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Introduction
Venous thromboembolism (VTE) occurs to be one of the 

most serious complications after undergoing total joint arthro-
plasty.1) Generally, pulmonary thromboembolism is generated 
as the secondary by-product from deep vein thrombosis (DVT) 
while its emergence may possibly trigger the chronic throm-
boembolic pulmonary hypertension as well as post-thrombotic 
syndrome.2) Patent foramen ovale (PFO), a residue of fetal cir-
culation, is found approximately about 25–30% among adults; 
and, it is also known that thrombus from the venous circula-
tion rarely causes arterial thromboembolism through right-to-
left shunt.3) In this case, the authors experienced a patient with 
PFO and several thrombotic disease such as pulmonary throm-
boembolism, DVT, and right atrial thrombus along with cryp-
togenic ischemic stroke after total knee arthroplasty (TKA).
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Case
A 64-year-old female presented to the emergency room for the 

shortness of breath. She underwent a left total knee replacement 
3 weeks ago at other hospital. She had been taking antiplatelet 
drugs (aspirin 100 mg/day, clopidogrel 75 mg/day) for the 
treatment of the right posterior temporal lobe infarction de-
tected in brain magnetic resonance imaging for the disorienta-
tion on the third day after the operation (Fig. 1). Carotid and 
brain computed tomography (CT) angiography showed no ev-
idence of atherosclerosis. Afterwards, she experienced dyspnea 
in the second week after the operation and was performed the 
transthoracic echocardiography (TTE), which showed right 
atrial thrombi and was treated with the low molecular weight 
heparin (LMWH). The symptoms, nonetheless, remained so 
that she had been transferred to our hospital. In the medical his-
tory she was being treated with medication for hypertension 
and diabetes. Preoperative electrocardiogram (ECG) and TTE 
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were normal. At the hospitalization, her blood pressure was 
127/79 mm Hg while her heart rate was 89 bpm. On physical, 
pitting edema in her left lower leg was noted and neurologic 
examination was unremarkable. The chest X-rays did not show 
any signs of cardiomegaly as well as pulmonary edema. Both d-
dimer and N-terminal pro-brain natriuretic peptide were in-
creased respectively at 2686 ng/mL, and 3310 pg/mL and on 
the other hand, cardiac enzymes, such as creatinine kinase-MB 
and troponin-I were within a normal range. TTE demonstrat-
ed normal left ventricular systolic function (ejection fraction of 
63%), but in the right atrium two highly mobile masses (1.67 
× 2.18 cm, 0.69 × 0.80 cm) suggesting possible thrombi were 
observed. The echocardiogram also revealed right atrium and 
right ventricle enlargement, severe pulmonary hypertension 
(pulmonary artery systolic pressure 102 mm Hg), and D-
shaped left ventricle (Fig. 2). Her chest CT showed that pul-
monary thromboembolism was found in both main pulmonary 
arteries while DVT was observed in left femoral vein (Fig. 3). 
24-hour Holter ECG did not reveal arrhythmia except rare 
atrial premature complex and ventricle premature complex. The 
patient was administered to warfarin (target INR 2–3) after us-

Fig. 1. An embolic infarction in right posterior temporal lobe is seen in 
diffusion brain magnetic resonance imaging (arrow).

Fig. 2. Transthoracic echocardiographic finding. A: D-shaped left ventricle is seen in the short axis view. B: Two thrombi (arrows) are present in the right 
atrium; and, the size of right atrium and right ventricle is enlarged (in four chamber view). C: Tricuspid regurgitation and severe pulmonary hypertension 
(pulmonary artery systolic pressure 102 mm Hg) are shown in the Doppler echocardiogram. D: Inferior vena cava is dilated (in subcostal view).
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ing LMWH. In follow-up TTE 3 weeks later, the two previous 
thrombi in right atrium (RA) disappeared. Along with the im-
provement in RA, there was also a positive change on the extent 
of pulmonary hypertension. The follow up CT taken 4 weeks 
after the hospitalization did not reveal pulmonary thromboem-
bolism and DVT (Fig. 3). Since the cause of the cerebral infarc-
tion was unclear, additional evaluation were needed. In order 
to examine the intracardiac shunt, TTE was performed on the 
5th week. The agitated saline test was also conducted along 
the way. The results confirmed the transference of microbubble 
from right atrium to left atrium without showing atrial septal 
defect; and therefore, we diagnosed the patient with PFO 
(Fig. 4). Currently, the patient is taking warfarin continuously 
without any signs of abnormalities in outpatient clinic. We rec-
ommended further treatment for PFO including device closure 
but patient refused because of poor general condition.

Discussion
As VTE is one of the fatal complications after undergoing 

TKA, DVT, and pulmonary embolism (PE) are known to occur 
approximately around 13% and 3%, respectively.4) The occur-
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Fig. 3. Chest computed tomography (CT) angiogram. A and B: Thrombi (arrows) exist in both pulmonary arteries according to chest CT. C and D: 
Thrombi was not found at the follow up chest CT. 

Fig. 4. The passage of microbubbles (arrows) from right atrium to left 
atrium is seen on the agitated saline test.
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rence period of VTE after TKA is reported to be 3 to 9 days af-
ter the operation5) and, there are mostly cases that accompany 
DVT and PE and occasionally thrombi observed on several or-
gans. Particularly, it was reported that the patients with PFO 
even might develop arterial thromboembolism with crypto-
genic stroke.3)6) 

In the present case, the authors suspected that cryptogenic 
stroke 3 days after the operation might possibly have been 
caused by the VTE changed into arterial thromboembolism 
through PFO. 

PFO, one of the congenital heart diseases that can be observed 
even in adulthood, typically have no symptom. Nonetheless, 
it can affect as the risk factor for several conditions including 
ischemic stroke, platypnea-orthodeoxia syndrome, and decom-
pression sickness.7) PFO as the cause of cryptogenic stroke is not 
uncommon; hence, the occurrence of ischemic stroke with either 
PE or DVT can be considered as the possible example of para-
doxical embolism through right-to-left shunt.8) 

Among the treatments on the prevention of frequent strokes 
within a patient who has PFO, there are medical options and in-
vasive methods.9) 

The medical options include the use of antiplatelet agents as 
well as the prescription of warfarin in the patients with hyper-
coagulable state or venous thrombosis. In terms of invasive 
methods, it was used to have an operation in the past while the 
application of device closure is being used recently.10) In this 
case, cryptogenic stroke took place within 3 days after TKA 
while right atrial thrombus, DVT, and PE were present in a way 
that the passage through right to left shunt was speculated and 
the result of subsequent echocardiography led to the diagnosis 
of a positive reaction from the agitated saline test for PFO. The 
patient was treated with LMWH and then administered war-
farin; and the patient discharged with the recovered conditions. 

In conclusion, the occurrence of pulmonary thromboembo-
lism or DVT in a patient with PFO can trigger the develop-
ment of cryptogenic stroke through right to left shunt. 

Therefore, further evaluation of cause are essential in patients 
with the occurrence of cryptogenic stroke who are associated 
with a high risk of VTE after total joint arthroplasty. Also, anti-
coagulation treatment is necessary if a patient has a right to left 

shunt, such as PFO.
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