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AKI and Admission Hyperglycemia in AMI

creased as the stage of AKI advanced, and overall mortality in
patients with AKI was 15%, which was 7.5-fold higher as
compared to those without AKI (2%).*

Comorbid factors and the severely ill condition of patients
with AKT are at least in part responsible for the higher mortal-
ity of these patients. Even after adjusting these factors, however,
AKI remains as an independent predictor of mortality in AMI
patients. Previous studies have suggested that AKI can affect
the heart through several pathways.24-26

Predictors of AKI in AMI

Worsening of renal function may have negative effects on heart
and circulation, resulting in higher mortality after AMI in pa-
tients with AKI.?” In turn, a rapid worsening of cardiac function
may lead to AKI. The concept of cardiorenal syndrome (CRS)
has become widely accepted in recent years.17-28 The latter con-
dition, characterized by initiation and/or progression of renal
insufficiency secondary to heart failure, is the most common
type of CRS, but its mechanisms are multiple and complex.

Acute decline in renal function is not simply due to decreased
renal blood flow; acceleration in cardiovascular pathobiology
through activation of inflammatory pathways is considerably
responsible for the development of AKI. In patients with AMI,
neurohormonal, immunological and inflammatory pathways are
activated, resulting in kidney injury.28 Inflammatory biomark-
ers, including pentraxin 3, interleukin-1 and -6, tumor necrotic
factor-& and so on, have been shown to be associated with
AK]J.29-31 )

Recently, several studies have focused on the importance of
acute hyperglycemia as a determinant of outcome in patients
with AML. Elevation of PG on admission, acute hyperglycemia,
is a common feature early after AMI, even in the absence of
diabetes mellitus.”$1112 Numerous studies have described the
association between acute hyperglycemia and adverse outcome
in patients with AMI. Multiple physiological studies have shown
that hyperglycemia has a direct detrimental effect on ischemic
myocardium through several mechanisms, including oxidative
stress, inflammation, apoptosis, endothelial dysfunction, hyper-
coagulation, and platelet aggregation.14-16

Brief episodes of antecedent myocardial ischemia have pro-
tective effects against subsequent prolonged ischemia, termed
‘ischemic preconditioning’. Such effects are also generated by
brief intermittent ischemia after the ischemic event (post-
conditioning) and observed even in remote organs (remote con-
ditioning). A recent study has reported that remote post-condi-
tioning prevents the development of AKI after PCL32 We have
previously reported that admission hyperglycemia abolishes
ischemic preconditioning.333¢ It may also attenuate renopro-
tective effects of ischemic preconditioning in patients with
AMIL. ‘

Previous clinical studies have reported that elevated PG is
associated with worsening of renal function after cardiac sur-
gery or coronary angiography.?35 In the current study, patients
with elevated glucose on admission were at higher risk of death
during hospitalization for AMI, regardless of the use of coro-
nary angiography or primary PCL Although it remains unknown
whether hyperglycemia is causally related to deterioration of
kidney function, the positive relationship between admission
glucose and the development of AKI remained significant even
after adjusting potential confounding factors, suggesting that
hyperglycemia is not a simple surrogate marker of AKI.

Study Limitations
The present results should be interpreted in the context of sev-
eral potential limitations. First, the present study was a single-

center and retrospective study. We did not obtain sufficient
data on contrast medium volume to analyze the relationship
between volume of contrast medium and AKI. Second, the
mechanisms by which acute hyperglycemia is correlated with
AKIT in AMI patients remained unclear. The relationship be-
tween acute hyperglycemia and systemic inflammatory respons-
es, and the mechanisms of kidney injury following AMI should
be analyzed in basic and clinical studies in the future.

Conclusions

Admission hyperglycemia could be an independent predictor
for AKI in AMI patients. Careful monitoring of renal function
should be done for patients with AMI and admission hyper-
glycemia.
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Abstract Although numerous studies have shown an
association between a patent foramen ovale (PFO) and
cryptogenic cerebrovascular accidents (CVA), there has
been no definitive control study that demonstrated the
benefit of percutaneous device closure of a PFO compared
to medical therapy in patients with CVA. Additionally, few
clinical data exist for Japanese patients in this field. We
demonstrate the initial experiences in catheter closure of a
PFO as secondary prevention of CVA in Japan. Catheter
closure of a PFO was attempted in 7 patients who were
diagnosed with cryptogenic CVA. Mean age at the proce-
dure was 54 + 19 years. The presence of spontaneous
interatrial right-to-left shunts was demonstrated by trans-
esophageal contrast echocardiography without Valsalva
maneuver in all of the patients. Amplatzer Cribriform
device (n = 4) or Amplatzer PFO Occluder (n = 3) was
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used for the procedure and was successfully deployed.
Device-related complications were not observed at the time
of the procedure or during the follow-up period (mean
period of 16 + 9 months). Catheter closure of a PFO could
be safely performed with Amplatzer Cribriform or Am-
platzer PFO Occluder. This procedure may contribute to
prevention of recurrent cryptogenic CVA in Japanese
patients.

