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Abstract 

Objective.  Indocyanine-green videoangiography (ICG-VA) is a precious tool to assess vessels 

and aneurysm patency during neurovascular surgical procedures. However, ICG-VA highlights 

vascular structures, which appear white over a black background. Therefore, anatomical 

relations are sometimes not easy to understand at first glance. The recently developed dual-

image videoangiography (DIVA) enables the simultaneous visualization of both light and 

near-infrared (NIR) fluorescence images of ICG-VA. 

Methods. The DIVA system was mounted on OPMI Pentero Flow 800 intraoperative 

microscope (Carl Zeiss Meditec, Jena, Germany). DIVA was used during microsurgical 

procedures on 5 patients, who were operated for aneurysm clipping and STA-MCA bypass. 

Results. DIVA provides real time simultaneous visualization of both aneurysm and vessels 

and surrounding structures, as brain, nerves, and surgical clips. Although visual contrast 

between vessels and background is higher with the standard black-and-white imaging, DIVA 

makes it easier to understand anatomical relations between intracranial structures. Moreover, 

it gives a better vision of the depth of field. 

Conclusions. DIVA has the potentials to become a widely used intraoperative tool to check 

the patency of intracranial vessels. It should be considered an adjunct to standard ICG-VA for 

a better understanding of vascular anatomy in relation to surrounding structures, and can 

have an impact in decision-making during surgery. 
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Introduction 

The monitoring techniques for blood flow and vessel patency during vascular neurosurgery 

have quickly developed in the recent years.1-4 Besides flowmetry and Doppler 

ultrasonography, the use of endoscope and indocyanine-green video-angiography (ICG-VA) 

have significantly improved the surgeon’s ability to assess aneurysm exclusion and patency of 

parent vessels and perforating arteries.5-18. Since Raabe et al introduced it in the clinical 

practice in 2003, showing its usefulness during neurovascular surgery, ICG-VA has proven to 

be particularly user-friendly, as it can provide a clear and real-time picture of vasculature 

during microsurgical operations.12 However, this technique has some limitations, like its 

qualitative-only nature, and the impossibility to observe surrounding structures as nerves, 

brain, and surgical clips, because the very clear fluorescent vessels appear white over a black 

background. 

The recently developed dual-image videoangiography (DIVA) enables the simultaneous 

visualization of both light and near-infrared (NIR) fluorescence images of ICG-VA.19 We used 

DIVA during surgery on 5 patients with cerebral aneurysm or MCA arteritis, and we evaluated 

its potentials as an adjunct to conventional ICG-VA. 

 

Materials and methods 

Microscope and DIVA system 

The OPMI PENTERO Flow 800 intraoperative microscope (Carl Zeiss Meditec, Jena, Germany) 

was used for the operations. The near-infrared color camera MINIRC-2000K (Mizuho, Japan. 

48mm x 48mm x 119mm; 0.3kg) was mounted on the PENTERO microscope in order to 

visualize DIVA during surgery. DIVA requires the same conventional ICG injection, without 

any need for additional injections. A bolus of 12.5 mg intravenous ICG was injected each time 

visualization of DIVA images was required. 

The objective lens of the microscope should be positioned 285 mm above the operative field. 

As described by Sato et al, the halogen lamp of the microscope illuminates the operative field 

with white light (wavelength 380-750 nm), and a xenon lamp connected to the microscope 

provides NIR fluorescence excitation light (wavelength 720-780 nm). In the camera unit, a 

special sensor unit with an optical filter processes visible light (400-700 nm) and NIR 

fluorescence emission light (800-900 nm). A color imaging process and an NIR imaging 

process detect visible light and NIR fluorescence emission light, respectively. A control system 

regulates visible light and NIR fluorescence images, which are subsequently overlaid and 

displayed on a high-definition monitor. As the visible light image is displayed with a 
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resolution of 1920 x 1080 pixels and the high-resolution NIR fluorescence image data are 

available with a resolution of 1280 x 720 pixels, the NIR image is overlaid in the center of the 

visible light image. The control system can change gray-scale NIR images to a designated color, 

selected from a palette of more than 256 visible colors. Green was selected because it is a non-

biological color.  

 

Patients 

DIVA was used during operation on 5 patients, who underwent surgery for unruptured 

aneurysm and MCA arteritis (Table 1). We performed a qualitative comparison between 

conventional ICG-VA and DIVA using both of them in each procedure. 

