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Case Report

The removal of floating right heart thrombi and pulmonary 
embolus using AngioJet device and venoarterial extracorporeal 
membrane oxygenation: a case report
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Background: Floating right heart thrombi (FRHTS), known as thrombi in transit, are usually located in 
the atrium or ventricle. Generally, it occurs in patients with pulmonary embolism (PE) and dyspnea, chest 
pain, syncope and palpitations are the most common symptoms on presentation. The mortality of patients 
with FRHTS is higher than that of those without FRHTS. Current treatment includes anticoagulation, 
systemic thrombolysis, catheter directed interventions, and surgical embolectomy. However, there is no 
consensus on the optimal management options.
Case Description: Herein, we report the case of a patient who presented with hypotension and 
tachycardia accompanied by an asymptomatic right leg deep vein thrombosis, right atrial thrombus, and 
pulmonary embolus. He had a history of radical resection of colon cancer 1 month prior. And he had 
developed chest tightness accompanied by stabbing pain in the chest area 1 day ago. He experienced an 
episode of syncope 8.5 hours ago. So he was referred to the local hospital. After the pulmonary computed 
tomography angiography (CTA) scan, he was diagnosed with pulmonary embolus and administrated with 
5,000 u low molecular weight heparin. Then he was transferred to our hospital. On arrival in the emergency 
department, the bedside transthoracic echocardiography (TTE) revealed there was an enlarged right 
atrium and right ventricle, with a floating right atrial mass prolapsing through the tricuspid valve during 
diastole. The patient accepted anticoagulation treatment, but refused to undergo thrombolysis or surgical 
embolectomy. Eventually, the right heart thrombi (RiHT) floated to the left main branch of pulmonary 
artery. It was successfully treated by using AngioJet device and venoarterial extracorporeal membrane 
oxygenation (VA-ECMO). Our case provides clinical evidence supporting the feasibility and efficacy of 
AngioJet device and VA-ECMO in the treatment of the RiHT and PE.
Conclusions: Patients with PE combined with RiHT have higher mortality than those without RiHT, 
VA-ECMO could be used to maintain the circulation, and the AngioJet device could be used as an alternative 
treatment for patients who are reluctant to receive thrombolysis or surgical embolectomy.
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Introduction

Floating right heart thrombi (FRHTS), known as thrombi 
in transit, are usually located in the atrium or ventricle, 
represent a serious form of thromboembolism (1,2), and 
typically occur in patients with pulmonary embolism (PE). 
Several studies have shown that patients with right heart 
thrombi (RiHT) have higher mortality than those without 
RiHT, and the mortality rate is 19–45% (3-5). The current 
treatments for patients with RiHT include anticoagulation, 
systemic thrombolysis, catheter directed interventions, and 
surgical embolectomy; however, there is no recommendation 
on the optimal therapeutic approach (6). Here, we report a 
case with right atrial thrombus and pulmonary embolus who 
refused to accept the thrombolysis or surgical embolectomy. 
Transthoracic echocardiography (TTE) confirmed the 
ineffectiveness of extracorporeal membrane oxygenation 
(ECMO) support combined with anticoagulation therapy. 
The patient finally accepted percutaneous thrombectomy. 
However, during the operation, intraoperative TTE 
confirmed that there was no mass in the right heart, and 
further pulmonary arteriography showed there was a large 
round filling defect near the main pulmonary artery on the 
left main branch, and an exfoliated right atrial thrombus 
was considered. The case was successfully treated by using 
AngioJet device (Boston Scientific, Marlborough, MA, 
USA) and venoarterial ECMO (VA-ECMO).

Here, we report the feasibility and efficacy of AngioJet 
device and VA-ECMO in the treatment of the RiHT 
and PE, especially for cases who are reluctant to accept 
thrombolysis or surgical embolectomy. As far as we know, 
most published reports on RiHT are individual cases or 
uncontrolled retrospective case series. And in these cases, 
ECMO is usually used as a support strategy during the 
anticoagulation, thrombolytics or surgical embolectomy. 
And there is no report of cases with RiHT floating into 
the main pulmonary branch during the intervention 
with AngioJet combined with ECMO. We present the 
following case in according with the CARE reporting 
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-1542/rc).

