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Abstract: Background: SFA disease accounts for approximately 40% of the symptomatic peripheral artery disease.
Atherosclerosis and thrombosis both contribute in the progression of the peripheral arterial disease. Conventional angiography
provides little information about the amount of the thrombus burden. Limited data exists on the use of OCT for the evaluation of
PAD. Methods: We performed OCT in three patients with SFA disease who underwent peripheral angiogram from January 2011
– December 2014. Using custom-based imaging software we performed 3D reconstruction and quantification of intraluminal
thrombus. Results: We identified thrombus formation in all three patients despite absence of evident thrombosis with invasive
angiography. The length of the clot ranged from 12.6 - 47.7 mm and the volume from 11.19 - 43.26 mm3). Conclusion:
Atherosclerosis and thrombosis both contribute in the progression of the peripheral arterial disease. OCT can accurately quantify
the length and the volume of the clot burden. Larger studies are needed to assess their clinical importance in the prevention and
management of PAD.
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1. Introduction
Superficial femoral artery (SFA) disease accounts for
approximately 40% of the symptomatic peripheral artery
disease (PAD) and remains a common cause of critical limb
ischemia (CLI) and lower extremity amputation. Intra-arterial
thrombosis plays a key role in the disease process[1-4]. When
the disrupted atherosclerotic plaque is exposed to blood, tissue
factor and other procoagulant molecules, such as thrombin, an
accelerated activation of platelets and formation of fibrin leads
to the formation of intraluminal thrombi[5]. Conventional
angiography provides little information about the amount of

the thrombus burden. Intravascular optical coherent
tomography (OCT), a novel laser light based imaging
modality with a fine axial resolution of 10 micrometer (µm)
offers superior sensitivity and specificity for the identification
and accurate description of intraluminal thrombus[6]. However,
to date quantification of the total clot burden has not been
described.

2. Methods
We hypothesized that three-dimension (3D) reconstruction
of the OCT studies could yield accurate quantification of the
intra-arterial thrombus burden. We retrospectively studied
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three patients who underwent peripheral angiogram and OCT
evaluation of the SFA from January 2011 – December 2014.
The indication for the peripheral angiogram was
“lifestyle-limiting claudication”, Rutherford Class III. As
there are not currently official guidelines for the use of OCT in
the peripheral arterial circulation, OCT was used to optimally
visualize and describe the extent of the PAD. The region of
interest was the segment of the SFA with obstructive
atherosclerosis.
After invasive angiography, OCT imaging of SFA was
performed using a St. Jude OCT (Optical coherence
tomography) C7-XR system (St. Paul, MN) following power
injection of 80% contrast and 20% saline at 8 ml/sec for 5
seconds. Thrombus was defined as a typically jagged
protrusion into the luminal space of material with a
homogenous texture. In one patient with chronic total
occlusion (CTO) of the SFA low pressure balloon
angioplasty was performed to re-establish blood flow and
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allow the passage of the OCT catheter (Figure 1). Using
LabVIEW (National Instruments, Austin, TX) custom-based
imaging software, each frame of the OCT pullback was
analyzed by manually tracing thrombi boundaries (Figure 2).
We confirmed that the OCT image quality was optimal and
we included only the frames with optimal delineation of the
lumen boundaries. All the image pixels of the clot were
counted and then converted to a volume by calibrating the
catheter to a 1 mm diameter. Thrombi boundaries were
interpolated to provide a 3D visualization with ImageJ
(custom imaging software) and volumetric quantification of
the thrombus burden in the region of interest. ImageJ
(National Institutes of Health, Bethesda, MD, USA) is a
public domain, freely available, cross-platform (e.g.,
Windows, Mac, Linux) image processing and analysis
program developed by the National Institute of Health (NIH)
which has been allows three dimension reconstruction and
quantification[7,8].

Figure 1. (A-E). Example of a 62 year-old male with a CTO of the SFA. A. Peripheral angiography showing total occlusion of the superficial femoral artery
(SFA). B. Successful recanalization of the SFA occlusion following percutaneous intervention with balloon angioplasty and stent placement. C. OCT imaging
showing intraluminal clot at 1’o clock position after low-pressure balloon angioplasty. D-E. 3D reconstruction of the clot. CTO: Chronic total occlusion. SFA.
Superficial femoral artery. OCT: Optical coherence tomography.
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4. Discussion

Figure 2. Example of clot quantification using OCT: OCT frame showing
thrombi traced in green.

3. Results
OCT was successfully performed in all three patients. We
identified thrombus formation in all three patients despite
absence of evident thrombosis with invasive angiography.
After identifying and analyzing the thrombi boundaries via
OCT images, we performed a volumetric analysis for
quantification and 3D reconstruction of the total clot burden.
In the first patient the clot was of a moderate length (24.4 mm)
but large in volume (43.26 mm3). In the second, the clot
involved a longer arterial segment (47.7 mm) but the overall
volume was smaller (11.19 mm3). The third patient had a
smaller identifiable clot of 12.6 mm in length and 4.66 mm3 in
volume. The results of our analysis (thrombus length, volume
and 3D reconstruction) is shown in table 1 and figure 3.

Early autopsy and surgical studies in the 50s and 60s
demonstrated that atherosclerosis and thrombosis coexist in
the progression of the “arterial occlusion”[1,2,9]. In the
TRA2P-TIMI 50 trial, the study of fresh arterial samples
obtained at the time of peripheral bypass surgery showed
thrombus occlusion which had undergone organization and
recanalization[10].
OCT has been extensively used in the coronary circulation
for the identification and optimal description of thrombus
formation[11]. Moreover, the feasibility of OCT in the
femoropopliteal arterial circulation has been previously
described. In previous studies OCT was used to describe the
extent of atherosclerosis, plan consequent intervention and
facilitate decision making on the size and length of
angioplasty devices (balloons or stents) or to evaluate the
results of a previous intervention (restenosis, thrombosis,
dissection etc)[6,12,13]. To our knowledge, this is the first report
of OCT use for the quantification of intraluminal thrombus in
the peripheral circulation. We have demonstrated that
intravascular OCT can in vivo visualize and quantify thrombus
in patients with PAD. The role, type, strength and duration of
antiplatelet and anticoagulation after percutaneous
interventions is currently unclear[14-18]. Information about the
total clot burden may influence the type of endovascular
strategy, the use of antiplatelet, anticoagulation or
thrombolytic agents and the use of embolic protection devices.

5. Conclusion
Atherosclerosis and thrombosis both contribute in the
progression of the peripheral arterial disease. OCT can
accurately quantify the length and the volume of the clot
burden. Larger studies are needed to assess their clinical
importance in the prevention and management of PAD.
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Table 1. Quantification of thrombus length and volume via OCT.
Patient ID
Patient 1
Patient 2
Patient 3

Length (mm)
24.4
47.7
12.6

Sum volume (mm3)
43.26
11.19
4.66
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