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Plasma Renin Activity Is a Strong and Independent
Prognostic Indicator in Patients With Acute
Decompensated Heart Failure Treated With

Renin-Angiotensin System Inhibitors

Tomoya Ueda, MD; Rika Kawakami, MD; Taku Nishida, MD; Kenji Onoue, MD;
Tsunenari Soeda, MD; Satoshi Okayama, MD; Yukiji Takeda, MD; Makoto Watanabe, MD;
Hiroyuki Kawata, MD; Shiro Uemura, MD; Yoshihiko Saito, MD

Background: The renin-angiotensin system (RAS) is activated in heart failure (HF) as a compensaiory mechanism,
being related to cardiac remodeling and poor prognosis. Although RAS inhibitors are used as first-line drugs for HF,
plasma renin activity (PRA) is upregulated by RAS inhibitors via a negative feedback mechanism. The clinical sig-
nificance of PRA during RAS inhibitor therapy is poorly understood in acute decompensated HF (ADHF). Therefore
we examined the impact of PRA in HF patients already receiving RAS inhibitors.

Methods and Results: Of 611 consecutive patients with ADHF and emergency admission to hospital, we studied
the impact of PRA on the prognosis of ADHF in 293 patients already receiving RAS inhibitors before admission. The
patients were divided into 2 groups according to median PRA (= vs. <3.4ng-mi-'.h-). During a mean follow-up of
29.0 months, there were 124 deaths from all causes. Kaplan-Meier analysis showed that all-cause and cardiovas-
cular mortality were significantly higher in patients with high PRA than low PRA (log-rank P=0.0002 and P<0.0001,
respectively). Log PRA was an independent predictor of all-cause and cardiovascular death (HR, 1.194; 95% Cl:
1.378-2.678, P<0.0001; and HR, 2.559; 95% Cl: 1.610-4.144, P<0.0001, respectively).

Conclusions: PRA was associated with an increased risk of all-cause and cardiovascular mortality in ADHF patients
already receiving RAS inhibitors, suggesting that PRA would be a useful biomarker during ADHF treatment.
(Circ J 2015; 79: 1307-1314)

Key Words: Acute decompensated heart fanlure Plasma renin activity; Prognosis; Renin-angiotensin system

ORIGINAL ARTICLE
Heart Failure

blocker

decompensated heart failure (ADHF), morbidity and

mortality are still high and patient quality of life is
impaired.’3 To improve the prognosis of ADHF, more sen-
sitive and accurate diagnostic tools and more effective ther-
apeutic approaches are necessary. The renin-angiotensin
system (RAS) is fundamentally involved in the development
and progression of heart failure (HF), which is initially upreg-
ulated in HF*5 to maintain cardiac output in order to maintain
sufficient perfusion of vital organs. Overactivation of the
RAS, however, ultimately results in increased afterload and
body fluid retention, which leads to a vicious cycle of decom-
pensated HF. Given that renin is the rate-limiting enzyme of
the RAS, it is reasonable that measurement of plasma renin

In spite of great advances in the management of acute

activity (PRA) helps to determine the degree of RAS activa-
tion in the clinical setting of HF. In fact, some earlier studies
reported a strong inverse correlation between survival and
PRA.6-8

Editorial p1206

After seminal clinical trials demonstrating that angiotensin-
converting enzyme inhibitors (ACEI), angiotensin receptor
blockers (ARB) and $-adrenergic receptor blockers can effec-
tively improve the prognosis of HF,*12 however, they have
been routinely used as first-line treatment for HF. During RAS
inhibitor therapy, PRA is elevated due to decreased production
of angiotensin II, which negatively regulates renin release.
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Figure 1. Distribution of log plasma renin activity (PRA) for (A) all patients (n=505), (B) patients without renin-angiotensin system
(RAS) inhibitors (n=212), and (C) patients with RAS inhibitors (n=293).

B-blockers directly suppress PRA via inhibition of renal sym-
pathetic activity. Moreover, loop diuretics, which block the
Na+/K+/2Cl— co-transporter and stimulate renin release, are
widely used to treat HF. Therefore, PRA is considerably
altered by HF treatment. There is a paucity of data on the
clinical interpretation of PRA as a biomarker in ADHF and
its implications, although renin is the rate-limiting step in
RAS activation. Compared to the large body of literature
concerning brain natriuretic peptide (BNP) or BNP-related
peptide as a prognostic marker of ADHF, very little is known
about PRA.

Here we show for the first time the clinical impact of PRA
on prognosis in patients with ADHF, all of whom were already
being treated with ACEI, ARB, or both in the Nara Registry
and Analyses for Heart Failure 2 (NARA-HF 2 study) cohort
study.

Methods

Patient Selection

The NARA-HF study is a dynamic cohort study.’®* The NARA-
HF 2 study recruited 611 consecutive patients with emergency
admission to the internal medicine or cardiology wards or the
coronary care unit at Nara Medical University Hospital with
documented ADHF (either acute new-onset or acute-on-
chronic HF) between January 2007 and December 2012. The
diagnosis of HF was based on the Framingham criteria for
HF.14 Patients with acute myocardial infarction (AMI), acute
myocarditis, and acute HF with acute pulmonary embolism
were excluded.

Of the 611 patients, 505 patients had PRA measurement on
admission. Among them, 293 patients had already received
ACEI, ARB, or a combination of RAS inhibitors before
admission but the remaining 212 patients had not been previ-
ously treated. We investigated the impact of PRA on the
prognosis of ADHF in the 293 patients who had already
received RAS inhibitors, but not direct renin inhibitors.

Patients were divided into low PRA (n=147) and high PRA
(n=146) groups based on median PRA (3.4ng-ml-!-h-1). For
each patient, baseline data included age, sex, body mass index
(BMI), cause of HF, medical history, vital signs, laboratory
and echocardiographic data, and medications on admission
and at discharge.

Outcomes

The primary endpoints were all-cause and cardiovascular mor-
tality. Cardiovascular death was defined as death due to HF,
myocardial infarction, sudden death, stroke, and vascular dis-
ease such as aortic dissection. We checked medical records to
determine vital status and the cause of death. When this infor-
mation was unavailable in the medical record, we telephoned
patients or their families. Information regarding cardiovascu-
lar events such as non-fatal AMI, stroke, and rehospitalization
due to recurrence of ADHF was also obtained.

Statistical Analysis

. Continuous variables are expressed as mean+SD and were

compared using Student’s t-test. Categorical variables are
summarized with frequency percentages and were analyzed
using chi-squared test. Cumulative event-free rates during
follow-up were derived using the Kaplan-Meier method. Uni-
variate and multivariate analyses of mortality were performed
using Cox proportional hazards models. We utilized 4 models
for the adjustment of covariates: model 1, unadjusted; model
2, adjusted for age and sex; model 3, adjusted for all factors in
model 2 plus hemoglobin concentration (Hb), estimated glo-
merular filtration rate (eGFR), and sodium and BNP; and
model 4, adjusted for all factors in model 3 plus left ventricu-
lar ejection fraction (LVEF) and systolic blood pressure (SBP).
Multiple linear regression was performed to determine the
variables that affected PRA.

