CLINICAL RESEARCH STUDY
THE AMERICAN

JOURNAL of
MEDICINE

@ CrossMark

Prevalence of Cardiac Sarcoidosis in Middle-Aged
Adults Diagnosed with High-Grade Atrioventricular
Block

Leonid Maizels, MD, PhD,?*“* Mahmoud Mansour, MD,?" Arsalan Abu-Much, MD,>" " Eias Massalha, MD,*”

Maia Kalstein, MD, Roy Beinart, MD,*” Avi Sabbag, MD,*" Yafim Brodov, MD, PhD,*"¢ Orly Goitein, MD,*"

Fernando Chernomordik, MD,*” Michael Berger, MD,? Romana Herscovici, MD,? Rafael Kuperstein, MD,*"

Michael Arad, MD, MSc,*" Shlomi Matetzky, MD,*" Roy Beigel, MD*""

“Division of Cardiology, Leviev Center of Cardiovascular Medicine, Sheba Medical Center, Ramat Gan, Israel; bFaculty of Medicine,
Tel-Aviv University, Tel Aviv-Yafo, Israel; “Talpiot Sheba Medical Leadership Program, Sheba Medical Center, Ramat Gan, Israel; UInter-
nal Medicine Department C, Sheba Medical Center, Ramat Gan, Israel; *Division of Diagnostic Imaging, Sheba Medical Center; Ramat
Gan, Israel.

ABSTRACT

INTRODUCTION: Atrioventricular block may be idiopathic or a secondary manifestation of an underlying
systemic disease. Cardiac sarcoidosis is a significant underlying cause of high-grade atrioventricular block,
posing diagnostic challenges and significant clinical implications. This study aimed to assess the preva-
lence and clinical characteristics of cardiac sarcoidosis among younger patients presenting with unex-
plained high-grade atrioventricular block.

METHODS: We evaluated patients aged between 18 and 65 years presenting with unexplained high-grade
atrioventricular block, who were systematically referred for cardiac magnetic resonance imaging, positron
emission tomography-computed tomography, or both, prior to pacemaker implantation. Subjects with sus-
pected cardiac sarcoidosis based on imaging findings were further referred for tissue biopsy. Cardiac sar-
coidosis diagnosis was confirmed based on biopsy results.

RESULTS: Overall, 30 patients with high-grade atrioventricular block were included in the analysis. The
median age was 56.5 years (interquartile range 53-61.75, years). In 37%, cardiac magnetic resonance
imaging, positron emission tomography-computed tomography, or both, were suggestive of cardiac sar-
coidosis, and in 33% cardiac sarcoidosis was confirmed by tissue biopsy. Compared with idiopathic high-
grade atrioventricular block patients, all cardiac sarcoidosis patients were males (100% vs 60%, P = .029),
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were more likely to present with heart failure symptoms (50% vs 10%, P = .047), had thicker inter-ventric-
ular septum on echocardiography (12.2 & 2.7 mm vs 9.45 & 1.6 mm, P = .002), and were more likely to
present with right ventricular dysfunction (33% vs 10%, P = .047).

CONCLUSIONS: Cardiac sarcoidosis was confirmed in one-third of patients < 65 years, who presented with
unexplained high-grade atrioventricular block. Cardiac sarcoidosis should be highly suspected in such
patients, particularly in males who present with heart failure symptoms or exhibit thicker inter-ventricular
septum and right ventricular dysfunction on echocardiography.

© 2023 Elsevier Inc. All rights reserved. ® The American Journal of Medicine (2024) 137:358—365
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INTRODUCTION

Atrioventricular block is a leading cause of pacemaker

sarcoidosis in 19% of 72 patients aged between 18 and
55 years who underwent pacemaker implantation for oth-

implantations worldwide. Its inci-
dence is age-related, and etiology
may differ between age groups.
Idiopathic fibrosis and degenera-
tion of the conduction system
(Lenegre-Lev disease) is the most
common cause of atrioventricular
block in the older population.’ In
younger individuals, other under-
lying conditions leading to atrio-
ventricular block are relatively
more prevalent. Such conditions
may include ischemia, infiltrative,
inflammatory, or infectious pro-
cesses, degenerative, metabolic,
or neuromuscular disorders, and
inherited syndromes. Although
prognosis is usually favorable

CLINICAL SIGNIFICANCE

e Middle-aged adults with high-grade

atrioventricular block were referred for
advanced cardiac imaging.

