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SUMMARY

Background: The aim of this study is to examine the effectiveness of oscillation-induced depolymerization in miti-
gating pseudothrombocytopenia (PTCP) under varying oscillatory conditions.

Methods: A total of 161 patients diagnosed with PTCP and admitted between May 2020 and November 2023 were
included in the study. The patients were categorized into four groups based on oscillation parameters: 1,500 rpm
for 1 minute, 1,500 rpm for 3 minutes, 3,000 rpm for 1 minute, and 3,000 rpm for 3 minutes. Platelet (PLT) depo-
lymerization was assessed pre- and post-oscillation in each group, and peripheral blood smears were examined to
evaluate platelet distribution. Additionally, the Mindray BC-6800 Plus hematology analyzer, in combination with
a special stain, was utilized to verify depolymerization and identify the most appropriate depolymerization meth-
od for clinical application.

Results: PLT counts were significantly higher in the 3,000 rpm for 3 minutes and the 3,000 rpm for 1 minute
groups compared to the 1,500 rpm for 1 minute group (p < 0.05). However, no significant differences in white
blood cell and red blood cell counts were observed across the oscillation conditions (p > 0.05). Depolymerization
rates in the 3,000 rpm groups were significantly higher than those in the 1,500 rpm groups (p < 0.05). The oscilla-
tion-induced depolymerization rate in the 3,000 rpm for 3 minutes group reached 93.79%, which was significantly
greater than that in the special stain group (11.80%) (p < 0.05). Logistic regression analysis identified elevated
lymphocyte count and potassium level as risk factors for incomplete depolymerization, while total bilirubin, direct
bilirubin, and indirect bilirubin levels were found to be protective factors (p < 0.05).

Conclusions: Oscillation at 3,000 rpm for 3 minutes resulted in the highest rate of platelet depolymerization and
demonstrated favorable clinical efficacy for PTCP management. Monitoring of lymphocyte count, potassium, total
bilirubin, direct bilirubin, and indirect bilirubin levels is essential to facilitate timely implementation of the oscil-
lation method, thereby reducing the incidence of PTCP and enhancing the accuracy of clinical detection.
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LIST OF ABBREVIATIONS

PTCP - pseudothrombocytopenia

PLT - platelet

EDTA-PTCP - pseudothrombocytopenia induced by
EDTA
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INTRODUCTION

Platelets (PLTs) are essential for maintaining vascular
health, facilitating hemostasis, supporting immune re-
sponse, and regulating normal blood flow. Abnormal
platelet function can contribute to various conditions,
including bleeding and thrombotic disorders, under-
scoring the importance of accurate assessment and man-
agement of platelet activity to maintain overall health
[1,2]. Pseudothrombocytopenia (PTCP) refers to the in
vitro aggregation of platelets that does not result from
physiological processes occurring in vivo. This phe-
nomenon often results from laboratory-related condi-
tions or technical factors rather than underlying physio-
logical or pathological processes [3,4].

Previous studies have reported associations between
PTCP and factors such as the type of anticoagulant
used, blood collection and processing conditions, extra-
corporeal circulation systems, and the presence of anti-
thrombin [5]. When PTCP is detected, interventions
such as substituting anticoagulants and performing man-
ual platelet counts may correct deviations. However,
these approaches often require repeated blood draws,
leading to poor patient compliance, increased strain on
the healthcare system, and even medical disputes.

A well-documented subtype of PTCP is EDTA-induced
pseudothrombocytopenia (EDTA-PTCP). Since the
clinical adoption of EDTA, its potential role in platelet
aggregation has been increasingly recognized, prompt-
ing increased awareness among medical professionals
regarding its implications. In clinical laboratory set-
tings, automated hematology analyzers and flow cytom-
etry may have limited ability to distinguish between ag-
gregated and individual platelets, thereby complicating
accurate diagnosis of PTCP [6,7].

Epidemiological studies have reported that the clinical
incidence of EDTA-PTCP ranges from 0.07% to 0.20%
in the general population and from 0.1% to 2.0% among
hospitalized patients [8,9]. This condition has been ob-
served across various disease states, health statuses, and
age groups, and may be associated with malignancies,
altered immune function, and medication use. Addi-
tionally, some individuals without clinically apparent
symptoms have exhibited EDTA-PTCP over more than
a decade of follow-up.