Keywords Patent foramen ovale - Catheter intervention -
Cryptogenic stroke - Prevention

Introduction

In Japan, catheter closure of an atrial septal defect (ASD)
using Amplazter Septal Occluder (St. Jude Medical, St.
Paul, MN) was clinically approved in 2005 [1]. This pro-
cedure has since spread from the pediatric population to the
adult population. However, reports on this procedure in
adult patients, especially in patients with complication of
stroke, have been limited in Japan [2, 3].

Approximately, 20 % of adults have a patent foramen
ovale (PFO) [4]. A PFO is highly associated with crypto-
genic cerebrovascular accidents (CVA) [5, 6], especially
when combined with atrial septal aneurysm (ASA) [7, 8].
Although a randomized trial using STARFlex device
(NMT Medical, Boston, MA) failed to demonstrate a
benefit of catheter closure of a PFO compared to medical
therapy for preventing recurrent cryptogenic CVA [9],
results of several observational studies in which the effect
of PFO closure for secondary prevention of cryptogenic
CVA was investigated have been positive [10~12]. How-
ever, this procedure is not clinically approved in Japan as
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Fig. 1 a, b Photograph of Amplatzer Cribriform device. ¢ Photograph
of Amplatzer PFO Occluder

well as in the USA. Hence, there is no published report on
clinical experiences of catheter closure of a PFO in Japa-
nese patients with cryptogenic CVA.

Amplatzer Cribriform device (St. Jude Medical, St.
Paul, MN) and Amplatzer PFO Occluder (St. Jude Medical,

St. Paul, MN) have been reported as feasible devices for -

catheter closure of a PFO (Fig. 1a, b) [10, 12, 13]. Am-
platzer PFO device has been approved in European coun-
tries, and results of large-scale clinical studies, including
results for procedural efficacy and safety, have been pub-
lished. In this study we demonstrate the initial experiences
in catheter closure of a PFO as secondary prevention of
cryptogenic CVA in Japan.

@ Springer

Methods
Patients

Between January 2011 and August 2012, 7 patients diag-
nosed with cryptogenic CVA were referred to our institu-
tion for catheter closure of a PFO as secondary prevention.
All patients had a previous history of CVA as a result of
cryptogenic embolism. The diagnosis of CVA was based
on symptoms and signs of neurologic deficit and corre-
sponding findings by computed tomography and magnetic
resonance imaging (MRI) scans. All neurological findings
were independently evaluated by a neurological specialist.
Magnetic resonance angiography was performed and
intracranial artery stenosis corresponding to the patient’s
symptoms and/or stenosis in the carotid or vertebral artery
was not demonstrated in any of the patients. In all of the 7
patients, spontaneous interatrial right-to-left shunts were
demonstrated by contrast transesophageal echocardiogra-
phy (TEE) without Valsalva maneuver. Existence of car-
diac embolic sources and aortic plaque was also excluded
by TEE. For all the patients, 24-h ECG monitoring, which
demonstrated that none of the patients had complication
with atrial arrhythmias including atrial fibrillation, was
performed. The diagnostic decision of “cryptogenic CVA”
was made with the agreement of the neurologists and the
cardiologists in our hospital.

Criteria for diagnosis of “cryptogenic CVA” were
established as: (1) MRI images of brain suggesting embolic
event; (2) absence of embolic sources such as atrial fibril-
lation, intracardiac thrombus or vegetation, plaques in the
aortic arch, and atrial stenotic lesion in the corresponding
artery; (3) existence of right-to-left shunt which was visu-
alized with contrast agents crossing the PFO by TEE; (4)
diagnostic agreement of the neurologists and the cardiolo-
gists: The option of catheter closure of PFO was offered to
the patient if the criteria of “cryptogenic CVA” were ful-
filled with confirmation of interatrial right-to-left shunt.

This procedural protocol complied with the Declaration
of Helsinki regarding investigations in humans and
approved by the Institutional Ethics Committee at Okayama
University Hospital (Approval numbers #890 and #1323).
Written informed consent was obtained from all patients.

Patients’ characteristics are shown in Table 1. Mean age
at the procedure was 54 £ 19 years. At least one CVA was
documented in all of the 7 patients. Six patients had
complication with cerebral infarction and 1 patient with
cerebral abscess.

Transesophageal echocardiography

For pre-interventional diagnosis and interventional guid-
ance, a Philips IE 33 echocardiography system (Philips
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Table 1 Patients’ characteristics

Case no. 1 2 3 4 5 6 7
Gender Male Male Male Female Female Male Male
Age 62 81 53 69 43 37 32
Cerebrovascular accident CA C1 CI CI Cl1 C1 CI
Number of events 1 1 1 2 1 2 1
DVT - - — + — —
HT — + + + - - -
DM - - - + - - -
DL - - - + - - -
Smoking — - — = + —
Migraine (headache) - - + - + + -

Atrial arrythmia - - -

CA cerebral abscess, CI cerebral infarction, DVT deep vein thrombosis, HT hypertension, DM diabetes mellitus, DL dyslipidemia

Medical Systems, Andover, MA) with a multiplane probe
and a fully sampled matrix array transducer probe was
used. TEE was performed to visualize the interatrial sep-
tum and exclude the possibility of thrombi or other struc-
tural abnormalities. The diagnosis of a PFO, an ASA and a
Eustachian valve were based on TEE findings. To distin-
guish PFO from ASD, PFO parameters, including PFO
height, PFO length and septal excursion distance, were
measured with a two-dimensional TEE image on the ver-
tical plane (Fig. 2a) [14]. An ASA was diagnosed when the
atrial septum exténded >10 mm into the left or right atrium
or if the sum of excursion into the left and right atria was
>15 mm with a basal diameter >15 mm. A Eustachian
valve was a clearly defined laminar, echo-dense, ridge-like
structure at the junction of the inferior vena cava and right
atrium. Interatrial right-to-left shunt was defined as the
appearance of contrast agents across the interatrial septum
(Fig. 2b). Hand-agitated air bubbles were used for the
contrast agent.

