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IMPORTANCE Tafamidis has been shown to improve survival in patients with transthyretin
amyloid cardiomyopathy (ATTR-CM) compared with placebo. However, its effect on cardiac
function has not been fully characterized.

OBJECTIVE To examine the effect of tafamidis on cardiac function in patients with ATTR-CM.

DESIGN, SETTING, AND PARTICIPANTS This was an exploratory, post hoc analysis of the
Tafamidis in Transthyretin Cardiomyopathy Clinical Trial (ATTR-ACT), a multicenter,
international, double-blind, placebo-controlled phase 3 randomized clinical trial conducted
from December 2013 to February 2018. The ATTR-ACT included 48 sites in 13 counties and
enrolled patients aged 18 to 90 years with ATTR-CM. Data were analyzed from July 2018
to September 2023.

INTERVENTION Patients were randomized to tafamidis meglumine, 80 mg or 20 mg,
or placebo for 30 months.

MAIN OUTCOMES AND MEASURES Patients were categorized based on left ventricular (LV)
ejection fraction at enrollment as having heart failure with preserved ejection fraction
(�50%), mildly reduced ejection fraction (41% to 49%), or reduced ejection fraction
(�40%). Changes from baseline to month 30 in LV ejection fraction, LV stroke volume, LV
global longitudinal strain, and the ratio of early mitral inflow velocity to septal and lateral
early diastolic mitral annular velocity (E/e′) were compared in patients receiving tafamidis,
80 mg, vs placebo.

RESULTS A total of 441 patients were randomized in ATTR-ACT, and 436 patients had available
echocardiographic data. Of 436 included patients, 393 (90.1%) were male, and the mean (SD)
age was 74 (7) years. A total of 220 (50.5%), 119 (27.3%), and 97 (22.2%) had heart failure
with preserved, mildly reduced, and reduced LV ejection fraction, respectively. Over 30
months, there was less pronounced worsening in 4 of the echocardiographic measures in
patients receiving tafamidis, 80 mg (n = 176), vs placebo (n = 177) (least squares mean
difference: LV stroke volume, 7.02 mL; 95% CI, 2.55-11.49; P = .002; LV global longitudinal
strain, −1.02%; 95% CI, −1.73 to −0.31; P = .005; septal E/e′, −3.11; 95% CI, −5.50 to −0.72;
P = .01; lateral E/e′, −2.35; 95% CI, −4.01 to −0.69; P = .006).

CONCLUSIONS AND RELEVANCE Compared with placebo, tafamidis, 80 mg, attenuated the
decline of LV systolic and diastolic function over 30 months in patients with ATTR-CM.
Approximately half of patients had mildly reduced or reduced LV ejection fraction at
enrollment, suggesting that ATTR-CM should be considered as a possible diagnosis
in patients with heart failure regardless of underlying LV ejection fraction.
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T ransthyretin amyloid cardiomyopathy (ATTR-CM) is a
progressive, fatal disease caused by the deposition of
transthyretin (TTR) amyloid fibrils in the myocar-

dium, leading to cardiomyopathy and symptoms of heart
failure.1,2 The 2 forms of the disease are hereditary (ATTRv-
CM), in which a pathogenic TTR variant is present, and wild
type (ATTRwt-CM), in which no variant is identified.1 Progno-
sis is poor in patients with untreated ATTR-CM, with median
survival estimates of 2 to 6 years after diagnosis, depending
on factors such as genotype and stage of disease.3

In ATTR-CM, the buildup of amyloid deposits in the myo-
cardium leads to increased ventricular wall thickness and
diastolic dysfunction.2 ATTR-CM has been observed in rela-
tively high proportions (ie, 6% to 13%) of older patients with
heart failure with preserved ejection fraction (HFpEF) and
increased left ventricular (LV) wall thickness and may be a fre-
quently overlooked cause of HFpEF.4,5 However, LV ejection
fraction (LVEF) tends to decrease in advanced stages of the
disease.6,7 Echocardiographic measures of both systolic and
diastolic function, including LVEF, longitudinal strain, LV stroke
volume (SV), and early mitral inflow velocity to septal/early
diastolic mitral annular velocity (E/e′; a marker of LV filling
pressures), have been shown to be independent prognostic
factors for mortality in patients with ATTR-CM.8,9

Tafamidis is a TTR kinetic stabilizer that inhibits tetramer
dissociation, the rate-limiting step in TTR amyloidogenesis.10

