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Introduction

Right heart thrombi generally fall into two categories, 
either the mobilization of intravascular thrombi from 
another source, termed clot in transit (CIT), or the in situ 
formation of thrombus on a catheter or lead. Both instances 
are associated with an increased risk of the development of 
pulmonary embolism (PE).1 Right heart thrombi occur in 
3–18% of cases of acute PE and are associated with an up 
to 45% mortality rate.2–5

There is no current consensus or data supporting the 
optimal treatment for right heart thrombus, with treatment 
options including anticoagulation, systemic or catheter-
directed thrombolysis, or surgical removal of the throm-
bus.6–8 However there is evidence that favors a clot removal 
strategy, such as surgical thrombectomy or pharmacologic 
thrombolysis over conservative anticoagulation alone.9 The 
risk of bleeding and hemorrhage associated with the use of 
anticoagulation or thrombolysis and inherent risk of surgi-
cal complications in unstable patients has led to efforts to 

identify minimally invasive percutaneous endovascular 
treatment options.10,11

The AngioVac System (AngioDynamics, Latham, NY, USA) 
represents an alternative, minimally invasive approach for 
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Abstract
Background: Right heart thrombi can be a source of considerable morbidity and mortality, especially when associated 
with pulmonary embolism. Methods: To understand the safety and procedural efficacy associated with vacuum-assisted 
thrombectomy using the AngioVac System (AngioDynamics, Latham, NY, USA) to remove right heart thrombi, we conducted 
a subanalysis of the Registry of AngioVac Procedures in Detail (RAPID) multicenter registry representing 47 (20.1%) of 234 
participants in the registry. Forty-two (89.4%) patients had thrombi located in the right atrium alone, three (6.4%) in the right 
ventricle alone, and two (4.3%) in both the right atrium and ventricle. Four (8.5%) patients had concomitant caval thrombi, 
three (6.4%) also had catheter-related thrombi, and one (2.1%) patient had both caval and catheter-related thrombi with 
their right heart thrombi. Results: Extracorporeal bypass time was less than 1 hour for 39 (83.0%) procedures. Seventy to 
100% removal of thrombus was achieved in 59.6% of patients. Estimated blood loss was less than 250 cc for 43 procedures 
(91.6%). Mean hemoglobin decreased from 10.7 ± 2.2 g/dL preoperatively to 9.6 ± 1.6 g/dL postoperatively. Transfusions 
were administered for eight procedures (17.0%), with only one (2.1%) patient receiving more than 2 units of blood. Six patients 
(12.8%) experienced procedure-related adverse events, including three (6.4%) patients who experienced distal emboli and 
three (6.4%) patients who developed bleeding-related complications. All adverse events resolved prior to discharge. There was 
one death (2.1%) reported that was not procedure related. Conclusion: Vacuum-assisted thrombectomy can be performed 
safely in patients with right heart thrombi. ClinicalTrials.gov Identifier: NCT04414332.

Keywords
Clot in transit (CIT), endovascular therapy, pulmonary embolism (PE), venous thromboembolism (VTE)

1 Department of Radiology, Division of Interventional Radiology, David 
Geffen School of Medicine at UCLA, Los Angeles, CA, USA

2Loma Linda University School of Medicine, Loma Linda, CA, USA
3 Department of Radiological Sciences, David Geffen School of Medicine 
at UCLA, Los Angeles, CA, USA

4 Department of Medicine, Division of Cardiology, UCLA Medical 
Center, Los Angeles, CA, USA

5 Department of Radiology, Division of Interventional Radiology, 
Feinberg School of Medicine, Northwestern University, Chicago, IL, 
USA

Corresponding author:
John M Moriarty, Department of Radiology, Division of Interventional 
Radiology, David Geffen School of Medicine at UCLA, 100 UCLA 
Medical Plaza, Suite 100, Los Angeles, CA 90095, USA. 
Email: JMoriarty@mednet.ucla.edu

