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Abstract Acute type A aortic dissection is a serious
emergency with a mortality rate of up to 40% within the
first 24 h when left untreated. Surgical therapy needs to be
initiated promptly. Due to this urgent situation, preoperative
evaluation of the coronary arteries is not routinely
performed in these patients. The aim of this study was to
evaluate the accuracy of 64-slice computed tomography
angiography (CTA) for postoperative coronary artery
assessment in these patients. Ten consecutive patients with
two or more cardiovascular risk factors were prospectively
enrolled. Patients had type A aortic dissection treated
surgically with a supracoronary graft of the ascending
aorta. Performance of CTA to exclude significant stenosis
(>50% lumen narrowing) and/or coronary artery dissection
was compared with quantitative coronary angiography. A
total of 147 segments were evaluated. Three segments (2%)
were excluded from analysis. CTA correctly assessed one
of three significant stenoses in three patients and correctly
excluded coronary artery disease (CAD) in six of ten
patients. One patient was rated false positive. Overall
accuracy, sensitivity, specificity, positive predictive value
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(PPV), and negative predictive value (NPV) of CT for
identifying coronary artery disease by segment was 98%,
33%, 99%, 50%, and 99%, respectively (P<0.05). By
patient, it was 70%, 33%, 86%, 50%, and 75%, respective-
ly. No coronary artery dissection was found. Noninvasive
CTA may be a viable alternative to conventional angiogra-
phy for postoperative coronary artery evaluation in patients
with surgically treated type A aortic dissection and
cardiovascular risk factors. An NPV of 99% should allow
for reliable exclusion of CAD. Further studies with higher
patient numbers are warranted.
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Introduction

Acute type A aortic dissection is a life-threatening
condition with a mortality rate of up to 40% within the
first 24 h when left untreated [1]. Surgical therapy is the
treatment of choice. In this situation, preoperative evalua-
tion of the coronary arteries is not routinely recommended
in these patients [2]. Due to common risk factors, these
patients may be at high risk for coronary artery disease.
Conventional coronary angiography is traditionally the gold
standard for evaluation of patients with suspected coronary
artery disease [3]. The introduction of multidetector-row
computed tomography (CT) scanners paved the way to use
this modality for evaluation of coronary artery disease.
Recently, 64-slice CT angiography (CTA) with high temporal
and spatial resolution was introduced for identification of
stenotic and nonstenotic coronary artery plaques [4]. Several
studies have demonstrated that CTA detects significant
(>50%) coronary stenosis with excellent accuracy [3—6].
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Especially, the high negative predictive value of CTA
supposedly allows for reliable exclusion of significant
coronary artery disease.

The purpose of this study was to evaluate the accuracy
of 64-slice CTA for postoperative coronary artery assess-
ment in patients with type A aortic dissection and supra-
coronary graft replacement of the ascending aorta in
correlation with conventional coronary angiography.

Materials and methods
Study population

Ten consecutive patients with two or more cardiovascular
risk factors (nicotine abuse, dyslipoproteinemia, diabetes
mellitus, arterial hypertension, obesity, and positive family
history) were prospectively enrolled (four women and six
men). Mean age was 67+7.2 years. All patients had aortic
type A aortic dissection treated with supracoronary graft
replacement of the ascending aorta. Patients first underwent
CTA of coronary arteries with retrospective electrocardio-
gram (ECG)-gating for screening of significant coronary
artery disease and second conventional angiography for
confirmation. Both CTA and conventional coronary angi-
ography were performed after surgery within a 6-month
interval. The time difference between both modalities was
no longer than 4 weeks. Exclusion criteria for CTA were
previous coronary stent placement, bypass graft surgery,
presence of tachyarrhythmia, atrial fibrillation, renal insuf-
ficiency (serum creatinine >120 pmol/L), and known
allergy to contrast media. This HIPPA-compliant retrospec-
tive study was approved by the local ethics committee and
informed consent was waived.

