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Abstract

BACKGROUND—Among various cardiac autoantibodies (AAb), those recognizing the p1
adrenergic receptor (B1AR) demonstrate agonist-like effects and induce myocardial damage that
can be reversed by B-blockers and immunoglobulin G3 (IgG3) immunoadsorption.

OBJECTIVES—We investigated the role of pLAR-AAbs belonging to the 1gG3 subclass in
patients with recent-onset cardiomyopathy.

METHODS—Peripheral blood was drawn at enrollment in subjects with recent-onset
cardiomyopathy (left ventricular ejection fraction [LVEF] <0.40; <6 months). Presence of IgG and
1gG3-B1AR-AAD was determined and echocardiograms assessed at baseline and 6 months.
Subjects were followed for up to 4 years.

RESULTS—Among the 353 enrolled subjects, 62 (18%) were positive for IgG3-pLAR-AAD
(1gG3), 58 (16%) were positive for 1gG but not IgG3 (non-1gG3), and the remaining were
negative. There were no significant differences in baseline systolic blood pressure, heart rate, or
LVEF among the groups at baseline. LV end-diastolic and end-systolic (LVEDD and LVESD,
respectively) diameters were significantly larger in the non-1gG3 group compared to the other
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groups (LVEDD: p < 0.01; LVESD: p = 0.03). At 6 months, LVEF was significantly higher in the
1gG3 group (p = 0.007). Multiple regression analysis demonstrated 1gG3-B1AR-AAb was an
independent predictor of LVEF at 6 months and change in LVEF over 6 months, even after
multivariable adjustment (LVEF at 6 months, p = 0.20, p = 0.01; change in LVEF, $ =0.20, p =
0.008). In the subjects with high New York Heart Association functional class (Il or V) at
baseline, the 1gG3 group had lower incidence of the composite endpoint of all-cause death, cardiac
transplantation, and hospitalization due to heart failure, whereas the non-1gG3 group had the
highest incidence of the composite endpoint.

CONCLUSIONS—IgG3-p1AR-AADb was associated with more favorable myocardial recovery in
patients with recent-onset cardiomyopathy.
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Idiopathic dilated cardiomyopathy (DCM) has been an important cause of systolic heart
failure (HF) and is the most common cause of HF in young people referred for cardiac
transplantation (1). It has been believed that this diagnosis contains varied etiologies and
patients have highly variable presentations. There has been a longstanding belief that
dysregulated autoimmune processes might lead to disease progression in HF. Specifically,
several cardiac autoantibodies (AAb) against specific cardiac antigens have been detected in
sera from patients with DCM (2—-4). Among the various anticardiac AAbs, autoantibodies
against the p1 adrenergic receptor (B1AR-AAD) have been detected in 30% to 40% of these
patients (5-11). Clinical studies conducted in the 1980s and 1990s (prior to the broad
adoption [12] of B-adrenergic blockers) demonstrated associations between detectable
B1AR-AADs and increased rates of mortality (9), fatal ventricular arrhythmias, and sudden
death (8,13) in patients with DCM. Mechanistic studies have also demonstrated that B1AR-
AAb may possess agonist-like properties (14-17), which induce some detrimental effects on
the heart (18) including receptor uncoupling (12,19,20), myocyte apoptosis (21), and
sustained calcium influx resulting in electric instability of the heart (18,22).

These effects can be abolished by B-blockers based on in vitro (17) and in vivo (12)
experiments. Indeed, B1AR-AAb-positive patients with HF have demonstrated more
favorable recovery of cardiac performance than f1AR-AAb-negative patients in response to
B-adrenergic blocker therapy (10). Furthermore, immunoadsorption (1A) using columns
specific for B1AR-AAD was effective in alleviating the cardiac dysfunction of an
observational series of patients with DCM (23,24). In addition, the elimination of
immunoglobin G subclass 3 (IgG3)-AAbs by 1A was associated with beneficial effects in
patients with DCM (25-28). These findings suggest the importance of AAbs of the 19G3
subclass in the pathology of DCM.

