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ABSTRACT

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a coronavirus responsible for the
ongoing coronavirus disease 2019 (COVID-19) pandemic. To protect people from severe COVID-19
course, vaccines have been recently developed. Vaccines’safety was confirmed during clinical trials;
however, massive vaccination action resulted in rare cases of adverse effects emerging, such as
thromboses associated with thrombocytopenia. We present two cases of pulmonary embolism after
anti-SARS-CoV-2 vaccines in two female patients, with negative history of SARS-CoV-2 infections. In
both patients additional risk factors for thrombotic events (hormonal contraception, varicose veins)
were present. Pulmonary embolism occurs when a blood vessel in the lungs becomes blocked by
ablood clot. Itis a very rare adverse effect associated with COVID-19 vaccines and is often accompanied
by thrombocytopenia. However, recent studies have found that he incidence of pulmonary embolism
after COVID-19 vaccines was not increased compared to the general population. Moreover, the risk of
PE after vaccination is significantly lower than the incidence of thrombotic events during COVID-19.

Key words: pulmonary embolism, anti-SARS-CoV-2 vaccines, thromboembolism, thrombosis with
thrombocytopenia syndrome, TTS

INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-
-CoV-2) is a coronavirus responsible for the ongoing coro-
navirus disease 2019 (COVID-19) pandemic. The infection
is mediated via the coupling of viral spike protein with
angiotensin-converting enzyme 2 (ACE2). As ACE2 can be
found in the heart, infection with SARS-CoV-2 may result
in cardiovascular complications, including thromboembo-
lism [1]. According to the actual state of knowledge, the
prothrombotic mechanism associated with COVID-19 may
be direct (micro vasculitis due to viral damage), indirect
(downregulation of ACE2 receptor, hypoxia, and dissem-
inated intravascular coagulation), and behavioral (bed
restriction due to prolonged mechanical ventilation and
decreased deambulation due to social isolation) [1-3]. Fac-
tors that increase the risk of venous thromboembolism in
hospitalized COVID-19 patients include prolonged immobi-
lization during illness, dehydration, an acute inflammatory
state, presence of other cardiovascular risk or cardiovascu-
lar disease, previous history of venous thromboembolism

and classical genetic thrombophilia, such as heterozygous
factorV Leiden mutation [4]. The D-dimer elevation is a sig-
nificant indicator for detecting and assessing the severity
of thromboembolism in COVID-19 patients [4].

To protect people from severe COVID-19 course, vac-
cines have been recently developed. As of now, seven such
preparations have been approved by European Medicines
Agency (EMA): Comirnaty (Pfizer), Spikevax (Moderna),
Vaxzevria (AstraZeneca), Jcovden (Janssen), Nuvaxovid
(Novavax), COVID-19 Vaccine Valneva (Valneva Austria)
and VidPrevtyn Beta (Sanofi Pasteur) [5]. Vaccines’ safety
was confirmed during clinical trials; however, massive
vaccination action resulted in rare adverse effects, such as
thromboses with thrombocytopenia syndrome (TTS) in
patients who received Vaxzevria or Jcovden [6-8].

CASE REPORT

We present two cases of pulmonary embolism (PE) after
anti-SARS-CoV-2 vaccines in two female patients with no
previous SARS-CoV-2 infections. Both patients were admit-
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Table 1. Cases of pulmonary embolism (PE) after anti-severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) vaccines

Age [years]
Sex
Body mass [kg]
Height [cm]
BMI [kg/m?]
Vaccine
Hospitalization
Begin
End
Diagnosis

PE risk factors

26
F
65
175
21.22
Pfizer (Comirnaty)

January 26, 2021
February 1, 2021
Low-risk PE after anti-SARS-CoV-2 vaccination;
arterial hypertension
Contraception (ethinylestradiol 0.03 mg +
+ drospirenone 3 mg) for 2 years

Laboratory examinations [reference range]

