Rotational angiography and 3D overlay
In franscatheter congenital interventions

Advances in periprocedural imaging have facilitated increasingly challenging structural interventions in
patients with congenital heart disease. The advent of commercially available rotational angiography and
3D fluoroscopic overlay systems in the catheterization laboratory is sparking an imaging revolution.
Congenital heart disease represents a heterogeneous group of native and surgically palliated anatomic
abnormalities that can be highly complex and are often difficult to comprehend. Advances in imaging
modalities will allow operators to plan and perform the most challenging interventional procedures with
3D imaging guidance. This article reviews the current and potential uses of such imaging modalities in
the catheterization laboratory for patients with congenital heart disease.
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The incidence of moderate and severe forms
of congenital heart disease (CHD) is 6/1000
live births. Without early medical or surgical
treatment, the majority of patients with com-
plex CHD would not survive into adulthood.
Over the past 60 years, surgical and medical
advances have dramatically altered the once
bleak prognosis of patients with CHD. In the
current era, over 85% of patients with CHD
survive to reach adulthood and most live
productive and functional lives [1,2]. Cardiac
catheterization with angiocardiography has
long been the gold standard for making and
confirming hemodynamic and anatomical
findings in patients with CHD. This position
of pre-eminence is being challenged in the
current era by an array of noninvasive imag-
ing techniques, each with certain strengths
and weaknesses, which together are capable of
almost complete noninvasive anatomical and
functional cardiovascular assessment; such
techniques include Doppler echocardiography,
computed tomographic angiography (CTA)
and MRI 3]. In parallel with the decreasing
need for diagnostic catheterization, there has
been a dramatic increase in the number of
transcatheter cardiac interventions in patients
with CHD [4). The success of percutaneous
transcatheter interventions is contingent upon
proper patient selection [s]. MRI is an attrac-
tive potential alternative to fluoroscopy for
guiding transcatheter procedures owing to the
avoidance of radiation and development of near
real-time dynamic imaging sequences; how-
ever, it has not yet come into routine clinical
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use. Fluoroscopic angiography has remained
the dominant modality for vascular navigation
and intervention owing to the high spatial and
temporal resolution, widespread commercial
availability and ease of use.

The use of rotational fluoroscopy to gener-
ate true 3D computed rotational angiograms
has gone from a research tool to the clinical
arena in the past two decades (Ficures 1-4) [6].
Endovascular treatment planning and execu-
tion can be greatly aided by computed rota-
tional angiography, which also yields quantita-
tive information by reconstruction of the raw
projection data into a volume database (Ficures
1-5) [7.8]. These techniques are increasingly
used in the planning and execution of vascular
interventional procedures; the hardware and
software necessary to perform rotational angio-
graphy with 3D reconstruction is commercially
available from all major vendors. Rotational
angiography to guide coronary arterial imag-
ing and interventions has been reported, but
is not yet widely utilized in the clinical setting
(FiGure 3) [9-11].

Advanced image registration software has
been developed and allows 3D acquisitions from
either CTA or MRI to be used intraprocedurally
by overlaying the image on the x-ray fluoroscopy
screen (Ficure 6) [12,13]. The overlaid segmenta-
tions are registered with x-ray views in various
image planes. A variety of registration modali-
ties are currently in use, including registra-
tion to fiducial markers [14], automatic 2D/3D
registration, automatic 3D/3D registration
and manual 3D to 2D visual matching. These
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Figure 1. Coarctation of the aorta following stent placement. Biplanar angiography did not
reveal the aneurysm noted on rotational angiography. (A) 3D reconstruction of rotational angiogram
with a pig-tail catheter used to perform an injection in the aortic arch. Note the narrowing of the
distal aortic arch and proximal descending thoracic aorta. The stent is clearly seen in the descending
thoracic aorta and an aneurysm is noted. (B) Intraluminal ‘fly through’ view from within the thoracic
aorta below the stent and looking up into the stent. (C) Cross-sectional axial view of the 3D data set
at the superior edge of the stent. The aneurysm of the aorta projects anteriorly and rightward from

within the stented region.
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Figure 2. Adult with repaired tetralogy of Fallot status following placement
of a conduit from the right ventricle to the pulmonary artery.

