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Abstract

Objectives We aimed to investigate the diagnostic accu-
racy of a standardized computed tomography angiography
(CTA) for the identification of significant coronary artery
disease (CAD) in patients evaluated for transcatheter aortic
valve implantation (TAVI).

Background The diagnostic performance of CTA for the
detection of CAD in patients with aortic stenosis referred
for TAVI has thus far not been validated.

Methods A consecutive series of 475 patients (194 male,
mean age: 82 &+ 6 years) with CTA data sets obtained
during the routine diagnostic work-up before TAVI were
included. A total of 6,603 coronary segments in 1,899
coronary arteries >1.5 mm in diameter and 271 grafts were
evaluated for the presence of significant CAD defined
as >50 % luminal narrowing. Results were compared with
invasive coronary angiography as the standard of reference.
Results Prevalence of significant CAD was 57 % (270/
475), and 5,925 coronary segments (90 %) and 257 bypass
grafts (95 %) were evaluable by CTA. In the per-patient
analysis, sensitivity (Se), specificity, and positive and
negative predictive values (NPV) were 98, 37, 67 and
94 %, respectively. CTA showed satisfactory ability to
exclude significant CAD in the following subgroups: (1)
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patients (221/475) without prior known CAD (Se: 97 %,
NPV: 97 %), (2) patients (13/475) without prior known
CAD and absent coronary calcification (NPV: 100 %) and
(3) bypass grafts (Se: 97 %, NPV: 99 %).

Conclusions Comprehensive evaluation of a pre-TAVI
CTA could prove to be a useful rule-out test for significant
CAD in selected subgroups of patients.

Keywords Computed tomography - Angiography -
Coronary artery disease - Transcatheter aortic valve
implantation

Introduction

Transcatheter aortic valve implantation (TAVI) is accepted
as a valuable treatment option for patients with severe
aortic valve stenosis and a high peri-operative risk for open
heart surgery [1]. Among the imaging modalities available
for the evaluation of patients prior to TAVI, computed
tomography angiography (CTA) plays a central role in
patient selection and procedural planning by providing
accurate information on the aortic dimensions for appro-
priate prosthesis sizing, selection of the best fluoroscopic
projection angles, and evaluation of the peripheral access
vessels [2, 3]. To acquire all of this information in a single
CTA examination, a large anatomical volume needs to be
covered using standardized imaging protocols. A recent
expert consensus document endorses a comprehensive
evaluation of all concomitant findings obtained from the
CTA data [3].

In the diagnostic work-up of patients evaluated for
TAVI, a pre-procedural assessment of coronary artery
disease (CAD) is mandatory to determine both the base-
line risk characteristics and the need for coronary
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revascularization [4]. Currently, invasive coronary angi-
ography (ICA) remains the gold standard diagnostic
modality for the detection of significant CAD in patients
scheduled for TAVI; however, it still carries a non-negli-
gible risk for catheter-related complications as well as
increased contrast dye use, both of which should be of
special concern in the frail TAVI population. Until now,
there is very limited data on the potential application of
pre-procedural CTA for the detection of CAD before TAVI
[5]. We, thus, retrospectively investigated the diagnostic
accuracy of a standardized CTA for the identification of
significant CAD as compared with the reference ICA in a
large cohort of patients referred for TAVI at a single, high-
volume institution.

Materials and methods
Study design and population

From January 2011 to November 2013, a consecutive
series of 645 patients with severe aortic stenosis were
referred for a standard diagnostic work-up, of which 510
met the study inclusion criteria of both CTA and ICA data
availability. In all patients CTA was performed within
4 weeks of ICA. Of 510 available patients, we excluded 35
patients (7 %) due to potentially preventable technical and/
or human-related factors encountered during the CTA
examination (such as significant patient movements or
contrast extravasation) resulting in significant motion arti-
facts in 21 cases (4 %) and poor contrast opacification in
14 cases (3 %), and thus precluding reliable evaluation of
most coronary segments. The final analysis was, thus,
performed on 475 patients. Patients with arrhythmias,
including atrial fibrillation and pacemaker-dependent
rhythm, were not excluded, and no additional medications
for heart rate (HR) control and/or vasodilation were
administered prior to the CTA scan. All clinical data were
documented in a prospective database according to local
site protocol and patient risk stratification was determined
using the logistic European System for Cardiac Operative
Risk Evaluation [6]. The study was approved by the
institutional ethics committee, and all participants gave
written informed consent.

