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Abstract

Background: COVID-19 is associated with coagulopathies and venous thromboembolism (VTE), particularly in patients 
hospitalized with a critical illness.
Methods: A retrospective, observational case series of adult patients admitted to three hospitals between 2/1/2020 and 4/1/2021, 
who were diagnosed with an acute pulmonary embolism (PE), following previous COVID-19. 24 patients were diagnosed with 
a symptomatic PE, of whom 18 (75%) had not required hospitalization for COVID-19 treatment.
Results: Median time from last positive COVID-19 test to diagnosis of PE was 151(± 122) days. Three patients (13%) were 
diagnosed with PE as outpatients. 52% and 38% were at low and intermediate risk of mortality, respectively. Five (24%) had 
a proximal deep venous thrombosis. All patients had an elevated D-dimer, elevated Factor VIII levels were detected in 46%, 
and 29% had positive lupus anticoagulant and elevated anti-cardiolipin antibody IgM levels. None required advanced therapy. 
There was no major bleeding and all patients survived to discharge. On outpatient follow-up, most patients were symptomatic, 
mostly with dyspnea (96%).
Conclusion: PE should be considered in patients diagnosed with COVID-19 many weeks earlier, including patients previously 
managed as outpatients, who have acute symptoms of dyspnea or chest pain, persistent elevated D-dimer elevation or Factor 
VIII, or clinical risk factors for VTE. Studies are required to evaluate the efficacy and safety of thromboprophylaxis in patients 
diagnosed with COVID-19 as outpatients.
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Late Presentation of Acute Pulmonary Embolism following Outpatient-treated 
Mild COVID-19

Introduction
Coronavirus disease 2019 (COVID-19) is caused by a novel 
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) [1]. The disease severity ranges from an asymptom-
atic state to severe pneumonia, ARDS, multiorgan failure [2], 
and long-term complications (long COVID) [3]. Patients with 
severe COVID-19 develop coagulopathies associated with el-
evated D-dimer levels, venous thromboembolism (VTE), dis-
seminated intravascular thrombosis (DIC), and bleeding [4]. 
Mechanisms include endothelial dysfunction, as evidenced by 
elevated von Willebrand factor (vWF) and Factor VIII levels, 
and prothrombotic state caused by proinflammatory cytokines 
[5-8]. High VTE rates of 21% to 69% in critically ill patients 

with COVID-19 have been described, with rates greater than 
20-30% occurring despite prophylactic anticoagulation [9-11].

Many guidelines address thromboprophylaxis and risks and 
benefits of extended thromboprophylaxis, to minimize the risk 
of post-discharge VTE events [12-14]. Post-discharge throm-
boprophylaxis is suggested in patients with low bleeding risk 
[12] and additional risk factors for developing VTE including 
critical illness, diminished mobility/weakness, and prolonged 
sedation/paralysis [14]. In a recent study of symptomatic clini-
cally stable outpatients with COVID-19, patients randomized 
to aspirin, low or therapeutic dose of apixaban therapy did not 
experience a decrease in the rate of venous or arterial throm-
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bosis compared to placebo [15]. There is a paucity of literature 
describing VTE after hospital discharge in patients with CO-
VID-19 [16-18] particularly in those treated for COVID-19 as 
outpatients.

We conducted a retrospective analysis of 24 consecutive pa-
tients admitted with acute VTE, following either inpatient or 
outpatient management of COVID-19. Our hypothesis was 
that a significant number of patients, who did not have a prior 
VTE or thrombophilia family history, are at an increased risk 
of developing an acute VTE weeks to months after the acute 
illness. 

The aim of the study was to define possible predisposing fac-
tors to development of VTE following SARS-CoV-2 infection. 
We hoped to identify patients with acute COVID-19 treated 
either as inpatients or outpatients, who may benefit from ex-
tended thromboprophylaxis.

