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Abstract
Copyright ©The authors 2022 Background Although screening with 12-lead electrocardiography and transthoracic echocardiography for
cardiac involvement has been recommended for patients with biopsy-proven extracardiac sarcoidosis,
cardiac sarcoidosis has been reported even in patients with normal electrocardiography and
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those showing normal findings both in electrocardiography and transthoracic echocardiography (normal
Received: 18 Aug 2021 group) and those showing abnormal findings in one or both examinations (abnormal group).

Accepted: 9 March 2022 Results 33 (29%) and 79 (71%) patients were categorised into the normal and abnormal groups,
respectively, of which 6 (18%) and 43 (54%) patients, respectively, were diagnosed with cardiac
sarcoidosis (p<0.01). Of these six patients in the normal group, two with multiple-organ sarcoidosis
showed clinical deterioration of cardiac involvement and required steroid therapy; three with small cardiac
involvement showed natural remission over follow-up assessments; and one underwent steroid therapy and
showed an improvement in the left ventricular ejection fraction to within normal limits.

Conclusions The prevalence of cardiac sarcoidosis in patients with biopsy-proven extracardiac sarcoidosis
and normal electrocardiography and transthoracic echocardiography findings was ~20%. Electrocardiography
and transthoracic echocardiography may not detect cardiac sarcoidosis in patients without conduction and
morphological abnormalities. However, some of these patients may subsequently show clinically manifested
cardiac sarcoidosis. Physicians should be mindful of this population.

Introduction

Sarcoidosis is a systemic disease of unknown aetiology that can affect multiple organs, including the
lymph nodes, lungs, eyes, skin, liver and heart. Of these, cardiac involvement is associated with
life-threatening complications. Patients with cardiac involvement may complain of syncope, presyncope,
palpitations, dyspnoea on exertion due to advanced atrioventricular block, ventricular arrhythmias and
heart failure secondary to cardiac sarcoidosis (CS). After the onset of the aforementioned clinical
symptoms, the diagnosis of CS is delayed. Therefore, effective screening in patients with extracardiac
sarcoidosis (extra-CS) is desirable for early detection, with the goal of reducing the mortality from CS.

a The Heart Rhythm Society (HRS) consensus statement recommends that patients with biopsy-proven
5r_NC extra-CS should be screened for cardiac involvement with 12-lead electrocardiography (ECG) (class I) and
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transthoracic echocardiography (TTE) (class IIa) [1]. However, early-stage CS may not be detected by
ECG and TTE in patients without conduction and morphological abnormalities. The prevalence of CS in
extra-CS patients with normal ECG and TTE findings has not been elucidated to date. Thus, the aims of
this study were to investigate the prevalence of cardiac involvement and explore the characteristics of
biopsy-proven extra-CS in patients with normal ECG and TTE findings.

Materials and methods

Study population

We included 112 consecutive patients with biopsy-proven extra-CS who presented to the First Department
of Medicine at Hokkaido University Hospital from June 2003 to January 2021. All patients underwent
screening ECG and TTE. They were categorised into two groups: the normal group comprising patients
with normal ECG and TTE findings, and the abnormal group of patients with abnormal ECG and/or TTE
findings. Abnormal ECG findings were defined as ventricular arrhythmias (non-sustained ventricular
tachycardia, multifocal or frequent premature ventricular contractions), bundle branch blocks, axis
deviation or abnormal Q waves [2]. Abnormal TTE findings were defined as basal thinning of the
interventricular septum, abnormal ventricular wall anatomy, regional ventricular wall-motion abnormalities
or left ventricular contractile dysfunction (left ventricular ejection fraction <50%) [2]. All patients
underwent '®F-fluoro-deoxyglucose positron emission tomography (‘*F-FDG PET) and cardiac MRI
(CMR) for further assessment of CS. The updated guidelines for the diagnosis and treatment of CS by the
Japanese Circulation Society were used as the standard for the diagnosis of CS [2]. This study was
approved by the Research Ethics Committee of Hokkaido University. All patients provided informed
consent.