The present study evaluates the effectiveness of a sim-
ple oscillation-based method for improving the detec-
tion of PTCP in clinical practice. The results aim to in-
form optimization strategies for laboratory diagnostic
procedures. The findings are reported as follows.

DATA AND METHODS

General data

A total of 161 individuals diagnosed with PTCP, based
on the diagnostic criteria for EDTA-induced PTCP,
were selected from the hospital’s examination center
between May 2020 and November 2023. Informed con-
sent was obtained from all participants prior to inclusion
in the study. The cohort comprised 122 males and 39 fe-
males, with an age range of 34 to 74 years (mean age:
53.98 £ 10.23 years). Whole blood samples were col-
lected in EDTA-K2 anticoagulant tubes and analyzed
using an automated hematology analyzer. If the platelet
count was below 125 x 10°/L, the analyzer triggered an
alarm for platelet aggregation, which was subsequently
confirmed through blood smear examination. The ag-
gregation was corrected by substituting sodium citrate
as the anticoagulant [10]. None of the patients exhibited
skin purpura, mucosal bleeding, or significant hepato-
splenomegaly. Additional causes of thrombocytopenia
were excluded.

Methods

Three methods - oscillation, special staining, and micro-
scopic examination - were utilized to assess the effect of
depolymerization and to categorize the study groups.
Microscopic examination served as the gold standard
for evaluating the depolymerization rate by preparing
two blood smears from each sample, and platelet distri-
bution was assessed under a microscope. Observations
were conducted using a high-powered 1,000 x magnifi-
cation lens (100 x objective lens with a 10 x eyepiece).
Evaluation was focused on the tail region, bilateral
edges, and evenly distributed regions of the blood
smear. A minimum of 10 fields of view were assessed.
Platelet count (PLT), red blood cell count (RBC), and
white blood cell count (WBC) were compared before
and after oscillation, and the platelet distribution in the
blood smear was analyzed. The microscopic evaluation
of platelet distribution was used as the criterion to de-
termine whether platelet aggregation had resolved. All
specimens were tested within 30 minutes of collection.
Oscillation was performed prior to re-analysis, and all
testing was completed on the day of sample collection.

Evaluation of depolymerization under various oscil-
lation conditions

An IKA MS3 circumferential oscillator and a Mindray
BC-6800 Plus hematology analyzer were utilized to
evaluate the depolymerization effect under different os-
cillation parameters. Blood samples were categorized
into four groups based on oscillation speed and dura-
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tion: 1,500 rpm for 1 minute, 1,500 rpm for 3 minutes,
3,000 rpm for 1 minute, and 3,000 rpm for 3 minutes.
PLT, WBC, and RBC counts were measured under
varying oscillation conditions, and the depolymerization
rate was evaluated.

Evaluation of the depolymerization effect of special
stain

Whole blood samples were collected in EDTA-antico-
agulated tubes to reconfirm the presence of platelet ag-
gregation. Analysis was performed using the Mindray
BC-6800 Plus hematology analyzer and the M-68P FR
stain reagent. This reagent contains a specialized dye
that selectively binds to various blood cell components
(Figure 1).

Univariate and logistic regression analysis

A baseline data questionnaire was used to collect vari-
ables potentially associated with the depolymerization
effect in PTCP. Collected data included gender, body
mass index, age, presence of underlying disease, history
of myocardial infarction, and hematological indicators
to statistically assess the factors influencing the depo-
lymerization effect of PTCP.

Statistical analysis

Statistical analysis was conducted using SPSS version
22.0. Categorical data were expressed as percentages,
and comparisons between groups were conducted using
the chi-squared or Fisher’s exact test. Continuous vari-
ables were presented as mean + standard deviation
(SD), with independent samples #-tests used for two-
group comparisons. One-way analysis of variance
(ANOVA) was utilized for comparisons among three or
more groups, with Bonferroni correction applied for
subsequent multiple comparisons. A p < 0.05 was con-
sidered statistically significant.

RESULTS

Comparison of platelet and other hematological pa-
rameters under varying oscillation conditions

A statistically significant difference was observed in
PLT values across different oscillation conditions (p <
0.05). PLT counts observed under oscillation conditions
of 3,000 rpm for 3 minutes and 3,000 rpm for 1 minute
were significantly higher than those recorded at 1,500
rpm for 1 minute (p < 0.05). However, no significant
differences were observed in WBC and RBC counts
across the different oscillation conditions (p > 0.05)
(Table 1).