Case presentation

A 65-year-old man was admitted to the Taizhou Hospital 
of Zhejiang Province on 6 September, 2021 with chest 
tightness and chest pain for 1 day, and fainting 8.5 hours 
before presentation. The patient had a history of radical 

resection of colon cancer 1 month prior. He had developed 
chest tightness 1 day ago, accompanied by stabbing pain 
in the chest area when inhaling, the symptoms continued 
without attenuation and treatment. He had experienced an 
episode of syncope 8.5 hours ago, and woke up after a few 
seconds. With the suspicion of PE, he was referred to the 
local hospital where he underwent pulmonary computed 
tomography angiography (CTA) scan. The result confirmed 
a massive PE, 5,000 u low molecular weight heparin was 
subsequently administrated, and the patient was transferred 
to our hospital (Figure 1).

On arrival in the emergency department of our hospital, 
the patient had a blood pressure of 71/46 mmHg, pulse 
of 135 beats/min, respiratory rate of 34 breaths/min, and 
a warm, swollen right lower extremity. Other physical 
findings were unremarkable. The patient was diagnosed 
with massive PE with hypotension and was immediately 
maintained with epinephrine. TTE showed an enlarged 
right atrium and right ventricle, with a floating right atrial 
mass of 2.7 cm × 2.6 cm, prolapsing through the tricuspid 
valve during diastole (Figure 2). Laboratory studies showed 
white blood cell counts of 14,600/μL, hemoglobin of  
10.9 g/dL, hematocrit of 32.1%, platelet count of 94,000/μL,  
cardiac troponin I level of 5.03 ng/mL, brain natriuretic 
peptide level of 44 pg/mL, and D-dimer level of more than 
20.00 mg/L.

The PE response team (PERT), which involved a 
cardiologist, radiologist, cardio-thoracic surgeon, vascular 
surgeon, and radiologist, determined to use VA-ECMO 
to maintain the circulation and surgical embolectomy of 
the right atrial mass and pulmonary embolus. Considering 
the recent history of radical colon cancer resection and 
the related mortality of the surgical embolectomy, the 
patient refused to accept the surgical embolectomy. Thus, 
he received VA-ECMO to restore the circulation and 
unload the right ventricle and intravenous administration of 
heparin (Figure 1).

A f t e r  6  d a y s  o f  t h e  s u p p o r t  o f  E C M O  a n d 
anticoagulation, the ECMO could not be weaned off, and 
TTE showed the persistent right atrial mass and severe 
pulmonary hypertension (Figure 1). In consideration of 
the ineffectiveness of ECMO support combined with 
anticoagulation, a discussion was held by the PERT; open-
heart surgery was recommended, but the patient and his 
family members continued to refuse the open-heart surgery. 
On account of a previous report of successfully using 
of percutaneous thrombectomy to treat the right atrial 
mass, the patient and his family expressed willingness to 
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receive the treatment of percutaneous thrombectomy (7). 
The patient was then referred to the digital subtraction 
angiography (DSA) room. During the angiography, no 
right atrial filling defect was found, and the intraoperative 
transthoracic echocardiogram confirmed the disappearance 
of the right atrial mass. Further pulmonary arteriography 
revealed embolisms in the main pulmonary arteries on 

both sides. There was a large round filling defect near the 
main pulmonary artery on the left main branch, and the 
exfoliated right atrial thrombus was considered (Figure 3). 
As the patient had a history of hypotension and elevated 
cardiac troponin I, a massive PE was diagnosed.

The AngioJet device was used to spray thrombolytics 
directly into the pulmonary arteries and entrain thrombi 
into the body of the catheter. However, sinus bradycardia 
and hypotension occurred when treating the main branches 
of the right pulmonary artery; so the AngioJet was 
withdrawn. After the heart rhythm and blood pressure were 
recovered, a 5-F pigtail catheter was rotated back and forth 
through the thrombus of the main branches of the right 
pulmonary artery except the right upper pulmonary artery 
branch (7).

