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The multiple organ system contributes to defining the prognosis of
patients with acute heart failure (AHF). “Cardio-renal interaction” is a
well-known entity [1], and clinical studies during the past decade
have considered baseline renal dysfunction as one of the most impor-
tant prognostic factors in hospitalized AHF patients [2]. In addition,
“cardio-hepatic interactions” have been reported, and studies have
demonstrated that abnormal results on liver function tests in patients
with heart failure were independently related to adverse outcomes
and increased risk of mortality [3,4].

The Model for End-Stage Liver Disease (MELD) scoring system has
emerged as a novel parameter to evaluate both cardio-renal and
cardio-hepatic interactions simultaneously. This scoring system was
originally developed for patients with cirrhosis awaiting liver transplan-
tation, and it could measure the progression of liver dysfunction based
on the level of creatinine and total bilirubin and the international nor-
malized ratio (INR) [5]. Modification of the MELD score excluding the

Abbreviations: AHF, acute heart failure; MELD, Model for End-Stage Liver Disease; INR,
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INR (MELD-XI score) was proposed more recently, since the INR
becomes dissociated from liver dysfunction in patients receiving anti-
coagulation therapy [6]. Previously, this scoring system has been
applied and tested in patients with end-stage heart failure, such as pa-
tients with Fontan circulation requiring surgery, or those with advanced
heart failure awaiting heart transplantation. In both studies, an elevated
MELD-XI score was strongly associated with an increased risk of adverse
outcomes; [7,8] however, the prognostic impact of the MELD-XI score
has not been investigated in patients with AHF, which is more frequent-
ly encountered in clinical practice. Proving the validity of the MELD-XI
score in an acute clinical situation can further enrich the information
on risk stratification when these patients are hospitalized.

In the present study, we sought to investigate the prognostic impact
of the MELD-XI score in AHF patients. We analyzed the data from 949
consecutive AHF cases registered in the West Tokyo Heart Failure
(WET-HF) registry from April 2006 to March 2013. This database is an
ongoing, prospective, multicenter registry designed to collect the clini-
cal background and outcome data of AHF patients. Specifically, patients
presenting with acute coronary syndrome were not included. The WET-
HF registry included three teaching hospitals within the metropolitan
Tokyo area, and participating hospitals were instructed to record and
register data from consecutive hospital visits for AHF. Exclusive on-site
auditing by the investigators (T.I, S.K.,and Y.S.) ensured proper registra-
tion of each patient. The follow-up survey by chart review and tele-
phone contact was performed for all patients (100%), and the mean
follow-up duration was 555 4= 476 days. Within our cohort, 77 patients
were excluded for the following reasons: missing baseline creatinine
value and missing baseline total bilirubin value. The remaining 872 pa-
tients were included in the present analysis. Additionally, we evaluated
the long-term outcomes of 820 patients after excluding those with in-
hospital death (Fig. 1).

The MELD-XI score was calculated by the following formula: MELD-
XI=5.11 x Ln(total bilirubin) + 11.76 x Ln{creatinine) + 9.44. A high
MELD-XI score was defined as > 10 based on the median score. The fol-
lowing outcomes were evaluated: 1) in-hospital death as a short-term
outcomne, and 2) composite endpoints including all-cause death and
re-hospitalization due to heart failure as long-term outcomes.

Differences in each variable between the patients with high (>10)
and low (<10) MELD-XI scores were evaluated using the chi-square
test for categorical variables and unpaired Student's t-test for continuous
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variables. Event-free survival in patients with high and low MELD-XI
scores was estimated by the Kaplan-Meier method, and statistical differ-
ences were evaluated by means of the log-rank test. Logistic regression
model and Cox proportional hazards models were used to compare end-
points and correct for differences in baseline variables. In these models,
adjustments were made using the clinically important variables (age,
sex, ischemic etiology, systolic blood pressure, and heart rate). Analyses
of data were performed using statistical software SPSS version 21.0
(SPSS Japan, Tokyo, Japan). This study was approved by each ethics
review board, and written informed consents were obtained from all
patients.

From an analysis of 872 patients, 351 patients (40.3%) had a high
MELD-XI score. Table 1 shows the baseline characteristics of those
with low and high MELD-XI scores. Age, ischemic etiology, and prior
hospitalization for heart failure, and hypertension or diabetes history
were significantly different between the two groups. Naturally, both
serum creatinine and B-type natriuretic peptide were higher in patients
with a high MELD-XI score, albeit the difference in the total bilirubin
level did not reach statistical significance.

Table 2 summarizes the treatment of patients. The patients with
high MELD-XI scores were more likely to be administered loop diuretics
or beta blockers than those with low MELD-XI scores. In addition, intra-
venous diuretics were more frequently administered and mechanical
ventilation requiring intubation was more often needed for patients
with high MELD-XI scores. At discharge, although the prescription rate
of loop diuretics was similar between both groups, the dose of loop di-
uretics was significantly higher for patients with a high MELD-XI score
than for those with low scores.

During the hospital course, there were 52 in-hospital deaths. Pa-
tients with a high MELD-XI score had higher mortality, and this associ-
ation was consistent after adjusting for differences in baseline variables
(odds ratio: 2.33,95% CI: 1.28-4.27, P = 0.006). For long-term outcome
analysis, Fig. 2 shows Kaplan-Meier survival curves for composite end-
points in patients with low and high MELD-XI scores. This curve indicat-
ed that patients with a high MELD-XI score had a significantly lower
survival rate during the follow-up (log-rank test: P< 0.001). Cox regres-
sion analysis for composite endpoints revealed that advanced age, low
systolic blood pressure, and a high MELD-XI score (hazard ratio: 1.79,
95% Cl: 1.40-2.30, P< 0.001) were independent predictors of composite
endpoints (see online-only Supplement eTable). Fig. 3 summarizes cre-
atinine and total bilirubin values for each patient of the study cohort.
This representation shows that adverse composite endpoints occurred
even in patients with normal renal function complicated with hepatic
dysfunction, which further signifies the importance of simultaneous
cardio-renal and cardio-hepatic evaluations.

949 patients from WET-HF Registry

v

77 patients were excluded for the following reasons;

for missing baseline Cr value
for missing baseline total bilirubin

A

872 patients in this study cohort
351 patients with a high MELD-XI score
521 patients with a low MELD-XI score

52 patients
In-hospital death

A4

820 patients with long-term f/u

319 patients with a high MELD-XI score
501 patients with a low MELD-XI score

Fig. 1. Description of the patient dataset for the current analysis.
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Table 1
Baseline characteristics.

MELD-XI £ 10 MELD-XI > 10 P-value

(N = 521) (N = 351)
Age (years) 69.5 4 146 725 + 135 0.003
Men 216 (41.5%) 91 (25.9%) <0.001
Ischemic cause of heart failure 168 (32.2%) 138 (39.3%) 0.036
Medical history
Prior hospitalization for heart failure 158 (30.3%) 164 (46.7%) <0.001
Hypertension 296 (56.8%) 222 (63.2%) 0.032
Dyslipidemia 189 (36.3%) 127 (36.2%) 0.884
Diabetes mellitus 160 (30.7%) 130 (37.0%) 0.048 -
Atrial flutter or fibrillation 189 (36.3%) 140 (39.9%) 0.285
Clinical profile on admission
Paroxysmal nocturnal dyspnea 138 (26.5%) 115 (32.8%) 0.046
Orthopnea 120 (23.0%) 96 (27.4%) 0.18
Rales 238 (45.7%) 181 (51.6%) 0.058
Jugular venous distension 206 (39.5%) 158 (45.0%) 0.134
Peripheral edema 261 (50.1%) 200 (57.0%) 0.056
Cold extremities 85 (16.3%) 83 (23.6%) 0.007
Heart rate (beats/min) 91.5 :+ 26.8 92.1 + 27.1 0.754
Systolic blood pressure (mm Hg) 136.2 4+ 332 1353 + 36.2 0.71
Diastolic blood pressure (mm Hg) 79.2 4+ 208 774 + 204 0.226
B-type natriuretic peptide (pg/mL) 550 + 623 1120 4+ 1258 <0.001
Serum creatinine (mg/dL) 0.83 £ 0.18 241 + 246 <0.001
Total bilirubin (mg/dL) 0.94 4 0.65 1.02 4 0.79 0.097
Qutcome
In-hospital death 20 (3.8%) 32 (9.1%) 0.002
Composite endpoint 139 (27.7%) 141 (44.2%) <0.001

All values are expressed as mean 4 SD or n (%).