The IMAC (Intervention in Myocarditis and Acute Cardiomyopathy)-2 study was a
multicenter trial that enrolled 373 patients with recent-onset cardiomyopathy and examined
the myocardial recovery and clinical prognosis for those patients on contemporary therapy
including p-blockers (29). Herein, the objective of our study was to determine the clinical
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significance of specific B1AR-AADs belonging to the 1gG3 subclass in patients in the
IMAC-2 study.

METHODS

The IMAC-2 study was a prospective, multicenter investigation of myocardial recovery in
subjects with recent-onset nonischemic DCM and myocarditis that enrolled subjects at 16
centers from May 2002 through December 2008 (see the Online Appendix for participating
institutions). All subjects had a left ventricular ejection fraction (LVEF) of 0.40 or less by
echocardiography and symptoms <6 months in duration. Informed consent was obtained
from all subjects and the protocol was approved by the institutional review boards of all
participating centers. Demographic information included self-designated race (white, black,
Asian, or other). Subjects underwent angiography or noninvasive screening to exclude
coronary artery disease, which was defined as a single coronary artery stenosis of a major
epicardial vessel >50% or a previous history of myocardial infarction. They also underwent
transthoracic echocardiography to rule out valvular disease.

Patients with significant diabetes (requiring therapy with insulin or an oral agent for more
than 1 year); uncontrolled hypertension (diastolic blood pressure >95 mm Hg or systolic
blood pressure >160 mm Hg); suspected alcoholism; tachycardia-induced cardiomyopathy;
uncorrected thyroid disease; or systemic disorders with associated cardiomyopathy, such as
lupus erythematosus, hemochromatosis, or sarcoidosis, were excluded. Right ventricular
endomyocardial biopsy was not required based on current practice guidelines (30). LVEF
was assessed by transthoracic echocardiography at entry and at 6 months. Patients were
followed for up to 48 months. All deaths and hospitalizations were adjudicated by an
independent events committee.

IMAGING AND ASSAYS

Echocardiographic studies were reviewed in a blinded fashion by a core laboratory at the
University of Pittsburgh. Digital routine grayscale 2-dimensional cine loops were obtained at
frame rates of 40 to 90 Hz (mean: 60 * 15 Hz) from standard apical 4-chamber, 2-chamber,
and long-axis views. Left ventricular (LV) volume and LVEF were assessed by biplane
Simpson’s rule using manual tracing of digital images. Left ventricular end-diastolic and
end-systolic diameter (LVEDD and LVESD, respectively) were assessed in the parasternal
long-axis view.

The presence of B AR-AAb was determined by enzyme-linked immunoabsorbent assay
(ELISA) using a synthetic peptide corresponding to the putative sequence of the second
extracellular loop of human ;AR (amino acid sequence number, 197 to 222; H-W-W-R-A-
E-S-D-E-A-R-R-C-Y-N-D-P-K-C-C-D-F-V-T-N-R) as an epitope peptide. Anti-human 1gG
antibody or 1gG3 antibody was used as a secondary antibody to detect p;AR-AAb belonging
to the 1gG or 1gG3 subclass. Positivity was defined as 2.5 times the background density as
consistent with prior reports (8,10,28,31). 1gG B1AR-AAb-positive but 1IgG3 p1AR-AAb-
negative subjects were classified as the non-1gG3 group.
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STATISTICAL ANALYSIS

RESULTS

All values were expressed as mean + SD. Demographic and clinical characteristics were
compared by the status of pLAR-AAb (negative/non-1gG3/1gG3) at baseline. Differences
among the 3 groups were compared using analysis of variance (ANOVA) or Kruskal-Wallis
test. When it was significant, multiple comparisons were performed using the Tukey-Kramer
test or Steel-Dwass method. For myocardial recovery, LVEF at 6 months and change in
LVEF over 6 months were compared. In multivariate analysis, multiple linear regression was
used to identify independent predictors of change in LVEF at 6 months (i.e., verified as
approximately normally distributed). In addition to the covariates chosen in the main study
(29) by use for stepwise selection (forward) with an entry and retainment p value of 0.05, the
status of BLAR-AAD at baseline was included in this study.

