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Abstract
Background
The introduction of indocyanine green videoangiography (ICGV) has impacted significantly the practice of
operative microneurosurgery over the past decade. Several clinical studies have compared the use of ICGV to
conventional catheter intraoperative digital subtraction angiography (DSA) during aneurysm surgery. We
describe our experience with the combined use of ICGV and DSA in this setting.

Material & Methods
From January 2010 to December 2012, we performed both ICGV and intraoperative DSA in 235 consecutive
aneurysm surgeries. Immediately after clip placement, ICGV was performed; if a problem was identified, the
clip was removed and then repositioned or additional clips were added and ICGV repeated. Once the ICGV
appearance was acceptable, DSA was then performed by an interventional neuroradiologist through a
femoral arterial sheath that was placed either immediately preoperatively or during surgery. The number of
cases in which ICGV as well as subsequent DSA resulted in clip repositioning or additional clip placement
was assessed.

Results
Diagnostic images were obtained using ICGV in 230 of 235 cases and using DSA in 234 of 235 cases. After
aneurysm clipping, ICGV resulted in clip removal and repositioning in seven cases when poor distal flow was
encountered and the addition of extra clips in six cases to address clear residual aneurysm filling. When
ICGV appeared satisfactory, DSA then resulted in clip repositioning in four instances of parent artery
stenosis and the addition of extra clips in five cases of large, giant, or atheromatous aneurysms when
additional filling not seen with ICGV was detected. Overall, ICGV resulted in a change in 13 cases, and then
subsequent DSA resulted in a change in an additional nine cases. Our combined paradigm thus effected a
change in the surgery in a total of 22 cases (9.3%).

Conclusion
In our experience, ICGV carries the distinct advantages of rapid feedback of information and excellent
visualization of local perforators, while DSA provides optimal visualization of residual aneurysm and non-
flow-limiting parent artery stenosis. Their combined use may provide optimal information to microsurgeons
who continue to operate on intracranial aneurysms.
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Introduction
In the past decade, indocyanine green videoangiography (ICGV) has made a significant impact in the field of
neurovascular surgery [1-7]. Several clinical studies have compared the use of ICGV to conventional catheter
intraoperative digital subtraction angiography (DSA) as methods to approach aneurysm surgery [8]. Most
reports have generally emphasized the usefulness of ICGV in place of DSA [9]. We relied solely on
intraoperative DSA in all aneurysm surgeries prior to 2010 and described our experience with more than
1,000 cases of intraoperative DSA at the American Academy of Neurological Surgeons annual meeting in
2008. After introducing ICGV into our aneurysm surgeries in 2010, we began to compare the effectiveness of
the two modalities for intraoperative evaluation of aneurysm clipping. We have found the combined use of
ICGV and DSA may represent the most effective strategy for maximizing the safety and efficacy of aneurysm
surgery, as each method offers different, yet complementary information. This report details our experience
with a policy combining the routine use of DSA and ICGV for intraoperative assessment during aneurysm
surgery.
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Materials And Methods
From January 2010 to December 2012, we performed both ICGV and intraoperative DSA in 235 consecutive
aneurysm surgeries. Immediately after clip placement, ICGV was performed using intravenous injection of
25 mg of indocyanine green dissolved in 5 ml of solvent administered over a rapid intravenous injection
period followed by a limited 5 ml saline fluid flush through the same intravenous catheter. If a problem was
identified, the clip was removed and then repositioned and ICGV repeated or additional clips were added
(Figures 1-3) (Videos 1-3). Once the ICGV appearance was acceptable, DSA was then performed. All DSA
cases were performed by an interventional neuroradiologist through a femoral arterial sheath that was
placed either immediately preoperatively or during surgery. The number of cases in which ICGV as well as
subsequent DSA resulted in clip repositioning or addition of clips was assessed. Approval from our
Institutional Review Board (Health East Care System, St. Joseph Hospital, St. Paul MN) was obtained. We
used our Neuro-registry (Nussbaum.Defillo) as a source of data. All patients were consented prior to
surgery/Data collection. IRB protocol # HE 1403001.