D-dimer [0-0.50 pg/mL]

CRP [< 0.5 mg/dL]

3.660 pg/mL (1 day of hospitalization)
22.6 mg/dL (1% day of hospitalization)
23.2 mg/dl (2" day of hospitalization)
15.3 mg/dl (4™ day of hospitalization)

NT-proBNP [< 226 pg/mL] -
hs-troponin T [< 6 ng/L] -

Lower extremity veins diagnostics

Anticoagulant treatment
Hospital

Recommendations after hospitalization

No blood clots or inflammatory changes

Enoxaparin

Rivaroxaban 15 mg bd for 2 weeks; then 20 mg qd;

65
F
74
170
25.61
Vaxzevria (AstraZeneca)

April 17,2021
April 26,2021

Intermediate-high-risk PE after anti-SARS-CoV-2
vaccination; arterial hypertension

Varicose veins of the lower extremities in the history

4.617 pg/mL (1 day of hospitalization)
18.4 mg/dL (1% day of hospitalization)

6.193 pg/mL (1* day of hospitalization)
42 ng/L (1* day of hospitalization)
No blood clots or inflammatory changes

Unfractionated heparin
Dabigatran
Dabigatran: 150 mg bd

bd (bis in die) — two times a day; BMI — body mass index; CRP — C-reactive protein; hs — high-sensitive; F — female; NT-proBNP — N-terminal pro-B-type natriuretic peptide;

qd (quaque die) — once a day

ted to the hospital due to pulmonary symptoms. Patients’
characteristics and results of laboratory examinations are
presented in Table 1.

Case 1

A 26-year-old woman was hospitalized due to low-risk PE
(46 points in Pulmonary Embolism Severity Index — PESI
[9]). She was administered the second dose of the Comir-
naty vaccine five days before hospitalization. It resulted in
the following adverse effects: fever up to 38°C, dry cough,
and chest pain in the lower quadrant of the right lung.
Moreover, the patient observed a decrease in SpO, (oxygen
saturation) during home measurements. On admission, the
patient was respiratorily and hemodynamically stable. She
reported severe pleural pain in the right half of the chest.
The patient was on regular oral hormonal contraception
(ethinylestradiol 0.03 mg + drospirenone 3 mg for two
years), which did not yield any adverse effects. In auscul-
tation, correct vesicular breathing with symmetrical breath
sounds. SpO, was 98% without oxygen supplementation.
The heart rate was 118/min. The blood pressure was ele-
vated (150/85 mm Hq). Echocardiography did not reveal
any significant abnormalities. Computed tomography (CT)
of the chest revealed the presence of thromboses in the
branches to the 8, 9, and 10 segments of the lower right
lung filling them quite tightly with atelectasis changes in
this area. The image showed embolic material and compac-

tion of parenchymal-interstitial inflammation or secondary
toembolism.Thromboses in the lower lobe segments of the
left lung with less severity and no pulmonary component
were found. Ultrasound examination of the lower limbs
excluded the presence of blood clots and inflammatory
changes. Laboratory examination resulted in increased
C-reactive protein (CRP) and D-dimer.

Due to the diagnosis of low-risk PE after anti-SARS-
-CoV-2 vaccination, the treatment with enoxaparin was
started. After six days of hospitalization, the patient was
discharged home with the recommendation to use rivar-
oxaban 15 mg bis in die (bd; twice daily) for two weeks, then
20 mg quaque die (qd; once a day), and was directed to
a coagulation disorder clinic for further consultation. Reg-
ular blood pressure measurements and internal medicine
control were also recommended. Due to a history of PE,
the patient discontinued oral contraception for six months.
After this time, hormonal contraception was restarted un-
der the supervision of a gynecologist. The patient was also
informed that it was essential to cease smoking.

