010.

[7] Isti, Risma; Zelly Dia Rofinda; & Husnl.2018.
Gambaran Morfologi Eritrosit Packed Red cell
Berdasarkan Waktu Penyimpanan Di Bank Darah
RSUD Dr. M. Djamil Padang. Jurnal Kesehatan
Andalas, 17 - 20. https: //doi. org/10.25077/jKka.
v7i0.819

[8] Keohane, E. M., Smith, L. J., and Walenga, J. M.2015.
Rodaks's Hematology: Clinical Principles and
Applications.5 th Ed. Elsevier/Saunders. St. Louis.
Missouri. ISBN 978 - 0 - 323 - 23906 - 6.

[9] Kiswari, R.2014. Hematologi & Transfusi. Jakarta:
Erlangga

[10] Laksmindra, Lia dan Indah R. D.2016. Pengaruh
Antikoagulan dan Waktu Penyimpanan Terhadap
Profil Hematologis Tikus (Rattus norvegicus
Berkenhout, 1769) Galur Wistar. Biosfera Vol 33, No
22-30

[11] Maharani, E, A., Noviar, G. (2018). Imunohematologi
Dan Bank Darah. Jakarta: PPSDM kemenkes RI.

[12] Reagan, W. J., Poitout - Belissent, F. M., and Rovira,
A. R. 1.2010. Design and Methods Used for Preclinical
Hematotoxicity Studies. In: Weiss, D. J. and Wardop,
K. J. (Eds.) 2010. Schalm's Veterinary Hematology.6
th Ed. Wiley - Blackwell, A John Wiley & Sons, Ltd.
Pub. Ames. lowa. ISBN 978 - 0 - 8138 - 1798 - 9.
Ringler, D. H. and Dabich, L.197

[13] Riswanto.2013. Pemeriksaan Laboratorium
Hematologi. Alfamedia dan Kanal Medika,
Yogyakarta.

[14] Srijanto, B.2010. Pengaruh Watu, Suhu Dan
Perbandingan Bahan Baku - Pelarut Pada Ekstraksi
Kurkumin Dari Temulawak (Curcuma Xanthorriza
Roxb.) Dengan Pelarut Aseton. Skripsi. Tidak
dipublikasikan. Jurusan Teknik Kimia Universitas
Pembangunan Nasional Veteran, Yogyakarta

[15] Utami, Ayu Putri; Durachim; Adang; Nurhayati;
Betty; Noviar; & Ganjar.2019. Waktu Simpan Darah
Antikoagulan K2edta Dan K3edta Terhadap
Parameter Eritrosit. Jurnal Riset Kesehatan Poltekkes
Depkes Bandung. Vol 11 No 2, 175 - 189. https: //doi.
0rg/10.34011/juriskesbdg. v11i2

[16] Wedhaswara, A. G.2018. Pengaruh Penundaan
Pembuatan Preparat Apusan Darah Tepi Pada Sampel
EDTA Terhadap Morfologi Sel Darah Merah. Thesis.
Universitas Muhammadiyah Semarang

Volume 13 Issue 9, September 2024
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal

WWW.ijsr.net
Paper 1D: SR24911124553 DOI: https://dx.doi.org/10.21275/SR24911124553


https://www.ijsr.net/