CTA acquisition and image reconstruction

All scans were performed using a dual-source scanner
(Somatom Definition, Siemens, Erlangen, Germany). All
CTA measurements were performed using an electrocardio-
gram-gated retrospective acquisition protocol at the level of
the heart and aortic root with a second non-gated acquisition
covering the remaining aorta and iliofemoral arteries.
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Contrast-enhanced scans were obtained by administration of
80-120 ml iodinated contrast material through an antecubital
vein at a rate of 4 ml/s followed by a bolus of 50 ml isotonic
saline. Scan timing was coordinated by peak enhancement
detection with a region of interest in the ascending aorta.
After coronary artery bypass grafting (CABG), the scanning
range routinely included the entire course of all venous and
arterial grafts. Scan parameters were: tube voltage 120 kV,
tube current 320-400 mAs/rotation, and gantry rotation time
330 ms. Scan data were reconstructed in end-systole and end-
diastole (3040 % and 60-70 % of the R-R interval). The
slice thickness was 0.6 mm. The mean dose length product
was 2,336 £ 1,036 mGy cm.

CTA data analysis

All reconstructed images were evaluated offline using a
dedicated workstation (Leonardo Workstation, Siemens, Er-
langen, Germany). One experienced cardiologist who was
blinded to angiographic findings analyzed all coronary seg-
ments with the use of curved multiplanar reconstructions and
thin-slab maximum intensity projections in two phases of the
cardiac cycle. In patients with prior CABG, the observer was
aware of the surgical report specifying the type and location
of bypass grafts. Each coronary segment or graft was
described as interpretable or not. If interpretable, all coronary
segments with a diameter >1.5 mm were visually evaluated
for the presence of occlusions (100 %), or significant stenoses
defined as a lumen reduction of >50-99 % according to the
18-segment coronary model of the Society of Cardiovascular
Computed Tomography [7]. Segmental coronary calcification
was ranked as absent, moderate (isolated calcium spots and
calcification covering <50 % of lumen in cross section), or
severe (extensive calcification covering >50 % of lumen in
cross section) as previously described [8]. In case of a jump
graft (>2 anastomoses per graft), all graft segments between
the proximal anastomoses and each coronary insertion were
analyzed separately [9]. Grafted coronary segments were
defined as all segments located proximally to the segment of
graft insertion, while distal runoffs included the segment at
which the graft was inserted and all segments located distally
to graft insertion [10]. Coronary arteries or grafts with stents
were not excluded. The interobserver variability was assessed
by a second experienced reader in 20 % of randomly selected
patients.

Coronary angiography

ICA was performed using a standard angiography system
(Axiom Artis, Siemens, Germany) and served as the ref-
erence for comparison with CTA. All standard views for
native coronary arteries and at least two orthogonal views
for each graft were obtained. Angiograms were evaluated
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by two highly experienced cardiologists blinded to the
CTA data. Lesions with a lumen reduction of >50 % by
visual assessment were considered to represent significant
stenoses. All coronary or graft segments located distally to
a total occlusion (100 % lumen reduction) and not supplied
by collaterals were excluded from analysis [10].

Statistical analysis

Continuous variables were reported as means + standard
deviations, and categorical variables were expressed as fre-
quencies and percentages. The diagnostic performance of
CTA for the detection of significant CAD in comparison with
that of ICA was expressed as sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV), and
positive and negative likelihood ratios with corresponding
95 % confidence intervals. Analyses were performed on a (1)
per-segment basis comparing each segment in every native
coronary artery, (2) per-vessel basis evaluating the presence
of significant stenoses in each major coronary artery, and (3)
per-patient basis. In the per-segment analyses, segments
classified as non-diagnostic were excluded. In the per-vessel
and per-patient analyses the presence of at least one non-
diagnostic coronary segment was classified as a positive
finding (because the stenosis could not be ruled out by CTA
and ICA would be necessary) as previously described [11]. In
patients with prior CABG, per-patient analysis assessed the
presence of any significant stenosis in a combination of
bypass grafts, non-grafted coronary arteries, and distal runoffs
in a given patient [12]. The medians of HR and the body-
mass-index (BMI) were calculated to subdivide patients into
separate groups. The differences in diagnostic accuracies
between groups were tested for significance by using a 7> test
with Yates correction for comparison of cross tables. Because
the same patients were assigned to three different groups and
compared three times each in relation with BMI, HR, and the
burden of calcification, the Bonferroni method was used to
account for the increased probability of experiment-wise
Type I error. Thus, the a-level of 0.05 was corrected for three
planned comparisons with a statistical significance level of
<0.016 for two-sided probability values. Interobserver vari-
ability for the detection of significant stenoses was deter-
mined by Cohen’s x coefficient. Statistical analyses were
performed with SPSS 20.0 (SPSS Inc., Chicago, IL, USA)
and using the VassarStats website for statistical computation.

