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Abstract
Purpose: Sarcoidosis with cardiac involvement has a relatively high morbidity and mortality, and early
diagnose of cardiac sarcoidosis is a critical issue. Systolic dyssynchrony index (SDI) measured by threedimensinonal echocardiography was used in our study for detection of subclinical left ventricular (LV)
systolic dysfunction in patients with sarcoidosis and normal LV function on two-dimensional
echocardiography.
Methods: Forty-four patients diagnosed with sarcoidosis (without clinically apparent cardiac
involvement) and 44 healthy control subjects were included in this study. Conventional 2D
echocardiographic parameters and SDI measured by 3D echocardiography were analyzed in all
participants.
Results: While two-dimensional echocardiographic results of study groups were similar; SDI_16 (SDI for
16 segments of LV) results were significantly higher in sarcoidosis group compared to healthy controls
(6.99 + 5.02 vs 2.89 + 1.32, p<0.0001), and 47.7% of patients with sarcoidosis had SDI_16 value of >6%.
Conclusion: SDI_16 was higher in patients with sarcoidosis and this parameter could be used as a marker
to identify patients with cardiac involvement of sarcoidosis in the early phase.

Introduction
Sarcoidosis is an inflammatory disorder and its etiology remains obscure. It is characterized by the
formation of non-caseating granulomas and subsequent tissue scarring in the affected organs such as
the lymphatic system, gastro-intestinal system, liver, skin, eyes, lungs, and nervous system, as well as in
the heart [1].
Prevalence of cardiac sarcoidosis was estimated about 5%, but recent autopsy series and imaging
studies demonstrated that it is actually at around 25% [2]. Disturbance of conduction system like
complete heart block and right bundle branch block are the most common findings of cardiac
sarcoidosis; however, wall motion abnormalities, anterior basal septal thinning, ventricular dilatation
and/or aneurysms, decreased left or right ventricular systolic or diastolic function, ventricular tachycardia,
valvular abnormalities, pericardial effusion and sudden cardiac death are other cardiac manifestations of
sarcoidosis. Cardiac involvement can be difficult to detect, because of the focal nature of the disease; so,
cardiac biopsy has a sensitivity of only 20–30% [3].
Two-dimensional transthoracic echocardiography is the recommended initial screening test for cardiac
sarcoidosis. Wall motion abnormalities in noncoronary distribution or antero-basal septal thinning with
increased echogenicity may suggest cardiac involvement of sarcoidosis [4]; but it has relatively low
sensitivity and spesifity to detect cardiac involvement at early stage of the disease. Magnetic resonance
imaging and nuclear imaging modalities were studied for this purpose and their results are important for
clinical diagnosis of cardiac sarcoidosis [5]; nevertheless, this topic is still of a debate in the literature.
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The diagnostic criteria of CS are mainly based on expert consensus and need to be validated by new
prospective clinical trials.
Three-dimensional echocardiography (3DE) is an effective imaging tool to measure not only ventricular
volumes and ejection fraction but also subclinical systolic dysfunction which could be shown by systolic
dyssynchrony index (SDI). SDI is a parameter which can predict worsening systolic function at early
phase of the disorder [6]. Because of patchy infiltration nature of sarcoidosis, segmental wall motion
abnormalities and dyssynchronic contraction of ventricules may be the initial stage of systolic
dysfunction. So, we hypothesized in our study that subclinical cardiac systolic dysfunction in patients
with sarcoidosis might be diagnosed with SDI by using 3DE.

Materials And Methods

Study Population
We enrolled 44 patients diagnosed with sarcoidosis, but without clinical apparent cardiac involvement or
without suggested criteria for screening for cardiac sarcoidosis [5], and age-sex matched 44 healthy
control subjects for echocardiographic analysis. Patients with cardiac symptoms which might be related
with cardiac involvement of sarcoidosis (e.g. palpitation, pre-syncope or syncope), known coronary heart
disease, systemic or pulmonary hypertension, severe heart valve disease or prosthetic heart valve, left and
right bundle branch block, second or third degree atrio-ventricular block, sustained or non-sustained
ventricular tachycardia, unexplained pathological Q waves in ≥ 2 leads, heart failure (ejection fraction <
50%) and atrial fibrillation were excluded from the study. Informed consents were obtained from all
participants, and this study was approved by our local institutional ethics committee.