In the randomized Tafamidis in Transthyretin Cardiomyo-
pathy Clinical Trial (ATTR-ACT), tafamidis was shown to sig-
nificantly reduce mortality and cardiovascular-related hospi-
talizations and to reduce decline in functional capacity and
quality of life compared with placebo.11 Despite a recognized
clinical benefit of tafamidis, its effect on cardiac function as
measured by echocardiographic parameters has not been fully
characterized. Three recent reports from single-center studies
of tafamidis reported delays in cardiac structural and func-
tional deterioration in patients with ATTR-CM treated with
tafamidis compared with treatment-naive patients, thereby
suggesting that tafamidis may attenuate the decline of cardiac
function.12-14

The primary aim of this post hoc analysis of the ATTR-
ACT was to assess the effect of tafamidis, 80 mg, the ap-
proved dose for ATTR-CM,15 vs placebo on echocardio-
graphic measures of cardiac function that have previously been
identified as prognostic factors for mortality in ATTR-CM.8,9

By focusing on these prognostic echocardiographic mea-
sures, we aimed to better understand the underlying basis of
improved survival with tafamidis.

Methods
Trial Design and Patients
A full description of the design and methodology of ATTR-ACT
has been published,11,16 and the trial protocol and statistical
analysis plan can be found in Supplement 1. Briefly, ATTR-ACT
was an international, multicenter, double-blind, placebo-
controlled phase 3 randomized clinical trial of tafamidis for
ATTR-CM. Eligible patients were aged 18 to 90 years with biopsy-

confirmed ATTRv-CM or ATTRwt-CM, a medical history of heart
failure, and end-diastolic interventricular septal wall thick-
ness of 12 mm or greater. Patients were randomized 2:1:2 to re-
ceive once-daily oral tafamidis meglumine, 80 mg, tafamidis
meglumine, 20 mg, or matching placebo for 30 months.

ATTR-ACT was approved by the independent review board
or ethics committee at each site and was conducted in accor-
dance with the principles of the Declaration of Helsinki and the
International Conference on Harmonization Good Clinical
Practice guidelines. All participants provided written in-
formed consent. ATTR-ACT followed the Consolidated Stan-
dards of Reporting Trials (CONSORT) reporting guideline.

Clinical and Echocardiographic Evaluations
Patient demographic characteristics, TTR genotype, New York
Heart Association (NYHA) class, and additional clinical char-
acteristics were collected at baseline. Race was collected by self-
report at the time of enrollment based on categories provided
by the investigator from a case report form that was standard-
ized across sites; race categories included American Indian or
Alaska Native, Asian, Black, multiple races, Native Hawaiian
or Other Pacific Islander, White, and other or unknown race.

All patients underwent 2-dimensional (2-D) echocardiog-
raphy with Doppler at baseline and at months 6, 18, and 30,
following a standardized, prespecified protocol. Focused api-
cal 4-chamber, 3-chamber, and 2-chamber (A4C, A3C, and A2C)
views of the left ventricle were obtained at high frame rates
(≥30 frames per second) for speckle-tracking strain analysis
measurement of LV global longitudinal strain (GLS). Images
were reviewed and analyzed at the MedPace Imaging Core Labs
(Cincinnati, Ohio), where they underwent an initial quality con-
trol review to assess completeness and adequacy of the data
before analysis by an independent, blinded cardiologist and
sonographer. TOMTEC medical imaging software (TOMTEC
Imaging Systems) was used for review of all images and for
making all measurements. All echocardiographic measure-
ments were made according to published guidelines.17,18

LVEF was estimated using the LV end-diastolic volume
(LVEDV) and LV end-systolic volume (LVESV), measured by the
biplane method (modified Simpson rule) when 2 acceptable
quality orthogonal views (A4C and A2C) were available or by
the single-plane method when only an acceptable quality A4C
view was available. LVEF was calculated using the formula

Key Points
Question Does tafamidis, 80 mg, affect cardiac function in
patients with transthyretin amyloid cardiomyopathy?

Findings In this post hoc analysis of the randomized Tafamidis in
Transthyretin Cardiomyopathy Clinical Trial including 441 patients,
over 30 months, there was less pronounced worsening of left
ventricular (LV) stroke volume, LV global longitudinal strain, and
LV filling pressure (estimated using septal and lateral E/e′ ratio)
in patients treated with tafamidis, 80 mg, vs placebo.