The main finding of this study is that simultaneous assessment of
renal and liver dysfunction according to the MELD-XI scoring system
provided additional risk stratification in patients with AHF. Two distinct
hemodynamic abnormalities, namely, hypoperfusion and venous con-
gestion, broadly describe the processes underlying renal and hepatic
dysfunction [1,4]. Traditionally, renal dysfunction associated with AHF
has been attributed to hypoperfusion of the kidney caused by the pro-
gressive impairment of cardiac output. More recently, in an analysis
from series of patients admitted for AHF, hypotension was rarely
observed in patients with renal dysfunction, and the elevation of central
venous pressure was more closely associated with worsening renal
function rather than lower cardiac index [9]. This trend may be true in

Table 2
Medical management of patients with low or high MELD-XI scores.
MELD-XI £ 10 MELD-XI > 10 P-value
(N = 521) (N = 351)

In-hospital intravenous therapy
Diuretics 255 (48.9%) 218 (62.1%) <0.001
Vasodilator 340 (65.3%) 224 (63.8%) 0.665
Inotropes 66 (12.7%) 59 (16.8%) 0.094

In-hospital management
NIPPV 59 (11.3%) 34 (9.7%) 0.502
Intubation 51 (9.8%) 52 (14.8%) 0.032
Revascularization therapy 83 (15.9%) 29 (8.3%) 0.001
Valve replacement 8 (1.5%) 1(0.3%) 0.093

Medication before admission
Loop diuretics 192 (36.9%) 194 (55.3%) <.001
ACE-l or ARB 235 (45.1%) 167 (47.6%) 0.489
Aldactone 115 (22.2%) 88 (25.4%) 0.288
Beta blockers 203 (39.4%) 160 (46.0%) 0.058

Medication at discharge
Loop diuretics 333 (64.8%) 235 (68.5%) 0.269
Dose of loop diuretics 26.6 4 18.2 37.7 4+ 299 <0.001
ACE-l or ARB 354 (67.9%) 194 (55.3%) <0.001
Aldactone 243 (47.2%) 131 (38.2%) 0.009
Beta blockers 374 (72.5%) 230 (67.3%) 0.109

Data are expressed as mean = SD, as number (percentage).
Abbreviations: NIPPV, non-invasive positive-pressure ventilation; ACE-1, angiotensin-
converting enzyme inhibitor; ARB, angiotensin Il receptor blocker.
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Fig. 2. Kaplan-Meier survival curves for composite endpoints in patients with low and
high MELD-XI scores. Patients with a high MELD-XI score had a significantly lower survival
rate during the follow-up (log-rank test: P < 0.001).

hepatic dysfunction complicated with AHF. Previous reports regarding
the prognostic impact of the MELD-XI score on adverse cardiovascular
events have been confined to situations that are more likely to be asso-
ciated with venous congestion; {7,8] therefore, an elevated MELD-XI
score in AHF patients could indicate patients complicated with right-
sided heart failure.
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Fig. 3. Creatinine versus total bilirubin scatter plot. The red dots represent patients who
did not experience the composite endpoint, while blue dots represent patients with unfa-
vorable clinical outcomes (all-cause death and re-hospitalization for heart failure).
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Unfortunately, concerning the panel of liver function tests, other he-
patic makers including transaminase and gamma-glutamyltransferase
(GGTP) levels were not collected in our registry. The association of ele-
vated transaminase and increased mortality in patients with AHF has
been demonstrated [4]. However, since the congestive state was more
closely associated with hepato-renal dysfunction related to AHF rather
than low cardiac output, hepatic makers reflecting hepatic congestion
(e.g., total bilirubin) were believed to be preferable in our study. On a
separate note, GGTP level could be a potential hepatic maker mainly
related to hepatic congestion [10]. However, the GGTP levels were not
available in our dataset, and this remains one of the important limita-
tions of our analysis.

In conclusion, the assessment of renal and liver dysfunction accord-
ing to the MELD-XI scoring system provided additional risk stratification
in patients with AHF.
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Introduction two hemodynamic mechanisms, renal arterial hypoperfusion and
renal venous congestion, broadly describe the processes underlying
renal dysfunction. Traditionally, renal dysfunction associated with
ADHTF has been attributed to hypoperfusion of the kidney caused
by the progressive impairment of cardiac output [8]. However,
recent studies have demonstrated that hypotension is rarely
- L observed in patients with renal dysfunction [9], and that the
rates rfeached 8.1% and 20.5% within 3 months and 1 year, clevation of central venous pressure (CVP) is more closely
respectively [2]. associated with worsening renal function than the cardiac index

Bascline renal dysfunction is one of the most important  )g) Tpis suggests that in patients with ADHF admitted to
predictors of short- and long-term cardiovascular outcomes in hospital, renal dysfunction is more dependent on venous
. v - . . ]
patients with ADHF [3-5]. Although several mechanisms coexist congestion than on the impairment of cardiac output.
in the deterioration of renal function among ADHF patients [6,7],

Despite advances in pharmacological and mechanical therapies,
acute decompensated heart failure (ADHF) remains one of the
most frequently encountered and life-threatening cardiovascular
conditions [1]. The EuroHeart Failure Survey, which included
11,327 patients with ADHF, showed that post-discharge mortality

PLOS ONE | www.plosone.org 1 September 2014 | Volume 9 | Issue 9 | 105596
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Figure 1. Distribution of estimated glomerular filtration rates levels on admission to hospital. GFR, glomerular filtration rate.

doi:10.1371/journal.pone.0105596.9001

The contributions of renal hypoperfusion and congestion to
renal dysfunction have not been thoroughly investigated. Hemo-
dynamic profiles can be assessed by measuring blood pressure,
performing physical examinations, and by measuring laboratory
markers [11,12], and these parameters are used to assess the
mechanisms underlying renal dysfunction. This study aimed to
clarify differences in the prognostic impact of renal dysfunction on
in-hospital mortality in patients admitted with ADHF, based on
the underlying hemodynamic mechanisms.

Methods

Data sources

The study was conducted in accordance with the Declaration of
Helsinki and the Japanese ethical guidelines for clinical studies.
The study protocol was registered to the University Hospital
Medical Information Network (UMIN 000000736), and approved
by the ethics committee at each site.

