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remains challenging, and additional markers of disease activity would be useful in patient management.
In this issue of Circulation: Cardiovascular Imaging,
Ishiguchi et al10 carefully explore urinary 8-hydroxy-2’-deoxyguanosine (8-OHdG) as a predictor for ventricular arrhythmias in 36 patients with active CS as part of an important
ongoing effort to find additional markers of disease activity in
CS. Oxidative stress results in generation of reactive oxygen
species that can cause direct oxidative damage to the DNA.
When guanosine is oxidized, cellular DNA repair systems
are activated and eventually lead to excretion of this oxidized
nucleoside (8-OHdG) which can be measured in serum or
urine and is considered a marker of global bodily oxidative
stress.11,12 In a prior study, the authors have demonstrated significantly elevated levels of urinary 8-OHdG in patients with
active CS compared with patients with inactive CS, idiopathic
dilated cardiomyopathy, and controls.13 They subsequently
showed that before treatment of active CS patients with corticosteroids, urinary 8-OHdG was an independent predictor
for cardiovascular death.12 In the current article,10 they demonstrate that in CS patients with active inflammation (assessed
by 18FDG PET) and sustained ventricular tachycardia (VT),
urinary 8-OHdG was significantly elevated compared to
patients with active CS without sustained VT or patients with
an idiopathic dilated cardiomyopathy. This finding remained
significant after multivariate analysis adjusting for other possible confounders, such as left ventricular ejection fraction,
New York Heart Association class, and regional wall motion
abnormalities (as a surrogate for myocardial scar). After treatment with steroids, previously active CS patients with sustained VT had subsequent lower levels of urinary 8-OHdG in
parallel with a reduction in VT burden.
Despite their promising findings, the current study
results are tempered by several limitations. First, the study
cohort is small, with numerous comparisons between small
subgroups ranging from 18 to 27 patients. This limitation is
further compounded by the relatively wide range of urinary
8-OHdG levels, especially in the active CS with VT subgroup. Second, the diagnosis of CS in this study was made
according to a modified version of the Japanese Ministry of
Health and Welfare diagnostic criteria that usually does not
include 18FDG PET findings. Like other diagnostic criteria
for CS,14 this set of criteria has not been prospectively validated and has limitations in both sensitivity and specificity
for CS diagnosis. Third, 18FDG PET was used to identify
active inflammation in this study, but patient preparation for
18
FDG PET was limited only to prolonged fasting without
additional dietary manipulation for suppression of physiological myocardial 18FDG uptake. The latter may not only
decrease the specificity of 18FDG PET for CS diagnosis but

arcoidosis is an inflammatory disorder of unknown pathogenesis hallmarked by noncaseating granulomas with
multiorgan system involvement. In the United States, estimated prevalence of sarcoidosis ranges from 141.4 per
100 000 in blacks, 49.8 per 100 000 in whites, to 21.7 in
Hispanics, and 18.9 in Asians.1 In a series of patients with
biopsy-proven extracardiac sarcoidosis and unknown cardiac
involvement, 26% seem to have cardiac sarcoidosis (CS)
when assessed with cardiac magnetic resonance imaging
(CMR),2 a rate that is consistent with a published US autopsy
study.3 CS may be associated with significant morbidity and
mortality, especially in patients with severe left ventricular
dysfunction.4 However, a more recent study suggests that
increased awareness, detection, and treatment of CS may be
associated with better outcomes.5

