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Background. Transcatheter aortic valve replacement (TAVR) can rapidly improve cardiac
sympathetic nervous function (CSNF) within 2 weeks in patients with aortic stenosis (AS).
However, whether such short-term improvements will be sustained thereafter remains unclear.

Methods. Patients with severe AS who underwent TAVR between October 2017 and June
2019 were enrolled in this single-center, prospective, observational study. '>*I-meta-iodoben-
zylguanidine imaging was performed at baseline, within 2 weeks after TAVR, and at 6 to 12
months post-TAVR to evaluate the heart-mediastinum ratio (H/M) and washout rate.

Results. Of 183 consecutive patients, 75 (19 men; median age: 86 years) were evaluated.
The late H/M significantly improved within 2 weeks after TAVR (P = .041) and further
improved over 6 to 12 months after TAVR (P = .041). Multivariate analysis revealed that the
baseline mean aortic valve pressure gradient (mPG) was an independent predictor of mid-term
improvement in the late H/M (> 0.1) (P = .037). Patients with a high baseline mPG
(= 58 mmHg) exhibited a significantly greater increase in the late H/M than those with a low
baseline mPG (< 42 mmHg) (0.24 vs 0.01; P = .029).

Conclusion. CSNF demonstrated sustained improvement from within 2 weeks after TAVR
until 6 to 12 months later. Such improvement was related to baseline hemodynamic AS severity.
(J Nucl Cardiol 2022;29:2652-63.)
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Abbreviations

ACEIs Angiotensin-converting enzyme|
inhibitors

AS Aortic stenosis

AVA Aortic valve area

CSNF Cardiac sympathetic nervous function

H/M Heart-mediastinum ratio

LVEF Left ventricular ejection fraction

MIBG '23]_meta-iodobenzylguanidine

mPG Mean aortic valve pressure gradient

TAVR Transcatheter aortic valve replacement

Vmax Peak velocity

WR Washout rate

See related editorial, pp. 2664-2666

INTRODUCTION

Aortic stenosis (AS) is one of the leading causes of
cardiac morbidity and mortality among elderly patients."
While surgical aortic valve replacement is considered as
the established treatment for severe symptomatic AS,
transcatheter aortic valve replacement (TAVR) is
another important treatment option, particularly for
elderly adults or patients with prohibitive surgical risk.>

Patients with AS exhibit impairments in cardiac
sympathetic nervous function (CSNF), and several
studies have indicated improvements in CSNF conse-
quent to TAVR.>* Our previous research has
demonstrated that CSNF, as assessed by '*’I-meta-
iodobenzylguanidine (MIBG) imaging, significantly
improves within a short duration (i.e., < 2 weeks) after
TAVR.* However, whether such short-term improve-
ment in CSNF will be sustained thereafter remains
unclear.

Functional improvement in cardiac sympathetic
nerve endings is generally thought to require substantial
time (i.e., more than a few months). Previous studies on
the effects of beta-blockers or angiotensin-converting
enzyme inhibitors (ACEIs) evaluated changes in MIBG
parameters, including the heart-mediastinum ratio (H/
M) and washout rate (WR), over a period of 6 to 12
months.>® To adequately evaluate the effects of TAVR
on CSNF, it is necessary to observe not only the short-
term as well as long-term changes in CSNF indices;
hence, it is important to examine whether TAVR-
dependent early improvements in CSNF are transitory or
sustainable. To address this, the present study aimed to
investigate the mid-term effects of TAVR on CSNF
using serial cardiac MIBG imaging.

METHODS

Study Population

This single-center, prospective, observational study
enrolled consecutive patients who were scheduled to
undergo TAVR for severe AS between October 2017
and June 2019. Severe AS was defined according to the
current American College of Cardiology/American
Heart Association guidelines.” Cardiac MIBG imaging
was scheduled at baseline, within 2 weeks after TAVR,
and at 6 to 12 months after TAVR to evaluate the H/M
and WR. All baseline and procedural data, including
laboratory and echocardiographic findings, were
prospectively collected at the same time as MIBG
scintigraphy. Echocardiographic measurements during
the study period were conducted in accordance with the
recommendations of the American Society of
Echocardiography.