Procedure

The procedure was performed under general anesthesia
with the assistance of TEE and fluoroscopy. Balloon sizing
by an AGA sizing balloon (St. Jude Medical, St. Paul, MN)
was used for device selection. Due to the institutional
ethical committee approval, Amplatzer Cribriform device
was the device used for catheter closure of a PFO in the
former 4 patients and Amplatzer PFO Occluder was the
device in the latter 3 patients.

After the diagnostic procedure had been completed, a
size 8 French long sheath was placed in the atrial septum.
The device size was selected from the balloon sizing
diameter. 25-mm Amplatzer Cribriform or 25-mm Am-
platzer PFO Occluder, in which the size of the right-sided
disc corresponds to 15-mm Amplatzer Septal Occluder,

Fig. 2 a Measurements of PFO parameters on a transesophageal
echocardiogram. Transesophageal echocardiogram in the vertical
plane demonstrates how the PFO was measured and evaluated. PH
was measured as height of the PFO tunnel. Maximal and minimum PL
was measured as overlap of the septum primum and septum
secundum. SED was measured as excursion distance of the septum
into the right and the left atrium. b Bubble contrast image at rest on a
transesophageal echocardiogram. Contrast agent demonstrates a shunt
from the right atrium to the left atrium. Ao indicates aorta, LA left
atrium, RA right atrium, PL PFO length, PH PFO height, SED septal
excursion distance
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was selected if the balloon sizing diameter was equal to or
<15 mm. If the balloon sizing diameter was more than
15 mm, 30-mm Amplatzer Cribriform was selected. The
selected device was mounted on the delivery system and
loaded into the transseptal sheath. Then the device was
delivered through the sheath into the left atrium until the
left atrial part of the device was unfolded. The whole unit
was then withdrawn under fluoroscopic and transesopha-
geal echocardiographic monitoring against the interatrial
septum. After confirmation of stable device deployment,
the device was unscrewed and released (Fig. 3a, b).

To prevent infectious complications, all patients
received antibiotic prophylaxis. Cefazolin at 1 g was
intravenously administered 30 min before the procedure
and 6 h later. All patients were discharged from the hos-
pital 1 day after the procedure.

Fig. 3 a Fluoroscopic image showing an Amplatzer PFO Occluder
deployed against the interatrial septum (black arrow). After the
appropriate position of the device had been confirmed, the device was
detached from the delivery cable. b Transecocardiogram image
showing an Amplatzer PFO Occluder deployed in a patent foramen
ovale (white arrow)

@ Springer

Postinterventional treatment and follow-up evaluation

Vitamin K antagonist with adjustment to a target interna-
tional normalized ratio of 2.0 to 3.0 was the preferred first-
line medical treatment for patients with previous cerebral
infarction. Four patients received acetylsalicylic acid at
100 mg daily for 6 months in addition to vitamin K
antagonist. One patient (case no. 4) received clopidogrel at
75 mg daily in addition to vitamin K antagonist. One
patient (case no. 3) who could not receive vitamin K
antagonist received acetylsalicylic acid at 100 mg daily for
6 months and clopidogrel 75 mg a day for 1 month. One
patient (case no. 1) who had complication with cerebral
abscess received acetylsalicylic acid at 100 mg daily for
6 months and clopidogrel 75 mg a day for 1 month.

Transthoracic echocardiography (TTE) study was per-
formed 1 day after catheter closure. After discharge from
the hospital, clinical examinations, including neurological
and medical examinations and TTE, were carried out at 1,
3, 6 and 12 months after the procedure.

Statistical analysis

Data are presented as mean = SD (Microsoft Excel, Red-
mond, WA, USA).

Results
PFO morphology

The morphological characteristics of PFO are shown in
Table 2. In all the patients, TEE images demonstrated PFO
distinguished from ASD, which allowed the measurement
of PFO tunnel length. An ASA existed in 3 patients and a
Eustachian valve existed in 3 patients. One patient had
complication with both ASA and Eustachian valve.

Procedural results and follow-up results

Procedures were performed ‘successfully in all 7 patients
without any related complications. No patient developed
atrial arrhythmias during or after the procedure. At the 1-, 3-,
6- and 12-month follow-up, procedure-related complications
were not confirmed by medical interview and examinations
in all the patients. During the follow-up period, no recurrent
CVA was observed and no procedure-related complication
was observed (mean period of 16 + 9 months).

