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Diagnostic Accuracy of Pre-Transcatheter Aortic Valve
Replacement Nitroglycerin-Free Fractional Flow
Reserve-Computed Tomography-Based Physiological
Assessment in Patients With Severe Aortic Stenosis
for Predicting Post-Transcatheter Aortic
Valve Replacement Ischemia

Satoru Sasaki, MD; Hiroyuki Kawamori, MD, PhD; Takayoshi Toba, MD, PhD;
Ryo Takeshige, MD, PhD; Yusuke Fukuyama, MD, PhD; Takashi Hiromasa, MD;
Hiroyuki Fujii, MD, PhD; Tomoyo Hamana, MD, PhD; Yuto Osumi, MD;
Seigo Iwane, MD; Tetsuya Yamamoto, MD; Shota Naniwa, MD;

Yuki Sakamoto, MD; Koshi Matsuhama, MD; Yuta Fukuishi, MD;
Toshiro Shinke, MD, PhD; Ken-ichi Hirata, MD, PhD; Hiromasa Otake, MD, PhD

Background: Fractional flow reserve-computed tomography (FFRct) has not been validated in patients with severe aortic stenosis
(AS) undergoing transcatheter aortic valve replacement (TAVR) for coronary artery disease due to theoretical difficulties in using
nitroglycerin for such patients.

Methods and Results: In this single-center study, we prospectively enrolled 21 patients (34 vessels) and performed pre-TAVR
FFRct without nitroglycerin, pre-TAVR invasive instantaneous wave-free ratio (iFR) measurements, and post-TAVR FFR measure-
ments using a pressure wire. The diagnostic accuracy, sensitivity, specificity, positive predictive value, and negative predictive value
of pre-TAVR FFRct <0.80 to predict post-TAVR invasive FFR <0.80 were 82%, 83%, 82%, 71%, and 90%, respectively. A receiver
operating characteristic analysis demonstrated an optimal cutoff of 0.78 for pre-TAVR FFRcr to indicate post-TAVR FFR <0.80, with
an area under the curve (AUC) of 0.84, and the counterpart cutoff of pre-TAVR iFR was 0.89 with an AUC of 0.86.

Conclusions: FFRcr without nitroglycerin could be a useful non-invasive imaging modality for assessing the severity of coronary
artery lesions in patients with severe AS.

Key Words: Aortic stenosis; Fractional flow reserve-computed tomography (FFRcT); Transcatheter aortic valve replacement

promising alternative to surgical treatment in

patients with severe symptomatic aortic stenosis
(AS).! Patients with severe AS who are candidates for
TAVR reportedly have a high probability (30-70%) of
coronary artery disease (CAD) with stenotic lesions as
confirmed by computed tomography (CT) or coronary
angiography (CAG).25 Concomitant CAD has been
reported to exacerbate the mid-term prognosis and is con-
sidered a prognostic factor for acute coronary syndrome

T ranscatheter aortic valve replacement (TAVR) is a

after TAVR.%7 Given the expansion of indication of
TAVR to low-risk younger patients, development and
validation of a reliable diagnostic method for ischemia in
patients with severe AS is an important issue that might
affect the long-term postoperative prognosis.

Fractional flow reserve (FFR) is the gold standard for
physiological evaluation of coronary artery stenosis. How-
ever, quantitative evaluation using FFR in patients with
severe AS is considered an arduous task due to the theo-
retical difficulty of using vasodilators such as nitroglycerin.
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Patients who underwent TAVR during the study period
(n=170)
Meet the inclusion criteria ? No Excluded due to
* Hemodynamic instability (n=1)
+ Major periprocedural complication (n=2)
Yes + PCI or CABG for eligible coronary stenosis (n=4)
n=66 * LMT stenting (n=1)
* More than one coronary artery with stent
implantation (n=4)
» Past medical history of CABG (n=7)
* Main vessel CTO (n=1)
» Severe artifacts or poor contrast (n=4)
- * Anatomical difficulty in wire passage (n=3)
Study population * Not consented (n=14)
(n=25)
Analyzable FFR; ? No - — -
Yes Motion / misalignment artifact (n=4) |
Completed analysis
(n=21)
Figure 1. Study flowchart. CABG, coronary artery bypass grafting; CAG, coronary angiography; CTO, chronic total occlusion;

replacement.

