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Reduction in 18F-ﬂuorodeoxyglucose uptake on
serial cardiac positron emission tomography is
associated with improved left ventricular
ejection fraction in patients with cardiac
sarcoidosis
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Background. Cardiac positron emission tomography (PET) using '®F-fluorodeoxyglucose
(FDG) has been used to diagnose and monitor cardiac sarcoidosis (CS). It is not known whether
a reduction in myocardial inflammation, as measured by FDG uptake, is associated with
improvement in LV ejection fraction (EF).

Methods. For 23 patients with CS followed by a total of 90 serial PET exams (median 4 per
patient), two physicians blinded to EF quantified the maximum of standardized uptake value
(SUV) and volume of inflamed tissue above two distinct thresholds to assess the intensity and
extent of FDG uptake on each study. Using gated 3?Rubidium rest myocardial perfusion images,
EF was measured blinded to all clinical and FDG data. To account for clustering and differ-
ences in scan frequency, a longitudinal mixed effects model was used to evaluate the
relationship between FDG uptake and changes in EF on interval scans.

Results. Among 23 patients with serial PET exams (mean age 49, 74 % male, mean baseline
EF 43% = 13%), the median time between the first and last scan was 2.0 years. Overall, 91%
were treated with corticosteroids, 78 % with ACE/ARB, 83% with beta-blockers, and 83% had
ICDs. Longitudinal regression demonstrated a significant inverse linear relationship between
maximum SUV and EF with an expected increase in EF of 7.9% per SUV reduction of
10 gmL ™" (P = .008). Likewise, in an analysis based on volume, there was an increase in EF of
2.1% per 100 cm® decrease in volume of inflamed tissue using a threshold of 2.7 g-mL™"
(P = .028) and an increase in EF of 3.8% per 100 cm® decrease (P = .022) using a SUV
threshold of 4.1 g-mL ™",

Conclusions. In a longitudinal cohort of CS patients, a reduction in the intensity and extent
of myocardial inflammation on FDG PET is associated with improvement in EF. These data
suggest serial PET scanning may help guide titration of immunosuppressive therapy to improve
or prevent heart failure in CS. (J Nucl Cardiol 2014;21:166-74.)
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INTRODUCTION

Sarcoidosis is a multi-system disease of unknown
etiology that is characterized by the formation of nonca-
seating granulomas in multiple organs.' At least one-
fourth of patients have cardiac sarcoidosis (CS),2 which
portends a worse prognosis and accounts for most deaths
from this disease. Among those with cardiac involvement,
left ventricular ejection fraction (LVEF) and left ventric-
ular diastolic diameter are important determinate of
prognosis,® and thus treatments that may improve these
parameters are often used, particularly since in other
forms of non-ischemic cardiomyopathy, therapies that
improve LVEF and end-diastolic dimension have been
linked to enhanced survival.* Nevertheless, the mecha-
nism of heart failure in CS, which may be either systolic or
diastolic, is not well understood.

Limited observational data suggests that among
some patients with CS, corticosteroids may improve
LVEF>° or decrease the burden of ventricular arrhyth-
mias, yet the benefits of corticosteroids have not been
consistently demonstrated’ and there is no data regard-
ing the optimal course of treatment. Although such
therapies may be effective, long-term exposure to high-
dose immune suppression has important side effects, is
costly and would probably be most appropriate for
patients with CS who are at highest risk of adverse
events and disease progression. Yet, in patients with CS,
it remains uncertain how best to monitor the treatment
response to anti-inflammatory therapies.®