Discussion

We described our initial case series of 7 patients who
underwent catheter closure of a PFO with Amplatzer
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Table 2 Characteristics of patent foramen ovale and procedural results

Case no. 1 2 3 4 5 6 7
Spontaneous R — L shunt + + + + + + +
ASA + - + + - - -
Eustachian valve + - - + - + -
PFO height, mm 3 2 5 7 3 2 2
Maximum PFO length, mm 12 3 13 16 10 18 13
Minimum PFO length, mm 6 1 7 8 3 14 7
Septal excursion distance, mm 12 6 14 17 8 4 4
BSD, mm 10 7 9 16 6 9 7
Devcie size' CB25 CB25 CB25 CB30 PFO25 PFO25 PFO25

PFO patent foramen ovale, ASA atrial septal aneurysm, BSD balloon sizing diameter

T A size 25-mm Amplatzer Cribriform is expressed as CB2S5, and a size 30-mm Amplatzer Cribriform is expressed as CB30. A size 25-mm

Amplatzer PFO Occluder is expressed as PFO25

Cribriform device or Amplatzer PFO Occluder. Our
experience indicates that catheter closure of a PFO can be
safely performed without serious procedural complications.

Cerebrovascular events are-the fourth leading cause of
death among the Japanese population and more than half of
them are events of ischemic stroke. A previous report
demonstrated that at least 5 % of acute ischemic stroke in
patients in Japan was caused by definite paradoxical brain
embolism [15]. As there are more than 200,000 ischemic
stroke patients annually in Japan, at least 10,000 Japanese
ischemic stroke patients will be estimated to be caused by
cryptogenic embolism. Cryptogenic embolism was repor-
ted to be associated with a PFO, which is a major right-to-
left shunt in adults. The association was confirmed in a
recent meta-analysis of case control studies and in a pro-
spective PFO study {8, 16]. Clinical evidence suggested a
correlation of a PFO with stroke not only in young adults,
but also in older patients [17, 18].

In Japan, Amplatzer Septal Occluder and Amplatzer
Cribriform device are the only devices approved for clin-
ical use in catheter closure of interatrial communications.
Amplatzer Cribriform device is similar to Amplatzer PFO
Occluder, which is only available outside Japan. There are
other types of device occluder systems for which peripro-
cedural and mid-term safety and efficacy have been
reported [19, 20]. Since previous reports suggested that
Amplatzer Cribriform device and Amplatzer PFO Occluder
are both feasible devices for catheter closure of a PFO [10,
12, 13], we selected these devices for our initial treatment
in catheter closure of a PFO for secondary prevention of
CVA. Amplatzer PFO Occluder was introduced- to the
patients after the safety of catheter closure of a PFO with
Amplatzer Cribriform device had been demonstrated in the
first 4 patients. A PFO with right-to-left interatrial shunt,
which was morphologically different from ASD, was
demonstrated by TEE images in all our patients. Previous

report, which demonstrated the actual morphologies of
PFO in human hearts, suggested PFO tunnel length as an
important morphological characteristic to evaluate PFO
[21]. The mean minimal length of PFO in our patients was
demonstrated to be 6.6 & 4.1 mm, which was not sub-
stantially different from the previously reported actual
measurements. Although several devices designed for
usage in catheter closure of a PFO had already been
reported as safe and effective for Asian patients [22], these
morphological characteristics should be important to pro-
vide appropriately designed device to close PFO for Jap-
anese patients.

It is important to understand the potential risks associ-
ated with catheter closure of a PFO [23]. Catheter closure
of a PFO is quite effective, with nearly 90 % of patients
displaying complete closure of their PFO after 1 year [24].
Various PFO devices can be inserted percutaneously with a
high degree of success and low complication rate. Besides,
multiple observational studies have shown the apparent
safety of PFO closure with percutaneous devices [10-12].
However, a randomized trial did not provide evidence of
clinical superiority of catheter closure of a PFO over
medical management in patients with cryptogenic CVA
[9]. The results of a few non-randomized trials have sug-
gested that the risk of recurrent stroke is the same or lower
after catheter closure of an interatrial communication
compared to medical therapy [25-28]. A recent meta-
analysis showed a benefit of catheter PFO closure com-
pared with medical management [29]. All of these reports
indicated and emphasized that patient selection for catheter
closure of a PFO was crucial for providing benefits of the
catheter procedure beyond complications.

Pathophysiology and proper management of a PFO
remain far from being fully clarified. It is intuitively
acceptable that patients with spontaneous right-to-left
interatrial shunt are at high risk for cryptogenic embolism
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[30]. Thus, such patients might have obvious benefits from
catheter closure of a PFO as secondary prevention for
cryptogenic CVA. As spontaneous interatrial right-to-left
shunt without particular technique had been documented in
our cohort, our patients seemed to be a high-risk
population.

Limitations of the study

The major limitation of this study is that only a small
number of patients were included. As catheter closure of a
PFO is not clinically approved in Japan, difficulties existed
in including a large number of patients in this study.
Besides, the follow-up period may not be adequate to
conclude the future safety of this procedure. Another lim-
itation is our selection of patients. Lower extremities
ultrasound and carotid artery ultrasound were not per-
formed in some patients. The absence of these examina-
tions might be insufficient to diagnose “definite” PFO-
related cryptogenic CVA. Moreover, all the patients were
previously diagnosed with cryptogenic CVA at the refer-
ring hospital. Although we added necessary examinations
to fulfill the criteria of “cryptogenic CVA”, our patients’
profile might have some bias.