Thirty-three were diagnosed with car-
diac sarcoidosis, through biopsy. All
had suggestive imaging. Ninety-one of
patients with suggestive imaging had
cardiac sarcoidosis.

All cardiac sarcoidosis patients were
males, had thicker inter-ventricular
septum, and higher prevalence of heart
failure symptoms and right ventricular
dysfunction.

Our study underscores the importance

erwise unexplained third-degree
atrioventricular block. Another
Japanese study found an 11.2%
prevalence of clinically or histo-
logically diagnosed cardiac sar-
coidosis among 89 consecutive
high-grade atrioventricular block
patients with a mean age of
69.1 years.” Interestingly, cardiac
sarcoidosis incidence is not well
established, its presentation is
variable and may include conduc-
tion abnormalities, arrhythmias,
and heart failure.” There are no
clear diagnostic criteria for car-
diac sarcoidosis, and limited data
are available on its prevalence
and clinical characteristics in

after pacing in patients with idio-
pathic or age-related conduction
system disorders, the presence of
some underlying conditions may

of active screening for cardiac sarcoido-
sis, and the role of imaging in guiding
diagnosis and treatment.

younger patients with high-grade
atrioventricular block. In this
report, we aimed to investigate
the prevalence of cardiac sarcoid-

significantly affect clinical out-

comes. Of the infiltrative disor-

ders, cardiac sarcoidosis requires particular attention,
because it may pose decisive clinical implications, poten-
tially necessitating immunosuppressive therapy. Further-
more, the primary implantation of an implantable
cardioverter defibrillator (ICD) may be advocated for car-
diac sarcoidosis patients requiring pacing.” Interestingly,
literature concerning non-iatrogenic causes and the active
screening for underlying disorders in young and middle-
aged adults with atrioventricular block is scarce, espe-
cially when it comes to patients with no apparent history
of cardiovascular conditions. A 2-decade nationwide
Danish study” included 1088 patients implanted with a
pacemaker before the age of 50. Atrioventricular block
etiology remained unknown in 50% of the patients. The
most common identified etiologies were complications of
previous cardiac surgery (15%), followed by congenital
atrioventricular block (9%) and cardioinhibitory reflex
(4%). Cardiac sarcoidosis was identified in only 1.1% of
this study population. Kandolin et al® reported cardiac

osis in young and middle-aged
individuals (<65 years) who were
admitted with high-grade atrioventricular block (second-
degree Mobitz II, third-degree, and other high-grade
atrioventricular block), and describe their clinical presen-
tation, manifestations, as well as their diagnostic and clin-
ical outcomes.

METHODS

The study was conducted utilizing retrospective data
retrieved from the medical record database of the Sheba
Medical Center. We analyzed the records of all patients
aged between 18 and 65 years who had been hospitalized in
the Department of Cardiology between January 2015 and
January 2023 due to Mobitz II second-degree atrioventricu-
lar block, third-degree atrioventricular block, or other high-
grade atrioventricular block that was not considered iatro-
genic or congenital and was otherwise unexplained. The
study was conducted in accordance with the Declaration of
Helsinki and was approved by the institutional ethics com-
mittee (8272-21-SMC).
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Figure 1 Screening and treatment algorithm for the investigation of cardiac sarcoido-
sis in subjects aged < 65 years, presenting with Mobitz II second-degree, third-degree
or other high-grade atrioventricular block of unknown ethicology.