Results are reported as hazard ratios (HR), coefficients,
95% confidence intervals (95% CI), and P-value. The HR for
outcomes in the high PRA group was compared with those for
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Table 1. Baseline HF Patient Characteristics )
Characteristics Total (n=293) Low PRA (n=147) High PRA (n=146) P-value
Demographic
Age (years) 73.4211.9 75.4+9.9 71.4x13.3 0.0303
Female 38.2 42.2 34.2 0.1625
BMI (kg/m?2) 28.7+4.1 23.6x4.0 23.9+4.2 0.3491
Cause of HF
Ischemic 43.3 40.1 46.6 0.2661
Valvular 171 17.7 16.4 0.7763
Dilated cardiomyopathy 16.0 12.9 19.2 0.1448
Hypertensive 6.1 , 8.8 3.4 0.0534
Medical history
Diabetes mellitus 49.2 442 54.1 0.0904
Dyslipidemia 44.3 44.8 43.8 0.8750
Old M} 36.9 34.0 39.7 0.3109
Dialysis 5.5 6.1 4.8 0.6169
Procedures '
PCI 31.9 27.9 35.9 0.1438
CABG 5.1 4.1 6.2 0.4186
CRT/ICD 3.1 2.0 41 0.3048
NYHA class on admission
loriv 88.4 89.8 87.0 0.4528
Vital sign on admission
SBP (mmHg) 145.0+36.5 155.9+£34.5 134.0+35.2 <0.0001
DBP (mmHg) 80.4x21.9 85.3+23.2 75.3x19.4 <0.0001
Heart rate (beats/min) 92.1+25.6 89.4+26.1 94.8+£24.9 0.0416
Echocardiographic parameters
LVEF (%) 46.6+16.7 50.5+15.4 42.6+17.0 <0.0001
EF =50% 45.4 524 38.2 0.0151
LVEDD (mm) 55.7+10.6 53.8+8.8 57.7x12.0 0.0064
Laboratory data on admission :
Hemoglobin (g/dl) 11.1x2.3 10.8:2.3 11.4+2.3 0.0072
eGFR (ml/min/1.73m2) 38.6+23.3 38.7+24.1 38.4£22.5 0.9291
CKD stage 4 or 5 38.9 38.8 39.4 0.9628
Sodium (mmol/L) 139.3x4.4 140.3+3.4 138.4+5.0 0.0003
Potassium (mmol/L) 4.23+0.83 4.13+0.77 4.33+0.88 0.1273
PRA (ng-ml--h-1) 3.4 (1.0-12.1) 1.0 (0.5-1.9) 12.1 (5.4-25.5) <0.0001
Aldosterone (pg/ml) 63.2 (35.9-108.6) 56.4 (31.3-81.0) 84.1 (44.4-148.6) <0.0001
Plasma BNP (pg/ml) 892 (457—-1,658) 972 (518-1,706) 757 (364—1,569) 0.1007
Medication
Admission
ACEI 471 40.1 54.1 0.0166
ARB 66.6 71.4 61.6 0.0759
ACEIl or ARB 100 100 100 1.0000
B-blockers 35.2 38.1 32.2 0.2900
Loop diuretics 60.1 56.5 83.7 0.2060
MR blockers 21.8 17.0 26.7 0.0444
Ca channel blockers 42.0 48.3 35.6 0.0278
Statin 28.7 27.9 29.5 0.7677
Discharge
ACEI 54.5 53.7 55.2 0.7972
ARB 52.1 56.5 47.6 0.1289
ACEI! or ARB 91.4 94.6 88.1 0.0505
B-blockers 54.5 51.7 57.3 0.3348
Loop diuretics 77.6 78.2 76.9 0.7894
MR blockers 30.0 28.6 31.5 0.5904
Ca channel blockers 34.1 40.8 27.3 0.0150

Data given as %, mean+SD, or median (25th—~75th percentile). ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker;
BMI, body mass index; BNP, B-type natriuretic peptide; Ca, calcium; CABG, coronary artery bypass grafting; CKD, chronic kidney disease; CRT,
cardiac resynchronization therapy; DBP, diastolic blood pressure; EDD, end-diastolic diameter; EF ejection fraction; eGFR, estimated glomerular
filtration rate; HF, heart failure; ICD, implantable cardioverter defibrillator; LV, left ventricular; Ml, myocardial infarction; MR, mineralocorticoid
receptor; NYHA, New York Heart Association; PCI, percutaneous coronary intervention; PRA, plasma renin activity; SBP, systolic blood pressure.
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line, low PRA group; n=147).

Figure 2. Kaplan-Meier event-free survival curves for (A) all-cause death and (B) cardiovascular death in patients with plasma
renin activity (PRA) 28.4ng-ml-1-h-1 (blue line, high PRA group; n=146) compared with patients with PRA <3.4ng-ml-'-h-1 (red

the low PRA group, which served as the reference group.
Variables with P<0.05 were retained in the model. JMP ver-
sion 10 for Windows (SAS Institute, Cary, NC, USA) was
used for all statistical analyses.

Results

PRA and RAS Inhibitor Therapy

Among the 611 patients who participated in this registry
study, PRA was measured in 505 patients at the time of admis-
sion. Among them, 293 patients had already been treated with
ACEI ARB, or both, but 212 had not been on RAS inhibitors.
Both PRA and logarithmically transformed PRA were signifi-
cantly higher in patients treated with ACEI, ARB, or both than
those who were not (mean®SD, 9.1£12.6ng-ml-!-h-! vs.
6.0+10.3ng-ml-!-h™!, P=0.0011; and 0.51£0.69ng-ml!-h!
vs. 0.31£0.64ng -ml-1-h-!, P=0.0011, respectively). As shown
in Figure 1, the histogram of logarithmically transformed
PRA was shifted up in patients treated with RAS inhibitors.
Age, proportion of women, proportion of New York Heart
Association (NYHA) class Il or IV patients, LVEF, and plasma
BNP were similar between the groups. We investigated
whether or not PRA at admission is associated with all-cause
or cardiovascular mortality in the group of 293 patients who
were already being treated with RAS inhibitors.

Baseline Characteristics
Mean age of the 293 patients was 73.41+11.9 years, and the

proportion of women was 38.2% (Table 1). To investigate the
impact of PRA on prognosis of ADHF, we divided patients
into 2 groups according to median PRA on admission. Table 1
lists baseline clinical characteristics vs. high and low PRA.
Compared with patients in the low PRA group, the patients in
the high PRA group were significantly younger, but the pro-
portion of men and women and BMI were similar. There were
no significant differences in the cause of HF or the proportion
of comorbidities between the 2 groups. Laboratory findings
except Hb, sodium, and aldosterone were similar between the
groups, as shown in Table 1. Although NYHA functional class
and plasma BNP were similar between the groups, patients
with high PRA had significantly lower SBP and diastolic
blood pressure (DBP), larger left ventricular end-diastolic
diameter (LVEDD), and lower LVEF compared with those
with low PRA.

The proportion of patients treated with S-blockers or loop
diuretics was similar in the 2 groups both on admission and at
discharge. Calcium (Ca) channel blockers were less frequently
used in the high PRA group on admission and at discharge.
Mineralocorticoid receptor blockers were more frequently used
in the high PRA group on admission but the rates of use were
similar between the groups at discharge.

Prognosis and Outcome

During the mean follow-up period of 29.0 months, 124
patients (42.3%) died; 68 (23.2%) from cardiovascular causes.
As shown in the Kaplan-Meier survival curves, the high PRA
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Table 2. Effect of PRA on Adverse Outcome
-ml-t.-h-1 >3. .ml-1.-h-t
PRA <:z:=|;% 7:;1! h PRA _:: ::l% 6:;1! h P-value

All-cause death

Unadjusted HR (95% Cl) 1 1.965 (1.375-2.830) 0.0002

Adjusted HR (95% Cl) 1 2.259 (1.530-3.353) <0.0001
Cardiovascular death

Unadjusted HR (95% Cl) 1 3.243 (1.950-5.597) <0.0001

Adjusted HR (95% CI) 1 3.668 (2.120-6.547) <0.0001

The Cox proportional hazards model adjusted for the following covariates: age, sex, hemoglobin, eGFR, LVEF, BNP,
and sodium. Cl, confidence interval; HR, hazard ratio. Other abbreviations as in Table 1.

Table 3. Significant Factors in All-Cause and CV Death
e e e e
HR (95% Cl) P-value HR (95% Cl) P-value
Model 1
Log PRA (ng-mi-'-h-1) 1.803 (1.373-2.380) <0.0001 2.660 (1.815-3.960) <0.0001
Model 2 )
Log PRA (ng-mi-1-h-1) 2,059 (1.550-2.752) <0.0001 2.917 (1.953-4.433) <0.0001
Age (years) 1.036 (1.020-1.054) <0.0001 1.022 (1.002-1.044) 0.0300
Male 1.284 (0.887~-1.880) 0.1862 1.233 (0.742-2.100) 0.4235
Model 3
Log PRA (ng-ml-'-h-1) 2.175 (1.604-2.964) <0.0001 3.242 (2.100~5.095) <0.0001
Age (years) 1.034 (1.018~1.052) <0.0001 1.018 (0.998-1.040) 0.0755
Male 1.308 (0.894-1.932) 0.1673 ~ 1.295 (0.769-2.229) 0.3343
Hemoglobin (g/dl) 0.914 (0.833-1.004) 0.0602 0.87 (0.771-0.984) 0.0271
eGFR (mi/min/1.73m2) 0.998 (0.988-1.006) 0.5593 1.006 (0.993-1.017) 0.3649
Sodium (mmol/L) 0.971 (0.929-1.017) 0.2079 0.959 (0.907-1.020) 0.1760
Plasma BNP (100 pg/mi) 1.016 (1.003-1.028) 0.0159 1.022 (1.004-1.038) 0.0161
Model 4
Log PRA (ng-ml-'-h-1) 1.914 (1.378-2.678) <0.0001 2.559 (1.610-4.144) <0.0001
Age (years) 1.033 (1.015-1.052) 0.0001 1.015 (0.994-1.038) 0.1595
Male 1.326 (0.900-1.974) 0.1546 1.390 (0.821-2.407) 0.2229
Hemoglobin (g/d!) 0.913 (0.826-1.007) 0.0699 0.881 (0.773-1.002) 0.0535
eGFR (ml/min/1.73m2) 0.995 (0.986-1.004) 0.2974 1.002 (0.990-1.013) 0.7809
Sodium (mmol/L) 0.972 (0.930-1.019) 0.2380 0.958 (0.906-1.019) 0.1689
Plasma BNP (100pg/ml) 1.015 (1.001-1.028) 0.0310 1.022 (1.004-1.039) 0.0191
LVEF (%) 1.002 (0.988-1.016) 0.8224 1.008 (0.989-1.026) 0.4185
SBP (mmHg) 0.992 (0.987-0.998) 0.0080 0.989 (0.981-0.997) 0.0042