Methods
1. Study design, setting, and population
This retrospective, observational, case series included patients 
admitted to three Mount Sinai Health System Hospitals in New 
York City – Mount Sinai Morningside, West, and Beth Israel 
(including Mount Sinai National Jewish Respiratory Institute), 
between February 1, 2020 and April 1, 2021, who were diag-
nosed with VTE, after previously testing positive for SARS-
CoV-2 on qualitative reverse-transcriptase polymerase chain 
reaction (RT-PCR) assay. Inpatient cases were identified from 
those who received a Pulmonary Medicine/Critical Care con-
sult for acute VTE. Outpatient cases were identified from those 
who presented to the Pulmonary Medicine clinic for a follow-
up of a recently diagnosed VTE. Of these, patients who had a 
VTE imaging available for review, and had a previous positive 
test result for SARS-CoV-2 available in their medical records, 
were included in this study.

A total of twenty-four adult patients met our inclusion crite-
ria. Pregnant women, children (below 18 years of age), and 
patients with acute VTE with no documented positive SARS-
CoV-2 PCR result in our medical records were not included. 
The institutional review board of Mount Sinai Health System 
approved this study. Informed consent was waived, and re-
searchers exclusively utilized de-identified data.
 
2. Data collection
Clinical data was accessed via the electronic medical record 
system, EPIC. De-identified data were extracted from medi-
cal charts including demographics, medical history, symp-
toms, laboratory, imaging results, and length of stay (LOS). 
Data collected from outpatient records also included diagnostic 
tests for thrombophilia, presence and levels of circulating IgG 
anti- SARS-CoV-2 (COVID-19 ELISA IgG Antibody Test, de-
veloped at the Mount Sinai Laboratory). Coexisting medical 
conditions and presenting symptoms were obtained from phy-
sician documentation. All laboratory and imaging tests were 
performed at the discretion of the treating physician.

3. Statistical analysis
Time between COVID-19 illness and VTE diagnosis was cal-
culated using the dates of first documented positive nasopha-
ryngeal RT-PCR for SARS-CoV-2, and Chest CT Angiogram 
(CTA) that identified an acute Pulmonary Embolism (PE). De-
scriptive statistics was utilized to summarize the data. We re-

port continuous variables as medians or means and categorical 
variables as counts or percentages.  No adjustment was made 
for missing data. Analysis was performed with Stata 15.1*** 
software (StataCorp).

Results
1. Characteristics of COVID-19 – positive patients (demo-
graphics)
Median age of patients was 57 years; the majority (54%) were 
female. Most (62%) patients were obese based on Body Mass 
Index (BMI>/=30 Kg/m2) noted at admission. Most were Cau-
casian (33%), African-American (29%), or Hispanic (29%). 
Half of the patients had hypertension, followed by COPD/
Asthma (25%), Diabetes mellitus (21%) and Obstructive Sleep 
Apnea (OSA) (21%). Two (8%) had active malignancy. Three 
(12.5%) patients were on long-term systemic anticoagulation 
for prior VTE, whereas four (17%) were on single antiplatelet 
therapy. Three (12.5%) endorsed active smoking at the time of 
COVID-19 diagnosis.

2. Characteristics and outcomes of hospitalized patients for 
COVID-19 (COVID-19 admission, and disease severity)
Among patients diagnosed with COVID-19, six (25%) required 
hospital admission. When tested for biochemical markers, all 

Table 1: Characteristics of Patients Diagnosed with 
COVID-19.

Characteristic N=24
Age (mean (SD)) 56.75 (13.25)
Gender  
  Male 11 (46)
  Female 13 (54)
Mean BMI (SE) 34.4 (5.2]
Obesity (BMI>30) 15 (62)
Race/Ethnicity
  African American 7 (29.2)
  Hispanic 7 (29.2)
  Caucasian 8 (33.3)
  Asian 1 (4.2)
  Other 1 (4.2)
Coexisting conditions  
  Hypertension 12 (50)
  Diabetes 5 (20.8)
  Active malignancy 2 (8.3)
  COPD/Asthma 5 (25)
  OSA/OHS 5 (20.8)
  HIV 0
  Heart Failure 3 (12.5)
  Coronary Artery Disease 3 (12.5)
  Chronic Kidney Disease 0 (4.2)
  Prior Venous Thromboembolic Disease 2 (12.5)
  Oral Contraceptive Use 0 (4.2)
  Family history of Venous 
Thromboembolism