CMRI = cardiac magnetic resonance imaging; CRTD = cardiac resynchronization ther-
apy defibrillator; ICD = implantable cardioverter defibrillator; PET-CT = positron
emission tomography-computed tomography; PPM = permanent pacemaker; n = num-
ber of patients.

* Two patients were not stable during initial work-up and did not undergo advanced
imaging prior to PPM implantation. They were referred for further post-discharge
imaging but were lost to follow-up, and hence were excluded from the final analysis.

Data regarding baseline characteristics including demo-
graphics, medical history, transthoracic 2-dimensional
echocardiography, 12-lead electrocardiography (ECG), and
chest X-ray, were all obtained during the index admission
prior to permanent pacemaker (PPM) implantation and at
the time point closest to presentation. All patients were
assessed and managed by a senior cardiologist and a senior
electrophysiologist. For the study purpose, ECGs and imag-
ing data were retrospectively analyzed, and the results were
adjudicated by an experienced electrophysiologist.

Advanced Cardiac Imaging and Cardiac
Sarcoidosis Diagnosis

Following assessment and prior to PPM implantation, all
patients underwent cardiac magnetic resonance imaging
(CMRI), positron emission tomography-computed tomog-
raphy (PET-CT), or both, for suspected cardiac sarcoidosis,
based on the availability of these imaging modalities. If ini-
tial imaging was not suggestive of cardiac sarcoidosis or

any other specific cardiomyopathy, patients were diagnosed
with idiopathic high-grade atrioventricular block and subse-
quently underwent PPM implantation. However, if imaging
results were suggestive (high-probability) of cardiac sar-
coidosis, or were inconclusive (intermediate probability
[eg, basal septal, insertion point, or right ventricular late-
gadolinium enhancement]), patients were further referred
for tissue biopsy (Figure 1).

In most of the patients with suggestive imaging findings,
both CMRI and PET-CT were performed to evaluate for
extra-cardiac sarcoidosis and to identify an accessible extra-
cardiac target for tissue biopsy. If such extra-cardiac site was
not identified with PET-CT, an endomyocardial biopsy was
performed and processed following the accepted standard of
care and in accordance with the consensus statement from
the American Heart Association, American College of Cardi-
ology, and European Society of Cardiology.’

Patients with suggestive imaging underwent an ICD
implantation, while awaiting biopsy results in most cases.
Patients with inconclusive imaging underwent PPM
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implantation, prior to final biopsy results in half the cases.
The final cardiac sarcoidosis diagnosis was established
based on suggestive clinical and imaging findings, con-
firmed by a positive tissue biopsy. Cardiac sarcoidosis
patients were subsequently followed in the Cardiology and
Rheumatology outpatient clinics.

Statistical Analysis

Patient characteristics were summarized and compared
according to the status of cardiac sarcoidosis diagnosis (car-
diac sarcoidosis vs. idiopathic high-grade atrioventricular
block). Categorical variables were presented as proportions,
and continuous variables were presented as means and stan-
dard deviations (SDs) or medians and interquartile range
(IQR) for continuous variables, depending on their distribu-
tion. In detail, the normality of the continuous variables
was evaluated using the Kolmogorov-Smirnov test, QQ-
plot visualization, and by examining the distribution and
variation of residuals. Continuous variables with a normal
distribution were represented as mean and SD values and
were compared between the groups using the Student t-test.
Continuous variables with non normal distribution were
presented as the median and IQR and were compared with
the Mann-Whitney U test to determine their significance.
The chi-square or Fisher’s exact test was employed to com-
pare categorical variables between groups.

All P values are 2-tailed, and P < .05 was considered
significant for all analyses. Statistical analysis was per-
formed using R version 4.1.0 (R Foundation for Statistical
Computing, Vienna, Austria) software.