Advanced cardiac imaging modalities can provide
important information about myocardial structure and
function beyond LVEF and chamber size. In patients
with CS, abnormal inflammation, as demonstrated by
fluorodeoxyglucose (FDG) uptake on cardiac positron
emission tomography (PET), has been associated with
risk of death or ventricular tachycardia.’ The intensity of
FDG uptake, as measured by the standardized uptake
value (SUV), has been used to quantify active inflam-
mation in CS.'” Studies have shown that SUV is often
higher in the earlier stages of disease and that there is no
overt relationship between SUV at presentation and
LVEEF.'? Other studies have suggested that FDG uptake
may be reduced with steroid therapy.!' However, no
studies to date have investigated the longitudinal rela-
tionship between FDG uptake and LVEF over serial
FDG PET scans in CS. We hypothesized that those who
experience reduction in inflammation following immu-
nosuppressive therapy will have an improvement in their
LVEF. Therefore, our aim was to evaluate CS patients
who underwent serial PET examinations in order to
identify whether reduction in the extent and intensity of
inflammation are associated with any improvement in
LVEF.
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METHODS

Study Population

The study population was selected from 125 consecutive
patients referred for an initial cardiac PET exam at the Brigham
and Women’s Hospital (Boston, MA) for the evaluation of
known or suspected CS between May 2006 and January 2011.
We included all patients with CS who had serial FDG PET scans
performed for assessing response to therapy. Two patients with a
diagnosis of CAD, defined as prior percutaneous coronary
intervention or coronary stenosis >50%, were excluded. One
patient was excluded on the basis that his follow-up FDG PET
occurred after orthotopic heart transplant, and one patient with a
negative baseline PET scan was excluded due to poor quality of
the follow-up study. Consequently, a total of 23 patients with CS
met criteria for inclusion and those patients had a total of 91
exams. One of the follow-up exams was excluded on the basis of
poor quality due to diffuse and intense FDG uptake related to
poor preparation. The study was approved by the Partners
Healthcare Institutional Review Board and was conducted in
accordance with institutional guidelines.

PET Perfusion/Metabolism Protocol

Patients were studied using a whole body PET-CT
scanner (Discovery RX Light Speed 64, GE Healthcare,
Milwaukee, WI). Non-gated CT imaging was used for atten-
uation correction. Resting myocardial perfusion was assessed
after the intravenous administration of ~50 mCi of **Rubid-
jum. Following perfusion imaging, 10-12 mCi of '®F-FDG was
injected intravenously. After approximately 90 minutes to
allow for uptake, dedicated cardiac PET/CT images were
performed in the same manner. Last, limited whole body FDG
images were obtained from the base of the skull to the mid-
thigh. Non-contrast helical CT imaging was performed over
the same range without breath-hold for attenuation correction
of PET images and for localization of FDG uptake. The
average radiation exposure per study was ~ 15 mSv.

All patients were instructed to follow a high fat, high
protein, low carbohydrate diet prior to a fast of at least 3 hours
in order to shift normal myocardial metabolism to primary
fatty acid utilization and, therefore, suppress the uptake of
FDG by normal myocardium. Patients were instructed to avoid
any sugar or sugar containing foods.

Image Analysis

Ascertainment of extent and intensity of
FDG uptake on cardiac images. The SUV provides a
measurement of FDG uptake intensity on cardiac PET. It takes
into account the injection dose of FDG, body weight, and rate of
decay. SUV is defined as the following and has the units g-mL ™"
Radioactivity concentration in ROI (Bq x mm~)

SUV =
Injection dose (Bq) /body weight (g)
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Two physicians, blinded to LVEF data, determined the
maximum SUV as well as volume of FDG for each scan using
commercially available software (Hermes Hybrid Viewer
Version 1.4, Hermes Medical Solutions, Stockholm, Sweden)
using attenuation-corrected FDG images.

To calculate the volumes of FDG uptake, two separate
thresholds were derived. Because quantification of SUV extent
requires a threshold SUV measurement above which activity
contributes to the measured volume, we used our population of
prior PET studies referred for the evaluation of known or
suspected CS (n = 125) to define threshold values based on
findings in our patient population. The chosen thresholds were
SUV values of 2.7 g¢mL™", which represented the smallest
value for SUV maximum present among all patients who had
focal FDG uptake at our institution, and 4.1 g-mL™", which
represented the minimum value for SUV maximum within the
group of patients with known CS based on a positive
endomyocardial biopsy.