Results
Baseline characteristics and CTA feasibility

Patient characteristics and scan demographics are listed in
Table 1. The mean BMI was 27.5 & 5.1 kg/m? (range

16.8-45.5 kg/m?), and the mean HR during CTA was
74 £ 12 beats/min (range 36—123 beats/min). Ten patients
(2 %) had HR above 100 beats/min.

Of the potential 8,550 coronary segments in 475
patients, 1,222 segments were absent due to their chance
occurrence in the 18-segment coronary model, while 531
segments with a diameter <1.5 mm, and 194 segments
distal to 156 complete vessel occlusions were excluded.
Thus, potentially 6,603 assessable coronary segments
remained in the analysis. Of these, 678 segments (10 %)
were classified as non-diagnostic by CTA due to: the pre-
sence of severe calcification with beam hardening artifacts
in 261 segments (4 %), low-contrast opacification in 163
segments (2 %), motion artifacts in 141 segments (2 %),

Table 1 Patient characteristics and scan demographics (n = 475)

Variable
Age (years) 82 £ 6
Male 194 (41 %)
BMI (kg/m?) 275+ 5.1
Diabetes mellitus 150 (32 %)
Hypertension* 450 (95 %)
Hyperlipidemia® 229 (48 %)
Previous syncope 80 (17 %)
Previous coronary stenting 226 (48 %)
Previous coronary artery bypass grafting 91 (19 %)
Peripheral artery disease 101 (21 %)
Prior stroke or transient ischemic attack 72 (15 %)
Chronic obstructive pulmonary disease 97 (20 %)
NYHA classification
NYHA /1T 43 (9 %)
NYHA 1II/IV 432 (91 %)
Left ventricular ejection fraction (%) 54 + 13
Aortic valve area (sz) 0.6 £ 0.2
EuroSCORE (%) 24 + 12
CT examination
HR during scanning (beats/min) 74 £+ 12
Heart rhythm during scanning
Sinus rhythm 356 (75 %)
Atrial fibrillation 90 (19 %)
Pacemaker rhythm 29 (6 %)
Contrast volume (ml) 111 + 17
Dose length product (mGy cm) 2,336 + 1,036

Data are presented as the number of patients (percentage) or as
mean £ SD

BMI body-mass-index, CT computed tomography, DLP dose length
product, EuroSCORE European System for Cardiac Operative Risk
Evaluation, HR heart rate, NYHA New York Heart Association

* Use of antihypertensive drugs and/or blood pressure >140/
90 mmHg

T Use of lipid-lowering drugs
terol >200 mg/dl

and/or total serum choles-
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and stent artifacts in 113 segments (2 %) (Fig. 1). The final
statistical analysis was, thus, performed on 5,925 compa-
rable segments. Non-diagnostic segments were most com-
monly present in the right coronary artery (RCA) (262/
2,083; 13 %) and less often in the left anterior descending
artery (LAD) (216/2,092; 10 %), left circumflex (LCX)
(174/1,954; 9 %), and left main (26/474; 5 %). Non-diag-
nostic segments were found in 259 patients (54 %), of
which 31 post-CABG patients (7 %) showed non-conclu-
sive CTA images restricted to grafted coronary segments
only; therefore, not influencing the per-patient analysis
assessed for the combination of bypass grafts, non-grafted
coronary arteries and distal runoffs (because the presence
of a stenosis in a grafted coronary segment located proxi-
mally to the graft insertion would not affect the decision on
coronary angiography). Thus, non-diagnostic CTA was
present in 228 patients (47 %), whereas the remaining 247
patients (53 %) showed interpretable CTA data on a per-
patient analysis.