RESULTS

Patient screening and subsequent work-up are summarized in
Figure 1. Overall, we identified 32 patients who were hospi-
talized with high-grade atrioventricular block during the
study period. Of these, 2 patients were not clinically stable
during initial work-up and thus did not undergo advanced
imaging prior to PPM implantation. They were referred for
further post-discharge imaging but were lost to follow-up,
and hence were excluded from the final analysis, which
included 30 patients. Eleven patients (37%) had imaging
suggestive of cardiac sarcoidosis (7 patients underwent both
CMRI and PET-CT, 3 patients had MRI only, and 1 had
PET-CT only). All 11 patients with imaging findings sugges-
tive of cardiac sarcoidosis were referred for biopsy (7
patients had endomyocardial biopsy, and 4 patients had
extra-cardiac biopsies) and an ICD implantation. In 10 of
these patients, cardiac sarcoidosis diagnosis was confirmed
based on biopsy results. In 1 patient, an ICD was implanted
based on a highly suggestive PET-CT, however subsequent
pathology from an endomyocardial biopsy returned negative
for sarcoidosis. Hence, 10/30 (33%) of the cohort were ulti-
mately diagnosed with cardiac sarcoidosis, and in 10/11
(91%) patients with suggestive imaging findings, cardiac sar-
coidosis was subsequently confirmed pathologically.

Four patients (13% of the overall cohort) had inconclu-
sive imaging findings (2 had both CMRI and PET-CT, and
2 had PET-CT only). All these patients were implanted
with a standard PPM, and subsequent biopsies were nega-
tive for sarcoidosis in all. In the remaining 15 patients (50%
of the overall cohort), CMRI and PET-CT findings were
not suggestive of cardiac sarcoidosis and they were all
implanted with a standard PPM.

Patient baseline characteristics are presented in Table 1.
Overall, patients were relatively young with a median age
of 56.5 years (IQR 53.00, 61.75 years). Compared with idi-
opathic high-grade atrioventricular block patients, cardiac
sarcoidosis patients were all males (100% vs 60%,
P =.029), and were more likely to have concomitant heart
failure symptoms (50% vs 10%, P = .047). The prevalence
of syncope at presentation was comparable between the
groups, and none of the patients in our cohort presented
with aborted sudden cardiac death. Cardiac sarcoidosis
patients had slightly higher creatinine levels and lower
white blood cell counts (Table 1), whereas no additional
significant differences were noted between the groups with
regard to comorbidities, presentation, laboratory work-up
(including serum Ca** levels), or baseline medical therapy.

Electrocardiographic Analysis

Twelve-lead ECG was analyzed in all patients (Table 2). Of
them, 17 (56.7%) had complete atrioventricular block and
13 (43.3%) had Mobitz II second-degree atrioventricular
block. ECG parameters did not differ significantly between
the two groups, including left or right bundle branch block
prevalence. Tachyarrhythmias were not common (~7% of
the overall cohort) and consisted of non-sustained ventricu-
lar tachycardia episodes. No patients presented with ven-
tricular fibrillation in our cohort.

Echocardiographic Analysis

Detailed echocardiographic findings are summarized in
Table 3. The mean left ventricular ejection fraction (LVEF)
was 53.7 (£11.84%) with no significant differences
between the study groups. Left ventricular end-systolic and
end-diastolic dimensions were also similar between the
groups. Interestingly, compared with idiopathic high-grade
atrioventricular block patients, cardiac sarcoidosis patients
had thicker inter-ventricular septum (12.2 4+ 2.7 mm vs
9.45 + 1.6 mm, P = .002) and higher prevalence of right
ventricular dysfunction (33% vs 10%, P = .047).

Distinctive Clinical and Radiological
Characteristics of Patients with Confirmed
Cardiac Sarcoidosis

The characteristics of the 10 patients with confirmed car-
diac sarcoidosis are summarized in Table 4. Five patients
(50%) were diagnosed with concomitant extra-cardiac dis-
ease based on PET-CT, and 4 of these patients had a biopsy
obtained from an extra-cardiac site (1 lung biopsy and 3
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Table 1 Baseline Patient Characteristics According to Cardiac Sarcoidosis Diagnosis

Overall (n = 30)