The Acute Decompensated Heart Failure Syndromes (AT-
TEND) registry is a nationwide, multicenter, prospective cohort
study that focuses on ADHF in Japan. The details of this cohort
study have been reported previously [13]. In brief, patients
hospitalized for ADHF who met the modified Framingham
criteria, were ecligible for the study. The ATTEND registry
enrolled patients from April 2007 to December 2011 in 52
hospitals throughout Japan. Approximately 200 variables were
collected on admission for each patient, and clinical variables
included the patient’s history, physical examination results,

PLOS ONE | www.plosone.org
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echocardiographic data, and laboratory data. Patients aged <20
years and those not considered suitable for the study by attending
physicians were excluded. The present study also ruled out acute
coronary syndrome. In-hospital mortality was defined as (1) death
from any cause, (2) death from cardiac causes, including sudden
cardiac death and heart failure death, and (3) death from cerebral
or vascular causes. Death was considered cardiac-related (defined
as heart failure death, sudden death, or other cardiac death),
unless a specific non-cardiac cause was identified by the primary
physicians. The end-point classification committee, comprising
two experienced cardiologists who were not study investigators,
reviewed the data and, if any problems were encountered, they
asked the primary physician to confirm the cause of death. Finally,
the committee categorized each event for use in the present
analysis. All data are managed at an independent biostatistics and
data center (STATZ Institute, Inc., Tokyo, Japan). In this study,
the data was collected from multiple institutions in Japan, and the
IRB approval was obtained individually from each sites. There-
fore, the full set of data cannot be made available to public. The
reader may contact the corresponding author to request the data.

Study population

After excluding patients who were on hemodialysis or who had
stage 5 chronic kidney disease (defined as an estimated glomerular
filtration rate [¢GFR] <15 mL/min/1.73 m? and were support-
ed by intracardiac balloon pumping or percutaneous cardiopul-
monary support, the remaining 4,321 subjects were analyzed in
this study.

September 2014 | Volume 9 | Issue 9 | 105596
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Evaluation of renal function

The National Kidney Foundation advocates estimating the
GFR by using the Modification of Diet in Renal Disease (MDRD)
formula to detect the early stages of renal dysfunction [14]. On the
basis of this recommendation, renal function in this study was
evaluated by estimating the GFR, which was calculated using the
abbreviated MDRD study equation:

eGFR =186 x (Serum creatinine in mg/dLy"1>*
x (age in yearsy"?® x (0.742,if f emale)

The distribution of eGFRs is shown in Figure 1. An evaluation of
the receiver operating characteristic curve determined that the
optimal cut-off value for renal dysfunction was estimated as a GFR
=50 mL/min/1.73 m? (Figure 2), and the area under the curve
was 0.63 (95% confidence interval [CI] =0.61-0.64, p<<0.001).

Assessing renal dysfunction mechanisms

Renal dysfunction as it relates to hypoperfusion, which is usually
caused by a low-output status, was defined as the presence of cold
extremities, a low left ventricular ejection fraction (LVEF) of =
40%, a low mean blood pressure (mBP) of =100 mmHg [15], ora
low proportional pulse pressure (PPP) of =40% [16]. In contrast,
renal dysfunction as it relates to congestion was defined as the
presence of peripheral edema or jugular venous distension (JVD),
or elevated brain natriuretic peptide (BNP) levels of >677 pg/mL
[17]. The cutoff values of mBP, PPP, and BNP were determined
according to the respective median values.
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Statistical analysis

All data are expressed as means * standard deviations or
medians with the interquartile ranges. The receiver operating
characteristic curve for renal dysfunction was used to evaluate the
optimal cut-off value. Differences in each variable between
patients with and without renal dysfunction were evaluated using
the chi-square test or Fisher’s exact test for categorical variables,
and using Student’s unpaired ¢-test or Mann-Whitney U test for
continuous variables. A logistic regression model was used to
evaluate the influence of renal dysfunction on in-hospital
mortality. In the logistic regression models, the covariates were
age, gender, etiology (ischemic or non-ischemic), systolic blood
pressure, and heart rate. The covariates incorporated into these
models were clinically associated with in-hospital mortality in
patients with ADHF.

Data analyses were performed using SAS, software version 9.1
(SAS Institute Inc., Cary, North Carolina). All p-values were two-
sided, and significance was defined as p<<0.05. All analyses were
performed at an independent biostatistics and data center (STATZ
Institute, Inc., Tokyo, Japan).

Results

Of the 4,321 patients hospitalized with ADHF, renal dysfunc-
tion was present in 2,150 (49.8%) patients and was determined on
the basis of a GFR cut-off value of =50 mL/min/1.73 m?.
Table 1 presents a comparison of the demographic and baseline
characteristics of patients with and without renal dysfunction. In
comparison with those patients without renal dysfunction, patients
with renal dysfunction were older, they were more likely to have
an ischemic etiology and to have histories of hospitalization for
heart failure, and they were more likely to have risk factors for
cardiovascular disease, which included hypertension, dyslipidemia,
and diabetes mellitus. On admission to hospital, physical findings,
including JVD and cold extremities, were more frequently
observed in patients with renal dysfunction than in patients
without renal dysfunction. Patients with renal dysfunction had
significantly lower blood pressures and heart rates, and signifi-
cantly higher plasma BNP levels, compared with those without
renal dysfunction.

Before admission to the hospital and with the exception of
digitalis, most types of medication, including diuretics, angioten-
sin-converting-enzyme inhibitors, angiotensin receptor blockers,
calcium-channel blockers, beta blockers, nitrate, and statins, were
more frequently used by patients with renal dysfunction than those
without renal dysfunction. Although vasodilator use was similar in
both groups during hospitalization, the use of intravenous diuretics
and inotropes was significantly higher in patients with renal
dysfunction. Non-pharmacologic management, including non-
invasive or invasive positive-pressure ventilation, was similar for
both groups, except for the application of revascularization
therapy, which was more commonly used in patients without
renal dysfunction (Table 2).

The all-cause death rate was significantly higher in patients with
renal dysfunction at 6.8% compared with 3.0% for those without
renal dysfunction. Furthermore, cardiac death rates were signif-
icantly higher in patients with renal dysfunction compared with
those without renal dysfunction (4.8% vs. 2.1%, respectively, p<
0.001) (Figure 3). Logistic regression analysis demonstrated that
the presence of renal dysfunction was an independent predictor of
all-cause death after adjustment for associated factors (OR: 2.36,
95% CI: 1.75-3.18, p<<0.001).

To evaluate the prognostic impact of renal dysfunction in the
context of the two underlying hemodynamic mechanisms, we

September 2014 | Volume 9 | Issue 9 | 105596



Renal Dysfunction and Acute Decompensated Heart Failure

Table 1. Baseline characteristics of patients with and without renal dysfunction.

Total eGFR >50 mL/min/1.73 m* eGFR =50 mL/min/1.73 m?

Mean age (years) 733*136 70.2+14.4 76.5+11.9 <0.001

Ischemic cause of HF, n (%) 1,283 (29.7) 564 (26.0) 719 (33.4) <0.001

Prior hospitalization for HF, n (%) 1,521 (35.2) 576 (26.5) 945 (44.0) <0.001

Dyslipidemia, n (%) 1,558 (36.1) 736 (33.9) 822 (38.2) 0.003

1,840 (42.6) 990 (45.6) 850 (39.5)

538 (12.5) 263(12.1) 275 (12.8)

380 (8.8) 142 (6.5) 238 (11.1) <0.001

<0.001

diastolic blood pressure (mmHg)

Mean blood urea nitrogen (mg/dL)

Mean hemoglobin (g/dL)

Data are expressed as mean * standard deviation, as number (percentage), or as median (interquartile range).
eGFR, estimated glomerular filtration rate; HF, heart failure; ICD, implantable cardioverter-defibrillator; EF, ejection fraction; NYHA, New York Heart Association.
doi:10.1371/journal.pone.0105596.t001

performed logistic regression analyses on subgroups of patients subgroups, regardless of whether the clinical signs of hypoperfu-
with or without hypoperfusion-dominant characteristics (e.g., sion or congestion were present (Figure 4). The p-value for the
patients with cold extremities, low LVEFs, low mBPs, or low interaction ranged from 0.104-0.924 and was always >0.05.
PPPs) and on subgroups of patients with or without congestion-

dominant characteristics (e.g., edema, JVD or high BNP levels). As Discussion

shown in Table 3, all-cause mortality was consistently higher in
patients with renal dysfunction. The prognostic impact of renal
dysfunction quantified using ORs, was similar across all of the

The major finding from this study was that renal dysfunction
was significantly associated with an increased risk of in-hospital
mortality in patients admitted with ADHF. Furthermore, this

PLOS ONE | www.plosone.org 4 September 2014 | Volume 9 | Issue 9 | e105596
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Table 2. Management of patients with and without renal dysfunction.

