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Abstract 

Paradoxical Embolism with acute arterial ischemia is an uncommon but known entity in medical literature.  However, 
existence  of concomitant pulmonary thromboembolism with a patent foramen ovale presenting as limb arterial gangrene has not 
been reported in literature to the best of our knowledge and search. we present a case of right lower limb arterial gangrene in an 
elderly female who had concomitant Pulmonary thromboembolism with a patent foramen ovale. The limb gangrene was attributed 
secondary to paradoxical embolism due to patent foramen ovale. The patient was managed with limb amputation and long term 
oral anticoagulation.
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Case
A 65-year-old female from a tribal area of Kashmir with no 

existing co morbidities presented to our emergency department 
with progressive shortness of breath and blackish  discoloration 
of right lower limb of 3 weeks duration. It was preceded by dull 
aching right lower limb pain which would worsen with walking 
few steps. There was no such similar history in the past or any 
use of OCPs or lipid disorders. she had no pregnancy losses during 
her reproductive age. On examination she was tachypneic with 
respiratory rate of 26 breaths per minute and hypoxia with an 
oxygen saturation of 88% while breathing ambient air. There was no 
hypotension or  focal neurological deficit. cardiac auscultation did 
not reveal any  heave or murmur. Examination of right  lower limb 
revealed gross blackish limb distal to knee joint with overlying skin 
necrosis (Figure 1). Baseline investigations including chest x ray  

and ECG were normal. Popliteal, dorsalis pedis and posterior 
tibial pulses were absent .Color Doppler study of lower limb revealed 
total occlusion of popliteal artery with no distal flow. In view of 
unexplained hypoxemia and raised D dimer she was subjected to 
CT pulmonary angiography which revealed an eccentric thrombus  
in right pulmonary artery (Figure 2). Thrombophilia profile did  
not reveal any evidence of hypercoagulable state. Keeping in 
view PTE with concomitant arterial thrombosis, a possibility of 
paradoxical embolism was made. She underwent Transthoracic 
echocardiography which revealed Patent foramen ovale (Figure 
3). She was subjected to above knee amputation and referred to 
cardiology centre for closure of PFO for secondary prevention  and  
discharged on long term oral anticoagulation.
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Figure 1: Gangrenous right leg.

Figure 2: Contrast Angiography showing eccentric thrombus in right pulmonary artery.

Figure 3: Doppler echocardiography depicting Patent Foramen Ovale (PFO).

Discussion and review of literature:
Paradoxical embolism is an uncommon cause for acute arterial 

occlusion. Paradoxical Embolism (PDE) occurs when a thrombus 
crosses an intracardiac defect into the systemic circulation [1,2].  

Patients may present with symptoms based on the site of the 
resultant embolization. These sites can include the brain, heart, 
gastrointestinal tract, or extremities(reference case) [3].  Patients 
may present with a cerebrovascular event, chest pain,, cold 
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extremity, or mesenteric ischemia. The embolus is usually a blood 
clot but may be a fat particle, air, amniotic fluid, or tumor [1,3]. The 
management of paradoxical embolism is medical and/or surgery, 
depending on the location of the embolus. 

Etiology
Patent foramen ovale (PFO): is a left to right shunt that 

occurs between the septum primum and septum secundum.  The 
magnitude of the right to left shunt may be associated with an 
increased risk of cryptogenic stroke [4].  Valsalva maneuvers such 
as coughing, squatting, or defecating can transiently increase 
right atrial pressure leading to a transient shunt reversal and 
the transfer of potential thrombi into the systemic circulation. 
Clinically significant PFOs result in adverse consequences by two 
mechanisms:

a) Serving as a conduit for paradoxical embolization from venous 
side to systemic circulation

b) Because of their tunnel like structrure and propensity for 
the stagnant flow ,may serve as nidus for in situ thrombus 
formation.