Idiopathic Atrioventricular Block

Cardiac Sarcoidosis (n = 10) P Value

(n=20)
Demographics
Age at diagnosis, median [IQR] 56.50 [53.00, 61.75] 56.00 [52.75, 58.75] 58.50 [54.50, 62.00] 415
Male sex, n (%) 22 (73.3) 12 (60.0) 10 (100) .029
Medical history
Hypertension, n (%) 15 (50.0) 9 (45.0) 6 (60.0) .699
Dyslipidemia, n (%) 12 (40.0) 8 (40.0) 4 (40.0) >.99
Atrial fibrillation, n (%) 3 (10.0) 2 (10.0) 1(10.0) >.99
Diabetes mellitus, n (%) 6 (20.0) 5 (25.0) 1(10.0) .628
Chronic kidney disease, n (%) 3(10.0) 2 (10.0) 1(10.0) 1
Smoker, n (%) 6 (20.0) 5 (25.0) 1 (10.0) .628
Chronic obstructive pulmonary dis- 1(3.3) 0 (0.0) 1(10.0) 719
ease, n (%)
Peripheral vascular disease, n (%) 2 (6.7) 1(5.0) 1(10.0) 1
Clinical and laboratory characteristics
Heart failure symptoms upon 7 (23.3) 2 (10.0) 5 (50.0) .047
admission,* n (%)
Syncope, n (%) 9 (30.0) 6 (30.0) 3(30.0) 1
HgB, mg/dL, mean (SD) 13.73 (1.78) 13.65 (2.12) 13.88 (0.81) 749
WBC, K/microL, mean (SD) 8.80 (2.78) 9.54 (3.02) 7.31 (1.44) .036
Platelets, K/microL, mean (SD) 227.27 (64.02) 229.55 (51.35) 222.70 (87.20) .788
Creatinine, mg/dL, mean (SD) 0.98 (0.28) 0.91 (0.28) 1.13 (0.23) .046
Albumin, mg/dL, mean (SD) 3.97 (0.36) 4.03 (0.30) 3.86 (0.46) 244
ALT, U/L, mean (SD) 36.97 (46.39) 41.40 (56.43) 28.10 (9.07) 469
CRP, mg/L, mean (SD) 11.69 (17.25) 11.20 (18.25) 12.62 (16.06) .838
Serum Ca®* mg/dL, mean (SD) 9.44 (0.63) 9.54 (0.48) 9.25 (0.85) .248
Baseline medications
Beta blockers, n (%) 4 (13.3) 3(15.0) 1(10.0) 1
ACEI /ARB, n (%) 11 (36.7) 6 (30.0) 5 (50.0) .503
Spironolactone, n (%) 4 (13.3) 3 (15.0) 1(10.0) 1

ACEI = angiotensin-converting enzyme inhibitors; ALT = alanine transaminase; ARB = angiotensin receptor blocker; CRP = C-reactive protein;

HgB = hemoglobin; IQR = interquartile range; WBC = white blood cells; n = number of patients.

*Symptoms such as exercise intolerance, dyspnea, orthopnea, paroxysmal nocturnal dyspnea, peripheral edema, weakness, and fatigue were regarded

as heart failure symptoms.

lymph-node biopsies). In 6 of the 10 patients, an endomyo-
cardial biopsy was required to confirm cardiac sarcoidosis.

Patient ages ranged from 41 to 65 years, and 5 of the 10
patients (50%) were above the age of 60. Interestingly,
heart failure symptoms did not directly correlate with echo
LVEF measurements, with several patients having normal
LVEF despite heart failure symptoms, and others presented
with reduced LVEF but without classic symptoms.