1 (4.2)

  Long-term therapeutic-dose 
Anticoagulation

3 (12.5)

  On single antiplatelet agent 4 (17)
  On dual antiplatelet agent 0
Active Smoking 3 (12.5)

Note – except where indicated, data are number of patients, 
with percentages in parentheses. BMI=body mass index; 
HIV=human immunodeficiency virus; COPD=chronic ob-
structive pulmonary disease; OSA=obstructive sleep apnea; 
OHS=obesity hypoventilation syndrome.

https://dx.doi.org/10.46998/IJCMCR.2023.32.000796
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patients demonstrated elevated levels of D-dimer, C-reactive 
protein (CRP), and interleukin-6 (IL-6). None had elevated 
procalcitonin values. Thrombocytopenia (<150K/uL) and el-
evated creatinine from baseline were noted in half (50%) and 
a third (33.3%), respectively. None required ICU-level of care.
Table 2: Characteristics of Patients Admitted for COVID-19.

Characteristic N=6
Hospitalized – Admission Labs  
  Elevated D-dimer (> 0.5 µg/mL FEU) 6 (100)
  Mean D-dimer (SD) 0.86 (0.23)
  Elevated CRP (> 5mg/mL) 6 (100)
  Mean CRP (SE) 46.47 (11.06)
  Elevated LDH (> 220 U/L) 4 (66.6) – 2 cases 

had normal LDH
  Mean LDH (SE) 275.17 (40.45)
  Elevated procalcitonin (> 0.49 ng/mL) 0
  Mean procalcitonin (SE) 0.08 (0.04)
  Elevated IL-6 (> 13.0 pg/mL) 4 (100) – only 4 

cases had IL6 re-
corded

  Mean IL-6 (SE) 37.92 (11.01)
  Elevated ferritin (> 300 ng/mL) 5 (83.3)
  Mean ferritin (SE) 478.60 (112.61)
  Thrombocytopenia (<150 K/uL) 3 (50)
  Mean Platelets (SE) 186.8 (36.13)
  Elevated Troponin 1 (16.7)
  Elevated BNP 1 (16.7)
  Elevated Creatinine 2 (33.3)
  Mean Hemoglobin (SE) 14.6 (0.66)
  Mean Leukocyte Count (SE) 4.85 (0.44)
ICU admission 0
NIV use (BiLevel) 1 (16.7)
High-Flow Nasal Oxygen use 2 (33.3)
Median Hospital LOS 10.33 (+-5 days)
COVID-19-specific therapy  
  Corticosteroids 6 (100)
  Hydroxychloroquine 5 (83.3)
  Azithromycin 3 (50)
  Convalescent Plasma 1 (16.7)
  Tocilizumab 0
  Remdesivir 1 (16.7)
Discharged on Prophylactic 
Anticoagulation

0

Discharged on Supplemental Oxygen 0
Discharged Home 6 (100)
Discharged with Pulmonary follow 
up

6 (100)

Discharged with Primary Care fol-
low up

6 (100)

Note – except where indicated, data are number of patients, 
with percentages in parentheses. CRP=C-reactive protein; 
LDH=lactate dehydrogenase; IL-6=interleukin-6; BNP=brain 
natriuretic peptide; ICU=intensive care unit; NIV=non-inva-
sive ventilation; LOS=length of stay.

Table 3: Hospital Admission for Acute Pulmonary Embolism 
(PE).

Variables N=21 (3 Patients 
Diagnosed with 
PE as 
Outpatient)

Median Time from last COVID-19 
test to PE diagnosis (SE)
Mean time from last COVID-19 test 
to PE diagnosis (SD)

151 (122) days
179 (119) days

Symptoms  
  Dyspnea 23 (95.8)
  Leg Swelling 4 (16.7)
  Syncope 0
  Chest pain 5 (20.8)
  Cough 4 (16.7)
  Hemoptysis 0
  Asymptomatic 0
On long-term systemic 
anticoagulation 

3 (12.5)