Echocardiography Protocol
We used Philips iE33 with a matrix array transducer (X4.1 transducer; Philips Medical Systems, Bothell,
WA, USA) for echocardiograhic analyzes. We performed the modified Simpson's method to measure left
ventricular ejection fraction (LVEF), left ventricular end-diastolic volume (LVEDV) and left ventricular end‐
systolic volume (LVESV) in 2DE as described in guidelines. Optimal gain and compress, sector width and
depth were all adjusted at two dimensional echo and we switched to xPlane imaging to ensure the
visibility of endocardial borders at orthogonal view. The patients were asked for breath‐holding to prevent
stitching artifacts and we acquired four beats full volumes from apical four‐chamber view. We acquired
each subvolume ECG gated with regular four consequent R‐wave (excluded premature beats). Elevation
and lateral width settings were optimized to reach a frame rate at least 25 fps. We used Qlab software
(Version 9.0; Philips Medical Systems) to measure LVEF and volumes. All protocols performed by two
investigators who were experienced in echocardiographic imaging and blinded each other to detect inter‐
observer variability. We defined end‐diastole as the first frame after mitral valve closure, and end‐systole
as the first frame after aortic valve closure; but we visually corrected the frame in some cases based on
the left ventricular size. We adjusted transverse (at the level of papillary muscles) and saggital (from the
midline of mitral annulus to apex) planes; then automatic border definition was performed by applying
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five points: anterior, inferior, septal, lateral annulus, and apex. Border definitions were manually modified
in some of cases by including papillary muscles and trabeculations as parts of LV cavity (Figs. 1 and 2).
We performed sequence analysis at the end of the procedure and checked for border detection frame‐by‐
frame. LVEF, LVEDV, LVESV and 16 segments SDI (SDI_16) were obtained at the end of analysis and
shown as a report page (Fig. 3).

Statistical Analysis
SPSS 21.0 (SPSS, Chicago, IL, USA) was used for statistical analysis. The Kolmogorov–Smirnov test was
applied to the variables to determine whether or not they are normally distributed. Categorical variables
were demonstrated as number and percentage; and continuous variables were demonstrated as mean ±
SD when normally distributed while nonparametric variables were shown as median and the percentiles.
Student’s t-test was used to compare parameters which were normally distributed. Mann-Whitney U test
was used to compare paramaters which were non-normally distributed. All statistical testing was on the
basis of a 2-sided α = 0.05 significance level.

Results
In sarcoidosis group 55.25% of participants were female and in healthy control group it was 52.30% (p =
0.09). The baseline characteristics and 2DE measurements of study groups shown in Table 1. Although,
deceleration time (DT) of E wave and isovolumetric relaxation time (IVRT) measurements were higher in
sarcoidosis group, this difference did not translate to a statistical significance in terms of diastolic
dysfunction (Table 1). In 3DE measurements, LVEDV results were similar between two groups; however,
LVESV results were mildly higher in patients with sarcoidosis and as a consequence of this, LVEF3D
(LVEF values obtained from three dimensional echocardiography) values were lower in sarcoidosis group
but this difference did not reach to a statistical significance (52.62 + 3.39 vs 56.32 + 2.06, p = 0.06)
(Table 2). As our main finding in this study, the SDI_16 results were significantly higher in sarcoidosis
group compared to healthy controls (6.99 + 5.02 vs 2.89 + 1.32, p < 0.0001) (Table 2). 21 of 44 patients
(47.7%) sarcoidosis had SDI_16 value of > 6% which may be accepted as a cut-off value based on data
comes from literature (data not shown).
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Table 1
Baseline characteristics and two-dimensional echocardiography
measurements of study population
Parameter

Sarcoidosis

Control

P value

(n=44)

(n=44)

Age

53.02 (± 14.04)

51.75 (± 11.14)

0.12

BMI (kg/m2)

25.38 (± 4.99)

24.04 (± 1.42)

0.18

IVS thickness (cm)

0.92 (± 0.42)

0.94 (± 0.36)

0.08

e/a

0.94 (± 0.35)

0.99 (± 0.41)

0.61

e/ e’lateral

6.45 (± 2.48)

5.63 (± 2.29)

0.13

DT (ms)

173.86 (± 43.26)

149.50 (± 27.31)

0.03*

IVRT (ms)

98.95 (± 17.17)

89.25 (± 15.96)

0.01*

TAPSE (cm)

2.26 (± 0.26)

2.35 (± 0.38)

0.22

LVEF2D (%)

57.89 (± 4.96)

59.50 (± 3.69)

0.09

Hb (g/dL)

12.25 (± 2.22)

13.02 (± 2.28)

0.07

WBC (× 109/L)

7.42 (± 2.36)

7.12 (± 2.78)

0.08

BMI; body mass index, IVS; interventricular septum, DT; deceleration time, IVRT; isovolumetric relaxation
time, TAPSE; tricuspit annular plane systolic excursion, LVEF2D; two-dimensional left vetricular ejection
fraction.
Table 2
Three-dimensional echocardiography measurements of study
groups
Parameter

Sarcoidosis

Control

P value

(n=44)

(n=44)

LVEDV (mL)

76.58 (± 20.77)

75.15 (± 16.76)

0.73

LVESV (mL)

38.75 (± 11.50)

34.82 (± 7.42)

0.07

LVEF3D (%)

53.62 (± 3.39)

56.32 (± 2.06)

0.06

SDI_16

6.99 (± 5.02)

2.89 (± 1.32)

< 0.0001*

LVEDV; left ventricular end-diastolic volume, LVESV; left ventricular end-systolic volume, LVEF3D; threedimensional left ventricular ejection fraction, SDI_16; sixteen segments systolic dyssynchrony index.