Using the two thresholds, a volume of interest (VOI) was
created which consisted of all myocardial SUV values that
exceeded each of the above pre-specified thresholds. A seed
tool was used to remove blood pool as necessary, and manual
editing was used to exclude any FDG avid extracardiac
structures.

Ascertainment of ejection fraction. An expe-
rienced cardiologist, who was blinded to all clinical data and to
the FDG images as well as the sequence of PET scans (i.e.,
baseline vs follow-up), calculated LVEF from the rest-gated
myocardial perfusion images using commercially available
software (Corridor 4DM, INVIA, Ann Arbor, MI). As previ-
ously reported by our lab, the inter-observer variability in
measurement of EF by **Rubidium PET imaging is 5.5%.">

In six studies, the EF could not be determined due to
gating abnormalities and/or inability to track the endocardium.
Each of these patients had a cardiac MRI (n = 1) or echocar-
diogram (n = 5) within 30 days of the PET scan, and the
calculated LVEF from these images was used instead of the
PET LVEF. In a sensitivity analysis, removing these six scans
did not alter any of the main findings presented in the below
results.

Ascertainment of clinical data. Past medical
histories including test results and medications were ascer-
tained at the time of the study by review of the electronic
medical records. Using all data, we applied the revised
guidelines from 2006 for the diagnosis of CS from the
Japanese Ministry of Health and Welfare JMHW) in order to
classify patients as IMHW positive or negative.'

Among the subset of patients who underwent endomyo-
cardial biopsy, the findings on cardiac PET exam were
compared to the biopsy results. Biopsy of the right ventricular
septum was performed via the right internal jugular vein with a
disposable bioptome with 4-5 specimens taken per patient. The
specimens were fixed in 10% neutral-buffered formalin,
processed and then embedded in paraffin. Step sections were
taken through the paraffin block, producing three hematoxylin
and eosin stained slides with 3-4 levels per slide. Biopsies
containing non-necrotizing granulomas were deemed positive
for sarcoidosis once other potential etiologies for granulomas
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were excluded. Polarized light examination was performed to
rule out foreign material as a cause of granulomas, and
methenamine silver (MSS) and acid-fast bacilli (AFB) stains
were used to rule out infection.

All patients were evaluated for death from any cause or
documented sustained ventricular tachyarrhythmias (VT).
Vital status of all patients was ascertained from the Social
Security Death Index. Outcomes were determined by compre-
hensive review of electronic medical records, defibrillator
interrogations, mailed patient questionnaires, and scripted
phone interviews. Follow-up was complete for all patients
included in this study population.

Statistical Analysis

Patient demographics and baseline characteristics were
summarized as mean + standard deviation for continuous vari-
ables and frequencies for dichotomous and ordinal variables.

In order to account for clustering of individual patients
and their multiple scans, a mixed effects model was used to
evaluate the relationship between changes in SUV intensity
and extent and changes in LVEF on serial PET exams. We
used changes in maximum SUV, volume above an SUV value
of 27 gmL™", and volume above an SUV value of
4.1 gomL™" as fixed effects independent variables with serial
LVEF as the dependent outcome. Patient and scan number
were treated as random effects.

A separate analysis was performed to determine if there
was a difference in EF change based on a patient’s response to
treatment during the study. Patients were labeled as responders
if the net change in SUV maximum value decreased from
baseline to the final PET exam. Conversely, patients were
determined to be non-responders if their net SUV maximum
increased or remained constant during the study. The median
LVEF was determined for both responders and non-responders
for the first four serial exams, since only a few patients had
greater than four exams. These median values were plotted
against scan number, and this plot was used to compare the
change in median EF for responders as compared to that for
non-responders. A two-tailed P value < .05 was considered to
be significant in all analyses. All statistical analyses were
performed using commercial software (STATA version 12.0,
StataCorp LP, College Station, TX).