CT angiography

Image acquisition was performed using a 64-slice CT
scanner (Somatom Sensation 64 Cardiac; Siemens, For-
chheim, Germany). Scanning was performed in a cranio-
caudal direction. In the absence of contraindications,
patients with a resting heart rate of more than 70 beats
per minute received 50—-100 mg metoprolol per os 1 h prior
to CT scanning. At the beginning of the procedure, blood
pressure and heart rate were checked. ECG signal was
monitored throughout the scan, and all patients were in
sinus rthythm. The examination protocol used a tube voltage
of 120 kV and an effective tube current-time product of
750 mAs.¢ with acquisition of 64 slices per gantry rotation
using z-sharp technology with a collimation of 64 x0.6 mm
and a gantry rotation time of 330 ms and a table feed of
3.8 mm per rotation resulting in a pitch of 0.2 [7]. No ECG-
dependent dose modulation was applied.
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Contrast material was administered via the left cubital
vein. Bolus tracking technique was used to determine scan
delay. When a threshold of 100 Hounsfield units was
reached at the level of the coronary arteries in the
ascending aorta, a delay of 8 s was applied prior to
scanning. A contrast injection protocol with injection of
90 mL of nonionic contrast material (Ultravist 370;
Schering, Berlin, Germany) with a flow rate of 4 mL/s
followed by a saline chaser bolus of 50 mL with the same
flow rate was used.

Image analysis

Axial images were reconstructed from raw data with an
effective slice thickness of 0.75 mm and an increment of
0.5 mm at 60% of RR-interval. In case of motion artifacts,
further reconstructions had to be done at different time
points within the cardiac cycle. We used an individually
adapted field of view, a 512x512 matrix and a medium-
smooth convolution kernel (B25) resulting in a spatial
resolution of 0.4 mm?.

CT images were analyzed by a board-certified radiolo-
gist specialized in cardiovascular imaging and a last year
radiology resident with special interest in cardiovascular
imaging as consensus reading. Readers were blinded to
findings of conventional coronary angiography using a
combination of axial images, multiplanar (MPR) views
including centerline curved MPRs of the coronary arteries
on an interactive viewing workstation (Leonardo, Siemens).
Analysis was based on 15 segments established by
American Heart Association (AHA) criteria comprising
the right coronary artery (four segments), left main stem
[1], left anterior descending artery and branches [5], and
circumflex artery and branches [5, 8]. Each segment was
classified as stenosed (>50% lumen narrowing) by visual
estimation. For each segment, presence of dissection was
evaluated. Segments were excluded from analysis if absent,
heavily calcified, not opacified due to proximal occlusion,
or poor image quality.

Conventional coronary angiography

Conventional coronary angiography was performed via a
femoral approach applying approximately 40 mL of
nonionic contrast material. A minimum of six orthogonal
views were obtained. All patients underwent CTA and
conventional angiography within 4 weeks. Conventional
angiographic images were evaluated by a board-certified
cardiologist blinded to CTA findings. Assessment of
diameter stenosis was by visual estimation with quantifica-
tion of lumen narrowing. The AHA classification of 15
coronary segments and stenosis grading was used for both
CTA and coronary angiography.
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Table 1 Analysis of significant (>50%) coronary artery stenosis in
147 vessel segments of ten patients. Three segments (2%) had to be
excluded from the analysis

TP FP FN ™N
Per segment 1 1 2 143
LM 0 0 0 8
LAD 1 1 0 38
LCX 0 0 2 20
RCA 0 0 0 47
Per patient 1 1 2 6

LM left main coronary artery, LAD left anterior descending artery,
LCX circumflex artery, RCA right coronary artery, 7P true positive, FP
false positive, TN true negative, FN false negative

Statistical analysis

Statistical analysis was performed with GraphPad statistical
software (Prism v. 4.01 and InStat v 3.0; GraphPad
Software, San Diego, CA, USA). Continuous data were
expressed as mean with standard deviation. Measures of
diagnostic accuracy of CTA for coronary artery stenosis
including sensitivity, specificity, accuracy, negative predic-
tive value, and positive predictive value, were calculated on
a per segment and per patient basis.

Results

In all patients, CTA was performed without complications.
Of a total of 150 segments, 147 segments were evaluated.
Three of 150 segments (2%) had to be excluded from
analysis due to heavy calcification (n=2) and nonopacifi-
cation of segment due to proximal vessel occlusion (n=1).
No coronary artery dissection was found.