 

Results 

In patients 1 and 2 two clips were necessary for a complete exclusion of the aneurysm. In 

these cases, compared to ICG-VA, DIVA allowed us to better recognize the vascular anatomy 

despite the visual obstacle due to multiple clipping (Figures 1 and 2). In patients 1 and 3 

(bypass surgery), the long depth of field was clearer using DIVA than ICG-VA (Figures 1 and 3). 

In patient 4 we found a VA aneurysm with a very thick wall. Both ICG-VA and DIVA failed 

highlighting the aneurysm, although with DIVA the relations between the thick aneurysm 

dome and the surrounding structures were more evident (Figure 4). In patient 3, both ICG-VA 

and DIVA were effective showing the backflow through MCA after proximal clipping (Figure 

3). Both ICG-VA and DIVA showed good images of the thin-walled paraclinoid aneurysm 

(Figure 5). In particular, DIVA is useful in such cases because it shows vascular perfusion and 

the position of vascular structures in relation to the clinoid. 

 

Discussion 

The continuous effort to improve effectiveness and safety during neurovascular microsurgical 

procedures has led to the development of Doppler ultrasound, flowmetry, and ICG-VA. These 

tools have been progressively refined, and are nowadays currently adopted in the majority of 

Neurovascular Surgery departments in developed countries. Particularly ICG-VA has proven 

to be very helpful not only to confirm aneurysm obliteration, but also to visualize parent 

vessels, perforating arteries, and veins, enabling a comparison between pre-clipping and post-

clipping vasculature patency.5,6,8,12-14,16,18,20 Despite its great value in the routine surgical 

practice and its user-friendliness, ICG-VA has the limitation that NIR fluorescent vessels are 

seen on a black background. Therefore it is not possible to immediately appreciate the 
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relationship between the fluorescent vessels and other structures, as brain, nerves, surgical 

clips, or even particularly tiny vessels, which have been inadvertently obliterated. 

In order to find a solution to this problem, Martirosyan and colleagues realized a fluorescence 

angiography with augmented microscopy enhancement (FAAME), and published it in 2015.21 

This system allows green-fluorescent NIR images to be superimposed to white light 

anatomical field. After applying FAAME during ex vivo and in vivo animal studies, the authors 

noted that this technique helped to identify small vessels covered with a thin connective 

tissue. This is potentially useful in many situations, as the dissection of the superficial 

temporal artery for bypass procedures.  

In a recent publication, Sato and colleagues described a similar intraoperative imaging system 

to simultaneously visualize both light and near-infrared fluorescence images of ICG-VA.19 

They called this system DIVA (dual-image videoangiography), and they applied it on 17 

Japanese white rabbits, and later on 15 patients who underwent neurovascular surgery. 

Green was selected as the color for NIR fluorescence, as it is usually not evident in living 

tissues and it provides a clear contrast with the background brain. In this study, the authors 

claimed that DIVA offered a better understanding of vessels and flow compared to 

conventional ICG-VA. Only 15 patients have been operated with the aid of this new technology 

so far, and certainly more data need to be collected from different Institutions.  

Our short experience showed that DIVA is actually effective to highlight vessels preserving the 

vision of the surrounding structures. This implies the great advantage for the surgeon to be 

able to immediately recognize the relations between vessels, aneurysm, brain, and nerves at 

the first glance. Moreover, surgical clips hamper the vision of ICG-highlighted vessels that stay 

behind them. Although this is true for both ICG-VA and DIVA, DIVA allows a more clear vision 

of the clips position, which is particularly helpful especially in the case of multiple clipping. 

We also noticed that while ICG-VA flattens all structures on a single layer, DIVA preserves the 

field depth, and its resolution is high even in deep fields thanks to the high-resolution video 

system. Conversely, ICG-VA has been shown to have a suboptimal quality because increased 

magnification in narrow and deep fields decreases spatial resolution and light 

intensity.5,17,18,20,22 This is particularly useful when the surgical field is narrow and deep, or in 

areas where many vascular structures are present at different depths, as in our patient 1. Sato 

et al claim that DIVA is valuable in the detection of obstructed flow through very small vessels, 

which could be overlooked without the reference of normal anatomy.19 We agree on that. 

However, in our opinion ICG-VA has better image contrast, which is also precious to detect 
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tiny vessels. This feature enables ICG-VA to better emphasize, at least in those aneurysms 

with a very thin wall, the blood flow inside the aneurysm dome. 

