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Abstract. - OBJECTIVE: To evaluate the role
of quantitative digital subtraction angiography
(Q-DSA) with parametric color coding (PCC) in
assessing patients with type B chronic thoracic
aortic dissection (TBCAD) during thoracic endo-
vascular aortic repair (TEVAR) procedures.

PATIENTS AND METHODS: A total of 11 pa-
tients electively treated in our Department for a
TBCAD were retrospectively enrolled. All cases
were treated with TEVAR for false lumen aneu-
rysm of the thoracic descending aorta. For digital
subtraction angiography (DSA) series post-pro-
cessing, a newly implemented PCC algorithm was
used to turn consecutive two-dimensional images
into a single color-coded picture (syngo iFLOW,
Siemens AG, Forchheim, Germany). In consen-
sus reading, two clinicians experienced in vascu-
lar imaging evaluated the DSA series in blinded
assessment and compared them to the color-cod-
ed images. PCC was assessed for its accuracy
in identifying the true and false lumen as well as
whether it could provide improved visualization in
pre-deployment stent grafting and the final evalu-
ation of treatment.

RESULTS: PCC facilitated the visualization of
the aortic dissection angioarchitecture in terms
of contemporary true and false lumen vision in
81.8% of the cases. In 72.7% of the procedures,
Q-DSA was estimated to improve aorta informa-
tion assessment in terms of false lumen view-
ing, and it was possible to identify the proximal
entry tear position in 45.4% of the cases. After
stent graft deployment, in 72.7% of the cases (all
8 patients in which the aortic arch false lumen
was visible in pre-treatment), Q-DSA confirmed
the absence of early false lumen reperfusion.

CONCLUSIONS: Our results indicate that
Q-DSA could be useful in the intraprocedur-
al evaluation of patients with aortic dissection
during TEVAR procedures without additional
x-ray costs and contrast exposure.
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Introduction

The thoracic endovascular aortic repair (TEVAR)
technique was demonstrated to be an effective treat-
ment in type B chronic aortic dissection (TBCAD)
complicated by aneurysmal degeneration'~.

The first endovascular procedure was not in-
tended to treat the entire dissected aorta but to
promote remodeling in the most dilated segment
with the covering of a proximal entry tear.

However, the endovascular procedure for TB-
CAD may be very demanding and may present
technical problems. Technical difficulties due to
the narrow space of work within the true lumen
may prevent safe endovascular navigation®.

All needed information can be easily and accu-
rately obtained with pre-operative CT-angiographic
examinations. However, angiographic assessment
of type B chronic aortic dissection (TBCAD) can
be complex in TEVAR procedures due to a variable
flow pattern. Challenging identification of the true
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and false lumen in order to obtain a precise and
correct deployment of the endograft are hotspots in
the dissections endovascular treatment®.

Furthermore, a good visualization of endolu-
minal details, including abnormal changes in the
intimal tear, is essential for assessing treatment®.

Parametric color coding (PCC) is a developed
tool for measuring flow dynamics in a digital sub-
traction angiography (DSA) series and can pro-
vide quantitative information. In a single image,
the quantitative DSA (Q-DSA; software syngo
iFLOW; Siemens, Forchheim, Germany) displays
objective information on the history of contrast
medium through vessels®?.

The potential value of color in these parametric
images was recognized for visualizing complex
flow patterns®’. However, to date, there has been
published only a case report on the application of
Q-DSA in patients with aortic dissection during
endovascular treatment'’.

Based on this background, this study evaluat-
ed the potential role of Q-DSA with PCC during
TEVAR in patients with TBCAD.

Patients and Methods

Study Design

This study was a retrospective, single-center
pilot study enrolling all patients with TBCAD
admitted to our institution from May 2015 to June
2017 who were electively treated with an endo-
vascular approach. The indication for treatments
was based on a multidisciplinary cardiovascular
board evaluation. The study was also approved by
the local Ethics Committee and the Institutional
Review Board. Written informed consent was
obtained from all patients prior to any treatment.

Study Population

A total of 11 consecutive patients were en-
rolled. The demographic data, comorbidities and
operative data are shown in Table 1. All cases
were treated in an elective setting with TEVAR

Table I. Characteristics of 11 patients treated by TEVAR.

