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Abstract
The benefits and safety of carotid endarterectomy (CEA) for the treatment of carotid artery stenosis are well established.
Perioperative complications such as thrombosis, embolism, and subsequent stroke caused by technical error can potentially
prevented if detected and addressed while still in the operating room. Intraoperative duplex ultrasonography and arteriography are studies that are frequently employed to evaluate for defects following the procedure. Indocyanine green video angiography (ICGVA) is used frequently by vascular neurosurgeons in other procedures such as aneurysm clipping to directly
visualize the vessels and identify potential complications. Recently this technology was employed during three CEA cases for
evaluation of the carotid arteries intraoperatively. Good visualization was obtained in all three cases and no post-operative
complications were observed. ICGVA represents a safe, feasible, and easy to perform means of detecting operative complications of CEA. This is the first report of this technique being used for carotid endarterectomy in North America.

Introduction
The indications and benefits of CEA in the treatment
in carotid artery stenosis have been thoroughly evaluated
and documented. In carefully selected patients, surgical
intervention is superior to medical therapy for both symptomatic and asymptomatic patients in the prevention of
stroke [1,2]. The operative benefit of CEA is dependent
on the surgeon’s ability to perform the procedure with a
very low incidence of perioperative complications. Effort
is made to minimize postoperative thrombosis and embolism to avoid neurologic complications, such as stroke.
Most perioperative neurological events following this procedure are due to thromboembolic events with a significant portion stemming from technical defects, which are
largely preventable if detected early and reexplored [3-5].
The technical defects included irregularities in the suture
lines, at the proximal or distal extent of the endarterectomy site, or at the site of plication [5]. There is evidence
to suggest that otherwise occult technical defects can be
detected with intraoperative imaging and effectively corrected to avoid postoperative stroke [6-15]. Indocyanine
green video angiography (ICGVA) is an intraoperative
imaging technique, which can be used as an alternative
to intraoperative duplex and arteriography during CEA.

Methods
Our protocol is to perform near-infrared indocyanine
green video angiography before and after the excision of

the carotid incision was repaired and the plaque removal was completed. Patients undergoing a CEA received a
standard dose of 25 mg indocyanine green dissolved in 5
ml of water, which is roughly equal to 0.25 mg. Following
injection, ICG becomes NIR fluorescent after binding to
protein globulins in the blood with only a 10-20 second
latency period before visualization is possible. Florescence is induced when the dye comes in contact with the
NIR light within the operative field and was recorded
with a NIR instrument (infrared 800 module; Carl Zeizz
Surgical GmbH, Oberkochen, Germany) integrated in a
surgical microscope (OPMI Pentero; Carl Zeiss Surgical
GmbH, Oberkochen, Germany).

Results
The ICA is well visualized and easily interpreted. Below (Figure 1 and Figure 2) is a picture from before and
after the removal of the lesions. The technique allows for
real time visualization and inspection for flaps. The ad*Corresponding author: Vamsi Reddy, Department of
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Figure 1: The image on the left shows the real time image following right common carotid endarterectomy compared to the
ICG angiography image on the right which shows appropriate filling of the vessel and no intimal tears.

Figure 2: The image on the left shows a lesion and filling defect in the left internal carotid artery. The filling defect is resolved
on the image on the right and there is restoration of blood flow in the internal carotid artery.

ditional time added to the procedure is minimal. We are
yet to observe any adverse effects from ICG administration. No post-operative strokes have occurred.

Discussion
Three techniques have classically been the utilized
for perioperative evaluation of carotid endarterectomy;
continuous wave Doppler, duplex ultrasonography,
and intraoperative arteriography. Both intraoperative
duplex and arteriography are found to have equivalent
sensitivities for identifying major defects, but the sensitivity is believed to be higher for duplex in identifying
minor defects (87% vs. 59%) [3,8,16-19]. One commonly
cited advantage of arteriography is the ability to evaluate ICA distal to the surgical site, however it is unlikely
there would be technical defect in this area [20]. Additionally, intraoperative arteriography carries further risk
of complications including air emboli, intimal dissection, poor visualization of proximal carotid artery leading to inability to observe flap or clamp injuries in that
area, and stroke [9,16,20,21].
A larger study examined the utility of intraoperative
carotid Doppler studies and of 650 CEAs, 15 cases required surgical revision for technical defects discovered
using intraoperative Doppler [20]. Zero of the 15 patients were reported to have a post-operative stroke [20].
Todnem et al. J Neurosurg Res Rev 2018, 1(1):19-21

They reported the mean time for duplex scanning was 10
minutes with a standard deviation of 3 minutes, and that
they believe duplex to be the gold standard for intraoperative evaluation [20]. However, obtaining the equipment
and appropriate training to become proficient in ultrasonography is expensive and unpractical for most neurosurgeons. Adoption of intraoperative ultrasonography
likely would require they use an ultrasonography technologist to assist in the study.
Rockman, et al. conducted a literature review that
demonstrated the incidence of immediate intraoperative
revision based on results from intraoperative imaging
to range from 2.3-14.5% [4]. Addition they also report
the incidence of minor defects that were detected but
not revised was 20-40% [4]. Some argue minor defects
are a benign finding while others have demonstrated a
correlation with minor defects and late restenosis [4,22].
The study concluded that routine use of intraoperative
imaging studies did not appear to significantly improve
perioperative outcomes with regard to ipsilateral perioperative stroke or death [4]. Thus, the value of intraoperative studies remains uncertain although the source suggested selective use of intraoperative imaging techniques
when there was a specific concern [4].
While the value remains uncertain, multiple studISSN: 2643-6469 | • Page 20 •
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ies have demonstrated significant correlation between
technical errors in carotid repair and the development of
perioperative neurological deficits [1,2,5,23]. Despite this
fact, most surgeons do not routinely use any type of formal imaging study to identify defects in the arterial repair
and rely solely on technique and clinical inspection [4].
ICG video angiography offers a non-invasive method that
neurosurgeons are already familiar with to evaluate the
repair without significantly lengthening the procedure.

Conclusion
Intraoperative assessment of carotid endarterectomy
using ICGVA could be used to enhance the safety and
efficacy of CEA as it has with aneurysm surgery. This
real-time technique for intraoperative flow assessment
provides an alternative to intraoperative duplex and arteriography. ICGVA offers several advantages to intraoperative duplex and arteriography. There is no obstruction
from needle punctures, as experienced in arteriography.
No risk of traumatic dissection from contrast injection.
No risk of air embolism. No radiation exposure for either
the patient or the staff. This technique is already familiar
to vascular neurosurgeons who perform aneurysm surgery and can easily be adapted to CEA. ICGVA is safe,
easy to perform, interpret, and adds very little additional
time to the procedure.
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