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Fig. 1. Classification of the enrolled cases. All 83 patients were classified with the use of criteria for both systemic sarcoidosis and cardiac
sarcoidosis (CS). EMB, endomyocardial biopsy; MRI, magnetic resonance imaging; FDG-PET/CT, 18F—ﬂuoro-Z-deoxyglucose positron-
emission tomography/computerized tomography; iCS, isolated CS.

of a segmented inversion-recovery gradient-echo sequence. De-
layed enhancement images were obtained 3-10 minutes after
the intravenous infusion of a gadolinium-chelate contrast material
(meglumine gadopentetate, 0.15 mmol/kg) with the use of a
cardiac-gated T1-weighted pulse sequence. The inversion times
were typically 220—320 ms. At the Cardiovascular Imaging
Clinic, images were acquired during repeated breath-holds with
the use of a 1.5-T scanner (Philips Achieva) with a phased-array
coil and steady-state free precession. Standard delayed enhance-
ment images were acquired 10 minutes after contrast administra-
tion (meglumine gadopentetate, 0.2 mmol/kg) with the use of a
segmented inversion-recovery gradient-echo sequence. The inver-
sion delay times were typically 220—300 ms.

On cardiac MRI, the typical findings of CS on cine imaging

were defined as limited focal dyskinesis, thinning basal septal
wall, or aneurysm. Additionally, unexplained LGE was defined
as a possible finding of CS. Cases with chronic kidney disease
(creatinine clearance rate <30 ml/min) were assessed by
myocardial edema and scarring on T2-weighted-imaging black
blood (T2WI-BB).

FDG-PET/CT Studies

FDG-PET/CT scans were performed with the use of an Aquiduo
machine (Toshiba Medical, Tokyo, Japan). The CT data were ob-
tained in 2-mm slices with a 15° helical pitch at 120 kV and
50—100 mA, with a matrix of 512 x 512 pixels. Patients fasted
for >12 hours, and oral hydration and bladder emptying were
completed before CT data collection. CT data for attenuation
correction and anatomic coregistration were obtained during expi-
ratory breath-holding without contrast media administration. After
CT scanning, the patients received an intravenous injection of 3.7
MBg/kg FDG and underwent whole-body scans 60 minutes later.
The PET data were obtained in 3-dimensional mode for 2 minutes
in each bed position. The PET data consisted of a matrix of 128 x
128 pixels.
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Visual Qualitative and Semiquantitative Analyses of
FDG-PET/CT Images

Data obtained from FDG-PET/CT were analyzed by 2 nuclear
medicine radiologists blinded to the clinical data, who assessed
FDG uptake in the myocardium. Myocardial FDG uptake in CS
was defined as a “focal” or “focal on diffuse” pattern.'> For
quantitative analysis, the myocardial mean standardized uptake
value (SUV) was measured in each of the 17 lesions in accordance
with American Heart Association guidelines.’® We used the coef-
ficient of variance (CV) of the mean SUV.?’ Moreover, we as-
sessed the utility of the ratio of the highest mean SUV to the
lowest mean SUV as a more convenient marker. Thirty-one
healthy men, matched for age and sex, were enrolled as control
subjects.

Therapeutic Effect and Long-Term Prognosis

Ejection fraction, left ventricular diastolic dimension according
to echocardiography, and serum B-type natriuretic peptide (BNP)
level were compared before and after therapy in sCS and iCS pa-
tients. To assess the improvement in BNP level after prescribing
prednisolone, we calculated ABNP (%) as (BNP level before pred-
nisolone administration — BNP level after prednisolone adminis-
tration)/BNP level before prednisolone administration.

To assess outcome with the use of the event-free curve, the pri-
mary end points were defined as admission for heart fajlure and
all-cause mortality. The data were compared in terms of the use
of prednisolone and left ventricular dysfunction (defined as ejec-
tion fraction <50%).

Statistical Analysis

Categoric data are presented as n (%) and continuous data as
mean * SD. We performed Kruskal-Wallis 1-way analysis of vari-
ance for comparison among =3 groups. The nonparametric test of
Mann-Whitney-Wilcoxon with Holm correction was used to
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compare 2 groups. Ninety-five percent confidence intervals (Cls)
were calculated, and P values of <.05 were considered to be sta-
tistically significant. The area under the receiver operating charac-
teristic (ROC) curve (AUC) was calculated. The optimal cutoff
values were considered as those closest to the point of 100% sensi-
tivity and 100% specificity, according to the standard method. The
sensitivity, specificity, positive predictive value, and negative pre-
dictive value were determined by the relevant cutoff values. ROC
curves were compared with the use of Medcalc version 13.1.0.0
software (Medcalc Software, Ostend, Belgium). The statistical dif-
ference in Kaplan-Meier curves was assessed by means of the log
rank test. Statistical analysis was performed‘with the use of SPSS
version 11.0.1 J software (SPSS, Chicago, Illinois).