Prevalence of CAD

On the basis of ICA, 5,134 (87 %) segments were free of
stenosis; while the remaining 791 (13 %) segments pre-
sented with significant CAD. Overall significant CAD was
present in 270 of 475 patients (57 %). Coronary stenosis
was most commonly present in the LAD (227/475; 48 %)
and less often in the RCA (192/475; 40 %), LCX (167/475;
35 %), and left main (39/474; 8 %).

Accuracy of CTA for detection of CAD

Agreement between observers for the evaluation of sig-
nificant CAD on a per-segment (k value 0.66) and per-
patient levels (x value 0.67) was good. On a per-segment
basis, 4,097 of 5,134 stenoses (80 %) were correctly ruled
out by CTA; whereas in 1,037 cases, false-positive

findings were observed. The presence of significant CAD
was correctly recognized in 638 of 791 segments (81 %),
while 153 lesions were underestimated using CTA. In the
per-patient analysis, CTA correctly identified at least 1
significant stenosis in 265 of 270 patients (98 %), while
diagnosis was missed in 5 patients (2 %). Of 205 patients
without stenoses, the presence of significant CAD was
correctly ruled out in 76 patients (37 %); whereas in 129
patients (63 %), false-positive findings were observed.
Thus, for the detection of significant CAD on a per-
patient basis, a sensitivity of 98 % (265/270), specificity
of 37 % (76/205), PPV of 67 % (265/394), and NPV of
94 % (76/81) were found. Accuracy of CTA on a per-
segment, per-vessel, and per-patient basis is shown in
Table 2.

Influence of BMI, HR, and coronary calcium
on accuracy of CTA

The medians of BMI and HR were 26.8 kg/m” and 71
beats/min, respectively. Non-diagnostic segments were
present in 8 % of segments (285/3,398) in patients with a
BMI <26.8 kg/mz, and in 12 % of segments (393/3,205) in
patients with a BMI >26.8 kg/m” (p < 0.001). Non-diag-
nostic segments were present in 10 % of segments (337/
3,342) in patients with a HR <71 beats/min, and in 10 % of
segments (341/3,261) in patients with a HR >71 beats/min
(p = 0.647). Diagnostic accuracies in the segment-based
analysis were comparable in both BMI and HR subgroups
(4> =348, p =0.062 and > = 0.1, p = 0.752, respec-
tively). Absent, moderate, and severe calcifications were
observed in 2,648 (45 %), 1,947 (33 %), and 1,330 (22 %)
diagnostic coronary segments, respectively. The accuracies
were 97, 84, and 41 % in segments with absent, moderate,
and severe calcifications, respectively (Fig. 2), and reached
the level of significance for subgroup comparison
(4> = 1,723, p < 0.001, Table 3).

Fig. 1 Most common computed tomographic artifacts—curved mul-
tiplanar reconstruction displaying severe calcification (yellow aster-
isk) in the left main and proximal segments of the left anterior
descending artery (a). Curved multiplanar reconstruction showing
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significant motion artifacts (yellow asterisk) in the proximal right
coronary artery (b). Curved multiplanar reconstruction of non-
diagnostic stent (yellow asterisk) in the proximal right coronary
artery (c)
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Table 2 Accuracy of computed tomography as compared with invasive coronary angiography in all 475 patients
N TP TN FP FN  Sensitivity (%) Specificity (%) PPV (%) NPV (%) LR+ LR—
Coronary 5925 638 4,097 1,037 153 81 (78-83) 80 (79-81) 38 (36-40) 96 (96-97) 3.99 (3.74-4.26) 0.24 (0.21-0.28)
segments
Coronary 1,899 593 758 516 32 95 (93-96) 60 (57-62) 53 (50-56) 96 (94-97) 2.34(2.19-2.51) 0.09 (0.06-0.12)
vessels
Left main 474 31 366 69 8 79 (63-90) 84 (80-87) 31(22-41) 98 (96-99) 5.01(3.83-6.56) 0.24 (0.13-0.45)
LAD 475 222 86 162 5 98 (95-99) 35 (29-41) 58 (53-63) 95 (87-98) 1.50 (1.36-1.64) 0.06 (0.03-0.15)
LCX 475 160 155 153 7 96 (91-98) 50 (45-56) 51 (45-57) 96 (91-98) 1.93 (1.72-2.17) 0.08 (0.04-0.17)
RCA 475 180 151 132 12 94 (89-97) 53 (47-59) 58 (52-63) 93 (87-96) 2.01(1.76-2.29) 0.12 (0.07-0.20)
Patients 475 265 76 129 5 98 (95-99) 37 (30-44) 67 (62-72) 94 (86-98) 1.56 (1.40-1.73) 0.05 (0.02-0.12)
Patients (fully 216 98 65 50 3 97 (91-99) 57 (47-66) 66 (58-74) 96 (87-99) 2.23 (1.81-2.76) 0.05 (0.02-0.16)
evaluable)