FFR, fractional flow reserve; LMT, left main trunk; PCI, percutaneous coronary intervention; TAVR, transcatheter aortic valve

FFRcr (HeartFlow Inc., Mountainview, CA, USA) is a
non-invasive diagnostic technique used to calculate FFR
from coronary CT angiography (cCTA) data for each
participant at rest and at virtual maximum hyperemia
using numerical fluid analysis to evaluate functional hemo-
dynamics in CAD.8 Prospective studies suggest that FFRcr
predicts the degree of functional hemodynamic compro-
mise of coronary lesions, and FFR can be measured by an
invasive method using a pressure-sensing guidewire.3-10
However, data regarding the diagnostic accuracy of FFRcr
without nitroglycerin in patients with severe AS undergo-
ing TAVR are currently insufficient.

Therefore, the objective of this study was to assess the
predictive capabilities of pre-TAVR FFRcr without nitro-
glycerin in severe AS patients, specifically in predicting
post-TAVR invasive FFR <0.80, using post-TAVR FFR
as a reference standard for ischemia.

Methods

Ethical Considerations

All the procedures performed in this study were in accordance
with the tenets of the 1975 Declaration of Helsinki. The
study was approved by the Institutional Ethics Committee
at Kobe University Graduate School of Medicine. Written
informed consent was given by all patients prior to com-
mencement of the study.

Study Population and Design

This single-center prospective study was designed to evalu-

ate the diagnostic accuracy of pre-TAVR FFRecr, using

post-TAVR FFR as the reference standard for ischemia.
Adult patients with severe AS with moderate or greater

(30-90%) stenotic lesions on cCTA and CAG prior to TAVR

and those who underwent successful TAVR were included
in the study. Patients with hemodynamic instability, major
procedural complications, prior left main trunk stenting,
prior stenting in =1 coronary artery, or prior coronary artery
bypass grafting were excluded. Details of the inclusion and
exclusion criteria are provided in Supplementary File.

The timeline of the present study is shown in Supplementary
Figure 1. At Kobe University Hospital, pre-TAVR CAG
and cCTA are routinely performed before TAVR without
administration of nitroglycerin. The pre-TAVR instanta-
neous wave-free ratio (iFR) is also routinely measured for
moderate or greater (30-90%) stenotic lesions, unless judged
to be difficult for passage of the wire. Patients who met the
inclusion criteria and underwent successful TAVR were
enrolled in the study. After TAVR, we conducted post-TAVR
CAG with iFR and FFR measurements, and post-TAVR
cCTA with nitroglycerin administration (Supplementary
Figure 1). Anonymized cCTA images provided by HeartFlow
Inc. were used to calculate FFRcr.

Endpoints

The primary endpoint was the diagnostic performance of
pre-TAVR FFRecr without nitroglycerin, using post-TAVR
invasive FFR as the reference standard. The secondary
endpoints were the diagnostic performance of % diameter
stenosis (%DS) on pre-TAVR CAG, pre-TAVR iFR, post-
TAVR iFR, and post-TAVR FFRcr.

Image Acquisition and Analysis of cCTA

cCTA imaging was performed before and after TAVR
(Supplementary Figure 1; details described in a previous
study!). Briefly, all images were acquired using a 3rd-
generation dual-source CT scanner (SOMATOM Force;
Siemens Healthcare, Forchheim, Germany). Sublingual
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nitrates and intravenous f-blockers were not administered
before pre-TAVR c¢CTA, but were administered before post-
TAVR cCTA at a target heart rate of <60beats/min, as
required. An initial 120-kV non-contrast CT scan was per-
formed for calcium scoring. Standard ECG-triggered CT
angiography was then performed using 12mL of media con-
trast, and delayed enhancement images were acquired after
Smin. FFRer was independently calculated by HeartFlow
Inc. in a blinded manner based on patient characteristics,
CAG findings, and physiological measurements such as FFR
and iFR.