(A & B) Rotational 2D angiographic images during rapid ventricular pacing with
injection of contrast into the main pulmonary artery. There is evidence of severe
pulmonary regurgitation with narrowing of the main pulmonary artery. (C) Right
anterior oblique and steep cranial view of rotational angiogram 3D volume
rendering, demonstrating severe stenosis of the right pulmonary artery that was
not appreciated on 2D images. (D) Volume-rendered image viewed from a left
anterior oblique and steep cranial view, demonstrating severe narrowing of the
proximal conduit to a minimum diameter of 9 mm.

406 Interv. Cardiol. (2013) 5(4)

techniques have been effectively used to guide
electrophysiologic interventions, such as place-
ment on coronary sinus pacing leads by overlay
of 3D CTA data [15].The use of 3D rotational
angiography and CTA overlay may improve
image quality and registration to guide complex
structural interventions, such as transcatheter
aortic valve implantation, trans-septal puncture
and pulmonary vein stent placement [16]. Rota-
tional angiography and MRI/CTA overlay are
not widely utilized in the congenital catheter-
ization arena, but they have been successfully
used to guide interventions and may poten-
tially reduce radiation exposure by decreasing
the number of cineangiograms that need to be
performed during interventional or diagnostic
procedures, potentially reducing the radiation
dose by 30% [11.17-23].

There are a number of important limitations
or the clinical utility of these technologies that
must be addressed. Rotational angiography is
dependent on suspension of respiration and
rapid pacing or adenosine injections to mini-
mize cardiac output. This is difficult to per-
form in patients who are not under general
anesthesia. The 3D overlay techniques can be
gated to the respiratory cycle, but there is typi-
cally some temporal delay resulting in image
motion that is not perfectly synchronized to the
respiratory cycle. The currently available sys-
tems do not allow for dynamic cardiac motion
and only allow for static image overlay, which
makes the definition of intracardiac anatomy
less reliable than the overlay of pulmonary or
systemic vasculature. The overlayed CTA or
MRI may not represent the immediate anat-
omy during a procedure owing to the distortion
that can be introduced by catheters and stiff

future science group



Rotational angiography & 3D overlay in transcatheter congenital interventions

Figure 3. Adult with repaired tetralogy of Fallot status postplacement of a conduit from
the right ventricle to the pulmonary artery. (A) 3D volume-rendering of rotational ascending
aortogram performed during balloon inflation within right ventricle to pulmonary artery conduit in a
patient with repaired tetralogy of Fallot. This technique is utilized to evaluate for coronary artery
compression by the high-pressure balloon within the right ventricle-to-pulmonary artery conduit prior
to placement of a stent or transcatheter valve. Note that the left main coronary artery course is close
to the inflated balloon, but does not appear to be compressed. (B) Left anterior oblique view
demonstrating compression of an anomalous left coronary artery (arrow) during right
ventricle-to-pulmonary artery conduit balloon angioplasty.

wires. Moreover, patient motion and position-
ing on the catheterization table may alter the
orientation and position of the anatomy and
may result in further inaccuracy. It should also
be noted that MRI of metallic objects results in
artifacts that can obscure anatomy. All of these
limitations should be factored into a procedure
where these techniques will be utilized. The
next generation of systems may address many
of these limitations.

Ficures 1-6 are examples of 3D rotational
angiographic reconstructions or 3D overlay in

patients with various types of CHD. These cases
illustrate the potential advantages of 3D imag-
ing techniques in patients with CHD, including:

* Improved visualization of complex structures
not well seen using 2D imaging alone;

= Selection of the best working view from the
3D data set;

= Appreciation of subtle abnormalities not seen
well by traditional imaging modalities;

Figure 4. Adult with repaired tetralogy of Fallot status postplacement of a conduit from
the right ventricle to the pulmonary artery. (A) Steep cranial view of 3D volume rendering of a
rotational angiogram performed during rapid ventricular pacing in a patient with repaired tetralogy
of Fallot. The contrast injection is into the main pulmonary artery with evidence of severe pulmonary
regurgitation and contrast refluxing into the right ventricle. Note that the focal narrowing of the right
ventricle-to-pulmonary artery homograft proximal to pulmonary artery branching.