RESULTS

Baseline Characteristics

Table 1 shows the complete baseline characteristics
of the study population. Among 23 patients with serial
PET exams, the median interval between repeat scans
was 6.5 months and the median time between the first
and last scan was 2.0 years. At baseline, the mean LVEF
was 43% + 13%. Of the 23 patients, 21 (91%) met the
JMHW 2006 criteria for diagnosis of CS. The two
patients who did not meet criteria were diagnosed by
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Table 1. Baseline characteristics of study patients

Osborne et al 169
Reduction in FDG and EF in cardiac sarcoidosis

All patients

Characteristic (n = 23)
Age 49 + 10
Males 17 (74%)
Race
White 18 (78%)
Black 4 (17%)
Other/unknown 1 (4%)
Ventricular function (on baseline gated PET)
Ejection fraction 43 + 13
End-diastolic volume (mL) 133 £ 62
End-systolic volume (mL) 76 + 50
Baseline medications
Steroid treatment (at any time) 21 (91%)
Other immunosuppressive agents (at any time)* 4 (17%)
ACE/ARB treatment (at any time) 18 (78%)
ACE/ARB treatment prior to PET 12 (52%)
BB treatment (at any time) 19 (83%)
BB treatment prior to PET 14 (61%)
Aldosterone inhibitor treatment (at any time) 8 (35%)
ICD
Implanted prior to baseline PET study 12 (52%)
Implanted after baseline PET study 7 (30%)
JMHW criteria (2000)
Positive 21 (91%)
Negative 2 (9%)
Positive Biopsy (any site) 19 (83%)
+ Endomyocardial biopsy 9 (39%)
+ Extracardiac biopsy 10 (43%)
Clinical diagnosis of extracardiac sarcoidosis 4 (17%)
Pulmonary involvement (either clinical diagnosis prior to PET 5 (22%)
and/or FDG avid pulmonary disease on PET)
Major criteria
Advanced AV block 10 (43%)
Basal thinning of interventricular septum 2 (9%)
Positive gallium scan 2 (9%)
EF < 50% 19 (83%)

Minor criteria
EKG abnormalities
Echocardiographic abnormality
Nuclear perfusion defect
Late gadolinium enhancement on CMR (of 12 patients
who underwent CMR)
Endomyocardial biopsy with fibrosis or monocytic infiltrate
(of 13 patients with EMBXx)
Baseline cardiac PET results
Normal perfusion or metabolism
Abnormal perfusion only
Abnormal FDG uptake only
Abnormal FDG uptake AND abnormal perfusion

23 (100%)
21 (91%)
21 (91%)
12 (52%)

13 (57%)

2 (9%)

3 (13%)
3 (13%)
15 (65%)
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Table 1. continued
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All patients

Characteristic (n = 23)
Right ventricular uptake of FDG 9 (39%)
Summed rest score (median) 8
Segments with resting perfusion defect (median) 3

JMHW, Japanese Ministry of Health and Welfare; LGE, late gadolinium enhancement; AV, atrioventricular; /CD, implantable cardiac

defibrillator; EM, endomyocardial.

*Other immunosuppressive medications include methotrexate, imuran, remicade, and plaquenil.

Table 2. Summary of the number of serial PET
exams for population patients

Number of Number
PET exams of patients
2 7
3 2
4 7
5 2
6 3
7 2
Mean 3.9
Standard deviation 1.7

positive extracardiac biopsy and positive MRI in one
and positive PET, positive MRI, and occurrence of VT
in the other. A total of 9 patients (39%) had positive
endomyocardial biopsies. Of the remaining patients, 10
(43%) had positive extracardiac biopsies and 4 (17%)
were diagnosed clinically. Overall, 21 (91%) were
treated with corticosteroids and 4 (17%) were treated
with other immunosuppressive therapies. Both of those
never treated with immunosuppression had stable
inflammation and EF during the study, and both met
the JMHW criteria. When examining medical therapies,
18 (78%) were treated with ACE/ARB, 19 (83%) with
beta-blockers, and 8 (35%) with aldosterone inhibitors.