Mean Age (y) 71.09 (range 65-78)
Gender (male) 8
Mean graft length (mm) 159.09 (range 100-200)

Aneurysms diameter

Proximal landing
Zone 3 8
Zone 2

(previous carotid-sublclavian bypass) 3

64.18 (60-72)

for proximal entry tear coverture due to an aortic
aneurism false lumen.

Imaging Protocol
All procedures were performed under general

anesthesia in a hybrid room with the same angio-

graphic system (Artis Zeego; Siemens Healthcare

GmbH, Forchheim, Germany) under active mon-

itoring for heart rate and blood pressure, especial-

ly during device deployment.

Standard angiographic techniques were used
with a 5 Fr diagnostic catheter positioned via
transfemoral access in the true lumen up to the
proximal ascending aorta to obtain standard an-
tero-posterior and latero-lateral projections (2D
series) with a rate of 4 frames/s. DSA images
were obtained by injecting an intravenous bolus
of 20 ml of contrast medium (lomeron 350, Brac-
co Imaging, Konstanz, Germany) at a flow rate of
10 ml/s using a dedicated contrast medium injec-
tor (ACIST™ Injection System; ACIST Medical
Systems, Eden Prairie, Minnesota). During DSA
runs, the frame rate, catheter and table position
remained unchanged. We performed three DSA
acquisitions during the TEVAR procedure:
Visceral aorta, in an antero-posterior projec-

tion: when the catheter reached the visceral
aorta, an angiogram was performed to con-
firm its presence in the true lumen (identified
by early opacification of visceral arteries per-
fused by the true lumen). Generally, to con-
firm the correct position, after the ascending
aorta cannulation, a 6 Fr / 90 cm introducer
sheath was advanced into the arch and then
slowly pulled back while injecting small vol-
umes of contrast to confirm the wire position
in the true lumen.

Thoracic aorta (pre-deployment): in an oblique
projection, a left angulation enabled a correct
arch view in accordance with the preoperative
planning (Figure 1). This DSA showed the
proximal sealing zone before device deploy-
ment while keeping the proximal entry tear in
view when possible and the visualization of
more information.

Final DSA of the thoracic aorta (post deploy-
ment): this DSA confirmed the correct stent
graft deployment with the entry tear covering
evaluating any early false lumen reperfusion.

Postprocessing of DSA
(Quantitative DSA)

The DSA data were evaluated using a dedi-
cated workstation (Leonardo, Healthcare Sector,
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Figure 1. Multi Planar Reconstruction (MPR) of pre-opera-
tive CT for a thoracic aneurysm in a chronic type B aortic dis-
section. This projection showed the true and false lumen with
the proximal sealing zone and the entry tear (yellow narrow).

Siemens AG, Forchheim, Germany) to obtain
PCC images with syngo iFLOW. Strother et al®
previously described the underlying mathematic
model for iIFLOW. This software application
elaborates all of the scenes of a defined DSA
sequence to generate a color map that displays
the progress of contrast medium through the
vessels over time. The delay between contrast
medium injection and maximum contrast peak
(MCP) is defined for each pixel. This time delay
is converted into a specific color range from red
(early maximum density) to blue (late maximum
density). A time intensity sequence enables the
creation of an opacification curve diagram for
the time in which the benchmarks are at peak
opacification, the period leading up to maximum
opacification, called the “time-to-peak”, and the
area under the curve. The changes in the slope of
the density curves and in the level of maximum
opacification should also provide information to
visualize flow alterations during and after the
treatment. Variations in curve characteristics
demonstrate pre-procedural flow abnormalities
and their changes after the treatment?®.

Image Analysis

Additional flow analysis was performed in all
patients, and corresponding time—intensity curve
diagrams were generated. Two clinicians experi-
enced in vascular imaging evaluated the DSA se-
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ries to discriminate MCP and the Q-DSA image in

blinded assessment, respectively. The readers later

compared the image information obtained by the

DSA series with that obtained by the color-coded

images to evaluate the accuracy of Q-DSA.

In a consensus reading, they answered the fol-
lowing points with either “yes” or “no”!:

— Does Q-DSA of the visceral aorta facilitate
the visualization of TBCAD angioarchitecture
with a simultaneous view of a true and false
lumen, thereby providing an observer with
more information on the position of the guide/
catheter in the true lumen?

