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Abstract

Background: The diagnostic yield of cardiac sarcoidosis (CS) by endomyocardial biopsy is
limited. Fluorodeoxyglucose (FDG) positron emission tomography (PET) and cardiac magnetic
resonance imaging (MRI) may facilitate noninvasive diagnosis, but the accuracy of this approach
is not well defined. We aimed to correlate findings from FDG PET and cardiac MRI with
histologic findings from explanted hearts of patients who underwent cardiac transplantation.

Methods: We analyzed the explanted heart histology for all patients who underwent cardiac
transplant at our center from April 2008 to July 2018 and had pre-transplant FDG PET (n=18) or
cardiac MRI (n=31). The likelihood of CS based on FDG PET or cardiac MRI was categorized in
a blinded fashion using a previously published method.

Results: Using a CS probable cutoff for FDG PET resulted in a sensitivity of 100.0% (95% CI:
54.1% to 100.0%) and a specificity of 33.3% (95% CI: 9.9% - 65.1%). Three of the nine CS
probable by FDG PET cases were found to be arrhythmogenic cardiomyopathy. The test
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characteristics of cardiac MRI are more challenging to comment on using our data as there was
only one confirmed case of CS on post-transplant histologic assessment. Of the eight CS highly
probable or probable cases by cardiac MR, three were found to be dilated cardiomyopathy and
two were found to be end-stage hypertrophic cardiomyopathy.

Conclusions: FDG PET and cardiac MRI can help facilitate the diagnosis of CS in patients with
advanced heart failure with a high degree of sensitivity, but lower specificity.

Keywords

Cardiac sarcoidosis; fluorodeoxyglucose (FDG) positron emission tomography (PET); cardiac
magnetic resonance imaging (MRI); cardiac transplantation

Introduction

Sarcoidosis is a multi-system disease characterized by granulomatous inflammation in
multiple organs.l: 2 The etiology of the disease remains unknown, but the theory of an
immunologic response to an unknown antigenic trigger causing the disease continues to
garner support.2 3 Though cardiac involvement manifests clinically in approximately 5% of
patients with sarcoidosis, autopsy studies have estimated the prevalence of cardiac
involvement to be at least 25%.% ° The three principal clinical manifestations of cardiac
sarcoidosis (CS) are conduction disease, ventricular arrhythmias, and heart failure.2 In
patients with clinically present CS, the presence and degree of left ventricular (LV) systolic
dysfunction are the most important determinants of prognosis.8 Progressive heart failure
from CS can lead to the need for advanced therapies, such as intravenous inotropes,
implantation of a ventricular assist device, and/or cardiac transplantation.

The presence of noncaseating granulomas on endomyocardial biopsy is the current gold
standard for the diagnosis of CS.7- 8 However, the procedure is often not performed because
the diagnostic yield is low, even with electroanatomic mapping or image-guidance (20—
50%).2: 7+ 9. 10 This has made it historically challenging to confirm the diagnosis in
suspected cases of CS with histology. Due to this and other important factors, advanced
imaging plays an important role in the management of suspected cases of CS.
Fluorodeoxyglucose (FDG) positron emission tomography (PET) is used in the diagnosis of
CS, to monitor disease activity, and to guide and assess response to therapy.’- 11 12 Cardiac
magnetic resonance imaging (MRI) is also used as a diagnostic and prognostic tool in CS,
and the two modalities offer complementary value in the assessment of cardiac sarcoidosis.
2,13 However, there is some controversy about the sensitivity and specificity of advanced
imaging findings in suspected cases of CS.

We aimed to correlate findings from FDG PET and cardiac MRI with histologic findings
from explanted hearts of patients who underwent cardiac transplantation for advanced heart
failure to study the sensitivity and specificity of both imaging modalities for the diagnosis of
CsS.
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Methods
Study Population

The authors declare that all supporting data are available within the article and its online
supplementary files. The study population was selected from 213 consecutive patients
undergoing cardiac transplantation at Brigham and Women’s Hospital (Boston, MA) from
April 2008 to July 2018. Eight cases were excluded as they were the second heart transplant
for those patients. The pre-transplant clinical diagnoses and post-transplant histologic
diagnoses and their frequencies are listed in Supplemental Table 1. All FDG PET and
cardiac MRI studies were performed at Brigham and Women’s Hospital or Massachusetts
General Hospital (Boston, MA). The study was approved by the Partners HealthCare
Institutional Review Board and was conducted in accordance with institutional guidelines.
Requirement of informed consent was waived.