A total of 19 patients (83%) had implantable
cardioverter-defibrillators (ICDs). Of these, 12 patients
had devices placed prior to their initial scans. The baseline
PET results demonstrated normal findings in 2 patients
(9%), abnormal perfusion only in 3 patients (13%),
abnormal FDG uptake only in 4 patients (17%), and
abnormal perfusion and FDG uptake in 14 patients (61%).
Those with normal scans both met Japanese Criteria and
had positive biopsies (one cardiac and one extracardiac).
Right ventricular uptake was noted in 9 (39%) patients.

The patients in this study had a mean of 3.9 PET
scans per patient (standard deviation 1.7 scans) with a
range of two to seven scans over the follow-up interval.
A complete summary is shown in Table 2.

Relationship of Changes in SUV Measures
to Change in LV Ejection Fraction

The distributions of the change in both LVEF and
SUV maximum in this study are shown in Figure 1 (top
left and top right, respectively).

Using a mixed effects model to examine the
association between change in SUV maximum and
change in EF, there was a significant inverse relationship
with a P value of .008 (Figure 2, top). The model
predicts a change of 7.9% in the EF in the opposite
direction of a change by 10 g-mL ™" in SUV maximum.

The distributions of changes in SUV volume above
thresholds of 2.7 and 4.1 g-mL ™" are shown in Figure 1
(bottom left and bottom right, respectively). A mixed
effects model was used to construct a linear regression
relating changes in SUV volume above a threshold of
2.7 g-mL~" (Figure 5 in Appendix) and above a thresh-
old of 4.1 gmL™" (Figure 2, bottom) to change in
LVEF. The relationship in both of these models was
similar as there was a significant inverse relationship
with P values of .028 and .022, respectively. The model
for volume change above 2.7 g-mL ™" predicts a change
of 2.1% in EF in the opposite direction of a change in
volume with SUV above 2.7 g¢mL~" of 100 cm®. The
model for change in volume of myocardium with FDG
uptake above 4.1 g¢-mL ™" predicts a change of 3.8% in
EF in the opposite direction of a change in volume with
SUV above 4.1 g-mL™" of 100 cm?.

The results of one patient’s serial FDG PET
exams are shown in Figure 3. This patient had a
depressed EF, substantial inflammation, and reduced
perfusion at baseline. All three measurements
improved over the course of 25 months with cortico-
steroid treatment.

Change in Ejection Fraction for Responders
and Non-responders

A comparison of the trends in mean LVEF (+ standard
error) for patients who responded to treatment and for
patients who did not respond over serial imaging is shown
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Figure 1. Distribution of changes in ejection fraction and SUV maximum and volume between
consecutive exams. Top left distribution of change in ejection fraction. Top right distribution of
change in maximum SUV. Bottom left distribution of change in volume with SUV above
2.7 gmL™". Bottom right distribution of change in volume with SUV above 4.1 g-mL™".

in Figure 4. The figure demonstrates a significant differ-
ence between the two groups with a mean increase in LVEF
of 8.6% + 5.2% for responders vs a mean decrease in
LVEF of —5.5% =+ 3.4% for non-responders (P = .03).
Similar results were found when this analysis was per-
formed using median LVEF values for each group or when
using fixed time intervals to define the four longitudinal
groups instead of scan number. There was no significant
difference in use of ACE/ARBS, beta-blockers, or aldoste-
rone inhibitors between responders and non-responders.