CV, cardiovascular. Other abbreviations as in Tables 1,2.

group had a much higher rate of all-cause death (log-rank
P=0.0002) and cardiovascular death (log-rank P<0.0001;
Figure 2). Table 2 shows unadjusted and adjusted HR for
outcomes in the 2 groups. Compared with the low PRA group,
the unadjusted HR for all-cause and cardiovascular death were
significantly higher in the high PRA group (HR, 1.965; 95%
CI: 1.375-2.830, P=0.0002; and HR, 3.243; 95% CI: 1.950—
5.597, P<0.0001, respectively). Even after adjustment for
covariates (age, sex, Hb, eGFR, LVEF, BNP, and Na) in
multivariate Cox proportional hazard models, these findings
remained significant (Table 2). In addition, rehospitalization
due to HF recurrence was significantly higher in the high PRA
group (P=0.0369). There were no differences, however, in the
frequency of non-fatal acute MI or stroke between the 2
groups.

As shown in Table 3, PRA predicted all-cause death and
cardiovascular death (P<0.0001 and P<0.0001, respectively).
Even after adjusting for age, sex, and cardiovascular risk
factors, these findings remained significant (Table 3). These
results were similar when patients on chronic dialysis were
excluded.

Factors Affecting PRA

We also performed multiple linear regression to identify fac-
tors affecting PRA. As shown in Table 4, PRA was associated
with age, sodium, SBP, and LVEF, but not sex, Hb, BNP,
aldosterone, or medication.
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 Table 4. Variables Affecting PRA

e R R e e
Age (years) -0.161
Male 2.373
Hemoglobin (g/dl) -0.023
Sodium {mmol/L) -0.381
Plasma BNP (100 pg/ml) -0.060
Aldosterone (pg/ml) 0.005
SBP (mmHg) -0.085
LVEF (%) -0.102
B-blocker -1.972
Loop diuretic 2.159
Calcium channel blocker -1.487

T
—0.278 to ~0.044 0.0073
—0.481 10 5.227 0.1028
~0.698 10 0.652 0.9468
~0.687 to ~0.076 0.0145
-0.176 to 0.055 0.3061
~0.001 10 0.010 0.0559
~0.124 to ~0.046 <0.0001
~0.200 to ~0.004 0.0407
—4.866 10 0.922 0.1808
—0.668 to 4.985 0.1338
—4.365 to 1.390 0.3098

If a patient was male or treated with medicine, the variable was assigned a value of 1; otherwise, 0 was assigned.

Abbreviations as in Tables 1,2.

Discussion

Earlier studies showed that PRA is a risk factor for poor
prognosis in patients with essential hypertension or chronic
HF,1518 but they do not stratify patients according to RAS
inhibitor status. In the present study, we demonstrate for the
first time that PRA is a strong risk factor associated with all-
cause and cardiovascular mortality in patients with ADHF
already being treated with RAS inhibitors. This risk was still
significant after adjustment for other risk factors such as age,
anemia, eGFR, LVEF, and BNP. As with eGFR or BNP, PRA
is a stronger predictor of all-cause and cardiovascular mortal-
ity. In contrast to earlier works, however, in the NARA-HF2
study, we could show only that high PRA tended to be associ-
ated with poor prognosis in ADHF patients who had not been
treated with RAS blockers (log rank P=0.0841, data not
shown). Current guidelines for the management of HF strongly
recommend RAS inhibitors and S-blockers as first-line drugs
with the goal of improving prognosis.’®-2! Most patients with
HF receive RAS inhibitors and -blockers if they do not have
any contraindications. In this context, studying biomarkers,
which are possibly altered by the use of these drugs, is becom-
ing more important, to better understand the meaning of
biomarkers.

In this study, we compared two groups based on median
PRA (3.4ng-ml~!-h™), but it is not clear which cut-off point
is clinically proper. We therefore also examined two other
criteria: the upper reference value of PRA (2.0ng-ml-!-h1)
and the best cut-off point according to receiver operating
characteristic curve analysis (8.2ng-ml-!-h-!). As shown in
the Kaplan-Meier survival curves in Figures S1,S2, the higher
PRA group had a much higher rate of all-cause death and
cardiovascular death for both evaluations (log-rank P<0.0001
for both) as well as for median PRA, indicating that higher
PRA is an predictor of poorer outcome in ADHF patients
being treated with RAS blockers. Moreover, as shown in
Figure 2, patients in the high PRA group were lost mostly at
100-200 days after admission. Within 200 days after admis-

sion, the proportion of cardiovascular death was higher in

patients with high PRA than in those with low PRA (19.2%
vs. 8.8%, P=0.0100). It is possible, therefore, that high PRA
is more related to severe HF.

Although PRA is generally upregulated in HF as a reflec-
tion of RAS activation, there was a wide distribution of PRA,
ranging from 0.1 to >60ng-ml-'-h-! in patients with ADHF

who were already being treated with RAS inhibitors. To date
it has not been well investigated as to which factors determine
the higher PRA in patients who were treated with RAS inhib-
itors. Generally, expression and secretion of renin is upregu-
lated by decreases in arterial pressure detected by baroreceptors,
decreases in sodium chloride influx into the juxtaglomerular
apparatus through the Na+/K+/2Cl- co-transporter, and acti-
vation of renal sympathetic nerve activity, and downregulated
by angiotensin II in a negative feedback loop. Thus, S-blockers
lower PRA, but RAS inhibitors and loop diuretics increase
PRA. In the setting of HF, RAS regulation is more complex.
For example, negative feedback is blunted?? and alternative
pathways such as the chimase-dependent pathway are acti-
vated.?

As shown in Table 1, there was no significant difference in
the proportion of S-blockers or loop diuretics used. LVEDD
was significantly larger, whereas LVEF, blood pressure, and
serum sodium were significantly lower in the high vs. low
PRA group. Moreover, on multivariate regression analysis
SBP, LVEF, and serum sodium concentration were inversely
related to PRA (Table 4). These findings suggest that LV
remodeling was more advanced in the high PRA group. Sig-
nificantly lower serum sodium may be the result of high doses
of loop diuretics in the high PRA group, despite similar num-
bers of patients on loop diuretics in both groups. To confirm
this hypothesis, loop diuretics other than furosemide were
converted to furosemide equivalent doses: 4 mg of torasemide
and 30mg of azosemide were considered equivalent to 20mg
of furosemide. After conversion, there were no significant dif-
ferences in furosemide equivalent dose between the high and
low PRA groups. In patients with PRA 212.1ng-ml!-h-! (top
quartile), the furosemide equivalent dose was significantly
higher than in the remaining patients (55.7£37.9mg vs.
40.8424.2mg; P=0.0298). Although more detailed study is
needed, the present findings suggest that high PRA may be
correlated with the severity of HF itself rather than the effect
of drugs used to treat it.

