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Abstract
Endovascular treatment of very small aneurysms is technically difficult, although recent advances
with coils, microcatheters and adjunctive techniques such as balloon- or stent-assisted coiling have
improved the outcomes. The microangiographic fluoroscope (MAF) is a new high-resolution x-ray
detector developed for neurointerventional procedures in which superior resolution is required
within a small field of view. We report the successful coil embolization of a very small ruptured
anterior communicating artery aneurysm using the MAF technique. The use of the MAF
facilitated the precision of the coiling procedure and was helpful in preventing catheter- and coil-
related intraprocedural complications.

INTRODUCTION
Endovascular treatment of very small aneurysms (≤3 mm) is technically challenging and
high rates of intraprocedural rupture have been reported.1-3 Recent advances with coils and
microcatheters and the use of adjunctive techniques such as balloon- or stent-assisted coiling
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have improved the outcomes of endovascular treatment of these aneurysms.4-6 The
microangiographic fluoroscope (MAF) is a new ultrahigh resolution x-ray detector
developed for neurointerventional procedures in which superior resolution (compared with
that afforded by standard x-ray image intensifiers) is required within a small field of view
(FOV).7-9 We report the results of an initial clinical application of the MAF during coil
embolization of a very small ruptured anterior communicating artery (AcomA) aneurysm.

CASE DESCRIPTION
An individual in their early 30s presented with fever, photophobia, meningismus and altered
level of consciousness 10 days after experiencing a sudden severe headache. A cranial CT
scan was negative for subarachnoid hemorrhage; however, a lumbar puncture revealed
xanthochromia in the cerebrospinal fluid without evidence of meningitis. On examination
the patient was somnolent but arousable with no focal deficits. The Glasgow Coma Scale
score was 13. A magnetic resonance (MR) angiogram showed severe vasospasm bilaterally
in the anterior cerebral arteries without an obvious aneurysm. Catheter-based angiography
confirmed severe vasospasm in the bilateral internal carotid artery (ICA) termini, A1
segments of the anterior cerebral arteries and M1 segments of the middle cerebral artery.
Treatment with intra-arterial verapamil and angioplasty resulted in significant improvement
in the patient’s vasospasm. With lessening of the vasospasm, a 2 mm AcomA aneurysm was
subsequently identified (figure 1). In light of the severe spasm, the patient was considered a
poor candidate for surgical clipping. The aneurysm was successfully coiled with the use of
the novel institutional review board-approved MAF (see online video). The MAF was
instrumental in evaluating the relationship of the microcatheter and extruding coil to provide
superior control and details of intra-aneurysmal microcatheter and coil behavior (figure 2).
Two Galaxy coils (2.5 mm32.5 cm and 2 mm31.5 cm; DePuy/Codman & Shurtleff, Johnson
& Johnson, Warsaw, Indiana, USA) were placed through a Prowler select LP ES
microcatheter (DePuy/Codman & Shurtleff, Johnson & Johnson). The patient did well and
made a full neurologic recovery. Follow-up angiography at 6 months showed complete
occlusion of the aneurysm.

MICROANGIOGRAPHIC FLUOROSCOPE AND IMAGING TECHNIQUES
The MAF detector has four major components arranged as shown in figure 3: a 300 mm
cesium iodide input phosphor, a dual-stage second-generation microchannel plate light
image intensifier (LII) attached to a minifying fiberoptic taper coupled to a charged-coupled
device chip (CCD). The phosphor, which is thinner than that used in conventional detectors,
has less light spreading, hence higher resolution. The light from the phosphor is converted in
the initial photocathode of the LII into electron beams that are accelerated through a high
voltage applied across the length of each parallel microchannel, thereby enabling the
electrons to collide with the walls of the microchannels with enough energy to knock off
additional electrons, which are in turn accelerated. The multiple collisions amplify the
electron beam which collides with the thin high-resolution output phosphor of the LII
resulting in an amplified optical image. The amplification in the LII is up to three orders of
magnitude, easily making up for any phosphor light losses in the subsequent fiberoptic taper
and CCD, and thus allowing the use of the detector in fluoroscopic as well as angiographic
exposureranges. The fiberoptic taper enlarges the FOVof the CCD as well as the 12 μm
CCD pixel size to a 35 μm effective pixel size, which is substantially smaller than the 150–
200 μm size of a conventional x-ray image intensifier or flat panel imager, thus enabling
higher resolution for the MAF, although over a smaller total FOV of 3.5 cm diameter. The
MAF detector is attached to the anteroposterior C-arm of an x-ray image intensifier biplane
angiographic unit and is controlled by custom-designed LabVIEW-based software
designated CAPIDS (Control, Acquisition, Processing, and Image Display System).9 The
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MAF was brought into place over the fluoroscope tube only when superior resolution over a
small FOV was necessary, such as during catheterization and coil embolization of the
aneurysm. The C-arm system automatically collimates the x-ray beam to the detector active
area where the catheterization and coil embolization took place to reduce the dose to the
patient. Optimal image quality is obtained when the detector was used with a small x-ray
focal spot and minimum geometric magnification. Despite the increase in exposure
parameters (about twice those selected by the x-ray system) due to the smaller pixels and the
reduced x-ray absorption of the thinner phosphor, the effective dose to the patient is actually
reduced by more than 10-fold compared with the dose from a standard commercial x-ray
neuroimaging system as a result of the small irradiation FOV of the MAF.10 Road mapping,
digital angiography and digital subtraction angiography are also available for clinical use
with the MAF system.