Kaplan-Meier survival curves for the composite endpoint of all-cause death, cardiac
transplantation, or hospitalization due to the exacerbation of HF were calculated and log-
rank test was performed by dividing the study cohort into 3 groups: 1gG3 B1AR-AAD-
positive, non-1gG3 B1AR-AAb-positive, and B1AR-AAb-negative groups. The differences
among groups were analyzed by the log-rank test. A p value < 0.05 was considered
statistically significant. All statistical analyses were performed in JMP 10.0.2 (SAS Institute,
Inc., Cary, North Carolina).

Among 373 subjects enrolled in IMAC-2, 353 subjects had adequate blood samples for
analysis. In this cohort, 120 (34%) patients had detectable f1AR-AADb: 62 (18%) patients
were in the 1gG3 group; 58 (19%) patients were in the non-1gG3 group; and the remaining
233 (66%) patients were in the negative group.

PATIENT CHARACTERISTICS

According to baseline characteristics of the study population based on the f;AR-AADb status
(Table 1), there were no significant differences in demographic characteristics, vital signs, or
specified laboratory data (hematocrit, serum creatinine, and serum sodium) among the 3
groups. In addition, there were no significant differences in medication, including p-blockers
or the proportion of patients who underwent therapeutic device implantation among the 3
groups. Of note, most patients (82%) were treated with B-blockers at baseline. There were
no significant differences in the proportion of subjects treated with B-blockers among the 3
groups (Table 1) or mean dose converted to carvedilol units (negative: 18 + 16 mg; non-
1gG3: 18 £ 14 mg; 1gG3: 20 £ 17 mg; p = NS). The proportion of subjects who were
administered p-blockers increased up to 94% (294 of 313) at 6 months. There was no
significant difference in the rate of p-blocker use (negative: 202 of 211 [96%]; non-1gG3: 45
of 48 [94%]; 1gG3: 47 of 54 [87%]; p = NS) or mean dose (negative: 33 + 21 mg; non-1gG3:
36 + 25 mg; 1gG3: 38 + 27 mg; p = NS).

CHANGE OF LVEF AND LV SIZE

When the population was divided into 2 groups based on total 19G-p;AR-AAb positivity,
there was no significant difference in LVEF at baseline (negative: 0.24 + 0.08; positive: 0.23
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+0.08; p = 0.92), LVEF at 6 months (negative: 0.40 £ 0.12; positive: 0.41 £ 0.12; p = 0.96)
(Central Illustration 1A), or change in LVEF over 6 months (negative: 0.17 £ 0.13; positive:
0.18 + 0.13; p = 0.97). However, when the population was divided into 2 groups based on
1gG3-B1AR-AAD positivity, LVEF at 6 months was significantly higher in the 1gG3-positive
group (negative: 0.40 + 0.12; positive 0.46 + 0.10; p = 0.002) (Central Illustration 1B),
whereas there was no significant difference at baseline (negative: 0.23 £ 0.08; positive: 0.26
+ 0.08; p = 0.06) (Central Illustration 1B). LVEF increased in the 1gG3- group to a greater
degree than the negative group (p < 0.001 by repeated measures ANOVA) (Central
[llustration 1B). The absolute change in LVEF was higher in the 1gG3-positive group
compared to the 1gG3-negative group with borderline significance (IgG3 negative: +0.17

+ 0.13 vs. IgG3 positive: +0.20 £ 0.11; p = 0.10).

When the population was divided into 3 groups of negative, non-1gG3, and 1gG3, there was
no significant difference in LVEF among the 3 at baseline (negative: 0.23 + 0.08; non-1gG3:
0.22 £ 0.08; 1gG3: 0.26 £ 0.08, p = NS). However, at 6 months LVEF was significantly
higher in the 1gG3 group compared to the non-1gG3 or negative groups (negative: 0.40
+0.12; non-1gG3: 0.38 + 0.13; 1gG3: 0.46 + 0.10; p = 0.007 by Kruskal-Wallis; p = 0.01
between negative and 1gG3; p = 0.01 between non-IgG3 and 1gG3 by the Steel-Dwass
method) (Central Illustration 1C). LVEF significantly increased over 6 months in all groups
(p < 0.0001) (Online Figure 1), but increased in the 1gG3 group to a greater degree than the
negative or non-1gG3 group (p < 0.01 by repeated measures ANOVA) (Central Illustration
1C). There was no significant difference in the absolute change in LVEF among the 3 groups
(negative: +0.17 + 0.13; non-1gG3: +0.17 + 0.14; 1gG3 +0.20 + 0.11; p = 0.25). Baseline
echocardiography showed that LVEDD and LVESD were significantly larger in the non-
1gG3 group compared to the negative and 1gG3 groups (LVEDD p = 0.028; LVESD: p =
0.025) (Table 2). Both LVEDD and LVESD significantly decreased at 6 months in all 3
groups (LVEDD: p < 0.005; LVESD: p < 0.0001), but they remained larger in the non-1gG3
group compared to the negative and 1gG3 groups (LVEDD: p = 0.012; LVESD: p = 0.010)
(Table 2).