Case 2

A 65-years old woman suffering from arterial hypertension
and varicose veins of the lower extremities for several years
was admitted to the ward for symptoms of breathlessness
for several days. Before a hospitalization, no exacerba-
tion of chronic disease symptoms was noted. She was
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administered the first dose of the Vaxzevria vaccine seven
days before hospitalization. It resulted in the following
adverse effects: fever up to 38°C, dry cough, and breathless-
ness. CT of the chest, made on the day of admission, revealed
the loss of contrast in the main lobar arteries to the upper
and lower lobe of the left lung and the segmental arteries
to the upper lobe of the left lung. Contrast loss/embolism
was observed in the right lower and middle lobe arteries
and in segmental arteries. The heart had a predominance
of the right ventricle. Discreetly mottled areas of ground-
glass opacity were visualized in the right (segments 1, 3, 7)
and left lung (segments 3, 6, 4, 8). Besides fibrosis at the
left lung base, the pulmonary parenchyma was without
focal lesions and of airborne characteristics. Pleural cav-
ities were free of fluid. Laboratory examination resulted
in increased D-dimer, N-terminal pro-B-type natriuretic
peptide (NT-proBNP), high-sensitive (hs) troponin T, and
CRP. The pharmacotherapy was started with unfraction-
ated heparin (APTT, activated partial thromboplastin
time-controlled dose), and after five days was changed
to dabigatran 150 mg bd. Echocardiography of the heart
confirmed the presence of signs of acute PE (enlarged
right ventricle and right ventricle free wall hypokinesia).
Ultrasound examination of the lower limbs excluded the
presence of blood clots and inflammatory changes. After
ten days of hospitalization, the patient was discharged
home with the recommendation to use dabigatran 150 mg
bd. Due to the combination of the transient and persistent
presence of PE risk factors (vaccination and the history of
varicose veins), the patient was recommended to undergo
periodic cardiological check-ups. Three months after the
onset of the embolism, the treatment with dabigatran
was discontinued. Within 12 months of the onset of the
embolism, the patient returned every three months for
follow-up visits to the cardiologist. During subsequent
visits, a gradual improvement in exercise tolerance and
a reduction in dyspnea were observed.

DISCUSSION

PE occurs when a blood vessel in the lungs becomes
blocked by a blood clot (usually developed elsewhere and
moved to the lung artery). The symptoms include dyspnea,
chest pain, cough, hemoptysis, concurrent symptoms of
deep venous thrombosis, tachypnea, tachycardia, and hy-
poxia [10]. It constitutes the third most common cause of
cardiovascular death worldwide [11]. The most important
risk factors for PE are male sex, Afro-American descent, age
> 50 years, recent surgery, extreme immobility, prior venous
thromboembolism, venous stasis/varicose veins, solid
cancers, hematologic cancers, hormonal contraception,
prolonged bed rest, thrombophilias, indwelling catheters,
> 6 hours in a continuous seated position, smoking-relat-
ed lung disease, congestive heart failure, stroke, obesity,
metabolic syndrome, pregnancy, and post-partum state,
noninfectious inflammatory conditions [11, 12].