Total eGFR>50 mL/min/1.73 m? eGFR=50 mL/min/1.73 m?

Intravenous therapy

1,708 (78.7) 1,684 (78.3)

In-hospital management

NIPPV, n (%) 1,012 (23.4) 501 (23.1) 511 (23.8)

Revascularization, n (%) therapy 348 (8.1) 202 (9.3) 146 (6.8) 0.002

Outpatient medications before admission

ACE-| or ARB, n (%) 2,043 (47.3) 854 (39.3) 1,189 (55.3) <0.001

571 (26.3) 857 (39.9)

Statins, n (%) 993 (23.0) 430 (19.8) 563 (26.2)

Median (interquartile range) 20 (13-30) 19 (13-28) 21 (13-33) <0.001

Data are expressed as mean * standard deviation (SD), as number {percentage), or as median (interquartile range).

eGFR, estimated glomerular filtration rate; NIPPV, non-invasive positive-pressure ventilation; ACE-l, angiotensin-converting-enzyme inhibitor; ARB, angiotensin I
receptor blocker.

doi:10.1371/journal.pone.0105596.t002

adverse effect of renal dysfunction on short-term outcomes While various mechanisms have been proposed for renal
remained the same, regardless of the underlying hemodynamic dysfunction in patients admitted with ADHF, these mechanisms
mechanism. The present study confirms previous findings from fall into two broad categories from the perspective of hemody-
studies performed in Western countries that reported an associ- namics, namely renal hypoperfusion and renal congestion. A
ation between baseline renal dysfunction and an increased risk of ~ scientific statement to assess and grade congestion in acute heart
short-term mortality in patients admitted with ADHF [3,4]. failure has been proposed by the Acute Heart Failure Committee

of the Heart Failure Association of the European Society of
Cardiology [17]. Thus, if peripheral edema, JVD, and eclevated
BNP levels are the variables associated with congestion, then cold

10% - extremities and low LVEFs, mBPs, and PPPs could be the
variables associated with hypoperfusion, because this type of renal

@eGFR>> 350 dysfunction is attributed to reduced systemic perfusion. Using

# eGFR< 50 these definitions for each clinical profile, we demonstrated that,

contrary to common belief, the typical physical findings indicative
of renal hypoperfusion and renal congestion, including cold
extremities and JVD, were more frequently observed in patients
with renal dysfunction on hospitalization.

Traditionally, a reduction in renal blood flow, namely renal
hypoperfusion, has been considered the main cause of renal
dysfunction associated with ADHF. Although the precise mech-
. anism that connects cardiac output with renal blood flow remains
Cardiac death " unclear in the context of ADHF, it‘ is hypo'thesize.d th?.t
neurohormonal activation, for example via the renin-angiotensin
system, results in afferent vasoconstriction, thereby reducing renal

5% -

0% - SRR
All-cause death

Figure 3. Relationship between the baseline estimated glo-

merular filtration rates and in-hospital mortality. eGFR, estimat- blood flow and hence the effective volume of circulating fluid, as is
ed glomerular filtration rate. expected in patients with ADHF [7]. In contrast, recent studies
doi:10.1371/journal.pone.0105596.9003 have highlighted the association between an increased GVP and
PLOS ONE | www.plosone.org 5 September 2014 | Volume 9 | Issue 9 | 105596
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Table 3. All-cause mortality in different patient subgroups.

Normal Renal Function Renal Dysfunction

No. of patients No. of Events No. of Events (%) No. of Patients No. of Events No. of Events (%)

1259 18

Age (years) 850 2 2.5%

Gender Women 871 30 949 76 8.0%

mBP (mmHg) 940 43 1115 112 10.0%

PPP 1114 42

955 67 7.0%

VD Absent 917 24 815 42 5.2%

Edema Absent 724 16 2% 663 41 6.2%

Cold extremities Absent 1663 35 1551 81 5.2%

BNP (pg/ml) 28

822 40 4.9%

1120 77

LVEF (%) =40 1181 39

Abbreviation; eGFR, estimated glomerular filtration rate; mBP, mean blood pressure; PPP, proportional pulse pressure; JVP, juglur venous distension; BNP, brain natriuretic peptide; LVEF, left ventricular ejection fraction.

doi:10.1371/journal.pone.0105596.t003
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P-value for
Interaction
Total
-
Age (years) f ;2 - 0.757
Gender ‘h’n"gg‘e” — 0.775
Renal Hypoperfusion
Cold extremities  APsent - 0.380
Present -
LVEF (%) S - 0.472
<100 B
mBP (mmHg) > 100 - 0.485
PPP f 28 & - 0.104
Renal Congestion
Edema Absent - 0.453
Present L mmm—
Absent o
WD Present - 0.444
< 3
BNP (pg/ml) N g;; - 0.924
UTS 1 é 1‘1 8

Odds Ratios {95% Confidence Interval)

Figure 4. The prognostic impact of renal dysfunction in the prediction of all-cause mortality in relation to the underlying etiologic
mechanisms. LVEF, left ventricular ejection fraction; mBP, mean blood pressure; PPP, proportional puise pressure; JVD, jugular venous distension;

BNP, brain natriuretic peptide.
doi:10.1371/journal.pone.0105596.9g004

renal dysfunction or renal congestion. According to this hypoth-
esis, elevated CVP is directly transmitted to the renal vein and
increases renal perfusion pressure, which raises the interstitial
intrarenal pressure ‘and causes tubule collapse, leading to a
decrease in GFR [18]. The association between a higher CVP and
decreasing GFR has been demonstrated in several studies [10,19-
21]. Ouwr study suggests that the resulting renal dysfunction could
impact on patient outcomes, regardless of the etiology underlying
the renal dysfunction.

In our study, patients’ clinical presentation parameters and vital
signs were primarily used to differentiate the underlying etiologic
mechanisms of renal dysfunction; however, novel biomarkers
could differentiate these mechanisms in more objective and
reproducible fashion. Several novel biomarkers are emerging,
and we evaluated their potential in the clinical settings. Among
these biomarkers, soluble suppression of tumorigenicity 2 (sST2)
could be a leading candidate. sST2, a member of the interleukin
(IL)-1 receptor family, has been established as a predictor of
mortality in the long-term follow-up of ADHF patients [22,23]. As
sST2 is a biomarker for cardiac remodeling and fibrosis, it may be
more prominent in patients with hypoperfusion than in those with
congestion.

