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Reshaping the Way We Think 

About Thrombus—A Discussion 

With Dr. Scott J. Cameron

Given your scientific research in thrombosis, your 
training in vascular medicine and cardiology, and 
your role in pulmonary embolism (PE) patient 
care as a noninterventionalist, you are uniquely 
positioned to discuss the role of clot in venous 
thromboembolism (VTE). How should we be 
thinking about venous clot and its consequences?

At the highest possible level, I think we all agree that 
thrombus is bad. In PE, we know thrombus acutely affects 
patient mortality. We also need to focus on longer-term 
adverse events: post-PE syndrome, heart failure, 
pulmonary hypertension, recurrence, and overall quality 
of life. A meta-analysis by Sista et al suggests that roughly 
one-third of patients with acute PE experience post-PE 
syndrome or chronic thromboembolic disease.1 This is an 
overwhelming amount.

In deep vein thrombosis (DVT), residual thrombus has 
been linked to higher mortality, postthrombotic syndrome 

(PTS), and recurrence.2-6 The pulmonary vascular system 
likely responds in a similar manner. We know “what” hap-
pens (venous thrombosis can change the function of 
a blood vessel), but we need to ask “why” this happens.

Now that we have discussed what happens 
to patients with residual venous clot, let’s dig 
into the why. What have you learned about 
thrombus formation and evolution in VTE that 
would cause these clinical sequelae?

The response of different vascular beds to thrombo-
sis is not the same. For example, for thrombus found in 
aneurysmal segments of the infrarenal aorta, there is both 
a beneficial role (ie, containing a dissection and preventing 
rupture) and an ongoing deleterious process (ie, accelerat-
ing vascular injury and aneurysmal growth).7,8 The venous 
system does not respond as favorably. No good comes from 
having thrombus present in a vein. Venous thrombus is also 
not an inert entity; rather, thrombus is composed of many 
cells, including leukocytes and platelets, that are very much 
alive and secreting molecules that damage blood vessels. 
We previously reported a change in the circulating platelet 
phenotype in patients with coronary artery disease. Platelets 
and thrombus extracted from patients continued to secrete 
enzymes, including matrix metalloproteinases (MMPs), to 
distant sites.9,10 MMPs are well known for remodeling blood 
vessels. When blood vessels remodel, the intricate physiol-
ogy (the local endothelial cell production of dilator and 
constrictor molecules) is altered. When thrombus stays in a 
blood vessel for a length of time, the thrombus composition 
changes, making it more adherent to the blood vessel wall. 
These aberrant events change the anatomy and physiology 
of the blood vessel.
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In addition, proteins from which a thrombus is comprised 
undergo conformational changes as the thrombus ages; this 
alters the intricate chemistry required in the substrate bind-
ing site of enzymes, especially tissue plasminogen activator 
(tPA). Thus, as an investigator and a clinician who treats 
patients with PE, I am not surprised that some patients with 
PE are resistant to tPA.

Lastly, let’s discuss one commonly used metric in PE: right 
ventricular (RV) dysfunction. We often find ourselves focus-
ing on the RV/LV ratio but don’t always consider the cause 
of RV dysfunction. I encourage all physicians to ask “why” in 
addition to “what.” RV dysfunction comes from prolonged 
and/or persistent perfusion defects in the upstream pulmo-
nary vasculature. The heart is an innocent bystander. We 
need to focus on the thrombus because that will help us 
understand why RV function changes.

The literature suggests that close to one-third of 
patients fail to clear thrombus up to 1 year after 
index PE when receiving anticoagulation with or 
without thrombolytics agents added.11-13 Why 
do some patients clear thrombi on their own or 
with the aid of a thrombolytic agent, while others 
seem resistant to a pharmacologic approach? 