COVID-19 Antibodies detected 21 (100)
Elevated D-Dimer (> 0.5 µg/mL FEU) 19 (100) – 19 pa-

tients had record-
ed d-dimer levels

Mean D-Dimer (SD) 5.93 (6.98]
Cardiac Biomarkers  
  Elevated Troponin (> 0.03 ng/mL) 4 (16.7)
  Elevated BNP (> 100 pg/mL) 2 (9.5)
  Elevated Venous Lactate (> 2.00 
mmol/L)

5 (23.8)

Echocardiographic and/or CT 
evidence of right heart dysfunction

10 (47.6)

PE Severity  
  ESC Low-Risk 11 (52.3)
  ESC Intermediate Low-Risk 8 (38.1)
  ESC Intermediate High-Risk 2 (9.5)
  ESC High Risk 0
Central (Saddle, Lobar) PE 7 (33.3)
Proximal Deep Venous Thrombosis 
(DVT)

5 (23.8) – all hos-
pitalized patients

VTE Initial Anticoagulation 21
  DOAC 3 (14.2)
  LMWH 10 (47.6)
  Unfractionated Heparin 8 (38)
Advanced Reperfusion Therapy 0
IVC Filter 0
Major Bleeding 0
Minor Bleeding 2 (9.5)
In-Hospital Mortality 0
Discharged on Supplemental Oxygen 0
Discharged with Pulmonary follow 
up

21

Discharged with PCP follow up 21
30-day readmission 0
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3. Characteristics and outcomes of hospitalized patients for 
Pulmonary Embolism
Median time from positive COVID-19 test to diagnosis of VTE 
was 151(± 122) days. Only three (13%) patients were diag-
nosed with VTE as outpatients. Most (88%) presented to the 
emergency room with primary complaints of dyspnea (96%), 
chest pain (21%), leg swelling (17%), and cough (17%). All 
inpatients had elevated D-dimer levels. Three (13%) were on 
therapeutic anticoagulation at the time of VTE diagnosis. All 
patients underwent a CTA, with a central PE (in the main pul-
monary or lobar artery) in seven (33%). Eight patients (31%) 
had elevated cardiac biomarkers suggestive of right ventricular 
dysfunction. Three (14.2%) had elevated troponin, one (4.8%) 
had elevated Brain Natriuretic Peptide (BNP) levels alone, 
with one (4.8%) patient with elevations in both. Venous lac-
tate was elevated in five patients (24%). Based on the 2019 
European Society of Cardiology Guidelines on Diagnosis and 
Management of Acute PE, most patients were either classified 
as low-risk (52.3%), or intermediate-low risk (38.1%) for mor-
tality. Five (24%) patients concomitantly had a proximal Deep 
Venous Thrombosis (DVT) of the lower extremity on ultraso-
nography. All received systemic anticoagulation with Low Mo-
lecular Weight Heparin (48%), Unfractionated Heparin (38%), 
or Direct-Acting Oral Anticoagulants (DOAC) (14%). None 
required advanced reperfusion therapies nor received IVC 
filter placement. No major bleeding (as defined by the Inter-
national Society on Thrombosis and Haemostasis) was noted 
during hospital stay, with two patients (10%) developing minor 
bleeding that did not necessitate discontinuation of therapeutic 
anticoagulation. All survived to hospital discharge. Presence 
of circulating IgG anti- SARS-CoV-2 was noted in all patients.

4. Thrombophilia testing
Of twenty-one patients requiring admission for PE, twenty 
(95%) presented for a follow-up at our pulmonary medicine 
clinic. Three (12.5%) were diagnosed with VTE as outpatients 
and continued to follow up at our clinic. They were evaluated 
for OSA utilizing a validated standard clinical questionnaire 
(STOP-BANG) as well as thrombophilia testing. The most 
common hypercoagulable state detected was elevated factor 
VIII levels in almost half the population (46%). A positive lu-
pus anticoagulant (LA) assay and indeterminate-high levels of 
anti-cardiolipin (aCL) IgM levels were detected in five (29%) 
patients each. Two patients (12%) were diagnosed with Protein 
C deficiency. Prothrombin (factor II) G20210A variant was 
noted in two (11%).