The risk for a cryptogenic stroke in pts with PFO increases with 
larger defects and the presence of interatrial  aneurysm   (perhaps 
because of increase in situ thrombus formation in the aneurysmal 
tissue or because PFOs associated with an interatrial septal 
aneurysm tend to be larger).Despite prior reports concerning 
paradoxical embolism through PFO, this phenomenons magnitude 
as a risk factor for stroke or distal arterial embolism ( in our case) 
remains unidentified because deep vein thrombosis is infrequently 
detected in such patients. In one study pelvic vein thrombi were 
found more frequently in young patients with cryptogenic stroke 
than with those with known cause of stroke. This finding may 
provide the source of venous thrombi ,mainly when VTE is not 
identified initially [5,6]. A PFO is usually detected by Transthoracic 
echocardiography(TTE) or transcranial Doppler. Transesophageal 
echocardiography (TEE) is most sensitive test mainly when 
performed with contrast media injected during cough or valsalva 
maneuver [7]. In adults treatment for PFO is mainly indicated in a 
patient with cryptogenic stroke and other arterial embolic events. 
Medical therapy mainly includes antithrombotic medications 
(aspirin) especially in those with stroke due to embolism. 
Anticoagulation is indicated if stroke is associated with vein 
thrombosis. Atrial septal defects (ASD): are congenital defects that 
vary in size and location. ASDs lead to a left to right shunt as well 
as a fixed split S2 on cardiac exam.  A transient reversal of blood 
flow can reverse the shunt. ASDs are associated with a paradoxical 
embolism in up to 14% of patients [5]. Ventricular septal defects:  
commonly result in left to right shunts, however certain conditions 
that increase right atrial pressure like Eisenmenger syndrome can 
reverse the shunt, allowing for paradoxical embolism. Pulmonary 
arteriovenous malformations are usually hereditary and are 
a pathological connection between the pulmonary arteries to 

the pulmonary veins returning to the left atrium. This leads to a 
permanent right to left shunt. Patients with a history of hereditary 
hemorrhagic telangiectasia are at increased risk for PAVM and 
subsequent paradoxical embolism[8].

Epidemiology

 A PFO may be found in up to 30% of the population and studies 
have suggested that the annual risk of cryptogenic and recurrent 
strokes in patients with a PFO is 0.1% and 1% respectively [1,4].   
ASDs are 2 to 3 times more common in females and are responsible 
for over 30% of congenital heart defects in adults [1].  Paradoxical 
embolism should be suspected in all patients with an ischemic 
stroke or other arterial thrombosis without an identifiable cause.

Pathophysiology

A paradoxical embolism can occur when a thrombus in the 
deep venous circulation embolizes through an intracardiac shunt 
or pulmonary artery venous malformation (PAVM) into the 
systemic circulation [1]. Deep venous thrombosis is a risk factor 
for paradoxical embolism.  Studies have shown that cryptogenic 
stroke is 5 times more likely with pelvic vein thrombosis [9,10]. 
The pathophysiological mechanism of a paradoxical embolism does 
vary.  In the setting of a PFO, any permanent increase in right-sided 
cardiac pressures can increase the risk of a paradoxical embolism 
[1].

Approach to patient

Paradoxical Embolism can be difficult to diagnose and have an 
insidious onset.  Physicians should strongly suspect paradoxical 
embolism in patients with an embolic event with a non-identifiable 
source, such as atrial fibrillation, and when a concomitant 
intracardiac shunt or PAVM is known or suspected [1].  A thorough 
history and physical examination are paramount.  Depending on 
the organ affected, the symptoms may vary.The most important 
issues which should be addressed are [1-3].

a) Evaluation of factors that lead to the event (ie: coughing or 
straining)

b) Screening for HTN, DVT, CVD, DM, hypercholesterolemia, atrial 
fibrillation, stroke, and syncope. 

c) History of migraines (migraines occurs in up to 50% of patients 
with an intracardiac shunt).

d) History of congenital heart disease, structural heart disease, or 
patent foramen ovale.

e) Family history

f) Social history, tobacco use.

