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CASE IN POINT

Pan-Pseudothrombocytopenia in COVID-19:  
A Harbinger for Lethal Arterial Thrombosis?
Patrick Kuhlman, MD; Julio Nasim, MD; and Michael Goodman, MD

Pseudothrombocytopenia in the setting of COVID-19-associated coagulopathy prompts the 
question whether it is representative of increased platelet aggregation activity in vivo.
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In late 2019 a new pandemic started in 
Wuhan, China, caused by the severe 
acute respiratory syndrome coronavirus 2  

(SARS-CoV-2) due to its similarities with the 
virus responsible for the SARS outbreak of 
2003. The disease manifestations are named 
coronavirus disease 2019 (COVID-19).1 

Pseudothrombocytopenia, or plate-
let clumping, visualized on the peripheral 
blood smear, is a common cause for artifi-
cial thrombocytopenia laboratory reporting 
and is frequently attributed to laboratory ar-
tifact. In this case presentation, a critically 

ill patient with COVID-19 developed pan-
pseudothrombocytopenia (ethylenediamine-
tetraacetic acid [EDTA], sodium citrate, and 
heparin tubes) just prior to his death from a 
ST-segment elevation myocardial infarction 
(STEMI) in the setting of therapeutic antico-
agulation during a prolonged hospitalization. 
This case raises the possibility that pseudo-
thrombocytopenia in the setting of COVID-
19 critical illness may represent an ominous 
feature of COVID-19-associated coagulop-
athy (CAC). Furthermore, it prompts the 
question whether pseudothrombocytopenia 

TABLE Hospitalization Laboratory Values and Therapeutics

Variables

                                                                   Hospital Day                                                                                                                                                                                                               Hospital Day
Reference  

Range1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Max patient temperature, C 38.4 38.8 38.0 38.3 38.8 39.5 39.1 38.7 39.2 38.9 38.7 38.5 38.1 37.7 37.8 38.3 37.7 39.4 38.9 38.2 37.3 38.3

Medications

Anticoagulants Heparin              Argatroban                                                                                                                                            Argatroban 

Antibiotics Ceftriaxone Linezolid Cefepime

Doxycycline Vancomycin

Hydroxychloroquine

Vasopressors Norepinephrine Norepinephrine Norepinephrine Norepinephrine

Laboratory Tests

Partial thromboplastin time, s

  min -- 99.2 47.1 -- 41.2 51 46 41.4 34.6 -- -- -- -- 69.9 62.4 58.4 71.8 68 128.6 89.3 -- -- 24.0-35.6

  max 52.1 > 180 103.7 81.7 59.4 81.5 57.8 68.7 74.8 82.4 74.6 84.1 82.3 108.1 78.5 > 180 80 75.2 128.6 > 180 85.4 95.2 --

D-dimer, ng/mL > 20 -- -- > 20 > 20 -- -- -- -- 20.00 18.48 15.72 15.16 -- -- 12.50 -- -- -- -- 11.96 -- 0.00-0.56 

Ferritin, mcg/mL -- -- 2,603 -- -- -- -- -- -- 1,585 -- 1,027 1,024 -- -- 644 -- -- -- -- -- -- 25-350

Lactic acid dehydrogenase, U/L -- -- 1,188 -- -- -- -- -- -- 626 515 463 477 -- -- 387 -- -- -- -- -- -- 100-240 

White blood cells, K/μL 8.90 9.56 9.62 8.63 7.99 6.70 7.89 9.55 11.00 13.82 13.37 12.44 11.40 -- 8.34 6.63 6.23 5.90 -- 13.76 12.98 12.93 4.87-9.47

Lymphocytes, µL 0.24 0.80 0.38 0.26 0.31 0.34 0.39 -- 0.33 0.63 0.53 1.62 0.57 -- 0.92 0.65 -- 0.59 -- 0.58 0.50 0.91 13.11-16.01

Hemoglobin, g/dL 15.3 14.0 11.5 11.1 11.1 8.9 8.6 8.8 8.3 8.6 8.5 7.9 8.9 -- 8.5 8.2 8.0 7.9 -- 7.5 6.9 6.5 150-400 

Platelet count,  K/μL 165 137 168 181 -- 191 187 200 230 241 207 177 181 Platelet Clumping



in this setting is representative of increased 
platelet aggregation activity in vivo.