Comparison of depolymerization rates under vary-
ing oscillation conditions

A statistically significant difference was observed in the
depolymerization rate across different oscillation con-
ditions (p < 0.05). Depolymerization rates at 3,000 rpm
for 3 minutes and 3,000 rpm for 1 minute were signifi-
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cantly higher than those recorded at 1,500 rpm for 1
minute and 1,500 rpm for 3 minutes (p < 0.05) (Table
2).

Comparison of the depolymerization effects between
special stain and oscillation methods

The depolymerization rate achieved using the oscilla-
tion method at 3,000 rpm for 3 minutes was 93.79%,
which was significantly higher than the 11.80% observ-
ed with the special stain method (p < 0.05) (Table 3).

Univariate and logistic regression analysis of factors
affecting the depolymerization effect of oscillation
method in PTCP

The cases were categorized into an incomplete deploy-
merization group (n = 10) and a complete depolymer-
ization group (n = 151) under the optimal oscillation
condition of 3,000 rpm for 3 minutes. Statistically sig-
nificant differences were observed in lymphocyte count,
potassium, total bilirubin, direct bilirubin, and indirect
bilirubin between the two groups (p < 0.05). Logistic re-
gression analysis further indicated that elevated lym-
phocyte count and potassium were significant risk fac-
tors for incomplete depolymerization, whereas higher
levels of total bilirubin, direct bilirubin, and indirect bil-
irubin were identified as protective factors (p < 0.05)
(Tables 4 and 5).

DISCUSSION

PTCP is a pre-analytical artifact characterized by in vi-
tro platelet aggregation, leading to falsely decreased
platelet counts when assessed using automated hema-
tology analyzers. Clinically, PTCP presents a diagnostic
challenge, as it can mimic true thrombocytopenia and
result in unnecessary diagnostic procedures and treat-
ments [11]. The mechanism underlying PTCP is believ-
ed to involve naturally occurring antibodies binding to
platelets in the presence of anticoagulants, thereby in-
ducing platelet aggregation. Thus, accurate identifica-
tion of PTCP is crucial to prevent misdiagnosis and in-
appropriate interventions [12]. Common approaches to
addressing PTCP include repeating blood cell counts
using alternative anticoagulants (such as sodium citrate
or heparin), performing manual platelet counts, or mi-
croscopic evaluation of blood smears. However, these
methods are either labor-intensive or lack sufficient pre-
cision. Clinical evidence indicates that the oscillation
method effectively disperses platelet aggregates, im-
proving the accuracy of automated platelet counting.
However, its efficacy is influenced by multiple factors,
including oscillation speed, duration, and environmental
factors such as sample temperature [13,14].

The Mindray BC-6800 Plus Hematology Analyzer uti-
lizes flow cytometry and optical scattering techniques to
accurately determine platelet counts, independent of
PTCP, thereby enhancing the reliability of hematolog-
ical analysis in clinical laboratories [15]. The M-68P FR
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Table 1. Comparison of PLT values, WBC and RBC counts under different oscillation conditions (.r= s).

Oscil!a.tion Specific parameters PLT v;tlues White blood9 cell count | Red bloodlczell count
conditions (x 10°/L) (x 10°/L) (x 10**/L)
1 1,500 rpm, 1 minute 143.23 +£48.81 6.91 £0.81 4.72 £ 0.56
2 1,500 rpm, 3 minutes 151.09 +50.81 6.82 £0.77 4.81 +0.62
3 3,000 rpm, 1 minute 168.28 +50.22 * 6.80 +0.84 4.83 +0.66
4 3,000 rpm, 3 minutes 179.02 +44.73 * 6.74 +£0.73 4.77 £ 0.50
F 15.763 1.284 1.098
p 0.000 0.279 0.349

Compared to oscillation condition 1, * - p <0.05.

Table 2. Comparison of depolymerization rates under different oscillation conditions [n (%)].