Study protocol

All patients underwent '®F-FDG PET and CMR on admission. They were instructed to fast for at least 12 h
and intravenously administered low-dose unfractionated heparin (UFH) (50 IUkg™) before |F-FDG
administration if they did not have any contraindications [3-6]. Since August 2009, all patients were
provided with a low-carbohydrate, high-fat and protein-permitted diet as dinner the day before ®F-FDG
PET scans for further suppression of the background '°F-FDG uptake. Since October 2015, we have
changed the pretest preparation for '®F-FDG PET. We stopped the pretest administration of UFH. Instead,
all patients were instructed to fast for at least 18 h and provided with a low-carbohydrate, high-fat and
protein-permitted diet three times the day before the '®F-FDG PET scan.'®F-FDG PET and CMR scans
were performed within 1 week of each other.

18F-FDG PET imaging

"8F_.FDG PET was performed using a whole-body PET camera (Siemens EACT EXACT 47; Siemens
Medical Systems, Knoxville, TN, USA). Intravenous injection of '®F-FDG (185 MBq) was followed by an
uptake phase of 45-60 min, after which transmission scanning was performed for attenuation correction
(AC) using ®Ge line sources. Data were acquired in 3D mode. The AC was reconstructed using ordered
subset expectation maximisation. These images were resliced into a series of short-axis, vertical long-axis
and horizontal long-axis images. Since February 2009, PET studies have been performed using PET/
computed tomography (CT) imaging with a Biograph 64 TruePoint TrueV scanner (Siemens, Tokyo,
Japan). The acquired datasets were corrected for attenuation by low-dose CT images and were
reconstructed using a point spread function-based iterative algorithm (TrueX; Siemens) with two iterations
per 21 subsets, a matrix size of 168x168, a voxel size of 4.1x4.1x2.0 mm and a Gaussian filter at 4.0 mm
full-width at half-maximum. The transaxial and axial fields of view were 58.5 and 21.6 cm, respectively.
Approximately 4.5 MBq-kg™ (body weight) of '®F-FDG was administered intravenously. Patients were
positioned supine in the PET/CT scanner at either 60 min (first scan; 3 min-bed™ for whole-body
imaging) or 75 min (second scan; 5 min-bed™" for thoracic region) after tracer injection. Focal '®F-FDG
uptake patterns, such as focal or focal-on-uptake, were defined as positive findings [7—10].

Cardiac MRI imaging

CMR studies were performed using a 1.5-T scanner (Symphony; Siemens Medical System, Erlangen,
Germany or Philips Medical Systems, Best, The Netherlands) with a previously described protocol [6].
Late gadolinium enhancement (LGE)-CMR imaging was performed 10-15 min after administration of
Gd-DTPA (0.1 mmol-kg_l, Magnevist; Berlex Laboratories, Wayne, NJ, USA) with an inversion recovery
prepared three-dimensional fast field echo pulse sequence. Myocardial LGE was assessed visually by a
board-certified radiologist with CMR experience of more than 20 years (N.O.M.) and considered to show
positive results if the findings were confirmed in both short- and long-axis orientations, as in previous
studies.
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Statistical analysis

Descriptive statistics are expressed as number (percentage) for categorical variables and meantsp for
continuous variables. A chi-squared test was used to determine significant differences in positive tests and
prevalence rates between the normal and abnormal groups. For all analyses, a p-value less than 0.05 was
considered statistically significant. All analyses were performed using SAS software (version 9.3; SAS
Institute).

Results

Patient characteristics

The patient characteristics are shown in table 1. Among the 112 patients, 99 (88%) had lung biopsy-proven
sarcoidosis and 13 (12%) had extra-lung biopsy-proven sarcoidosis. Among these patients, 33 were
categorised into the normal group, which showed both normal ECG and TTE findings, and 79 patients
were categorised into the abnormal group, which showed abnormalities on ECG and/or TTE. The meantsp
patient age was 55417 years, and both groups predominantly included women (64% females). Lymph
nodes were the most frequently involved organs, followed by the lung, eye, skin and liver. The number of
involved organs, except for the heart, was 2.70 in the normal group and 2.68 in the abnormal group.

