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Introduction: Cardiac sarcoidosis (CS) occurs in up to 25% of patients with pulmonary involvement.
Early diagnosis is critical because sudden death from ventricular arrhythmias can be the initial pre-
sentation. We sought to evaluate the diagnostic utility of signal-averaged ECG (SAECG) for detection
of cardiac involvement of sarcoidosis.

Methods: Subjects with biopsy proven sarcoidosis and symptoms suggestive of possible cardiac
involvement were included in the cohort. Standard criteria for SAECG were used. Subjects were
considered to have CS if they met criteria established by the Japanese Ministry of Health and Welfare
modified to include cardiac MRI.

Results: Of the 88 patients in the cohort 27 had evidence of CS independent of the SAECG results.
The SAECG was abnormal in 14 of these 27 patients and 11 of the 61 of the subjects without cardiac
involvement (P < 0.01). The sensitivity of SAECG detection of CS was 52% with a specificity of 82%.
For the entire cohort, SAECG had a positive predictive value (PPV) of 0.56 and a negative predictive
value (NPV) of 0.79. Within a subgroup of 67 patients with an unfiltered QRS duration of <100 ms,
the specificity for diagnosing cardiac sarcoidosis improves to 100% with a reduced sensitivity of
36.8. Of the SAECG parameters, LAS40 was significantly associated with the diagnosis of cardiac
sarcoidosis for the entire cohort (P < 0.01) and among the subgroup of patients with an unfiltered
QRS duration of <100 ms (P < 0.01).

Conclusions: SAECG is a useful screening tool in the evaluation of sarcoidosis for detection of
cardiac involvement.
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Sarcoidosis is a granulomatous disorder affecting
multiple organ systems with a lifetime prevalence
of sarcoidosis is 0.85 to 2.4%, depending on ethnic-
ity.! Although the lungs are the most common or-
gan affected, cardiac involvement can occur, lead-
ing to granulomas with resulting inflammation and
scar in the cardiac tissue. Cardiac sarcoidosis is
diagnosed ante mortem in approximately 5% of
pulmonary cases; however, on autopsy cardiac in-
volvement is observed in 25% of those who were
previously undiagnosed.?

Although limited data exist for its role in
prevention of sudden death in this population,
the implantable cardioverter-defibrillator (ICD) is

indicated for this purpose regardless of the extent of
scarring or cardiac function.® Several case reports
have emphasized the importance of early recogni-
tion of cardiac sarcoidosis with descriptions of ven-
tricular arrhythmias or sudden death as the initial
presentation.*”” Because of this potentially lethal
initial presentation of cardiac sarcoidosis, early de-
tection to direct immunosuppressive therapy and
ICD implantation with a simple and inexpensive
diagnostic test is desirable.

Signal-averaged electrocardiography (SAECG) is
a method to detect intramyocardial conduction
delay occurring as a result of myocardial scar-
ring. Manifest as high-frequency, low-amplitude
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signals, late potentials detected represent slowed
conduction in and around myocardial scar that
may be caused by granuloma formation. Al-
though the initial use of SAECG was for sud-
den death risk stratification in patients with
prior myocardial infarction® its use has been
expanded for detection of scarring in patients
with arrhythmogenic right ventricular cardiomy-
opathy/dysplasia (ARVC/D)° and other nonis-
chemic cardiomyopathies.!®!! We hypothesized
that the SAECG may be a useful screening tool
in patients with pulmonary sarcoidosis in whom
screening was performed for suspected cardiac
involvement.

METHODS
Study Population and Data Collection

The study cohort consisted of all patients re-
ferred to our institution evaluated for the pres-
ence of cardiac sarcoidosis from June 2006 through
August 2009. During this time, there was an
active screening program for cardiac sarcoido-
sis in selected patients with biopsy proven pul-
monary sarcoidosis at the University of Col-
orado Hospital and National Jewish Health.
Patients with pulmonary sarcoidosis and signs or
symptoms that may indicate early cardiac involve-
ment were screened. Symptoms prompting car-
diac screening included dyspnea out of proportion
to pulmonary findings, palpitations of any char-
acter or duration, syncope or pre-syncope, and
chest discomfort. Physical exam findings prompt-
ing screening included irregular heart rhythm
on cardiac auscultation, murmur, jugular ve-
nous distension, hepatosplenomegaly, rales on pul-
monary auscultation, and/or significant peripheral
edema.