All patients documented adherence to the recommended thera-
peutic anticoagulation regimen. Most were prescribed a DOAC 
(96%), with one on Coumadin. Most continued to remain 
symptomatic, with dyspnea out of proportion from baseline 
being the most common complaint (96%), followed by fatigue 
(30%), chest pain (43%), cough (22%), and dizziness (22%).
 
Discussion
We present a series of 24 patients who were diagnosed with a 
symptomatic PE with mean of 179 days after the COVID-19 
diagnosis. Although VTE is a common complication of CO-
VID-19 during hospitalization, particularly in patients with 
critical illness [11], 75% of patients in this series were treated 
for COVID-19 as outpatients. The mean (179(+/-119 days)) 
and median (151 days) time of diagnosis of PE following CO-
VID-19 was much later than previously described [19-21]. All 
patients were symptomatic with the majority with typical PE 

Note – except where indicated, data are number of patients, 
with percentages in parentheses. BNP=brain natriuretic pep-
tide; ESC=European Society of Cardiology; PE=pulmonary 
embolism; VTE=venous thromboembolism; DOAC=direct 
oral anticoagulant; LMWH=low molecular weight heparin; 
IVC=inferior vena cava; PCP=primary care physician.

Table 4: Outpatient Hypercoagulability Work-up.
 Variables N (%)
Anticoagulation used for Pulmonary 
Embolism (n=23)

 

  Direct-Acting Oral Anticoagulant (DOAC) 22 (95.7)
  Low Molecular Weight Heparin (LMWH) 0
  Warfarin 1 (4.3)
Prothrombin (Factor II) G20210A variant 
(n=18)

2 (11.1)

  Heterozygous 1 (5.6)
  Homozygous 1 (5.6)
Factor V Leiden (FVL) variant (n=18) 0
Elevated Factor VIII (>150%) (n=13) 6 (46.2)
Antithrombin III deficiency (n=18) (Activity 
< 80%)

0

Indeterminate (> 12 MPL U/mL)
High (> 20 MPL U/mL)

4 (20)
1 (5)

Anti-beta2-glycoprotein I (GP) (n=9) 0
Lupus Anticoagulant (LA) Assay n=17 (dRV-
VT > 41s)

5 (29.4)

Protein C deficiency (n= 17) (Activity < 75%) 2 (11.8)
Protein S deficiency (n=17) (Activity < 50%) 0
Homocysteine (n=15) (>10 umol/L) 0
Known Sickle Cell Disease 1
Residual Symptoms  
  Dyspnea 22 (95.6)
  Chest Pain 10 (43.4)
  Fatigue 7 (30.4)
  Cough 5 (21.7)
  Dizziness 5 (21.7)
  Palpitations 3 (13.0)
  Hemoptysis 1 (4.3)
  None 0
Known history of Obstructive Sleep Apnea 
(OSA)

3 (13.0)

OSA suspected, referred for Sleep Study 9 (39.13)
COVID-19 Antibodies detected (n=15) 14 (93.3)

Note – except where indicated, data are number of patients, 
with percentages in parentheses.
A third (33%) of inpatients required advanced oxygen sup-
port in the form of High Flow Nasal Oxygen (33%) or Bilevel 
Noninvasive Ventilation (17%). All received corticosteroids as 
a standard-of-care, with the addition of hydroxychloroquine 
(83%) and azithromycin (50%). One patient each received 
convalescent plasma and remdesivir. None received tocilizum-
ab. Median hospital LOS was 10.33(+/- 5) days. None were 
discharged on anticoagulation, either for a new VTE event or 
as extended thromboprophylaxis. All were discharged home 
without supplemental oxygen, but with pulmonary medicine 
and primary care outpatient follow-ups.
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presentations of dyspnea/chest pain. Though none had a life-
threatening PE requiring advanced therapy, 23% had an elevat-
ed lactate on admission, proximal DVT, and 33% had a cen-
tral PE. The mean D-dimer was 5.93 [SD 6.98]. An increased 
level is an independent predictor of PE and critical illness and 
mortality in hospitalized patients with COVID-19 [23-24]. In a 
study of 150 patients, 25.3% had a persistent elevation up to 4 
months after COVID-19 diagnosis, of whom 81 were managed 
as outpatients. More commonly elevated in hospitalized, older 
patients, the mean level was 744 ng/ml [25].