Frequency of positive scans

Nine of the 33 patients (27%) in the normal group and 42 of the 79 patients (53%) in the abnormal group
showed positive findings consistent with active CS on '®F-FDG PET. The frequency of positive scans was
higher in the abnormal group (p=0.012) (figure 1a). In contrast, 14 of the 33 patients (42%) in the normal
group and 56 of 79 patients (71%) in the abnormal group had positive findings consistent with CS on
CMR, with a significantly higher frequency in the abnormal group (p=0.005) (figure 1b).

Prevalence of cardiac sarcoidosis

Six of the 33 patients (18%) in the normal group and 43 of the 79 patients (54%) in the abnormal group
were diagnosed with CS on the basis of the updated Japanese guidelines, with a significantly higher
frequency in the abnormal group (p=0.0004) (figure 2).

Detailed results for the six patients with CS in the normal group

Table 2 summarises the findings for the six patients who were diagnosed with CS in the normal group.
Among these six patients, three showed small cardiac involvement (one in the right ventricular papillary
muscle, one in the lateral wall of the left ventricle (LV), and one in the inferoseptal wall of the LV), two
showed multiorgan involvement (five organs involved), and one showed a reduced LV ejection fraction
(LVEF) (49%). For the three patients with small cardiac involvement, follow-up studies showed
disappearance of focal myocardial '®F-FDG uptake and remnant LGE, which suggested natural remission
of active CS. Among the two patients with multiorgan involvement, one developed syncope with a

TABLE 1 Patient characteristics

All Normal Abnormal p-value

Subjects n 112 33 79
Age years, mean#sp 55.2+17.2 52.6£16.5 56.3+17.5 0.30
Women 72 (64) 25 (76) 47 (59) 0.10
Biopsy site n (lung/extra-lung) 99/13 30/3 69/10 0.58
Steroid n (yes/no) 11/101 3/30 8/71 0.87
Involved organ(s)

Eye 73 (65) 21 (64) 52 (66) 0.82

LN 105 (94) 31 (94) 74 (94) 0.96

Lung 77 (69) 23 (70) 54 (68) 0.89

Skin 22 (20) 5 (15) 17 (22) 0.44

Liver 5 (4) 2 (6) 3(4) 0.60
Number of involved organ(s) except for heart, mean+sp 2.69+0.95 2.70+0.95 2.68+0.95 0.95
Positive FDG PET consistent with CS 51 (46) 9 (27) 42 (53) 0.012
Positive LGE-CMR consistent with CS 70 (63) 14 (42) 56 (71) 0.005
Diagnosis of CS 49 (44) 6 (18) 43 (54) 0.0004

Data presented as n (%) unless otherwise stated. LN: lymph node; FDG PET: *®F-fluorodeoxyglucose positron
emission tomography; CS: cardiac sarcoidosis; LGE-CMR: late gadolinium-enhanced cardiac magnetic resonance
imaging.
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FIGURE 1 Frequency of positive scans. a) Positive ®F-fluoro-deoxyglucose positron emission tomography (*®F-FDG PET) findings consistent with
cardiac sarcoidosis (CS) were recorded in 27% of the patients in the normal group and 53% of those in the abnormal group, with the frequency of
positive findings being significantly higher in the abnormal group (p=0.012). b) Positive cardiac MRI (CMR) findings consistent with CS were
recorded in 42% of the patients in the normal group and 71% of those in the abnormal group, with the frequency of positive findings being
significantly higher in the abnormal group (p=0.005). ECG: electrocardiography; TTE: transthoracic echocardiography.

transient second-degree atrioventricular block type 2 (AVB type II). The patient was administered oral
corticosteroids (prednisolone 30 mg-day~' orally), and syncope did not recur subsequently. The other
patient with multiorgan involvement underwent a follow-up study, which showed significantly increased
focal "®F-FDG uptake and enlarged distribution of LGE, consistent with deterioration of active CS.
Corticosteroid therapy was initiated, and a follow-up TTE examination performed after 4 weeks revealed
thinning and hypokinesis of the basal segment of the interventricular septum. The LGE persisted, but the
focal myocardial '®F-FDG uptake decreased significantly. The sixth patient, who showed a relatively
reduced LVEF, underwent corticosteroid treatment (prednisolone 30 mg-day™ orally) at the time of
diagnosis. The patient’s LVEF improved to the normal range. Figures 3-5 show the representative cases.