1073974 VMJ0010.1177/1358863X211073974Vascular MedicineMoriarty et al.
research-article2022

Original Research Article

https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/vmj
mailto:JMoriarty@mednet.ucla.edu
http://crossmark.crossref.org/dialog/?doi=10.1177%2F1358863X211073974&domain=pdf&date_stamp=2022-02-17


2 Vascular Medicine 00(0)

the removal of right heart thrombi.10,11 The device is com-
prised of a large bore venous drainage cannula and extracor-
poreal venovenous bypass for extracting thrombi from the 
right heart. Given the relatively larger luminal diameter of 
the AngioVac’s aspiration cannula (22 F) compared to other 
percutaneous thrombectomy devices, there is the potential to 
rapidly remove large volumes of material with decreased risk 
of fragmentation and distal embolization.

In order to further understand the safety and procedural 
efficacy of vacuum-assisted thrombectomy using the 
AngioVac System to remove right heart thrombi, we con-
ducted a subanalysis of the Registry of AngioVac Procedures 
in Detail (RAPID) multicenter registry.12

Methods

The RAPID registry was conducted as a prospective multi-
center registry to assess the safety and procedural outcomes 
associated with the use of the AngioVac System 
(ClinicalTrials.gov Identifier: NCT04414332). The study 
design and results from the entire registry population are 
reported elsewhere.12 Following institutional review board 
or ethics board approval, a total of 234 patient were enrolled 
in the registry between March 2016 and August 2019. 
Patients under 18 years of age and those who did not con-
sent to participate were excluded from the registry. Data 
collected included patient demographic and medical char-
acteristics, procedural data, and both in-hospital and post-
discharge events within 24 hours of the index procedure. 
The present subanalysis was limited to patients enrolled in 
the registry with right heart thrombi.

The AngioVac System is indicated for use as a venous 
drainage cannula and for removal of fresh, soft thrombi or 
emboli during extracorporeal bypass for up to 6 hours. All 
procedures utilized the Generation 2 AngioVac System 
consisting of a 22 F aspiration cannula and combined with 
a veno-venous bypass circuit and a reinfusion cannula.13–16 
The use of the system required two venous access points 
using a combination of the femoral or jugular veins, with 
one for the aspiration cannula and the other for the reper-
fusion cannula. An extracorporeal bypass circuit was cre-
ated outside the body consisting of an outflow line, 
centrifugal pump, a filter, and an inflow line. Once access 
was obtained, the centrifugal pump was activated creating 
a one-way flow that provided suction at the tip of the can-
nula. The device has a balloon-activated tip, which aug-
mented the venous flow to facilitate removal of the 
thrombus. The circuit reinfused filtered blood back into 
the body through the reperfusion cannula, minimizing 
blood loss.

Removal of clot or mass was reported as 0%, 1–50%, 
50–70%, and 70–100%, as determined by the physician 
performing the procedure. Given the heterogeneity of 
imaging techniques used during thrombus or mass removal 
procedures (e.g., venography, intravascular ultrasound, 
transesophageal echocardiogram [TEE]), a semiqualitative 
metric of 70–100% thrombus or mass removal was decided 
by the study design committee as the definition of tech-
nical success based on the previous use of this criteria in 

association with the AngioVac System.11 This allowed for 
the differing imaging modalities used at each site.

Statistical analysis

Descriptive statistical analyses were conducted for adverse 
events. Quantitative variables were summarized by fre-
quency counts, percentages, means, SDs, minimums and 
maximums. Categorical variables were summarized by fre-
quencies and percentages. Unless explicitly stated, percent-
ages utilized a denominator corresponding to the number of 
unique patients who contributed to the endpoint. The statis-
tical analysis was run using Microsoft Excel for Microsoft 
365 MSO (16.0.13029.20232).