Conclusion

Our experiences demonstrate the safety of catheter closure
for a PFO using Amplatzer Cribriform device or Amplatzer
PFO Occluder in Japanese patients with complication of
cryptogenic CVA. This procedure has the possibility of
eliminating the risk of recurrent cryptogenic embolism by
diminishing or decreasing right-to-left shunt of a PFO.
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Outcomes in Patients With High-Degree Atrioventricular
Block as the Initial Manifestation of Cardiac Sarcoidosis
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Although high-degree atrioventricular block (AVB) is a common initial manifestation of
cardiac sarcoidosis, little is known about the outcomes. The aim of this study was to assess
outcomes in patients with AVB as an initial manifestation of cardiac sarcoidosis compared
with those in patients with ventricular tachyarrhythmia (VT) and/or heart failure (HF). Fifty-
three consecutive patients with cardiac sarcoidosis, who had high-degree AVB (n = 22) or
VT and/or HF (n = 31), were enrolled. The end point was defined as major adverse cardiac
events, including cardiac death, ventricular fibrillation, sustained VT, and hospitalization for
HF. Over a median follow-up period of 34 months, the outcomes of major adverse cardiac
events were better in patients with high-degree AVB than in those with VT and/or HF
(log-rank test, p = 0.046). However, this difference was due mainly to HF hospitalization.
The outcomes of fatal cardiac events, including cardiac death, ventricular fibrillation, and
sustained VT, were comparable between the 2 groups (log-rank test, p = 0.877). The fatal
cardiac events in patients with high-degree AVB were not associated with the initiation of
steroid treatment or left ventricular dysfunction. In conclusion, the outcomes of major
adverse cardiac events are better in patients with high-degree AVB than in those with VT
and/or HF. However, patients with high-degree AVB have a high rate of fatal cardiac events,
similar to those with VT and/or HF. An indication for an implantable cardioverter-
defibrillator, but not a pacemaker system, can be considered in patients with cardiac
sarcoidosis manifested by high-degree AVB. © 2015 Elsevier Inc. All rights reserved. (Am J

Cardiol 2015;115:505—509)

Sarc01d031s is a systemic granulomatous disease of un-
known origin.' Cardiac involvement 1s increasingly recog-
nized because of adverse outcomes.” ™ The principal initial
manifestation of cardiac sarcoidosis is high-degree atrioven-
tricular block (AVB) ventricular tachyarrhythmia (VT), or
heart failure (HF).” Patients with VT have a high rate of
recurrence of fatal VT or sudden cardiac death.”” ' HF
caused by left ventricular dysfuncuon is one of the most
common causes of cardiac death.’’ Therefore, patients with
VT and/or HF as the initial manifestation of cardiac
sarcoidosis are regarded as at high risk for cardiac events,
whereas outcomes in patients with high-degree AVB have
not been well investigated. One study showed that patients
with AVB caused by cardiac sarcoidosis had an increase in
the risk for cardlac events compared with those with idio-
pathic AVB."* However, whether the outcomes are different
according to the initial manifestation, such as high-degree
AVB or VT and/or HF, remains unknown. Understanding
the incidence of cardiac events in patients with high-degree
AVB may be important for selecting the appropriate device
(i.e., pacemaker system vs implantable cardioverter-
defibrillator [ICD]). The aim of this study was to assess
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outcomes in patients with high-degree AVB as the initial
manifestation of cardiac sarcoidosis compared with those in
patients with VT and/or HF.