Meaning Compared with placebo, tafamidis, 80 mg, attenuated
the decline of LV systolic and diastolic function in patients with
transthyretin amyloid cardiomyopathy.
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(LVEDV – LVESV) / LVEDV × 100. HFpEF, heart failure with
mildly reduced ejection fraction (HFmrEF), and heart failure
with reduced ejection fraction (HFrEF) were defined as LVEF
of 50% or greater, 41% to 49%, and 40% or less, respectively,
based on current clinical practice guidelines.19

LVSV was calculated from the LV outflow tract (LVOT)
diameter and velocity time integral (VTI) values using the
formula π(LVOT diameter / 2)2 × LVOT VTI. The LVOT diam-
eter is a linear, 2-D measurement obtained in the parasternal long
axis. The electronic caliper is placed at the insertion point of the
noncoronary cusp of the aortic valve and the right coronary cusp
of the aortic valve. The LVOT VTI was obtained by placing the
pulsed-wave Doppler proximal to the aortic valve in the apical
5-chamber view and tracing the LVOT flow profile.

LV GLS, which measures subendocardial longitudinal fi-
ber systolic function, was calculated as the percentage change
in longitudinal deformation of the LV myocardium between end-
diastole and end-systole in the apical views and evaluated using
2-D speckle-tracking echocardiographic analysis. In each
apical view (A4C, A3C, and A2C), longitudinal systolic strain was
measured in 6 segments (basal, mid, and apical), and the mean
of the measurements was calculated. LV GLS was subse-
quently determined from the mean peak value of longitudinal
systolic strain from the A4C, A3C, and A2C views.

LV circumferential strain is a measure of the shortening
deformation of the left ventricle between end-diastole and end-
systole in the parasternal short axis (PSAX) view. Basal, mid,
and apical global circumferential strain were calculated as the
mean peak value of 2-D circumferential speckle tracking–
derived strain of the LV basal, mid, and apical segments, re-
spectively. LV radial strain is a measure of the thickening
deformation of the LV between end-diastole and end-systole
in the PSAX view. Basal, mid, and apical radial strain were
calculated as the mean peak value of 2-D speckle tracking–
derived strain of the LV basal, mid, and apical segments, re-
spectively. Regional (segmental) strain values were extracted
from the TOMTEC software in the A4C view (longitudinal strain)
and PSAX view (circumferential and radial strain) to allow
comparisons between tafamidis and placebo.

Septal and lateral E/e′ were calculated using early mitral
inflow (E) velocity (measured at the tips of the mitral leaflets
in the A4C view using pulsed wave Doppler) and septal and
lateral early mitral annular (e′) tissue Doppler imaging veloci-
ties. The left atrial diameter was measured at ventricular end-
systole in the parasternal long axis (for anteriorposterior) and
A4C (for mediolateral and superior-inferior) views.

Statistical Analysis
All analyses were post hoc and were therefore considered ex-
ploratory. Baseline demographic, clinical, and echocardio-
graphic characteristics were summarized in all patients in ATTR-
ACT according to LVEF category. Differences between LVEF
groups were assessed for statistical significance. P values were
calculated using 1-way analysis of variance to compare means
for continuous variables, the Kruskal-Wallis test to compare me-
dians for continuous variables, the χ2 test to compare propor-
tions with cell counts of 5 or greater, and Fisher exact test to
compare proportions with cell counts less than 5.

The main analysis compared changes in LVEF, LVSV, LV GLS,
and septal and lateral E/e′ from baseline to months 6, 18, and 30
in the tafamidis, 80 mg, and placebo groups. Changes in regional
measures of LV longitudinal, circumferential, and radial strain
and left atrial diameter from baseline to month 30 were also com-
pared between treatment groups. Only patients treated with
tafamidis, 80 mg, were assessed in comparison with placebo in
these longitudinal analyses because it is the approved dose for
ATTR-CM.15 Change from baseline in the selected echocardio-
graphic measures was evaluated at each postbaseline time point
using a mixed-effect model repeated-measures analysis of
covariance with an unstructured covariance matrix: center and
patients within center were random effects; treatment, visit,
TTR genotype (variant and wild-type), and visit by treatment
interaction were fixed effects; and baseline echocardiographic
variables were covariates. The potential impact of baseline LVEF
on tafamidis efficacy was explored by adding LVEF at baseline,
with a 2-way interaction with treatment, to models for all-cause
mortality, cardiovascular-related hospitalizations, and the 4
echocardiographic measures (LVSV, LV GLS, lateral E/e′, and
septal E/e′). Two-tailed P values < .05 were considered signifi-
cant. Statistical analyses were performed using SAS version
9.4 (SAS Institute).