The exclusion criteria for the initial MIBG evalu-
ation of patients were as follows: (a) active cancer and/
or Parkinson’s disease; (b) incapability to perform
MIBG imaging due to severe dementia and/or mental
disorder; (c) ongoing therapy with medications known to
interact with MIBG (e.g., labetalol, reserpine, tricyclic
antidepressants, sympathomimetic amines, and sero-
tonin-norepinephrine  reuptake inhibitors)’;  (d)
utilization of trans-apical and trans-aortic TAVR or of
valve-in-valve TAVR for structural valve deterioration
in bioprosthetic aortic valves; (e) unstable preprocedural
conditions (e.g., cardiogenic shock) treated with intra-
venous catecholamine administration; (f) insufficient
MIBG imaging quality; and (g) refusal to provide
consent for study participation. Patients with serious
procedure-related complications (e.g., left ventricular
perforation, annular rupture, coronary obstruction, and
cardiac tamponade) were excluded from the subsequent
postoperative MIBG evaluation. Furthermore, patients
treated with newly added beta-blockers, ACEIs, and/or
angiotensin II receptor blockers after TAVR were
excluded from the final MIBG evaluation.

All procedures were performed in accordance with
the ethical standards of the institutional research com-
mittee of Kyoto Prefectural University of Medicine
(ERB-C-1081-3) and with the 1964 Declaration of
Helsinki and its later amendments or comparable ethical
standards. Informed consent was obtained from all
participants. The corresponding author (K.Z.) had full
access to all data in the study and takes responsibility for
data integrity as well as data analyses.
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Cardiac MIBG Imaging

The first MIBG imaging was performed at the time
of admission for TAVR, which was a few days prior to
TAVR in most cases. The second MIBG imaging was
carried out at > 2 days post-TAVR and when patients’
conditions were stable in order to avoid the influence of
perioperative transfusion or infection. In our institution,
all patients were routinely followed up at 1, 6, and 12
months after TAVR. The third MIBG imaging was
performed at the 6-month follow-up visit; depending on
patients’ availability, the third MIBG imaging was also
permitted to be conducted at the 12-month follow-up
visit.

MyoMIBG (FUJIFILM RI Pharma Co. Ltd., Tokyo,
Japan) was intravenously administered at a dose of 111
MBgq. Anterior planar images were acquired at 15 min
(early image) and 240 min (late image) after MIBG
injection using a large-field-of-view gamma camera
(Discovery NM/CT 670; GE Healthcare, Waukesha, W1,
USA) equipped with a medium-energy collimator. To
obtain semi-quantitative parameters for tracer distribu-
tion, MIBG imaging analysis was performed based on
the region of interest using smart MIBG software
(FUJIFILM RI Pharma Co. Ltd., Tokyo, Japan), which
was developed to semi-automatically determine the H/M
and correct the H/M to standard medium-energy colli-
mator conditions.®* The H/M was determined by
measuring the average counts in each region, whereas
the WR from the heart was calculated as the time decay-
corrected difference between early and late images.
Experienced radiology technicians who were unaware of
patients’ information conducted all analyses.

TAVR Procedure

The TAVR procedure was performed using the
transfemoral or trans-subclavian approach under general
anesthesia or conscious sedation with local anesthesia.
Either the Edwards SAPIEN 3 (Edwards Lifesciences,
Irvine, CA, USA) or Medtronic CoreValve Evolut R/Pro
(Medtronic, Minneapolis, MN, USA) was used as a
prosthesis. The multidisciplinary heart team determined
the indication, valve type, and/or vascular access for
TAVR.