While total 1gG titer did not show any significant correlation with L\VVEF at baseline (r =
-0.038; p = 0.94) or at 6 months (r = —0.001; p = 0.99) (Figure 1A), the 1gG3 titer at
baseline showed a modest positive correlation with LVEF at 6 months (r = 0.17; p = 0.002)
(Figure 1B), although there was no significant correlation with LVEF at baseline (r = 0.10; p
= 0.06). Multiple regression analysis was performed to identify independent predictors of
LVEF at 6 months and change in LVEF during the same period. As shown in Table 3, p1AR-
AAD was an independent predictor of LVEF at 6 months as well as for 6-month change in
LVEF even after adjusting for covariates that were used for stepwise selection in the main
study (30).

CLINICAL EVENTS BASED ON B1;AR-AAB STATUS

During 3.8 + 1.5 years of follow-up, there was no significant difference in the composite
endpoint of all-cause death, cardiac transplantation, and hospitalization due to HF among
based on B1AR-AAD status, a point replicated in the population with low New York Heart
Association (NYHA) functional class (I or I1) at baseline (Figure 2A). However, in the
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population with high NYHA functional class (111 or IV) at baseline, IgG3 subjects had the
lowest rate of adverse clinical events, and non-1gG3 patients had the highest rate (log-rank p
= 0.03) (Figure 2B). Specifically, within the p1AR-AAb positive cohort, the difference in
adverse event rates between 1gG3 versus non-1gG3 groups was statistically significant (log-
rank p = 0.02) (Figure 2B). In subjects with B-blocker use at baseline and continued at 6
months or with B-blocker use by 6 months (n = 322), the presence of non-1gG3 was
associated with worse overall survival from HF hospitalization (log-rank p = 0.021), whereas
no differences were observed between the 1gG3 and negative groups (p = 0.64) (Figure 3).

DISCUSSION

In this study, we reported 3 main findings. First, the myocardial recovery represented by
LVEF at 6 months after enroliment was more evident in the 1gG3 group compared to the
negative or non-1IgG3 groups. Second, LVEF at 6 months was positively correlated with
1gG3-B1AR-AAD titer but not with IgG-p1AR-AAD titer. The 19G3-p1AR-AAD titer was an
independent predictor of LVEF at 6 months and increased in LVEF over 6 months even after
adjusting for some confounding factors. Third, in subjects with higher NYHA class (I11 or
IV), patients with 1gG3-B1AR-AAD had the lowest incidence of the composite endpoint and
patients with non-1gG3-p1AR-AAD had the highest. Of note, this finding is consistent with
our single-center pilot study, which enrolled a stable HF population (31). Taken together,
these findings implied the possibility that B1AR-AAD 1gG subclasses might play differential
roles in the pathophysiology of cardiomyopathies. Specifically, it is conceivable that the
B1AR-AAD 1gG3 subclass may exert a more direct pathological effect related to a primary
autoimmune process, such as failure of self-tolerance, than other non-1gG3-p1AR-AAbs that
are more dependent on secondary autoimmune responses to self-antigens released as a result
of cardiac damage.