Results

The classification of the 83 cases is shown in Fig. 1. The
number of cases that fulfilled the major and minor criteria
did not differ between the sCS and iCS groups. iCS was
associated with a high rate of limited thinning of the inter-
ventricular septum, similar to that noted in sCS patients. No
significant differences were observed in complete atrioven-
tricular block, gallium uptake, left ventricular dysfunction,
ventricular tachycardia, focal dyskinesis, or diffuse hypoki-
nesis between the sCS and iCS groups. However, the prev-
alence of ventricular aneurysm was higher in iCS cases than
in sCS cases (P = .046). The ejection fraction in iCS cases
was lower than that in sCS cases (P = .025; Table 2).

Amiodarone prescription and implantable cardioverter-
defibrillator application were more prevalent in iCS than
in sCS cases (Table 3). The use of other therapies, including
corticosteroids, was not significantly different between the
groups.

Details of the 11 iCS cases that were diagnosed based on
histologic and clinical findings are presented in Table 4.
The absence of ischemic heart disease was confirmed in
all 11 iCS patients, and all 9 suspected iCS cases underwent
cardiac MRI or FDG-PET/CT.

Overall, 12 cases (4 sCS, 5 iCS, and 3 sarcoidosis
without CS) underwent endomyocardial biopsy. Sarcoidosis
was not identified in the myocardium of any sCS cases.

Among all CS cases (n = 9), noncaseating granulomas
were present in only 2 iCS patients (22.2%).

Cardiac MRI

Cardiac MRI data were obtained from 24 cases (10 sCS,
5 iCS, and 9 sarcoidosis without CS; Fig. 2). LGE exami-
nation was performed in 22 cases; the remaining 2 cases
were assessed with the use of T2ZWI-BB.

All CS cases presented positive LGE findings. Among
the 9 cases of sarcoidosis without CS, 6 had positive
LGE findings. Assessment of transmurality on LGE exam-
ination demonstrated that fibrosis was frequently present in
the epicardium (68.4% of cases). In particular, LGE was
more frequently observed in the epicardial wall in sCS
and iCS cases compared with other transmural patterns
(76.9% vs 35.9%; P = .011). The transmurality of LGE
was not statistically different between sCS and iCS cases
(Fig. 3, left).

The localization of LGE is presented in Fig. 3 (right).
The most frequent site was the basal anteroseptal wall
(68% of cases). The septal lesions in sCS and iCS cases
had a significantly higher rate of LGE compared with the
other lesions (52.9% vs 19.1%; P < .001); their localiza-
tion was not statistically different between iCS and sCS.

Among the iCS cases, 3 patients exhibited interventric-
ular septum thinning, and an aneurysm was observed in
the other 2. In particular, 1 iCS case—diagnosed based
on histologic manifestations—exhibited an aneurysm on
LGE examination. T2WI-BB examination revealed
myocardial edema and scar lesions in 1 sCS case and 1
iCS case.

FDG-PET/CT

FDG-PET/CT data were obtained from 62 cases,
including 19 sCS cases, 7 iCS cases (all cases were sus-
pected iCS), 5 cases of sarcoidosis without CS, and 31 con-
trol subjects. Although the 6 patients with diabetic mellitus
were included in the FDG-PET study of 31 patients, the
average levels of plasma glucose were 98.0 * 14.8 mg/
dL in the study group and 96.6 = 14.7 mg/dL in the control

Table 2. Clinical Background of the Patients

sCS iCS P Value Sarcoidosis Without CS

(m = 30) (n = 11) (sCS vs iCS) (n = 26)
Age (y) 66.0 + 12.9 63.5 = 15.9 ns 64.8 = 12.5
Sex (% male) 16.7% 63.6% .021 23.1%
Major criteria of CS 1.8 0.7 1.9 =09 ns 0.0 =02
Minor criteria of CS 1.6 = 0.9 1.8 = 1.0 ns 0.8 0.8
Complete atrioventricular block 43.3% 36.7% ns 0%
Limited thinning of interventricular septum 70.0% 63.6% ns 3.9%
Left ventricular dysfunction (ejection fraction <50%) 50.0% 81.8% ns 3.9%
Ejection fraction (%) 503 = 14.5 39.8 = 12.3 .025 672 =94
Gallium uptake in heart 54.5% 28.6% ns 0%
Ventricular tachycardia 30.0% 45.5% ns 3.8%
Focal dyskinesis 36.7% 45.5% ns : 30.8%
Diffuse hypokinesis 30.0% 45.5% ns 3.8%
Ventricular aneurysms 13.3% 54.5% .046 0%