Clinical and electrocardiographic data were
prospectively entered into a database for subse-
quent analysis.

Screening Protocol and Criteria for
Detection of Cardiac Sarcoidosis

The screening protocol consisted of routine
12 lead ECG and SAECG, outpatient telemetry
monitoring, transthoracic echocardiogram, nuclear
cardiac perfusion imaging, positron emission
tomography, and cardiac magnetic resonance
imaging. Selected patients underwent -cardiac

catheterization and right ventricular voltage
mapping with electrophysiologic study.

A modification of the Japanese Ministry of
Health and Welfare criteria for diagnosis of car-
diac sarcoidosis (to include cardiac MRI and elec-
trophysiologic testing) was used for the diagnosis
of cardiac sarcoidosis.!? Patients were diagnosed
with cardiac sarcoidosis if two or more of the fol-
lowing studies indicated cardiac involvement:

e ECG and Outpatient Telemetry: Left axis devi-
ation, ventricular tachycardia, frequent PVCs,
or abnormal Q waves or ST segment abnormal-
ities (in absence of prior myocardial infarction),
bundle branch block or advanced AV block (ex-
cluded in SAECG cohort)

e Echo: Regional wall motion abnormalities, seg-
mental thinning, or dilated left ventricle

e Nuclear: Perfusion defects (without coronary
disease) on single photon emission-computed to-
mography or active inflammation observed on
positron emission tomography

e Cardiac Catheterization (when available): El-
evated intracardiac pressures or low cardiac
output

e Cardiac MRI: Delayed intramyocardial contrast
enhancement

e Electrophysiologic Study (when available): In-
ducible monomorphic ventricular tachycardia
with up to triple extrastimulation or inducible
polymorphic ventricular tachycardia or ventric-
ular fibrillation with up to double extrastim-
ulation; Abnormal right ventricular voltage
(<1.5 mV) with electroanatomical mapping

e Histology on Cardiac Biopsy: Nonspecific inter-
stitial fibrosis or cellular infiltration with my-
ocardial biopsy

Signal-Averaged Electrocardiographic
Diagnostic Criteria

The SAECG was performed using the General
Electric Marquette system. SAECG tracings were
considered abnormal if one or more of the fol-
lowing criteria were met: filtered QRS duration
>114 ms, low amplitude signal duration >42 ms,
or root mean square of latest signal <16 uV. An ex-
ample of an abnormal SAECG is seen in Figure 1.
Patients with QRS duration >120 ms were not
screened with SAECG because of the known high
false positive rate in this population.
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Figure 1. Example of an abnormal signal averaged ECG in a patient with cardiac sarcoidosis.

Statistical Analysis

Results are expressed as mean =+ standard de-
viation. The Pearson chi square test was used to
compare clinical characteristics between patients
with and without cardiac sarcoidosis. The one-way
analysis of variance (ANOVA) was used for con-
tinuous covariates. Sensitivity, specificity, positive
and negative predictive values (PPV and NPV}, and
positive and negative likelihood ratios were calcu-
lated using standard formulae. Discrimination was
estimated by fitting a receiver operator characteris-
tic (ROC) curve and calculating its c-statistic. Mul-
tivariable logistic regression analysis was used to
determine the association of an abnormal SAECG
with cardiac sarcoidosis adjusted for possible con-
founding factors. The variables included in the
multivariable model were variables that may af-
fect the results of SAECG and those that affected
the crude odds ratio (OR) by more than 10%. The
variables used in the multivariable model were
age, sex, left ventricular ejection fraction, history
of hypertension, coronary disease, diabetes melli-
tus, or renal insufficiency. Statistical analyses were

performed using the SPSS (version 17.0; SPSS Inc,
Chicago, IL) statistical software program, and sta-
tistical significance was defined as a 2-sided pP
value less than 0.05.