Hypoperfusion has traditionally been considered the predom-
inant cause of renal dysfunction in patients with ADHF [8].
However, a recent study reported that venous congestion may also
be an important hemodynamic factor in this condition [10], and
its impact has received strong attention. In turn, our study found
the adverse impact of renal dysfunction on in-hospital outcomes to
be consistent regardless of etiology. This finding has established
the prognostic importance of renal dysfunction complicated with
ADHF under any circumstances. Furthermore, our study also
reconfirmed the adverse impact of renal dysfunction on in-hospital
outcomes in the Asian population who have completely different
clinical characteristics compared with the Western population.
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Previously, we demonstrated the key differentiating characteristics
of heart failure patients in Western countries as compared with
those in Asian countries [13]. Notably, we found an increased
prevalence of patients with de novo heart failure and non-ischemic
ctiology in Japan versus in Western countrics. Additionally, the
length of hospital stay for this category of patients was much
longer in Japan than in Western countries, probably owing to the
differences in health insurance systems. All these complicating
factors could potentially have mitigated the effect of eGFR.

Study Limitations

Our study has several limitations. Firstly, the calculation of the
GFR was originally developed for use in patients with chronic
kidney disease whose renal functions are relatively stable; the
applicability of this calculation for patients with ADHF has not
been sufficiently validated. However, previous studies have
demonstrated an association between reduced GFRs and adverse
outcomes in patients with ADHF [24-26]. Our intent was to
estimate the level of renal dysfunction in our study population,
rather than to determine the precise renal function levels of these
patients. Secondly, it could be argued that an invasive approach,
such as right heart catheterization, should have been used to
evaluate patients’ hemodynamic profiles more precisely. However,
we believe that evaluations based on accessible and non-invasive
clinical measures, including vital signs, physical findings, labora-
tory markers, and echocardiograms, are relevant to clinical
decision making. Furthermore, these non-invasive parameters
reflect values assessed with an invasive modality, and they are
considered sufficient substitutes for a more invasive approach [15—
17]. Moreover, analyses based on these clinical measures may be
more practical for patient assessments and more applicable in
routine practice. Third, we could not evaluate the associations
between renal dysfunction and long-term outcomes, because long-
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term follow-up data were not available for this study. Further study
is needed regarding long-term assessments. Finally, hospital stays
were much longer in the ATTEND registry than those reported
from Western countries, which is associated with Japan’s health
insurance system [13], and in-hospital mortality in the data within
the ATTEND registry might differ from its counterparts in other
countries. However, a previous analysis of data from the
ATTEND registry has shown that most sudden cardiac deaths
occurred within 14 days of admission [27], therefore a hospital
stay of less than 7 days might be too short to accurately evaluate
short-term outcomes. From this perspective, our results may reflect
short-term mortality more precisely.

Conclusions

In conclusion, baseline renal dysfunction was significantly
associated with in-hospital mortality in patients admitted with
ADHF. The prognostic impact of renal dysfunction was the same,
regardless of its underlying etiologic mechanism.

References

1. Gheorghiade M, Pang PS (2009) Acute heart failure syndromes. J Am Coll
Cardiol 53: 557-573.

2. Harjola VP, Follath F, Nieminen MS, Brutsaert D, Dickstein K, et al. (2010)
Characteristics, outcomes, and predictors of mortality at 3 months and 1 year in
patients hospitalized for acute heart failure. Eur J Heart Fail 12: 239-248.

3. Abraham WT, Fonarow GC, Albert NM, Stough WG, Gheorghiade M, et al.
(2008) Predictors of in-hospital mortality in patients hospitalized for heart failure:
insights from the Organized Program to Initiate Lifesaving Treatment in
Hospitalized Patients with Heart Failure (OPTIMIZE-HF). J Am Coll Cardiol
52: 347-356.

. O’Connor CM, Abraham WT, Albert NM, Clare R, Gattis Stough W, et al.
(2008) Predictors of mortality after discharge in patients hospitalized with heart
failure: an analysis from the Organized Program to Initiate Lifesaving
Treatment in Hospitalized Patients with Heart Failure (OPTIMIZE-HF). Am
Heart J 156: 662-673.

5. Fonarow GC, Adams KF Jr, Abraham WT, Yancy CW, Boscardin WJ (2005)
Risk stratification for in-hospital mortality in acutely decompensated heart
failure: classification and regression tree analysis. JAMA 293: 572-580.

6. Ronco C, McCullough P, Anker SD, Anand I, Aspromonte N, et al. (2010)
Cardio-renal syndromes: report from the consensus conference of the acute
dialysis quality initiative. Eur Heart J 31: 703-711.

7. Haase M, Muller G, Damman K, Murray PT, Kellum JA, et al. (2013)
Pathogenesis of cardiorenal syndrome type | in acute decompensated heart
failure: workgroup statements from the eleventh consensus conference of the
Acute Dialysis Quality Initiative (ADQI). Contrib Nephrol 182: 99-116.

8. Schrier RW, Abraham WT (1999) Hormones and hemodynamics in heart
failure. N Engl J Med 341: 577-585.

9. Forman DE, Butler J, Wang Y, Abraham WT, O’Connor CM, et al. (2004)
Incidence, predictors at admission, and impact of worsening renal function
among patients hospitalized with heart failure. ] Am Coll Cardiol 43: 61-67.

. Mullens W, Abrahams Z, Francis GS, Sokos G, Taylor DO, et al. (2009)
Importance of venous congestion for worsening of renal function in advanced
decompensated heart failure. ] Am Coll Cardiol 53: 589-596.

. Nohria A, Tsang SW, Fang JC, Lewis EF, Jarcho JA, et al. (2003) Clinical

assessment identifies hemodynamic profiles that predict outcomes in patients

admitted with heart failure. ] Am Coll Cardiol 41: 1797-1804.

Mebazaa A, Gheorghiade M, Pina IL, Harjola VP, Hollenberg SM, et al. (2008)

Practical recommendations for prehospital and early in-hospital management of

patients presenting with acute heart failure syndromes. Crit Care Med 36: S129~

139.

Sato N, Kajimoto K, Asai K, Mizuno M, Minami Y, et al. (2010) Acute

decompensated heart failure syndromes (ATTEND) registry. A prospective

observational multicenter cohort study: rationale, design, and preliminary data.

Am Heart J 159: 949-955.

Levey AS, Coresh J, Balk E, Kausz AT, Levin A, et al. (2003) National Kidney

Foundation practice guidelines for chronic kidney disease: evaluation, classifi-

cation, and stratification. Ann Intern Med 139: 137-147.

PLOS ONE | www.plosone.org

Renal Dysfunction and Acute Decompensated Heart Failure

Supporting Information

Appendix S1 ATTEND Study Investigators.
(DOC)

Acknowledgments

We wish to extend our appreciation to the investigators of the ATTEND
registry, who are listed in Appendix S1.

Disclaimer: All authors take responsibility for all aspects of the reliability
and freedom from bias of the data presented and their discussed
interpretation.

Author Contributions

Conceived and designed the experiments: TT SK NS KK TK MM TT.
Performed the experiments: NS KK TK MM TT. Analyzed the data: TI
SK NS. Contributed reagents/materials/analysis tools: NS KK TK MM
TT. Contributed to the writing of the manuscript: TT SK NS.

15. Antonelli M, Levy M, Andrews PJ, Chastre J, Hudson LD, et al. (2007)
Hemodynamic monitoring in shock and implications for management.
International Consensus Conference, Paris, France, 27-28 April 2006. Intensive
Care Med 33: 575-590.

. Stevenson LW, Perloff JK (1989) The limited reliability of physical signs for
estimating hemodynamics in chronic heart failure. JAMA 261: 884-888.

. Gheorghiade M, Follath F, Ponikowski P, Barsuk JH, Blair JE, et al. (2010)
Assessing and grading congestion in acute heart failure: a scientific statement
from the acute heart failure committee of the heart failure association of the
European Society of Cardiology and endorsed by the European Society of
Intensive Care Medicine. Eur J Heart Fail 12: 423-433.

