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Improved Detection of Cardiac Sarcoidosis
Using Magnetic Resonance with Myocardial
T2 Mapping

To the Editor:

Sarcoidosis is a multisystem, granulomatous disease of unknown
cause that most commonly affects young adults, particularly black
females (1). Recent studies indicate that sarcoidosis-related
mortality is on the rise, perhaps relating to improved disease
detection (2). Cardiac sarcoidosis (CS) is the second-leading cause
of death, and young adults are particularly at risk (3). CS is
commonly missed during routine clinical screening, including
history, exam, and electrocardiography (4), and most cases are
detected for the first time during autopsy (5, 6). Although no
reference standard exists for the diagnosis of CS, cardiac magnetic
resonance (CMR) with late gadolinium enhancement (LGE) is
emerging as the preferred diagnostic modality (7, 8). Despite excellent
spatial resolution, CMR with LGE as the sole means of detecting CS
may be insufficient (9, 10) as it readily detects nonviable myocardium
(11) but is less sensitive to inflamed but viable myocardial tissue
that commonly occurs in the early and potentially reversible stages
of CS (12). We have shown that CMR with T2 mapping improves
the detection of active myocarditis compared with LGE alone (13).
Given that active CS is an inflammatory condition, we hypothesized

that (1) T2 mapping demonstrates quantitative abnormalities in the
myocardium of patients with sarcoidosis compared with controls and
(2) myocardial T2 provides complementary myocardial characterization
relative to LGE, which together likely form the myocardial substrate
for conduction system disease and cardiac arrhythmias.

With local Institutional Review Board approval, we conducted
a retrospective study of 50 consecutive subjects with histologically
proven sarcoidosis who had undergone CMR for suspected CS
between 2010 and 2013. We used established criteria to screen for
CS, including an appropriate history (e.g., palpitations, syncope or
near syncope, and heart failure symptoms), cardiac exam, and
ECG (14). Additional testing (transthoracic echocardiography,
Holter monitoring, and electrophysiologic [EP] study) was
performed as clinically indicated. Results of clinically acquired
ECG, Holter monitoring, and invasive EP testing were recorded
along with patient demographics and medications at time of CMR
examination, as shown in Table 1. The vast majority (94%) had
pulmonary involvement and 30% had skin involvement. Thirty
patients (60%) were on oral steroids or immunosuppressive
therapy at the time of CMR examination. Fifty-five percent of the
patients in this cohort had documented atrial arrhythmia, ventricular
arrhythmia, atrioventricular block, or QRS complex duration . 120
ms, collectively termed “significant ECG/EP abnormalities.”

CMR examinations were performed on the identical 1.5 T
scanner (MAGNETOM Avanto, Siemens Medical Solutions, Inc.,
Erlangen, Germany) to detect myocardial LGE and T2 changes
using established protocols (15). Standard left ventricular
myocardial segments (16) were rated by expert reviewers for
presence/absence of LGE positivity, and maximum myocardial T2
was recorded for each exam. Maximum myocardial T2 exceeding
59 milliseconds was used to indicate abnormal T2 based on
established values derived from patients with acute myocarditis
(13), as demonstrated in Figure 1. Among the 14 control subjects
(no known chronic or acute disease), none had elevated T2 above
the established threshold (59 ms), and all were LGE negative.
Twenty-seven patients (54%) had significantly elevated myocardial
T2 compared with healthy control subjects (60.0 [56.8–65.9] ms, vs.
51.5 [50.0–52.9] ms, P , 0.0001). The prevalence of abnormal T2
was not significantly higher (54%) than the prevalence of LGE
positivity in this cohort (45%, P = 0.3458). However, 11 of 27 (41%)
LGE-negative patients showed T2 abnormality (e.g., Figure 1) and
7 of 23 normal T2 patients were LGE positive, suggesting
complementary information to detect CS from both techniques.
Patients with versus those without significant ECG abnormalities
had higher myocardial T2 values (62.9 [58.6–68.9] ms vs. 58.3
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Table 1: Characteristics of Study Population (N = 50)

Characteristic Value

Age, yr 48.6 6 11.9
Female, n (%) 26 (52)
Ethnicity, n (%)
White 27 (54%)
Black 22 (44%)
Other 1 (2%)

LVEF, %, median (IQR) 60.0 (56.0–66.0)
Subjects with LVEF . 50%, n (%) 40 (80%)

Definition of abbreviation: LVEF = left ventricular ejection fraction.
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[55.0–61.3] ms, P = 0.0109) as well as a greater prevalence of
myocardial injury by LGE (62% vs. 26%, P = 0.0128) (Figure 2).
Finally, there were no statistical differences in CMR manifestations
(T2 or LGE) observed between black and white patients with CS
(Table 2).