Aldosterone, an end-product of RAS, is involved in the
pathophysiology of HF, as evidenced by recent clinical trials
demonstrating that aldosterone blockers reduce mortality rates
in patients with moderate—severe chronic HF and acute
HFE.2426 T this study, plasma aldosterone was significantly
higher in the high PRA group compared with the low PRA
group, suggesting insufficient suppression of RAS in the pres-
ent patients. Another explanation is so called aldosterone
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breakthrough phenomenon. In contrast with PRA, plasma
aldosterone was not a risk factor for worse prognosis in the
present patients (data not shown), as in past studies.” The
precise reason for the discrepancy in prognostic ability between
PRA and plasma aldosterone concentration in patients with
ADHF treated with RAS inhibitors is unclear. One intriguing
hypothesis is that renin itself may play a role in the develop-
ment of HF via renin receptor-mediated pathways independent
of the classical RAS.?7.28

Some earlier studies reported the clinical significance of
plasma active renin concentration (PARC) instead of PRA in
HF patients. One study showed that PARC was superior to
PRA in predicting outcome. In that study, patients with pre-
served EF (245%) or renal failure (serum creatinine >2.0mg/dl)
were excluded, but such patients were included in the present
study. In the present study we did not measure PARC. There-
fore, further studies are needed to investigate whether PRA or
PARC is a better biomarker for survival.

In the NARA-HF 2 study, as described here, PRA
>2.0ng-ml-!-h-! was not significantly associated with poor
prognosis in patients who had not been treated with RAS
blockers, not consistent with previous work reported in the
19705-1990s. At that time therapy with S-blockers as well as
RAS blockers was not accepted as an effective therapy for HF.
In the present study approximately 20% of patients had been
treated with S-blocker, although they had not been treated with
RAS blockers. Moreover the RAS blocker and -blocker treat-
ment was started during hospitalization and continued after
discharge. It is possible that these factors more strongly affect
the prognosis.

Study Limitations

There are several limitations to this study. The major limita-
tion is that the sample size was moderate, the study was retro-
spective in nature, and it was based at a single center. We did
not collect data on variables that can potentially influence
prognosis in ADHF, such as respiratory function and QRS
complex width on admission. We could not compare the doses
of ACEI or ARB between the 2 groups because there are no
official dose conversion formulas for RAS inhibitors.

With respect to PRA, there were also some limitations.
First, it is generally recommended that PRA is measured while
in the supine position for >30min, but the supine position
might have exacerbated HF in the present patients with emer-
gency admission for ADHF. Therefore, most blood samples
were not obtained after 30min at rest. Second, we did not
collect data on factors that could influence PRA, such as sym-
pathetic activity and intravascular volume depletion, because
we had no data on catecholamine level or serum osmolality.

Gonclusions

PRA is associated with increased risk for all-cause and cardio-
vascular mortality in ADHF patients on RAS inhibitors, sug-
gesting that PRA is a useful biomarker in ADHF.
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death and (B) cardiovascular death in patients with plasma renin
activity (PRA) 22.0ng-ml-h! (blue line, high PRA group; n=180)
compared with patients with PRA <2.0ng-ml~!-h™! (red line, low
PRA group; n=113).

Figure S2. Kaplan-Meier event-free survival curves for (A) all-cause

death and (B) cardiovascular death in patients with plasma renin
activity (PRA) 28.2ng-ml~!-h-! (blue line, high PRA group; n=90)
compared with patients with PRA <8.2ng-ml-!-h! (red line, low
PRA group; n=203).
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ARTICLE INFO ABSTRACT

Article history: Background: We investigated whether urinary 8-hydroxy-2/-deoxyguanosine (U-8-OHdG), a marker of
Received 21 October 2015 oxidative DNA damage, is a prognosticator of cardiovascular-related death in patients with cardiac
Received in revised form 19 February 2016 sarcoidosis (CS).

Accepted 12 March 2016 Methods and results: In this prospective study, 30 consecutive patients were divided into the active CS (n = 20)

Available online 17 March 2016 and non-active CS (n = 10) groups, based on abnormal isotope accumulation in the heart on '8F-

fluorodeoxyglucose positron-emission tomography/computed tomography (*®F-FDG PET/CT) imaging.
Nineteen patients in the active CS group underwent corticosteroid therapy. Before corticosteroid therapy
initiation, U-8-OHdG, brain natriuretic peptide (BNP), other biomarkers, and indices of cardiac function
were measured. Patients were followed-up for a median of 48 months. The primary endpoint was the inci-
dence of cardiovascular-related death. '

During the follow-up period, in the corticosteroid-treated active CS group, 7 of 19 patients experienced
cardiovascular-related death. By contrast, in the non-active CS group, 1 of 10 patients died from
cardiovascular-related causes. Univariate and multivariate analyses showed that U-8-OHdG and BNP
were independent predictors for cardiovascular-related death. The cut-off values for predicting cardiovas-
cular death in corticosteroid-treated patients with active CS were 19.1 ng/mg- Cr and 209 pg/mL for U-8-
OHdG and BNP, respectively. Patients with a U-8-OHdG concentration 219.1 ng/mg-Cr or a BNP concentra-
tion 2209 pg/mL had a significantly higher cardiovascular-related death risk, but U-8-OHdG had better
predictive value compared with BNP.

Conclusion: These findings suggested that U-8-OHdG was a powerful predictor of cardiovascular-related
death in patients with CS, suggesting that active CS patients with elevated U-8-OHdG levels might be
resistant to corticosteroid therapy.

Keywords:

Cardiac sarcoidosis
Oxidative stress
Biomarker

© 2016 Elsevier Ireland Ltd. All rights reserved.

1. Introduction phagocytes, and non-caseating granulomas in affected tissues

) [1-3]. The prognosis of patients with cardiac sarcoidosis (CS)

Sarcoidosis is a multisystem disorder with an unknown etiology is very poor because of progressive heart failure, advanced atrioven-

characterized by the accumulation of T lymphocytes, mononuclear tricular (AV) block, ventricular tachycardia (VT), and/or ventricular
fibrillation [4-8].

Enhanced production of reactive oxygen species may occur in
cardiac tissues during the active phase of CS, leading to nucleic and
mitochondrial DNA oxidization with subsequent urinary (U) excretion

f Corresponding .amtk‘lorar:: Division of Cardiology, De@rtment of M.ediciljne and C'linical of an oxidized nucleoside of DNA, 8—hydroxy‘2’~deoxyguanosine (8-
i;‘;‘;;ﬁ?gg“gg?;‘;ﬁw Graduate School of Medicine, 1-1-1 Minamikogushi, Ube, QHdG) [9-17]. Re§ently, we reported .that U-8-OHAG reflected the
inflammatory activity of CS [18]. The notion was based on the following
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tissue was increased by oxidative stress; (2) increases in serum 8-OHdG
in the coronary sinus than in the aortic root indicated that it was pro-
duced in cardiac tissues; (3) '8F-fluorodeoxyglucose positron-
emission tomography/computed tomography (*®F-FDG PET/CT) re-
vealed that U-8-OHdG levels increased in proportion to the inflammato-
ry activity of CS; and (4) U-8-OHdG was a biomarker for therapeutic
response to corticosteroid treatment [18].

Despite several studies having evaluated prognostic factors,
predicting prognosis in patients with CS remains problematic [5,19,
20]. This is because the CS-induced inflammation changes in response
to corticosteroid therapy, and, in addition, CS characteristics change in
a spatiotemporal manner. Yazaki et al. reported that patients with ac-
tive CS had a significantly worse diagnosis when compared to patients
with non-active CS [5]. Furthermore, they reported that corticosteroid
treatment improved prognosis in patients with active CS [5]. Blankstein
et al. reported that, in patients with suspected CS there was a significant
association between high-risk cardiac events (death and VT) with
abnormal accumulation of 8F-FDG in cardiac tissues, detected on PET/
CT images, and cardiac perfusion defects, detected by Rubidium-82
scintigraphy [19]. These studies suggest that the inflammatory activity
in cardiac tissue might be associated with poor prognosis in patients
with CS.

In our institute, we administer corticosteroid therapy when CS is
diagnosed according to CS guidelines and when a patient with CS
has complications such as progressive heart failure or lethal arrhyth-
mia according to focal accumulation of ®F-FDG in cardiac tissues.
The aim of the present study was to investigate prognostic factors
for cardiovascular-related death in patients with active CS who
were undergoing corticosteroid therapy.

2. Methods and results
2.1. Patients and study design
Thirty consecutive patients diagnosed with CS (New York Heart

Association [NYHA]: classes I, II, and III) at our institution between
June 2008 and December 2013 were enrolled in this study. Patients

with acute heart failure, acute coronary syndrome, cancer, systemic in-.

flammatory diseases such as infection or collagen disease, severe renal
disease (glomerular filtration rate [GFR] <30 mL/min/1.73 m?), or
those who smoked tobacco were excluded.

