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Abstract

BACKGROUND

Protein C deficienchis typically associated with venous thromboembolism; however,
arterial thrombosis has been reported in several cases. We report the case of a patient
with pulmonary thromboembolism and deep vein thrombosis following acute

myocardial infarction with high thrombus burden.

CASE SUMMARY

A 40-year-old man was diagnosed with pulmonary thromboembolism and deep vein
thrombosis without any provoking factors. The patient was treated with anticoagulants
for six months, which were then discontinued. Three months after the discontinuation
of anticoagulant therapy, the patient was hospitalized with chest pain and diagnosed
with acute myocardial infarction with high thrombus burden. Additional tests revealed
protein C deficiency associated with thrombophilia. The patient was treated with
anticoagulants combined with dual antiplatelet agents for 1 year after percutaneous
coronary intervention, and no recurrent events were reported during a follow-up

period of 5 years.

CONCLUSION




Recurrent thromboembolic events including acute myocardial infarction with thrombus

should be considered an alarming sign of thrombophilia.

INTRODUCTION

Protein C (PC) is present in the blood and plays a role in preventing excessive blood
clotting [l In the presence of PC deficiency, the thrombin production rate is not
regulated and excessive coagulation occurs (2. PC deficiency is typically associated with
venous thromboembolism. Several cases of arterial thrombosis such as myocardial
infarction (MI) or aortic mural thrombus have been reported 13 4. However, recurrent
thromboembolic events with combined arterial and venous flows have not been
reported. Herein, we report the case of a man who had pulmonary thromboembolism
(PTE), deep vein thrombosis (DVT), and acute MI with high thrombus burden in the

right coronary artery (RCA).

CASE PRESENTATION

Chief complaints
A 40-year-old man presented with shortness of breath that started five days prior to

hospital presentation.

History of present illness
The patient had no previously diagnosed illness, and dyspnea suddenly developed

while he was swimming,.

History of past illness
The patient had undergone laparoscopic cholecystectomy for cholecystitis caused by
gallbladder stones 1 year previously. The patient was not taking any medication at the

time of admission.




Personal and family history

The patient was a nonsmoker and social drinker who drank alcohol once per week.

Physical examination

The patient was 173 cm tall, and weighed 81 kg.

Laboratory examinations

Initial arterial blood gas analysis revealed hypoxia, with a pH of 7.44, pCO: of 38
mmHg, pO; of 63 mmHg, HCO; of 26.1 mmol/L, and arterial Oz saturation of 93%.

His complete blood count (hemoglobin 15.3 g/dL; hematocrit 44.9%) and troponin I
levels (0.086 ng/mL) (normal range: 0-0.78 ng/mL) were within the normal range;
however, his D-dimer level was elevated to 2.17 ng/mL ((normal range: 0-0.22 pg/mL).

Imaging examinations

The initial chest radiograph was normal. We then performed chest computed
tomography (CT) of the pulmonary artery and suspected acute PTE. Chest CT revealed
a large amount of contrast-filling defects in both the main and lobar segmental
pulmonary arteries, which was suggestive of acute PTE (Figure 1). Transthoracic
echocardiography showed no right ventricular dysfunction (tricuspid regurgitation
peak velocity, 3.4 m/sec; mean pulmonary artery pressure calculated using Mahan’s
equation, 42 mmHg; right ventricular systolic pressure, 51 mmHg; no inferior vena cava

plethora; normal-sized cardiac chambers; and left ventricular ejection fraction, 64%).

FINAL DIAGNOSIS

Unprovoked venous thromboembolism.

TREATMENT




After intravenous heparinization for the first 5 days, the treatment was converted to
oral dabigatran 150 mg twice daily. The patient was discharged and followed up at the

outpatient clinic.

OUTCOME AND FOLLOW-UP

There were no DVT findings on lower extremity Doppler ultrasonography performed 3
mo after treatment initiation. Follow-up chest CT pulmonary arteriography showed a
reduced thrombus burden, although a minimal residual contrast-filling defect remained
in the pulmonary artery of the right lower lobe. Dabigatran was maintained for an
additional 3 mo. After a total of 6 mo of treatment, dabigatran was discontinued and
substituted with aspirin. Three months after switching to aspirin, the paﬁnt visited the
hospital with sudden chest pain that had started 5 h prior. Initial 12-lead
electrocardiography revealed ST-segment elevation in the inferior leads and reciprocal
changes in the anterior leads. As ST-segment elevation MI was suspected, emergent
percutaneous coronary intervention (PCI) was performed. Coronary angiography
(CAG) revealed 100% occlusion at the distal RCA without abnormal angiographic
lesions in the left coronary artery (Additional file 1: Video 1). A 4.0x26 mm drug-eluting
stent (Osiro™; Biotronik AG, Biilach, Switzerland) was implanted in the distal RCA
lesion after balloon expansion. We administered intracoronary abciximab (10.25 mg of
ReoPro®) as there was residual thrombus in the RCA (Figure 2). The thrombus
remained in the RCA even on follow-up CAG performed 3 days later (Additional file 2:
Video 2). Dual antiplatelet therapy (100 mg of aspirin and 75 mg of clopidogrel daily)
and low-molecular-weight heparin (7000 IU of fraxiparine daily) were administered to
the patient for the following 7 days. Additional tests for suspected thrombophilia
revealed that PC activity had decreased to 49% (reference interval, 70-130%) and the PC
antigen levels had decreased to 39.3% (reference interval, 72-160%). Therefore, the
patient was diagnosed with PC deficiency. Triple antithrombotic therapy (100 mg of

aspirin, 75 mg of clopidogrel daily and warfarin) was administered for 1 year after PCI,




followed by clopidogrel discontinuation. The patient’s condition remained uneventful

for the following 5 years.