Results

Patient population

A total of 47 patients out of 234 (20.1%) included in the 
RAPID registry who underwent AngioVac procedures for 
the removal of right heart thrombi were included in the pre-
sent subanalysis. Clinical characteristics of the patient pop-
ulation are listed in Table 1. Mean patient age was 46.7 ± 
18.6 years (range 19–98 years). A total of 41 (87.2%) 
patients had one or more risk factors for venous thrombo-
embolism (VTE). A majority of patients were significantly 
ill at the time of the procedure as evidenced by their 
American Society of Anesthesiologists (ASA) scores. This 
included 10.6% of patients with an ASA score of 5 (mori-
bund patient who is not expected to survive), 29.8% of 
patients with an ASA score of 4 (severe systemic disease 
that is a constant threat to life), and 34.0% with an ASA 
score of 3 (severe systemic disease).

Systemic anticoagulation was being utilized in 95.8% 
of patients (45 of 47) prior to the AngioVac procedure. 
This included 36 (76.6%) patients receiving unfraction-
ated heparin (UFH) alone, one (2.1%) patient each 
receiving UFH in combination with either fondaparinux 
(Arixtra; GlaxoSmithKline, London, UK) or enoxaparin 
(Lovenox; Sanofi, Paris, France) (2.1%), three (6.4%) 
patients receiving enoxaparin alone, three (6.4%) 
patients receiving argatroban (Acova; Pfizer, New York, 
NY, USA) alone, and one (2.1%) patient receiving biva-
lirudin (Angiomax; Baxter, Deerfield, IL, USA). One 
(2.1%) patient received systemic thrombolysis therapy 
with alteplase (Activase [tPA]; Genentech, South San 
Francisco, CA, USA) and underwent catheter-directed 
thrombolysis with tPA prior to the AngioVac procedure. 
Systemic thrombolysis therapy was contraindicated for 
six (12.8%) patients.

Among the patients presenting with right heart thrombi, 
42 (89.4%) had thrombi located in the right atrium alone, 
three (6.4%) in the right ventricle alone, and two (4.3%) in 
both the right atrium and ventricle. Four (8.5%) patients 
had concomitant caval thrombi, three (6.4%) also had cath-
eter-related thrombi, and one (2.1%) patient had both caval 
and catheter-related thrombi in combination with their right 
heart thrombi.
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Procedural data

Table 2 reports the percentage of procedures performed by 
differing physician specialties. Aspiration cannulas were 
placed in a femoral vein alone for 20 (42.6%) procedures, 
the jugular vein only for 20 (42.6%) procedures, directly in 
the right atrium for one (2.1%) procedure, with six (12.8%) 
procedures using both the femoral and jugular vein follow-
ing an intraoperative change of the aspiration cannula. At 
the discretion of the operator, off-label insertion of the aspi-
ration cannula directly into the open right atrium was per-
formed for one patient. The reinfusion cannula was inserted 
in a femoral vein alone for 40 (85.1%) procedures, a jugular 
vein alone for three (6.4%) procedures, the subclavian vein 
or the femoral artery each for one (2.1%) procedure respec-
tively. Two (4.3%) patients had an intraoperative change of 
the location of the reperfusion cannula with one procedure 
using both the femoral and jugular vein and another proce-
dure using two different femoral veins.

The majority of procedures (39 of 47; 83.0%) required 
less than 1 hour of bypass time (Table 2). Mean fluoros-
copy time was 19.3 ± 17.1 minutes, with a mean contrast 
volume of 23.3 ± 51.9 cc. The majority of patients 
(91.5%) also had less than 250 cc of estimated blood loss 
(Table 2). The mean change in hemoglobin was −1.1 ± 

0.5 g/dL, decreasing from 10.7 ± 2.2 g/dL preoperatively 
to 9.6 ± 1.6 g/dL postoperatively. Transfusion of red 
blood cells (RBCs) was required for eight (17.0%) proce-
dures, with one (2.1%) patient receiving a single unit, six 
(12.8%) patients receiving 2 units, and one (2.1%) patient 
receiving 3 units. Systemic anticoagulation was used for 
all of the procedures, with heparin being the primary anti-
coagulant used for the majority of patients (43 of 47; 
91.5%). Argatroban (Acova; Pfizer) and bivalirudin were 
used as anticoagulants for three (6.4%) and one (2.1%) 
procedures, respectively.