Biopsy-proven extra-CS
(n=112)

Screening ECG and TTE

Normal group Abnormal group
(normal ECG and TTE) (abnormal ECG and/or TTE)
(n=33) (n=79)
} CS (n=6) Non-CS (n=27) CS (n=43) Non-CS (n=36) !
1 18% 72% 59% 41% |

FIGURE 2 Study flow and prevalence of cardiac sarcoidosis. A flow diagram illustrating the classification of
normal and abnormal groups based on the ECG and TTE results. Six of the 33 patients (18%) in the normal
group and 43 of the 79 patients (59%) in the abnormal group were diagnosed with CS on the basis of
Japanese guidelines, with a significantly higher frequency in the abnormal group (p=0.0004). CS: cardiac
sarcoidosis; ECG: electrocardiography; TTE: transthoracic echocardiography.
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TABLE 2 Detailed results for the six patients with cardiac sarcoidosis (CS) in the normal group

No. Sex Age Involved 8F_FDG PET Cardiac MRI ACE  Comments Follow-up Outcome
years organ(s) (V] timings
except for L of PET
heart and MRI
1 F 51 LN*, skin® FDG uptake in the LGE in the RV papillary  21.4  Small cardiac 6M,12 M, Natural remission after
RV papillary muscle lesion in the 24 M, 3.5 years;
muscle RV 42 M FDG uptake
disappeared and LGE
remained at 42 M
2 F 22 Eye, LN, FDG uptake in the LGE in the mid-segment 28.9  Small cardiac 6 M Natural remission after
lung” mid-segment of of the lateral lesion in the 6 M;
the lateral wall of (epicardial and lateral wall of FDG uptake
the LV endocardial layers) the LV disappeared and LGE
wall of the LV remained at 6 M
3 M 35 Bone, LN, FDG uptake in the LGE in the basal to 23.5 Multiorgan 1M,6 M Syncope with transient
skin®, basal to mid-segment of the involvement 2nd degree AVB and
stomach” mid-segments of anteroseptal walls (bone, LN, initiate steroid
the anteroseptal (subepicardial layer) skin, stomach therapy. AVB
walls of the LV of the LV and heart) improved; FDG
uptake disappeared
and LGE remained at
1Mand 6 M
4 F 71 Eye, LN, FDG uptake in the LGE in the basal 149  Small cardiac 24 M Natural remission after
lung basal segments segment of the lesions in the 24 M;
of the anterolateral anterolateral FDG uptake
anterolateral and (subepicardial layer) and disappeared and LGE
inferoseptal walls and inferoseptal inferoseptal remained at 24 M
of the LV walls (mid-layer) of walls of the LV
the LV
5 F 25 Eye, LN, FDG uptake in the LGE in the 18.4  Multiorgan 3M,4M Follow-up after 3M
lung, mid to apical mid-segments of the involvement revealed progression
spleen segments of the anteroseptal (eye, LN, lung, of active cardiac and
anteroseptal and (subendocardial spleen and extracardiac
inferior walls layer) and inferior heart) involvements; degree
walls (subepicardial and extent of FDG
layer) uptake and LGE
enhanced at 3 M.
Start steroid therapy.
FDG uptake reduced
and LGE remained at
4M
6 M 35 LN, lung® FDG uptake in the LGE in the basal to 7.9 Mildly reduced 1M,3M, Start steroid therapy to
basal to mid-segments of the LVEF (49%) 12M preserve LVEF;

mid-segments of
the anterior wall
and mid to apical
segments of the
septum

anterior to
anterolateral walls
(subepicardial layer)
and mid-segment of
the septum (RV side)

no FDG uptake and
LGE remained at 1 M,
3Mand 12 M;

LVEF recovered to
the normal range

FDG: ®F-fluorodeoxy glucose; PET: positron emission tomography; MRI: magnetic resonance imaging; ACE: angiotensin-converting-enzyme;
M: months; LN: lymph nodes; LV: left ventricle; RV: right ventricle; LGE: late gadolinium enhancement; AVB: atrioventricular block; LVEF: left
ventricular ejection fraction. *: organ with diagnostic histology consistent with sarcoidosis.