In the present study, CS was diagnosed according to the Japanese
guidelines for diagnosing CS, which were revised in 2006 by the Japan
Society of Sarcoidosis and Other Granulomatous Disorder [20-22]. The
Japanese guideline for diagnosing CS is as follows.

1. Histological diagnosis group

Cardiac sarcoidosis is confirmed when myocardial biopsy specimens
demonstrate noncaseating epithelioid cell granuloma with a histologi-
cal or clinical diagnosis of extracardiac sarcoidosis.

2. Clinical diagnosis group

Although myocardial biopsy specimens do not demonstrate
noncaseating epithelioid cell granuloma, extracardiac sarcoidosis is di-
agnosed histologically or clinically and satisfies the following conditions
and more than one in six basic diagnostic criteria.

(1) 22 of 4 major criteria are satisfied.
(2) One in 4 major criteria and 22 in 5 minor criteria are satisfied.

Major Criteria

(a) Advanced atrioventricular block. ,
(b) Basal thinning of the interventricular septum.

148

(c) Positive cardiac ®’Gallium (Ga) uptake or *®F-FDG uptake (Mod-
ified Criteria to include PET results).
(d) Depressed left ventricle ejection fraction (LVEF <50%).

Minor Criteria

(a) Abnormal electrocardiography findings: ventricular arrhythmias
(ventricular tachycardia, multifocal or frequent PVCs), CRBBB,
axis deviation or abnormal Q-wave.

(b) Abnormal echocardiography: Regional abnormal wall motion or
morphological abnormality (ventricular aneurysm, wall thicken-
ing). -

(c) Nuclear medicine: Perfusion defect detected by 2°'Thallium (T1)
myocardial scintigraphy or **Technetium (Tc) myocardial scintig-
raphy.

(d) Gadolinium-enhanced magnetic resonance imaging: Delayed
myocardial enhancement.

(e) Endomyocardial biopsy: Moderate grade interstitial fibrosis or
monocyte infiltration.

The Institutional Review Board of Yamaguchi University Hospital ap-
proved this study (#H19-87) at April 16, 2008, and all patients provided
written informed consent before participating in the study.

2.2. Standard clinical evaluation

All patients underwent 12-lead electrocardiography (ECG), echocar-
diography, '®F-FDGPET/CT [23], and at least 1 dedicated cardiac imaging
study, including ¥’Ga scintigraphy, °'T] myocardial scintigraphy, %*Tc
myocardial scintigraphy, or cardiac gadolinium-enhanced magnetic
resonance imaging [24,25]. All patients were monitored by Holter ECG
and/or by an ECG monitor (Nihon Kohden, Tokyo). Thirty CS patients
underwent coronary angiography and 19 CS patients underwent
endomyocardial biopsy.

2.3. Evaluation of inflammatory activity in CS

All patients underwent '®F-FDG PET/CT examination on a 16-slice
hybrid PET/CT scanner (Gemini GXL16, Philips Medical System) under
identical conditions before corticosteroid therapy with whole-body
and cardiac acquisitions as described previously [18]. These patients
were divided to the active CS (n = 20) and non-active CS (n = 10)
groups based on the '®F-FDG accumulation in heart.

Quantitative analysis of *®F-FDG uptake in the lesion was based on
the maximum standardized uptake value per focus. This value was cal-
culated as the activity concentration measured at the end of the scan
and corrected for individual body weight and dose injected, as follows:
tissue activity (counts/pixel/s) multiplied by calibration factor divided
by injected *8F-FDG dose (MBq/kg of body weight). The extent of abnor-
mal FDG uptake area within the myocardium was quantified using the
automated software (Emory Cardiac Toolbox, Version 3.0, Royal Philips
Electronics Co. Tokyo, Japan). After each image volume was automati-
cally reoriented to standard left ventricle short-axis orientation, follow-
ed by automated segmentation of the left ventricular myocardium, a
constrained spline model was fit to generate the left ventricle polar
map regions of interest. On the polar map, the extent (%) of the pixels
with standardized uptake value (SUV) over the cut-off level of 50% or
70% for the maximum SUV (SUV max) of the whole pixels was automat-
ically calculated. SUV was defined as the ratio of Bq/mL (decay-
corrected) in tissue against Bq of tracer injected/body weight.

24. Corticosteroid treatment protocols for patients with active CS

Nineteen of the 20 patients with abnormal accumulation of ®F-FDG in
cardiac tissues, indicative of active CS, were administered prednisolone
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according to existing Japanese protocols as follows: 30 mg/day for
4 weeks with gradual tapering of the dose to 5-10 mg every other day
over 6 months to establish the minimal effective dose [8].

2.5. Endpoints and follow-up

No patients were lost to follow-up (mean follow-up, 48 months).
Events were centrally adjudicated using medical records, autopsy
reports, and death certificates. The primary endpoint was defined as
cardiovascular-related death due to worsening heart failure or sudden
cardiac death. Sudden cardiac death, established by the attending
physician, was defined as death without definite premonitory signs or
symptoms. f

2.6. 8-OHAG measurement and other neurohumoral and inflammatory
factors

Serum and U-8-OHdG concentrations were measured using
enzyme-linked immunosorbent assay (ELISA) kit (Japan Institute for

Table 1.
Clinical information of all included CS patients.

the Control of Aging, Fukuroi, Japan) with anti-8-OHdG antibody
(N45.1) as described previously [16-18]. Serum interleukin (IL)-6
concentration was determined using a human IL-6 Quantikine® HS
ELISA kit (Quantikine® HS; R&D Systems, Minneapolis, MN, USA) and
a human IL-6 chemiluminescence enzyme immunoassay (Fujirebio,
Tokyo, Japan) as described previously [16-18]. U-8-isoprostane levels
were determined using an 8-isoprostane enzyme immunoassay kit
(Cayman Chemical Co., Ann Arbor, MI, USA), as described previously
[16-18]. Raw values were normalized to the urinary level of creatinine
(Cr). Plasma brain natriuretic peptide (BNP) was measured using the
Shionoria BNP Kit (Shionogi Pharmaceutical, Osaka, Japan) as describe
previously [16-18].

2.7. Histological assessment of inflammation and fibrosis of hearts obtained
from two autopsy cases

Histological examination of the heart tissue was performed at autop-
sy in two of seven patients with CS after cardiovascular death. Each
sample (from the septal, anterior, lateral, posterior, and inferior walls)

No. Age Sex NYHA ECG/Holter Echocardiography 18E.FDG PET CMR CAG  Typeof  Clinical Cardio-vascular  Autopsy
class findings diagnosis diagnosis death
LVEF Basal wall Major  Minor
thinning criteria  criteria
of IVS and PW
1 74 M 1 AVB, SVT 15 -+ Focal: IVS, Ant wall  Not done Intact CD 4 2 —+ Not done
2 73 F i) SVT 30 + Focal on diffuse: Not done Intact CD 3 2 + Not done
A-S, Lat, Inf wall
3 77 M I SVT 28 + Focal: IVS, Lat wall  Not done Intact CD 3 2 + Done
4 74 M 1 AVB, SVT 40 + Focal on diffuse: Not done Intact €D 4 2 + Done
IVS, Lat, Inf wall
5 73 M 1 AVB, SVT 48 + Focal on diffuse: Not done Intact CD 4 2 + Not done
A-S, Lat, Inf wall
6 67 M 1 SVT 27 + Focal on diffuse: Not done #775% (D 3 2 —+ Not done
A-S, Pos, Inf wall
7 59 F I SVT 35 + Focal: Lat, Poswall ~ Not done Intact CD 3 2 + Not done
8 70 F 1 AVB, PVC 45 + Focal on diffuse: Not done Intact CD 4 2 -
Ant, Lat wall
9 76 F I PVC 43 + Focal: Ant wall Not done Intact CD 3 2 -
10 59 F Il AVB 55 + Focal on diffuse: Not done Intact (D 2 2 -
A-S, Pos, Inf, RV wall
11 68 F )i SVT 52 +, VA Focal on diffuse: LGE: RV,1VS, Intact CD 1 3 —
A-S, Lat, Pos wall Ant wall
12 56 M I AVB, PVC 25 + Focal on diffuse: Not done Intact CD 3 2 —
1VS, Lat, Pos, Inf wall
13 67 F il SVT 30 - Focal on diffuse: LGE:RV,IVS, Intact CD 2 3 —
A-S, Pos, RV wall Lat, Apex wall
14 46 F I SVT 28 + Focal on diffuse: LGE: IVS,1lat, Intact CD 3 3 -
A-S, Pos, wall Apex wall
15 78 M 1 AVB, SVT 35 + Focal: IVS, Ant wall  LGE(—) Intact HD 4 2 -
16 69 M I PVC, abnormal Q 30 + Focal on diffuse: Not done Intact HD 3 2 -
Ant, Lat wall
17 59 F [ SVT 32 + Focal on diffuse: Not done Intact CD 3 2 -
Ant, Lat wall
18 56 F [ SVT 37 + Focal on diffuse: LGE:RV,1VS, Intact CD 3 3 -
A-S, Pos, Inf wall Lat, Apex wall
19 57 F I AVB, PVC 60 + Focal: A-S, Inf wall LGE:RV,IVS  Intact CD 3 3 -
20 78 F 1 AVB, PVC 50 - Focal: IVS, Ant wall  Not done Intact CD 2 2 -
21 53 M 1 AVB, SVT 15 + - Not done Intact CD 3 2 -
22 74 F 1 AVB, SVT 25 — - Not done Intact CD 2 2 -
23 63 M 1 AVB, SVT 45 - - Not done Intact CD 2 2 -
24 72 F i SVT 30 -+ - Not done Intact CD 2 2 + Not done
25 79 M 1 PVC 25 + - Not done Intact CD 2 2 -
26 66 M I PVC 18 + - Not done Intact €D 2 2 —
27 53 M 1 AVB, SVT 20 - - Not done Intact CD 2 2 -
28 27 M 1 AVB, PVC 67 . - Not done Intact (D 1 2 .
29 54 M I AVB, SVT 25 + - Not done Intact CD 3 2 -
30 65 F 11 pPVC 25 + - Not done Intact CD 2 2 -