See Article by Ishiguchi et al
Both fluorine-18 fluorodeoxyglucose positron emission
tomography (18FDG PET) and CMR have become pivotal in
the diagnosis, monitoring, and prognostication of CS.6–8 In
the largest outcomes study of patients with CS evaluated with
PET, Blankstein et al6 assessed 118 consecutive patients with
CS and demonstrated that presence of focal PET myocardial
perfusion defects and/or 18FDG abnormality predicts patients
at high risk for death or ventricular arrhythmias, with the
worst outcomes noted in the group with both perfusion defects
and 18FDG abnormality. Likewise, the presence of myocardial
gadolinium–delayed enhancement on CMR predicts all-cause
mortality and ventricular arrhythmias in patients with known
or suspected CS.8 However, both techniques have their disadvantages. 18FDG PET is limited by complicated dietary preparations, variable suppression of physiological myocardial
18
FDG uptake, and uncertain effects of steroids on both physiological and pathological myocardial 18FDG uptake.7 CMR
is relatively contraindicated in patients with cardiac devices
which are present in a substantial proportion of patients with
CS and has technical challenges in detecting active cardiac
inflammation.9 Therefore, the ability to monitor CS activity
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also for inflammation.7 Although the authors did not report
any patients with diffuse myocardial 18FDG uptake (described
in the Data Supplement), prolonged fasting may explain their
somewhat high rate of focal on diffuse 18FDG uptake which
was noted in 50% of patients with active CS.
Prior studies suggest that multiple mechanisms of VT
may coexist in CS and that the combination of PET perfusion and 18FDG findings may be helpful in identifying those
at risk. Tung et al15 demonstrated that ≈50% of patients with
unexplained VT had myocardial 18FDG abnormalities, half
of whom also had perfusion defects. Similarly, Blankstein et
al6 also showed that both PET myocardial perfusion defects
and myocardial 18FDG abnormalities were associated with
increased burden of VT and death in patients with CS. In a
systematic review of CMR studies in CS, the presence of
myocardial gadolinium–delayed enhancement was predictive
of all-cause mortality and ventricular arrhythmias in patients
with known or suspected CS.8 These findings underscore the
concept that ventricular arrhythmias in CS are associated not
only with inflammation but also with scar tissue. However, the
current study by Ishiguchi et al10 reported only 18FDG PET
findings without myocardial perfusion or scar assessment.
Furthermore, 18FDG PET was not reassessed after steroid
therapy. Therefore, it is possible that the observed decline
in urinary 8-OHdG after steroid therapy may signal a more
systemic response in oxidative stress rather than a more focal
response at the myocardial level. The parallel decrease in
VT could be an effect of the small sample size of the study.
Although Ishiguchi et al10 appropriately adjusted for ejection
fraction and regional wall motion abnormality scores as surrogates for myocardial scar and demonstrated that urinary
8-OHdG was still significantly associated with VT, it should
be noted that regional wall motion abnormalities may not necessarily indicate myocardial scarring which is usually better
assessed with PET myocardial perfusion or CMR.
Ishiguchi et al10 suggest that elevated urinary 8-OHdG
levels are specific for myocardial oxidative stress. However,
8-OHdG is a guanosine oxidation product that can be produced by any DNA containing cell under oxidative stress and
is not specific to any tissue. The authors propose that the high
mitochondrial content of cardiomyocytes and oxidative stress
of the mitochondrial DNA could possibly account for the notably elevated levels of urinary 8-OHdG in active CS but not
in active pulmonary sarcoidosis (without CS). However, it is
noteworthy that 8-OHdG–positive staining was mostly noted
involving myocardial nuclei rather than the cytosol in their
previous publication.13 Moreover, somewhat larger published
studies have reported elevated serum or urinary 8-OHdG levels in patients with various clinical disorders, such as systolic
heart failure (ischemic or idiopathic dilated cardiomyopathy),16 diabetes mellitus,17 smokers,18 and coronary artery disease.19 Although Ishiguchi et al10 excluded such patients from
the current study, elevated urinary 8-OHdG levels in other disorders and again the wide range of urinary 8-OHdG levels in
patients with active CS underscore the potential challenges in
interpreting urinary 8-OHdG levels in everyday clinical practice where many confounding variables may be present.
From a histopathologic standpoint, urinary 8-OHdG was
significantly associated with fibrosis found in myocardial

biopsy samples (24 active CS, 13 nonactive CS, and 21
patients with dilated cardiomyopathy). Patients with active
CS also had higher area of their myocardial biopsies with
positive 8-OHdG staining. Among the 37 patients diagnosed
with CS who underwent endomyocardial biopsy, the authors
did not specify how many had diagnostic features of sarcoidosis. CS usually results in focal or patchy involvement of the
myocardium, and endomyocardial biopsy typically has a low
diagnostic yield for sarcoidosis.20 The heterogeneous myocardial involvement with sarcoidosis and the histopathologic
findings by Ishiguchi et al10 raise additional questions whether
the observed increase in myocardial fibrosis and oxidative
stress (as demonstrated by 8-OHdG staining) is restricted to
myocardial segments affected by sarcoidosis or is representative of a more generalized myocardial process in the setting of
active CS (the low yield of endomyocardial biopsy probably
supports the latter). This may suggest that despite the focal
nature of CS, additional processes could still contribute to the
increased oxidative stress and fibrosis extending to myocardial segments not directly affected by sarcoidosis.
In summary, Ishiguchi et al10 carefully demonstrate that
urinary 8-OHdG may be a promising biomarker for CS.
Their preliminary data are encouraging, but larger studies are
clearly needed to further explore the role of urinary 8-OHdG
in monitoring CS disease activity and predicting detrimental
ventricular arrhythmias and outcomes of patients with CS.
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