RESULTS

Clinical Characteristics
of the Study Cohort

There were 88 subjects with a SAECG who were
also screened for cardiac sarcoidosis during the
study period. The clinical characteristics of these
individuals are displayed in Table 1. Of the sub-
jects included, there were 27 who were diagnosed
with cardiac sarcoidosis and 61 who did not have
evidence of cardiac involvement despite comple-
tion of the screening tests. Subjects with cardiac
sarcoidosis were more likely to be male, have right
ventricular dysfunction, have a history of hyper-
tension, and additional organ involvement aside
from the lungs and heart. Other clinical charac-
teristics were not significantly associated with the
presence of cardiac sarcoidosis.
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Table 1. The Clinical Characteristics of Patients Included in the Cohort

Cardiac Sarcoidosis

Noncardiac Sarcoidosis

(N=27) (N =61) p Value

Age (years) 54.44+12.7 559+ 11.1 0.55
Male gender 15/27 (55.6%) 21/61 (34.4%) 0.05
LVEF mean 58.5 + 8.4% 59.8 + 5.6% 0.42
LVEF > 55% 22/27 (81.5%) 53/61 (86.9%)

LVEF < 55% 5/27 (18.5%) 8/61 (13.1%)

RV dysfunction 14/27 (52%) 19/61 (31.1%) 0.05
CAD 0/27 2/61 (3.3%) 0.48
Prior Ml 0 0

Diabetes 4127 (14.8%) 6/61 (9.8%) 0.37
Hyperlipidemia 4/27 (14.8%) 6/61 (9.8%) 0.37
HTN 14/27 (51.9%) 17/61 (27.9%) 0.03
Renal insufficiency 2/27 (7.4%) 1/61 (1.6%) 0.22

LVEF = left ventricular ejection fraction; CAD = coronary artery disease; HTN = hypertension; M|l = myocardial infarction.

Signal-Averaged Electrocardiographic
Characteristics of the Cohort

Tables 2 and 3 display the SAECG characteristics
for the entire study cohort and the subpopulation of
subjects with ORS duration <100 ms, respectively.
The SAECG was abnormal in 14 of the 27 patients
(51.5%) with CS, and 11 of the 61 (18%) of the
patients without cardiac involvement (P < 0.01).

For the 67 subjects with a narrow QRS com-
plex (unfiltered QRS duration <100 ms), 7 of the
19 patients with cardiac sarcoidosis had an abnor-
mal SAECG compared to 0 of the 48 patients with-
out cardiac involvement (P < 0.01).

Of the specific domains measured, only the du-
ration of low amplitude signals was significantly
associated with the presence of cardiac sarcoido-
sis for both the entire cohort and the sub group of
subjects with QRS duration < 100 ms (P < 0.01).
An abnormal filtered QRS duration or root mean
squared voltage in the terminal 40 ms was not as-
sociated with the presence of cardiac sarcoidosis in
either group.

Diagnostic Utility of Signal-Averaged
Electrocardiography for Prediction
of Cardiac Sarcoidosis

The sensitivity of SAECG for detection of cardiac
sarcoidosis was 0.52 and the specificity was 0.82.
For the entire cohort, SAECG had a positive predic-
tive value (PPV) of 0.56 and a negative predictive
value (NPV) of 0.79. Within the subgroup of sub-
jects with QRS duration < 100 ms, the specificity of
SAECG for diagnosing cardiac sarcoidosis improves
to 100% with a reduced sensitivity of 36.8%, yield-
ing a PPV of 1.0 and a NPV of 0.8. The positive
and negative likelihood ratios were 2.9 and 0.6,
respectively.

The c-statistic from the ROC curve was 0.67 (P =
0.01), indicating moderate discrimination for the
presence of cardiac sarcoidosis associated with an
abnormal SAECG.

In an unadjusted model, the odds of cardiac sar-
coidosis was 4.9-fold greater among patients with
an abnormal SAECG compared with those with
no SAECG abnormalities (OR 4.9; 95% confidence

Table 2. Signal-Averaged ECG Characteristics of Patients Included in the Cohorts

Cardiac Sarcoidosis Noncardiac Sarcoidosis P Value
SAECG abnormal 14/27 (51.9%) 11/61 (18%) <0.01
Filtered QRS duration abnormal 6/27 (22.2%) 9/61 (14.8%) 0.29
Root mean squared voltage abnormal 4/27 (14.8%) 6/61 (9.8%) 0.36
Low amplitude signal duration abnormal 9/27 (33%) 3/61 (4.9%) <0.01
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Table 3. Signal-Averaged ECG Characteristics of Patients with a Baseline QRS Duration of <100 ms

Cardiac Sarcoidosis Noncardiac Sarcoidosis p Value
SAECG abnormal 7/19 (36.8%) 0/48 <0.01
Filtered QRS duration abnormal 1/19 (5.3%) 0/48 0.28
Root mean squared voltage abnormal 2/19 (10.5%) 0/48 0.08
Low amplitude signal duration abnormal 5/19 (26.3%) 0/48 <0.01

interval (CI) 1.8, 13.3; P < 0.01). After multivari-
able adjustment, an abnormal SAECG was associ-
ated with a greater than 7-fold odds of subsequent
diagnosis of cardiac sarcoidosis (OR: 7.5; 95% CI
2.4,24.3; P < 0.01).