Advanced imaging studies

Positron emission tomography: The FDG PET protocol has been described in detail
elsewhere.13 Rest myocardial perfusion images were obtained using 82Rubidium (~50 mCi)
or 13N-ammonia (~20 mCi) PET/computed tomography (CT) (Discovery RX or DSTE Light
Speed 64, GE Healthcare, Milwaukee, W1), or 9¥™MTc-sestamibi (~20 mCi) single-photon
emission computed tomography (SPECT)/CT (Symbia T6, Siemens Healthcare, Hoffman
Estates, Chicago, IL). After perfusion imaging, 10-12 mCi of 18F-fluorodeoxyglucose
(FDG) was used to perform dedicated cardiac and whole body FDG PET/CT scans.

All patients were instructed to follow a high fat, very low carbohydrate diet (at least two
meals) followed by a fast of at least four hours prior to the test to shift normal myocardial
metabolism to primary fatty acid utilization and, therefore, suppress the uptake of FDG by
normal myocardium.14. 15

Image analysis: Rest perfusion images were classified as normal or abnormal. Regional
myocardial perfusion was categorized as: normal or mildly, moderately, or severely reduced.
16 FDG images were considered normal when there was no myocardial FDG uptake. In
contrast, FDG images were considered abnormal when there was focal, heterogenous, or
focal on diffuse myocardial FDG uptake.11 14

Cardiac magnetic resonance imaging: The cardiac MRI protocol has been described
in detail elsewhere.13 All images were acquired on a 3.0-T system (Tim Trio, Siemens,
Erlangen, Germany). Cine steady-state free-precession imaging (repetition time, 3.4 ms;
echo time, 1.2 ms; in-plane spatial resolution, 1.6-2mm) was used to assess LV function.
Late gadolinium enhancement (LGE) imaging was done using inversion recovery gradient
recall echo (repetition time, 4.8 ms; echo time, 1.3 ms; inversion time, 200 to 300 ms). LGE
imaging was performed with 0.15-mmol/kg dose of gadolinium diethylenetriamine
pentaacetic acid (Magnevist, Bayer HealthCare Pharmaceuticals Inc., Wayne, NJ) or
gadobenate dimeglumine (Multihance, Bracco Diagnostic, Princeton, NJ). LGE images were
obtained in 8 to 14 matching short-axis (8 mm thick with no gap) and 3 long-axis planes.
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Image analysis. The presence and pattern of LGE was classified as sub-endocardial, mid-
myocardial, and/or sub-epicardial.

Imaging Diagnosis of CS: The likelihood of CS based on FDG PET and/or cardiac MRI
data was categorized according to the criteria listed in Table 1.13 This was done blinded to
all clinical and histologic data.

Clinical Data

Review of the electronic health record was used to obtain notable clinical history prior to
FDG PET and/or cardiac MRI, the pre-transplant clinical diagnosis, and the post-transplant
histologic diagnosis. All pre-imaging and pre-transplant data review was done blinded to
imaging and histology results.

Histologic Assessment

The explanted hearts were reviewed by the Cardiovascular Pathology Service at Brigham
and Women’s Hospital by experienced cardiovascular pathologists according to standard
methods.1” The hearts were reviewed fresh, weighed and fixed in formalin, after which a
detailed gross dissection was performed. Representative histologic sections, stained with
hematoxylin and eosin (H&E), were taken for light microscopic evaluation; additional
special stains were evaluated as necessary.

Statistical Analysis

Results

Baseline patient characteristics were reported as frequencies with percent (%) and means
with standard deviations (SD) where appropriate. FDG PET and cardiac MRI studies were
categorized as positive or negative using two different cutoffs (highly probable or highly
probable/probable). Based on this binomial distribution, sensitivity and specificity, along
with exact 95% confidence intervals (Cl) using the method of Clopper and Pearson, were
calculated for all FDG PET and cardiac MRI studies. Histologic diagnosis of the explanted
heart was used as the gold standard test where positive = CS and negative = alternative
histologic diagnosis. We compared the differences between mean time (in months) between
FDG PET or cardiac MRI and cardiac transplantation and CS probability (unlikely, possible,
probable, or highly probable) by FDG PET or cardiac MRI using one-way ANOVA.