— Does Q-DSA in the pre-deployment stent graft
improve the visualization of the aortic arch by
providing more details for viewing the false
lumen and the proximal entry tear position
compared with a standard DSA?

The readers then compared all procedural
and post-interventional DSA series with the
color-coded images to assess the tear covering
result:

— Does Q-DSA reveal changes in the pattern of
true lumen flow after treatment in terms of the
coverture of proximal entry tear and residual
early false lumen reperfusion?

Figure 2. Other case of Q-DSA elaboration of visceral aor-
ta with contemporary true and false lumen enhancement.
Perfect catheter detection into the true lumen to confirm the
right position.
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Figure 3. The same case of Figure 1. Maximum intensity peak of thoracic aorta DSA with the device in pre-deployment po-
sition in zone 2 (carotid-subclavian bypass previously): good opacification of distal ascending aorta, entire arch and proximal
part of descending thoracic aorta (a). The Q-DSA elaboration shows more details: the proximal ascending aorta, the distal part
of descending aorta, the false lumen with the position of the proximal entry tear (white narrow) (b).

Results

The DSA series was performed in all cases in
the visceral and thoracic aorta during pre- and
post-device deployment. A Q-DSA was feasi-
ble in all cases and immediately provided high
quality images. The time required for Q-DSA
processing was 2-3 s. The observers rated the
comparison between the DSA series and the col-
or-coded images as follows:

In 81.8% of the cases (9 patients), compared
with the original DSA, PCC elaboration showed
the contemporary visualization of the aortic
dissection angioarchitecture related to the true
and false lumen at the level of the visceral aorta.
The Q-DSA was rated to increase the accuracy
of the dissection shape because the true lumen
was clearly highlighted by a different color than
the false lumen (Figure 2). This could facilitate
the rapid and intuitive identification of the cor-
rect guide position in the true lumen in a single
image compared to the DSA series according
to the variations in contrast medium diffusion
in the true and the false lumen. This technique
could confirm the precise position of the guide
in the true lumen without additional x-ray and
contrast injections.

In 72.7% (8 patients) of the procedures, Q-DSA
was estimated to improve aorta information as-

sessment in terms of false lumen viewing, and it
was possible to identify the proximal entry tear
position in 45.4% (5 patients) of the procedures.
In the DSA series and specific MCP, the tears
were often not visible. In the PCC elaboration,
the spread of contrast medium through the tear
was emphasized by a color change according to
different diffusion times between the true and
false lumen (Figure 3).

After stent graft deployment, the color-cod-
ed images showed flow changes following tear
coverings. In 72.7% of the cases (all 8 patients in
which the aortic arch false lumen was visible in
pre-treatment), Q-DSA confirmed the absence of
early false lumen reperfusion. Correct tear cover-
ing after device deployment eliminates proximal
false lumen perfusion. Q-DSA allowed the eval-
uation of early or late false lumen reperfusion
(Figure 4).

Discussion

Approximately 30% of patients with chronic
aortic dissections developed progressive an-
eurysmal dilation'. In the setting of a chron-
ic dissection, Verhoeven et al'* described the
staged management of TBCAD using an initial
TEVAR endograft to cover a proximal entry
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Figure 4. Q-DSA in post TEVAR procedure. After TE-
VAR, we can confirm a good sealing of the device with the
correct entry tear coverture. The parametric color-coding
showed a good contrast medium diffusion (orange-yellow
color coding) in true lumen ad the absence of early false
lumen reperfusion.

tear in the descending thoracic aorta and sub-
sequently a second procedure to exclude the
remaining segment of dissection. The clear
identification of the true and false lumen re-
mained a challenge in TEVAR and required
further contrast medium and x-ray to confirm
them before device deployment®.

The use of PCC images in the endovascular
field has been described in the literature, especially
in interventional neuroradiology, making complex
vascular architectures easier to recognize'>!5-17,

The Q-DSA software shows dynamic informa-
tion in a colorful static image in which differenc-
es in color indicate the pathway of the contrast
medium through vessels®.

In our case series, Q-DSA increases the accu-
racy of the angiographic assessment of TBCAD
during TEVAR. In most cases of our series,
Q-DSA enabled the simultaneous identification
of the true and false lumen in a single static im-
age. This was used to confirm the guide position
in the true lumen. The physiologic differences
in blood flow in the true and false lumen display
different parametric color codings with notable
contrast. This is very useful in cases of non-uni-
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formity of opinion between operators or for less
experienced clinicians®.