1. Risk factors for developing PE
Many study patients had risk factors predisposing to PE in-
cluding obesity, OSA/OHS, malignancy, and thrombophilia 
serologies including an elevated Factor VIII level (46.2%), 
IgM anticardiolipin antibodies (25%), and a lupus anticoagu-
lant (29%). COVID-19 infection induces inflammatory dam-
age to the endothelial cells, causing an increase in coagulation 
biomarkers including Factor VIII, vWF, fibrinogen and selec-
tin [26]. High Factor VIII levels have been associated with 
thrombosis including PE in patients with severe COVID-19 
[27]. Mechanistically, SARS-CoV-2 has been demonstrated to 
bind to CLEC4M receptor that is involved in vWF and Fac-
tor VIII clearance. It is hypothesized that competitive bind-
ing of SARS-CoV-2 to CLEC4M could be responsible for a 
decreased clearance, promoting a hypercoagulable state [28]. 
Remarkably, Factor VIII levels were elevated in patients many 
months after COVID-19. Lupus Anticoagulant positivity in 
patients hospitalized with COVID-19 is associated with an in-
crease in arterial and venous thrombosis [29].
 
2. Persistent symptoms following mild COVID-19, and risk 
for PE
Persistent symptoms of dyspnea and chest pain were prevalent 
on outpatient follow-up following PE. We suggest that “post 
PE syndrome” [30] may not be uncommon in patients with a 
PE following COVID-19. Deconditioning as a cause of post 
PE dyspnea has been inferred from CPET studies in patients 
following PE, which may have contributed to dyspnea and fa-
tigue in our cohort [31]. We did not perform RV function or 
perfusion imaging studies to determine the causes of post PE 
dyspnea. Although persistent pulmonary vascular obstruction 
after PE is common [32], it may not be associated with signifi-
cant physiological abnormalities of the pulmonary vasculature 
[33].

We emphasize that 75% of our patients with post-COVID-19 
PE did not suffer severe COVID-19 illness or require hospi-
tal admission. This is in contrast from the well-documented 
increased risk of VTE in critically ill COVID-19 patients re-
quiring hospitalization [10,11], who have been described to 
be at a higher risk of PE compared to historical controls with 
respiratory failure from a non-COVID-19 viral infection [34]. 
We therefore recommend one to consider PE as a cause for 
dyspnea or chest pain, even many weeks after the COVID-19 
diagnosis, particularly if VTE risk factors are present with el-
evated D-dimer.
Many COVID-19 survivors experience “Long COVID” - new 
or chronic symptoms affecting multiple organ systems, lasting 
weeks to months. Symptoms can occur in patients who have 
had a mild or severe COVID-19 [35]. In a recent survey for 
long COVID of 3762 participants, over 90% and 80% reported 
respiratory symptoms and dyspnea, respectively [36]. To date, 
PE has not been emphasized as a possible cause of respiratory 

symptoms many weeks after COVID-19.

The need for thromboprophylaxis after discharge following 
admission for COVID-19 is controversial [12-14]. Studies 
have described an increased risk of post-discharge VTE fol-
lowing hospitalization for high risk non-COVID-19 medical 
illness including sepsis and pneumonia within 6 weeks of dis-
charge [19]. Prophylactic anticoagulation reduces the risk of 
VTE in acutely ill, hospitalized patients [37,38], at a cost of 
an increased risk of bleeding [39]. A post-COVID VTE rate 
of 0.48% within 42 days post-discharge which was not sig-
nificantly higher than the rate following hospitalization after a 
medical illness has been described [20]. There was a similarly 
low rate of 0.6% within 30 days of discharge following hospi-
talization for COVID-19 [21]. In contrast, VTE rates of 1.55% 
were described among 4906 patients followed for 90 days after 
discharge following hospitalization for COVID-19, of whom 
13.2% received post-discharge thromboprophylaxis [40]. Mul-
tivariate analysis identified VTE risk factors similarly identi-
fied in our study, including a personal/family history of VTE 
and laboratory abnormalities associated with thrombophilia. 
Additional risk factors described included a history of cancer 
and an IMPROVE-DD VTE score≥4 [40].