The pre-transplant clinical diagnosis and post-transplant histologic diagnosis of the entire
patient cohort are described in Supplemental Table 1. Of the 205 patients in our cohort,
eighteen (8.8%) underwent FDG PET, 31 (15.1%) underwent cardiac MRI, and seven
(3.4%) underwent both during their pre-transplant course. The notable pre-imaging clinical
history, pre-transplant clinical diagnosis, and post-transplant histologic diagnosis are listed
for all patients who underwent FDG PET and cardiac MRI in Supplemental Tables 2 and 3,
respectively. Data for the seven patients who underwent both studies are listed in
Supplemental Table 4. We did not find a correlation between CS probability by FDG PET or
cardiac MRI and time between imaging study and transplantation (p=0.829 and p=0.359,
respectively).
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Of the 18 FDG PET studies, the diagnosis of CS was considered highly probable in five,
probable in nine, and possible in four cases. None of the studies were classified as CS
unlikely (Supplemental Table 2 and Table 2). All five cases classified as highly probable for
CS had evidence of extracardiac FDG uptake and were confirmed to be CS by post-
transplant histologic diagnosis (Supplemental Table 2, Figure 1). Of the nine cases classified
as CS probable, only one was confirmed to be CS, three were found to be arrhythmogenic
cardiomyopathy (AC) (Figure 2), two were found to be dilated cardiomyopathy (DCM), one
was found to be hypertrophic cardiomyopathy (HCM), one was found to be multifocal
lymphocytic myocarditis, and one was found to be restrictive cardiomyopathy by post-
transplant histologic diagnosis (Supplemental Table 2). Of note, none of these nine cases had
evidence of extracardiac FDG uptake. Of the four cases classified as CS possible, two were
found to be LMNA-mutation related cardiomyopathy, one was found to be restrictive
cardiomyopathy due to lymphocytic myocarditis, and one was found to be dilated
cardiomyopathy by post-transplant histologic diagnosis (Supplemental Table 2). None of
these four cases had evidence of extracardiac FDG uptake. These results are summarized in
Table 2. Additionally, the test characteristics for FDG cardiac PET using post-transplant
histologic diagnosis as the gold standard are shown in Table 2. Using a CS highly probable
cutoff resulted in a sensitivity of 83.3% (95% CI: 35.9% - 96.6%) and a specificity of
100.0% (95% ClI: 73.5% - 100.0%). Using a CS probable cutoff resulted in a sensitivity of
100.0% (95% CI: 54.1% to 100.0%) and a specificity of 33.3% (95% CI: 9.9% - 65.1%).
Including the presence of extracardiac FDG uptake as criterion for the probable category
would have resulted in a sensitivity of 83.3% (95% CI: 35.9% to 99.6%) and specificity of
100.0% (95% CI 73.5% to 100.0%) using a CS probable cutoff. As all patients in the highly
probable category had evidence of extracardiac FDG uptake, this would have resulted in no
change in diagnostic accuracy using a CS highly probable cutoff.

Of the 31 cardiac MRI studies, the diagnosis of CS was considered highly probable in four
cases, probable in four cases, possible in five cases, and unlikely in 18 cases (Supplemental
Table 3 and Table 3). One of the four cases classified as CS highly probable was confirmed
to be CS by post-transplant histologic diagnosis (Table 3, Figure 3). The other three cases
were found to be end-stage HCM, restrictive cardiomyopathy, and DCM by post-transplant
histologic diagnosis (Supplemental Table 3). Of the four cases classified as CS probable by
cardiac MRI, two were found to be DCM (Figure 4), one was found to be antiphospholipid
antibody syndrome (APLAS), and one was found to be end-stage HCM by post-transplant
histologic diagnosis (Supplemental Table 3). Of the five cases classified as CS possible by
cardiac MR, four were found to be DCM and one was found to be LMNA-mutation related
cardiomyopathy by post-transplant histologic diagnosis (Supplemental Table 3). The details
of the 18 CS unlikely by cardiac MRI cases are listed in Supplemental Table 3. All results
are summarized in Table 3. Additionally, the test characteristics for cardiac MRI using post-
transplant histologic diagnosis as the gold standard are shown in Table 3. As there was only
one confirmed case of CS on review of explant histology in the cardiac MRI cohort, the
sensitivity 95% confidence intervals are quite large (2.5% - 100%). Therefore, we only
report specificity values for cardiac MRI. Using a CS highly probable cutoff resulted in a
specificity of 90.0% (95% ClI: 73.5% - 97.9%). Using a CS probable cutoff for cardiac MRI
resulted in a specificity of 76.7% (95% CI: 57.7% to 90.1%).
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Discussion