Values in parentheses represent upper and lower bound for 95 % confidence interval

FN false negatives, FP false positives, LAD left anterior descending artery, LCX left circumflex, LR+ positive likelihood ratio, LR— negative
likelihood ratio, NPV negative predictive value, PPV positive predictive value, RCA right coronary artery, TN true negatives, TP true positives

Fig. 2 Conclusive computed tomographic images—curved multipla-
nar reconstructions of the non-stenotic and non-calcified left anterior
descending artery, left circumflex, and right coronary artery (a—c).

Accuracy of CTA after CABG

Overall, 257 of 271 graft segments (95 %) were evaluable
by CTA. Of the 14 non-diagnostic graft segments (5 %),
four segments (1 %) were located in the left internal
mammary artery; whereas ten segments (4 %) were found

Corresponding invasive coronary angiography findings (d—f). LAD
left anterior descending artery, LCX left circumflex, RCA right
coronary artery

in venous grafts. Non-diagnostic graft segments were most
commonly due to the presence of metallic clip artifacts (5
grafts) and followed by motion artifacts (4 grafts), stent
artifacts (3 grafts), and poor contrast opacification (2
grafts). According to ICA, 223 (87 %) bypass grafts were
patent and non-stenotic, while the remaining 34 (13 %)
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Table 3 Effect of BMI, HR, and visual calcium assessment on diagnostic accuracy of computed tomography as compared with invasive

coronary angiography in a segment-based analysis

N TP TN FP FN Sensitivity (%) Specificity (%) PPV (%) NPV (%) p value
BMI
<26.8 kg/m2 3,113 308 2,209 510 86 78 (74-82) 81 (80-83) 38 (34-41) 96 (95-97) 0.062
>26.8 kg/m” 2,812 330 1,888 527 67 83 (79-87) 78 (76-80) 39 (35-42) 97 (96-97)
HR
<71 beats/min 3,005 325 2,082 504 94 78 (73-81) 81 (79-82) 39 (36-43) 96 (95-96) 0.752
>71 beats/min 2,920 313 2,015 533 59 84 (80-88) 79 (77-81) 37 (34-40) 97 (96-98)
Coronary calcium
None 2,648 13 2,545 26 64 17 (10-28) 99 (98-99) 33 (20-50) 98 (97-98) <0.001%*
Moderate 1,947 150 1,480 232 85 64 (57-70) 86 (85-88) 39 (34-44) 95 (93-96)
Severe 1,330 475 72 779 4 99 (98-100) 8 (7-11) 38 (35-41) 95 (86-98)

Values in parentheses represent upper and lower bound for 95 % confidence interval

BMI body-mass-index, FN false negatives, FP false positives, HR heart rate, NPV negative predictive value, PPV positive predictive value, TN

true negatives, TP true positives

Fig. 3 Computed tomography
images of bypass grafts—
curved multiplanar
reconstruction of the patent and
non-stenotic left internal
mammary artery graft to the left
anterior descending artery
confirmed by the corresponding
invasive coronary angiography
(a, b). Curved multiplanar
reconstruction of the patent and
non-stenotic venous jump graft
to the first obtuse marginal
branch confirmed by the
corresponding invasive
coronary angiography (c, d).
LAD left anterior descending
artery, LIMA left internal
mammary artery, OM obtuse
marginal branch, SVG
saphenous vein graft