Per ACTIV-4B randomized trial, there is no evidence sup-
porting aspirin or DOAC use to reduce subsequent VTE in 
symptomatic clinically stable outpatients who do not require 
hospitalization [41]. Therefore, providing thromboprophylaxis 
to our study patients at the time of their COVID-19 diagnosis 
would not have reduced the risk of developing thromboembo-
lism. There are ongoing randomized trials addressing the po-
tential efficacy and safety of antithrombotic therapy to reduce 
VTE following outpatient management of COVID-19 [42]. In 
view of the lower rate of thrombotic events than anticipated 
in ambulatory treated COVID-19 patients in the ACTIV-4B 
study, future studies with adequate power evaluating potential 
benefits of prophylactic anticoagulation in COVID-19 patients 
treated as outpatients are required [41]. 
 
3. Limitations
Our study has a number of possible limitations. Firstly, we ac-
knowledge that we cannot prove causality between COVID-19 
infection and the incidence of PE. However, a significant num-
ber of our patients had evidence of persistent thrombophilic 
state as manifested by elevated Factor VIII and positive lupus 
anticoagulant. Persistent elevation of D-dimer has been de-
scribed in patients post COVID-19 after a median of 3 months 
[46], and was elevated in 25.3% patients four months after CO-
VID-19 infection, where 29% of this cohort were treated as 
outpatients [25]. A chronic endotheliopathy has been described 
in convalescent patients post COVID-19, where elevated levels 
of biomarkers of endothelial cell activation, including Factor 
VIII and von Willebrand factor antigen (VWF:aAg) levels are 
increased compared to healthy controls [47]. Please note that 
there was absence of alternative risk factors predisposing to 
PE in our study cohort including recent surgery, former active 
cancer, or prolonged immobilizing. Moreover, we did not sys-
tematically follow up all patients diagnosed with COVID-19 
as inpatients or outpatients. Since the study period preceded 
the surge from the potent delta variant, an underestimation of 
late PE presentation following COVID-19 is possible [43]. 
However, subsequent to the completion of this study, a sig-
nificant number of patients received vaccination against CO-
VID-19 and have had access to monoclonal antibody therapy 
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[44], which may lead to a lower severity of disease with lower 
risk of PE. Post-COVID-19 VTE rate may also have been un-
derestimated as many with VTE following hospital discharge 
are asymptomatic [45]. Of note, most study patients with late 
presentation of PE had COVID-19 were treated exclusively in 
the outpatient setting. We are unaware how many outpatients 
received any kind of VTE prophylaxis at the time of their CO-
VID-19 diagnosis.

Conclusion
We present 24 patients who presented with an acute PE many 
weeks after experiencing acute COVID-19, of whom 75% did 
not require hospitalization for COVID-19. It has not yet been 
determined that prophylactic administration of anticoagulation 
for outpatient treated COVID-19 can decrease the subsequent 
development of VTE. We recommend that patients being eval-
uated for acute symptoms of shortness of breath or chest pain 
who were diagnosed with COVID-19 even many weeks previ-
ously should be considered to have a possible PE, particularly 
if the D-dimer or Factor VIII are elevated, and if the patient has 
clinical risk factors for VTE. A sustained elevation of D-dimer 
post COVID-19 may have implications on the clinical manage-
ment of these patients.

Key points
• This case series describe twenty-four patients present-
ing with an acute PE many weeks after the SARS-CoV-2 infec-
tion, where the majority had COVID-19 treated exclusively in 
the outpatient setting.
• All patients had typical presentations of PE such as 
dyspnea, chest pain.
• D-dimer or Factor VIII levels, clinical risk factors for 
VTE.
• Clinicians should consider PE as a diagnosis in pa-
tients with relevant symptoms and predisposing risk factors 
with diagnosis of COVID-19 weeks earlier, including those 
previously managed as outpatients.
• Studies are required to evaluate the efficacy and safety 
of thromboprophylaxis in patients diagnosed with COVID-19 
as outpatients.
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