Patient-based analysis

Patient-based analysis is summarized in Table 1. Of ten
patients, three patients (30%) had significant (>50%)
stenosis in at least one coronary artery segment. Thereof,
one was correctly identified by CTA and two were missed.
In these three patients with one significant stenosis each,
interventional treatment with angioplasty and/or stent was
performed in two patients who presented with ischemic

sequelaec. One patient had a significant stenosis without
ischemic sequelae and did not undergo interventional
treatment. None of these patients was treated with surgical
bypass. One patient was classified as with significant
stenosis by CTA, but demonstrated only minor stenosis on
conventional coronary angiography and was false positive.
In another six patients, significant coronary artery stenosis
was correctly ruled out by CTA. The findings result in a
patient-based accuracy of 70% and a confidence interval
(CI) of 54-86%, a sensitivity of 33% (CI 7-60%),
specificity of 86% (CI 74-97%), a positive predictive value
of 50% (CI 10-90%), and a negative predictive value of
75% (CI 65-85%; Table 2).

Segment-based analysis

In a total of 147 segments, three significant stenoses
(>50%) were diagnosed at conventional coronary angiog-
raphy (Table 1). The distribution of disease concerning the
coronary arteries was left anterior descending artery (n=1)
and circumflex artery (n=2). No significant stenoses were
found within the right coronary artery. Of these stenoses,
one was correctly detected by CTA and two were false
negative (Fig. 1). In 143 segments, significant coronary
artery stenosis was correctly ruled out by CTA. The
segment-based analysis demonstrated an accuracy of 98%
(CI, 97-99%), a sensitivity of 33% (CI, 1-60%), a
specificity of 99% (CI, 99-100%), a positive predictive
value of 50% (CI, 10-90%), and a negative predictive value
of 99% (CI, 98-99%; Table 2). These findings were
statistically significant (P<0.05).

Discussion

Acute A dissection of the thoracic aorta is a life-threatening
emergency condition. It requires a timely and accurate
diagnosis to initiate successful treatment. Without surgical
treatment, the mortality rate may be as high as 40% on day
one and 70% within the first week [1]. This patient group is
also of high risk for other diseases such as coronary artery
disease. In a previous postmortem study, 161 cases of aortic
dissection were analyzed and 25% of cases demonstrated
evidence of severe coronary atherosclerosis [9]. These
findings may have important implications on the diagnostic

Table 2 Results of significant (> 50%) coronary artery stenosis analysis per segment in 147 vessel segments of ten patients and per patient

Sensitivity CI Specificity CI Accuracy CI PPV CI NPV CI P value
Per segment 33% 1-60 99% 99-100 97-99 50% 10-90 99% 98-99 0.04
Per patient 33% 7-60 86% 74-97 54-86 50% 10-90 75% 65-85 0.5

PPV positive predictive value, NPV negative predictive value, C/ confidence interval
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Fig. 1 A 67-year-old patient’s
postsurgical treatment of type A
aortic dissection. a Volume-
rendered image of CT coronary
angiography (CTA) dataset
demonstrating calcification of
the circumflex artery and an
adjacent stenosis (arrow). b
Magnified volume-rendered
image of CTA demonstrates
calcification of the circumflex
artery and marginal artery and
adjacent circumflex artery
stenosis (arrow). ¢ Curved 2D
reformat image of circumflex
artery CTA demonstrates
hyperdense arterial calcifications
and a stenosis of the circumflex
artery (arrow), which was
graded nonsignificant. d
Conventional coronary
angiography also demonstrates
circumflex artery stenosis,
which was graded to be
significant (>50%)

modality and surgical treatment of acute aortic dissection,
particularly in an elderly patient population. Perioperative
transesophageal echocardiography is appropriate to visualize
the coronary ostia including the proximal portion of the
coronary vessels and is practical to exclude extension of
aortic dissection into the coronary vessels [10]. Accordingly,
other imaging modalities are required to diagnose athero-
sclerosis, which may be located more distally. Conventional
coronary angiography, which is the gold standard for
coronary artery visualization, is associated with certain
risks. Advancement of a diagnostic catheter into the false
lumen may potentially extend dissection [11]. In case of
present coronary artery dissection, conventional coronary
angiography may not be possible from the true lumen.
Furthermore, there may be substantial delay of surgical
treatment caused by preceding coronary angiography.