Discussion
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Sarcoidosis itself may have a benign course because of spontaneous remissions; often observed in extracardiac cases such as skin sarcoidosis. However, when cardiac involvement exists, the prognosis
becomes unfavourable. Therefore, early diagnosis of cardiac involvement of sarcoidosis is crucial.
Isolated type of CS, described in the literature as a cardiac involvement without systemic manifestations
of sarcoidosis [7, 8], is also an important entity. Takaya et al [9] recently reported that this type of
sarcoidosis (they called it ‘probable CS’) has a worse outcome compared with definite CS (sarcoidosis
with cardiac involvement). Therefore, the early diagnosis of isolated CS is also an important issue in the
clinical setting.
Despite many abnormalities that can be identified by echocardiography, many patients with CS may have
a normal result of 2D echocardiography [10]. For instance, Mehta et al [11] found that echocardiographic
abnormalities present in only 25% of the patients who exhibited cardiac magnetic resonance imaging
(CMR) or 18F-fluorodeoxyglucose (FDG) positron emission tomographic (PET) evidence of CS; and
Freeman et al [12] found that echocardiographic findings could exclude CS in only 32% of patients with
sarcoidosis.
Recent studies have shown that speckle-tracking echocardiography might be used to detect early stage of
CS [13]. Chen et al. [14] found that impaired left ventricular longitudinal strain could be an indicator of
early granulomatous cardiac infiltration and higher degree of reduction in LV longitudinal strain is
associated with increased risk of adverse cardiac events and poor clinical outcomes. Bayat et al. [15]
recently reported in their study that 2D speckle tracking echocardiography could reveal subclinical cardiac
involvement of sarcoidosis in patients with normal ejection fraction.
Beyond 2D echocardiography there are valuable tools which are also being recommended in diagnostic
criteria of CS (5). One of them is cardiac magnetic resonance (CMR). CMR has a high sensitivity and
spesifity in detecting CS, and also gives important prognostic information about patients; thus CMR may
guide monitoring and therapy [16, 17]. We can detect acute inflammation with T2-weighted imaging and
fibrosis or scar with late gadolinium enhancement (LGE) imaging. However, CMR is a relatively expensive
modality and the findings of LGE on CMR can be present in other cardiac conditions such as myocarditis
[18], and the gadolinium-enhanced CMR imaging is contraindicated in patients with advanced renal
failure (eGFR < 30 mL/min) due to the risk of nephrogenic systemic fibrosis. PET or in combination with
computarized tomography (PET/CT) is also a valuable diagnostic tool for early diagnosis, management,
follow-up, and prognostication in patients with CS [19–21]. However, PET/CT is not a widely available
modality and more prospective data are warranted to better characterize the role of it in CS.
During the last decade, with advencements of non-invasive diagnostic tests such as 3D
echocardiography, lots of cardiac pathologies could be detected quickly and correctly. Measurement of
left ventricular volumes and ejection fraction have been more reliable compared to 2DE; and segmental
contractility and/or overall synchronicity of ventricular contraction could be defined precisely with 3DE.
One of the best parameters of ventricular dyssynchrony is SDI; and it shows deterioration of ventricular
contractility in the early stage. SDI has been used in numerous studies to identify affected cardiac
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functions in different clinical scenarios [22–24]. The only clinical trial using 3DE in patients CS that we
could find in the literature was the study of Tsuji et al [25]. They (25) found that 3D speckle-tracking radial
strain shows good potential to distinguish CS from dilated cardiomyopathy. We enrolled patients
diagnosed with sarcoidosis but without any clinical indicator of cardiac involvement as well as with
normal ejection fraction; and found that 16-SDI might be a valuable parameter to detect subclinical
cardiac involvement of CS. Dyssynchronic contraction could be expected in patients with CS due to the
patchy nature of infiltrations seen in sarcoidosis.
The limitations of our study were: This study had a relatively small sample size and we did not perform
PET/CT, CMR imaging or endomyoardial biopsy to our study population, because the participants were all
without clinical apparent cardiac involvement or without suggested criteria for screening for cardiac
sarcoidosis. This was a cross-sectional study so we could not have a prognostic information, but we
have been monitoring more closely the patients with SDI_16 result higher than 6%.

Conclusion
SDI_16 measured by 3DE was significantly higher in patients with sarcoidosis compared to healty control
subjects. This might be a promising parameter to identify patients with cardiac involvement of
sarcoidosis in the early phase of the disease.
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Figures

Figure 1
We adjusted transverse (at the level of papillary muscles) and saggital (from the midline of mitral
annulus to apex) planes; then automatic border definition was performed by applying five points: anterior,
inferior, septal, lateral annulus, and apex. Border definitions were manually modified in some of cases by
including papillary muscles and trabeculations as parts of LV cavity
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Figure 2
We performed sequence analysis at the end of the procedure and checked for border detection frame‐by‐
frame.
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Figure 3
LVEF, LVEDV, LVESV and 16 segments SDI (SDI_16) were obtained at the end of analysis and shown as a
report page
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