The poor yield of endomyocardial biopsy in cases of suspected CS has made it historically
challenging to assess the sensitivity and specificity of advanced imaging modalities in the
diagnosis of CS. Though the characteristics of patients who have undergone cardiac
transplantation for CS have previously been studied8-20, no study to our knowledge has
assessed the relationship between the pre-transplant imaging findings in patients with
suspected CS and the post-transplant histologic diagnosis of the explanted heart. The use of
this histologic assessment as the gold standard for diagnosis is a novel attribute and strength
of our study. We demonstrate that FDG PET has high sensitivity using a CS probable cutoff,
and a high specificity using a CS highly probable cutoff. The test characteristics of cardiac
MRI are more challenging to comment on using our data as there was only one confirmed
case of CS on post-transplant histologic assessment. However, we demonstrate a high
specificity for cardiac MRI using a CS highly probable cutoff.

It is important to note that all of the CS highly probable by FDG PET cases had abnormal
extracardiac uptake on PET, and all were confirmed to be CS on post-transplant histologic
assessment. In clinical practice, the diagnosis of CS is usually not in question when a
patient’s FDG PET reveals multiple areas of focal FDG uptake in the myocardium and
extracardiac FDG uptake is present. Our results support this clinical assessment: FDG PET
had a specificity of 100.0% (95% CI: 73.5% - 100.0%) using a highly probable cutoff.

Using a CS probable cutoff increased the sensitivity of FDG PET to detect CS to 100.0%
(95% CI: 54.1% - 100.0%) by correctly identifying one more case of CS without evidence of
abnormal extracardiac FDG uptake. However, using this cutoff was associated with a
marked reduction in specificity. Indeed, eight of the nine cases classified as probable for CS
were found not to be CS on post-transplant histologic assessment. We believe this may be
the most impactful finding from our study. As discussed, the sensitivity of FDG PET for the
diagnosis of CS is high, but the specificity has room for improvement, particularly in cases
without abnormal extracardiac FDG uptake. This is due, at least in part, to the fact that FDG
is not a specific imaging tracer for CS and that other conditions associated with myocardial
inflammation can confound the diagnosis. Although the specificity of FDG PET could be
improved by requiring abnormal extracardiac FDG uptake for a CS probable classification,
the sensitivity would drop due to missing isolated CS cases. Our data suggest that one
should pause to consider alternate diagnoses (such as AC, LMNA-mutation related
cardiomyopathy, and myocarditis (including giant cell myocarditis)) in cases considered
probable or highly probable for CS based on FDG PET, especially when abnormal
extracardiac FDG uptake is absent.

Of interest, three of the eight cases considered probable for CS by FDG PET were found to
be AC on post-transplant histologic review. The fact that CS and AC can mimic each other
has been previously reported.?: 22 A recent exploratory study also showed that some
patients with AC can have evidence of myocardial inflammation on FDG PET.23 However,
no study to our knowledge has proposed that clinicians should be suspicious of the diagnosis
of AC in a patient with a highly probable or probable diagnosis for CS based on FDG PET
result, especially in the absence of abnormal extracardiac FDG uptake. The presence of
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inflammatory cells in AC has been previously described,?4 and may be the cause of positive
FDG PET results. With the caveat that our cohort is highly selected and small, the results of
our study suggest that cardiologists should obtain a detailed family history of at least three
generations, as recommended by the recent Heart Failure Society of America guideline?®,
and consider genetic testing for AC in patients with a cardiomyopathy and FDG PET results
suggestive of isolated CS.