Invasive CAG and Measurement of Physiological Indices
Using a Pressure Wire

CAG was performed before and after TAVR in accordance
with standard clinical practice. Quantitative CAG (QCA)
was conducted to measure %DS using the QAngio XA
software (Medis Medical Imaging Systems, Leiden, The
Netherlands).

Physiological indices such as FFR and iFR were obtained
using a coronary pressure guidewire (Philips Volcano; San
Diego, CA, USA). The pre- and post- TAVR iFR were
measured without nitroglycerin infusion. However, post-
TAVR FFR was measured with nitroglycerin administra-
tion into a coronary artery and adenosine infusion into a
peripheral vein to achieve hyperemia.!? Pre-TAVR FFR
was not measured because of the potential concern for use
of nitroglycerine in patients with severe AS. However, pre-
TAVR iFR was routinely conducted for moderate or
greater (30-90%) stenotic lesions unless they were judged
to be difficult for wire passage. In all cases, vessel-specific
FFR/iFR values were measured at the most distal point
using the pressure wire, and the FFRcr values were also
measured at the same anatomic location. The vessel-spe-
cific FFR values were referenced to assess the diagnostic
ability of other hemodynamic indices. Only when the FFRcr
measurable region was more proximally located were the
corresponding FFR values determined from the pullback
curve on a per-vessel basis. On a per-patient basis, isch-
emia was determined using the vessel-specific FFR.

Statistical Analysis

All statistical analyses were performed using R software (R
Foundation for Statistical Computing, Vienna, Austria).
Continuous variables are presented as meanztstandard
deviation or median (interquartile range), as appropriate.
Categorical variables are expressed as frequencies. Differ-
ences between continuous baseline variables were com-
pared using Student’s t-test, and differences between
categorical variables were analyzed using Fisher’s exact
test. Receiver operating curve (ROC) analysis was per-
formed to assess the best cutoff values of each parameter
to determine post-TAVR FFR <0.80 with maximal accu-
racy. The optimal cutoff was calculated according to the
Youden index. A two-tailed P value <0.05 was defined as
statistically significant.

Results

A total of 170 patients underwent TAVR during the study
period and of the 66 patients who met the inclusion crite-
ria, 41 were excluded for the following reasons: medical
history of coronary artery bypass surgery (n=7), revascu-
larization for eligible coronary stenosis (n=4), and major
perioperative complications (n=2). The exclusion criteria

503
Table 1. Patient and Lesion Characteristics at Baseline
n
Patient characteristics
Age, years 86+4 21
Sex Male 8 (38%), 21
Female 13 (62%)
Height, cm 151+8.8 21
Body weight, kg 49.3+8.3 21
BMI, kg/m? 21.6+3.1 21
Comorbidity
Hypertension 20 (95.2%) 21
Dyslipidemia 12 (57.1%) 21
Diabetes mellitus 8 (38.1%) 21
Chronic kidney disease 11 (52.4%) 21
Hemodialysis 0 (0%) 21
Peripheral artery disease 3 (14.3%) 21
Smoking 3 (14.3%) 21
Prior percutaneous intervention 3 (14.3%) 21
Ultrasound cardiography
LVEF, % 63+5 21
AVA, cm? 0.65+0.19 21
AVA index, cm?/1.73m2 0.45+0.14 21
Peak velocity, m/s 4.8+0.5 21
Mean pressure gradient, mmHg 65+12 21
Lesion characteristics
LAD/LCx/RCA 20 (59%)/ 34
9 (26%)/
5 (15%)
QCA before TAVR
MLD, mm 1.8+0.6 34
%DS, % 37+14 34
Lesion Length, mm 12+7 34
QCA after TAVR
MLD, mm 1.9+0.7 29
%DS, % 33+12 29
cCTA before TAVR
Agatston score 1,095+846 16