Physical Examination Findings: 

a. Physicians should look for signs of congenital heart defects 
such as right ventricular hypertrophy, digital clubbing, or fixed 
S2 splitting.
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b. Full neurological evaluation (i.e.: speech or visual abnormality, 
unilateral weakness, seizures, and swallowing difficulties).

c. Peripheral pulse evaluation and assessment for limb ischemia 
as in our reference case (i.e.: extremity involved may present 
with a sudden onset, be cold,  pulseless, and painful) [3,4].

Evaluation

The diagnosis of paradoxical embolism is one of exclusion.  
Other causes for the patient’s signs and symptoms should be 
considered first. The evaluation should be as under [1-4,11].

a. ECG to assess for arrhythmia or atrial fibrillation.

b. Transthoracic echocardiogram (TTE) with color-flow Doppler 
to evaluate for intracardiac shunts, cardiac myxomas, and 
thrombus formations. Agitated saline or contrast can also 
be injected during TTE to help visualize and diagnose an 
intracardiac shunt. However, to accurately diagnose a PFO, the 
saline or contrast needs to be injected at the end of a Valsalva 
maneuver where the left of right shunt transiently reverses. 
TTE can also be used to evaluate for the presence of aortic 
plaques in the ascending aorta.

c. Transcranial Doppler sonography (TCD) to detect any shunt, 
including PAVM. TCD is non-invasive and can be done at the 
bedside by injecting agitated contrast into a peripheral line 
and looking for microemboli in the middle cerebral artery..

d. Coagulation studies, including baseline coagulogram and 
specific thrombophilic profile keeping in view clinical scenario 
of  the patient.

e. D-Dimer levels if pulmonary embolism is suspected

f. Arterial blood gas will help determine the oxygenation and 
ventilation status.

g. Ultrasound  and  colour Doppler to evaluate for a DVT/arterial 
occlusion.

h. CT angiography scan of the chest to assess for a pulmonary 
embolus.

i. Noncontrast CT scan of the brain to assess for cerebrovascular 
infarcts.

j. CT angiogram or MRI for acute occlusion of the extremity, 
renal arteries , or bowel ischemia.

k. Ancillary blood chemistries and urinalysis as indicated to 
assess for other metabolic causes.

Treatment/Management

The treatment of paradoxical embolism is based on both 
medical and surgical approaches.  The treatment pathways are 
divided into three general approaches [1,3,4].

a. Elimination of the pathway allowing embolization (through 
surgical or percutaneous approach)

b. Medical treatment to prevent recurrent episodes of venous 
thrombosis.

c. Combination of medical and surgical approaches.

The choice of either and its specific plan is dependent on 
the risk of stroke recurrence, the lifelong benefit/risk ratio 
between antithrombotic therapy and surgery, as well as the cost 
of each intervention. The surgical approach includes occlusion 
of intracardiac shunts and PAVMs. Medical therapy is comprised 
of antithrombotic therapy, which includes aspirin, or clopidogrel 
as monotherapy or taken in combination with warfarin for the 
prevention of thrombotic events. The initial treatment is always 
anticoagulation. If the patient has an intracardiac communication, 
it may be closed percutaneously or with open-heart surgery. 
Today, many types of devices are available to close cardiac shunts 
percutaneously with minimal morbidity. Thrombolysis is often 
used in acute cases where the patient is hemodynamically unstable. 
Both DVT and pulmonary embolus need long term anticoagulation 
treatment. Some patients may need to be on antiplatelet therapy 
for life.

Prognosis

The prognosis after paradoxical embolism depends on the 
organ affected and the extent of the injury. Patients with CNS events 
usually tend to fare worse. Those who suffer mesenteric ischemia, 
or a cold leg may be salvaged with surgery(our reference case). On 
the other hand, renal infarction usually never recovers.

Conclusion
Paradoxical embolism with acute limb ischemia is a known 

entity in literature but our case with a PTE and PFO leading to 
arterial gangrene is a first case of its kind and after searching 
extensive literature we could not find replica of our reference case. 
To the best of our knowledge and review of literature we believe 
our patient had a pelvic vein thrombus which got embolized 
concomitantly into pulmonary artery and via PFO into right 
popliteal artery leading to pulmonary embolism and right lower 
limb gangrene respectively.
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