Regarding the aortic arch view for the pre-de-
ployment stent graft, PCC elaboration confirmed
improved visualization of the true and false lu-
men in 72.7% of cases. In 5 patients (45.4%), it
was possible to identify the exactly entry tear po-
sition. This result is explained by the complexity
of aortic dissection in terms of the number and
size of entry tears. Small and multiple entry tears
do not allow sufficient contrast medium transition
for a parametric color-coding view. However,
where visible, the exact entry tear position was
important before device deployment to confirm
the preoperative planning strategy. In emergency
settings, when preoperative planning is unsatis-
factory, this information is essential to achieve
the best intra-procedural strategy. Knowing the
exact entry tear position led to correct device
length selections during TEVAR, considering the
starching vessels phenomenon by the stiff guides
and device sheath into the vessels.

Q-DSA is not simply a pixel-coded perfusion
map. A single image provides a complete tem-
poral history of contrast agent diffusion through
the vessels. Several authors have reported that
parametric-color coding may improve proce-
dure assessment, as well as provide improved
post-treatment hemodynamic information. How-
ever, nothing has been published regarding the
application of this software in patients undergo-
ing aortic dissection during endovascular treat-
ments®'>1”18 Tn our case load, Q-DSA indicates
the efficacy of the treatment by demonstrating
the disappearance of early false lumen perfu-
sion. In 8§ patients (72.7%), it was possible to
confirm the efficacy of TEVAR by comparing
the pre- and post-treatment Q-DSA. PCC al-
lowed the assessment of the correct treatment
in terms of the absence of early reperfusion of
the false lumen in cases in which it was pre-
viously visible. The results also depended on
the complexity of the angioarchitecture in the
aortic setting resulting from the number and
position of secondary entry tears. In the field of
endovascular imaging, comparisons with other
imaging techniques are arduous. The fusion im-
aging technique performed by skilled operators
is more appropriate and provides more accurate
results than intraprocedural angiography. Unfor-
tunately, a 3D-3D fusion technique is needed to
detect our target artery or vascular landmarks
for endovascular procedures. A 2D-3D fusion
technique with overlapping preoperative vol-
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ume rendering-CT was not very accurate in
depicting the stretching vessels phenomenon. In
the 2D-3D fusion technique, we nonetheless re-
quired an angiogram to confirm the anatomical
variations and vascular structures for a precise
graft deployment. We, thus, required more x-ray
and contrast medium exposure to obtain more
information'?'.

The PCC is a direct software elaboration of
the DSA series without additional costs in terms
of x-ray and contrast medium exposure. These
color-coded images with quantitative measure-
ments are obtained immediately after capturing
the DSA series. In our study, the post processing
imaging elaboration software required approxi-
mately 3 s and was thus a Real-time tool’.

We early confirmed that color-coding in DSA
improved the value of DSA findings®. This tech-
nique was particularly useful given a complex
aortic flow pattern and for evaluating pre- and
post-treatment acquisitions.

The main limitation of this study is its retro-
spective analysis and the small number of cases.
The study is only in part balanced by the prospec-
tive data collection and thus has missing informa-
tion. Furthermore, the study employs a subjective
method. The consensus reading method is very
opinion-driven and is reached by “consensus’;
our goal was to test this technique in a potential-
ly “real clinical routine” in which quantitative
objective analyses are not performed and prompt
action is required. However, these preliminary
findings can be a stepping-stone for a future pro-
spective multicenter study. A related quantitative
analysis and comparison with pre-procedural im-
aging could also further address the value of this
technique in a clinical setting.

Conclusions

Q-DSA appears to be a useful Real-time ap-
plication tool to support the angiographic evalu-
ation of TBCAD during TEVAR. This technique
also eliminates the need for more x-ray and
contrast exposure. Visualizing complex aortic
dissection architecture can be simplified, and
the flow analysis improves entry tear assess-
ment, thereby increasing diagnostic confidence
and accuracy. Intra- and post-procedural he-
modynamic changes hidden on DSA series can
be easily detected. Further studies with larger
populations are needed to confirm and support
our preliminary data.
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