Methods

The study population consisted of 53 consecutive pa-
tients diagnosed with cardiac sarcoidosis in our institution
from July 1998 to November 2013, who had high-degree
AVB (n = 22) or VT and/or HF (n = 31) as the initial
manifestation. Cardiac sarcoidosis was diagnosed according
to Japanese Ministry of Health and Welfare guidelines,
revised in 2006 by the Japanese Society of Sarcoidosis and
Other Granulomatous Disorders.”™” In brief, cardiac
sarcoidosis is diagnosed on the basis of histologic findings
or clinical findings. Histologic diagnosis is confirmed
when endomyocardial biopsy specimens demonstrate non-
caseating epithelioid cell granulomas. Clinical diagnosis is
confirmed in the absence of endomyocardial biopsy when
extracardiac sarcoidosis is diagnosed and the following
clinical cardiac criteria (>2 of 4 major criteria, or 1 of 4
major criteria and >2 of 5 minor criteria) is satisfied. Major
criteria consist of advanced AVB, basal thinning of the
interventricular septum positive myocard1al uptake of
gallium-67 citrate (°’Ga) scmtzgraphy or '®F-fluoro-2-
deoxyglucose (‘®F-FDG) positron emission tomography
(PET), and a left ventricular ejection fraction <50%. Minor
criteria consist of abnormal electrocardiographic results,
abnormal echocardiographic results, perfusion defect on
thallium-201 or technetium-99m myocardial scintigraphy,
delay enhancement of myocardium on gadolinium-enhanced
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Table 1
Patient characteristics
All High-degree Ventricular tachyarrhythmia p
(n = 53) atrioventricular block and/or heart failure
(n =22) (n = 31)
Age (years) 60 £ 13 60 £ 9 60 + 15 0.948
Female 33 (62%) 16 (73%) 17 (55%) 0.193
Extracardiac organ involvements 43 (81%) 17 (17%) 26 (84%) 0.554
Lung 34 (64%) 13 (59%) 21 (68%) 0.527
Skin 11 21%) 5 (27%) 6 (19%) 0.771
Eye 19 (36%) 9 (41%) 10 (32%) 0.527
Others 10 (19%) 4 (18%) 10 (32%) 0475
New York Heart Association functional class III or IV 27 (51%) 6 (27%) 21 (68%) 0.003
Left ventricular end-diastolic diameter (mm) 55+9 517 57 +9 0.013
Left ventricular end-systolic diameter (mm) 43 + 11 38+ 10 46 + 11 0.005
Left ventricular ejection fraction (%) 42 £ 16 48 + 15 38+ 15 0.012
Angiotensin-converting enzyme (IU/L) 151 £70 16.0 + 6.8 144 +72 0.438
Log plasma B-type natriuretic peptide (pg/ml) 2.34 +£0.50 2.16 £ 043 246 £ 0.52 0.035
Positive myocardial uptake of gallium-67 citrate 40 (75%) 19 (86%) 21 (68%) 0.125
or '®F-fluoro-2-deoxyglucose '
Diagnosis at the time of initial manifestation 48 91%) 17 (77%) 31 (100%) 0.005
Initiation of 30 or 40 mg prednisone daily 42 (79%) 17 (77%) 25 (81%) 0.771
Medications after initial manifestation
Beta-blockers 33 (62%) 7 (32%) 26 (84%) <0.001
angiotensin-converting énzyme inhibitors/ angiotensin 31 (58%) 11 (50%) 20 (65%) 0.300
receptor blockers
Diuretics 25 (47%) 2 (9%) 23 (74%) <0.001
Anti-arrhythmic drugs 14 (26%) 2 (9%) 12 (39%) 0.015
Implantable cardioverter defibrillator 12 (23%) 1 (5%) 11 (35%) 0.007
Cardiac resynchronization therapy with defibrillator 9 (17%) 1 (5%) 8 (26%) 0.043
Median follow-up period (months) 35 45 33 0.605

Data are presented as mean + standard deviation or number (%).
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Figure 1. Survival rate without major adverse cardiac events in patients with
high-degree AVB and in those with VT and/or HF.

cardiac magnetic resonance imaging, and interstitial fibrosis
or monocyte infiltration on endomyocardial biopsy. This
study was performed according to the principles of the
Declaration of Helsinki and was approved by the institu-
tional ethics committee.

This was a retrospective observational study. Patients
with high-degree AVB were defined as having complete
AVB or Mobitz II block at the time of initial manifestation

of cardiac sarcoidosis. Patients with VT and/or HF were
defined as having ventricular fibrillation or sustained VT
and/or as being hospitalized for HF caused by left ventric-
ular dysfunction without high-degree AVB, at the time of
initial manifestation. Sustained VT was defined as sponta-
neous ventricular tachycardia at a rate of >120 beats/min
that lasted >30 seconds. Steroid treatment was initiated at a
dose of 30 or 40 mg/day of prednisone. Doses of prednisone
were tapered over a period of 6 to 12 months to maintenance
doses of 5 to 10 mg daily.

The end point was defined as major adverse cardiac
events, including cardiac death, ventricular fibrillation,
sustained VT, and hospitalization for HF. Patients were
followed from the date of initial manifestation of cardiac
sarcoidosis, such as high-degree AVB or VT and/or HF
hospitalization, until the date of first documentation of
cardiac events or the end of follow-up, whichever occurred
first. The first documentation of cardiac events was assessed
after the initial manifestation had been recovered. Follow-up
information was obtained by medical records, contact with
the patient’s physicians, or telephone interview with the
patient or, if deceased, with family members.

Gallium-67 citrate scintigraphy was performed in all
patients. Fluorine-18-FDG PET was performed in 6 patients
who were diagnosed after September 2010 and had no
positive myocardial uptake of ’Ga at baseline. On ‘*F-FDG
PET, patients were instructed to fast for >12 hours, blood
glucose levels were determined to ensure a level of
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Figure 3. Survival rate without ventricular fibrillation or sustained VT in
patients with high-degree AVB and in those with VT and/or HF, among
patients treated with prednisone.

<150 mg/dl, and unfractionated heparin was preadminis-
tered. Increased uptake of %’Ga or '®F-FDG in the
myocardium that was higher than background activity was
regarded as positive myocardial uptake. After the initiation
of steroid treatment, *’Ga scintigraphy or '*F-FDG PET was
repeated to evaluate the resolution of active myocardial
inflammation. Echocardiography was performed by cardi-
ologists. Left ventricular ejection fraction was calculated by
the disc summation technique. Plasma B-type natriuretic
peptide levels (normal, <18.4 pg/ml) and serum
angiotensin-converting enzyme levels (normal, <21.4 TU/L)
were measured.