Association of Resting Perfusion Defects
with Response to Therapy

The majority of the patients in our study (18 out of
23; 78%) had a resting perfusion defect and correspond-
ingly the median summed rest score was 8 and the
median number of segments with resting perfusion
defects was 3. There was no difference in response to
treatment between patients who had a normal versus

abnormal resting perfusion defect (P = .10). When
stratifying all patients based on the number of segments
with resting perfusion defects on the initial scan, there
was a trend for patients with more than 3 abnormal
segments not to respond to therapy (P = .06).

Adverse Cardiovascular Events

Of the 23 patients, eleven (49%) experienced VT
and two (9%) died during the period of observation. One
patient experienced VT prior to death. Therefore, a total
of 12 patients (52%) experienced an adverse event. Our
study was underpowered to detect differences in adverse
events between responders vs non-responders. However,
it is noteworthy that, among the eleven patients who did
not experience adverse events, five patients had no
abnormal FDG uptake on their baseline PET scan. Of
the remaining six patients with abnormal baseline FDG
uptake, four had reduction in both SUV maximum and
volume, one had an increase in FDG uptake and a
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Figure 2. Relationship of change in FDG uptake with change
in LV ejection fraction. Top scatterplot of change in maximum
SUV with change in LV ejection fraction shown with linear
regression obtained via mixed effects modeling with 95%
confidence interval (n = 67, P = .008). Bottom scatterplot of
change in volume with an SUV above 4.1 g-mL ™" with change
in LV ejection fraction shown with linear regression obtained
via mixed effects modeling with 95% confidence interval
(n =67, P =.022).

reduction in LVEF during the study and another had
stable FDG uptake during the study.

DISCUSSION

This is the first study to examine the relationship
between changes in inflammation and LVEF on serial
FDG PET scans in patients with CS. Among 23 patients
with known CS who were treated with immunosuppres-
sive therapies guided by serial PET scans, we found that
a reduction in both the intensity and extent of inflam-
mation, as quantified by FDG uptake, is associated with
an increase in LVEF.

Given that among patients with heart failure, an
increase in LVEF is associated with improved progno-
sis,* our findings suggest that anti-inflammatory therapy
can improve (or in some patients prevent) the severity of
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heart failure and may improve prognosis. However,
since not all patients with CS who are treated with
corticosteroid therapy will have a reduction in FDG, it is
not yet known whether non-responders should be
transitioned to alternative immune suppression in order
to maximize the potential for LVEF recovery.'* By the
same token, our data reinforce the potential role for
using FDG PET to guide down-titration of anti-inflam-
matory therapy among responders to minimize excessive
exposure to potentially toxic therapy.

Our study is underpowered to detect differences in
cardiovascular events by response to therapy, similar to
other prior studies investigating the association of
steroid therapy with outcomes.® It is increasingly rec-
ognized that patients with CS have a high rate of adverse
cardiac events,'>'® supported by the fact that half of the
patients included in our study experienced death or VT.
Therefore, patients with CS warrant consideration for
aggressive therapies, in spite of the fact that there are
currently no prospective studies to suggest that anti-
inflammatory therapy results in any prognostic or
symptomatic benefits.

We found a significant inverse relationship between
changes in both the intensity (i.e. SUV maximum) and
extent (i.e., SUV volume, regardless of selected thresh-
old) of inflammation and changes in LVEF. However, it
is noteworthy that the most significant relationship
existed between changes in maximum SUV and LVEF.
Since maximum SUYV is easier to measure and does not
rely on any threshold level of activity, our findings
support the routine measurement and reporting of this
value in patients referred for cardiac PET to assess the
response to immunosuppressive therapy.

When examining per patient data, we also showed
that patients who had a reduction in SUV maximum
from the first to last scan had an improvement in their
LVEF. This result supports the hypothesis that inflam-
mation may result in systolic dysfunction and that LVEF
may improve with reduction in inflammation. However,
there are multiple confounders which may influence
LVEF. While we did not detect any differences in use of
ACEI/ARB or beta-blockers between responders and
non-responders, it is possible that other unmeasured
confounders exist.