NYHA, New York Heart Association; ECG, electrocardiogram; AVB, atrioventricular block; SVT, sustained ventricular tachycardia; LVEF, left ventricular ejection fraction; VA, ventricular
aneurysm; IVS, interventricular septum; PW, posterior wall; Ant, anterior; Lat, lateral; A-S, anteroseptal; Pos, posterior; CMR, cardiac magnetic resonance imaging; LGE, late gadolinium

enhancement; CAG, coronary angiography; CD, clinical diagnosis; HD, histological diagnosis.
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Table 2
Baseline clinical characteristics all patients with cardiac sarcoidosis.

Total {n = 30) Non-active CS (n = 10) Active CS (n = 20) P value
Sex (M/F) 15/15 73 8/12 0.121
Age (years) 65+ 11 61414 6749 0.194
BMI (kg/m?) 211424 213+15 210+ 26 0.451
BSA(m?) 1.484 = 0.158 1.523 + 0.110 1466 + 0.172 0.220
NYHA class 1.8+ 06 1.9+ 05 1806 0.495
SBP (mm Hg) 108 4 15 106 & 16 108 + 13 0.270
Heart rate (bpm) 66+ 8 67 46 65+9 0.548
LVDd (mm) 60+ 10 65+ 10 58 £ 10 0.085
LVEF (%) 36+ 14 30+ 15 38413 0.026
BNP (pg/mL) 309.5 + 3365 308.3 + 300.5 310.0 £ 3499 0.660
U-8-OHdG (ng/mg-Cr) 158 £ 64 103+ 16 18.0 £ 63 <0.001
U-8-1SO (ng/mg-Cr) 208 + 84 247 + 89 197 £ 79 0.308
UA (mg/dL) 6.0+ 2.1 6.7 £2.1 59+ 21 0.314
CRP (mg/dL) 030 + 0.72 0.06 + 0.06 037 4+ 0.79 0.066
TNFa (pg/mL) 21+14 1.7 £ 1.1 22415 0.560
IL-6 (pg/mL) 41+ 36 34 +3.1 43438 1.000
BUN (mg/dL) 2148 204+5 2149 0.981
eGFR (mL/min/1.73 m?) 58.7 & 185 62.2 + 14.1 58.1 + 20.7 0.741
TnT (ng/mL) 0.043 4- 0.04 0.013 = 0.005 0.048 + 0.37 0.191

Data given as mean = SD. CS, cardiac sarcoidosis; BMI, body mass index; BSA, body surface area; NYHA, New York Heart Association; SBP, systolic blood pressure; LVDd, left ventricular
end-diastolic diameter; LVEF, left ventricular ejection fraction; BNP, brain natriuretic peptide; U-8-OHdG, urinary 8-hydroxy-2'-deoxyguanosine; U-8-ISO, urinary 8-isoprostane; UA, uric

acid; CRP, C-reactive protein; TNF-c¢, tumor necrosis factor-o; IL-6, interleukin-6; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; TnT, troponin T.

The normal range of the U-8-OHdG level is <10 ng/mg-Cr, as taken from a previous study [16].

Table 3
Characteristics of corticosteroid-treated active CS patients in terms of survival outcome.
Active CS on corticosteroids (n = 19) Cardiovascular-related death (n = 7) Survival (n = 12) P value

Sex (M/F) 8/11 5/2 3/9 0.048
Age (years) 66 +9 71%6 64+9 0.082
BSA(m?) 1.480 -+ 0.164 1.558 4 0.108 1.435 £ 0.173 0.076
NYHA class 1.7+ 06 20406 1.5+ 05 0.081
LVDd (mm) 5949 66 4 10 5546 0.022
LVEF (%) 37+ 11 32+10 39+ 11 0.189
BNP (pg/mL) 303.2 + 3733 532.3 4 523.0 169.6 + 112.1 0.063
U-8-OHdG (ng/mg-Cr) 18.0+ 63 243+ 46 16.8 £ 5.3 0.009
U-8-1SO (ng/mg-Cr) 203+ 75 226+ 72 187 £ 73 0.439
UA (mg/dL) 57+18 56+ 1.3 57420 0.899
CRP (mg/dL) 0.38 4 0.81 0.38 £ 0.38 0.36 £ 0.98 0.175
TNFo (pg/mL) 1.6 £ 06 19405 14+ 06 0.136
IL-6 (pg/mL) 40430 58435 26+ 1.6 0.081
BUN (mg/dL) 21410 294+ 11 1745 0.022
eGFR (mL/min/1.73 m?) 61.3 +-18.8 443 £ 123 713 + 14.2 0.004
ACE (U/L) 134478 95+ 45 155484 0.366
TnT (ng/mL) 0.049 4+ 0.053 0.059 + 0.012 0.044 + 0.052 0.111
SUV max 6.63 4 2.63 6.49 4 2.59 6.71 4 2.65 0.871
SUV over 50% 0.61 4 0.24 0.73 £ 0.22 0.54 + 0.22 0.115
SUV over 70% 0.20 &+ 0.11 0.18 + 0.06 021 £ 0.13 0.828
Risk factor

Hypertension 7/19 4/7 3/12 0.161

Diabetes mellitus 3/19 2/7 1/12 0.243

Dyslipidemia 13/19 6/7 7/12 0.216
Symptom

Sustained VT 12/19 6/7 6/12 0.120

Advanced AVB 3/19 1/7 2/12 0.891

Only HF 4/19 0/7 4/12 0.086
Treatment

{3-Blocker 19/19 7/7 12/12 NS

ACEI/ARB 13/19 4/7 9/12 0.419

Loop diuretics 14/19 6/7 8/12 0.363

Aldosterone antagonist 5/19 2/7 3/12 0.865

Statin 13/19 6/7 7/12 0.216

Steroid 19/19 7/7 12/12 NS
CRT-D/ICD 15/19 7/7 8/12 0.086
DDD PM 3/19 0/7 3/12 0.149

Numerical data are expressed as mean = SD.
CS, cardiac sarcoidosis; BSA, body surface area; NYHA, New York Heart Association; LVDd, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; BNP, brain natri-
uretic peptide; U-8-OHdG, urinary 8-hydroxy-2/-deoxyguanosine; U-8-1S0, urinary 8-isoprostane; UA, uric acid; CRP, C-reactive protein; TNF-o, tumor necrosis factor-o; IL-6, interleukin-
6; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; ACE, angiotensin-converting enzyme; TnT, troponin T; SUV max, the maximum standardized uptake value; SUV
over 50%, the extent of the pixels with SUV over the cut-off level of 50% for SUV max of the whole pixels; SUV over 70%, the extent of the pixels with SUV over the cut-offlevel of 70% for SUV
max of the whole pixels; VT, ventricular tachycardia; AVB, atrioventricular block; HF, heart failure; ACE], angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blockers;

CRT-D, cardiac resynchronization therapy defibrillator; ICD, implantable cardioverter-defibrillator; DDD PM, DDD pacemaker; NS not significant among three groups.