presented with either complete occlusion (28 grafts, 11 %)
or significant stenosis (6 grafts, 2 %). The presence of
significant stenosis or occlusion was correctly recognized in
33 of 34 grafts (97 %), while one very short and membra-
nous-like stenosis located at the distal anastomotic site of
the left internal mammary artery graft to the LAD was
underestimated using CTA. Of the patent and non-stenotic
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grafts, 210 of 223 (94 %) stenoses were correctly ruled out
by CTA (Fig. 3); whereas in 13 cases, false-positive find-
ings were observed. Overall, the accuracy of CTA for the
detection of significant graft disease was 95 %, with an
average of 97 and 93 % in arterial and venous grafts,
respectively. Additionally, four grafts in four patients were
not demonstrated by ICA but were accurately detected by
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CTA and found to be widely patent: two arterial grafts of
the right internal mammary artery grafted to the first mar-
ginal branch and the distal RCA, and two venous grafts
originating from the lateral part of the aortic arch that were
grafted to the RCA and the LAD. If analysis was restricted
to non-grafted and distal runoff segments, a total of 472 of
558 coronary segments (85 %) were evaluable by CTA;
whereas 13 of 235 runoffs (5 %) and 73 of 323 non-grafted
segments (23 %) were non-diagnostic. The accuracy of
CTA for the detection of significant CAD in distal runoffs
and in a combination of non-grafted and distal runoff seg-
ments was 86 and 80 %, respectively (Table 4).

Accuracy of CTA in patients with and without prior
CAD

Patients without prior known CAD showed significantly
less non-diagnostic coronary segments (113/3,135; 4 %)
compared with patients with prior CAD (565/3,468; 16 %,
p < 0.001). Among patients without prior known CAD,
CTA correctly identified 74 of 76 patients (97 %) with at
least one significant lesion on ICA, while diagnosis was
underestimated in two patients (3 %). In the subgroup of
patients (13/475; 3 %) without prior CAD and absent
coronary calcification, the presence of significant CAD was
correctly ruled out in 11 of all 13 (85 %) subjects by CTA;
whereas in two patients, false-positive findings were
obtained. Table 5 summarizes the accuracy of CTA as a
function of the presence or absence of prior known CAD
on a per-patient basis.

Discussion

The present study investigated the diagnostic accuracy of
pre-procedural CTA for the detection of significant CAD in
a large, unselected cohort of TAVI patients. Our findings
demonstrate that the limited feasibility and the overall
moderate accuracy (driven by the high rate of false-positive
observations) of a pre-TAVI CTA for the identification of
significant CAD preclude its general use as a surrogate test
for the ICA. However, comprehensive evaluation of a pre-
TAVI CTA could prove to be a useful rule-out test for
significant CAD in some selected clinical scenarios
including the assessment of bypass grafts, and patients
without prior known CAD, particularly in the absence of
coronary calcification.

Feasibility and accuracy of CTA for the detection
of CAD

The pre-procedural assessment of CAD is required to
determine both the baseline risk characteristics and the

Table 4 Diagnostic accuracy of computed tomography as compared with invasive coronary angiography in patients after coronary artery bypass grafting in a segment-based analysis

LR—

PPV (%) NPV (%) LR+

Specificity (%)

Sensitivity (%)

FP

TN

TP

0.03 (0.01-0.21)
0.25 (0.05-1.39)

0

16.65 (9.79-28.31)
35.25 (8-155.35)

99 (97-100)

72 (56-84)
60 (17-93)
73 (57-85)

94 (90-97)

97 (83-100)
75 (22-99)
100 (86-100)

1
1

0

13

210

33

257

Bypass grafts

99 (93-100)

98 (92-100)
91 (85-95)

92
118

98
159

Arterial grafts

11.73 (6.66-20.64)

100 (96-100)

11

30

Venous grafts

Native coronary arteries

0.19 (0.14-0.25)
0.28 (0.19-0.42)

2.18 (1.95-2.43)
3.99 (3.16-5.05)

88 (84-91)

61 (57-65)
45 (36-53)

59 (55-63)
81 (76-84)

89 (85-92)
77 (66-86)

879 329 301 208 41
317

472

All coronary segments

95 (91-97)

18

76

61

Non-grafted and

distal runoffs

5 17 (1-63) 88 (83-92) 4 (0-22) 97 (94-99) 1.44 (0.23-8.95) 0.94 (0.66-1.35)

25

191

222

Distal runoffs

Values in parentheses represent upper and lower bound for 95 % confidence interval

FN false negatives, FP false positives, LR+ positive likelihood ratio, LR— negative likelihood ratio, NPV negative predictive value, PPV positive predictive value, TN true negatives, TP true

positives
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Table 5 Diagnostic accuracy of computed tomography as compared with invasive coronary angiography in relation to previously diagnosed coronary artery disease and absence of coronary

calcification in a patient-based analysis
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LR—