Based on the data from the EudraVigilance database,
the incidence of PE after the Vaxzevria vaccine is 4.37
x 107, making it four times more frequent than PE after
the Pfizer-BioNTech vaccine (1.11 x 10~) [13, 14]. Cases of
thrombotic events after vector COVID-19 vaccines started
to be reported in February 2021, including cerebral venous
sinus thrombosis (CVST), splanchnic vein thrombosis, PE,
deep vein thrombosis (DVT) and ischemic stroke [6, 15-21].
Greinacher et al. [15] reported 11 cases of patients with
thrombotic events after the Vaxzevria vaccine. Three of
them were PE. All cases were accompanied by thrombo-
cytopenia[15]. Jafri et al.[16] described a 59-year-old male
patient with mild thrombocytopenia, increased D-dimer,
and pulmonary embolism confirmed by a CT angiogram.
A study on a multinational registry of patients with venous
thromboembolism (VTE), including DVT, PE, CVST, and
splanchnic vein thrombosis (SVT), revealed 102 cases of
thrombotic events after Vaxzevria (28 patients), Comirnaty
(63 patients) and Spikevax (11 patients). Patients’ records
from 2018-2019 were used as a control. The authors con-
cluded that, compared to controls, patients with VTE after
vector vaccine more frequently had CVST or thrombosis
at multiple sites, thrombocytopenia, and worse clinical
outcome (higher 14-day mortality) [17]. Waqar et al. [18]
published a meta-analysis of 62 studies on TTS after
COVID-19 vector vaccines. They found that most patients
were females. The most common thrombotic event was
venous thrombosis. The most frequent complication was
CVST. Other thrombotic events reported included SVT and
PE. The mortality rate reached 36.2% and was more fre-
quent in patients with suspected TTS, venous thrombosis,
CVST, PE, intraneural complications, patients not managed
with non-heparin anticoagulants or intravenous immu-
noglobulins, patients receiving platelet transfusions, and
patients requiring intensive care unit admission, mechan-
ical ventilation, or neurosurgery [18]. An interesting case
of Hampton’s hump pulmonary embolism after Vaxzevria
was recently described [19]. The patient was a 58-year-old
man with right-sided pleuritic chest pain, dyspnea, and
fatigue observed 18 days after vaccination. He had sig-
nificantly elevated D-dimer and mild thrombocytopenia.
PE was confirmed by chest radiography and CT angiog-
raphy. Moreover, the patient was heterozygous for the
FV e, Mutation, resulting inincreased blood clotting [19].

Some isolated cases of PE without thrombocytopenia
were also described. Ifeanyi et al. [22] presented two cases
of 61-year-old and 51-year-old male patients with unpro-
voked PE after receiving Vaxzevria. Both patients did not
have any history of thromboembolic disorders. The first
patient experienced symptoms such as shortness of breath,
lethargy, and bilateral calf pain, eight days after the second
dose of the vaccine. In the second case, shortness of breath
and cough was observed four weeks after the first dose
of the vaccine. Increased D-dimer with correct platelet
count was present in both cases. Pulmonary embolism was
confirmed with a CT angiogram of the chest. The authors
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underlined the need for a well-planned post-discharge
follow-up after an acute PE to evaluate and early detect
chronic thromboembolic pulmonary hypertension (a po-
tentially life-threatening complication of PE) [22]. Another
paper presented two cases of PE without thrombocytope-
nia in patients who underwent kidney transplantation [23].
The first patient was a 52-year-old man who had kidney
transplantation 13 years before vaccination with Spikevax.
He received immunosuppressive treatment with cyclo-
sporine, mycophenolate sodium, methylprednisolone, and
sirolimus. Symptoms, such as right low-extremity swelling
and claudication, appeared 23 days after vaccination. The
D-dimer level was increased while the platelet count was
correct. CT confirmed left pulmonary artery thrombosis.
The second patient was a 57-year-old man who had kidney
transplantation 8 years before vaccination. Immunosup-
pressive treatment included everolimus, mycophenolate
mofetil, methylprednisolone, and cyclosporine. Exertional
dyspnea and bilateral leg edema appeared 26 days after
the third dose of Spikevax. The D-dimer level was increased
while the platelet count was correct. PE was revealed by
a pulmonary perfusion scan. The authors concluded that
transplant patients might be at higher risk of thrombo-
embolic events due to the combined synergistic effects of
immunosuppressants and COVID vaccinations [23]. Borisoff
et al. [24] described a case of a 67-year-old male patient
with shortness of breath first noted two days after receiv-
ing the Comirnaty vaccine. The patient did not have any
pro-thrombotic risk factors. The CT of the chest revealed
a submassive saddle pulmonary embolism with right heart
strain and a small hiatal hernia. Besides pharmacologic
anticoagulation, the patient required thrombectomy which
was successful and resulted inimprovement of pulmonary
artery pressure, mixed venous saturation, and dyspnea
[24]. Another case was a 59-year-old man with prolonged
dyspnea and cough, which started about one month after
receiving the third dose of Spikevax [25]. Once again, the
patient had no significant past medical history. Computed
tomography pulmonary angiography confirmed pulmo-
nary embolism of the right and left pulmonary arteries with
features of possible early pulmonary hypertension [25]. Ahn
et al. described a case of a 27-year-old man without any
significant medical history who experienced the following
symptoms: cough, hemoptysis, and epigastric pain ten days
after receiving the second dose of Spikevax [26]. Similarly to
previous cases, the patient had no family history of venous
thromboembolism or coagulation disorder. The D-dimer
level was slightly increased while the platelet count was
within the reference range. CT angiography revealed pul-
monary emboli involving the right lower lobe pulmonary
arteries and pulmonary infarcts in the right lower lobe.
Additionally, thrombosis was observed in the inferior vena
cava (IVC) and right common iliac vein. IVC filter insertion
and aspiration thrombectomy were necessary because
no improvement was observed after one week of heparin
treatment [26].