Oscillation conditions

Depolymerization rate

1,500 rpm, 1 minute

92/161 (57.14)

1,500 rpm, 3 minutes

105/161 (65.22)

3,000 rpm, 1 minute

142/161 (88.20) *

3,000 rpm, 3 minutes

151/161 (93.79) *

XZ

82.919

P

0.000

Compared to oscillation condition 1, * - p < 0.008.

Table 3. Comparison of the depolymerization rates between special stain and oscillation methods [n (%)].

Different depolymerization methods

Depolymerization rates

Special stain

19/161 (11.80)

Oscillation method (3,000 rpm, 3 minutes)

151/161 (93.79)

XZ

217.126

P

0.000

staining reagent is specifically formulated for blood cell
analysis, reacting with platelet components to render
them clearly visible under a microscope. This staining
reagent typically contains DNA-binding dyes such as
methylene blue or other nucleophilic stains, which bind
to platelet nucleic acids. These agents enhance contrast
under microscopy by producing distinct coloration.
However, the depolymerization rate associated with the
staining method in this study was significantly lower
than that achieved using the oscillation method [16].

Clinical observations from this study indicate that the
oscillation method provides a practical and more effec-
tive alternative to anticoagulant substitution or other
complex interventions for correcting PTCP [17]. Mod-

erate oscillation rapidly disperses platelet aggregates,
eliminating the need for repeated blood draws and po-
tentially decreasing conflicts between patients and
healthcare providers. In this study, depolymerization
rates were significantly higher under oscillation condi-
tions of 3,000 rpm for 3 minutes and 3,000 rpm for 1
minute compared to 1,500 rpm for 1 minute and 1,500
rpm for 3 minutes (p < 0.05). The data indicate that the
oscillation method effectively disperses platelet aggre-
gates through mechanical vibration, minimizing platelet
adhesion and aggregation. Increased oscillation velocity
and duration may enhance kinetic shear forces, prevent-
ing platelet clumping and maintaining their dispersed
state, thereby improving depolymerization rates [18].
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Table 4. Univariate analysis of factors influencing the depolymerization effect of the oscillation method in PTCP.

Groups Incomp;toeu(ll)eg)lzlil(f)rization Comp}ge::u(::e[():lzlilsegzation thy? p
Gender 0.194 0.660
Male 7 115
Female 3 36
Body mass index (kg/m?) 25.01 +4.02 24.87 +3.89 0.110 0.913
Age (years) 54.52 £9.98 53.91 £10.51 0.178 0.859
Underlying disease
Diabetes 3 18 2.703 0.100
Hypertension 4 24 3.794 0.052
Coronary heart disease 3 21 1.915 0.166
History of myocardial infarction 2 17 0.689 0.407
Lymphocyte count x 10%/L) 5.23 £1.04 3.18 £0.82 7.528 0.000
Potassium (mmol/L) 6.23 £2.09 4.20 +0.59 3.063 0.013
Total bilirubin (umol/L) 8.15+1.33 14.21 £3.38 12.059 0.000
Direct bilirubin (umol/L) 1.99 £ 0.29 5.21 £1.06 25.576 0.000
Indirect bilirubin (umol/L) 3.05 +0.91 7.14 £1.02 12.352 0.000
Table 5. Logistic regression analysis results.
Sy | s [V e [ 08, | s
Lymphocyte count 0.432 0.198 4.760 0.029 1.540 1.045 - 2.271
Potassium 0.519 0.202 6.601 0.010 1.680 1.131 - 2.497
Total bilirubin -0.251 0.127 3.906 0.048 0.778 0.607 - 0.998
Direct bilirubin -0.438 0.191 5.259 0.022 0.645 0.444 - 0.938
Indirect bilirubin -0.495 0.241 4.219 0.040 0.610 0.380 - 0.978
Constant -0.679 0.287 5.597 0.018 - -

Further analysis categorized cases into incomplete and
complete depolymerization groups based on the optimal
oscillation condition (3,000 rpm for 3 minutes). Lym-
phocyte count and potassium were identified as risk fac-
tors for incomplete depolymerization in PTCP, while to-
tal bilirubin, direct bilirubin, and indirect bilirubin lev-
els were identified as protective factors (p < 0.05).
Lymphocytes play a key role in immune and inflamma-
tory responses and may contribute to enhanced platelet
aggregation under inflammatory conditions when pres-
ent at elevated levels [19]. Potassium, an essential ion
for maintaining cell membrane potential, influences
platelet activation and cohesion, thereby affecting plate-
let function. Bilirubin, particularly direct bilirubin, ex-
hibits strong antioxidant properties that neutralize free
radicals and oxidative agents, reducing intracellular oxi-
dative stress and mitigating platelet aggregation. The
findings indicate that oxidative stress may contribute to
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platelet aggregation in PTCP, and bilirubin’s antioxi-
dant properties help preserve platelet integrity, lowering
the likelihood of aggregation. These factors collectively
influence platelet aggregation through mechanisms such
as antioxidation, anti-inflammation, membrane stabili-
zation, and coagulation regulation [20].

