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Abstract

Amyloid transthyretin (ATTR) depositions cause left ventricular (LV) hypertrophy, diastolic dysfunction, and heart failure. The
time course of changes in LV geometry and diastolic dysfunction has not been fully reported in patients with ATTR cardiomy-
opathy. A 79-year-old woman with previous myocardial infraction presented with shortness of breath on exertion, and
progressive bilateral lower extremity weakness and polyneuropathy. She was diagnosed with Val30Met hereditary ATTR
cardiomyopathy by cardiac biopsy and genetic testing. During the past 5 year period, significant LV concentric remodelling
with small LV cavity occurred, resulting in an increased LV stiffness and prolonged LV relaxation. This case report highlights
the time course of changes in LV geometry and diastolic function and the importance of early diagnosis of ATTR
cardiomyopathy.
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Case report

A 79-year-old woman with hypertension, insulin-dependent
diabetes mellitus, and previous myocardial infraction (MI)
was referred to our hospital for shortness of breath on exer-
tion. She had a longer than 10 year history of carpal tunnel
syndrome and cervical spondylosis. Five years prior to this ad-
mission, she had left anterior fascicular block, first-degree
atrioventricular (AV) block, and heart failure due to silent
subendocardial anteroseptal MI. She underwent staged per-
cutaneous coronary intervention of the left anterior descend-
ing artery. Medications, including angiotensin-converting
enzyme inhibitors and diuretics, for heart failure were added.
Cardiac magnetic resonance imaging (MRI) in the chronic
phase demonstrated normal left ventricular (LV) wall motion
and subendocardial late gadolinium enhancement (LGE)
only in the area damaged by the MI (Figure 1A and 1B).
Two years before this admission, her conduction disturbance

progressed to advanced AV block and a DDD pacemaker was
implanted. She noted progressive bilateral lower extremity
dyskinesia and hand weakness with prickling and tingling
sensations over the last few years. Her younger brother was
recently diagnosed with hereditary amyloid transthyretin
(ATTR).

On this admission, she was 154 cm in height and 49 kg in
weight and had New York Heart Association Functional Class
II symptoms. During the last 5 years, she had unintentional
and progressive weight loss of 9 kg. Physical examination
revealed no jugular venous distension or cardiac murmur,
but muscle weakness and sensory deficits in the distal upper
and lower extremities were observed. A slight increase in
brain natriuretic peptide (BNP) level of 72.8 pg/mL was
observed. Electrocardiography revealed an atrial–ventricular-
paced rhythm with a heart rate of 60 b.p.m. A normal LV
ejection fraction of 68%, diastolic dysfunction, enlarged left
atrium, intraventricular septal thickness of 12 mm, and
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posterior wall thickness of 10 mm were observed on echocar-
diography. Relative apical sparing pattern of longitudinal
strain was not observed probably because of the previous
anteroseptal MI and right ventricular pacing. Compared with
the previous MRI findings, a significantly smaller LV
end-diastolic volume (70 vs. 145 mL) and greater LV mass
(97 vs. 72 g) were noted on cardiac MRI. The LV mass–volume
ratio increased from 0.50 to 1.39, suggesting concentric LV
and right ventricular hypertrophy with a small LV cavity
(Figure 1C). In addition to the previously documented
anteroseptal LGE, the presence of subendocardial or
transmural LGE was detected in the lateral and posteroinferior
walls (Figure 1D). Global native T1 was prolonged (1446 ms;
our normal, 1294 ± 39 ms), and the global extracellular
volume was 49.2%. 99mTc-Pyrophosphate scintigraphy dem-
onstrated Grade 3 accumulation in the myocardium. Myocar-
dial biopsy from the right ventricular septum revealed the
diffuse deposition of ATTR (Figure 2A–2C) with little fibrosis
confirmed by Picrosirius Red staining (Figure 2D).

When non-invasively estimated using MRI-derived LV
volumes and echo-derived end-diastolic pressure,1,2 the

end-diastolic pressure–volume relation significantly shifted
upward and leftward towards decreased distensibility during
the previous 5 years (Figure 3A). Invasive LV pressure–
volume curves during inferior vena cava occlusion demon-
strated increase of both effective arterial elastance of
3.6 mmHg/mL and LV end-systolic elastance of 5.4 mmHg/
mL. Although the resting left ventricular end-diastolic
pressure (LVEDP) was within the normal range (7 mmHg),
the LV stiffness constant calculated from the slope of the
end-diastolic pressure–volume relation3,4 was 0.050, suggest-
ing a stiff LV. A prolonged time constant of LV relaxation of
90 ms was also observed.5 As genetic testing confirmed
Val30Met mutation, she was diagnosed with late-onset
hereditary ATTR with cardiomyopathy and polyneuropathy.
Tafamidis meglumine was initiated.