Previous studies suggested some types of AAbs exert their effect by binding to the Fc
receptor as well as its epitope. Often referred to as “cardio-depressant™ AAbs, certain types
of AADb purified from patients with DCM have been found to induce a negative inotropy in
vitro (32) and ex vivo (27,33). Interestingly, patients with cardio-depressant AAbs
demonstrated an acute increase in cardiac index and LVVEF after |A therapy (27,32). Staudt
and colleagues have reported that the cardio-depressant effects of these AAbs are unlikely to
be induced by either the F(ab”)2 or Fc fragment alone (34). Therefore, the effects of the AAb
may vary depending on the structure of the Fc fragment, the very factor that determines 1gG
subclasses. 1gG subclasses 1 and 3 are most likely to trigger effector function and be
involved in immunoregulatory activities and complement activation (33,35,36). The
presence of AAbs against B1AR and muscarinic M2 receptors belonging to the 1gG3
subclass has been shown to be an independent predictor of the presence of cardio-depressant
AADb (27).

The importance of 1IgG3 AAbs was further supported when IA via antihuman 1gG columns
(high affinity for all 1gG subclasses) resulted in additional improvement of cardiac function
compared to using protein A (high affinity for 1gG1, 2, and 4, but low affinity for IgG3)
(24). Alternatively using the tryptophan column, the IgG3 subclass was eliminated
effectively by IA and to a greater extent than other subclasses (28), although these findings
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need to be confirmed. Furthermore, in a pilot study, direct administration of cyclic peptide
against p1AR-AAb improved LVEF (37). The increase in LVEF after |A was better
correlated with AAD titers belonging to the 1gG3 subclass than total IgG, which also
suggested that the removal of IgG3-AAb is important to maximize the effect of 1A in
patients with DCM (27). Interestingly in the Myocarditis Treatment Trial, an association
between cardiac 1gG and better LVEF was observed (38), suggesting that the timing of
interpretation of AAb data (acute vs. chronic) might also be a factor.

There is emerging appreciation that only a subset of §;AR-AAbs may be functionally active
(39,40). Interestingly, in the analysis of weaned DCM patients who tested positive for B AR-
AADb before left ventricular assist device implantation, 1 AR-AAb became undetectable
after LV unloading by mechanical circulatory assist support (41). This finding suggests that
certain B1AR-AAbs can be generated, at least partly, by cardiac loading or damage. The
notion that 1gG3-p,AR-AAbs might serve as a potential pathogenic factor that can be
counteracted with B-blockers raises an exciting possibility that their detection in patients at
risk of developing cardiomyopathies might provide a potential indication for preventive 8-
blocker therapy. Further investigations are warranted into the presence of 1gG3-p1AR-AAbs
in at-risk patients.

It is also possible that anti-HF therapy including B-blockers can suppress the production of
AADbs in patients with recent-onset DCM. A previous report demonstrated that 1 AR-AAbs
enhanced proliferation of rat CD3+ T lymphocytes in vitro, which was blocked by the
selective B1AR antagonist metoprolol (42). f;AR-AADbs also inhibited the secretion of
interferon-y while promoting an increase in interleukin-4 levels. These findings suggested
that B, AR-AADbs promote humoral immunity, possibly through the agonistic effect on ;AR
expressed on T lymphocytes. It might be the important mechanism by which B-blockers are
especially effective for patients with 1gG3-B1AR-AADs. Although we evaluated p1AR-AAD
status at baseline and at 6 months by ELISA and examined clinical outcomes in this study,
we could not find any significant association between change in $1AR-AAD status and the
clinical outcome mechanism that differentiated 1gG3- and non-1gG3-p;AR-AAb (data not
shown).

STUDY LIMITATIONS

The present study had several limitations. Patients with non-1gG3-p1AR-AAbs had larger
LV size at baseline. Previous studies showed that the presence of B1AR-AAb was associated
with reduced cardiac function at baseline (7,9,10), but these studies did not examine the 1gG
subclasses of pLAR-AAb. Although our findings might support these previous findings, this
might affect the findings in the present study. We do not have any data that support the
proposed mechanisms previously mentioned that differentiate the 1gG3- and non-1gG3-
B1AR-AAD as the ELISA assay do not include a functional bioassay (e.g., protein kinase A
activity). Moreover, we did not further determine the 1gG subclasses of p;AR-AAb IgG due
to limited sample availability. Meanwhile, targeting of the B, AR first extracellular loop by
the 1gG3 was not directly tested. In addition, although the administration of p-blockers has
been speculated as a mechanism that might have yielded more favorable outcomes in
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patients with 1gG3-B1AR-AAD, the observational nature of our study did not allow further
clarification regarding the interrelationship between B-blockers and 19G3-B1AR-AAD.