FIGURE 1: Microsurgical photograph demonstrating MCA atheromatous
aneurysm

FIGURE 2: Showing the surgical clip demonstrating what seems to be a
complete obliteration of the aneurysm fundus
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FIGURE 3: Microsurgical photograph demonstrating an anterior
choroidal artery small wide-necked aneurysm. Notice the internal
carotid artery-optic nerve characteristic anatomical landmark.

VIDEO 1: The ICGV demonstrated a residual neck with persistent
aneurysm filling which prompted repositioning of the clip and additional
clipping using tandem clipping technique.

View video here: http://youtu.be/XDkNYZPzIoY

VIDEO 2: ICGV demonstrating occlusion of the aneurysm with filling of
normal vasculature

View video here: http://youtu.be/E6gW9J02Mr8
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VIDEO 3: ICGV following clip reconstruction of a wide-necked MCA
aneurysm demonstrates obliteration of the aneurysm dome but residual
filling of the bulbous base of the aneurysm prompting clip replacement

View video here: http://youtu.be/qzAV7qIS0-U

Results
Diagnostic images were obtained using ICGV in 230 of 235 cases and using DSA in 234 of 235 cases. In one
DSA case, femoral access could not be obtained in a timely fashion, and the procedure was aborted. In five of
the ICVG cases, intravenous injection failed to present in diagnostic images obtained through the
microscope due to inadequate fluorescence.

After aneurysm clipping, ICGV resulted in clip removal and repositioning in seven cases with poor distal flow
(Figures 1-3) (Videos 1-3). The addition of extra clips in six cases was necessary to address clear residual
aneurysm filling. Once ICGV appeared satisfactory, DSA then resulted in clip repositioning in four instances
of parent artery stenosis and the addition of extra clips in five cases of large, giant, or atheromatous
aneurysms when additional filling not seen with ICGV was detected. Overall, ICGV resulted in a change in 13
cases, and then subsequent DSA resulted in a change in an additional nine cases. Our combined paradigm
thus effected a change in the surgery in 22 cases (9.3%).

Discussion
ICGV and intraoperative DSA have unique and distinctive advantages and disadvantages during aneurysm
surgery. DSA can be time-consuming, present additional risks associated with catheterization of the cervical
vessels, and may not adequately visualize smaller perforating arteries due to low resolution [10-11]. At the
same time, DSA provides excellent information regarding both exposed and unexposed vessels as well as
collateral supply and local arterial stenosis, which may be caused by an improperly placed aneurysm clip [3,
5, 12-16].

Intraoperative microscope-based ICGV provides easy, inexpensive, real-time information about the patency
of the parent vessels, visualization of blood flow, assessment of perforating arteries, and evaluation of
residual aneurysm sac filling [10]. Limitations of ICGV include atheromatous, calcified, and giant aneurysms
where thickened aneurysm walls may make it difficult to evaluate for residual aneurysm, deep-seated lesions
for which exposure is limited and thus residual aneurysm filling may be difficult to assess, and lesions with
hemodynamically significant spasm that may interfere with proper ICGV filling of the aneurysm [10, 13, 17].

Most importantly, only portions of the aneurysm and neighboring vasculature that are exposed in the
operative field are reliably identified with ICGV [18-22]. In addition, it may also be difficult to detect parent
artery kinking or stenosis with ICGV, when the ICG still fills the distal vasculature well and may not clearly
show a partial stenosis of the artery [17-18]. One could argue that such non-flow-limiting stenosis may be
inconsequential. However, the potential for delayed platelet aggregation or thrombosis does exist, and most
surgeons would likely reposition a clip if they knew it was causing a 50% stenosis. One of the ICG’s strongest
advantages is the exposure of small perforating arteries <0.5 mm in opposition to <3 mm vessels with DSA
[12].

Washington, et al. compared ICG to the gold standard intraoperative DSA during aneurysm surgery; the rate
of ICG–DSA agreement was 75.5%, compared to a discordance rate of 14.3%. Clip adjustments were based
on the presence of aneurysmal remnants. Differences between the techniques were attributed to obscuration
of the residual aneurysm or the affected vessel from the field of view and the presence of dye in the affected
vessel via collateral flow. Of note, there was a trend for ICG discordance in cases involving the anterior
communicating artery complex [13].