Statistical Analysis

Normality of distributions was assessed using the
Shapiro—Wilk test. Categorical variables are presented
as counts and percentages, whereas continuous variables
are expressed as median (25th to 75th percentile) given
that few variables followed a normal distribution. With
respect to normally distributed variables, the median and
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mean values were nearly identical. Depending on
variable distribution, Friedman’s test or repeated-mea-
sures analysis of variance was performed for the
comparison of laboratory, echocardiographic, and
MIBG findings at the three time points. In case of
significance, pairwise post hoc tests with Holm correc-
tion were performed. Multiple regression analysis was
conducted to determine the predictors of improvement
in the late H/M at 6 to 12 months after TAVR compared
to baseline values. Following our previously established
methodology, the cut-off values for the improvement in
the H/M and WR were set at 0.1 and 3%, respectively,
considering measurement reliability and clinical signif-
icance.””'! The following variables were included as
possible confounders: age, sex, body mass index, New
York Heart Association class > III, Canadian Study of
Health and Aging Clinical Frailty Scale > 5, Society of
Thoracic Surgeons surgical mortality risk score, esti-
mated glomerular filtration rate, post-TAVR new-onset
complete left bundle branch block, post-TAVR pace-
maker implantation, baseline brain natriuretic peptide,
baseline left ventricular end-diastolic volume, baseline
left ventricular ejection fraction (LVEF), baseline aortic
valve area (AVA), baseline ratio of early diastolic left
transmitral flow velocity to septal mitral annular veloc-
ity, baseline peak velocity (Vmax), baseline mean aortic
valve pressure gradient (mPG), and baseline late H/M.
Among all variables with P < .2 according to the
univariate analysis, clinically important variables with a
lower P value were selected as confounders, considering
the number of endpoints and multicollinearity. For
example, we selected baseline mPG as the variable
instead of AmPG (6 to 12 months—baseline) in the
multivariable model, given that baseline mPG had a
lower P value of 0.043 in the univariate analysis, and we
considered it to be a more clinically important
confounder.

To further investigate the association between the
baseline mPG and mid-term improvement in the late H/
M, the study participants were retrospectively divided
into three groups according to the baseline mPG: the
low-gradient (LG) group, which consisted of patients
with baseline mPG < 42 mmHg (n = 24); the high-
gradient (HG) group, which comprised patients with
mPG > 42 mmHg and < 58 mmHg (n = 26); and the
very-high-gradient (VHG) group, which included
patients with mPG > 58 mmHg (n = 25). The baseline
mPG thresholds were set to ensure an even distribution
of the number of patients. Subgroup analyses of changes
in the late H/M were subsequently performed. To
compare the late H/M and its changes among these
three groups at three time points (at baseline, within 2
weeks after TAVR, and at 6-12 months after TAVR),
one-way analysis of variance or Kruskal-Wallis test was
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conducted for normally distributed or non-normally
distributed variables, respectively. In case of signifi-
cance, pairwise post hoc tests with Holm correction
were performed.

Statistical analyses were performed using R soft-
ware packages version 3.1.1 (R Development Core
Team, Auckland, New Zealand), with the significance
level for statistical hypothesis testing set at 0.05 and
with the alternative hypothesis being two-sided.

RESULTS

Patient Characteristics

Of 183 consecutive patients who underwent TAVR,
65 were excluded from the initial evaluation, whereas 7
were excluded from post-TAVR evaluation due to
periprocedural complications. During the follow-up
period, 21 patients who required additional medical
treatment, eight patients who were followed up at other
hospitals, and seven patients who died before the final
MIBG imaging were excluded from the final MIBG
evaluation. The final study population comprised 75
patients (Figure 1).

The baseline patient characteristics are summarized
in Table 1. The median age of the study population was
86 years; 19 patients (25.3%) were males. A total of 57
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patients were classified as having high-gradient severe
AS (baseline mPG > 40 mmHg), whereas 18 patients
were deemed to have low-gradient severe AS (baseline
mPG < 40 mmHg); among these 18 patients, 15 were
diagnosed with ‘‘paradoxical low-flow low-gradient
severe AS’’ (LVEF > 50%). The median period
between TAVR and second MIBG scintigraphy and
between TAVR and third MIBG scintigraphy was 6 and
205 days, respectively.

Changes in Laboratory, Echocardiographic,
and MIBG Findings After TAVR

Serial changes in laboratory, echocardiographic,
and MIBG findings are summarized in Table 2. Hemo-
dynamic AS parameters, such as Vmax, mPG, and
AVA, improved immediately after TAVR and were well
maintained until 6 to 12 months post-procedurally. The
LVEF increased after TAVR and was sustained after 6
to 12 months.