To predict significant ECG/EP abnormalities, the logistic
regression model using both T2 abnormality and LGE positivity
was preferable with the smallest Akaike information criterion
(AIC = 63.745), as compared with the model with a single predictor

using the Wilcoxon rank-sum test assuming non–normally
distributed data (AIC = 66.536 and 65.376 for T2 abnormality and
LGE positivity, respectively). Similarly, the prediction model for
whether or not the patient had a defibrillator implanted using both
T2 abnormality and LGE positivity outperformed the models
with either one alone (AIC = 47.303 for the combined model
compared with 51.962 and 48.026 for the single-predictor models).

This study confirms our hypothesis that myocardial T2 signal
is commonly elevated in patients with sarcoidosis and suspected CS.

Figure 1. (A, B) T2 maps and sample T2 values of the left ventricle (LV) in cross-section are shown in a patient with sarcoidosis (A) in comparison to
a healthy control subject (B). Note the considerably higher myocardial T2 values in the patient with sarcoidosis. (C) A late gadolinium enhancement (LGE)
image acquired in the same sarcoidosis patient shows no evident hyperenhancement (i.e., LGE was negative despite markedly abnormal T2).

Figure 2. Box plots of myocardial T2 values in healthy control subjects, patients with cardiac sarcoidosis (CS) without significant abnormalities by ECG or
invasive electrophysiologic testing (EP), and patients with sarcoidosis with significant ECG or EP abnormalities. Patients with sarcoidosis with normal ECG
and EP results had significantly higher myocardial T2 values than healthy controls, and had significantly lower myocardial T2 values compared with
sarcoidosis patients with significant ECG or EP abnormalities (*P < 0.01 for both comparisons).
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The clinical implications of abnormal myocardial T2 signals in
the context of cardiac disease remain unclear, but are believed
to reflect potentially reversible pathology. In contrast to LGE, which
typically detects nonviable (e.g., fibrotic or necrotic) tissue, T2 signal
arises from changes in free water within the tissues, as occurs in the
setting of acidosis, edema, or inflammation (17). Myocardium
exhibiting elevated T2 signal is not only viable but may retain
normal contractile function (13), as was frequently the case in this
study. In the context of sarcoidosis, T2 is presumed to reflect active
granulomatous inflammation, which is potentially reversible with
appropriate treatment (18). At present, the natural history of
T2 abnormalities is unclear; however, this study indicates that
T2 abnormalities do correspond to clinically relevant
electrocardiographic and EP abnormalities. It is logical to
speculate that the T2 abnormalities could progress to irreversible
fibrosis and attendant alterations in myocardial function with
increased risk of malignant cardiac arrhythmias. If so, the T2 signal
could represent an early disease manifestation that is potentially
reversible.

Fluorine-18 fluorodeoxyglucose positron emission tomography
computed tomography ([18F]FDG-PET CT) is another option
for the detection of CS, and is shown to be comparable to
conventional CMR with LGE for the detection of CS in some
studies. However, there are certain technical limitations of
[18F]FDG-PET CT (e.g., relating to blood glucose/insulin levels),
and risks (radiation exposure) attendant to its use. Likewise, CMR
is not feasible in those with ferromagnetic or active implants
(e.g., shrapnel, implantable cardioverter defibrillator). The uptake
of [18F]FDG corresponds with metabolically active tissue, including
active immune (e.g., granulomas) or malignant cells. When
compared head-to-head, and presuming that the studies were
performed by specialists equally competent in performing CMR
and [18F]FDG-PET CT, CMR with LGE corresponds better with
actual clinical disease manifestations (e.g., electrocardiography)
than does FDG-PET (7) and is shown to have higher specificity
(19). LGE-CMR has undergone extensive histopathological
correlation as a reliable indicator of myocardial injury as well as
scar. Although CMR was not compared with [18F]FDG-PET CT in
our analysis, it is evident that CMR/LGE combined with T2
mapping is superior for the detection of CS compared with CMR/
LGE alone. Furthermore, CMR with LGE and T2 mapping has the
advantage of detecting myocardial damage that is either irreversible
(scarred) or reversible (inflamed). As we also showed that this
approach improves the detection of myocardial substrate for
electrocardiographic abnormalities and arrhythmias,

complementary myocardial characterization with T2 and LGE
CMR can not only detect clinically relevant disease but also serve as
a useful biomarker for response to novel therapies.

