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Cardiac MRI Findings Suggest Myocarditis in

Severe Ebola Virus Disease
In March 2015, a 34-year-old, previously healthy male
health care worker was evacuated from Sierra Leone
to the National Institutes of Health Clinical Research
Center for the management of severe Ebola virus
disease (EVD) (1). The patient arrived 7 days after
initial symptom onset with high fever and asthenia.
His clinical course was complicated by severe
meningoencephalitis and sequential organ failure
despite meticulous attention to fluid and electrolyte
status and absence of hypotension. Daily bedside
echocardiograms during peak illness did not reveal
gross myocardial dysfunction, although cardiac
ejection fractions were not specifically assessed.
On days 17 through 18 of clinical illness, the patient
developed QTc prolongation of up to 600 ms
that resolved with discontinuation of Propofol
administration.

Cardiac magnetic resonance (CMR) on clinical
illness day 32, performed in the setting of improved
clinical status and following resolution of viremia,
showed mild diffuse left ventricular hypokinesis, an
ejection fraction of 52% (normal 55% to 75%), and
abnormalities in T1 and extracellular volume fraction
(ECV) localized in the basal lateral wall. These find-
ings were consistent with myocardial inflammation or
edema (Figure 1). Repeat CMR 11 weeks later
showed persistent mild diffuse hypokinesis with an
ejection fraction of 51%. Gadolinium-enhanced im-
aging revealed a new small focus of atypical
enhancement in the basal wall consistent with
fibrosis and resolution of abnormalities previously
seen in the surrounding myocardium. This is the first
reported CMR in EVD. Mild myocardial dysfunction
and subtle findings of edema or inflammation with
evidence of progression to fibrosis suggest the pres-
ence of myocarditis.

Gold standard diagnostic criteria for viral myo-
carditis require endomyocardial biopsy using stan-
dardized histopathological (Dallas criteria) and
immunohistochemical diagnostic criteria (2). CMR,
however, is a valuable noninvasive modality for
detection of myocarditis with high specificity (91%)
and positive predictive value (91%) when 2 of 3 CMR
characteristics listed in the Lake Louise criteria are
present (2). Lake Louise criteria include detection of
early capillary leakage on the basis of T1-weighted
early gadolinium enhancement, detection of necro-
sis and fibrosis on the basis of late gadolinium
enhancement (LGE), and detection of edema or
hyperemia by T2-weighted imaging (2). In our
patient, mild myocardial dysfunction with evidence
of myocardial edema or inflammation (T1 and ECV
abnormalities) in the basal lateral wall of the left
ventricle during initial CMR, and evidence of evolu-
tion to fibrosis (LGE) in the basal wall on follow-up
CMR (Figure 1) are highly specific for myocarditis.

Although endomyocardial biopsy has not been
reported in EVD, post-mortem immunohistochem-
istry examination in fatal cases shows abundant viral
antigen in the endocardium, endothelium, and
extracellular in the sub-endocardium (3). Myocarditis
due to viruses other than Ebola, prominently en-
teroviruses, ranges in clinical severity from mild
infection to progressive dilated cardiomyopathy,
cardiogenic shock, and fatal arrhythmias. Whether
QT prolongation in our patient was related to
myocarditis is not possible to discern. However, QT
prolongation is frequently observed in infectious and
noninfectious inflammatory conditions, was the most
common electrocardiogram finding among 186 pa-
tients with myocarditis (w25% of cases), and pre-
dicted a poor clinical outcome, including cardiac
death, and may be attributable to inflammatory cy-
tokines (4). The contribution of viral myocarditis to
myocardial dysfunction and predisposition to fatal
arrhythmias in the acute setting of EVD or myocardial
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FIGURE 1 Cardiac Magnetic Resonance Image Studies Were Performed Following Recovery From Severe Ebola Virus Disease on Clinical Illness Day 32 (Study 1)

and 11 Weeks Later (Study 2)

Study 1 showed mildly reduced left ventricular ejection fraction (LVEF) (52%). Late gadolinium enhancement (LGE) was initially unremarkable (red arrow, study 1).

There was evidence of mild edema or inflammation of the midwall of the basal inferolateral segment of the left ventricle with a focal abnormal spot on native T1 and

extracellular volume fraction (ECV) (green and blue arrows) but also milder abnormalities in surrounding myocardium excluding the spot (see table). Quantitative

maps of myocardial T2 showed a nonsignificant elevation in mid-myocardial T2 in the basal lateral wall. On study 2, the T1 and ECV abnormalities normalized

except for a sub-gram region localized to the region of most severe abnormality seen on the initial study. Interval development of fibrosis was evident on LGE

images (red arrow on study 2). LVEF remained mildly abnormal (51%).
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dysfunction in long-term survivors requires further
evaluation.
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Can 99mTc-Pyrophosphate Aid in Early