In the literature, reports on whether to use coronary
angiography prior to surgical repair of acute type A aortic
dissection or not and its effect on postoperative mortality
remain controversial [12—14]. To date, American College of
Cardiology guidelines do not contain a clear consensus
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concerning preoperative coronary angiography in patients
with acute aortic dissection [15]. A study by Motallebzadeh
et al. analyzed the value of coronary angiography regarding
concomitant coronary artery bypass graft, surgery delay,
morbidity, and mortality in patients with acute type A aortic
dissection [2]. Their study demonstrated that coronary
angiography did not affect the occurrence of coronary
artery bypass graft and was not associated with improved
hospital survival. The authors concluded that coronary
angiography caused a considerable delay to surgery and do
not routinely recommend preoperative conventional coro-
nary angiography in these patients.

In our institution, coronary angiography is not routinely
performed prior to surgery in patients with acute type A
aortic dissection. Although there may be common risk
factors for both dissection and coronary artery disease,
pathophysiology of each disease is fundamentally different.
Routine use of conventional coronary angiography prior to
surgery seems not to be supported due to a relatively low
incidence (11%) of coronary artery disease in these patients
[16]. However, in our study, 30% (three of ten) of patients
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had evidence of coronary artery disease and a postoperative
rule-out of coexistent coronary artery disease seemed quite
reasonable.

State of the art multislice-CT scanners allow for
noninvasive high definition coronary angiography. In the
vast majority of our patients, this technique allowed for
evaluation of all 15 coronary tree segments for significant
coronary artery stenosis. No more than three out of 147
(2%) segments had to be excluded from analysis due to
heavy calcification or nonopacification of segment due to
proximal vessel occlusion. This number is somewhat lower
than previous limits for a 64-slice CT scanner [3, 5, 17]. In
the present study, particularly the negative predictive values
were high (99% per segment and 75% per patient), which is
supported by findings of previous studies and underline the
usefulness of CTA to exclude coronary artery disease [3, 5].
Despite acceptable accuracies for stenosis detection (98% per
patient and 70% per segment), sensitivities (33% for both per
patient and per segment) were low in comparison to meta-
analysis data reporting sensitivities ranging from 73% to
99% [18, 19]. Sensitivities were low mainly due to the fact
that the number of patients was also low and that these are
preliminary results. Due to the limited number of patients in
our study, these findings should not be overestimated.

Contrast-enhanced multidetector-row CT is a fast imaging
modality which allows for detection of both aortic and/or
coronary artery dissection (1-2% of cases) and coronary
artery disease at the same time. Since contrast-enhanced CTA
is performed in the emergency room in patients with acute
chest pain and suspected aortic dissection, it has already
replaced previous invasive diagnostic procedures and current-
ly represents the imaging modality of choice [20]. CT can
image both vessel lumen and wall, saves valuable time
regarding preoperative work-up, and additional coronary
artery bypass graft surgery can be performed if necessary.
A recently described CT protocol for the so-called “triple
rule-out” uses a dedicated contrast media regimen and is
ECG-gated allowing simultaneous visualization of the
pulmonary arteries, thoracic aorta, and coronary arteries
within a single scan [21]. Especially, the use of modern
dual-source CT enables rapid scanning, high image quality,
and dose reduction [22]. This modern technique may not
only prove particularly useful in patients with type A aortic
dissection prior to surgery, but also for postoperative
follow-up studies.

A major limitation of this study is the preliminary
situation with a limited number of patients enrolled.
Accordingly, adverse events that occur at a low rate could
have been missed. Furthermore, coronary artery CTA was
performed postoperatively and not in combination with a
preoperative CTA of the thoracic aorta. Further studies
using preoperative CTA for evaluation of both artery
dissection and coronary artery disease appear reasonable.

In conclusion, preliminary results of noninvasive coronary
CT angiography for postoperative evaluation of the coronary
arteries in patients after surgical repair of type A aortic
dissection were ambiguous. Despite a high negative predictive
value of 99%, which may allow for exclusion of coronary
artery disease, sensitivities were lower than previously
reported, which may be mainly attributable to limited patient
numbers. Further studies with higher patient numbers are
warranted.
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