There are lessons to learn from our work in platelet 
biology. The fundamental biology of a platelet can change 
based on the vascular disease it is exposed to (eg, coronary 
artery disease, peripheral artery disease, abdominal aortic 
aneurysms).9,14,15 This means that some patients may not 
respond as predicted to medications. The same concept 
likely applies to the coagulation cascade and thrombolysis. 
To me, the best analogy is a lock and key. Every patient’s 
thrombus is structured with locks (fibrin attachments) 
in areas easily accessed by the key (plasminogen). If the 
lock and key concept (which is a simple way to visualize 
the activity of tPA) stops working—likely in aged, fibrotic 
thrombus—thrombolysis and thrombus resolution will be 
less likely. Therefore, patients with VTE frequently fail to 
completely resolve their thrombus.11,16 Unfortunately, we 
cannot predict who will and will not respond to tPA. This is 
an important area of basic research to explore.

In addition to the limitations of thrombolytic drugs, 
other approaches such as thrombus maceration have been 
attempted but did not resolve the problem. I personally feel 
that thrombus maceration is not in a patient’s best interest 
because solving the hemodynamic problem (RV failure) 
often comes at the consequence of the secondary problem 
of oxygenation. Thrombus is a biologically active entity, and 
thrombus maceration may release inflammatory cytokines 
and toxic enzymes into the bloodstream. I believe that early 
thrombus extraction offers the best possible solution for 
patients with VTE, but we need more data.

Understanding there is much research still 
needed in the VTE field, how should the field 
approach VTE given what you outlined?

Although I spend a lot of time as a scientist thinking 
about and studying the process of thrombus, I deeply care 
about my time spent with patients in the clinic, where 
I have witnessed firsthand the suffering endured due to 
residual venous thrombus.

To this end, I think about venous thrombosis in very 
simple terms. Let’s be more aggressive: remove the clot as 
soon as it is diagnosed and don’t give blood vessels time to 
remodel. Our current risk stratification models for PE, such 
as the Pulmonary Embolism Severity Index (PESI) score, 
focus only on who might die acutely without considering 
the longer-term implications. It is important to recognize 
why patients with PE do not do well (ie, have residual 
thrombus) and consider this downstream consequence at 
the time of acute PE diagnosis.

In PE, I think this treatment effect may be even more 
pronounced. There is something special about the pulmo-
nary vascular circulation that makes it behave differently 
from any other vascular bed (eg, responsiveness to oxy-
gen tension, difference in expression of ion channels that 
control blood vessel tone and blood flow). If thrombus 
remodels pulmonary arteries (PAs), the delivery of oxygen 
is affected—and the vascular bed of the lung is very sensi-
tive to changes in oxygen. The PA has completely different 
physiology compared with other blood vessels. The bottom 
line is that with new tools available to extract clot, the field 
will shift to this treatment approach. I am optimistic about 
future research results because I believe this approach will 
be game-changing for patients with VTE.
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Successful FlowTriever 

Thrombectomy After Failed 

Thrombolysis in a Patient With 

Massive PE Postcardiac Arrest

A 75-year-old male smoker presented with dyspnea 
to the emergency department via emergency medi-
cal services (EMS). EMS noted that his initial oxygen 
saturation was 86% on room air and improved to the 
low 90% range on therapy with a nonrebreather mask. 
On arrival, he was in respiratory distress and did not 
indicate a history of VTE. He quickly deteriorated and 
eventually stopped breathing, experiencing cardiac 
arrest. Two rounds of cardiopulmonary resuscitation 
were performed, and one dose of epinephrine was 
administered. Spontaneous circulation was achieved, 
with a heart rate of 70 bpm and sinus rhythm. The 

patient was then intubated and sedated. However, even 
with the endotracheal tube checked for correct place-
ment and bilateral breathing sounds, his oxygen satura-
tion remained at approximately 70%. After consulting 
with the intensive care unit (ICU) team, the patient 
was admitted to the ICU, and diagnostic imaging was 
ordered to evaluate for a potential PE. Chest CTA 
revealed a large saddle PE and RV strain (Figure 1A), 
leading to activation of the resident PE response team 
and the decision to initiate thrombolytic therapy. 
Despite receiving a full dose of tPA (100 mg), the 
patient’s condition continued to deteriorate over the 
next few hours, with oxygen saturation remaining at 
approximately 70%. This prompted the decision to 
intervene with FlowTriever (Inari Medical) mechanical 
thrombectomy approximately 4 hours after thrombo-
lytic therapy initiation.