The normal range of the U-8-OHdG level is <10 ng/mg-Cr, as taken from a previous study [16].
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Fig. 1. Representative CS patients with and without cardiovascular death. A, A CS
patient without cardiovascular-related death (No.11). Ventricular tachycardia
(electrocardiography [ECG]) and left ventricular aneurysm at the left ventricle anterior
wall (magnetic resonance imaging [MRI]) that were present on admission are shown.
'8E_FDG PET shows strong '8F-FDG accumulation around the aneurysm on the left
ventricle anterior and posterior walls (See Supplementary video). B. A CS patient with
cardiovascular death (No.7). Ventricular tachycardia (on ECG) and wall thinning of the
base of the interventricular septum (echocardiography) on admission are shown. The
18E_FDG PET image shows abnormal accumulation at the left ventricle anterior and
posterior walls.

obtained from the left ventricle was fixed in 10% formalin and embed-
ded in paraffin. Sections 4-pm thick were cut and stained with hematox-
ylin—eosin. Then, the histological findings were assessed by microscopy.

2.8. Statistical analyses

All results are expressed as the mean 4 standard deviation (SD).
Categorical variables are presented using frequency counts and percent-
ages, and intergroup comparisons were analyzed using the x? test. The
differences between the groups were detected using the Mann-
Whitney U test, with 2-tailed P values <0.05. The prediction of cardiac
events was tested using Cox proportional hazard regression analysis
with categorized variables dichotomized at the cut-off levels. Multivar-
iate Cox proportional hazard analysis was performed using stepwise
regression. The cut-off level was defined by the maximal point of
(sensitivity plus specificity) on receiver operating characteristic (ROC)
curve analysis. Kaplan-Meier analysis was performed on the cumulative

rates of cardiac event-free status in patients with divided into 2 groups
based on the cut-off levels of BNP and U-8-OHdG. Differences between
the cardiac event-free curves were analyzed using the log-rank test.
All analyses were performed using SPSS version 19 (SPSS, Inc., Chicago,
Hlinois). P-values <0.05 were considered statistically significant.

2.9. Baseline patient characteristics

Table 1 showed the clinical information of all included CS patients.
Twenty-eight out of 30 CS patients belong to clinical diagnosis group,
while 2 CS patient belongs to histological diagnosis group due to
endomyocardial biopsy, which was performed in 19 CS patients. Patient
Nos.1-20 were diagnosed with active CS, based on abnormal accumula-
tion of '8F-FDG in cardiac tissue as well as clinical features and other
cardiac imaging findings, while Nos.21-30 were diagnosed with non-
active CS. Patient Nos.1-19 underwent corticosteroid therapy, compli-
cated with ventricular arrhythmia and/or advanced atrioventricular
block, and progressive heart failure. Patient No.20 rejected corticoste-
roid therapy. In the present study, coronary angiography showed that
coronary artery was intact in all patients with CS, except 1 patient
(No.6), and 2 CS patients were histologically diagnosed with CS by
endomyocardial biopsy. During the follow-up period for a median
48 months, 7 of 19 patients experienced cardiovascular-related death
in the corticosteroid-treated active CS group. By contrast, 1 of 10 pa-
tients died from cardiovascular-related causes in the non-active CS
group. Table 2 shows the baseline patient characteristics of all the
patients with CS. Patients were subdivided into the non-active CS
(n = 10) and the active CS (n = 20) groups, depending on the absence
or presence of abnormal '®F-FDG accumulation in cardiac tissues, re-
spectively. LVEF and U-8-OHdG levels were significantly higher in the
active CS group compared with the non-active CS group.

2.10. Characteristics of corticosteroid-treated patients with active CS in
terms of survival outcome

All patients in the active CS group, except 1 patient (No.20) who re-
fused the therapy, were administered with prednisolone. The patient
who refused therapy was excluded from subsequent analyses. Seven
patients in the CS group experienced cardiovascular-related death dur-
ing follow-up, whereas only 1 of those in the non-active CS group died
due to cardiovascular-related causes. Fifteen out of 19 patients with ac-
tive sarcoidosis had implanted implantable cardioverter-defibrillator
(ICD) or cardiac resynchronization therapy defibrillator (CRTd) before
starting corticosteroid therapy (Table 3). Therefore, there was no cardi-
ac sudden death due to lethal arrhythmia, even though 3 out of 15 ICD-
or CRTd-implanted patients had appropriate ICD therapy including anti-
tachycardia pacing and/or electrical defibrillation during the follow-up.
Fig. 1 shows representative imaging data for patients with and without
cardiovascular-related death. Table 3 shows the baseline characteristics
of active CS patients, who underwent corticosteroid treatment, in terms
of survival outcome. Patients who experienced cardiovascular-related
death were significantly more likely to be male, with higher blood
urea nitrogen (BUN) and U-8-OHdG levels, higher estimated GFRs,

Table 4
Risk factors associated with cardiovascular-related death in corticosteroid-treated patients with active cardiac sarcoidosis.
Univariate Multivariate
HR (95% CYH) Pvalue HR (95% C1) P value Wald coefficient
U-8-OHdG (ng/mg-Cr) 1.130 (1.010-1.265) 0.033 1.203 (1.030-1.407) 0.020 5.408
BNP (pg/mL) 1.002 (1.000-1.004) 0.023 1.003 (1.000-1.006) 0.028 4.817
BUN (mg/dL) 1.114 (1.034-1.201) 0.004
eGFR (mL/min/1.73 m?) 0.925 (0.873-0.980) 0.008
LVDd (mm) 1.141 (1.032-1.260) 0.010

Abbreviations: HR, hazard ratio; CI, confidence interval; U-8-OHdG, urinary 8-hydroxy-2'-deoxyguanosine; BNP, brain natriuretic peptide; BUN, blood urea nitrogen; eGFR, estimated glo-

merular filtration rate; LVDd, left ventricular end-diastolic diameter.
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Fig. 2. Urinary 8-hydroxy-2'-deoxyguanosine and plasma brain natriuretic peptide as predictors of cardiovascular-related death. A, Receiver operating characteristic curve analysis of
urinary 8-hydroxy-2’-deoxyguanosine (U-8-OHdG). For the diagnosis of active cardiac sarcoidosis, the cut-off level for U-8-OHdG was 19.1 ng/mg-Cr with a sensitivity of 100.0% and a
specificity of 83.3%. AUC, area under the curve. B, Receiver operating characteristic curve analysis of brain natriuretic peptide (BNP). For the diagnosis of active cardiac sarcoidosis, the
cut-off level for BNP was 209 pg/mL Cr, with a sensitivity of 71.4% and a specificity of 75.0%. AUC, area under the curve. C, Kaplan-Meier curves for patients with active CS divided into
2 groups based on the cut-off value for U-8-OHdG (19.1 ng/mg-Cr). D, Kaplan-Meier curves for patients with CS divided into 2 groups based on the cut-off value for BNP (209 pg/mL).

and an increased incidence of left ventricle diastolic dysfunction (LVDd)
compared with patients who survived. There was no difference in SUV
max, over 50% and SUV over 70% (the extent (%) of the pixels with stan-
dardized uptake value (SUV) over the cut-off level of 50% or 70% for the
maximum SUV of the whole pixels) between cardiovascular related
death group and survivor group (Table 3). In addition, there was no cor-
relation between SUV max and U-8-OHdG (p = 0.251), SUV over 50%
and U-8-OHdG (p = 0.108), and SUV over 70% and U-8-OHdG (p =
0.472) in 19 active CS patients. Similarly, there was no correlation be-
tween SUV max and BNP (p = 0.444), SUV over 50% and BNP (p =
0.201), and SUV over 70% and BNP (p = 0.833) in 19 active CS patients.

2.11. Univariate and multivariate analyses of factors associated with car-
diovascular-related death in corticosteroid-treated patients with active CS

Table 4 shows the univariate and multivariate analyses of factors as-
sociated with cardiovascular-related death in corticosteroid-treated ac-
tive CS patients. In the univariate analysis, U-8-OHdG, BNP, blood urea
nitrogen, estimated GFR, and LVDd were significantly associated with
cardiovascular-related death. Age, Sex, BSA, NYHA class, LVDd, LVEF,
eGFR, U-8-OHdG, BNP, CRP, IL-6, SUV max, SUV over 50%, and SUV
over 70% were entered in the multivariate model, and Cox proportional
model was developed using the stepwise downward method. Finally, U-
8-OHdG and BNP remained as independent predictor for cardiovascu-
lar-related death in the model. Therefore, elevated U-8-OHdG and
elevated plasma BNP were significant independent predictors for
cardiovascular-related death (U-8-OHdG: hazard ratio [HR], 1.203;
95% confidence interval [CI], 1.030-1.407; BNP: HR, 1.003; 95% (I,
1.000-1.006).