TEE was utilized in conjunction with the AngioVac 
System during 43 (91.5%) of the procedures (Figure 1). 
An additional veno-veno or veno-arterial extracorpor-
eal membrane oxygenation (ECMO) circuit was used in 
four (8.5%) and three (6.4%) procedures, respectively. 
Adjuvant devices were utilized during 19 (40.4%) of 
the procedures, with the most commonly utilized adju-
vant devices being a snare (21.2% of procedures) or an 
angioplasty balloon (6.4% of procedures). Placement 
and removal of inferior vena cava (IVC) filters were 
each performed during two (4.2%) procedures, 
respectively.

Procedure outcomes

Seventy to 100% removal of thrombus was achieved in 28 
(59.6%) patients following vacuum-assisted thrombectomy. 
Figure 2 reviews physician-reported ratings of procedural 
success, with the majority of procedures (80.9%) rated as 
being somewhat to completely successful.

Adverse events

One patient (2.1%) developed a small hematoma at the 
reinfusion cannula access site which resolved after 

Table 1. Clinical characteristics for patients enrolled in the 
RAPID registry with right heart thrombi (n = 47).

Parameter Value

Female sex 28 (59.6)
Mean age, years 46.7 ± 18.6
BMI 29.9 ± 9.3
Race
 Asian 2 (4.3)
 Black or African American 12 (25.5)
 White 24 (51.1)
 Other 7 (14.9)
 None of above 2 (4.3)
Ethnicity
 Hispanic or Latino 15 (31.9)
 Non-Hispanic or Latino 32 (68.1)
Risk factors for VTE
 Malignancy 10 (21.3)
 Surgery 6 (12.8)
 Obesity 9 (19.1)
 Immobility 5 (10.6)
 Oral contraceptives 1 (2.1)
 Thrombophilia 2 (4.3)
 IVC filter 1 (2.1)
 Other 15 (31.9)
 None 12 (25.5)
ASA score
2 – patient with mild systemic disease 12 (25.5)
3 – patient with severe systemic disease 16 (34.0)
4 – patient with severe systemic disease 
that is a constant threat to life

14 (29.8)

5 – moribund patient who is not ex-
pected to survive

5 (10.6)

Data are presented as n (%) or mean ± SD.
ASA score, American Society of Anesthesiologists score; BMI, body 
mass index; IVC, inferior vena cava; VTE, venous thromboembolism.

Table 2. Procedural data (n = 47).

Parameter Value

Specialty performing procedure
 Interventional radiology 22 (46.8)
 Interventional cardiology 12 (25.5)
 Vascular surgery 9 (19.1)
 Cardiothoracic surgery 2 (4.3)
  Interventional radiology + interven-

tional cardiology
1 (2.1)

  Vascular surgery + cardiothoracic 
surgery

1 (2.1)

Extracorporeal bypass time (min)
 < 15 9 (19.1)
 15–30 11 (23.4)
 31–60 19 (40.4)
 61–120 6 (12.8)
 > 120 2 (4.3)
Estimated blood loss (mL)
 0–250 43 (91.5)
 251–500 2 (4.3)
 501–1000 2 (4.3)

Data are presented as n (%).
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compression and no invasive treatment. No other adverse 
events associated with trauma to the aspiration or reinfu-
sion site were reported. As reported previously, in the 
analysis of the entire RAPID registry database,11 one 
(2.1%) patient experienced a major hemorrhage associ-
ated with caval rupture, pericardial effusion, and a sub-
stantial decrease in hemoglobin. The patient required a 
pericardial drain, which was removed the day following 
the procedure, with the patient discharged on postproce-
dural day two. One (2.1%) patient experience a minor 
hemorrhage, which was treated with a transfusion of 1 
unit of packed RBCs.