Results
Baseline Characteristics by LVEF Category
in All Patients in ATTR-ACT
ATTR-ACT enrolled 441 patients, of whom 176 received ta-
famidis, 80 mg, 88 received tafamidis, 20 mg, and 177 re-
ceived placebo. Of 436 included patients, 393 (90.1%) were
male; 18 (4.1%) were Asian, 63 (14.4%) were Black, 352 (80.7%)
were White, and 3 (0.7%) were other races; and the mean (SD)
age was 74 (7) years. A total of 220 patients (50.5%) had HFpEF,
119 (27.3%) had HFmrEF, and 97 (22.2%) had HFrEF at enroll-
ment (Table 1). Five patients with missing LVEF data at enroll-
ment were excluded from this part of the analysis.

Median (IQR) age in patients with HFpEF, HFmrEF, and
HFrEF were 75 (71-80), 74 (70-78), and 75 (70-79) years, re-
spectively (Table 1). The proportion of patients with self-
reported Black race, a variant TTR genotype, and NYHA class
III heart failure was lowest in the HFpEF category and high-
est in the HFrEF category (Table 1). Patients with HFpEF had
lower N-terminal pro–B-type natriuretic peptide (NT-
proBNP) concentration and higher (better) Kansas City Cardio-
myopathy Questionnaire overall summary scores than pa-
tients with HFmrEF and HFrEF (Table 1). They also had lower
LV mass, higher LVSV, lower septal E/e′, and better (ie, more
negative) LV GLS and mid global circumferential strain val-
ues (Table 1). Six-minute walk test distance was similar in pa-
tients with HFpEF and HFmrEF and lowest in patients with
HFrEF (Table 1).

Changes in Echocardiographic Measures Over Time
by Treatment Group
Changes in echocardiographic measures were assessed in the
176 patients in the tafamidis, 80 mg, group and the 177 patients
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in the placebo group (Table 2).20 Mean LVEF, LVSV, LV GLS, and
septal and lateral E/e′ were similar between the treatment
groups at baseline (Table 2). Worsening of each echocardio-
graphic measure was observed after 30 months, with greater
decline in patients receiving placebo than in those receiving
tafamidis, 80 mg (Figure 1). The least squares mean differ-
ences among those receiving tafamidis, 80 mg, vs placebo in
change from baseline to month 30 were 2.09% (95% CI, −0.62
to 4.79; P = .13) for LVEF, 7.02 mL (95% CI, 2.55-11.49; P = .002)
for LVSV, −1.02% (95% CI, −1.73 to −0.31; P = .005) for LV GLS,
−3.11 (95% CI, −5.50 to −0.72; P = .01) for septal E/e′, and −2.35
(95% CI, −4.01 to −0.69; P = .006) for lateral E/e′ (Figure 1).
Decline in LVEF was apparent from month 6 onwards with
placebo, whereas there was minimal decline with tafamidis,
80 mg, until month 30 (Figure 2A). Decline in LVSV and LV GLS
was apparent from month 6 onwards in all patients (Figure 2B
and C). Increasing E/e′ was apparent from month 6 through
month 30 with placebo; however, these only minimally
changed at each time point after month 6 with tafamidis,
80 mg (Figure 2D and E).

Analyses of changes in regional measures of strain showed
less decline with tafamidis, 80 mg, vs placebo in midseptal (least
squares mean difference, −1.84; 95% CI, −2.79 to −0.89; P < .001)
and basal-lateral (−1.36; 95% CI, −2.55 to −0.16; P = .03) LV

longitudinal strain, mid (−2.92; 95% CI, −4.77 to −1.07; P = .002)
and apical (−3.07; 95% CI, −5.56 to −0.59; P = .02) LV circum-
ferential strain, and mid (3.91; 95% CI, 0.97 to 6.84; P = .009)
and apical (4.27; 95% CI, 0.17 to 8.38; P = .04) LV radial strain
(eTable 1 in Supplement 2). There were no differences in change
from baseline to month 30 in left atrial diameter with ta-
famidis, 80 mg, vs placebo (eTable 2 in Supplement 2).