Specificity (%) PPV (%) NPV (%) LR+

Sensitivity (%)

FN

FP

N

TP

0.07 (0.02-0.23)
0.07 (0.02-0.31)
0.23 (0-11.03)

1.28 (1.12-1.48)
175 (1.26-2.44)
1.03 (0.96-1.09)
1.70 (1.47-1.97)

82 (56-95)
87 (58-98)
50 (3-97)

81 (75-85)
79 (68-87)

23 (14-36)
45 (27-64)
3 (0-18)

98 (95-100)
97 (88-99)

3
2

1

14 46
13
2

191

254

Patients with known CAD

60 16
131

91
163
221

Patients after CABG

81 (74-87)
47 (39-55)

99 (95-100)
97 (90-99)

30

Patients with stents only
Patients without known CAD

0.06 (0.01-0.25)

97 (88-99)
100 (68-100)

43 (35-51)

83

62

74

0 (0-80)

85 (54-97)

11

13

Patients without coronary

calcium on CTA

Values in parentheses represent upper and lower bound for 95 % confidence interval

CABG coronary artery bypass grafting, CAD coronary artery disease, CTA computed tomography angiography, FN false negatives, FP false positives, LR+ positive likelihood ratio, LR—

negative likelihood ratio, NPV negative predictive value, PPV positive predictive value, TN true negatives, TP true positives

need for coronary revascularization in the TAVI population
[4]. Currently, ICA remains the gold standard for the
identification of CAD before TAVI; however, it still carries
a non-negligible risk for contrast-induced nephropathy that
should be of special concern in the frail TAVI population
[13, 14]. Thus, assuming availability of CTA data as a part
of a routine diagnostic work-up before TAVI, implemen-
tation of a non-invasive CTA as a reliable rule-out test for
significant CAD should have a relevant safety priority in
this population. Further, the ability of planning ICA and/or
percutaneous coronary intervention based on CTA data sets
in case of a positive observation is clearly advantageous
with regard to shortening the procedural time and limiting
the use of contrast dye. To date, the utility of CTA for the
identification of significant CAD in patients with severe
aortic stenosis has been investigated almost exclusively
prior to open heart surgery [15-18]. Most of these studies
using 64-detector CTA technology were limited to a small
number of highly selected patients and reported variable
sensitivities between 68 and 100 % with specificities
between 81 and 91 % for the detection of significant CAD.
Of note, despite strict patient selection criteria and frequent
beta-blocker administration before CTA scan, up to 25 %
of the CTA images were found to be not fully evaluable.
Further, it should be noted that patients with aortic stenosis
undergoing conventional open heart surgery have signifi-
cantly fewer comorbidities, including lower prevalence of
CAD, compared with the high-risk TAVI population,
which might further contribute to reduced CTA feasibility
and diagnostic performance in the latter. In the only study
assessing the diagnostic accuracy of a standardized CTA
for the detection of significant CAD in 60 highly selected
TAVI candidates, Pontone et al. [5] reported a feasibility of
87 % with sensitivity, specificity, and NPV of 88, 88, and
91 %, respectively. In our study, the feasibility of CTA was
53 % with the per-patient sensitivity, specificity, and NPV
of 98, 37, and 94 %, respectively. This corresponds well
with the moderate diagnostic accuracy obtained by Pontone
et al., further substantiating the additional need for ICA to
confirm or refute CTA findings in most TAVI candidates.
Contrary to the report of Pontone et al., our study included
a large number of unselected TAVI candidates (without
excluding patients with arrhythmias, high HR, and stents),
resulting in a reduced feasibility of CTA and thus a higher
frequency of false-positive observations with lower speci-
ficity on a per-patient basis. However, our study thereby
much better reflects daily clinical routine.