In clinical laboratory practice, PTCP can be effectively
prevented and managed by the selection of appropriate
anticoagulants, optimization of oscillation parameters,
consideration of patient clinical history, implementation
of quality control measures, and targeted training of lab-
oratory staff. These strategies contribute to improved
accuracy in platelet count and improve the reliability of
diagnostic results. The oscillation method has emerged
as the preferred clinical approach for correcting PTCP.
However, in cases where adequate platelet depolymer-
ization is not achieved through oscillation alone, sub-
stitution with an alternative anticoagulant may be nec-
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Figure 1. Visualization of platelet aggregation using special staining reagent (x 1,000).

essary to enhance the accuracy of platelet count mea-
surements.

In summary, platelet depolymerization achieved under
the oscillation condition of 3,000 rpm for 3 minutes
demonstrated favorable clinical efficacy and may be
considered the preferred method for addressing PTCP in
clinical practice. Additionally, monitoring lymphocyte
count, potassium, total bilirubin, direct bilirubin, and in-
direct bilirubin levels is essential to facilitate timely
blood sample processing, reduce the incidence of
PTCP-related artifacts, and improve the accuracy of
platelet count measurements in clinical settings.

Declarations:

This study was conducted with approval from the Ethics
Committee of Shuguang Hospital Affiliated to Shanghai
University of Traditional Chinese Medicine on May 9th,
2020 (No. 183). This study was conducted in accor-
dance with the declaration of Helsinki. Written inform-
ed consent was obtained from all participants.

Source of Funds:

This research received no specific grant from any fund-
ing agency in the public, commercial, or not-for-profit
sectors.

Data Availability:

The datasets used or analysed during the current study
are available from the corresponding author on reason-
able request.

Declaration of Interest:
The authors declare that they have no conflict of interest
regarding this work.

References:

1. Baaten CCFMJ, Schroer JR, Floege J, et al. Platelet Abnormali-
ties in CKD and Their Implications for Antiplatelet Therapy. Clin
J Am Soc Nephrol 2022 Jan;17(1):155-70. (PMID: 34750169)

2. Yang M, Jiang H, Ding C, et al. STING activation in platelets ag-
gravates septic thrombosis by enhancing platelet activation and
granule secretion. Immunity 2023 May 9;56(5):1013-1026.¢€6.
(PMID: 36944334)

3. Favaloro EJ, Othman M. Comparison of 2 ways of performing
ristocetin-induced platelet agglutination mixing study for diagno-
sis of type 2B von Willebrand disease. Response to the publica-
tion of Soleimani et al. Res Pract Thromb Haemost 2023 Jul 1;
7(5):100286. (PMID: 37601021)

4. Liu H, Huang Y, Huang M, et al. From nitrate to NO: potential

effects of nitrate-reducing bacteria on systemic health and dis-
ease. Eur J Med Res 2023 Oct 11;28(1):425. (PMID: 37821966)

Clin. Lab. 12/2025



10.

11.

12.

13.

15.

17.

Oscillation-Based Platelet Depolymerization in PTCP

Lardinois B, Favresse J, Chatelain B, Lippi G, Mullier F. Pseu-
dothrombocytopenia-A Review on Causes, Occurrence and Clin-
ical Implications. J Clin Med 2021 Feb 4;10(4):594.