%DS, % diameter stenosis; AS, aortic stenosis; AVA, atrioven-
tricular area; BMI, body mass index; BNP, B-type natriuretic
hormone; cCTA, coronary computed tomography angiography;
LAD, left anterior descending branch; LCx, left circumflex; LVEF,
left ventricular ejection fraction; MLD, minimum lumen diameter;
QCA, quantitative coronary angiography; RCA, right coronary
artery; TAVR, transcatheter aortic valve replacement.

are shown in Figure 1. Of the 25 patients (38 vessels)
remaining, 4 with 4 vessels unavailable for FFRcr analysis
were excluded, leaving 21 patients with 34 vessels to be
finally registered for analysis (Figure 1). The pre-TAVR
iFR measurements were not available for 2 of the 34 vessels
due to concerns about hemodynamic deterioration while
passing a wire through the tortuous vessels prior to TAVR.

Study Population
The baseline patient and lesion characteristics are presented
in Table 1. The average age of the study population was
8614 years, and there were 8 (38%) men. A total of 8 (38%)
study participants had diabetes mellitus.

Pre-TAVR transthoracic echocardiography showed a
mean peak aortic valve velocity of 4.8£0.5m/s, a mean
pressure gradient of 65£12mmHg and an estimated aortic
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A Pre-TAVR CAG

.

¢

B Post-TAVR CAG

Figure 2. Representative case. (A) pre-
TAVR CAG, (B) pre-TAVR FFRcr, (C) post-
TAVR CAG and (D) post-TAVR FFRcr.
Pre-TAVR CAG demonstrated 50% stenoses
of the mid-RCA with iFR of 0.90 (A), and CT
showed pre-TAVR FFRcr of 0.77 (B). Post-
TAVR CAG demonstrated the same RCA
lesion with FFR of 0.65, iFR of 0.85 (C), and
CT showed post-TAVR FFRct of 0.66 (D).
CAG, coronary angiography; FFR, fractional
flow reserve; CT, computed tomography;
iFR, instantaneous wave-free ratio; RCA,
right coronary artery; TAVR, transcatheter
aortic valve replacement.
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Figure 3. Correlation between pre-TAVR FFRcr and post-TAVR FFR. (A) Correlation between pre-TAVR FFRct and post-TAVR
FFR. (B) Bland-Altman plot of pre-TAVR FFRcrt and post-TAVR FFR. CT, computed tomography; FFR, fractional flow reserve; TAVR,

B Bland-Altman analysis
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valve area of 0.6510.19cm?. All patients underwent success-
ful TAVR with SAPIEN 3 (90.5%) and CoreValve Evolut
PRO/Evolut R (9.5%). There was a total of 20 (59%) ste-
noses in the left anterior descending branch (LAD), 9
(26%) in the left circumflex, and 5 (15%) in the right coro-

nary artery. QCA before TAVR showed that the average
%DS was 37+14%.

The median time intervals from pre-TAVR cCTA to
TAVR and TAVR to post-TAVR CAG were 24 and 11
days, respectively (Supplementary Figure 1). Pre-TAVR ¢cCTA
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Table 2. Diagnostic Performance of Pre-TAVR FFRcr, Pre-TAVR iFR, Pre-TAVR CAG, and Pre-TAVR cCTA to
Distinguish Post-TAVR FFR =<0.80 on a per-Vessel (A) / per-Patient (B) Basis
(A) Pre-TAVR I_?re-TAVR Pre-TAVR CAG Pre-TAVR cCTA
FFRcr <0.80 iFR <0.89 %DS =50% %DS =50%
Accuracy 82 (66-93) 77 (58-90) 68 (50-83) 50 (32-68)
Sensitivity 3 (52-98) 0 (56-100) 25 (6-57) 8 (28-85)
Specificity 2 (60—95) (46 88) 91 (71-99) 6 (24-68)
PPV 71 (42-92) 60 (32-84) 60 (15-95) 37 (16-62)
NPV 0 (68—99) 93 (68—100) 69 (49-85) 7 (38-88)
(B)
Accuracy 1 (70-99) 78 (52-94) 71 (48-89) 43 (22-66)
Sensitivity ( 9-100) 0( 6-100) 46 (17-77) 46 (17-77)
Specificity ( 6-100) 56 (21-86) 100 (59-100) 40 (12-74)
PPV 1 (59-100) 69 (39-91) 100 (36—-100) 46 (17-77)
NPV 90 (56—100) 100 (36-100) 55 (32-94) 40 (12-74)