Changes in MIBG parameters are presented in a
boxplot in Figure 2. Late H/M significantly improved
within 2 weeks after TAVR (P = .041) and further
improved over 6 to 12 months after TAVR (P = .041).
WR rapidly improved after TAVR (P = .003) but
showed no further improvement over 6 to 12 months (P
= .827). Nevertheless, compared to the baseline level,

All consecutive patients who underwent TAVR at our hospital
between October 2017 to June 2019. (n=183)

* Active cancer (n=11), Parkinson disease(n=1)

* Severe dementia/mental disorder (n=5)

* Taking medicines that were known to interact with MIBG (n=6)
——|* Transaortic or transapical TAVR (n=2), Valve-in-Valve TAVR (n=5)
* Pre-procedural unstable state (n=8)

* Insufficient quality of MIBG imaging (n=6)

* Noconsent (n=21)

1st MIBG imaging

TAVR — |+ Procedural complication causing serious sequela or death (n=7) I
2" MIBG imaging
* Beta-blockers and/or ACE-Is and/or ARBs were added (n=21)
— |+ Follow-up at other hospitals (n=8)
34 MIBG imaging * Death during follow-up (n=7)

Final study population (n=75) I

Figure 1. Flow chart illustrating patient selection. ACEIs, indicate angiotensin-converting enzyme
inhibitors; ARBs, angiotensin II receptor blockers; MIBG, 123I-meta-iodobenzylguanidine; TAVR,

transcatheter aortic valve replacement.
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Table 1. Baseline characteristics and procedural data
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Parameters

Total (n = 75)

Baseline characteristics
Age, years
Male sex, n (%)
Body mass index, kg/m?
Society of Thoracic Surgeons score
CSHA-CFS score > 5, n (%)
New York Heart Association class IlI/IV, n (%)
Current smoker, n (%)
Past medical history, n (%)
Hypertension
Dyslipidemia
Diabetes mellitus
Atrial fibrillation (chronic/paroxysmal)
Previous percutaneous coronary intervention
Previous coronary artery bypass grafting
Previous myocardial infarction
Previous cerebrovascular disease
Pacemaker implantation
Medications, n (%)
ACEIs/ARBs
Beta-blockers
Diuretics
AS categories, n (%)
High-gradient severe AS (mPG > 40 mmHg)
Low-gradient severe AS (mPG < 40 mmHg)
Classical low-flow low-gradient severe AS (LVEF < 50%)
Paradoxical low-flow low-gradient severe AS (LVEF > 50%)
Period between TAVR and first MIBG imaging (days)
Period between TAVR and second MIBG imaging (days)
Period between TAVR and third MIBG imaging (days)
Procedural data
Approach, n (%)
Transfemoral
Trans-subclavian
Anesthesia, n (%)
General anesthesia
Conscious sedation with local anesthesia
Valve type, n (%)
Edwards SAPIEN 3
Medtronic CoreValve Evolut R/Pro
Post-TAVR pacemaker implantation, n (%)
Post-TAVR new-onset CLBBB, n (%)

86 (84-89)

19 (25.3)

21.6 (19.7-24.0)
5.7 (4.5-8.2)

40 (54.1)

24 (32.0)

2 (2.7)

59 (78.7)

38 (50.7)

11 (14.7)

8 (10.7)/9 (12.0)
23 (30.7)

4 (5.3)

8 (10.7)

15 (20.0)

9 (12.0)

40 (53.3)
36 (48.0)
39 (52.0)

57 (76.0)

18 (24.0)

3 (4.0)

15 (20.0)

4 (2-6)

6 (4-8)

205 (191-222)

72 (96.0)
3 (4.0)

74 (98.7)
1(1.3)

36 (48.0)
39 (52.0)
5 (6.7)

12 (16.0)

Categorical and continuous variables are presented as number (percentage) and median (25th-75th percentile), respectively

ACEls, indicate angiotensin-converting enzyme inhibitors; ARBs, angiotensin Il receptor blockers; AS, aortic stenosis; CLBBB,
complete left bundle branch block; CSHA-CFS, Canadian Study of Health and Aging Clinical Frailty Scale; LVEF, left ventricular
ejection fraction; MIBG, 123l-meta-iodobenzylguanidine; mPG, mean aortic valve pressure gradient; TAVR, transcatheter aortic

valve replacement
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Figure 2. Changes in '*’I-meta-iodobenzylguanidine parameters at baseline, < 2 weeks after
transcatheter aortic valve replacement (TAVR), and 6-12 months after TAVR. A Early H/M, B
Late H/M, and C WR. H/M, indicates heart—mediastinum ratio; WR, washout ratio.

the WR values were still significantly improved at 6 to
12 months after TAVR (P = .003).