Table 2 Electrocardiographic Analysis

Late gadolinium enhancement was demonstrated on
CMRI in all cases, with a predilection to the interventricular
septum and the basal inferior segments of the left ventricu-
lar wall. All cardiac sarcoidosis patients were implanted
with an ICD, in accordance with current guidelines,z’8 and
the common practice in our center. Two (20%) of the car-
diac sarcoidosis patients presented with markedly reduced
LVEF upon admission. Left ventricular ejection fraction

Overall (n = 30)

Idiopathic atrioventricular  Cardiac sarcoidosis (n=10) P Value
block (n = 20)

Complete atrioventricular block, n (%) 17 (56.7)
Mobitz IT 2"%-degree atrioventricular block, n (%) 13 (43.3)
Complete left bundle-branch block, n (%) 7 (24.1)
Complete right bundle-branch block, n (%) 12 (41.4)
QRS duration, msec, mean (SD) 122.86 (29.74)

Left anterior hemiblock, n (%) 2 (6.9)

13 (65.0) 4 (40.0) .362
7 (35.0) 6 (60.0) .155
5 (26.3) 2 (20.0) 1
8 (42.1) 4 (40.0) 1
121.05 (31.45) 126.30 (27.46) .66
2 (10.5) 0(0.0) 77

SD = standard deviation; n = number of patients.
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Table 3 Admission Echocardiographic Findings

Overall (n = 30)

Idiopathic atrioventricular block (n = 20) Cardiac sarcoidosis (n=10) P Value

LVEF %, mean (SD) 53.69 (11.84)  54.45 (10.74) 52.00 (14.57) 0.615
LVESD, mm, mean (SD) 33.45 (7.37) 32.95 (8.05) 34.56 (5.85)  0.597
LVEDD, mm, mean (SD) 48.90 (5.95)  48.40 (6.89) 50.00 (3.08)  0.513
Interventricular septum, mm, mean (SD) 10.31 (2.36) 9.45 (1.64) 12.22 (2.68)  0.002
Right-ventricular function 0.047
Normal, n (%) 24 (82.8) 18 (90.0) 6 (66.7)

Mild dysfunction, n (%) 2 (6.9) 2 (10.0) 0 (0.0)

Moderate dysfunction, n (%) 1(3.4) 0 (0.0) 1(11.1)

Severe dysfunction, n (%) 2 (6.9) 0 (0.0) 2 (22.2)

Left atrial diameter, mm, mean (SD) 36.81(10.68)  35.88 (11.29) 39.21(9.26) 0.495
Pulmonary pressure 0.297
Normal, n (%) 16 (69.6) 12 (66.7) 4 (80.0)

Mild pulmonary hypertension, n (%) 5(21.7) 5(27.8) 0 (0.0)

Moderate pulmonary hypertension, n (%) 2 (8.7) 1(5.6) 1(20.0)

Severe pulmonary hypertension, n (%) 0(0.0) 0(0.0) 0(0.0)

LVEF = left ventricular ejection fraction; LVEDD = left ventricular end-diastolic diameter; LVESD = left ventricular end-systolic diameter; SD = standard

deviation; n = number of patients.

improved during hospitalization in one of them, and he was
implanted with an ICD. The second patient was implanted
with a cardiac resynchronization therapy defibrillator,
owing to persistent left ventricular dysfunction.

After discharge there were 2 cases of all-cause mortality
recorded, both in patients with cardiac sarcoidosis (P = .1,
compared with idiopathic high-grade atrioventricular
block).

DISCUSSION

In the current study we aimed to characterize a population
of young to middle-aged patients presenting with otherwise
unexplained high-grade atrioventricular block and assess
the prevalence of cardiac sarcoidosis within this population.
A third of our cohort (10/30 patients) were ultimately diag-
nosed with cardiac sarcoidosis. All had suggestive (high
probability) CMRI and/or PET-CT findings, and positive
pathology. Moreover, 10 out of 11 patients (91%) with sug-
gestive imaging were ultimately confirmed to have cardiac
sarcoidosis based on biopsy results. In 4 patients, imaging
findings were inconclusive, and all these patients had nega-
tive biopsy results. Hence, the diagnostic yield of CMRI
and PET-CT in our cohort was high, stressing the impor-
tance of incorporating advanced imaging strategies in the
work-up of unexplained high-grade atrioventricular block
in younger individuals. We specifically focused on patients
with no apparent history of cardiac abnormalities, such as
ischemic heart disease, prior cardiac surgery, or structural
intervention. Additionally, we excluded individuals with
congenital heart diseases that may predispose them to high-
grade atrioventricular block.