2.12. Determination of the optimal cut-off values of U-8-OHdG and BNP as
prognosticators of cardiovascular-related death in corticosteroid-treated
patients with active CS

The optimal cut-off values of U-8-OHdG and BNP were determined
as those with the largest sum of sensitivity plus specificity on each
ROC curve (Fig. 2A and B, respectively). The cut-off level for U-8-
OHdG was 19.1 ng/mg- Cr, which gave a sensitivity of 100.0% and a spec-
ificity of 83.3%. That for BNP was 209 pg/mL, which yielded a sensitivity
of 71.4% and a specificity of 75.0%.

2.13. Kaplan-Meier analysis of cardiac event-free status based on U-8-OHdG
and plasma BNP levels

Corticosteroid-treated patients with active CS were subdivided into
groups based on cut-off values for U-8-OHdG (19.1 ng/mg-Cr) and plas-
ma BNP (209 pg/mL). Kaplan-Meier cumulative cardiac event-free
curves revealed that patients with U-8-OHdG levels 219.1 ng/mg-Cr
or with BNP levels >209 pg/mL had a significantly higher cardiac
event rate (Log rank test; P = 0.001 for U-8-OHdG and P = 0.047 for
BNP) (Fig. 2C and D, respectively).

2.14. Histological assessment of the inflammation and fibrosis in hearts
obtained from the two autopsy cases

Fig. 3 shows the samples of the heart stained with hematoxylin-
eosin from two autopsy cases after corticosteroid therapy. The samples
of cases 1 and 2 showed broad and multiple replacement fibrosis with
scars as well as stenotic lesions at the intramuscular small arteries due
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Case 1(No.4) Case 2(No.3)

Fig. 3. Case 1 (No.4). A. Multiple and broad replacement fibroses (hematoxylin-eosin
[H.E.] staining x100). B. Scars and replacement fibrosis (H.E. staining x100). C.
Inflammatory intimal thickening at the intramuscular small artery, which is characteristic
of cardiac sarcoidosis (H.E. staining x 100). D. The disarray of cardiomyocytes suggests that
the myocardial remodeling is accompanied with myocyte death (H.E. staining x 100). Case
2 (No.3). E. Inflammatory cell infiltration and myocytolysis (H.E. staining x200). F.
Multiple and broad replacement fibroses with inflammatory cell infiltration and
inflammatory intimal thickening (H.E. staining x 100). G. Acute inflammatory findings
with lymphocyte infiltration (H.E. staining x400). H. Inflammatory intimal thickening at
the intramuscular small artery (H.E. staining x200).

to inflammatory intimal thickening. These histological findings were
indeed not specific but characteristic for CS (Fig. 3A-H). In addition, in
case 2, multiple and broad replacement fibroses contained inflam-
matory cell infiltration and myocytolysis was occasionally observed,
suggesting residual inflammatory activity (Fig. 3E-H). Interestingly,
the U-8-0OHdAG levels before corticosteroid therapy were markedly
elevated (U-8-OHdG: 27.6 ng/mg-Cr in case 1 and 21.3 ng/mg-Cr
in case 2).

3. Discussion

The most important finding of the present study was that U-8-
OHdG, a biomarker of oxidative stress, was a significant independent
factor for predicting cardiovascular-related death in corticosteroid-
treated patients with active CS. This notion was supported by the fol-
lowing findings. (1) During the follow-up period, the cardiovascular-
related death rate was significantly higher in corticosteroid-treated pa-
tients with active CS compared to that in patients with non-active CS
(37% vs. 10%, respectively). (2) In corticosteroid-treated patients with
active CS, the U-8-OHdG level was higher in those who experienced
cardiovascular-related death CS compared with those who did not.
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However, there was no significant difference between those who died
and those who did not in terms of cardiac function (NYHA class, LVEF,
and plasma BNP levels) or biomarkers (serum IL-6, TNFa, high-
sensitivity C-reactive protein, angiotensin-converting enzyme,
troponin T). (3) U-8-OHdG and plasma BNP were identified as signifi-
cant independent predictors of cardiovascular-related death. (4) Patients
with values above the cut-off levels for U-8-OHdG (219.1 ng/mg-Cr) and
BNP (=209 pg/mL) had a significantly high risk of cardiovascular-related
death compared to those with values below the cut-off. However, accord-
ing to ROC and Kaplan-Meier analyses, U-8-OHdG was thought to be su-
perior to BNP for the prediction of cardiovascular-related death.

Yazaki et al. reported that steroid therapy improved the prognosis of
patients with CS [5]. In addition, Nagai et al. suggested that corticoste-
roid therapy was associated with fewer long-term adverse events such
as cardiac death and heart failure-associated readmission to hospital
[7]. Together these studies support a critical role for corticosteroid ther-
apy in inhibiting the progression of cardiac tissue damage caused by in-
flammation [26]. In corticosteroid-treated patients with CS, Blankstein
et al. demonstrated that the presence of abnormal accumulation of
18E_FDG and cardiac perfusion defects predicted cardiac death and VT
[19], suggesting that myocardial inflammation and subsequent myocar-
dial damage contributed to the worsening of prognosis in patients with
active CS. Our results are consistent with those findings because in-
creases in U-8-OHdG are caused by myocardial oxidative stress induced
by abnormal intracellular Ca®* handling and apoptosis, leading to cardi-
ac remodeling, dysfunction, and arrhythmogenicity [27-31]. Because
there were no differences in NYHA class, LVEF and BNP between
thecardiovascular-related group and the survival group before the
start of corticosteroid therapy, our findings suggest that patients with
higher U-8-OHdG levels might be resistant to corticosteroid therapy
compared to those with lower U-8-OHdG levels.

The histological findings of the heart obtained from two autopsy
cases of patients with CS after corticosteroid therapy showed broad
and multiple fibroses with scars as well as stenotic lesions at the
intramuscular small arteries due to inflammatory intimal thickening
(Fig. 3A-H). These findings were consistent with the pathohistological
findings of CS, although no non-caseous epithelioid cell granuloma
was observed [32-34]. In both cases, the U-8-OHdG levels increased sig-
nificantly before steroid therapy. This strongly supports the notion that
patients with CS with higher myocardial oxidative stress may be resis-
tant to steroid therapy, although it was impossible to clarify whether
an increase in myocardial oxidative stress was a cause or a result of
myocardial remodeling. Thus, an elevation in U-8-OHdG in CS patients
might represent the cardiac remodeling as well as inflammation in
cardiac tissue.

Recently, it was reported that extension and intensity of "8F-FDG
accumulation in cardiac tissue were associated with occurrence of ar-
rhythmia such as ventricular tachycardia and complete atrioventricular
block in patients with CS by '8F-FDG PET/CT [20]. However, because in-
flammatory activity may be changing according to corticosteroid thera-
py, it would be difficult to predict prognosis based on the only extent of
18E_FDG accumulation in cardiac tissue before starting corticosteroid
therapy. Therefore, combination of '®F-FDG PET/CT and U-8-OHdG
may be more useful for predicting cardiovascular related death in
corticosteroid-treated CS patients.

The present study has limitations. First, the population evaluated
was a small single cohort. A larger study is warranted to confirm wheth-
er U-8-OHdG is a useful clinical marker for predicting cardiovascular-
related death in corticosteroid-treated patients with active CS. Second,
sudden death due to lethal arrhythmia was not included in the present
study. Of the 7 patients in the active CS group who died, all experienced
progressive heart failure. We believe that this is because 15 of the 19
active CS patients had a defibrillator device implant (ICD or CRTd).
Third, there was significant difference in Sex, eGFR between cardio-
vascular death group and survival group, and level of IL-6 tended to
be higher in cardiovascular death group than in survival group.
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However, these factors adjusted for U-8-OHdG and BNP by multivar-
iate analysis.

4. Conclusion

Levels of U-8-OHdG before corticosteroid therapy might be a useful
biomarker for predicting cardiovascular death after corticosteroid ther-
apy in patients with active CS. Furthermore, the U-8-OHdG level may
provide relevant tissue information that can clarify the pathophysiology
of CS.
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