CS, cardiac sarcoidosis; sCS, systemic CS; iCS, isolated CS.
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Table 3. Therapeutic Background of the Patients

sCS iCS P Value

Prescription m=230) (@=11) (sCS vsiCS)
Corticosteroid 76.7% 90% ns
Initial dose of corticosteroid 22.5 = 14.5 21.3 = 104 ns
B-Blocker 43.3% 27.3% ns
ARB 30.0% 18.2% ns
ACE-i 20.0% 27.3% ns
CCB 13.3% 0% ns
Amiodarone 20.0% 63.6% .034
Sotalol 3.3% 0% ns
Diuretics 33.3% 63.6% ns
Pimobendan 3.3% 18.2% ns
Digoxin 3.3% 0% ns
Intracardiac device 40.0% 63.6% ns

PMI 30.0% 36.4% ns

ICD 10.0% 63.6% .008

CRT 0% 9.1% ns

ARB, angiotensin II receptor antagonist; ACE-i, angiotensin-converting
enzyme inhibitor; CCB, calcium channel blocker; PMI, pacemaker im-
plantation; ICD, implantable cardioverter-defibrillator; CRT, cardiac re-
synchronization therapy.

group. Therefore, increased glucose level is not likely to
have influenced the results of FDG uptake in this study.
All iCS cases exhibited a focal or focal on diffuse pattern
of FDG uptake. In quantitative analysis, the CVs of iCS
(0.32 = 0.09) and sCS (0.32 £ 0.13) cases were higher
than those of sarcoidosis without CS cases (0.18 = 0.06;
P = .005 and P = .003, respectively) and control subjects
(0.17 = 0.06; both P < .001; Fig. 4, left). The associations
between qualitative and quantitative data presented as the
CVs of the focal pattern (0.36 = 0.16; n = 13; P <
.001) and the focal on diffuse pattern (0.27 *= 0.05; n =
12; P = .001) were higher than those of the homogeneous
pattern (CV 0.19 = 0.06). The CVs were not significantly
different between the cases with the focal pattern and the
focal on diffuse pattern. The CV of the homogeneous
pattern was higher than that of no uptake (0.15 % 0.06;
P = .024; Fig. 4, right). To confirm whether sCS or iCS
was present, the ROC curve of the CV demonstrated an
AUC of 92.9% with a cutoff value of 0.22. At this cutoff
value, the diagnostic accuracy was 92.3% for sensitivity,
80.6% for specificity, 77.4% for positive predictive value,
and 93.5% for negative predictive value. In the analysis
of the ratio of the highest to lowest myocardial mean
SUV, the ROC curve demonstrated an AUC of 92.4%
with a cutoff value of 2.1. The diagnostic accuracy was
92.3% for sensitivity, 80.6% for specificity, 77.4% for pos-
itive predictive value, and 93.5% for negative predictive
value. The ROC curves were not statistically different be-
tween the 2 indices (P = .75; Fig. 5, left). The ratio of
the highest to lowest mean SUV was strongly correlated
with the CV of the mean SUV (r = 0.96; Fig. 5, right).
The FDG-PET/CT findings of a representative iCS case
are presented in Fig. 6.

Therapeutic Effect and Long-Term Survival Ratio

The ejection fraction and left ventricular diastolic
dimension for sCS (n = 10) and iCS (n = 7) did not

117

Isolated Cardiac Sarcoidosis @ Tezuka et al

Table 4. Characteristics of Definite or Suspected iCS
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H, histologically definite iCS; S, suspected iCS; EMB, endomyocardial biopsy; Ca, calcium; TbT, tuberculin test; Trop, troponin; CD, cluster of differentiation; Lyso, lysozyme; NA, not available; other ab-

breviations as in Tables 2 and 3.
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Fig. 2. Findings of late gadolinium enhancement (LGE) and T2-weighted-imaging black blood (T2WI-BB) on cardiac magnetic resonance
imaging. (A) LGE in epicardial wall in short-axis view in systemic cardiac sarcoidosis (sCS) case. (B) LGE in subendocardial wall in sCS
case. (C) LGE in transmural wall in sCS case. (D) Epicardial LGE pattern in the lateral aneurysmal wall in isolated cardiac sarcoidosis
(iCS) case (no. 2). (E) Mid to epicardial LGE pattern in 4-chamber view in iCS case (no. 4). (F) Epicardial to midwall LGE pattern in
short-axis view in iCS case (no. 9). (G) Midwall LGE pattern in iCS case (no. 3). (H) Low intensity of the epicardial posterior scar on
short-axis T2WI-BB image in sCS case. (I) High intensity of myocardial edema in the posterior aneurysmal wall on 4-chamber T2WI-
BB image in iCS case (no. 10).