DISCUSSION
Study Results

The present study describes the potential diag-
nostic utility of SAECG for detection of cardiac sar-
coidosis. We were able to screen a large number
of patients with pulmonary sarcoidosis who also
had possible cardiac involvement based on signs
and symptoms with SAECG and other cardiac di-
agnostic studies. A significant association between
an abnormal SAECG and subsequent diagnosis of
cardiac sarcoidosis was seen in this population. For
the entire cohort the sensitivity and specificity of
SAECG detection of cardiac sarcoidosis were 0.52
and 0.82, respectively. Although there were some
false positive and negative results, the inexpensive
test remains useful nonetheless as a method for
prompting further evaluation in patients with car-
diac symptoms. In addition, among the subset of
patients with a narrow baseline QRS (<100 ms) a
normal SAECG excluded cardiac sarcoidosis. These
results strongly endorse the inclusion of SAECG as
part of the diagnostic work up for patients with
suspected cardiac sarcoidosis.

Historical Role of Signal-Averaged
Electrocardiography in Nonsarcoid
Cardiomyopathies

The SAECG has been investigated as a tool to
predict ventricular arrhythmias in different forms
of cardiomyopathy. SAECG has been shown to be
predictive of ventricular arrhythmias and sudden
death in non-ischemic cardiomyopathy.!%!? How-
ever, in unselected patients with prior myocar-
dial infarction late potentials on SAECG have not
been shown to be predictive of sudden death or

ventricular arrhythmias.® Accordingly, the 2008
ACC/AHA/HRS guidelines state that there is not
adequate data to support the routine use of SAECG
in patients post-ML.!® In patients with ARVC/D,
however, SAECG has been a useful tool in screen-
ing, with an abnormal result establishing a minor
criterion in the diagnostic evaluation. Nasir et al.,
summarizes 13 prior reports on the predictive value
of SAECG in ARVC and argues that SAECG should
be a standard component of the evaluation of pa-
tients who are known to have, or are suspected
to have this disease.® We believe that this reason-
ing describing the utility of SAECG in the detec-
tion of myocardial fibrosis and scar in non-sarcoid
cardiomyopathies is applicable to detection of my-
ocardial granulomas and should similarly be part
of the evaluation of cardiac sarcoidosis. The value
of SAECG for risk stratification of sudden death in
cardiac sarcoidosis is not evaluated in this study;
however, as is the case with ARVC/D, SAECG may
be useful as a diagnostic tool for identification of
cardiac sarcoidosis.

Value of Early Detection of Cardiac
Sarcoidosis

Because sudden death can be the initial presen-
tation of cardiac sarcoidosis, early detection and
treatment is critical.!* Furthermore, the ICD is an
effective therapy for prevention of sudden death
associated with other cardiomyopathies and there-
fore would be expected to prevent this tragic out-
come in patients with cardiac sarcoidosis identified
before the development of sarcoid-related ventric-
ular arrhythmias.

The diagnosis of cardiac involvement in systemic
sarcoidosis has improved with the development of
cardiac magnetic resonance imaging. However, the
progressive nature of the disease and the cost and
limited availability of cardiac MRI make routine
screening with cardiac MRI impractical. Therefore
other screening tools, such as SAECG, should be
available, especially if serial testing is used for early
detection of cardiac sarcoidosis.
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Furthermore, if cardiac sarcoidosis goes unrec-
ognized without the development of ventricular ar-
rhythmias, heart failure can become the presenting
symptom. Early recognition of cardiac sarcoidosis
may prevent the development of heart failure with
effective immunosuppression.