Discussion

We investigated the prevalence of cardiac involvement and explored the characteristics of biopsy-proven
extra-CS in patients showing normal ECG and/or TTE findings. Among the 112 patients with
biopsy-proven extra-CS, 33 (29%) showed normal ECG and TTE findings, while 79 (71%) showed
abnormalities on ECG and/or TTE. CS was observed in six of the 33 patients (18%) in the normal group
and 43 of the 79 patients (54%) in the abnormal group. All six CS patients with normal ECG and TTE
findings had a clinically silent condition at baseline. Among these patients, three showed natural remission,
two showed clinical deterioration and one patient showed a clinically stable condition. Our data
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Representative images (small cardiac lesion) (patient 1 in table 2). Maximum intensity projection
'8F-fluoro-deoxyglucose positron emission tomography (**F-FDG PET) image shows '|F-FDG uptake in the
mediastinal, bilateral hilar and abdominal lymph nodes and heart. 8F-FDG PET image shows focal
myocardial '®F-FDG uptake in the right ventricular papillary muscle (arrow). Late gadolinium-enhanced
magnitude inversion recovery image in the short axis shows hyperenhancement in the right ventricular
papillary muscle (arrow).

Representative images (multiorgan involvement) (patient 5 in table 2). Maximum intensity
projection *®F-fluoro-deoxyglucose positron emission tomography (**F-FDG PET) image shows *®F-FDG uptake
in the mediastinal, bilateral hilar and abdominal lymph nodes, spleen and heart. b) *8F-FDG PET image shows
focal myocardial *®F-FDG uptake in the mid-segments of the anteroseptal and inferior walls (arrows). c) Late
gadolinium-enhanced magnitude inversion recovery image in the short axis shows hyperenhancements in the
mid-segments of the anteroseptal and inferior walls (arrows).



A case with reduced LV ejection fraction (LVEF) (patient 6 in table 2). Maximum intensity
projection *®F-fluoro-deoxyglucose positron emission tomography (**F-FDG PET) image shows *®F-FDG uptake
in the mediastinal lymph nodes and heart. b) ®F-FDG PET image shows focal myocardial *F-FDG uptake in the
basal segment of the anteroseptal wall (arrow). c) Late gadolinium-enhanced magnitude inversion recovery
image in the short axis shows hyperenhancements in the basal segment of the anteroseptal wall (arrow).

demonstrated that ~20% of extra-CS patients with normal ECG and TTE findings have clinically silent CS
and half of them subsequently show spontaneous remission, but some patients could clinically manifest CS
subsequently.

The HRS consensus statement recommends that patients with biopsy-proven extra-CS should be asked
about unexplained syncope, presyncope or significant palpitations and screened for cardiac involvement
with ECG (class I) and TTE (class Ila). In contrast, advanced cardiac imaging procedures, such as
'8F_.FDG PET or CMR, are not recommended for patients without abnormalities on initial screening by
symptoms, ECG or TTE [1].

Previous studies have indicated that most patients with extra-CS show subclinical cardiac involvement.
Autopsy studies have estimated that the prevalence of cardiac involvement was 25% to 75%, with the
highest prevalence reported in Japanese cohorts [11-15]. Several studies have shown that clinically silent
CS is not negligible in patients with extra-CS (4%-55%) [16—20]. SMEDEMA et al. evaluated 82 patients
with pulmonary sarcoidosis who showed no cardiac-related symptoms. They were screened by ECG, TTE,
2017] myocardial perfusion imaging or CMR. Three of the 82 (3.7%) patients were diagnosed with CS on
the basis of the modified Japanese guidelines proposed in 1993. None of these patients showed significant
cardiovascular complications or died over the mean follow-up period of 1.7 years [16]. PateL et al.
screened for cardiac involvement in 81 patients with extra-CS. 10 of the 81 (12.2%) patients were
diagnosed with CS on the basis of the 1993 modified Japanese guidelines. Among these patients, eight
had major adverse events: five died, two had ventricular tachycardia and one required permanent pacemaker
implantation due to an advanced atrioventricular block over a follow-up period of 21+8 months [17].
MenTa et al. interviewed extra-CS patients to determine whether they experienced cardiac-related
symptoms and performed a baseline evaluation with ECG and TTE [18]. Patients with symptoms or
abnormal findings were studied using '|F-FDG PET or CMR. Of the 62 patients, 24 (39%) were
diagnosed with CS on the basis of the 1993 modified Japanese criteria (including hypermetabolism on
BE_FDG PET). Among the patients with CS, symptoms, ECG and TTE showed abnormalities in
11 (46%), two (8%), and six patients (25%), respectively. None of the patients died over a 2-year
follow-up period, but three required implantable cardioverter-defibrillator implantation. Kouranos [21]
et al. investigated the complementary role of CMR to ECG and TTE. In their report, they demonstrated
that for biopsy-proven sarcoidosis patients with normal ECG and TTE, CMR detected cardiac involvement
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in ~20% of the patients. They used HRS consensus criteria as a gold standard for diagnosis of CS.
However, their findings were similar to ours. Two other studies reported the prevalence of asymptomatic
CS [19, 20]. The prevalence varied due to differences in patient backgrounds and diagnostic criteria.