(PMID: 33557431)

Tsubokura M, Kojima M, Nakabayashi S, et al. EDTA-induced
pseudothrombocytopenia in hematopoietic stem cell donor. Clin
Case Rep 2023 Apr 5;11(4):¢7023. (PMID: 37035607)

Tangella AV, Peta RK, Yadlapalli DC, Raghunadha Rao D, M
MS. Ethylene Diamine Tetra Acetate-Induced Pseudo Thrombo-
cytopenia (EDTA-PTCP) in an Adolescent: A Case Report.
Cureus 2023 May 4;15(5):¢38545. (PMID: 37273366)

Yilmaz S, Dag M, Kizilarslanoglu MC, Basturk A. Can Pseu-
dothrombocytopenia be recognised at first look? Medicine (Bal-
timore) 2023 Oct 13;102(41):¢35395. (PMID: 37832120)

Pujol-Moix N, Muniz-Diaz E, Espanol I, Mojal S, Soler A, Souto
JC. Pseudothrombocytopenia, beyond a laboratory phenomenon:
study of 192 cases. Ann Hematol 2023 Jun;102(6):1363-74.
(PMID: 37002444)

Sousa SM, Sousa TM, Silva CF, Mendes CC. Pseudothrombo-
cytopenia: a case of platelet satellitism and phagocytosis by neu-
trophils. Platelets 2020 May 18;31(4):541-3. (PMID: 31516057)

Mamtani H, Karnam SS, Allam A, Arumugham SS. Ethylenedi-
aminetetraacetic acid-dependent pseudothrombocytopenia, pres-
enting as spurious pancytopenia, associated with risperidone. In-
dian J Psychiatry 2023 Mar;65(3):386-7. (PMID: 37204972)

Watanabe A, Toshima H, Saeki M, et al. Transient EDTA-depen-
dent pseudothrombocytopenia and ulcerative colitis recurrence
during chemotherapy: A case of misleading platelet count results
attributable to a laboratory artifact. Clin Case Rep 2023 Nov 21;
11(11):e8153. (PMID: 38028043)

Zhu J, Luo L, Guo W, Wang B, Pan B. A Vortex Method to Dis-
aggregate Platelets for Correct Counting in Pseudothrombocyto-
penia. Indian J Hematol Blood Transfus 2023 Apr;39(2):330-4.
(PMID: 37006969)

. Rikken SAOF, van 't Hof AWJ, Ten Berg JM, Kereiakes DJ, Col-

ler BS. Critical Analysis of Thrombocytopenia Associated With
Glycoprotein 1Ib/Illa Inhibitors and Potential Role of Zalunfiban,
a Novel Small Molecule Glycoprotein Inhibitor, in Understanding
the Mechanism(s). J] Am Heart Assoc 2023 Dec 19;12(24):¢0318
55. (PMID: 38063187)

Putra AAMS, Hernaningsih Y. Comparison of Complete Blood
Count Parameters using EDTA, Sodium Citrate, and Heparin An-
ticoagulants. Res J Pharm Technol 2022, 15(10): 4563-7. DOI:
10.52711/0974-360X.2022.00786

. He Z, Shu G, Lu H. Application of SF-Cube 2.0 Technology in

Platelet Count in Patients with EDTA-Dependent Pseudothrom-
bocytopenia. Clin Lab 2021 Jun 1;67(6):1234-9.
(PMID: 34107626)

Aulinger BA, Saner FH, Stark K, Mayerle J, Lange CM. Platelet
Aggregation Inhibitors and Anticoagulants in Gastroenterological
and Visceral Surgical Procedures. Dtsch Arztebl Int 2022 Dec 9;
119(49):851-60. (PMID: 36345703)

. Suciu O, Deleanu B, Haragus H, et al. Platelet Aggregation Inhib-

itors and Anticoagulants Delay Surgery for Hip Fractures. Appl
Sci 2020;10(23):8617.
https://doi.org/10.3390/app10238617

. Braumann S, Faber-Zameitat C, Macherey-Meyer S, et al. Acute

Chest Pain-Diagnostic Accuracy and Pre-Hospital Use of Antico-
agulants and Platelet Aggregation Inhibitors. Dtsch Arztebl Int
2023 May 5;120(18):317-23. (PMID: 36942800)

Clin. Lab. 12/2025

20. Jeon YD, Lee JH, Park MR, et al. Gastrodia elata Blume and

Zanthoxylum schinifolium Siebold & Zucc Mixed Extract Sup-
press Platelet Aggregation and Thrombosis. Medicina (Kaunas).
2021 Oct 18;57(10):1128. (PMID: 34684165)


https://doi.org/10.3390/app10238617