The presented test characteristics of cardiac MRI in the diagnosis of CS in our cohort should
be viewed carefully and cautiously as there was only one case of confirmed CS on post-
transplant histologic review. However, the alternate diagnoses for the highly probable or
probable for CS by cardiac MRI cases are important to review and understand as they may
have clinical implications. Of the seven cases that were found not to be CS on post-
transplant histologic review, three were found to be DCM, two end-stage HCM, one
restrictive cardiomyopathy, and one was found to APLAS by post-transplant histologic
diagnosis. It is important to keep in mind that there is overlap in the pattern of LGE among
nonischemic cardiomyopathies, and our data are in keeping with this fact. The routine use of
myocardial T2 imaging (not available in most of the patients in our cohort) can complement
LGE and may help with the diagnosis of inflammatory cardiomyopathies26. Consequently,
these alternate diagnoses should be kept in mind, particularly DCM and end-stage HCM,
when follow up diagnostics are not as supportive of the diagnosis of CS. For example,
Subject Number 162 in our study had a cardiac MRI that was CS highly probable, but an
FDG PET that was only CS possible. The post-transplant histologic diagnosis for this case
was DCM (Figure 4). Additionally, obtaining a detailed family history and/or careful
consideration of genetic testing may uncover a diagnosis HCM.

As mentioned, our study has important limitations. The study represents a single center
experience that included a relatively small cohort of subjects who underwent FDG PET
imaging and/or cardiac MRI for suspected CS before transplantation. Selection bias may be
present in our study as our institution is a referral center for both CS and genetic
cardiomyopathies. Some patients also had advanced cardiac imaging at outside centers and
these were not included in our analysis. The results, however, were incorporated into the
patients’ histories. Our patients represent a highly-selected cohort in which all patients
developed progressive end-stage heart failure requiring cardiac transplantation. Additionally,
the use of FDG PET to detect inflammation may be limited in cases of severe heart failure
due to preferential glucose utilization by the myocardium regardless of patient preparation/
dietary adherence.2” Nevertheless, these results may have clinical implications for the
diagnostic algorithm for patients with suspected CS and the management of patients with
abnormal FDG PET results. They also may invite more research into perfusion and
metabolic imaging of patients with suspected or confirmed AC.

Conclusions

FDG PET and cardiac MRI help to facilitate the diagnosis of CS in patients with advanced
heart failure with a high degree of sensitivity, but lower specificity. More work is needed to
investigate further the diagnosis of isolated CS by FDG PET, better define the potential role
of genetic testing in potential isolated CS cases by FDG PET and highly probable or
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probable CS cases by cardiac MRI with incongruent follow up diagnostics, and the potential
role of perfusion and metabolic imaging of patients with suspected or confirmed AC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Perspective

The diagnostic yield of CS by endomyocardial biopsy is limited. FDG PET and cardiac
MRI may facilitate noninvasive diagnosis, but the accuracy of this approach is not well
defined. We aimed to correlate findings from FDG PET and cardiac MRI with histologic
findings from explanted hearts of patients who underwent cardiac transplantation. We
analyzed the explanted heart histology for all patients who underwent cardiac transplant
at our center from April 2008 to July 2018 and had pre-transplant FDG PET (n=18) or
cardiac MRI (n=31). The likelihood of CS based on FDG PET or cardiac MRI was
categorized in a blinded fashion using a previously published method. Of the eight CS
probable by FDG PET cases that were not found to be CS, three were found to be
arrhythmogenic cardiomyopathy. Of the seven CS highly probable or probable cases by
cardiac MRI that were not found to be CS, three were found to be dilated
cardiomyopathy and two were found to be end-stage hypertrophic cardiomyopathy. We
found that FDG PET and cardiac MRI can help facilitate the diagnosis of CS in patients
with advanced heart failure with a high degree of sensitivity, but lower specificity.
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Figure 1. Example fluor odeoxyglucose positron emission tomogr aphy images and histology
images of a case of cardiac sarcoidosis.