Effect of Baseline LVEF on Treatment
There was no significant interaction between the treatment
effect with tafamidis, 80 mg, and baseline LVEF for all-cause
mortality (P for interaction = .40) and cardiovascular-related
hospitalizations (P for interaction = .35) or for change from
baseline in LVSV (P for interaction = .23), LV GLS (P for inter-
action = .66), septal E/e′ (P for interaction = .66), or lateral E/e′
(P for interaction = .84).

Discussion
This post hoc analysis from ATTR-ACT showed that in patients
with ATTR-CM, treatment with tafamidis, 80 mg, attenuated
the decline in cardiac function over 30 months compared with
placebo. Differences between tafamidis, 80 mg, and placebo

Table 1. Baseline Demographic Characteristics and Clinical, Laboratory, and Echocardiographic Measures Stratified
by Left Ventricular Ejection Fraction (LVEF) Category

Characteristic

No. (%)

P valueaHFpEF (n = 220) HFmrEF (n = 119) HFrEF (n = 97)
Age, y

Mean (SD) 74.7 (7.1) 73.4 (6.6) 74.5 (7.3)
.25

Median (IQR) 75 (71-80) 74 (70-78) 75 (70-79)

Sex

Female 23 (10.5) 9 (7.6) 11 (11.3)
.60

Male 197 (89.5) 110 (92.4) 86 (88.7)

Race

Asian 11 (5.0) 3 (2.5) 4 (4.1)

.01
Black 21 (9.5) 18 (15.1) 24 (24.7)

White 186 (84.5) 98 (82.4) 68 (70.1)

Other raceb 2 (0.9) 0 1 (1.0)

TTR genotype

Wild-type 176 (80.0) 90 (75.6) 64 (66.0)
.03

Variant 44 (20.0) 29 (24.4) 33 (34.0)

NYHA class

I/II 162 (73.6) 86 (72.3) 49 (50.5)
<.001

III 58 (26.4) 33 (27.7) 48 (49.5)

NT-proBNP, median (IQR), pg/mL 2535.1 (1529.0-4157.3) 3161.0 (2075.0-4694.1) 4093.0 (2614.0-6133.0) <.001

KCCQ overall summary score, mean (SD) 70.1 (20.1) 67.5 (19.4) 58.4 (24.2) <.001

6MWT distance, mean (SD), m 364.2 (118.8) 369.7 (109.1) 300.5 (134.0) <.001

Comorbidities

Hypertension 111 (50.5) 64 (53.8) 52 (53.6) >.99

Atrial fibrillation 107 (48.6) 65 (54.6) 54 (55.7) .99

Coronary artery disease 48 (21.8) 25 (21.0) 18 (18.6) >.99

Chronic kidney disease 35 (15.9) 18 (15.1) 32 (33.0) .94

Diabetes 18 (8.2) 7 (5.9) 8 (8.2) >.99

(continued)
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were observed both for LV systolic parameters (LVSV, LV GLS)
and for LV diastolic indices (E/e′). Changes in LVEF followed a
similar pattern of attenuated decline with tafamidis, 80 mg, but
the difference between tafamidis and placebo did not reach sta-
tistical significance. These 5 echocardiographic parameters hold
particular significance, as they have been identified as inde-
pendent prognostic factors for mortality in patients with
ATTR-CM,8,9 thereby suggesting that the effect of tafamidis on
cardiac function in patients with ATTR-CM may underlie im-
proved survival.11 Our findings provide additional insight into
the clinical benefit of tafamidis for patients with ATTR-CM
and emphasize the importance of early intervention.

Prior results from 3 single-center studies also reported at-
tenuated decline in cardiac function in patients with ATTR-CM
when treated with tafamidis.12-14 The first of these was a retro-
spective study that used echocardiography and found less

deterioration in LV GLS, myocardial work index, and effi-
ciency after 12 months in patients with ATTR-CM treated with
tafamidis free acid, 61 mg (equivalent to tafamidis meglum-
ine, 80 mg; n = 23), compared with untreated patients (n = 22).14