The inclusion of “all-comers” in our analysis allowed a
broad-spectrum assessment of the diagnostic performance
of a pre-TAVI CTA in various clinical scenarios, including
subgroup comparison and identification of target popula-
tions yielding the highest CTA applicability. Indeed, by
demonstrating satisfactory sensitivity (97 %) and NPV
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(97 %) for the exclusion of significant CAD in patients
without prior known CAD, we suggest that ICA might be
avoided in this subgroup of patients on condition that CTA
result is negative. Moreover, provided that coronary cal-
cification is the major confounding factor precluding suf-
ficient image interpretation by CTA [19], we demonstrated
excellent NPV (100 %) for a pre-TAVI CTA for the
exclusion of significant CAD in the subgroup of patients
without prior CAD and no coronary calcification. Another
TAVI subpopulation that might benefit from application of
CTA includes patients after CABG who showed high
sensitivity (97 %) and NPV (99 %) for CTA for the
exclusion of significant graft disease with good feasibility
(95 %) for conclusive graft evaluation. Similar to Jabara
et al. [20], we demonstrated a clear advantage of CTA over
ICA in the detection of technically challenging bypass
grafts with failed visualization on ICA. However, as the
diagnostic work-up of post-CABG patients should include
both the assessment of bypass grafts and native coronary
vessels, the reduced diagnostic accuracy and feasibility of a
pre-TAVI CTA in native coronary circulation after CABG
cannot fully justify obviating the need for ICA. Despite
this, for non-invasive exclusion of significant graft disease,
CTA might serve as a gatekeeper for prolonged ICA by
guiding and/or omitting selective graft cannulation.

Influence of BMI, HR, and coronary calcium
on accuracy of CTA

The concept of an ideal diagnostic test for reliable exclusion
of CAD presumes that the entire coronary artery tree can be
imaged with a diagnostic image quality and no segment must
be excluded from analysis. We, thus, investigated the influ-
ence of calcium load, BMI, and HR on CTA feasibility and
diagnostic accuracy. In all, we found a total of 10 % non-
diagnostic coronary segments in our cohort, most of which
were caused by calcium artifacts. Similar to prior study on
coronary CTA [11], we showed a significant deterioration in
diagnostic accuracy for a higher calcium load. Large calcified
plaques result in a virtual increase of plaque volume, and
thus, may obscure the coronary lumen representing the main
contributor to stenosis overestimation and false-positive
findings [21]. Moreover, we showed a significantly higher
rate of non-conclusive coronary segments on CTA in patients
with higher BMI (12 %) when compared with patients with
lower BMI (8 %). This deterioration of diagnostic feasibility
might be explained by scattering and absorption of the radi-
ation beam in obese patients, resulting in an increase in image
noise and decrease in signal-to-noise ratio reflected by poor
vessel opacification [22]. In contrast, we did not observe a
relevant influence of BMI on the accuracy of CTA in
evaluable coronary segments. Finally, there were no differ-
ences regarding the number of non-diagnostic coronary

segments or diagnostic accuracy of CTA in patients with high
and low HR, as in the prior study performed among patients
with suspected CAD [23].

Study limitations

Our study has some limitations. First, the reported study
was a single-center observational experience. Nevertheless,
by performing CTA in a large number of unselected TAVI
patients our results represent a realistic clinical diagnostic
applicability of a pre-TAVI CTA without significant
patient selection bias. Second, because of the retrospective
nature of our study, it was not our intention to enhance the
diagnostic performance of pre-TAVI CTA for the detection
of CAD by providing dedicated contrast injection or
reconstruction protocols and improving patient preparation
via heart rhythm control and rehearsal of the breath-hold-
ing instructions. Further, we believe that the new-genera-
tion computed tomography scanners with improved
temporal and spatial resolution should significantly reduce
the number of motion- and calcium-related artifacts, and
thus, improve the diagnostic feasibility of pre-TAVI CTA.
Third, stenosis assessment was restricted to visual estima-
tion, and no automated quantification of the degree of
stenosis was performed. Finally, we performed a qualita-
tive rather than quantitative coronary calcium assessment
due to the reduced feasibility of accurate calcium scoring
calculation in patients after coronary revascularization.

Conclusions

The limited feasibility and the overall moderate accuracy of
CTA for the identification of significant CAD preclude its
common use as a surrogate test for ICA in patients evaluated
for TAVI. However, pre-TAVI CTA may be a potentially
valuable alternative to ICA for non-invasive exclusion of
significant CAD in selected subgroups of patients, including
patients without prior known CAD and patients with bypass
grafts. Our study, therefore, emphasizes the relevance of a
comprehensive CAD evaluation based on CTA data sets
obtained during the routine diagnostic work-up of TAVI
patients.
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