CONCLUSIONS

The presence of the 19G3 subclass of p;AR-AAbs was associated with favorable myocardial
recovery in recent-onset cardiomyopathy. Future investigations will be necessary to better
elucidate the detailed mechanisms that differentiate the effects of IgG3- and non-1gG3-
B1AR-AAbDs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ABBREVIATIONS AND ACRONYMS

AADb autoantibody
BLlAR B1 adrenergic receptor

B1AR-AADb P1 adrenergic receptor autoantibody

DCM dilated cardiomyopathy

19gG3 immunoglobin G subclass 3

LV left ventricle/ventricular

LVEDD left ventricular end-diastolic diameter
LVESD left ventricular end-systolic diameter
LVEF left ventricular ejection fraction
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PERSPECTIVES
COMPETENCY IN MEDICAL KNOWLEDGE

In patients with heart failure, autoantibodies against f1 adrenergic receptors may be
antagonized by administration of B-blocker drugs. Immunoabsorption studies suggest that
antibody subclasses may differ in terms of pathogenicity and potential for recovery of
myocardial function in response to -blocker therapy.

TRANSLATIONAL OUTLOOK

Detection of pathogenetic subclasses of B1-adrenoceptor autoantibodies responsive to -
blocker therapy may have implications for treatment to prevent progression of
cardiomyopathy.

JAm Coll Cardiol. Author manuscript; available in PMC 2018 February 28.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Nagatomo et al.

Page 13

A. Total IgG B. IgG3

LVEF

M Negative
M Positive

0
Baseline 6 Month Baseline 6 Month
n=249 n=83 n=234 n=73 n=275 n=57 n=256 n=51

C. Non-lgG3/lgG3

P=0.01

LVEF
O000000
oL whoON

W Negative
= Non-1gG3
m gG3
Baseline 6 Month
n=221 n=54 n=57 n=208 n=48 n=51

FIGURE 1. 6-month LVEF Correlated with Baseline 1gG
At 6 months, there was no significant correlation between left ventricular ejection fraction

(LVEF) and the baseline titer of immunoglobulin G3 B1 adrenergic receptor autoantibodies
(1gG-B1AR-AAD) (A) but the correlation became significant in the presence of the
immunoglobulin G3 subclass p1AR-AAb (1gG3) (B).
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r=-0.17
p=0.002

Neg.ative x2.0 x4;0 XE.SO x160
IgG3 titer at BL

When divided into populations based on baseline New York Heart Association (NYHA)
functional class status (I-11 vs. I11-1V), there were no significant differences in the 3 groups
of B1AR-AAD negative, non-1gG3-B1AR-AAD positive (non-1gG), and 1gG3for the
composite endpoint of all-cause death, cardiac transplantation, or hospitalization due to
exacerbation of heart failure in subjects with low NYHA class (A), but significance was seen
in sicker patients (B). *p = 0.02 vs. Negative group; tp = 0.02 vs. non-1gG3. Abbreviations

as in Figure 1.
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FIGURE 3. HF Hospitalization and p-blocker Use
In 322 subjects who used p-blockers at baseline and continued at 6 months or were using -

blockers at 6 months, there was no significant difference in overall survival from heart
failure (HF) hospitalization in patients whether 1gG3 was present (A) but the presence of
non-1gG3 was associated with worse overall survival (B). No differences were observed in
the negative group (C). Abbreviations as in Figures 1 and 2.
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CENTRAL ILLUSTRATION. Autoantibodies Specifically against B1ARs in Cardiomyopathy
In investigating the role of B1 adrenergic receptor autoantibodies (B1AR-AADb) belonging to