Values are presented as percentage (95% confidence interval). CAG, coronary angiography; FFR, fractional flow
reserve; iFR, instantaneous wave-free ratio; NPV, negative predictive value; PPV, positive predictive value. Other

abbreviations as in Table 1.

was performed with a mean heart rate of 64+12beats/min
and post-TAVR c¢CTA with 64+7 beats/min. An represen-
tative case is shown in Figure 2.

Primary Endpoint

Figure 3A shows the distribution of the pre-TAVR FFRer
and post-TAVR FFR values of the analyzed lesions. In the
context of the primary endpoint, the diagnostic accuracy,
sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) of pre-TAVR FFRcr
<0.80 to predict post-TAVR FFR <0.80 were 82%, 83%,
82%, 71%, and 90%, respectively, on a per-vessel basis, and
91%, 91%, 90%, 91%, and 90%, respectively, on a per-
patient basis (Table 2). The Pearson correlation coefficient
between pre-TAVR FFRcr and post-TAVR FFR was 0.45
(95% confidence interval (CI): 0.13, 0.68; P<0.01). In the
Bland-Altman analysis, the mean difference value of pre-
TAVR FFRer was 0.02 (limits of agreement: —0.14, 0.19;
95% CI; Figure 3B). According to the ROC analysis, the
best cutoff value of pre-TAVR FFRcr to indicate post-
TAVR FFR <0.80 was 0.78 with an area under the curve
(AUC) of 0.84 (95% CI: 0.68, 0.99; Figure 4).

We additionally assessed the diagnostic accuracy of pre-
TAVR FFRcr <0.80 for LAD and non-LAD lesions and
found comparable accuracy rates of 85% for LAD lesions
and 79% for non-LAD lesions (Supplementary Table 2).
ROC curves further demonstrated the discriminative abil-
ity, with AUC values of 0.87 for LAD lesions and 0.82 for
non-LAD lesions (Supplementary Figure 2).

In addition, we categorized all lesions into 2 groups
based on the Agatston score, using a median score of
897 as the threshold. The high Agatston score group
had a mean pre-TAVR FFRcr of 0.73 and post-TAVR
FFR of 0.79, and the low Agatston score group had a
mean pre-TAVR FFRcr of 0.85 and post-TAVR FFR of
0.86 (Supplementary Table 2). In terms of diagnostic
accuracy, the high Agatston score group achieved 75%,
whereas the low Agatston score group demonstrated
93% accuracy (Supplementary Table 2). Moreover, the
AUC of the ROC curve was 0.76 for the high Agatston
score group and 1.0 for the low Agatston score group
(Supplementary Figure 3).

Secondary Endpoints

According to the ROC curve analysis on a per-vessel pre-
TAVR iFR, the optimal cutoff value indicating post-
TAVR FFR <0.80 was 0.89 with an AUC of 0.86 (95% CI
0.71-1.0; Figure 4). The diagnostic performances of pre-
TAVR iFR, pre-TAVR CAG %DS, and pre-TAVR cCTA
%DS on vessel and per-patient basis are summarized in
Table 2.

When comparing ROC curves between pre-TAVR
FFRcr and other indices, it was observed that pre-TAVR
FFRcr had a significantly larger AUC than pre-TAVR
CAG %DS (P=0.03) and pre-TAVR cCTA =50% (P=0.04)
(Table 3).

The diagnostic performance of post-TAVR FFRecr,
post-TAVR iFR, post-TAVR CAG %DS, and post-TAVR
cCTA %DS is summarized in Supplementary Table 1. The
diagnostic accuracy, sensitivity, specificity, PPV, and NPV
of post-TAVR FFRecr £0.80 to predict post-TAVR FFR
<0.80 were 91%, 100%, 85%, 80%, and 100%, respectively,
on a per-vessel basis; and those of post-TAVR iFR <0.89
were 79%, 82%, 77%, 64%, and 90%, respectively.