. Braam B, Cupples WA, Joles JA, Gaillard C (2012) Systemic arterial and venous
determinants of renal hemodynamics in congestive heart failure. Heart Fail Rev
17: 161-175.

. Damman K, van Deursen VM, Navis G, Voors AA, van Veldhuisen DJ, et al.

(2009) Increased central venous pressure is associated with impaired renal

function and mortality in a broad spectrum of patients with cardiovascular

disease. J] Am Coll Cardiol 53: 582-588.

Nohria A, Hasselblad V, Stebbins A, Pauly DF, Fonarow GC, et al. (2008)

Cardiorenal interactions: insights from the ESCAPE trial. ] Am Coll Cardiol 51:

1268-1274.

Uthofl' H, Breidthardt T, Klima T, Aschwanden M, Arenja N, et al. (2011)

Central venous pressure and impaired renal function in patients with acute heart

failure. Eur J Heart Fail 13: 432-439.

Rehman SU, Mueller T, Januzzi JL Jr (2008) Characteristics of the novel

interleukin family biomarker ST2 in patients with acute heart failure. ] Am Coll

Cardiol 52: 1458-1465.

Pascual-Figal DA, Manzano-Fernandez S, Boronat M, Casas T, Garrido IP,

et al. (2011) Soluble ST2, high-sensitivity troponin T- and N-terminal pro-B-type

natriuretic peptide: complementary role for risk stratification in acutely

decompensated heart failure, Eur J Heart Fail 13: 718-725.

Heywood JT, Fonarow GC, Costanzo MR, Mathur VS, Wigneswaran JR, et al.

(2007) High prevalence of renal dysfunction and its impact on outcome in

118,465 patients hospitalized with acute decompensated heart failure: a report

from the ADHERE database. J Card Fail 13: 422-430.

Takagi A, Iwama Y, Yamada A, Aihara K, Daida H (2010) Estimated

glomerular filtration rate is an independent predictor for mortality of patients

with acute heart failure. J Cardiol 55: 317-321.

Cioffi G, Mortara A, Di Lenarda A, Oliva F, Lucci D, et al. (2013) Clinical

features, and in-hospital and I-year mortalities of patients with acute heart

failure and severe renal dysfunction. Data from the Italian Registry IN-HF

Outcome. Int J Cardiol 168: 3691-3697.

Kajimoto K, Sato N, Keida T, Mizuno M, Sakata Y, et al. (2013) Association

between length of stay, frequency of in-hospital death, and causes of death in

Japanese patients with acute heart failure syndromes. Int J Cardiol. 168:554-6.

20.
21.
22.

23.

24.

25.

26.

27.

September 2014 | Volume 9 | Issue 9 | e105596



ZCHEST

[ Original Research Diffuse Lung Disease ]

Incidence and Prognostic Significance of Myocardial
Late Gadolinium Enhancement in Patients With
Sarcoidosis Without Cardiac Manifestation

Toshiyuki Nagai, MD, PhD,; Shun Kohsaka, MD, PhD, Shigeo Okuda, MD, PhD, Toshihisa Anzai, MD, PhD;
Koichiro Asano, MD, PhD, and Keiichi Fukuda, MD, PhD

BACKGROUND: Cardiac death is the leading cause of mortality associated with sarcoidosis in
Japan. However, the involvement of sarcoidosis infiltration often remains undetected. Recently,
late gadolinium enhancement with cardiovascular MRI (LGE-CMR) imaging has been intro-
duced for the detection of myocardial infiltrative disease, as it enables the detection of even
minor myocardial damage. We investigated the incidence and prognostic value of LGE-CMR
in patients with extracardiac sarcoidosis without cardiac manifestations.

METHODS: Sixty-one consecutive patients who met the histologic and clinical criteria for sar-
coidosis, and who did not have signs or symptoms of cardiovascular involvement, were pro-
spectively recruited. LGE-CMR was performed at the time of enrollment, and patients were
classified into positive or negative late gadolinium enhancement groups based on the findings.
The study end point was a composite of all-cause death, symptomatic arrhythmia, and heart
failure necessitating admission.

RESULTS: Patients were predominantly middle aged (57 = 15 years) and female (66%), and
most had stable disease activity that did not require treatment with immunosuppressants.
LGE-CMR detected cardiac involvement in eight patients (13%). Interventricular septal thinning
detected by echocardiography was an independent predictor of LGE-CMR-detected cardiac
involvement. During the follow-up period of 50 = 12 months, no significant difference in adverse
events was noted between patients in the LGE-CMR-positive and LGE-CMR-negative groups.

CONCLUSIONS: LGE-CMR detected cardiac involvement in 13% of patients with sarcoidosis with-
out cardiac manifestation, but both patients with and without LGE had relatively low event rates.

TRIAL REGISTRY: Japan Primary Registries Network; No.: UMIN000001549; URL: www.umin.ac.jp
CHEST 2014; 146(4):1064-1072

Manuscript received January 16, 2014; revision accepted May 2, 2014;
originally published Online First May 22, 2014.

ABBREVIATIONS: ACE = angiotensin-converting enzyme; CAD = coronary
artery disease; CMR = cardiovascular MRI; CRP = C-reactive protein;
IVS = interventricular septum; JMHW = Japanese Ministry of Health
and Welfare; LGE = late gadolinium enhancement; LGE-CMR = late
gadolinium enhancement with cardiovascular MRI; LVEF = left ven-
tricular ejection fraction; PES = programmed electric stimulation;
SSFP = steady-state free precession

AFFILIATIONS: From the Department of Cardiovascular Medicine (Drs
Nagai and Anzai), National Cerebral and Cardiovascular Center, Osaka;
Department of Cardiology (Drs Kohsaka and Fukuda), Keio University
School of Medicine, Tokyo; Department of Diagnostic Radiology
(Dr Okuda), Keio University School of Medicine, Tokyo; and the Divi-

1064 Original Research

32

sion of Pulmonary Medicine (Dr Asano), Department of Medicine,
Tokai University School of Medicine, Kanagawa, Japan.

Drs Nagai and Kohsaka contributed equally to this work.
FUNDING/SUPPORT: This work was supported by a Grant-in-Aid for
Young Scientists [Grant 25860630 to Dr Nagai] from the Japan Society
for the Promotion of Science.

CORRESPONDENCE TO: Toshiyuki Nagai, MD, PhD, Department of
Cardiovascular Medicine, National Cerebral and Cardiovascular Center,
5-7-1 Fujishirodai, Suita, Osaka 565-8565, Japan; e-mail: nagai@ncvc.
gojp

© 2014 AMERICAN COLLEGE OF CHEST PHYSICIANS. Reproduction of
this article is prohibited without written permission from the American
College of Chest Physicians. See online for more details.

DOI: 10.1378/chest.14-0139

[ 146#4 CHEST OCTOBER 2014 |

Downloaded From: http://journal.publications.chestnet.org/ by a Keio University User on 03/16/2015



Sarcoidosis is a multiorgan disorder of unknown eti-
ology that is characterized by granulomatous forma-
tion.! Although the disease is thought to have low
mortality and a benign prognosis, cardiac involvement
may worsen the prognosis, as it leads to left ventricular
dysfunction, congestive heart failure,? and life-threatening
cardiac arrhythmias.? The mortality in patients with sar-
coidosis with cardiac manifestation is as high as 25% in
Western countriest and is even higher in the Japanese
population,’ indicating the need for therapeutic
intervention.