PROCEDURAL OVERVIEW
The patient was transferred to the interventional 

radiology suite and prepared in a sterile fashion. Access 
was achieved via a right transfemoral approach, and 
a 22-F DrySeal sheath (Gore & Associates) was placed 
and advanced into the inferior vena cava. Subsequently, 
a selective pulmonary catheter was advanced into the 
main PA, and bilateral selective pulmonary angiograms 
were obtained, which demonstrated extensive throm-
bus within the right lower lobe PA. The Triever20 (T20) 
aspiration guide catheter (Inari Medical) was then 
advanced into the PA to target the right interlobar 

artery and basal trunk (Figure 1B). The T20 
was positioned adjacent to the thrombus, 
and a vacuum was manually created by pull-
ing back a 60-mL custom syringe connected 
to a side port tubing connector. When 
released, this vacuum created a powerful suc-
tion, allowing for thrombus retrieval through 
the catheter and into the syringe. Two aspira-
tions were performed in this manner, which 
resulted in significant thrombus removal 
(Figure 1C). Repeat angiography demon-
strated restored perfusion and almost no 
residual thrombus. The patient tolerated the 
procedure well without any complications. 
He was extubated less than 24 hours later, 
with oxygen saturation > 97% on room air. 
A follow-up CT scan 6 weeks later showed 
complete resolution of the PE (Figure 1D).

DISCUSSION
We were able to extract large amounts of 

organized thrombus (Figure 1C) in a critically 
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Figure 1.  Preintervention CTA (A). PA angiography during thrombec-

tomy showing the advanced T20 aspiration guide catheter (B). Extracted 

organized thrombus (C). Follow-up CTA (D).  
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ill patient with PE who was initially treated with throm-
bolysis. Older, more organized thrombus can present a 
challenge for lytic approaches because an initially fibrin-
dominant state remodels over time to a fibrotic col-
lagenous framework that is resistant to thrombolysis.1-3 
A failure to respond to thrombolysis is not uncommon 
in PE. A 2006 study by Meneveau et al showed that 40 
(8.2%) massive PE patients did not respond to thrombol-
ysis after 36 hours and continued to severely deteriorate. 
Importantly, in those who failed thrombolytic treatment, 
rescue surgical embolectomy led to a better in-hospital 
course compared with repeat thrombolysis.4 

In our case, we had the opportunity to effectively 
treat the patient with a nonsurgical option: the Inari 
FlowTriever System. Because the patient continued to 
deteriorate, it was not an option to allow more time 
for thrombolysis to possibly take effect. In our experi-

ence, FlowTriever provided a valuable rescue option, 
allowing us to quickly treat a patient who continued to 
deteriorate after thrombolysis. Not only were we able 
to remove his emboli rapidly, but we also saw immedi-
ate stabilization of hemodynamics and fast improve-
ment in the patient’s oxygenation status. Finally, the 
6-week follow-up confirmed the PE had fully resolved, 
highlighting how an initially complex case presentation 
was quickly and successfully treated with FlowTriever 
thrombectomy.
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Extensive Thrombolysis-Resistant 

DVT Successfully Treated With 

ClotTriever Thrombectomy

A 67-year-old smoker with history of hypertension 
and diabetes mellitus was transferred to our depart-
ment for DVT management due to bilateral leg swell-
ing. He had a history of diverticulitis and a recent but 
resolved gastrointestinal bleed that prompted pro-
longed hospitalization. During his hospital stay, a com-
prehensive workup uncovered meningioma, and he was 
furthermore diagnosed with extensive bilateral DVT. 
The meningioma surgery was postponed to a future 
date, but his symptomatic DVT warranted immediate 
intervention. Ultrasound-assisted catheter-directed 
thrombolysis (CDT) was initiated with the EkoSonic 
endovascular system (Boston Scientific Corporation) 
after the patient was cleared to receive the treat-
ment by both his gastrointestinal and neurosurgery 
teams. After 24 hours of thrombolysis, the patient was 

brought back to the catheterization laboratory for 
removal of the catheter and follow-up venography via 
right popliteal access. Post-CDT venography revealed 
persistent extensive thrombosis of the right femoral 
vein, right common femoral vein, and right iliac vein 
(Figure 1A and 1B). To address this thrombolysis-
resistant occlusion, the decision was made to perform 
mechanical thrombectomy with the ClotTriever System 
(Inari Medical).