Discussion

To our knowledge, this is the first report of the LV function
and morphology using pressure–volume analysis in a

Figure 1 Cine magnetic resonance imaging (MRI) (A) and late gadolinium enhancement (LGE) obtained 5 years ago showing subendocardial
anteroseptal old myocardial infraction (B, arrow). Cine MRI showing a decreased left ventricular cavity size and increased left ventricular and right
ventricular wall thickness over time (C). The presence of transmural LGE was detected in the lateral and posteroinferior walls (D, dashed arrow).
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Figure 2 Histology on (A) haematoxylin–eosin staining, (B) direct fast scarlet staining, (C) immunostains for transthyretin amyloid, and (D) Picrosirius
Red staining.

Figure 3 (A) Non-invasive pressure–volume (PV) relationships estimated from the brachial systolic (SBP) and diastolic blood pressures (DBP), cardiac
magnetic resonance imaging-derived left ventricular end-diastolic (LVEDV) and end-systolic (LVESV) volumes, and Doppler-derived left ventricular end-
diastolic pressure (LVEDP). The LV end-systolic pressure was estimated to be 0.9 × SBP. The LVEDP was estimated by 11.96 + 0.596 × (E/e0). Single-beat
EDPVR was estimated as P = α · Vβ. (B) Invasive LV PV curves during inferior vena cava occlusion (IVCO), including end-systolic elastance (Ees:
5.4 mmHg/mL) calculated from the slope of end-systolic PV relationship (ESPVR), effective arterial elastance (Ea: 3.6 mmHg/mL), and end-diastolic
PV relationship (EDPVR). The EDPVR was described by P = P0 + α (eβV � 1), where P is LV pressure, P0 is pressure offset, α is the curve fitting constant,
V is LV volume, and β is the chamber stiffness constant.
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Val30Met patient at different time points. Significant morpho-
logical alterations, such as the progression of concentric LV
hypertrophy and the decrease in LV cavity size, were observed
during a 5 year period in our patient. In addition, prolonged LV
relaxation, LV stiffening similar to that in heart failure with
preserved ejection fraction patients in our hospital,4 and alter-
ations in ventricular–vascular coupling were observed during
this admission. Right ventricular apical pacing may negatively
affect LV systolic function and reduce the stroke volume
with a larger LV end-diastolic volume. However, the LV
end-diastolic volume was smaller and the LV ejection fraction
was maintained in our patient. Thus, the observed functional
and morphological changes in the LV could have been related
to the disease progression over time, as non-invasively sug-
gested by cardiac ATTR.6 In addition, the significant decrease
in physical activity due to progressive peripheral muscular at-
rophy over time may have been related to stiffening of the LV
and a decrease in distensibility, as observed in previously
healthy but sedentary subjects after prolonged bed rest.7

Although she had normal LVEDP and BNP, she had dyspnoea
on effort and dilated left atrium. Heart failure with preserved
ejection fraction patients with normal BNP and LV filling pres-
sure could have abnormally elevated LV filling pressures
during exercise at low intensity.8 We speculate that her dys-
pnoea on effort could be related to the elevated LV filling
pressure, especially during exertion.

Although we observed LV stiffening and concentric LV
remodelling, the LV wall was not thickened on admission.
There are a few treatment options for patients with
hereditary ATTR cardiomyopathy. For example, inotersen
improves polyneuropathy and may have a potential to
prevent further LV thickening.9 As inotersen has not been
permitted for use in Japan, tafamidis was initiated in our

patient. We speculate that the LV wall would be more
thickened if the treatment for amyloid was not initiated. By
using pressure–volume curves, the treatment effects on LV
stiffness, LV systolic function, and ventricular–vascular
coupling can be assessed in patients with ATTR cardiomyopa-
thy. To evaluate the treatment effects on LV stiffness, the use
of invasively measured LVEDP might be better as tissue
Doppler-derived index of LV filling pressure might not
accurately estimate LVEDP in cardiac amyloidosis.

Magnetic resonance imaging with LGE is a reliable method
for assessing cardiac amyloidosis with a high sensitivity and
specificity, especially in cardiac ATTR.10 However, the early
diagnosis of ATTR cardiomyopathy could have been difficult
in such patients with neither LGE nor relative apical sparing
pattern of longitudinal strain. Our patient with the Val30Met
transthyretin mutation had conduction disturbance, such as
left anterior fascicular block and first-degree AV block, when
she developed silent MI 5 years ago. This suggested that she
had amyloid deposition in the myocardium to a certain
degree, although cardiac MRI demonstrated no LGE in the
LV wall. Follow-up cardiac MRI with global native T1 and ex-
tracellular volume and/or 99mTc-pyrophosphate scintigraphy
may be required in patients who exhibit gradual deteriora-
tion of LV diastolic and systolic functions, and clinical findings,
such as carpal tunnel syndrome and peripheral neuropathy,
even if no LGE was observed on previous cardiac MRI.
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