In 1993, the Japanese Ministry of Health and Welfare proposed guidelines for the diagnosis of CS [22].
These guidelines were subsequently updated in 2006 [23] and 2015 [2]. Positive findings on '®F-FDG PET
and CMR were included as major criteria in the latest version. Diagnoses of extra-CS should be based on
histological or clinical findings, and patients meeting two or more of the five major criteria are diagnosed
with CS. These major criteria are as follows: 1) advanced AV block or sustained VT, 2) basal thinning of
the interventricular septum or morphological abnormalities, 3) positive ®F-FDG uptake in the heart, 4)
depressed LVEF less than 50% or regional wall-motion abnormality and 5) the presence of LGE on
cardiac MRI. Thus, even if patients have normal ECG and TTE findings, the third and fifth criteria are still
not assessed. Thus, these patients should show positive findings on '®F-FDG PET and CMR to be
diagnosed with CS in accordance with the guidelines.

ECG is an appropriate examination for all patients with extra-CS [24, 25]. Previous studies have reported
that ECG abnormalities, such as conduction disturbances, arrhythmias, nonspecific ST-T abnormalities or
abnormal Q waves, were present in 20%-30% of patients with extra-CS [15, 26-28]. One autopsy study
reported that 75% of patients with severe CS, which indicates gross evidence of cardiac granulomas or
infiltration at necropsy, had arrhythmia or conduction disturbances; however, only 42% of patients with
mild CS, which refers to microscopically evident granulomas, had these findings [15]. Thus, ECG is not
sensitive in detecting cardiac involvement. As in our cases, patients may show no ECG abnormalities
despite the presence and spread of cardiac involvement.

TTE is another useful screening test for CS that can evaluate chamber size, cardiac function and structural
changes. Burstow et al. [29] reported echocardiographic abnormalities in 14% of patients with extra-CS,
while other studies reported that echocardiographic abnormalities were detected in 14% to 56% of patients
with extra-CS [28, 30-33]. TTE is a cost-effective and noninvasive test for assessing cardiac involvement;
however, it shows low sensitivity for many aspects of CS, especially in patients with mild cardiac
involvement, obesity or pulmonary disease who do not have good echocardiographic window.

Limitations

The present study has several limitations. First, the study was performed at a single centre. Second, the
study was retrospective in nature. Third, the pretest preparations for the *F-FDG PET scans differed before
and after 2015. Pretest preparation is performed with the aim of reducing physiological "®F-FDG uptake in
the normal myocardium, but the best methods have evolved over time. However, we believe that the
differences in the pretest preparation did not affect the '®F-FDG PET scan results.

Conclusion

The prevalence of CS diagnosed by the latest Japanese guidelines in biopsy-proven extra-CS patients with
normal ECG and TTE findings is ~20%. ECG or TTE may not detect CS in patients without conduction
and morphological abnormalities, although some of these patients may subsequently develop clinically
manifested CS. Physicians should be mindful of the presence of such an unrecognised population and the
risk of underdiagnosis of CS. Patients with extra-CS should be followed up carefully.
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