In conclusion, myocardial T2 is quantitatively abnormal in
patients with sarcoidosis, and the inclusion of abnormal T2
complements that of LGE abnormality for the detection of CS.
Furthermore, T2 elevation in conjunction with LGE better predicts
electrocardiographic abnormalities and arrhythmias compared
with either technique alone. These findings suggest that
a comprehensive CMR approach that includes both T2 and LGE is
best suited to identify clinically relevant disease activity. Further
prospective studies are warranted using myocardial T2 as a tool for
guiding decisions relating to medical and device (e.g., implantable
cardioverter defibrillator) therapies. n
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Thromboendarterectomy for Chronic
Thromboembolic Pulmonary Hypertension
in Hereditary Hemorrhagic Telangiectasia

To the Editor:

Chronic thromboembolic pulmonary hypertension (CTEPH) is
characterized by obstruction of pulmonary vascular blood flow

due to incomplete lysis of acute pulmonary emboli, and resulting
in cicatricial organization and adherence to the vessel walls (1).
Pulmonary thromboendarterectomy (PTE) can potentially be
curative for patients with CTEPH; however, careful candidate
selection is necessary. Hereditary hemorrhagic telangiectasia
(HHT) is inherited as an autosomal dominant trait that affects
approximately 1 in 5,000 people (2). Patients with HHT have been
reported to have pulmonary arteriovenous malformations
(PAVMs) (3); pulmonary hypertension (4); paradoxical emboli
resulting in cardiac ischemia (5), stroke (6), and brain abscesses (7);
and poorer quality of life (8). Although pulmonary thromboemboli
complicating HHT have been reported (9), CTEPH has not.
Patients with PAVMs may be at higher risk for complications
during PTE surgery. One particular concern is that rupture of a
PAVM, due to dissection through a feeding vessel during or
after PTE surgery, could theoretically cause severe bleeding. We
report a case of successful PTE surgery for CTEPH in the presence
of PAVMs associated with HHT.

A 54-year-old white female with HHT and recurrent venous
thromboembolism (VTE) was referred for worsening dyspnea on
exertion over a 6-month duration. She was first diagnosed with a
pulmonary embolism in January 2011, and anticoagulation with
warfarin was initiated. Chest computed tomography (CT) at that
time showed bilateral emboli, a right pulmonary infarct and pleural
effusion, and right ventricular (RV) dilation. She improved initially
but was rehospitalized in February 2012 with worsening dyspnea
and hypotension. Despite continued anticoagulation, a chest CT
showed new pulmonary emboli. Along with dyspnea, she had
progressive lower extremity edema, palpitations, and syncope. There
was no fever, chest pain, or hemoptysis. She was a lifelong
nonsmoker, and there was no family history of VTE.

She was diagnosed with HHT by genetic testing in 2011.
She had frequent epistaxis since childhood, and although her
brother died from a ruptured cerebral AVM, she had no cerebral
AVMs demonstrated by magnetic resonance imaging.

Physical examination revealed a middle-aged female in no distress.
Heart rate was 104 min21, blood pressure 87/51 mmHg, and SpO2

78%
(room air). Lungs were clear to auscultation. There was a regular heart
rate and rhythm with prominent P2 and RV heave. There was no
ascites or edema. Telangiectasias were present on the tongue, abdomen,
and extremities. Renal profile, liver function studies, and complete
blood count were normal. On a 6-minute walk, she achieved a distance
of 290 m with a room air oxygen saturation nadir at 78%. Laboratory
studies were notable for a low serum iron (9 mg/dl), elevated total iron-
binding capacity (514 mg/dl), and low serum ferritin (4 ng/ml).

An echocardiogram showed moderate to severe right atrial and
RV dilation with severe RV dysfunction, tricuspid regurgitation,
and an estimated pulmonary artery systolic pressure greater
than 60 mm Hg. Right heart catheterization showed a right atrial
pressure of 12 mm Hg, pulmonary artery pressure of 99/31 mm Hg,
pulmonary capillary wedge pressure of 16 mm Hg, pulmonary
vascular resistance of 608 dyn$s$cm25, and cardiac index (Fick)
of 2.38 L/min. A chest CT (Figure 1) demonstrated filling defects
and fibrous webs in both upper lobe pulmonary arteries and the left
lower lobe pulmonary artery, along with mosaic perfusion
abnormalities. Multiple AVMs, the largest (shown in Figures 1
and 2) measuring 1.7 3 1.4 cm (with a feeding artery measuring
4.5 mm), were observed in both upper and lower lobes. An
underlying hypercoagulable state was not identified.

CORRESPONDENCE

112 American Journal of Respiratory and Critical Care Medicine Volume 189 Number 1 | January 2014