A. Short axis (SA), horizontal long axis (HLA), and vertical long axis (VLA) 99™Tc-
sestamibi myocardial perfusion SPECT and FDG PET imaging showing perfusion defects
with FDG uptake in the mid and basal anteroseptal and inferoseptal segments (arrows). This
study was deemed CS highly probable given the mismatched defects.

B. Coronal PET (left) and PET/CT whole body FDG imaging showing anteroseptal and
inferoseptal myocardial uptake, as well as multiple FDG-avid bilateral mediastinal, bilateral
hilar, and upper abdominal lymph nodes.

C. Gross photograph of four-chamber view of the explanted heart showing diffuse
involvement of the myocardium by sarcoid (arrows). The right ventricle is extensively
involved, as is the interventricular septum, with more patchy involvement of the left
ventricle.

D. Photomicrograph of H&E stained section showing myocardium with a non-necrotizing
granuloma containing abundant giant cells. There is fibrosis and a lymphocytic infiltrate at
the periphery of the granuloma. (200X original magnification)
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Figure 2. Example fluor odeoxyglucose positron emission tomogr aphy images and histology
images of a case of arrhythmogenic car diomyopathy.

A. Short axis (SA), horizontal long axis (HLA), and vertical long axis (VLA) 99™Tc-
sestamibi myocardial perfusion SPECT and FDG PET imaging showing a medium-sized
perfusion defect in the apical anterior, septal, and inferior walls, as well as the left
ventricular apex. There is also a small-sized perfusion defect in the basal inferolateral wall
(arrows). There is FDG uptake in the apical lateral wall and the mid and basal anterolateral
walls (arrows). While this pattern of FDG uptake is generally considered a normal variant,
its association with perfusion defects in the absence of obstructive CAD was deemed
abnormal and categorized as CS probable.

B. Coronal PET (left) and PET/CT whole body FDG imaging showing anterolateral wall
myocardial uptake, and the absence of abnormal extracardiac FDG uptake.

C. Gross photograph of four chamber view of the explanted heart showing fatty replacement
of the right ventricular free wall characteristic of AC (arrow). An automatic implantable
cardioverter-defibrillator lead is seen in the right heart along with evidence of an apically
placed left ventricular assist device.

D. Photomicrograph of H&E stained section demonstrating transmural fibrofatty infiltration
of the right ventricular free wall without other significant pathology. Occasional islands of
viable myocardium remain. (40X original magnification)
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Figure 3. Example cardiac magnetic resonance imaging images and histology images of a case of
cardiac sarcoidosis.

A. Short axis cardiac MRI images showing numerous large, focal areas of prominent LGE in
the lateral, inferolateral, inferoseptal, and anteroseptal segments of the left ventricle as well
as LGE of the right ventricular wall. Direct and contiguous extension of LGE across the
interventricular septum into the right ventricle is seen in both images (arrows). This study
was deemed CS highly probable given the pattern and location of the LGE.

B. Gross photograph of four chamber view of the explanted heart showing patchy fibrosis of
the left ventricular free wall, apex and basal interventricular septum characteristic of
myocardial involvement by sarcoid (arrow).

C. Photomicrograph of H&E stained section showing myocardium with a non-necrotizing
granuloma containing abundant giant cells. There is a lymphocytic infiltrate at the periphery
of the granuloma. (200X original magnification)
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Figure 4. Example cardiac magnetic resonance imaging images and histology images of a case of
dilated cardiomyopathy.
A. Short axis cardiac MRI images showing direct and contiguous extension of LGE across

the interventricular septum into the right ventricle and focal LGE of basal right ventricular
insertions points (arrows). This study was deemed CS highly probable given the pattern and
location of the LGE.

B. Gross photograph of four chamber view of the explanted heart showing biventricular
dilation and hypertrophy characteristic of DCM. There is evidence of an apically placed left
ventricular assist device.

C. Photomicrograph of H&E stained section demonstrating myocyte hypertrophy and
interstitial fibrosis without inflammation or other significant pathology. (200X original
magnification)
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Definitions of criteria used to categorize cardiac sarcoidosis likelihood based on fluorodeoxyglucose positron
emission tomography and cardiac magnetic resonance imaging findings.