The emergence of thrombotic events resulted in sus-
pending the use of Vaxzevria by some European countries
[27]. Following the recommendation of the European
Pharmacovigilance Risk Assessment Committee, which
concluded that there was a causal association between
vaccination with Vaxzevria and sporadic cases of thrombo-
sis, the medicinal product characteristic was updated [21,
28]. On the other hand, it was found that the incidence of
pulmonary embolism in patients vaccinated with Vaxzevria
was notincreased compared to the general population [29].
Similarly, no increase in PE incidence was observed for the
Pfizer-BioNTech vaccine [30]. It is worth emphasizing that
the risk of PE after vaccination is significantly lower than
the incidence of thrombotic events during COVID-19 [31].

Contraception with exogenous estrogen was found to
increase the risk of PE by two to threefold, with the highest
risk of venous thromboembolism in the first few months
after starting the contraception [12]. Using hormone
patches and rings results in a far more significant increase
in VTE than pills, as the hormones are absorbed continu-
ously. Moreover, progestin-only contraceptive pills do not
increase the risk and are a safe method of birth control
for women with venous thromboembolism [32]. A French
study on almost 5 million women using oral contraceptives
revealed that the absolute risk of thromboembolism was
33 per 100,000 women years of oral contraceptive use.
Moreover, a statistically significantly higher relative risk was
observed for desogestrel and gestodene than for levonor-
gestrel after adjusting risk factors and estrogen dose [33].
A recent study on drospirenone’s efficacy, tolerability, and
safety revealed no cases of deep vein thrombosis or PE [34].

Varicose veins (varicoses) result from superficial veins
becoming enlarged and twisted. The study by Makivaara et
al.[35] ona group of 6,874 people found that the presence
of varicose veins was followed by the increased subsequent
incidence of arterial disease (angina pectoris, myocardial
infarction, peripheral occlusive arterial disease or cerebro-
vascular disease). Miller-Biihl et al. [36] observed a strong
association between varicose veins and deep venous
thrombosis after analyzing more than 80,000 cases from the
German CONTENT primary care register. This association
was confirmed by a retrospective study of almost 426,000
Taiwanese adults [37]. Thrombosis and PE could also follow
varicose vein surgery [38].

CONCLUSION

Both cases describe patients who developed PE shortly
after receiving a COVID-19 vaccine (mRNA or vector vac-
cine). It confirms a possible association between COVID-19
vaccines and the development of PE, described broadly in
the literature. It isimportant to remember that PE can occur
due to various factors. In our cases, risk factors for throm-
botic events were present (such as hormonal contraception
or varicose veins) and could significantly contribute to the
development of PE after vaccination.
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