Distal embolization to the pulmonary arteries was 
identified to have occurred in association with three 
(6.4%) procedures. All were managed with continued 
anticoagulation, and none required additional mechanical, 
aspirational, or surgical therapy. A single patient of the 
three remained intubated until the fourth postoperative 

day, when they were extubated and discharged in a stable 
condition.

There was one (2.1%) patient death, which was not 
deemed to be procedure related. This occurred in a 43-year-
old female with a recent heart-liver transplant who devel-
oped a right ventricular thrombus and stroke with the family 
electing to withdraw care due to the patient’s heart failure.

Discussion

Despite being rare, CIT represents a significant clinical 
complication associated with venous thromboembolism 
with an associated mortality rate of up to 100% if left 
untreated.7 The prevalence of CIT in association with PE 
has been shown to range from 3% to 18%, with a higher 
rate in patients with massive PE and are hemodynamically 
unstable.2,3 This high rate of mortality necessitates the rapid 
and immediate removal of right heart thrombi to reduce the 
risk of PE and the associated morbidity and mortality.

Although there are a number of options for reducing the 
risk associated with the embolization of right heart thrombi, 
including new pharmacotherapeutic therapies, endovascu-
lar devices, and surgical techniques, there is no clear con-
sensus for the treatment of CIT.6,7,17,18 Differing clinical 
characteristics upon patient presentation, the presence of 
comorbidities, and specific procedural-related risk can also 
influence treatment approach. Since the surgical manage-
ment of cardiac thrombi is associated with significant blood 
loss and high rates of morbidity and mortality, the use of 
fibrinolytic therapy to treat CIT has increased. Unfortunately, 
the use of fibrinolytic therapy is associated with high rates 
of major and clinically relevant bleeding.19–21 Hence, the 
ability to endovascularly aspirate thrombus without expos-
ing the patient to either open surgery or thrombolytic medi-
cations is a potentially transformative therapeutic option.

The RAPID registry is a prospective, multicenter regis-
try which collected safety and procedural outcome data 
associated with the real-world application of the AngioVac 
System for the treatment of various clinical pathologies. 
The present subanalysis of data from this registry focusing 
on 47 patients with right heart thrombi represents the larg-
est reported experience with the device reported to date in 
this patient population. Unlike previous reports associated 
with the use of the AngioVac System across a range of uses 
including removal of right heart thrombi, the registry ena-
bled the ability to obtain and analyze select safety and pro-
cedural outcomes data specific to this patient population.

Use of the AngioVac System and outcomes for right 
heart thrombus removal has been previously reported.10,11 
Al Badri et al. described the percutaneous removal of right 
heart thrombus using vacuum aspiration in seven patients 
undergoing right atrial thrombectomy.10 Two of the patients 
in their series were diagnosed with submassive PE. The 
procedure was successful for six (85.7%) patients; treat-
ment was successful with the remaining patient who devel-
oped cardiogenic shock requiring brief extracorporeal 
membranous oxygenation. The authors reported no device 
or procedure-related complications. Additionally, no 
patients experienced a postprocedural drop in hematocrit or 

Figure 1. (A) Multiplaner and 3D TEE are used to evaluate the 
clot-in-motion, demonstrating that the thrombus is contained 
within the right atrium by the ‘paddle’ action of the tricuspid 
valve leaflets. TEE guides the AngioVac canula into the correct 
position. (B) A 20 cm thrombus in the shape of a cast of the 
femoral or iliac veins, removed without complication or distal 
embolization.
RA, right atrium; RV, right ventricle; TEE, transesophageal echocar-
diogram.
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required a transfusion. They concluded that vacuum-
assisted thrombectomy was a potential treatment option for 
hemodynamically stable patients who were not surgical 
candidates who had right-sided intracardiac thrombus. For 
patients with pulmonary emboli in the presence of right 
heart thrombi, vacuum-assisted thrombectomy can be used 
as an adjuvant to the management of the PE.