Cardiac sarcoidosis is characterized by the presence of
cardiac symptoms, particularly impaired systolic left
ventricular function, or ECG changes. Frequently, how-
ever, the only indicators of cardiac sarcoidosis are
minor ECG abnormalities and atypical cardiac symp-
toms, such as bundle branch and atrioventricular block,
and ventricular arrhythmia. Furthermore, cardiac
involvement in sarcoidosis is difficult to detect because
the infiltration of granulomas into cardiac tissue is often
not associated with clinical symptoms.57 Thus, early
detection of cardiac involvement in patients with sarcoid-
osis may improve treatment strategies and mortality.

Noninvasive imaging approaches, such as late gado-
linium enhancement (LGE) with cardiovascular MRI
(CMR) (LGE-CMR), have enabled detection of cardiac
infiltration of sarcoidosis at much earlier phases of the
disease.® LGE distribution varies according to the type
of myocardial disease. For example, gadolinium is pre-
dominantly distributed in the endocardium of patients
with ischemic cardiomyopathy, in the myocardial wall
of patients with dilated cardiomyopathy, and in the epi-
cardium of patients with myocarditis.!®!! Several studies
have demonstrated that CMR is able to detect character-

istic fibrosis patterns of cardiac sarcoidosis, such as
septal thinning, ventricular dilation, and systolic dys-
function.’2!3 LGE-CMR is reported to have high sensi-
tivity and specificity for the detection of cardiac
involvement in patients with sarcoidosis, who typically
exhibit a nonischemic pattern of LGE.1415

Patel et al® reported a retrospective analysis of patients
with systemic sarcoidosis. In their study, 19% of patients
with systemic sarcoidosis with preserved ejection frac-
tion (left ventricular ejection fraction [LVEF] > 50%)
showed LGE; some of these patients had cardiac symp-
toms or an ECG abnormality (37%), and one-quarter
(25%) satisfied the Japanese Ministry of Health and
Welfare (JMHW) criteria. This study was limited to
investigating the characteristics of the LGE-positive
and LGE-negative groups and did not include outcome.
Patel et al® also demonstrated that the prevalence of
myocardial damage detected by LGE-CMR in patients
with extracardiac sarcoidosis was 26%, and the presence
of LGE predicted future adverse events. Their prospec-
tive cohort specifically included patients with left ven-
tricular dysfunction, cardiac manifestation (21%), and
those who already satisfied the JMHW criteria (10%).
Notably, their LGE-positive group had significantly
lower LVEF compared with the LGE-negative group;
thus, the results were easily understandable.

Therefore, based on these studies, the role of LGE-CMR
in less symptomatic patients is still unclear. Detection
of myocardial damage by LGE-CMR in patients with
extracardiac sarcoidosis without cardiac manifestation
is becoming common in daily practice, and the aim of
the current study is to clarify the usefulness of LGE-
CMR for detecting myocardial damage and future risk
stratification in such patients with sarcoidosis.

Materials and Methods

Patient Population

A total of 61 consecutive patients who were histologically and/or
clinically diagnosed with extracardiac sarcoidosis, including lung, eye,
and skin involvement, were prospectively assessed. Inclusion criteria
were the absence of cardiac symptoms suggestive of ischemic or other
heart disease; LVEF = 50%; no contraindication for LGE-CMR, such
as renal impairment or implanted metallic device; and not meeting the
diagnostic criteria for cardiac sarcoidosis by tests other than LGE-
CMR, as described in the 2006 revised version of the JMHW guide-
lines.1617

Patients were divided into LGE-CMR-positive and LGE-CMR-negative
groups based on the results of CMR imaging performed during an ini-
tial evaluation. All subjects provided written informed consent prior to
participation in the study. The study was approved by the ethics com-
mittee of Keio University Hospital (20-77) and registered under the
Japanese UMIN Clinical Trials Registry (UMIN000001549).
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Blood Sampling and Testing

Prior to CMR, venous blood samples were collected, and the serum
C-reactive protein (CRP) level was then measured by latex photometric
immunoassay (Mitsubishi Chemical, Inc). Serum creatinine level was
measured enzymatically using the creatinase-sarcosine oxidase-peroxidase
method. Angiotensin-converting enzyme (ACE) activity was measured
by the Kasahara method.'

Echocardiography

Echocardiography was performed prior to CMR. Left ventricular wall-
motion abnormality and thinning of the interventricular septum (IVS)
were interpreted by two experienced clinicians without knowledge of
the patients’ background.

CMR Protocol

CMR was performed using a standardized clinical protocol on a 1.5-T
magnetic resonance system (Signa TwinSpeed; General Electric Co).
All CMR images were ECG-gated and obtained during repeated
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breath holds. Cine images were acquired with a steady-state free
precession (SSFP) pulse sequence with the following parameters:
repetition time, 4.8 milliseconds; echo time, 1.2 milliseconds; flip
angle, 55°% matrix, 256 X 128; field of view, 350 mm; section thickness,
10 mmy; section interval, 10 mm; and sensitivity encoding factor, ECG-
gated inversion-recovery true fast imaging with SSFP performed in the
mid-diastolic phase using an inversion time of 300 milliseconds. After
localization of the heart, nine to 12 contiguous short-axis sections
encompassing the entire left ventricle and two-, three-, and four-
chamber, long-axis projections were collected. Gadopentetate meglu-
mine (0.15 mmol/kg; Magnevist; Schering AG) was administered at a
rate of 3 to 4 mL/s using a power injector, and delayed-enhancement
images were acquired 10 min after the injection of gadopentetate meglu-
mine, using an inversion-recovery SSFP pulse sequence. Seven short
axial sections were obtained at each time point. Inversion time was
fixed at 300 milliseconds after the R wave.

Study End Point and Clinical Follow-up

The study end point was a composite of all-cause death, heart failure
necessitating admission, and symptomatic arrhythmia, which was
defined as ventricular arrhythmia with clinical symptoms and necessitat-

ing admission, or bradyarrhythmia leading to pacemaker implantation.
Follow-up data, including the results of additional LGE-CMR imaging
performed after 6 months with patient permission, were obtained from
hospital records; by direct contact with patients or patients’ physicians
at hospital or outpatient clinic; telephone interview of patients or, if
deceased, of family members; and mail, by dedicated coordinators and
investigators.

Statistical Analysis

Continuous data are expressed as mean * SD. LGE-CMR-positive and
LGE-CMR-negative groups were compared using an unpaired f test or
nonparametric means test for continuous variables. Categorical vari-
ables were reported as frequencies with percentages and compared
between the two groups using the x? test and Fisher exact test. Long-term
outcome was estimated using Kaplan-Meier curves and the log-rank
(Mantel-Cox) test to assess the significance of differences according to
the presence or absence of LGE. Multiple logistic regression analysis,
including determinants with a P value <.10 in univariate analysis, was
used to assess the effects of various factors on positive LGE. All statisti-
cal analyses were performed using SPSS 13.0 for Windows (IBM). Statis-
tical significance was defined as P <.05.

Results

Baseline and Clinical Characteristics

Patients were predominantly middle aged (57 = 15 years)
and female (66%) and had a relatively prolonged course
of stable sarcoidosis (median, 38 months). Most patients
(89%) had pulmonary involvement and were not treated
with immunosuppressants (Table 1).

Delayed Enhancement Imaging

Eight of the 61 patients (13%) had positive LGE findings,
including perimyocardial involvement in two patients
(Fig 1A), transmyocardial involvement in two patients
(Fig 1B), and intramyocardial involvement in four
patients (Figs 1C, 1D).

Differences Between LGE-Positive
and LGE-Negative Groups

Although no significant differences were detected
between the LGE-positive and LGE-negative groups
with respect to baseline characteristics, extracardiac
organ involvement, disease duration, and steroid use,
the LGE-positive group tended to have a higher incidence
of baseline steroid therapy and more organ involvement
than the LGE-negative group (Table 1). Echocardio-
graphic analysis revealed that the prevalence of IVS
thinning was significantly higher in the LGE-positive
group (38% vs 4%, P<.05). No difference in the preva-
lence of left ventricular wall-motion abnormality or
positive gallium-scintigram findings was seen between
the two groups (Table 2).