CASE PRESENTATION
A 50-year-old African American man who 
was diagnosed with COVID-19 3 days prior 
to admission presented to the emergency de-
partment of the W.G. (Bill) Hefner VA Medi-
cal Center in Salisbury, North Carolina, with 
worsening dyspnea and fever. His primary 
chronic medical problems included obesity 
(body mass index, 33), type 2 diabetes melli-
tus (hemoglobin A1c 2 months prior of 6.6%), 
migraine headaches, and obstructive sleep 
apnea. Shortly after presentation, his respira-
tory status declined, requiring intubation. He 
was admitted to the medical intensive care 
unit for further management.

Notable findings at admission included 
> 20 mcg/mL FEU D-dimer (normal 
range, 0-0.56 mcg/mL FEU), 20.4 mg/dL  
C-reactive protein (normal range, < 1 mg/dL),  
30 mm/h erythrocyte sedimentation 
rate (normal range, 0-25 mm/h), and  
3.56 ng/mL procalcitonin (normal range, 
0.05-1.99 ng/mL). Patient’s hemoglobin and 

platelet counts were normal. Empiric an-
timicrobial therapy was initiated with cef-
triaxone (2 g IV daily) and doxycycline  
(100 mg IV twice daily) due to concern of 
superimposed infection in the setting of an 
elevated procalcitonin. 

A heparin infusion was initiated  
(5,000 U IV bolus followed by continu-
ous infusion with goal partial thrombo-
plastin time [PTT] of 1.5x the upper limit 
of normal) on admission to treat CAC. 
Renal function worsened requiring inter-
mittent renal replacement therapy on day 3. 
His lactate dehydrogenase was elevated to  
1,188 U/L (normal range: 100-240 U/L) and 
ferritin was elevated to 2,603 ng/mL (normal 
range: 25-350 ng/mL) (Table). Initial neu-
romuscular blockade and prone position-
ing maneuvers were instituted to optimize 
oxygenation based on the latest literature 
for respiratory distress in the COVID-19  
management.2 

Intermittent norepinephrine infusion  
(5 mcg/min with a 2 mcg/min titra-
tion every 5 minutes as needed to main-
tain mean arterial pressure of > 65 mm Hg) 
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was required for hemodynamic support 
throughout the patient’s course. Several 
therapies for COVID-19 were considered 
and were a reflection of the rapidly evolving 
literature during the care of patients with 
this disease. The patient originally received 
hydroxychloroquine (200 mg by mouth 
twice daily) in accordance with the US De-
partment of Veterans Affairs (VA) institu-
tional protocol between day 2 and day 4; 
however, hydroxychloroquine was stopped 
due to concerns of QTc prolongation. The 
patient also received 1 unit of convalescent 
plasma on day 6 after being enrolled in the 
expanded access program.3 The patient was 
not a candidate for remdesivir due to his 
unstable renal function and need for vaso-
pressors. Finally, interleukin-6 inhibitors 
also were considered; however, the risk of 
superimposed infection precluded its use. 

On day 7 antimicrobial therapy was 
transitioned to linezolid (600 mg IV twice 
daily) due to the persistence of fever and a 
portable chest radiograph revealing diffuse 
infiltrates throughout the bilateral lungs, 
worse compared with prior radiograph on 
day 5, suggesting a worsening of pneumo-

nia. On day 12, the patient was transitioned 
to cefepime (1 gram IV daily) to broaden  
antimicrobial coverage and was continued 
thereafter. Blood cultures were negative 
throughout his hospitalization. 