The increase in the late H/M at 6 to 12 months post-
TAVR [i.e., Alate H/M (6 to 12 months—Dbaseline)] was
significantly greater than that just after TAVR [i.e.,
Alate H/M (< 2 weeks—baseline)] (P = .021). In
contrast, the decrease in the WR at 6 to 12 months after
TAVR [i.e., AWR (6 to 12 months—Dbaseline)] was not
significantly different from that immediately after
TAVR [i.e., AWR (< 2 weeks—baseline)] (P = .827).
No changes in the early H/M were observed among the
three time points.

Baseline mPG and Improvement in Late H/
M at 6-12 Months After TAVR

Overall, 43 out of 75 patients showed improvement
in the late H/M (> 0.1) at 6-12 months after TAVR.
Multivariate analysis revealed that baseline mPG was
associated with such mid-term improvement in the late
H/M (adjusted odds ratio: 0.035; 95% confidence
interval 0.004 to 0.070; P = .037) (Table 3).

The late H/M and associated clinical parameters in
the three groups who were categorized according to the
baseline mPG (LG group, < 42 mmHg; HG group, > 42
and < 58 mmHg; and VHG group, > 58 mmHg) are
presented in Table 4. No significant difference in
baseline LVEF was observed among the three groups.
In the LG group, 21 (87.5%) out of 24 patients had
baseline LVEF > 50%. The increase in late H/M within
2 weeks after TAVR [i.e., Alate H/M (< 2 weeks—
baseline)] was comparable among the three groups,
whereas the increase in late H/M at 6 to 12 months after
TAVR [i.e., Alate H/M (6 to 12 months—baseline)]
tended to be greater in the HG group than in the LG

group and in the VHG group than in the HG group. The
VHG group had significantly higher Alate H/M (6 to 12
months—baseline) than the LG group (P = .029)
(Figure 3). The changes in MIBG parameters (early H/
M, late H/M, and WR) in the three groups (LG group,
HG group, and VHG group) are presented in the Online
Resource 1.

DISCUSSION

The present study yielded the following two main
findings: (i) CSNF, as denoted by late H/M, demon-
strated a sustained improvement from within 2 weeks
after TAVR until 6-12 months later, and (ii) higher
baseline mPG was an independent predictor of mid-term
improvement in late H/M after TAVR. As no studies
have evaluated the long-term (> 6 months) effects of
TAVR on CSNF, our study could provide physicians
with new insights into this field.

Mid-Term Effects of TAVR on CSNF

In our results, late H/M exhibited a sustained
improvement from within 2 weeks after TAVR until
6-12 months later, whereas WR displayed a rapid
improvement just after TAVR but remained unchanged
over the succeeding 6—12 months. Early H/M represents
the amount of cardiac sympathetic nervous terminal
endings and uptake-1 function, whereas WR represents
sympathetic nervous tone'?; in comparison, late H/M
represents both factors. In general, the recovery of the
amount of sympathetic nervous terminal endings and
uptake-1 function is expected to require more than a few
months, whereas sympathetic nervous tone can rapidly
respond to hemodynamic changes and is susceptible to
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Table 3. Predictors of improvement in late H/M (> 0.1) at 6-12 months after TAVR compared to the

baseline level

Univariate Multivariate
o4 Adjusted OR (95% P

Parameters OR (95% ClI) value Cl) value
Age (per 1 year) 0.082 (— 0.040 to 0.215) .200

Sex — 0.256 (— 1.309 to 0.804) .632

Body mass index — 0.067 (— 0.208 to 0.067) .329

New York Heart Association class 0.848 (— 0.161 to 1.936) .109

> Il
CSHA-CFS score > 5 0.967 (0.033-1.936) .045 0.810 (— 0.191 to .115
1.839)