(B) Volume-rendered rotational angiogram with contrast injection into the main pulmonary artery
following transcatheter Melody® valve (Medtronic Corp., MN, USA) replacement. There is no residual
pulmonary regurgitation. (C) Maximum intensity projection of the rotational data clearly

demonstrating stent apposition and stent structure.
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Figure 5. Adult with single ventricle physiology status postextracardiac Fontan surgical
palliation. (A & B) 3D transesophageal echocardiographic images of an extracardiac Fontan
conduit in a patient with single ventricle physiology, no clear narrowing is noted despite
hemodynamic evidence of a resting 1 mmHg gradient within the Fontan conduit. (C) 3D volume
rendering of rotational angiogram performed within the Fontan did not reveal a clear stenosis.

(D) Maximum intensity projection reconstruction demonstrates the narrowed segment of the
extracardiac Fontan conduit (arrow). This is another example of the superiority of 3D image analysis
in identifying a subtle vascular/conduit narrowing that was not readily appreciated with traditional

biplanar angiography.

* 3D image overlay on live fluoroscopy for
intraprocedural image guidance;

= Assessment of coronary arterial circulation for
compression during pulmonary angioplasty
and stenting procedures.

Conclusion

Rotational angiography with 3D reconstruc-
tion and MRI/CTA overlay on traditional fluo-
roscopic images is revolutionizing transcatheter
procedures in patients with CHD. The advan-
tages of these techniques include: improved
visualization of complex structures, selection of
the best working view and appreciation of subtle
abnormalities not seen well by traditional imag-
ing modalities. With further advances in the
ease of use and wider availability, the use of these
3D imaging techniques will become routine in
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the performance of congenital transcatheter
interventional procedures.

Future perspective

The following are the envisioned next steps for
this technology in the congenital catheterization
laboratory:

» The ‘triple-overlay’ technique with coregistra-
tion of preprocedural MRI/CTA, intraproce-
dural 3D rotational angiography, 3D echo-
cardiography and live fluoroscopy with 3D
manipulation;

= Overlay and live registration of dynamic 3D
echocardiographic and Doppler data;

= Dynamic cardiac overlay to facilitate interven-
tions on a 3D beating heart overlay;

= Live MRI- and CTA-guided interventions.
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Figure 6. Adult with repaired tetralogy of Fallot status postplacement of a valved conduit
from the right ventricle to the pulmonary artery. (A) Time-resolved MRI angiogram in a patient
with repaired tetralogy of Fallot demonstrating narrowing of a right ventricle-to-pulmonary artery
homograft. (B) 3D volume rendering of MRI angiographic data. (C) Segmentation of 3D MRI data
with isolation of the ascending aorta and pulmonary arterial circulation viewed from a right anterior
oblique and cranial position. (D) Overlay and registration of the segmented MRI 3D image on live
fluoroscopy to guide Melody® transcatheter valve (Medtronic Corp., MN, USA) placement. Note that
the 3D overlay in this case was used to position and deploy the device.
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Fluoroscopy and cineangiography continue to be essential and are the backbone of imaging in the catheterization laboratory.

Advances in 2D and 3D echocardiography have resulted in the widespread use of transesophageal and intracardiac imaging to guide
interventions, so much so that these techniques are considered essential for the safe performance of certain procedures (e.g., atrial septal
defect/patent foramen ovale closure and ventricular septal defect closure).

Computed tomographic angiography/MRI overlay and rotational angiography with 3D reconstruction are likely to play an increasing role

in interventional congenital catheterization.

Commercially available systems allow for the efficient and relatively simple utilization of these techniques in the catheterization laboratory.
Although there is a paucity of literature on the topic to support this assertion, the potential benefits of these 3D techniques in the
catheterization laboratory are immense and include improved image quality, improved interventional guidance, the potential for lower

radiation and improved patient safety.
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