There was no statistically significant difference in diag-
nostic performance between pre- and post-TAVR FFRcr
(AUC: 0.84 vs. 0.91, P=0.33). A similar trend was noted
for pre- and post-TAVR iFR (AUC: 0.86 vs. 0.83, P=0.48),
pre-and post-TAVR CAG %DS (AUC: 0.53 vs. 0.72,
P=0.08), and cCTA %DS (AUC: 0.60 vs. 0.64, P=0.68)
(Table 3). The ROC curves showed that the diagnostic
performance of post-TAVR FFRcr was not significantly
better than that of the post-TAVR iFR. However, it was
better than that of post-TAVR CAG %DS and ¢cCTA
%DS (Table 3).

Figure 5 shows the variations in the FFRcr and iFR
before and after TAVR. There was no statistically signifi-
cant change in FFRcr (from 0.79+0.12 to 0.76+0.15) before
and after TAVR (P=0.09). Furthermore, the change in iFR
(from 0.87£0.10 to 0.8940.11) was not statistically signifi-
cant (P=0.08).

Discussion

The present study is among the limited number that have
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A Pre-TAVR FFR;

1
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specificity

C Pre-TAVR iFR
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(7] (7))
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specificity
E Pre-TAVR CAG %DS
1.0 1.0 |
0.8 0.8
2 2
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3 3
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(7] (7]
0.2 AUC: 0.53 0.2
0 . 0

1
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specificity

QG Pre-TAVR cCTA %DS

0

specificity

B Post-TAVR FFR;

1.0 1.0 {
0.8 1 0.8 1
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5 0.4 1 & 0.4
0.2 AUC: 0.84 0.2 -
0 | 0

AUC: 0.91

1

D Post-TAVRIFR

0 08 06 04 02 0
specificity

E

AUC: 0.83

F Post-TAVR CAG %DS
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specificity

I

AUC: 0.72

1

H Post-TAVR cCTA %DS

0 08 06 . 04 02 0 Figure 4. ROC curves for pre-/post-
specificity TAVR FFRer, iFR, CAG %DS, cCTA
%DS discriminating post-TAVR FFR

<0.80. (A) pre-TAVR FFRcr, (B) post-

1.0 1 1.0 1 TAVR FFRcr, (C) pre-TAVR iFR, (D)
post-TAVR iFR, (E) pre-TAVR CAG

0.8 1 0.8 1 %DS, (F) post-TAVR CAG %DS, (G)
> > pre-TAVR cCTA %DS and (H) post-
> 061 > 0.6 1 TAVR cCTA %DS. AUC, area under
5 5 the receiver operating characteristic
S 041 S 04 1 curve; CAG, coronary angiography;
(7] (7] CT, computed tomography; FFR,
0.2 1 AUC: 0.60 0.2 AUC: 0.64 fractional flow reserve; iFR, instanta-
neous wave-free ratio; ROC, receiver

01 : i i : ; 0 1 ‘ : : ; : operating characteristic curve;

10 08 06 04 02 O 10 08 06 04 02 O TAVR, transcatheter aortic valve

replacement; %DS, percent diame-

specificity ter stenosis.

reported on the diagnostic accuracy of physiological assess-
ments using nitroglycerin-free FFRcr in patients undergo-
ing TAVR for severe AS.13 Our study has unique aspects,
including the assessment of iFR and FFRcr before and
after TAVR, as well as the use of post-TAVR invasive
FFR as the reference standard for evaluating ischemia.