At 2 days after treatment, transthoracic echocardiogram 
demonstrated that the pulmonary artery pressure had 
decreased to 60 mmHg and there was no right atrial mass, 
thus the ECMO was weaned off (Figure 4). Considering the 
risk of the right lower extremity deep venous thrombosis 
leading to the PE again, a vena cava filter was implanted. 
The patient was discharged from the hospital in good 

VA-ECMO Anticoagulation is insufficient

Right heart thrombi floated to 
pulmonary artery

TTE confirmed pulmonary 
pressure decreased

Vena cava filter planted

Warfarin for anticoagulation

Warfarin for anticoagulation
maintain INR 2–3

ECMO + anticoagulation AngioJet + ECMO ECMO weaned off Vena cava filter removedAnticoagulation

06/09/2021

Timeline
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Figure 1 Timeline (A) and duration of each treatment (B-E). ECMO, extracorporeal membrane oxygenation; VA-ECMO, venoarterial 
ECMO; TTE, transthoracic embolism; INR, international normalized ratio.

Figure 2 Perioperative apical 4-chamber view showing a floating 
right atrial thrombus. The white arrow indicates a floating right 
atrial mass.
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condition, receiving warfarin anticoagulation therapy for  
5 days following the vena cava filter (Figure 1). After another 
25 days, the vena cava filter was removed and the patient 
continued to receive the warfarin with the dose of 3.0 mg 
per day to maintain the international normalized ratio (INR) 
between 2.0 and 3.0. And the course of treatment should be 
at least of 6 months (Figures 1,4,5).

All procedures performed in this study were in 
accordance with the ethical standards of the institutional 
and/or national research committee(s) and with the Helsinki 
Declaration (as revised in 2013). Written informed consent 
was obtained from the patient for publication of this case 
report and accompanying images. A copy of the written 
consent is available for review by the editorial office of this 
journal.

Discussion

To our knowledge, this is the first report to show the 
feasibility and efficacy of AngioJet and ECMO for 
the treatment of a patient with a RiHT floating to the 
pulmonary artery combined with massive PE. Our findings 
provide a new treatment option for patients in similar 
situation or refusing to accept the treatment of thrombolysis 
or surgical embolectomy.

FRHTS are known as thrombi in transit, usually 
located in the atrium or ventricle (8). They usually occur 
in patients with suspected PE. Some autopsy studies 
have found that the incidence ranges from 3% to 12% in 
patients with pulmonary embolus; but the true incidence 
may be underestimated on account of the shortcomings 
of the standard dissection technique in autopsy and the 
lower sensitivity of TTE when compared with the trans-
esophageal echocardiography (1,2,9). Several studies have 
shown that patients with RiHT have higher mortality 
than those without RiHT. The mortality rate is of RiHT 
19–45% (3-5), and those patients usually have right heart 
failure and a history of shock (8).

TTE is commonly the first diagnostic tool used for 
detecting RiHT. The European Working Group on 
Echocardiography described a morphological classification 
of the RiHT in 1989. Type A thrombi are the most 
common type, with serpiginous worm-like shapes and high 
mobility, and thought to arise from thrombi within the 
lower extremity veins. Type B thrombi are non-mobile, and 
with ovoid shape, and thought to form in situ in patients 
with underlying cardiac abnormalities. Type C thrombi 
share some characteristics with types A and B, and have a 

Figure 4 Postoperative apical 4-chamber view showing no right 
atrial mass. The yellow arrow indicated the right atrial mass 
disappeared.

Figure 5 Postoperative angiography showing no embolus in the 
main pulmonary arteries on both sides. There is still no contrast 
medium filling in the main right upper pulmonary artery.

Figure 3 Intraoperative angiography showing the embolus in the 
main pulmonary arteries on both sides. The white arrow indicates 
a large round filling defect near the main pulmonary artery on the 
left main branch. There is no contrast medium filling in the main 
right upper pulmonary artery. The letter “R” means the right part 
of pulmonary artery angiography.
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similar appearance to myxomas but are highly mobile (10).
The current treatments for patients with RiHT include 