DISCUSSION

Venous thromboembolism (VTE) can be classified into unprovoked or provoked,
depending on whether a predisposing factor is present. If VTE has a specific cause, the
recurrence risk is relatively low when the cause is addressed. However, in the case of
unprovoked VTE, the recurrence risk increases after the discontinuation of
anticoagulant therapy [l. Therefore, both treatment and identification of cause are
equally important when VTE is first diagnosed. Unfortunately, the patient in this report
stopped taking direct oral anticoagulants for 6 mo without the cause of VTE
being clearly identified at the time of initial diagnosis. Subsequently, the patient
developed acute MI due to arterial thrombosis. Therefore, when diagnosing VTE,
possible predisposing factors should be assessed, and in the case of unprovoked VTE, a
more careful decision should be made before discontinuing anticoagulation therapy.
Careful history-taking is required to confirm the predisposing factors for VTE.
Predisposing factors for VTE are classified into weak, moderate, and strong risk factors,
such as bed rest, obesity, cancer, thrombophilia, fracture, and major trauma [6l.
Identifying the predisposing factors and performing additional tests are necessary for
the diagnosis of VTE. The patient in our study was overweight, had a body mass index
of 27 kg/m?2 and was swimming regularly when VTE was first diagnosed. Therefore,
bed rest or obesity could not be considered predisposing factors for this patient, and the
possibility of cancer was excluded from the tests performed during the initial
hospitalization. Thrombophilia is a major cause of VTE; however, there are no clear
guidelines regarding when thrombophilia testing should be performed. Patients with a
first episode of VTE are not routinely recommended to undergo thrombophilia testing
owing to its high cost. According to several studies, a positive thrombophilia test does
not reduce the risk of VTE recurrence [79l. A thrombophilia test was not performed for

this patient, and other predisposing factors were not identified during the initial VTE




episode. Furthermore, thrombophilia was not considered before the discontinuation of
anticoagulant therapy in this young nonsmoking patient with no other risk factors. PC
deficiency is a heritable or acquired risk factor for thrombophilia and causes of VTE. PC
deficiency can be diagnosed when PC activity and antigen assays are performed as
laboratory tests and the values are lower than the standard values [2l. Although PC
deficiency is rare, the risk of developing recurrent VTE is high. According to previous
studies, the incidence of PC deficiency in healthy people is estimated to be 0.2-0.5%,
and that of clinically significant PC deficiency is known to be approximately 0.005% .
The annual incidence of recurrent VTE in patients with PC deficiency during a follow-
up period of 4.6 years is approximately 6.0% [10l. Whether evaluation for PC deficiency
should be performed at the time of the initial episode of VTE is controversial; however,
the evaluation of thrombophilia, including PC deficiency, must be considered in
patients with recurrent VTE. The development of acute MI in this patient was probably
due to PC deficiency. According to Virchow’s triad (venous stasis, hypercoagulability,
and endothelial injury), thrombi are more likely to occur in veins with slower blood
flow than in arteries. If acute MI occurs due to an embolism from the venous side, there
should be a right-to-left shunt, such as an atrial septal defect, patent foramen ovale, or
ventricular septal defect. If an embolism originating from the left side of the heart
causes MI, a left ventricular (LV) thrombus with a decreased LV ejection fraction or a
thrombus in the left atrial appendage is possible. However, this patient had no
structural defects or previously observed thrombi in the heart, as confirmed by
transthoracic echocardiography, and had no history of atrial fibrillation, which could
have caused the formation a thrombus in the atrial appendage. Therefore, acute MI in
this patient was most likely caused by a thrombus originating from the coronary artery.
A contrast-filling defect lesion was observed in the mid-RCA without angiographic
stenosis or abrupt occlusion from the distal part on the initial coronary angiography.
Diffuse thromboses were observed after passing the guidewire through the distal RCA
lesion. MI that occurs without angiographic stenosis, such as that in the mid-RCA in

this patient, is called MI with nonobstructive coronary arteries (MINOCA) [l




Approximately 40% of patients diagnosed with MINOCA experience plaque rupture
121 It can be considered that arterial thrombosis in this patient was caused by
hypercoagulability due to PC deficiency, blood flow stasis and endothelial injury due to
atherosclerosis. Previously published large cohort studies have concluded that
atherosclerosis induces VTE or that the two diseases share the same risk factors,

although the mechanism is unclear [3 141,

CONCLUSION

Recurrent thromboembolic events, including acute MI after unprovoked venous
thromboembolism, should be considered an alarming sign of thrombophilia. In the
present case, the patient was diagnosed with PC deficiency and required treatment to
prevent atherosclerosis as well as anticoagulation therapy. In addition, thrombophilia,

such as PC deficiency, should be considered the cause of MINOCA.
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