Blood tests revealed that serum ACE activity was signifi-
cantly lower in the LGE-positive group, but no signifi-
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cant difference was detected for other laboratory test
results, including CRP and hemoglobin levels, or lung
volume capacity (Table 1).

In both groups, no patient had any signs suggestive of
coronary artery disease (CAD). This included ischemic
ST-T change and/or abnormal Q-wave in the ECG or
local left ventricular wall-motion abnormality corre-
sponding to coronary territory in the echocardiogram.

Determinants of Positive LGE

Univariate logistic regression analysis identified multiple
organ involvement and IVS thinning as possible indepen-
dent factors for positive LGE (P = .09 and P= .01, respec-
tively) (Table 3). These two variables were included in a
multivariate logistic regression analysis model, which
revealed that IVS thinning shown by echocardiography
was an independent determinant of positive LGE

(OR, 11.7; 95% CI, 1.49-92.0; P=.019) (Table 3).

Short-term (6-Month) Outcomes of Patients
in LGE-Positive Group

The characteristics of patients in the LGE-positive
group are summarized in Table 4 and Figure 2. During
the initial 6-month follow-up period, one patient

(No. 1) underwent pacemaker implantation almost

1 month after CMR for advanced atrioventricular block.
However, other patients did not experience any major
adverse cardiac events. Four patients refused induction
of steroid therapy, but did not show progression of LGE
on follow-up CMR performed 6 months after study
enrollment. Patient No. 8 was treated with steroids upon
patient’s request, and LGE was not detected 6 months
after initiating treatment.
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TABLE 1 | Baseline Characteristics of Patients

Characteristic

Overall (N =61)

l LGE Positive (n =8) LGE Negative (n =53) P Value

T 57:15

40 (66)

Female patients

ran

e

. (54) :

0.24+0.44

H o/
Creatinine, mg/dL

% VC 94.5x21.4

e 155

CHEy

25 (47)

85.3+£34.9

96.8+16.7 .83

Continuous variables are presented as mean =+ SD and categorical variables are presented as No. (%), unless otherwise indicated. ACE = angiotensin-
converting enzyme; CRP = C-reactive protein; LGE = late gadolinium enhancement; Q = quarter; VC=volume capacity.

Long-term Patient Outcomes

During the follow-up period of 50 - 12 months, two
patients were lost. One in the LGE-positive group (No. 2)
was lost at 46 months after enrollment; the other, in the
LGE-negative group, was lost at 37 months after enroll-
ment. No patient in either group experienced cardiac
death. In addition, no significant differences in the
study end points were detected between the two groups
(Fig 3). Three patients in the LGE-CMR-negative group
died of noncardiac causes (hepatic cell carcinoma,
malignant lymphoma, and pulmonary sarcoidosis).

Discussion

In this prospective study of 61 Japanese patients with
extracardiac sarcoidosis, 13% of patients who did not
meet the diagnostic criteria for cardiac sarcoidosis based
on conventional assessment by ECG, echocardiography,
and gallium scintigram nevertheless showed cardiac
involvement on LGE-CMR. We also found that thin-
ning of the IVS was an independent determinant of
myocardial damage detected by LGE. However, cardiac
involvement was not associated with a higher risk for
short- or long-term adverse outcomes in this patient
population. Together, these findings suggest that LGE-
CMR sensitively detects cardiac involvement associated

journal.publications.chestnet.org

with extracardiac sarcoidosis, even during the clinically
silent stages of cardiac involvement, but has limited
prognostic implication in the absence of clinical cardiac
manifestations, such as heart failure or symptomatic
arrhythmias. This study could answer a very relevant
clinical issue faced in the management of cardiac sar-
coidosis patients: what to do about incidentally discov-
ered CMR abnormalities in the context of systemic
sarcoidosis. There are a few articles published on this
issue, but no study has prospectively scanned individ-
uals in the absence of cardiac symptoms.

The JMHW has established guidelines for the diagnosis
of cardiac sarcoidosis,'s which include invasive diagnos-
tic tests, such as myocardial biopsy, and noninvasive
methods, including nuclear-medicine testing by thal-
lium and gallium scintigraphy. However, these criteria
suffer from low sensitivity'21 and often fail to detect
early signs of cardiac involvement, particularly myocar-
dial infiltration and tissue damage. Therefore, the appli-
cation of LGE-CMR as a diagnostic imaging approach
for cardiac involvement in patients with extracardiac
sarcoidosis requires the accurate detection of character-
istic myocardial damage. In the present study, the LGE-
positive group of patients with extracardiac sarcoidosis
showed various types of LGE imaging patterns, including
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B Transmyocardial

A Perimyocardial

C  Intramyocardial D Intramyocardial

Figure 1 - Representative findings and enhancement patterns in the late
gadolinium enhancement-positive group (n = 8) of patients with extra-
cardiac sarcoidosis patients. A, Perimyocardial pattern (n= 2). B, Trans-
myocardial pattern (n=2). C and D, Intramyocardial pattern (n= 4).

peri-, trans-, and intramyocardial involvement. The
observed patterns are comparable to those reported by
Watanabe et al,!* who examined CMR images of
patients with cardiac sarcoidosis who were enrolled in a
multicenter study and found that LGE was most fre-
quent in the subepicardial layer, where the appearance
of LGE staining was band-shaped with distinct margins.

TABLE 2 ] Baseline Cardiac Characteristics of Patients

In addition, transmural lesions were more common in
patients with reduced LVEF (<35%). However, even
among patients who showed characteristic LGE images
of cardiac sarcoidosis, a number were additionally diag-
nosed with various types of cardiomyopathy, including
dilated and hypertrophic cardiomyopathy, which sug-
gests that the observed patterns may not have been spe-
cific for damage caused by sarcoidosis.

Our current studies suggest that patients with extracar-
diac sarcoidosis with no cardiac symptoms and pre-
served left ventricular systolic function have better
clinical outcomes and fewer events than those with
symptomatic and left ventricular systolic dysfunction.
Our present findings differ from the results of two sim-
ilar studies conducted in Western countries, with
respect to the detection rates of cardiac involvement
and long-term outcomes of patients with LGE-positive
sarcoidosis, even though the longer observation periods
(from 3 to 4 years) and end points were similar.3® For
example, the frequency of patients who were LGE posi-
tive in the previous studies ranged from 19% to 26%,
which is approximately twofold higher than the detec-
tion rate of 13% in the present study. In addition, the
rate of cardiac events in patients in the LGE-positive
group (12.5%) was markedly lower than that of approxi-
mately 29% in one study,? suggesting that differences in
disease duration, inclusion criteria, or incidence of
immunosuppressant use may have influenced the long-
term outcome in these patient populations. With

Overall (N

=61)

Characteristic

~ Wenckebach-type
Mobitz-type AVB

LVEDV, mL

Positive for cyardkiac Ga-scintigram 2 (3)

17 (28)

104.6+23.9
Q83171

P Value

il
15 (28)

15 (28)

104.6 £3.3
1(2)

1(13)

Continuous variables are presented as mean =+ SD, categorical variables are presented as No. (%). AVB = atrioventricular block; BBB =bundle branch
block; CMR = cardiovascular MRI; Ga = gallium; IVS = interventricular septum; LVEDV = left ventricular end-diastolic volume; LVEF =left ventricular

ejection fraction.
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