Society of Thoracic Surgeons score 0.062 (— 0.113 to 0.246) 492

eGFR — 0.007 (— 0.030 to 0.015) .526

Post-TAVR new-onset CLBBB 0.049 (— 1.197 to 1.357) 939

Post-TAVR pacemaker — 1.792 (- 4.793 to 0.181) 117

implantation
Baseline BNP 0.001 (0.0002-0.003) .082 0.001 (0.0001-0.003) .067
ABNP (6-12 months—baseline) — 0.002 (- 0.004 to — .089
0.0002)

Baseline LVEDV 0.016 (— 0.003 to 0.030) 113

Baseline LVEF — 0.012 (— 0.053 to 0.028) .569

ALVEF (6-12 months—baseline) 0.010 (— 0.026 to 0.047) .582

Baseline AVA 0.272 (— 2.845 to 3.427) .864

Baseline E/E’ 0.025 (— 0.019 to 0.074) .276

Baseline Vmax 0.493 (— 0.170 to 1.217) .157

Baseline mPG 0.031 (0.002-0.062) .043 0.035 (0.004-0.070) .037
AmPG (6-12 months—baseline) — 0.030 (- 0.061 to — .049

0.001)

Baseline late H/M

— 0.228 (— 1.060 to 0.574) .575

In the multivariate model, the adjusted OR for the improvement in late H/M > 0.1 at 6-12 months after TAVR, as compared to
that for the improvement in late H/M < 0.1, was calculated by adjusting the following variables: CSHA-CFS score > 5, baseline

BNP level, and baseline mPG.

AVA, indicates aortic valve area; BNP, brain natriuretic peptide; Cl, confidence interval; CLBBB, complete left bundle branch block;
CSHA-CFS, Canadian Study of Health and Aging Clinical Frailty Scale; eGFR, estimated glomerular filtration rate; E/E’, ratio of early
diastolic left transmitral flow velocity to septal mitral annular velocity; H/M, heart-mediastinum ratio; LVEDV, left ventricular end-
diastolic volume; LVEF, left ventricular ejection fraction; OR, odds ratio; mPG, mean aortic valve pressure gradient; TAVR,

transcatheter aortic valve replacement; Vmax, peak velocity

other clinical factors. The present results indicate a
gradual trend toward improvement, as demonstrated by
the late H/M, and a rapid but non-continuous improve-
ment in the WR, which were thought to be consistent
with the theories that have been stated.'?

In our study, the absolute value of the change in the
late H/M before and after TAVR was not large.
However, the change in the late H/M in our study
seems comparable with the values reported in previous
studies that investigated the effects of medical treat-
ments.> !> Moreover, even small changes such as these
are associated with an improved prognosis.'* Therefore,

we believe that the improvement in the late H/M
demonstrated in our study is clinically significant.

Predictors of Improvement in Late H/M
at 6-12 Months After TAVR

A higher baseline mPG was an independent predic-
tor of mid-term improvement in the late H/M after
TAVR; in particular, patients with a very high baseline
mPG (> 58 mmHg) experienced significantly greater
increase in the late H/M than those with a low baseline
mPG (< 42 mmHg).
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Figure 3. Increase in the late H/M at 6-12 months after
transcatheter aortic valve replacement [i.e., Alate H/M (6-12
months—baseline)] in three groups classified according to the
baseline mPG. H/M, indicates heart—-mediastinum ratio; mPG,
mean aortic valve pressure gradient; TAVR, transcatheter aortic
valve replacement.

The mPG assessed using Doppler echocardiography
is one of the most powerful markers of AS severity in
patients with normal cardiac output and preserved
LVEF. High mPG is an independent predictor of
mortality in patients with severe AS.'” Moreover,
patients with ‘‘very severe AS,’’ defined as mPG > 60
mmHg and/or Vmax > 5 m/s, are considered at high
risk, and current Japanese guidelines recommend early
surgery, even when these patients are asymptomatic.'®
In our present study, patients with a very high mPG (>
58 mmHg) exhibited a higher degree of improvement in
CSNF after TAVR, suggesting that patients with a very
high baseline mPG would gain the greatest prognostic
benefit from TAVR, considering the association of
TAVR-related improvement in the late H/M with post-
TAVR prognosis.'’