Other methods of intra-operative neuromonitoring, including electrophysiological [23-30], microvascular
Doppler sonography [21-25], and neuroendoscopy [31-35], have historically been used alone or in
combination with intra-operative DSA during aneurysm surgery [36]. Gruber, et al. compared the value of
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ICG with data simultaneously generated from other intra-operative monitoring and vascular imaging
techniques. ICG disclosed parent artery stenosis not detected by sonography in seven of the 123 cases.
However, neuroendoscopy disclosed aneurysm misclipping in a single patient in whom ICG and DSA failed
to perceive the abnormality. Noteworthy, the information obtained from ICG and DSA corresponded in 120
of 123 (97.5%) aneurysm operations. In a single case within the same cohort, ICG underestimated a relevant
parent artery stenosis detected by DSA. Similarly, in two patients with relevant aneurysmal misclipping,
DSA and ICG led to conflicting results that could be clarified only when both methods were employed and
interpreted simultaneously. The authors concluded that different intraoperative monitoring and vascular
imaging methods were complementary rather than competitive [13].

From a resource standpoint, intraoperative monitoring adds to the cost of performing aneurysm surgery. It is
important for the surgeon to understand the individual and combined benefits of these technologies in
order to minimize cost. A report by the Barrow Neurological Institute detailed the evaluation of how the
rates of perioperative stroke, unexpected postoperative aneurysm residual, or parent vessel stenosis differed
in 100 patients from each era (2002 - ‘‘DSA era’’; 2007 - ‘‘ICG era’’). The clip-repositioning rate for neck
residual or parent vessel stenosis did not differ significantly between the two eras. There were no differences
in the rate of perioperative stroke or rate of false-negative studies; however, the per-patient cost of
intraoperative imaging within the DSA era was significantly higher than in the ICG era [1].

The incidence of residual aneurysm and parent artery occlusion on postoperative angiography generally
varies from 1.8% to 3.6% and 1.6% to 21%, respectively [5, 9, 15-16, 36-43]. The use of intraoperative
angiography during aneurysm surgery significantly alters the surgical procedure in 7% - 34% of cases. Under
certain circumstances, DSA may be more reliable than ICG, including cases where vessels are difficult to
visualize because of local hemorrhage or when they are outside the field of the microscope, and when
assessing for residual neck in calcified and thrombosed aneurysms. In addition, studies have analyzed the
value of clip repositioning rates for specific aneurysms and found ICG results to be questionable for
aneurysms located on the anterior communicating artery (AComA) and ophthalmic artery specifically [37,
44-45].

A combined approach, in our experience, using both modalities has proven highly effective as an
intraoperative strategy. ICGV provides a rapid assessment of the exposed vasculature and, in particular, the
local perforating arteries to ensure the structure have not been compromised. Intraoperative DSA is then
performed to confirm there is no “hidden” residual aneurysm neck or clip-induced parent artery stenosis.
From an intuitive perspective, this approach should offer maximal information regarding adequacy of clip
reconstruction. In an era when microsurgeons must increasingly produce results to justify treating
unruptured and highly complex lesions, the complementary information offered by the two modalities has
been integral to treating patients. As a practical concern, if a center only uses intraoperative DSA when it is
critically important, ability with the technique may be lost and it may be more difficult to obtain the needed
images in a timely fashion. Although the combined use of these techniques may provide optimal
information, it is important to consider the additional costs incurred.

Conclusions
Although, ICGV is being increasingly viewed as a substitute for intraoperative catheter DSA, we have found a
combined technique provides a comprehensive view of the vascular structures, allowing for a more informed
situation, and optimal patient outcomes. In our experience, ICGV carries the distinct advantages of rapid
feedback and clear layout of local perforators, while DSA provides optimal visualization of residual
aneurysm and non-flow-limiting parent artery stenosis.
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