Donaldson et al. retrospectively reported on 15 proce-
dures performed with the use of the AngioVac System.16 
Eleven (73.3%) of these cases were for the removal of an 
intracardiac mass located in the right atrium, with three 
procedures also involving a mass from the right ventricle. 
Complete removal of the mass was achieved in 11 of the 15 
(73.3%) procedures. The authors did not specify the per-
centage of these successful procedures performed in 
patients presenting with cardiac masses. No dissections or 
perforations of the vasculature occurred during the proce-
dures. Eleven patients (73.3%) had a postprocedure  
hematocrit drop, with six (54.5%) patients requiring a post-
operative transfusion.

The present analysis suggests that vacuum-assisted 
thrombectomy for the treatment of CIT has a low rate of 
adverse events and procedural complications. The ability to 
maximize clot removal on an emergent basis with the 
device could potentially reduce the risk of PE and avoid 
potential complications which contribute to increase mor-
bidity, mortality, and healthcare costs.

Although the use of the AngioVac System for VTE has 
previously been shown to result in a decrease in postproce-
dural hemoglobin and the need for blood transfusions,16,22 
estimated blood loss and use of transfusions appear to be 
less when the device is used for the removal of right heart 
thrombi. The percentage of patients requiring less than 1 
hour of bypass time was similar between patients being 
treated for removal of right heart thrombi compared to the 
other patients in the Rapid registry (82.9% vs 78.9%), but 
there was a much higher percentage of patients with an esti-
mated blood loss of less than 250 cc (91.5% vs 69.3%), and 
a reduced need for transfusions by almost 50% (12.8% vs 

25.2%) in the right heart thrombi group. There were no sig-
nificant differences in the rates of hematoma formation, 
hemorrhage or distal embolization between the subset of 
patients being treated for removal of right heart thrombi in 
the RAPID registry versus the entire RAPID registry popu-
lation. Overall, with the AngioVac System, we believe that 
the large bore aspiration cannula assists in the en bloc 
removal of the material and the simultaneous reinfusion 
can minimize blood loss during the procedure and the need 
for transfusions.

Study limitations

There are some limitations to the present subanalysis. This 
includes the lack of a control population where alternative 
approaches or therapies were utilized during the same time 
interval and the lack of rigorous monitoring compared to a 
randomized controlled study with the potential for an 
underreporting of adverse events. Also, since the decision 
to utilize the AngioVac System was dependent upon each 
individual physician and site, there is a potential for selec-
tion bias for use of the device during the study period. 
Another limitation was the lack of detailed information on 
some clinical parameters and patient characteristics as a 
part of the RAPID registry and the patient’s clinical course 
prior to the use of the AngioVac System. There was also no 
attempt to collect information on the clinical course of 
patients who did not achieve procedural success or postdis-
charge outcomes data. These elements may have an impact 
on the utility of the device in this setting. Lastly, although 
the presence of right heart thrombi increases the risk of PE, 
there were no patients with concomitant PE included in the 
present analysis.

Conclusion

The ideal treatment approach to patients with right heart 
thrombus is not yet defined due to the lack of data. A suba-
nalysis of data from the RAPID registry demonstrated both 

Figure 2. Physician-reported assessment of outcomes following use of AngioVac for right heart thrombi removal.
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the safety and clinical utility of the AngioVac System rela-
tive to treating patients with right heart thrombi. Although 
the present data represent the largest series of cases per-
formed to date with the device for the removal of right heart 
thrombi, further studies are needed to identify longer-term 
outcomes associated with the use of vacuum-assisted 
thrombectomy in this patient population.
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