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An apical sparing pattern of longitudinal strain and positive radionuclide bone scintigraphy are believed to be specific for

the diagnosis of transthyretin cardiac amyloidosis. We report on a young woman with apical sparing of longitudinal strain

and positive bone scintigraphy who was found to have metastatic myocardial calcification at autopsy. (Level of Difficulty:

Intermediate.) (J Am Coll Cardiol Case Rep 2020;2:809–13) © 2020 The Authors. Published by Elsevier on behalf

of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
HISTORY OF PRESENTATION

A 35-year-old African-American woman was admitted
to the hospital with syncope. She was getting out of a
car when she had an acute onset of palpitations and
diaphoresis followed by loss of consciousness and
implantable cardioverter-defibrillator (ICD) shock.
She regained consciousness after a brief period
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To create a differential diagnosis for
restrictive cardiomyopathy using multi-
modality cardiac imaging.
To recognize the clinical presentation of
metastatic myocardial calcification.
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of confusion and presented to the emergency
department.

On physical examination, the patient’s tempera-
ture was 98.7�F, heart rate 97 beats/min, blood pres-
sure 99/67 mm Hg, respirations 16 breaths/min,
oxygen saturation 98% on room air, and body mass
index 31 kg/m2. Cardiovascular physical examination
revealed an irregularly irregular rhythm, no murmurs
or gallops, jugular venous pulsation at 8 cm of water,
and trace lower extremity edema. ICD pocket
appearance was within normal limits.

MEDICAL HISTORY

The patient’s pertinent medical history included end-
stage renal disease due to pre-eclampsia, 2 failed renal
allografts due to antibody-mediated rejection, anuria
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with ongoing peritoneal dialysis (with 9 total
years of treatment), paroxysmal atrial fibril-
lation, presumed hypertrophic cardiomyopa-
thy with placement of a primary prevention
ICD 12 years ago, history of ICD shocks for
ventricular tachycardia, multiple mis-
carriages, and bilateral pulmonary emboli.

Medications included amiodarone 100 mg

twice daily, midodrine 20 mg three times daily, flu-
drocortisone 0.1 mg twice daily, warfarin 3 mg daily,
atorvastatin 40 mg daily, levothyroxine 250 mg daily,
prednisone 5 mg daily, sevelamer 1,600 mg 3 times
daily, and calcitriol 0.5 mg 3 times weekly. For perito-
neal dialysis, she alternated between 2.5% and 4.25%
dextrose baths using 2 L exchanges over 8.5 h of total
cycler therapy time.

INITIAL TEST RESULTS

Laboratory evaluations revealed the following:
troponin I 0.12 ng/ml, N-terminal pro–B-type
natriuretic peptide 250,200 pg/ml, creatinine level
16.39 mg/dl, calcium 10.8 mg/dl, phosphorus
6.5 mg/dl, intact parathyroid hormone 998 pg/ml,
and reduced urea clearance with Kt/Vurea of 1.22 (K,
dialyzer clearance of urea; t, dialysis time; Vurea,
volume of distribution of urea).

An electrocardiogram showed atrial fibrillation
with low-voltage QRS and an intraventricular
E 1 Electrocardiography

cardiogram showed atrial fibrillation with low voltage in the limb
conduction delay (Figure 1). A transthoracic echocar-
diogram revealed a small, crescent-shaped left ven-
tricular (LV) cavity with LV ejection fraction of 55% to
60% (Videos 1 and 2). Severe concentric hypertrophy
was seen with a diastolic interventricular septal
thickness of 2.1 cm and a posterior wall thickness of
1.8 cm. Mitral annular velocities were reduced
(average e’ 0.06 m/s) with a single e’ waveform, and
the mitral inflow Doppler profile was consistent with
restrictive physiology (deceleration time 121 ms)
(Figure 2). In addition, an apical sparing pattern of
longitudinal strain (LS) was noted (Figure 3). There
was no valvular or annular calcification, or pericardial
effusion. Device interrogation confirmed sustained
ventricular tachycardia with appropriate device
therapy.

DIFFERENTIAL DIAGNOSIS

The imaging findings of low-voltage QRS, increased
LV wall thickness, restrictive Doppler echocardiog-
raphy, and apical sparing pattern of LS are suspi-
cious for an infiltrative cardiomyopathy, particularly
cardiac amyloidosis. Although wild-type trans-
thyretin cardiac amyloidosis affects older in-
dividuals, light chain amyloidosis and hereditary
transthyretin cardiac amyloidosis are diagnostic
possibilities in this case. Cardiac sarcoidosis is
another diagnostic consideration, especially in the
leads and an intraventricular conduction delay.

http://jacccr.acc.org/video/2020/2119_VID1.mp4
http://jacccr.acc.org/video/2020/2119_VID2.mp4


FIGURE 2 Echocardiography–Mitral Inflow Pattern

Pulse-wave Doppler at the mitral leaflet tips showed restrictive filling with an E velocity

of 1.10 m/s and a deceleration time of 121 ms.
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setting of frequent ventricular arrhythmias and the
patient’s race. Other causes of LV hypertrophy
include hypertensive heart disease, hypertrophic
cardiomyopathy, Fabry disease, and metabolic dis-
ease (i.e., Friedreich ataxia).