Likelihood Probability

FDG PET Likelihood

Cardiac MRI Likelihood

CSUnlikely -No perfusion defects and no FDG uptake -No LGE

(<10%) -LGE present but clear alternative diagnosis (e.g.
arrhythmogenic cardiomyopathy, coronary artery
disease)

CSPossible -Single perfusion defect without associated FDG uptake -One focal area of LGE but alternative diagnosis

(10-50%) -No perfusion defects, but non-specific FDG uptake * more likely (e.g. pulmonary hypertension)

CSProbable -Multiple, non-contiguous perfusion defects without -Multifocal LGE in a pattern that is likely consistent

(50-90%) associated FDG uptake with CS, but cannot rule out other diagnosis (e.g.

-Single perfusion defect with associated focal or focal on
diffuse FDG uptake

-No perfusion defects, but focal or focal on diffuse FDG
uptake

myocarditis)

CSHighly Probable
(>90%)

-Multiple, non-contiguous perfusion defects with
associated FDG uptake

-Multiple areas of focal FDG uptake and extracardiac
FDG uptake present

-Multifocal LGE in a pattern strongly consistentt
with CS with no alternative diagnosis

*

Non-specific FDG uptake includes the following: (1) diffuse FDG uptake of the left ventricular myocardium and (2) focal FDG uptake with signal
intensity that is only minimally increased when compared to background/blood pool uptake. tFeatures on cardiac MRI strongly consistent with CS:
intense signal of LGE and/or prominent involvement of insertion points with direct and contiguous extension across the septum into the right
ventricle. CS, cardiac sarcoidosis. FDG, fluorodeoxyglucose. LGE, late gadolinium enhancement. MRI, magnetic resonance imaging. PET,

positron emission tomography. Adapted from Vita T et al. Circ Cardiovasc Imaging. 2018 Jan;ll(l):9007030.13
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Test characteristics for fluorodeoxyglucose positron emission tomogr aphy.

Post-transplant histologic diagnosis (CS or alternate diagnosis) stratified by FDG PET CS probability and test
characteristics for FDG PET for the diagnosis of CS using two different cutoffs and post-transplant histologic
diagnosis as the gold standard. 95% CI, exact (Clopper-Pearson) 95% confidence intervals. CS, cardiac

Table 2.

sarcoidosis. FDG, fluorodeoxyglucose. PET, positron emission tomography.

FDG PET CSLikelihood

Alternate Histologic

Probability csS Diagnosis
Unlikely 0 0
Possible 0 4
Probable 1 8
Highly Probable 5 0
FDG PET CSHighly Probable 5 0
FDG PET CSProbable, Possible, or Unlikely 1 12
FDG PET CSHighly Probable or Probable 6 8
FDG PET CSPossible or Unlikely 0 4

Sensitivity (95% CI)

Specificity (95% CI)

Highly Probable Cutoff

83.3% (35.9% - 99.6%)

100.0% (73.5% - 100.0%)

Sensitivity (95% CI)

Specificity (95% CI)

Probable Cutoff

100.0% (54.1% - 100.0%)

33.3% (9.9% - 65.1%)
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Table 3.
Test characteristics for cardiac magnetic resonance imaging.

Post-transplant histologic diagnosis (CS or alternate diagnosis) stratified by cardiac MRI CS probability and
specificity for cardiac MRI for the diagnosis of CS using two different cutoffs and post-transplant histologic
diagnosis as the gold standard. 95% CI, exact (Clopper-Pearson) 95% confidence intervals. CS, cardiac
sarcoidosis. MRI, magnetic resonance imaging.

Cardiac MRI CS cs Alternate Histologic
Likelihood Probability Diagnosis
Unlikely 0 18
Possible 0 5
Probable 0 4
Highly Probable 1 3
Cardiac MRI CSHighly Probable 1 3
Cardiac MRI CSProbable, Possible, or Unlikely 0 27
Cardiac MRI CSHighly Probable or Probable 1 7
Cardiac MRI CSPossible or Unlikely 0 23
Specificity (95% CI)
Highly Probable Cutoff 90.0% (73.5% to 97.9%)
Specificity (95% CI)
Probable Cutoff 76.7% (57.7% to 90.1%)
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