Detection of Cardiac Involvement in

Asymptomatic Variant TTR Amyloidosis?
Amyloid transthyretin–related cardiac amyloidosis
(ATTR-CA) is increasingly recognized as an important
cause of heart failure with preserved ejection fraction
(HFpEF) (1). Recent single-center studies in North
America have established the high sensitivity and
specificity of 99m-technetium pyrophosphate (99mTc-
PYP) cardiac imaging in the noninvasive detection of
ATTR-CA (2,3). ATTR-CA can result from genetically
normal (wild-type) or mutant ATTR protein (ATTRm).
Transthyretin (TTR) mutations exhibit autosomal
dominant inheritance and affect individuals of all ages
with variable penetrance and phenotype. The most
common TTRmutation in the United States, the valine
for isoleucine substitution at position 122 (V122I), is
found in w4% of African Americans (4). Although
99mTc-PYP imaging has shown utility in identification
of ATTR-CA in patients with heart failure, the capacity
of 99mTc-PYP to detect TTR deposition in asymptom-
atic carriers of TTR mutations remains undetermined.
We therefore investigated whether 99mTc-PYP cardiac
imaging can detect early uptake in patients with
mutant TTR genopositivity but without heart failure
in a single-center experience.
TABLE 1 Clinical, Genetic, Echocardiographic, and Scintigraphic Chara

HFpEF
(n ¼ 8)

Age, yrs 72 � 8

Male 6 (75)

NYHA functional class > II 2 (25)

TTR mutation

V122I 0

T60A 0

V30M 0

B-type natriuretic peptide, pg/ml 1,042 (484–1,263)

Troponin, ng/ml 0.1 (0.02–0.21)

Left ventricular ejection fraction, % 59 � 14

Interventricular septal thickness, cm 1.2 � 0.2

E/eʹ 18.8 � 8.2

Abnormal 99mTc-PYP visual grade 4 (50)

H/CL ratio 1.2 � 0.1

Values are mean � SD, n (%), or median (interquartile range). *p < 0.05 in comparison

ATTR ¼ amyloid transthyretin; ATTRm ¼ amyloid transthyretin mutation; H/CL ¼ h
NYHA ¼ New York Heart Association; 99mTc-PYP ¼ 99m-technetium pyrophosphate (ab
Forty patients who underwent clinical examina-
tions, echocardiography, measurement of cardiac
biomarkers, and 99mTc-PYP scintigraphy (planar im-
aging) were subsequently subdivided into 3 groups:
group 1 included patients with nonamyloid HFpEF
(n ¼ 8); group 2 included asymptomatic TTR muta-
tion carriers (n ¼ 12); and group 3 included patients
with TTR mutation and symptomatic heart failure
(ATTRm) (n¼ 20). The cohort consisted of 13 muta-
tions, including V122I, T60A, V30M, E42G/H90N,
Y114C, D18G, T59K, S77Y, L58H, E89K, F64L, A97S,
and F33L. Cardiac magnetic resonance and echo-
cardiographic strain parameters were not acquired
in this study. Cardiac biomarkers (brain-type natri-
uretic peptide and troponin I) were measured at the
time of nuclear scanning. Cardiac uptake of 99mTc-
PYP was assessed using both a semiquantitative
visual score (range 0 [no uptake] to 3 [uptake
greater than bone]) and a heart-to-contralateral
(H/CL) ratio of uptake on planar images. Grade 0 is
considered normal, grade 1 indeterminate, and
grade 2 or 3 supports TTR deposition. Continuous
and categorical variables were compared between
the groups.

As shown in Table 1, asymptomatic TTR mutation
carriers appeared echocardiographically, biochemi-
cally, and clinically normal when compared to pa-
tients with ATTRm cardiac amyloidosis as determined
by left ventricular ejection fraction, interventricular
septal thickness, E/eʹ, brain-type natriuretic peptide,
and troponin I. In contrast, qualitative analysis of
99mTc-PYP uptake in the 12 asymptomatic TTR
cteristics of ATTR and HFpEF

Asymptomatic
TTRm Carriers

(n ¼ 12)

Symptomatic TTRm
Carriers (ATTRm)

(n ¼ 20) p Value

51 � 15*† 68 � 9 0.003

8 (67) 17 (80) 0.477

0 (0) 5 (25)

1 (8) 8 (40)

4 (33) 5 (25)

1 (8) 1 (5)

15 (10–37)*† 234 (128–752) 0.001

0.008 (0.006–0.01)*† 0.09 (0.03–0.19) <0.001

61 � 8† 51 � 14 0.04

0.9 � 0.3† 1.5 � 0.3 <0.001

8 .1 � 1.5*† 18.1 � 8.9 <0.001

10 (83) 20 (100) 0.04

1.5 � 0.4*† 1.8 � 0.4 <0.001

to HFpEF. †p < 0.05 in comparison to ATTRm.

eart-to-contralateral ratio; HFpEF ¼ heart failure with preserved ejection fraction;
normal uptake ¼ grade 1, 2, or 3); TTRm ¼ transthyretin mutation.
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