Given his worsening clinical scenario 
there was a question about whether or 
not the patient was still shedding virus for 
prognostic and therapeutic implications. 
Therefore, his SARS-CoV-2 test by poly-
merase chain reaction nasopharyngeal was 
positive again on day 18. On day 20, the 
patient developed leukocytosis, his fever 
persisted, and a portable chest radiograph  
revealed extensive bilateral pulmonary 
opacities with focal worsening in left lower 
base. Due to this constellation of findings, 
a vancomycin IV (1,500 mg once) was 
started for empirical treatment of hospital-
acquired pneumonia. Sputum samples ob-
tained on day 20 revealed Staphylococcus 
aureus on subsequent days.

From a hematologic perspective, on day 
9 due to challenges to maintain a therapeu-
tic level of anticoagulation with heparin 
infusion thought to be related to antithrom-
bin deficiency, anticoagulation was changed 
to argatroban infusion (0.5 mcg/kg/min tar-
geting a PTT of 70-105 seconds) for on-
going management of CAC. Although 
D-dimer was > 20 mcg/mL FEU on admis-
sion and on days 4 and 5, D-dimer trended 
down to 12.5 mcg/mL FEU on day 16. 

Throughout the patient’s hospital stay, 
no significant bleeding was seen. Hemoglo-
bin was 15.2 g/dL on admission, but ane-
mia developed with a nadir of 6.5 g/dL, 
warranting transfusion of red blood cells on 
day 22. Platelet count was 165,000 per mi-
croliter on admission and remained within 
normal limits until platelet clumping was 
noted on day 15 laboratory collection. 

Hematology was consulted on day 20 
to obtain an accurate platelet count. A pe-
ripheral blood smear from a sodium citrate 
containing tube was remarkable for prom-
inent platelet clumping, particularly at the 
periphery of the slide (Figure 1). Platelet 
clumping was reproduced in samples con-
taining EDTA and heparin. Other features 
of the peripheral blood smear included the 
presence of echinocytes with rare schis-
tocytes. To investigate for presence of  
disseminated intravascular coagulation on 

FIGURE 1 Blood Smears Showing Platelet Clumping in All 
3 Tubes 

A, ethylenediaminetetraacetic acid; B, citrated; C, heparinized.

FIGURE 2 Electrocardiograms  

A, Hospital day 5; B, Hospital day 22.
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day 22, fibrinogen was found to be mildly 
elevated at 538 mg/dL (normal range:  
243-517 mg/dL) and a D-dimer value of 
11.96 mcg/mL FEU.

On day 22, the patient’s ventilator re-
quirements escalated to requiring 100% 
FiO

2
 and 10 cm H

2
0 of positive end- 

expiratory pressure with mean arterial pres-
sures in the 50 to 60 mm Hg range. Within 
30 minutes an electrocardiogram (EKG) 
obtained revealed a STEMI (Figure 2).  
Troponin was measured at 0.65 ng/mL 
(normal range: 0.02-0.06 ng/mL). Just after 
an EKG was performed, the patient devel-
oped a ventricular fibrillation arrest and 
was unable to obtain return of spontaneous 
circulation. The patient was pronounced 
dead. The family declined an autopsy. 

DISCUSSION
Pseudothrombocytopenia, or platelet clump-
ing (agglutination), is estimated to be pres-
ent in up to 2% of hospitalized patients.4 

Pseudothrombocytopenia was found to be 
the root cause of thrombocytopenia hema-
tology consultations in up to 4% of hospi-
talized patients.5 The etiology is commonly 
ascribed to EDTA inducing a conformational 
change in the GpIIb-IIIa platelet complex, 
rendering it susceptible to binding of auto-
antibodies, which cause subsequent plate-
let agglutination.6 In most cases (83%), the 
use of a non-EDTA anticoagulant, such as so-
dium citrate, resolves the platelet agglutina-
tion and allows for accurate platelet count 
reporting.4 Pseudothrombocytopenia in most 
cases is considered an in vitro finding with-
out clinical relevance.7 However, in this pa-
tient’s case, his pan-pseudothrombocytopenia 
was temporally associated with an arterial oc-
clusive event (STEMI) leading to his demise 
despite therapeutic anticoagulation in the set-
ting of CAC. This temporal association raises 
the possibility that pseudothrombocytopenia 
seen on the peripheral blood smear is an ac-
curate representation of in vivo activity.