The effects of TAVR on patients with a low mPG
should be carefully discussed. In this study, the increase
in the late H/M at 6—12 months after TAVR (i.e., Alate
H/M [6 to 12 months—baseline]) was minimal among
patients with a low baseline mPG (< 42 mmHg).
According to current guidelines,'®'® AS with low mPG,
so-called ‘‘low-flow low-gradient’’ (LF-LG) severe AS
can be divided into two groups, namely, classical LF-LG
AS with LVEF < 50% and paradoxical LF-LG AS with
LVEF > 50%. The prognosis of patients with paradox-
ical LF-LG AS remains controversial, with some studies
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reporting poor prognosis' >’ and others indicating good

prognosis.”"** In the present study, most patients with a
low mPG (< 42 mmHg) were classified as having
paradoxical LF-LG AS. Therefore, the present results
may represent poor CSNF response after TAVR among
patients with paradoxical LF-LG AS, suggesting that
patients with paradoxical LF-LG AS may gain benefit
from TAVR with respect to symptomatic relief but not
in terms of prognostic improvement.

Clinical Implications

The clinical outcomes of TAVR have improved due
to device development and technical advancement, and
its application has expanded to include younger patients
as well as those with lower surgical risk.” Consequently,
simpler, easier, and more accurate prognostic indicators
are desired. Furthermore, there is an increased need for
the appropriate selection of patients who would most
benefit from TAVR. In our previous study, we demon-
strated that CSNF assessment using MIBG imaging
could provide essential information about patients’
prognosis after TAVR and that patients exhibiting early
improvement in late H/M after TAVR had a signifi-
cantly lower incidence of cardiac events than those
without such improvement.'” The present results indi-
cate that late H/M displayed a clearer trend toward
improvement at 6 to 12 months than immediately after
TAVR. It is assumed that MIBG parameters immedi-
ately after TAVR will inevitably be influenced by
perioperative procedural factors such as infusion; there-
fore, a comparison of baseline and 6- to 12-month data
may provide a better prognostic indicator for patients
who have undergone TAVR. Furthermore, our results
suggest that more careful consideration may be given to
the indications for TAVR among patients with a low
baseline mPG, particularly those with paradoxical LF-
LG AS. Serial CSNF assessment using MIBG imaging
may be useful in validating TAVR treatment for this AS
category.

NEW KNOWLEDGE GAINED

The late H/M assessed using MIBG imaging dis-
played a clearer trend toward improvement at 6 to 12
months than immediately after TAVR. Higher baseline
mPG was an independent predictor of mid-term
improvement in late H/M after TAVR.

STUDY LIMITATIONS

The present study has certain limitations. First, the
relatively small sample size of this study may be
insufficient to fully reveal the long-term effects on
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CSNF by TAVR procedure. In addition, the final study
population comprised only 75 of the 183 consecutive
patients enrolled, which raises concern about the exter-
nal validity of this study. The applicability of certain
imaging modalities, including MIBG scintigraphy, can
be limited by the patient’s background and the presence
of intraoperative complications. Therefore, potential
limitations to the applicability of MIBG imaging in
clinical settings exist. Second, the prognostic benefit
from the improvement in CSNF at 6 to 12 months after
TAVR remains unclear because the patients’ prognostic
information was not included in this study. However,
because the association of early TAVR-related improve-
ment in the late H/M with better prognosis has
previously been confirmed,'” the increase in the late
H/M revealed in this study should also represent good
clinical outcomes after TAVR. Third, there may be
some selection bias in sampling, as baseline MIBG
imaging could not be performed for critically ill patients
with unstable general conditions. Fourth, as this study
included Japanese patients only, our results cannot be
generalized to other ethnicities.

CONCLUSION

CSNF, as denoted by late H/M, demonstrated a
sustained improvement from within 2 weeks after
TAVR until 6-12 months later. Such improvement
was related to baseline hemodynamic AS severity.
Patients with very high baseline mPG would gain the
greatest prognostic benefit from TAVR.
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