INVESTIGATIONS AND MANAGEMENT

Due to clinical suspicion for cardiac amyloidosis, the
patient underwent technetium pyrophosphate bone
scintigraphy. This procedure revealed grade 3
myocardial uptake, consistent with the diagnosis of
transthyretin cardiac amyloidosis (Figure 4). Serum
protein electrophoresis did show an immunoglobulin
G kappa monoclonal protein, although this was
believed to be nonspecific in the setting of renal
failure. Cardiac magnetic resonance imaging was not
pursued due to renal failure and the inability to
administer gadolinium contrast. Confirmatory endo-
myocardial biopsy was aborted after the operator was
unable to obtain venous access to the heart despite
significant effort. Unfortunately, the patient experi-
enced a pulseless electrical activity cardiac arrest
during the hospital stay and died.

At autopsy, the patient was found to have multi-
organ widespread calcium deposition, findings
consistent with metastatic calcification. The severity
of calcium deposition was most extensive in the
heart. On gross examination, the heart was rigid and
heavy (640 g; normal range 250 to 300 g). A white,
firm, waxy infiltration was identified, most obvious in
the LV wall (Figure 5A). On microscopic examination,
the myocardium showed interstitial fibrosis and
extensive calcium deposition. The calcification
exhibited a chicken-wire pattern, a finding consistent
with primary calcium deposition as opposed to sec-
ondary dystrophic calcification after myocardial
injury (e.g., myocardial infarction) (Figure 5B). Congo
Red staining was negative for amyloidosis.

DISCUSSION

Extraskeletal calcium deposition is common in pa-
tients on maintenance dialysis, with mitral annular
calcification and aortic valve sclerosis being the most
common sites of cardiac calcification (1). Massive
myocardial calcification is a rare autopsy finding,
although it is more common in anuric patients
receiving long-term peritoneal dialysis and concomi-
tant warfarin therapy. Sudden cardiac death is com-
mon in the setting of metastatic myocardial
calcification (2–6). Although most cases are diagnosed
at autopsy, dual-energy chest radiography and chest
computed tomography imaging have both shown
utility for diagnosis (2,7). In our patient, abnormal
myocardial attenuation was seen on noncontrast
computed tomography scans as early as 7 years before
her death.

Our case details the electrocardiographic and
echocardiographic findings of metastatic myocardial
calcification, which overlap significantly with those
seen in cardiac amyloidosis. These include low-
voltage QRS, increased LV wall thickness, low mitral
annular tissue Doppler velocities, and a restrictive
diastolic filling pattern. Importantly, our patient had
an apical sparing pattern of LS with relative apical LS
of 1.0, calculated as (average LS of apical segments)/
(average LS of basal segments þ average LS of mid-
segments) (8). Relative apical LS $1.0 has been re-
ported to have high diagnostic accuracy for cardiac
amyloidosis among patients with increased LV wall
thickness (8). Alternative causes of an apical sparing
pattern have not been well characterized. To our
knowledge, this report is the first of an apical sparing
pattern of LS in metastatic myocardial calcification.

The study patient had also tested markedly posi-
tive on radionuclide bone scintigraphy. A large
multicenter study found >99% sensitivity and 82%
specificity of radionuclide bone scintigraphy for
transthyretin cardiac amyloidosis, with light chain
cardiac amyloidosis patients accounting for nearly all
of the false-positive findings (9). In our patient, the
markedly positive test result was likely due to
high myocardial calcium content. The diagnostic



FIGURE 4 Radionuclide Bone Scintigraphy

There was diffusely increased radiotracer uptake throughout the myocardium of the right and left ventricles, with no uptake in the apex. This corresponded to a visual

score of 3, indicating myocardial uptake greater than bone.

FIGURE 3 Echocardiography–Strain Imaging

Speckle-tracking longitudinal strain analysis was performed (EchoPAC, GE Healthcare, Chicago, Illinois). Relative apical sparing of longitudinal strain was seen with a

ratio of 1.0.
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FIGURE 5 Autopsy Findings of the Heart

(A) Gross cardiac specimens, with cross-sections of the left ventricle and right ventricle from mid-base to apex. (B) High-magnification light

microscopy image of the right atrium. The basophilic granular calcium deposition surrounds cardiomyocytes in a “chicken-wire” pattern

(blue arrow) and causes damage of cardiomyocytes, as indicated by loss of nuclei, and interstitial fibrosis. Hematoxylin and eosin,

40� objective.
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performance of radionuclide bone scintigraphy for
cardiac amyloidosis in dialysis patients is not known,
and clinicians should be aware that positive radio-
nuclide bone scintigraphy in this population may
indicate primary myocardial calcification and not
transthyretin cardiac amyloidosis. This is particularly
important as radionuclide bone scintigraphy
increasingly takes on a primary role in the diagnostic
algorithm for cardiac amyloidosis in general practice
and clinical trial settings.

CONCLUSIONS

Metastatic myocardial calcification presents in dial-
ysis patients as a restrictive cardiomyopathy with
high cardiac arrhythmia burden. Cardiac imaging
findings may mimic those of transthyretin cardiac
amyloidosis and include apical sparing of longitudi-
nal strain and high-grade myocardial uptake on
radionuclide bone scintigraphy. Clinicians should
maintain a high index of suspicion for metastatic
myocardial calcification in the appropriate clinical
context.

ADDRESS FOR CORRESPONDENCE: Dr. Kathleen W.
Zhang, Cardiovascular Division, Washington Univer-
sity School of Medicine, Campus Box 8086, 660 South
Euclid Avenue, St. Louis, Missouri 63110-1093.
E-mail: kwzhang@wustl.edu.
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