DISCUSSION
Endovascular treatment of very small aneurysms is technically difficult. Small aneurysms
tend to have a thin friable wall and a limited space for microcatheter placement and coil
embolization, leading to difficult coiling and higher rates of procedural rupture than for
larger aneurysms.111 Doerfler et al1 reported the procedural rupture rate to be five times
higher with aneurysms <3 mm. Recent advances in endovascular tools and techniques have
allowed endovascular treatment of very small aneurysms with improved results.4-6 In a large
series of 196 patients with aneurysms of ≤3 mm, van Rooij et al6 reported a procedure-
related morbidity rate of 3.2%, which was not significantly different from the rate for larger
aneurysms. Softer and complex coils, softer microcatheter tips and shorter stiff zones for
detachment of coils are thought to reduce the risk of microcatheter- or coil-related rupture
associated with the treatment of small aneurysms.12 Adjunctive techniques, such as balloon-
and stent-assisted coiling, help to prevent coil herniation from the small aneurysm dome and
the use of the jailing technique can provide additional stability to the microcatheter.4-613

However, as the tools and techniques for neurointervention continue to improve, we should
not forget the parallel need for improvement in imaging techniques as a synergistic means to
enhance our treatment ability. Microangiography represents one of the newest tools in our
imaging armamentarium. Compared with a standard fluoroscope, the MAF provides a much
higher image resolution in a small field, enabling superior road map navigation, and is ideal
for aneurysm catheterization and coiling.7 In the case presented here, the resolution achieved
allowed us to see the coils and the microcatheter tip in extreme detail, allowing a much
better appreciation of microcatheter and coil behavior in and around the aneurysm for safe
deployment of coils in a very small space. In our case, even the slightest movements of the
microcatheter and coils were seen under microangiography, allowing us to reduce the risk of
inadvertent perforation of the aneurysm dome by the microcatheter or coils. With the higher
image resolution afforded by the MAF, we could also visualize any kickback of the
microcatheter and make appropriate adjustments before the catheter actually dislodged out
of the aneurysm, which occurs more frequently in the treatment of small aneurysms.
Moreover, the superior visualization of the microcatheter under microangiography allowed
us to position and reposition the microcatheter with greater precision, which is especially
important because we tried to select the separate compartments of this small aneurysm with
the microcatheter to achieve an optimal embolization result.

The generally accepted way to describe the effects of dose on living tissue is to use the
concept of ‘effective dose’,14 which is calculated by multiplying actual organ doses by risk-
weighting factors (which give each organ’s relative radiosensitivity to developing pathology
such as cancer) and summing the values to provide a total whole body effective dose.
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Reduction of the irradiation field when using the MAF results in a substantial decrease in the
effective dose to the patient.

As previously stated, the MAF is able to offer equivalent or superior images at fluoroscopic
levels; however, if even finer detail such as intracranial stent structures and improved
guidance is needed, the x-ray exposures could be increased, resulting in increased skin
entrance exposure over a small localized region. In these specific cases, if the procedure is
lengthy or overlapping the eye, frame rate reduction or C-arm angle repositioning for dose
spreading may be recommended.

Despite its utility in aneurysm embolization, micro-angiography is still in its infancy. We
hope future iterations of the system will enhance and broaden its applications, extending its
use to procedures that require a larger FOV such as arterio-venous malformation
embolizations. Our anticipation is that MAF will revolutionize procedural safety and
effectiveness in a similar way to the introduction of the operative microscope to open
neurosurgery (particularly vascular neurosurgery), while at the same time actually reducing
total x-ray doses that are delivered intraprocedurally to the patient.

CONCLUSIONS
Endovascular embolization of very small aneurysms is challenging, although recent
advances in endovascular materials and techniques have improved its safety and efficacy.
The MAF is a high-resolution x-ray detector developed to provide a superior resolution over
a small FOV compared with the standard biplane fluoroscope. In the case presented here,
use of the MAF facilitated the precision of the coiling procedure and was helpful in
preventing catheter- and coil-related intraprocedural rupture.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Digital subtraction angiogram, right internal carotid artery injection, anteroposterior view,
showing a 2 mm anterior communicating artery aneurysm and evidence of vasospasm of the
internal carotid artery terminus, A1 and M1.
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Figure 2.
(A) Still image during coil embolization with use of microangiographic fluoroscope
detailing coil, the microcatheter and its distal marker, and the interface between the
microcatheter and the coil. (B) Working anteroposterior view during coil embolization with
standard fluoroscopy. Compared with (A), the resolution of the microcatheter and the coil is
much lower.
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Figure 3.
The four major components of the microangiographic fluoroscope and their coupling. CCD,
charged-coupled device chip.
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