anticoagulation, systemic thrombolysis, catheter directed 
interventions, and surgical embolectomy. There is currently 
no recommendation on the optimal therapeutic approach. 
The treatment options are widely dependent on individual 
patient characteristics and local expertise (6). Patients with 
FRHTS have high mortality and need rapid treatment. 
A pooled analysis found that anticoagulation therapy was 
insufficient, while thrombolysis and surgical embolectomy 
showed better results (11). In the PEITHO randomized 
multicenter clinical trial, anticoagulation combined with 
systemically administered tenecteplase showed a lower 
rate of the death or hemodynamic deterioration in patients 
with intermediate-risk PE than those treated solely with 
anticoagulation. There was a significant rate of extra-cranial 
and intracranial bleeding in the anticoagulation combined 
with tenecteplase group (12). In the MOPETT trial, the 
effectiveness and safety of the half dose thrombolytic was 
compared with full dose thrombolytic therapy. It was found 
that half dose thrombolytic had similar efficacy in the 
terms of pulmonary pressure reductions, and no increased 
bleeding When continuing with parenteral anticoagulation. 
When using local thrombolytic delivery such as a 
mechanical intervention, they may provide synergistic 
benefits (13).

A l t h o u g h  VA - E C M O  c o u l d  g u a r a n t e e  b l o o d 
oxygenation, end-organ perfusion for unstable patients 
or cardiac arrest victims, and provide an important time 
window for the further treatments, it has several drawbacks 
including bleeding, vessel injury, hemolysis, cerebrovascular 
events, and septic complications (14-16). Without high 
quality randomized evidence, there has been no definite 
consensus on the use of VA-ECMO for patients with high-
risk PE (17). It is not clear which group of patients would 
benefit the most from VA-ECMO, and in which situations it 
is not a suitable treatment option. The European Society of 
Cardiology (ESC) guidelines recommended the use of VA-
ECMO in patients presenting with shock or cardiac arrest in 
combination with surgical embolectomy or catheter-directed 
reperfusion treatment with a low grade (II b-C) (18).

In this case, the patient was found to have hypotension 
and sinus tachycardia, so the PERT used the VA-ECMO 
as a bridge to the further treatment. As TTE revealed a 
persistent right atrial mass and VA-ECMO could not be 
weaned off, percutaneous intervention was recommended to 
the patient. However, during the intervention, intraoperative 
transthoracic echocardiogram confirmed the disappearance 

of the right atrial mass and further pulmonary arteriography 
found a large round filling defect near the main pulmonary 
artery on the left main branch, and the exfoliated right atrial 
thrombus was considered. Thus, the AngioJet device was 
used to spray urokinase directly into the pulmonary arteries 
and entrain the thrombus into the body of the catheter. 
However, sinus bradycardia and hypotension occurred 
when treating the main branches of the right pulmonary 
artery. Thanks to the VA-ECMO, heart rhythm and blood 
pressure were recovered after withdrawal of the AngioJet. 
A 5-F pigtail catheter was rotated back and forth through 
the thrombus of the main branches of the right pulmonary 
artery except the right upper pulmonary artery branch. At 
2 days after the treatment, TTE showed the pulmonary 
artery pressure decreased to 60 mmHg and the ECMO was 
weaned off.

This study has several limitations. First, there has been 
no recommendation on the optimal therapeutic approach, 
the treatment options are widely dependent on local 
expertise and patient preference. Therefore, the selected 
intervention might not have been the best therapeutic 
option. Second, the best time for the intervention may have 
been delayed, as the intervention was performed 6 days 
later, after the trans-thoracic echocardiogram confirmed 
the anticoagulation was ineffective. Third, there was not a 
valid comparator of a high-risk PE patient not treated with 
ECMO. However, this study found that anticoagulation is 
insufficient for patients diagnosed with RiHT combined 
with PE, which is similar with the previous study (15). Use 
of VA-ECMO could maintain the circulation for patient 
with high-risk PE, and could be used as bridge to further 
treatments such as anticoagulation, thrombolysis, and 
surgical embolectomy. It could only reduce the risk of sinus 
bradycardia and hypotension when using percutaneous 
thrombectomy devices.

Conclusions

Patients with PE combined with RiHT have higher 
mortality than those without RiHT, and require early 
intervention to reduce their risk of death. Anticoagulation 
therapy is insufficient; percutaneous intervention or 
surgical embolectomy may provide better results. For 
patients presenting with hypotension and tachycardia, VA-
ECMO could be used to maintain the circulation, and the 
AngioJet device could be used as an alternative treatment 
for patients who are reluctant to receive thrombolysis or 
surgical embolectomy. As there is no recommendation on 
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the optimal therapeutic approach, large-scale randomized 
controlled studies are still needed to determine the best 
treatment approach.
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