Data are presented as mean =+ SD for continuous vari-
ables and as numbers and percentages for categorical vari-
ables. Statistically significant differences were analyzed
using Student’s ¢ tests and Mann-Whitney U tests for
continuous variables and chi-square tests for categorical
variables. The event-free survival rate was estimated using
Kaplan-Meier analysis, and the difference was analyzed
using the log-rank test. Predictors of cardiac events in

patients with high-degree AVB were analyzed using Cox
proportional-hazard analysis. Variables for univariate anal-
ysis included age, gender, New York Heart Association
functional class, the left ventricular ejection fraction, plasma
B-type natriuretic peptide levels, and the initiation of steroid
treatment. Variables with p values <0.10 in univariate
analysis were entered into multivariate analysis. Hazard
ratios are presented with 95% confidence intervals. Statis-
tical analysis was performed with JMP version 8.0 (SAS
Institute Inc., Cary, North Carolina), and significance was
defined as p <0.05.

Results

Patient characteristics are listed in Table 1. Twenty
patients were diagnosed on the basis of histologic findings
on endomyocardial biopsy, and the other 33 were diagnosed
on the basis of clinical findings. Extracardiac organ in-
volvements were observed in 43 patients, and the other 10
were classified as isolated cardiac sarcoidosis without
extracardiac organ involvements. All 10 patients were
diagnosed on the basis of histologic findings on endomyo-
cardial biopsy that identified noncaseating epithelioid cell
granulomas, but not necrosis or eosinophils.

Among the 22 patients with high-degree AVB, complete
AVB was observed in 20, and Mobitz I block was observed
in 2. Pacemaker systems were implanted in 20 patients,
ICDs were implanted in 1, and a cardiac resynchronization
therapy device with a defibrillator was implanted in 1.
Seventeen patients were treated with prednisone 30 or 40
mg/day, and the other 5 were not treated, because they were
not diagnosed with cardiac sarcoidosis at the time of initial
manifestation and were diagnosed at a later date. Among the
31 patients with VT and/or HF, ventricular fibrillation was
observed in 1, and sustained VT was observed in 13. All
patients were diagnosed with cardiac sarcoidosis at the time
of initial manifestation. ICDs were implanted in 11 patients,
and cardiac resynchronization therapy devices with de-
fibrillators were implanted in 8. Twenty-five patients were
treated with prednisone 30 or 40 mg/day, and the other 6
were not treated, because of the decisions of attending
physicians or patient refusal.

As expected, HF and left ventricular dysfunction were
less severe in patients with high-degree AVB than in those
with VT and/or HF. Patients with high-degree AVB less
often received ICDs or cardiac resynchronization therapy
devices with defibrillators. There were no significant
differences in age, positive myocardial uptake of “’Ga or
"8E_FDG, and the initiation of steroid treatment between the
2 groups. '

Over a median follow-up period of 34 months (range 1 to
149), major adverse cardiac events occurred in 34 patients.
Of the 22 patients with high-degree AVB, 12 (55%) had
major adverse cardiac events: 2 had ventricular fibrillation
and were resuscitated by bystander cardiopulmonary
resuscitation and an automated external defibrillator, 9 had
sustained VT, and 1 was hospitalized for HF. After the first
events, 1 patient died from HF. Of the 31 patients with
VT and/or HF, 22 (71%) had major adverse cardiac events:
12 were hospitalized for HF, and 10 had sustained VT.
After the first events, 6 patients died from VT and/or HF.
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Table 2

Predictors of fatal cardiac events in patients with high-degree atrioventricular block

Univariate analysis

Multivariate analysis

Hazard ratio P
(95% confidence interval)

Hazard ratio P
(95% confidence interval)

Age >60 years 0.59 (0.16-1.91) 0.389
Female 0.78 (0.24-2.92) 0.684
New York Heart Association functional class III or IV 6.98 (1.67-34.8) 0.008 4.83 (1.05-26.7) 0.044
Left ventricular ejection fraction <50% 2.47 (0.71-11.3) 0.158
Plasma B-type natriuretic peptide >150 pg/ml 3.52 (1.06-13.5) 0.041 2.21 (0.57-9.33) 0.252
Initiation of 30 or 40 mg prednisone daily 0.51 (0.16-1.74) 0.269

Kaplan-Meier analysis showed that the survival rate without
major adverse cardiac events was better in patients with
high-degree AVB than in those with VT and/or HF (log-
rank test, p = 0.046; Figure 1). However, this difference in
the outcomes between the 2 groups was due mainly to the
difference in the incidence of HF hospitalization. We
compared the incidence of fatal cardiac events, which
included cardiac death, ventricular fibrillation, and sustained
VT, between patients with high-degree AVB and those with
VT and/or HF. The survival rate without ventricular fibril-
lation or sustained VT was similar between the 2 groups
(log-rank test, p = 0.877; Figure 2).

Forty-two patients, including 17 with high-degree AVB
and 25 with VT and/or HF, were treated with prednisone 30
or 40 mg/day at the time of initial manifestation. At the time
of initial mamfestatlon 36 of the 42 patients had positive
myocardial uptake of ®’Ga or '®F-FDG. All of them showed
complete disappearance of posmve myocardial uptake on
repeat ’Ga scintigraphy or '®F-FDG PET at a mean of
2 months after steroid treatment. All of these patients were
considered to be responders of steroid treatment. During the
follow-up period, fatal cardiac events occurred in 7 of the 17
patients (41%) with high-degree AVB and 13 of the 25 (52%)
with VT and/or HF. The survival rate without ventricular
fibrillation or sustained VT was not different between the 2
groups (log-rank test, p = 0.391; Figure 3). High-degree
AVB recovered to normal or first-degree AVB in 7 of the
17 patients after the initiation of steroid treatment. Of the 7
patients, 3 had fatal cardiac events later.