The main findings of the current study can be summa-
rized as follows. (1) Pre-TAVR FFRct without nitroglyc-
erin demonstrated good diagnostic yield in determining the
physiological relevance of coronary stenoses in patients
with severe AS scheduled for TAVR, comparable to pre-
TAVR iFR and superior to pre-TAVR CAG %DS >50%
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Pre-TAVR FFRct

AUC by ROC 0.84 (0.68-0.99)
P for vs. pre-TAVR FFRct NA
Optimal cutoff to predict post-TAVR 0.78

FFR <0.80

Post-TAVR FFRcr

AUC by ROC analysis 0.91 (0.79-1.0)

P for vs. post-TAVR FFRcr NA
Optimal cutoff to predict post-TAVR 0.78
FFR <0.80

Comparison of ROC for each index P=0.33

between pre- and post- TAVR

Post-TAVR iFR
0.83 (0.69-0.97)

Table 3. Comparison of Physiologic/Anatomic Indices Using ROC Curves

Pre-TAVR iFR Pre-TAVR CAG %DS Pre-TAVR cCTA %DS
0.86 (0.71-1.0) 0.53 (0.28-0.77) 0.60 (0.40-0.80)
P=0.93 P=0.03 P=0.04
0.89 45 54

Post-TAVR CAG %DS  Post-TAVR cCTA %DS
0.72 (0.55-0.90) 0.64 (0.43-0.84)

P=0.58 P=0.03 P=0.01
0.88 32 43
P=0.48 P=0.08 P=0.68

AUC, area under the curve; ROC, receiver operating characteristic. Other abbreviations as in Tables 1,2.

A FFR.;

0.6 1

T

Pre-TAVR FFR¢r Post-TAVR FFR¢t

0.79+0.12 0.76 £0.15

! |
p=0.09

Figure 5. Variations of FFRct and iFR before and after TAVR. Changes in (A) FFRcr, and (B) iFR values before and after TAVR.
(A) FFRct: the mean FFRer did not significantly change from 0.79+0.12 before TAVR to 0.76+0.15 after TAVR (P=0.09). The blue
solid line represents the change in cases with pre-TAVR FFRct >0.80, and the red solid line represents the change in cases with
pre-TAVR FFRcr <0.80. The blue dashed line shows the average change in cases with pre-TAVR FFRcr >0.80 (0.87+0.04 to
0.8440.11), and the red dashed line shows the average change in cases with pre-TAVR FFRct <0.80 (0.68+0.11 to 0.65+0.10). (B)
iFR: the mean iFR did not significantly change from 0.87+0.10 before TAVR to 0.89+0.11 after TAVR (P=0.08). The blue solid line
represents the change in cases with pre-TAVR iFR >0.89, and the red solid line represents the change in cases with pre-TAVR
iFR <0.89. The blue dashed line shows the average change in cases with pre-TAVR FFRcr >0.89 (0.95+0.03 to 0.95+0.05), and
the red dashed line shows the average change in cases with pre-TAVR iFR <0.89 (0.81+0.08 to 0.84+0.08). CT, computed tomog-
raphy; FFR, fractional flow reserve; iFR, instantaneous wave-free ratio; TAVR, transcatheter aortic valve replacement.
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or cCTA %DS 250%. (2) Post-TAVR FFRcr with nitro-
glycerin exhibited high diagnostic performance, compa-
rable to post-TAVR iFR and superior to post-TAVR
CAG %DS >50% or cCTA %DS >50%.

Assessing coronary artery lesions in patients with severe
AS remains a challenge, with invasive CAG commonly
used but providing insufficient information on functional
impact.'* FFR measurement is considered the gold stan-
dard, but concerns about vasoactive drugs in the presence
of severe AS and its potential underestimation have limited

its use.!516 With TAVR now being performed on low-risk
younger patients, there is a need for reliable pre-TAVR
functional tests to ensure long-term outcomes for patients
with severe AS and concomitant CAD.

FFRcr is a non-invasive imaging modality that calcu-
lates the FFR from cCTA, allowing for both anatomic and
functional assessment of coronary lesions.!” To achieve
accurate FFRcr analysis, vessel caliber needs to resemble
the condition during cardiac catheterization using sublin-
gual nitrates. This study evaluated the diagnostic accuracy
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of nitroglycerin-free FFRct in patients with severe AS
undergoing TAVR. The results showed that pre-TAVR
FFRcr without nitroglycerin was feasible, with an AUC
of 0.84 for diagnostic performance. The diagnostic
accuracy, sensitivity, specificity, PPV, and NPV of pre-
TAVR FFRer £0.80 to predict post-TAVR FFR <0.80
were 82%, 83%, 82%, 71%, and 90%, respectively, on a
per-vessel basis. Pre-TAVR FFRcr without nitroglycerin
outperformed pre-TAVR CAG %DS 250% or cCTA
%DS 250%, indicating the incremental diagnostic value
of FFRcr for simple morphological evaluation based on
stenosis severity.