Potential Role of SAECG for Evaluation
of Cardiac Sarcoidosis in Asymptomatic
Patients

SAECG is used to detect late potentials in the
ORS representing delayed ventricular conduction
around a region of myocardial scar. In a disease
process such as cardiac sarcoidosis with inflam-
mation and subsequent scarring, areas of delayed
myocardial activation is expected. Therefore, an
abnormal SAECG in a patient with pulmonary sar-
coidosis without other reasons for myocardial scar-
ring strongly suggests the presence of myocardial
sarcoid. Our findings suggest that the SAECG is
a useful diagnostic tool in the evaluation of car-
diac sarcoidosis. In the present study, we only
used SAECG in those subjects who had suspected
cardiac sarcoidosis based on history and physical
exam findings. A vast majority of patients with pul-
monary sarcoidosis do not have any cardiac signs or
symptoms suggestive of cardiac involvement; how-
ever, many of these asymptomatic patients may
have early stages of cardiac sarcoidosis that could
potentially be reversed with immunosuppressive
therapy. In addition, sudden death risk stratifica-
tion or ICD implantation for primary prevention of
sudden death in these individuals could be life sav-
ing. For these reasons, we believe that SAECG may
have a potential role for screening asymptomatic
patients with pulmonary sarcoidosis, with an ab-
normal finding prompting further investigation.

Limitations

The limitations of observational research must
be considered in our study. Cardiac sarcoidosis
is a rare disease making a large study cohort
is difficult to establish. Furthermore, many pa-
tients with cardiac sarcoidosis will have heart block
and conduction system disease limiting the use
of SAECG. Therefore our study cohort contains
a relatively low number of subjects for evaluat-
ing a diagnostic test. However, despite this rel-
atively low number of subjects, we were able
to demonstrate a significant association between

an abnormal SAECG and subsequent diagnosis of
cardiac sarcoidosis using other diagnostic tests.
Although the low number of subjects in our
cohort limits the precision of the statistical anal-
yses, we believe that the SAECG is a useful screen-
ing tool especially in patients with a narrow ORS
complex.

The diagnosis of cardiac sarcoidosis remains a
clinical challenge. Soejima and Yada highlight the
diagnostic difficulties in their recent publication.!*
Published data suggests that even cardiac MRI
yields a sensitivity of 75-78% and a specificity of
75-100%.%16 The Japanese Ministry of Health and
Welfare criteria and the revised guidelines for diag-
nosing cardiac sarcoidosis from the Japan Society
of Sarcoidosis and Other Granulomatous Disorders
are helpful, but we feel that many of these mani-
festations are noted later in the disease course and
may not be present early in the process of inflam-
mation and scarring.'>!” Accordingly, it is possi-
ble that we are mistaken in the early diagnosis of
cardiac involvement. This possibility of misdiag-
nosis would bias towards no association between
an abnormal SAECG and the presence of cardiac
sarcoidosis.

We only screened patients with symptoms sug-
gestive of cardiac involvement. Therefore we did
not evaluate the potential role of the SAECG
for screening of asymptomatic patients with pul-
monary sarcoidosis. This likely explains a relatively
high rate of cardiac sarcoidosis diagnoses in our co-
hort. While the SAECG would likely be useful for
detecting granulomas in asymptomatic patients, we
can only speculate on this possibility.

Some conditions may yield a positive SAECG
in the absence of true cardiac granulomas. These
conditions include hypertension (through its ef-
fect on fibrosis), coronary disease and prior my-
ocardial infarction, or diabetes mellitus. However,
a false positive result would diminish the rela-
tionship between the SAECG and subsequent di-
agnosis of cardiac sarcoidosis. In addition, after
multivariable adjustment, the association between
an abnormal SAECG and subsequent diagno-
sis of cardiac sarcoidosis remained significant.
Therefore, we do not believe that uncontrolled
confounding can explain our results. However,
caution should be used when using SAECG
in a population of patients who may have a
higher incidence of prior myocardial infarction or
other conditions that may lead to an abnormal
SAECG.
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CONCLUSIONS

In this cohort of symptomatic patients, an abnor-
mal SAECG was associated with the presence of
cardiac sarcoidosis. This association was strength-
ened when limiting the cohort to those with a QRS
duration of <100 ms. These data support the use
of SAECG as part of the evaluation of cardiac sar-
coidosis. Further investigation is required to evalu-
ate SAECG as a screening tool in asymptomatic pa-
tients and assess its potential role in sudden death
risk stratification for this specific population.
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