Cox proportional-hazards analysis showed that the fatal
cardiac events in patients with high-degree AVB were
associated with New York Heart Association functional
class If or IV at the time of initial manifestation, but not
with the initiation of steroid treatment or left ventricular
dysfunction (Table 2).

Discussion

The major findings of the present study are as follows:
(1) the outcomes of major adverse cardiac events were better
in patients with high-degree AVB as the initial manifesta-
tion of cardiac sarcoidosis than in those with VT and/or HF,
but the outcomes of fatal cardiac events, which included
cardiac death, ventricular fibrillation, and sustained VT,
were similar between the 2 groups; (2) >1/2 of the patients
with high-degree AVB had fatal cardiac events at a median
follow-up of 34 months; and (3) the initiation of steroid

treatment or left ventricular dysfunction was not associated
with the fatal cardiac events in patients with high-degree
AVB. Our findings suggest that an indication for implan-
tation of an ICD, but not a pacemaker system, can be
considered in patients with cardiac sarcoidosis manifested
by high-degree AVB.

Although high-degree AVB is one of the most common
initial manifestations of cardiac sar001d051s, little is known
about the outcomes. Kandolin et al'* showed that patients
with AVB caused by cardiac sarcoidosis had adverse out-
comes, but their outcomes were merely compared with those
in patients with idiopathic AVB, and thus this finding is
reasonable because cardlac sarcoidosis itself is at high risk
for adverse outcomes.”” Therefore, it remains unknown
whether the outcomes in patients with high-degree AVB are
better- or worse among cardiac sarcoidosis. Our study
showed that patients with high-degree AVB had a high rate
of fatal cardiac events, including cardiac death, ventricular
fibrillation, and sustained VT, compatible with that in pa-
tients with VT and/or HF, suggesting that the risk for fatal
cardiac events is irrespective of the initial manifestation.

Because several studies showed that steroid treatment was
particularly effective for patients with AVB but not for those
with VT or left ventricular dysfunction,® we focused
on patients treated with prednisone at the time of initial
manifestation and assessed their outcomes. In the present
study, positive myocardial uptake of ®’Ga or ‘|F-FDG
disappeared after the initiation of steroid treatment in all
patients, and high-degree AVB recovered in some patients,
indicating that steroid treatment was effective.” ™’ How-
ever, about half of the patients with high-degree AVB had the
fatal cardiac events, and the outcomes of fatal cardiac events
in patients with high-degree AVB were not better than those
in patients with VT and/or HF. Our findings indicated that
steroid treatment might not be sufficient for preventing the
fatal cardiac events in patients with high-degree AVB.

The present study has clinical implications. Our study
showed that patients with high-degree AVB had a high rate
of fatal cardiac events, similar to those with VT and/or HF.
Importantly, 2 patients with high-degree AVB had ventric-
ular fibrillation and were resuscitated by an automated
external defibrillator. Furthermore, the fatal cardiac events
in patients with high-degree AVB were not associated with
the initiation of steroid treatment or left ventricular
dysfunction, indicating that the prevention and prediction
for these events might be difficult. Therefore, additional
treatments, such as ICD implantation or a wearable ICD,
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may be required even in patients with high-degree AVB.
The current Heart Rhythm Society expert consensus state-
ment has listed cardiac sarcoidosis as a class Ila indication
for ICD implantation.”’ A few studies have also suggested
that cardiac sarcoidosis with high-degree AVB is an indi-
cation for ICD implantation.‘“*“"" However, there is little
evidence to support these recommendations. The present
study adds important evidence that cardiac sarcoidosis
manifested by high-degree AVB is an indication for im-
plantation of an ICD, but not a pacemaker system.

There were several limitations to the present study. First,
this was a retrospective observational study at a single center,
and the number of patients was small. Second, arthythmic
events might have been underestimated, because patients
who did not receive ICDs could not undergo any monitoring.
However, although the frequency of ICD implantation was
lower in patients with high-degree AVB than in those with
VT and/or HF, the rate of arrhythmic events was similar
between the 2 groups, indicating that this underestimation
would not affect our conclusion. Third, cardiac sarcoidosis
was diagnosed according to the Japanese Ministry of Health
and Welfare guidelines, revised in 2006 by the Japanese
Society of Sarcoidosis and Other Granulomatous Disor-
ders.'"* All of the patients were not confirmed to have
cardiac sarcoidosis by histologic findings. Fourth, 6 patients
with high-degree AVB had HF symptoms at the time of
initial manifestation, with New York Heart Association
functional class III. However, these HF symptoms were
considered to be temporary caused by high-degree AVB
because they improved immediately after cardiac pacing.
Therefore, the 6 patients were classified as having high-
degree AVB, but not VT and/or HF caused by left ventric-
ular dysfunction without high-degree AVB. Finally, cardiac
magnetic resonance imaging or programmed ventricular
stimulation has been reported to be effective for risk strati-

2

fication,** but these assessments were not performed.
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