The need for a better detection of vessels patency at deep operative corridors prompted 

surgeons to investigate new intraoperative imaging techniques. Sodium fluorescein video-

angiography has also been proposed to this purpose.23 However, despite its improved 

resolution and the possibility to overlap light and fluorescein-enhanced images, it requires 

the administration of a second drug after ICG, as it has been shown to be complementary to 

ICG-VA.  

Overall, we think that the first clinical results using DIVA are very promising, since it makes 

often easier to quickly recognize the vascular anatomy and the anatomical relations between 

structures, also when they are located at different depths. However, DIVA should not replace 

standard ICG-VA at this stage. It is rather a precious adjunct. The simultaneous use of both 

systems can be a valuable tool for surgeons during microvascular operations. 

 

Conclusions 

Although image contrast between vascular structures and background is higher with standard 

ICG-VA, DIVA not only excellently highlights vessels, but also provides simultaneous 

visualization of the surrounding structures. Therefore the anatomical and functional picture is 

immediately clear at first glance, without any need to switch camera. Moreover, the depth of 

field is more evident with DIVA than with standard ICG-VA. This technique, which should be 

an adjunct and not a replacement of standard ICG-VA, can improve intraoperative decision-

making during neurovascular surgical procedures. 
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commercial, or not-for-profit sectors.
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Figure legends 

Figure 1. Patient 1. A), B), and C) show the isolated aneurysm with light, ICG-VA, and DIVA 

images, respectively. D), E), and F) show the anatomy after positioning the first clip with light, 

ICG-VA, and DIVA images, respectively. G), H), and I) show the final picture after second clip 

positioning, with light, ICG-VA, and DIVA images, respectively. 

 

Figure 2. Patient 2, affected by left ICA aneurysm as shown with light (A), ICG-VA (B), and 

DIVA (C) images. First clip positioning with light (D), ICG-VA (E), and DIVA (F) images, 

respectively. A second clip is required to secure the aneurysm, as shown by light (G), ICG-VA 

(H), and DIVA (I) images, respectively. 

 

Figure 3. Patient 3 with right MCA arteritis. A) cortical anatomy; B), and C) cortical perfusion 

with ICG-VA and DIVA images, respectively. D) isolated MCA and its perfusion with ICG-VA (E) 

and DIVA (F). G) Proximal MCA clipping. Backflow is visible with both ICG-VA (H) and DIVA (I). 

J) STA-MCA bypass with good perfusion as shown by ICG-VA (K) and DIVA (L). 

 

Figure 4. A) 3D CT reconstruction of right VA aneurysm. B) Intraoperative view reveals a 

thick, whitish wall. C) ICG-VA is not able to visualize the aneurysm because of the thick wall. 

D) Also DIVA is not visible through the aneurysm wall, but it provides perfusion data 

preserving the vision of all anatomical structures. E) Wrapping of the aneurysm. 

 

Figure 5. Right ICA paraclinoid aneurysm before (A) and after clipping (B). C) and D) ICG-VA 

images before and after clipping, respectively. E) and F) DIVA images before and after clipping, 

respectively. 
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Table 1. Patients demographics and vascular diseases 

Patient Sex, age Vascular disease Symptoms Surgery 

1  F, 70 Unruptured Rt MCA 

aneurysm 

None Clipping 

2 M, 62 Unruptured Lt ICA 

aneurysm 

None Clipping 

3 F, 48 Rt MCA arteritis TIA last year (lt paresthesia and 

facial paralysis) 

STA-MCA bypass 

4 M, 58 Unruptured Rt VA 

aneurysm 

None Wrapping 

5 M, 33 Unruptured Rt ICA 

paraclinoid aneurysm 

None Clipping 

 

F: female; M: male; Rt: right; Lt: left; MCA: middle cerebral artery; ICA: internal carotid artery; 

VA: vertebral artery; STA: superficial temporal artery; TIA: transient ischemic attack 
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Highlights 

1) Dual-image videoangiography enables simultaneous visualization of both light and near-

infrared images  

2) Anatomical relations between vessels and other structures are clearer with dual-image 

videoangiography 

3) Dual-image videoangiography provides a better vision of the depth of field compared to 

indocyanine-green videoangiography 
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Abbreviation list 

DIVA  dual-image videoangiography 

FAAME fuorescence angiography with augmented microscopy enhancement 

ICG-VA indocyanine-green videoangiography 

MCA  middle cerebral artery 

NIR  near-infrared 

STA  superficial temporal artery 