PROCEDURAL OVERVIEW
The 6-F sheath that was in place for venography was 

exchanged with the dedicated 13-F ClotTriever special-
ty sheath. The ClotTriever sheath has an attached fun-
nel to maximize thrombus capture and allow insertion 
of the ClotTriever catheter over a 0.035-inch guidewire. 
After advancing and positioning the ClotTriever tip 
beyond the thrombosed vessel segments, the catheter 
was unsheathed, deploying the laser-cut coring ele-
ment with its attached woven nitinol collection bag. 
Thrombectomy was performed by slowly pulling the 
ClotTriever catheter back toward the sheath, coring 
thrombus from the vessel wall. Once the initial pull-
back was completed, the ClotTriever catheter was col-
lapsed and removed from its sheath. Outside the body, 
collected thrombus was cleaned off the device to pre-
pare it for reinsertion. The process was repeated two 
additional times for a total of three passes, and a sig-
nificant amount of organized thrombus was collected. 
Due to further persistent stenoses in the right iliac 
and mid saphenous veins, balloon angioplasty of both 
segments was performed, followed by intravascular 
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ultrasound and fluoroscopy-guided stenting of an iliac 
compression (consistent with May-Thurner syndrome) 
using a 16- X 60-mm Wallstent (Boston Scientific 
Corporation). Follow-up venography confirmed an 
excellent result, with a patent Wallstent and no residual 
thrombus in the treated segments (Figure 1C and 1D). 
After removing all catheters and the sheath, hemostasis 
was achieved via mattress suture. The patient toler-

ated the procedure well with no complications. His 
treatment plan included anticoagulation for the next 
6 months, after which neurosurgery was planned to 
address the meningioma.

DISCUSSION
We successfully treated an extensive thrombolysis-

resistant DVT with ClotTriever thrombectomy and 
subsequent iliac vein stenting. The removal of large 
amounts of organized thrombus highlights the poten-
tial to successfully address DVT with ClotTriever 
thrombectomy, independent of thrombus age 
(Figure 1E). Thrombus can remodel to a state that is 
resistant to anticoagulation and thrombolytic therapy 
as soon as 15 days after formation,1 which can cause 
long-term adverse consequences for patients. In a study 
of various combinations of CDT and pharmacomechan-
ical thrombolysis, Avgerinos et al reported an immedi-
ate treatment failure in 12% of patients.2 Importantly, 
both the Avgerinos et al study and comparable work 
by Haig et al showed that primary patency loss was 
significantly associated with incomplete thrombolysis 
and patency was linked to PTS risk.2,3 Leaving a patient 
with residual vascular obstruction after DVT treatment 
not only influences PTS risk4 but has also been linked 
to a higher risk for DVT recurrence.5-7 Based on these 
data, a strategy of acutely removing as much thrombus 
burden as possible seems desirable. 

In this case, the ClotTriever mechanical thrombec-
tomy device was highly effective in removing organized 
thrombus, allowing us to achieve an excellent result 
with no residual vascular obstruction. The novel device 
adds a valuable option for treatment of both acute 
and thrombolysis-resistant DVT. Future studies are 
needed to determine the potential of the ClotTriever 
to improve longer-term clinical outcomes.  n
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Figure 1.  Venography of the iliac and common femoral 

vein (A) and femoral vein (B) after 24 hours of CDT and before 

ClotTriever thrombectomy. Venography of the iliac and com-

mon femoral vein (C) and superficial femoral vein (D) after 

ClotTriever thrombectomy. Removed organized and throm-

bolysis-resistant thrombus (E).
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