A single-center, open-label study that also used echocardiog-
raphy found that patients with ATTR-CM treated with ta-
famidis free acid, 61 mg (n = 62), showed stable measure-
ments in LV GLS, right ventricular GLS, and left atrial reservoir
strain after a median 8.5 months follow-up, whereas treatment-
naive patients (n = 54) had clear signs of disease progression in
these measures after a median follow-up of 10.5 months.13 Lastly,
another single-center, open-label study used cardiac magnetic
resonance imaging and found that patients treated with ta-
famidis free acid, 61 mg (n = 35), had stable measurements
in LVEF, LV mass index, and extracellular volume after a me-
dian follow-up of 9 months compared with treatment-naive

Table 1. Baseline Demographic Characteristics and Clinical, Laboratory, and Echocardiographic Measures Stratified
by Left Ventricular Ejection Fraction (LVEF) Category (continued)

Characteristic

No. (%)

P valueaHFpEF (n = 220) HFmrEF (n = 119) HFrEF (n = 97)
Echocardiographic measures

LVEF, mean (SD), % 56.5 (4.5) 45.5 (2.6) 33.9 (5.0) <.001

LV mass

Total, No. 217 115 97 NA

Mean (SD), g 283.1 (84.5) 304.9 (94.2) 312.1 (89.7) .01

LV end-diastolic interventricular septal wall thickness

Total, No. 218 116 97 NA

Mean (SD), mm 16.3 (3.6) 16.6 (3.8) 16.8 (3.8) .47

LV posterior wall thickness

Total, No. 217 115 97 NA

Mean (SD), mm 16.7 (3.8) 17.0 (4.1) 16.9 (4.3) .82

LV stroke volume

Total, No. 211 116 94 NA

Mean (SD), mL 49.8 (17.2) 44.1 (15.2) 37.4 (12.4) <.001

LV global longitudinal strainc

Total, No. 217 119 97 NA

Mean (SD), % −10.6 (3.5) −8.9 (3.1) −7.1 (2.5) <.001

LV mid global circumferential strain

Total, No. 215 116 93 NA

Mean (SD), % −19.1 (9.8) −15.2 (6.9) −12.4 (7.5) <.001

Septal E/e′

Total, No. 212 117 92 NA

Mean (SD) 22.9 (8.7) 24.0 (11.2) 26.6 (11.9) .02

Lateral E/e′

Total, No. 215 117 94 NA

Mean (SD) 17.2 (8.1) 16.2 (6.6) 17.3 (8.2) .43

Abbreviations: 6MWT, 6-minute walk test; E/e′, mitral inflow E wave/early
diastolic mitral annular velocity; HFmrEF, heart failure with mildly reduced
ejection fraction; HFpEF, heart failure with preserved ejection fraction;
HFrEF, heart failure with reduced ejection fraction; KCCQ, Kansas City
Cardiomyopathy Questionnaire; LV, left ventricular; NA, not applicable;
NT-proBNP, N-terminal pro–B-type natriuretic peptide; NYHA, New York
Heart Association; TTR, transthyretin.
a P values are from 1-way analysis of variance for age, KCCQ overall summary

score, 6MWT distance, comorbidities, and echocardiographic measures; from
the χ2 test for sex, TTR genotype, and NYHA class; from Fisher exact test for

race; and from the Kruskal-Wallis test for NT-proBNP values.
b Race data were collected at enrollment via self-report by the patients and

categorized as Asian, Black, White, and other race, which included American
Indian or Alaska Native, Native Hawaiian or Other Pacific Islander, multiple
races, and other or unknown race.

c Reference values for LV global longitudinal strain: normal (�−18%), borderline
abnormal (−18% to −16%), and abnormal (�−16%). LV global longitudinal
strain is expressed as a negative number; the closer the absolute value to zero,
the worse the LV global longitudinal strain.
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patients (n = 19), who showed clear disease progression as
assessed by these measures after a median follow-up of 12
months.12 In the current study, the beneficial effect of ta-
famidis was observed only in measures of LV function, as there
was no difference between treatment groups in the change in
left atrial diameter. However, left atrial diameter was the only
left atrial echocardiographic parameter assessed in ATTR-ACT.