 Pseudothrombocytopenia has been as-
sociated with sepsis from bacterial and viral 
causes as well as autoimmune and medica-
tion effect.4,8-10 Li and colleagues reported 
transient EDTA-dependent pseudothrom-
bocytopenia in a patient with COVID-19 in-
fection; however, platelet clumping resolved 
with use of a citrate tube, and the EDTA-

dependent pseudothrombocytopenia phe-
nomenon resolved with patient recovery.11 
The frequency of COVID-19-related pseudo-
thrombocytopenia is currently unknown.

Although the understanding of COVID-
19-associated CAC continues to evolve, it 
seems that initial reports support the idea 
that hemostatic dysfunction tends to more 
thrombosis than to bleeding.12 Rather than 
overt disseminated intravascular coagula-
tion with reduced fibrinogen and bleeding, 
CAC is more closely associated with blood 
clotting, as demonstrated by autopsy stud-
ies revealing microvascular thrombosis in the 
lungs.13 The D-dimer test has been identified 
as the most useful biomarker by the Inter-
national Society of Thrombosis and Hemo-
stasis to screen for CAC and stratify patients 
who warrant admission or closer monitor-
ing.12 Other identified features of CAC in-
clude prolonged prothrombin time and  
thrombocytopenia.12 

There have been varying clinical ap-
proaches to CAC management. A retrospec-
tive review found that prophylactic heparin 
doses were associated with improved mor-
tality in those with elevated D-dimer  
> 3.0 mg/L.14 There continues to be a di-
versity of varying clinical approaches with 
many medical centers  advocating for an in-
tensified prophylactic twice daily low mo-
lecular-weight heparin compared with 
others advocating for full therapeutic dose 
anticoagulation for patients with elevated  
D-dimer.15 This patient was treated aggres-
sively with full-dose anticoagulation, and de-
spite his having a down-trend in D-dimer, 
he suffered a lethal arterial thrombosis in the 
form of a STEMI. 

Varatharajah and Rajah believe that CAC 
is more closely aligned with endotheliopathy-
associated vascular microthrombotic disease 
(EA-VMTD).16 EA-VMTD involves a disequi-
librium state between insufficient ADAMTS13 
enzyme and excessive exocytosis of ultralarge 
von Willebrand factor (ULvWF) multimers 
from endothelial cells affected by COVID-19. 
This theory endorses that ULvWF multimers 
cause platelet adhesion and subsequent rapid 
platelet activation, causing platelet aggregation 
and formation of microthrombi.17 As these 
platelet aggregates grow to a certain point, 
they can no longer remain adhered to ULvWF, 
causing these platelet aggregates to be released 
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into the circulation and causing thrombotic  
sequelae.16 Therefore, a plausible explanation 
for the patient’s pan-pseudothrombocytopenia 
may be the detection of these circulating plate-
let aggregates, which, in turn, was the same 
process leading to his STEMI. Interestingly, 
this patient’s fatal arterial event occurred in the 
presence of therapeutic anticoagulation, rais-
ing the question of whether other therapeutic 
interventions to treat CAC, such as further an-
tithrombotic therapy (eg, aspirin, clopidogrel) 
or novel strategies would be of benefit. 

CONCLUSIONS
This patient’s case highlights the presence 
of pan-pseudothrombocytopenia despite 
the use of a sodium citrate and heparin 
containing tube in a COVID-19 infection 
with multiorgan dysfunction. This devel-
oped 1 week prior to the patient suffering a 
STEMI despite therapeutic anticoagulation. 
Although the exact nature of CAC remains 
to be worked out, it is possible that plate-
let agglutination/clumping seen on the pe-
ripheral blood smear is representative of in 
vivo activity and serves as a harbinger for  
worsening thrombosis. The frequency of 
such phenomenon and efficacy of further 
interventions has yet to be explored.
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