the immunoglobulin G3 (IgG3) subclass in patients with recent-onset cardiomyopathy, we
found no significant difference in left ventricular ejection fraction (LVEF) at baseline and 6
months based on presence or absence of total 1gG (A). However, when the population was
divided based on 1gG3 positivity, a significant difference in LVEF emerged at 6 months (B).
When the population was further divided into patients who were p;AR-AAb negative, non-
1gG3-B1AR-AAD positive and 19G3-p1AR-AAD positive, the 1gG3 groups demonstrated
significantly higher LVEF compared to each of the other cohorts.
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TABLE 1
Baseline Characteristics
B1AR-AAD
p Value
Negative (n =233)  Non-1gG3 (n = 58) 1gG3 (n =62)
Age, years 46 + 14 43+ 15 43+14 0.08
Male 135 (58) 40 (69) 41 (66) NS
Black 49 (21) 15 (26) 11 (18) NS
Peripartum cardiomyopathy 24 (10) 5(9) 7(11) NS
Months from onset 2417 21+16 2117 NS
NYHA class (I/1I/I11/1V) 39/107/75/12 12/30/12/4 14/25/15/8 NS
Heart rate, beats/min 83+ 16 81+18 84 +20 NS
Systolic BP, mm Hg 112+ 19 112+ 20 113+18 NS
Diastolic BP, mm Hg 71+13 71+11 69 + 13 NS
Atrial fibrillation 23 (11) 2(4) 5(8) NS
Hematocrit, % 41+6 41+6 39+6 NS
Serum creatinine, mg/dl 1.0+04 1.0+£03 1.1+0.1 NS
Serum sodium level, mEg/I 138+ 4 139+4 139+4 NS
Medication
B-blocker 191 (82) 49 (84) 50 (81) NS
B-blocker agent (carvedilol/metoprolol/others) — 146/43/2 (76/23/1) 40/9/0 (82/18/0) 35/14/1 (70/28/2) NS
ACE inhibitor 191 (82) 50 (86) 49 (79) NS
ARB 26 (11) 4(7) 4(6) NS
Aldosterone antagonist 67 (29) 19 (33) 12 (19) NS
Diuretics 163 (70) 43 (74) 40 (65) NS
Digoxin 67 (29) 18 (3) 17 (27) NS
Hydralazine 8(3) 1(2) 1(2) NS
Nitrate 8(3) 2(2) 3(5) NS
Inotropes 18 (8) 2(3) 7(11) NS
IABP 1(<1) 1(2) 1(2) NS
LVAD/BiVAD 2 (1) 1(2) 2(3) NS

Values are mean + SD, n (%), or n.

Page 17

ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; 1 AR-AAb = autoantibody against p1-adrenergic receptor; BiVAD =
biventricular assist device; BP = blood pressure; IABP= intra-aortic balloon pumping; IgG3 = immunoglobin G subclass 3; LVAD = left ventricular
assist device; NYHA = New York Heart Association functional class.
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TABLE 2

Echocardiographic Change of LV and LA Dimension
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B1AR-AAD
At baseline p Value
Negative (n =233) Non-1gG3 (n=58) 19gG3 (n =62)
LVEDD, cm 6.2+0.9 6.7+1.4 6.2+1.0 0.028
LVESD, cm 55+1.0 58+1.2 53+13 0.025
IVS, cm 1.0+0.2 1.0+0.2 1.0+0.2 0.52
PW, cm 1.1+06 1.0+0.2 1.0+0.2 0.70
LA diameter, cm 45+0.9 45+1.0 46+1.0 0.97
At 6 months Negative (n =195)  Non-1gG3 (n=46) 1gG3 (n=47) p Value
LVEDD, cm 57+0.9 6.2+1.1 57+0.9 0.012
LVESD, cm 45+11 51+14 42+11 0.010
IVS, cm 1.0+0.2 1.1+02 1.0+0.2 0.58
PW, cm 1.0+0.2 1.1+0.2 1.1+0.2 0.08
LA diameter, cm 41+0.8 42+12 42+09 0.91

Values are mean + SD.

IVS = interventricular septum; LA = left atrium; LV = left ventricle; LVEDD = left ventricular end-diastolic diameter; LVESD = left ventricular
end-systolic diameter; PW = posterior wall; other abbreviations as in Table 1.
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