We also assessed strain parameters according to myocar-
dial region and found that, at baseline, LV longitudinal strain
followed the apical sparing pattern typically observed in pa-
tients with ATTR-CM.21,22 Attenuated decline in LV longitudi-
nal strain was observed with tafamidis, 80 mg, vs placebo in
mid and basal regions, whereas attenuated decline in LV cir-
cumferential and radial strain was observed in mid and api-
cal regions. A similar analysis from the phase 3 APOLLO study
of the RNA interference therapeutic patisiran in patients with
ATTRv amyloidosis and symptomatic polyneuropathy showed
that in the cardiac subpopulation (patients with baseline LV
wall thickness ≥13 mm and no history of aortic valve disease
or hypertension), patisiran vs placebo prevented the deterio-
ration of LV GLS over 18 months.23 This effect was primarily
driven by differences in the basal region, whereas we found

attenuated decline in longitudinal strain in both the basal and
mid regions (the APOLLO analysis did not examine circum-
ferential or radial strain). However, comparisons between
APOLLO and ATTR-ACT are complicated by differences in pa-
tient populations; ATTR-ACT enrolled patients with ATTRv and
ATTRwt amyloidosis and a diagnosis of cardiomyopathy,

Table 2. Baseline Demographic Characteristics and Clinical, Laboratory,
and Echocardiographic Measures Stratified by Treatment Groupc

Characteristic

No. (%)
Tafamidis, 80 mg
(n = 176)

Placebo
(n = 177)

Age, y

Mean (SD) 75.2 (7.2) 74.1 (6.7)

Median (IQR) 76.0 (71-81) 74.0 (71-79)

Sex

Female 18 (10.2) 20 (11.3)

Male 158 (89.8) 157 (88.7)

Race

Asian 11 (6.3) 5 (2.8)

Black 26 (14.8) 26 (14.7)

White 136 (77.3) 146 (82.5)

Other racea 3 (1.7) 0

TTR genotype

Wild-type 134 (76.1) 134 (75.7)

Variant 42 (23.9) 43 (24.3)

NYHA class

I/II 121 (68.8) 114 (64.4)

III 55 (31.3) 63 (35.6)

NT-proBNP,
median (IQR), pg/mL

3122.0
(1826.0-
4948.5)

3161.0
(1864.4-
4825.0)

KCCQ overall summary score,
mean (SD)

67.1 (21.3) 65.9 (21.7)

6MWT distance, mean (SD), m 344.8 (120.3) 353.3 (126.0)

Comorbidities

Hypertension 90 (51.1) 84 (47.5)

Atrial fibrillation 93 (52.8) 89 (50.3)

Coronary artery disease 35 (19.9) 40 (22.6)

Chronic kidney disease 31 (17.6) 41 (23.2)

Diabetes 14 (8.0) 13 (7.3)

(continued)

Table 2. Baseline Demographic Characteristics and Clinical, Laboratory,
and Echocardiographic Measures Stratified by Treatment Groupc

(continued)

Characteristic

No. (%)
Tafamidis, 80 mg
(n = 176)

Placebo
(n = 177)

Echocardiographic variables

LVEF

Total, No. 173 175

Mean (SD), % 48.0 (10.5) 48.6 (9.5)

LV mass

Total, No. 169 175

Mean (SD), g 296.4 (92.3) 287.4 (85.1)

LV end-diastolic interventricular
septal wall thickness

Total, No. 171 175

Mean (SD), mm 16.7 (3.9) 16.2 (3.5)

LV posterior wall thickness

Total, No. 169 175

Mean (SD), mm 16.7 (3.8) 16.7 (4.1)

LV stroke volume

Total, No. 170 168

Mean (SD), mL 45.5 (16.9) 45.1 (16.9)

LV global longitudinal strainb

Total, No. 173 173

Mean (SD), % –9.3 (3.7) –9.4 (3.6)

Septal E/e′

Total, No. 169 169

Mean (SD) 24.8 (11.0) 24.2 (10.4)

Lateral E/e′

Total, No. 171 172

Mean (SD) 17.1 (7.7) 17.2 (7.8)

LVEF category, No./total No. (%)

HFpEF 87/173 (50.3) 88/175 (50.3)

HFmrEF 44/173 (25.4) 50/175 (28.6)

HFrEF 42/173 (24.3) 37/175 (21.1)

Abbreviations: 6MWT, 6-minute walk test; E/e′, mitral inflow E wave/early
diastolic mitral annular velocity; HFmrEF, heart failure with mildly reduced
ejection fraction; HFpEF, heart failure with preserved ejection fraction;
HFrEF, heart failure with reduced ejection fraction; KCCQ, Kansas City
Cardiomyopathy Questionnaire; LV, left ventricular; LVEF, left ventricular
ejection fraction; NT-proBNP, N-terminal pro–B-type natriuretic peptide;
NYHA, New York Heart Association; TTR, transthyretin.
a Race data were collected at enrollment via self-report by the patients and

categorized as Asian, Black, White, and other race, which included American
Indian or Alaska Native, Native Hawaiian or Other Pacific Islander, multiple
races, and other or unknown race.