In a recent study comparing FFRcr with nitroglycerin
to invasively derived FFR in patients with severe AS, a
strong positive correlation between FFR and FFRcr was
found.'® The present study, however, differs in terms of
evaluating nitroglycerin-free FFRcr, using post-TAVR
FFR as the reference standard, and including older
patients with more severe AS. Given these differences, it is
difficult to determine the superior approach (with or with-
out nitroglycerin) for patients with severe AS. Neverthe-
less, both studies suggest the potential utility of FFRcr for
functional evaluation of concomitant CAD in patients
with severe AS.

Leipsic et al reported that sublingual nitroglycerin
improved the specificity but not the overall diagnostic
accuracy of FFRct.!”? In the present study, although the
AUC of pre-TAVR FFRcr was numerically lower than
that of the post-TAVR FFRcrt there was no statistical dif-
ference between them (0.84 vs. 0.91, P=0.33). The feasibil-
ity of nitroglycerin-free FFRcr may be attributed to the
involvement of multiple factors in the FFRcr analysis,
which minimized the impact of patient-specific anatomic
differences with and without nitroglycerin

One of the unique advantages of the present study was
the use of post-TAVR invasive FFR as the reference stan-
dard for assessing ischemia. Previous studies evaluating
functional test in patients with severe AS often use FFR
measured under severe AS as the reference, despite the
significant effect of AS on coronary hemodynamics. Some
reports demonstrated that FFR-based physiological evalu-
ation of concomitant CAD in severe AS might underesti-
mate ischemia.!>1¢ Therefore, using post-TAVR FFR as
the reference standard is crucial for accurately evaluating
the effect of the target stenosis after treatment of severe
AS. FFRcr, in this context, is an ideal imaging modality
for assessing the true effect of the target stenosis, as it
enables evaluation of stenosis severity as if no stenosis were
present in the aortic valve.

The diagnostic performance of pre-TAVR FFRcr with-
out nitroglycerin was statistically comparable to that of
iFR before TAVR, based on previous studies demonstrat-
ing the safety and feasibility of iFR in severe AS patients
with intermediate coronary stenosis.2’ The present study
further supports the use of nitroglycerin-free FFRcr as a
feasible option for evaluating ischemia in severe AS
patients undergoing TAVR.

The advantage of FFRcr is that it does not require addi-
tional contrast agents beyond routine contrast CT prior to
TAVR. By providing functional information about coro-
nary artery stenosis, FFRcr can help avoid unnecessary
CAG in patients with intermediate lesions. This is espe-
cially beneficial for patients with impaired renal function
because it reduces the need for additional contrast agents
required for CAG.

Study Limitations

Despite our study’s strengths, we acknowledge certain
limitations. Firstly, being a single-center trial with a rela-
tively small sample size, population biases might exist.
Larger, multicenter studies are warranted to validate our
findings and provide more comprehensive insights into the
use of FFRcr in severe AS. Secondly, although FFRcr is
able to assess the physiological significance of left main
trunk (LMT) stenosis, our study did not include patients
with LMT disease. Therefore, we were unable to evaluate
the diagnostic performance of FFRcr in this specific
patient population. Future research could shed more light
on this aspect. Despite these limitations, our study contrib-
utes to the evidence supporting the diagnostic accuracy
and utility of nitroglycerin-free FFRcrt in evaluating CAD
in severe AS patients. Further exploration of FFRcr’s
potential, including its assessment of severe LMT stenosis,
is needed to optimize patient selection and guide clinical
decision-making in the context of TAVR.

Conclusions

For patients with severe AS undergoing TAVR, FFRcr
without nitroglycerin is a promising option for evaluating
comorbid CAD.
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