Our collaborative interdisciplinary approach empha-
sizes the diagnostic difficulties encountered in patients
with high-grade atrioventricular block. It also addresses
the optimal timing for device implantation in relation to
the probability of cardiac sarcoidosis based on CMR/PET-

CT findings, all while ensuring an accurate diagnosis of
the underlying cause for high-grade atrioventricular block.
This aspect was effectively demonstrated in our study by
the 91% accuracy of imaging in identifying patients with
cardiac sarcoidosis, and by deferring this diagnosis in
patients with inconclusive imaging findings, who under-
went a standard PPM implantation, with subsequent
biopsy results excluding cardiac sarcoidosis. This observa-
tion may suggest that cardiac sarcoidosis can safely be
excluded in patients with inconclusive, intermediate-prob-
ability, imaging findings. Although the negative predictive
value of advanced cardiac imaging is beyond the scope of
our study, we can reasonably hypothesize that deferral of
cardiac sarcoidosis is also safe in patients with negative,
low-probability, imaging findings. This assumption is sup-
ported by previous reports indicating CMRI sensitivity of
75%-100% for diagnosing cardiac sarcoidosis.”

Cardiac sarcoidosis patient ages ranged from 41 to
65 years. Five of the ten cardiac sarcoidosis patients were
above the age of 60, which may suggest not limiting addi-
tional diagnostic work-up for otherwise unexplained high-
grade atrioventricular block to 60 years of age. Several previ-
ous reports found male predominance of cardiac involvement
in sarcoidosis, including from patient cohorts with approxi-
mately even male to female distribution at baseline.'” Never-
theless, female predominance was noted in other studies.® In
our cohort, all cardiac sarcoidosis patients were males, com-
pared with 60% males in the idiopathic atrioventricular block
group. These findings further support that male sex may be a
specific risk factor for cardiac sarcoidosis in some popula-
tions, which warrants further investigation.

Clinical heart failure was reported in up to 30% of car-
diac sarcoidosis patients. However, asymptomatic left ven-
tricular dysfunction may be more common. We found that
cardiac sarcoidosis patients were significantly more likely
to present with heart failure symptoms when compared
with idiopathic high-grade atrioventricular block patients
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right ventricular dysfunction per echocardiography, should
all increase the clinical suspicion of cardiac sarcoidosis
based on our findings, although requiring additional study
in larger patient cohorts for further confirmation.

Importantly, the patients in our study were actively screened
for possible cardiac sarcoidosis using advanced imaging, and
cardiac sarcoidosis diagnosis was confirmed with biopsy. Car-
diac sarcoidosis prevalence was 33% in our cohort, whereas
50% of cardiac sarcoidosis patients had concomitant extra-car-
diac involvement. Cardiac magnetic resonance imaging and
positron emission tomography-computed tomography were
highly accurate in directing further work-up.

Our study is not without limitations. It is a retrospective,
single tertiary-center study, and hence some bias in patient
referral and selection could have been present. Our work
included 30 young and middle-aged patients admitted with
high-grade atrioventricular block, and hence the ability to
generalize or extrapolate our findings may be limited and fur-
ther larger-scale studies are required. Nevertheless, because
high-grade atrioventricular block in the younger population is
relatively rare, and cardiac sarcoidosis even more so, most of
the previous reports assessing for cardiac sarcoidosis in the
context of high-grade atrioventricular block similarly did not
include large patient populations.™ ">

In conclusion, cardiac sarcoidosis is an important cause of
high-grade atrioventricular block in young and middle-aged
patients, bearing significant clinical implications. cardiac sar-
coidosis should be suspected and sought for in such patients,
especially in males, presenting with concomitant heart failure
symptoms, having thicker inter-ventricular septum, or pre-
senting right ventricular dysfunction on echocardiography.
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