b Reference values for LV global longitudinal strain: normal (�−18%), borderline
abnormal (−18% to −16%), and abnormal (�−16%). LV global longitudinal
strain is expressed as a negative number; the closer the absolute value to zero,
the worse the LV global longitudinal strain.

c Some data were previously presented in Damy et al.20
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whereas APOLLO enrolled patients with ATTRv amyloidosis
and a diagnosis of polyneuropathy. Baseline clinical, labora-
tory, and echocardiographic characteristics were markedly dif-
ferent among patients enrolled in APOLLO vs ATTR-ACT,24 and
patients with ATTR-CM (ATTR-ACT patients) have much more
advanced disease compared with patients with transthyretin
amyloid polyneuropathy (enrolled in the APOLLO trial).

Approximately half of the patients in ATTR-ACT had
HFmrEF or HFrEF at enrollment. Those with self-reported
Black race and those with ATTRv amyloidosis were more likely
to present with HFmrEF or HFrEF than HFpEF, likely reflect-
ing the high proportion of Black Americans (3% to 4%) with
the V122I variant, which is associated with more severe LV sys-
tolic dysfunction than ATTRwt amyloidosis.8,25 Consistent with
prior reports,7 patients with HFrEF or HFmrEF vs HFpEF at en-
rollment had signs of more advanced disease, including a
greater proportion in NYHA class III and higher median
NT-proBNP concentration, both of which are associated with
poorer outcomes in ATTR-CM.26,27 Nevertheless, baseline LVEF
was not found to impact the efficacy benefit of tafamidis in
terms of mortality, cardiovascular-related hospitalizations, or
changes in echocardiographic measures (LVSV, LV GLS, and lat-

eral and septal E/e′) in our analysis. Of note, patients in all 3
LVEF categories, including those with HFpEF, already showed
evidence of severely reduced LV GLS at enrollment, highlight-
ing that LV GLS is a more sensitive measure of systolic func-
tion than LVEF28,29 and that other measures in addition to LVEF
should be considered when characterizing the cardiac func-
tion of patients with ATTR-CM.

Strengths and Limitations
Strengths of our analysis of ATTR-ACT echocardiographic data
include the relatively large size of the study population, the
blinded comparison of tafamidis with placebo, the 30-month
follow-up duration, and the use of a core laboratory to stan-
dardize the assessment of echocardiographic data. Study limi-
tations are that these analyses were post hoc and not pre-
defined, and the number of patients with ATTRv amyloidosis
was relatively small. Furthermore, the longitudinal analyses
included only patients receiving tafamidis, 80 mg, and not
those receiving tafamidis, 20 mg. The rationale for excluding
the latter group was that tafamidis, 80 mg, is the approved dose
for ATTR-CM. However, this design decision precludes the
generalization of the results to the tafamidis, 20 mg, dose. Our

Figure 1. Least Squares (LS) Mean Changes From Baseline to Month 30 With Tafamidis, 80 mg, vs Placebo
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LV GLS is expressed as a negative number; therefore, a change in the positive
direction indicates worsening of this measure.
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study is also limited by the lack of more detailed indices of left
atrial size and function beyond the left atrial diameter mea-
surement available in ATTR-ACT. Given the limitations of the
left atrial diameter, we cannot exclude the possibility that
tafamidis, 80 mg, results in changes in left atrial volume and
function compared with placebo in the setting of ATTR-CM.

Conclusions

Echocardiographic data from patients with ATTR-CM in
ATTR-ACT showed that, compared with placebo, tafamidis
attenuated the decline in LV systolic and diastolic function

Figure 2. Least Squares (LS) Mean Changes From Baseline Over Time With Tafamidis, 80 mg, vs Placebo
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typically seen in untreated patients with ATTR-CM. The
high proportion of patients presenting with reduced LVEF at
enrollment in ATTR-ACT suggests that ATTR-CM should be
considered as a possible diagnosis in all patients with heart

failure, regardless of LVEF. These clinical insights support
the need for early diagnosis and intervention in patients
with ATTR-CM to prevent progressive decline in cardiac
function.
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