Our study is not without limitations. Our population
was relatively small and thus our results should be viewed
as hypothesis generating at this time. A larger study,
preferably multicenter, is needed to confirm our findings
in order to better establish the relationship noted in this
study. We used rest-gated images for measuring LVEF as
these occurred on the same day as the PET FDG study;
however, other techniques such as MRI or echocardiog-
raphy may be preferable for serial assessment. Such
methods may be especially useful among patients who
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Figure 3. Serial FDG PET exams showing change in inflammation. The results of three serial
studies over 25 months from a 46-year-old man with cardiac sarcoidosis treated with corticosteroids
are shown. The color maps demonstrate the intensity of FDG uptake in a coronal view. The
grayscale images demonstrate serial perfusion images using 82-rubidium (fop) and metabolism
images using FDG (bottom) in three distinct axes at approximately the same location. For each
scan, the measurements of LV ejection fraction, SUV maximum, and SUV volumes are displayed.
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Figure 4. Change in LV ejection fraction according to
inflammation response. Line graph demonstrating a significant
difference (P = .03) between the mean (+ standard error) LV
ejection fraction over serial exams, displayed as scan number,
in those with (triangles) and without (circles) improvement in
inflammation during the study. The numbers adjacent to the
data points describe the number of patients contributing to the
data at that point for each group.

have a large resting perfusion defect with absent counts,
where PET could have limitations in edge detection. We
did not measure glucose levels, and it is possible that
increased glucose levels in patients treated with steroids

could result in decreased FDG uptake.'” However,
following a fast of 4-6 hours, fairly uniform plasma
glucose levels are expected.'®

Another limitation is that we were unable to account
for differences in patients’ time course of CS. For
instance, patients with more advanced disease, who likely
have more scar or fibrosis, are probably less likely to have
an improvement in LVEF than who have less advanced
disease.’> On the other hand, the presence of focal FDG
reflects that at least some degree of inflammation is
present, and identifies a group of patients who may
benefit from anti-inflammatory therapy. Due to the
relatively small number of patients included in our study,
we were unable to assess whether the extent or severity of
baseline inflammation can be used to further identify sub-
groups who are most and least likely to respond. The
reduction in FDG observed in our study was attributed to
anti-inflammatory therapy, but it is possible that in some
cases the decrement in inflammation could be the result
of progressive end-stage disease rather than successful
treatment. However, such a reduction would be associ-
ated with worsening LVEF and thus, the effect of
possibly including such patients in our cohort would bias
us toward a null finding and minimize the association
detected in our study. To that end, excluding patients with



174 Osborne et al
Reduction in FDG and EF in cardiac sarcoidosis

advanced disease may demonstrate an even greater
benefit of treating active disease.

The results of our study of CS patients evaluated
with serial cardiac PET FDG exams support the
hypothesis that a reduction in inflammation as measured
by the intensity and extent of FDG uptake on cardiac
PET correlates with an improvement in LVEF. These
data suggest serial PET scanning may help guide
titration of immunosuppressive therapy to prevent and
treat heart failure in CS.

NEW KNOWLEDGE GAINED

Our study is the first to demonstrate that among
patients with known CS treated with immunosuppressive
therapies, a reduction in the extent and severity of
myocardial inflammation is associated with an increase in
left ventricular systolic function. Thus, among patients
treated with immunosuppressive therapies, serial cardiac
PET studies may have a role in guiding the intensity and
duration of immunosuppressive therapy in order to
minimize the development or progression of systolic
dysfunction as well as reduce unnecessary treatment.
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APPENDIX
See Figure 5.

Association of Change in SUV Volume Above 2.7 g/mL with LVEF Change
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Figure 5. Relationship of change in FDG uptake with change
in LV ejection fraction. Scatterplot of change in volume with
an SUV above 2.7 g¢-mL ™" with change in LV ejection fraction
shown with linear regression obtained via mixed effects
modeling with 95% confidence interval (n = 67, P = .028).
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