change after prednisolone treatment (data not shown). different between sCS and iCS. After prednisolone treat-
Data on BNP level were obtained in 17 sCS cases and ment, BNP level decreased significantly in both groups:
7 iCS cases. The baseline BNP level was not significantly sCS: 157.3 = 130.3 pg/mL before, 108.8 % 93.7 pg/mL
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Fig. 3. The transmurality and localization of late gadolinium enhancement (LGE). Left: Transmurality of LGE was classified as subendo-
cardial, mid, epicardial, or transmural wall. The distribution of the study cases was expressed as a percentage. Right: The rate of LGE in the
17 lesions was expressed as a percentage (black, >60%; dark gray, 40%—60%; light gray, 20%—40%; white, 0—20%).
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Fig. 4. Quantitative analysis with the use of coefficient of variance (CV or COV) of myocardial mean standardized uptake value (SUV) in
18R_fluoro-2-deoxyglucose positron-emission tomography/computerized tomography (FDG-PET/CT). Left: Comparison of CV of mean
SUV in sCS, iCS, sarcoidosis without CS (sSa), and control groups. CVs of both sCS and iCS were significantly higher than those of
sSa and control groups. Right: Comparison of CV with qualitative findings of focal, focal on diffuse, homogeneous, and no-uptake patterns.

after (P = .01); iCS: 317.8 * 331.2 pg/mL before, 138.6
+ 161.6 pg/mL after (P = .043). The mean observation
time (sCS 14.3 ® 14.3 mo vs iCS 18.7 = 11.3 mo) and
mean initial prednisolone dose (sCS 27.4 = 5.0 mg vs
iCS 25.0 £ 5.0 mg) did not differ between the 2 groups.
The ABNP of iCS was higher than that of sCS (33.3% vs
12.8%; P = .04).

The Kaplan-Meier curve indicated no difference in the
long-term survival ratio between sCS and iCS. Without
prednisolone treatment for CS, the prognosis was poorer
(P = .0069; Fig. 7). We performed subclass analysis with
and without left ventricular dysfunction and prednisolone
treatment. The group with left ventricular dysfunction and
without prednisolone treatment had the worst outcome
among all groups (P = .0011).
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Discussion

The recent report of iCS by Kandolin et al indicated that
9 (64%) of 14 patients with CS had isolated cardiac
involvement without sarcoidosis of other organs.® However,
the clinical definition of iCS and accompanying epidemio-
logic data have not been established. CS generally presents
with a variety of myocardial and clinical symptoms of the
heart. Therefore, in cases without histologic manifestation,
the diagnosis and treatment of iCS are challenging, partic-
ularly when treatment with prednisolone therapy in cases of
possible iCS is concerned. In the present study, we clarified
the clinical characteristics of iCS cases including clinically
suspected cases, investigated the therapeutic effect of
prednisolone, and determined the long-term outcomes.
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Fig. 5. Comparison of the CV and ratio of the highest to lowest mean SUV. Left: The areas under the 2 receiver operating characteristic
curves were not statistically different. Right: Correlation of the CV and ratio of the highest to lowest mean SUV.
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Basal anteroseptal wall:
Mean SUV:3,105(highest)

Basal inferolateral wall:
Mean SUV:1.165(lowest)

FDG uptake in mid
posterior wall.

The COV of mean SUVs was calculated as 0.24, and
highest/ lowest of mean SUV was 2.67.

Fig. 6. FDG-PET/CT findings of a representative iCS case. A 54-year-old woman was admitted for congestive heart failure. She presented
with severely low cardiac function (ejection fraction 30%) with ventricular aneurysm formation. FDG uptake demonstrated the focal on

diffuse pattern. The plasma glucose level was 64 mg/dL.

However, an accurate diagnosis is critical in clinical iCS,
particularly to exclude other cardiomyopathies in this
series. Therefore, we focused on cardiac MRI and FDG-
PET/CT, which can be used to diagnose iCS without histo-
logic manifestations.

The myocardial tissue characteristics and LGE patterns
in CS can be clearly differentiated from those of other car-
diomyopathies.'” However, LGE findings in CS cases often
show polymorphic patterns with heterogeneity. In our study,
LGE findings were more frequently detected in epicardial
side and septal walls, and iCS was homologous to sCS
regarding transmurality and localization. This specific
pattern of LGE distribution should be studied further in
relation to the pathologic findings.

Two iCS cases demonstrated ventricular aneurysms on
cardiac MRI; 1 of these cases had LGE in the aneurysm
with histologic manifestation. The other iCS case had no
characteristics of the other cardiomyopathies and demon-
strated myocardial edema and scar on T2WI-BB. T2WI-
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BB can indicate the presence of inflammation, according
to a recent study.”’ Ventricular aneurysms can be caused
by ischemic cardiomyopathy, hypertrophic cardiomyopa-
thy,”>*® and other rare conditions; however, in cases
without any apparent evidence of other such causes, they
can be a significant sign of CS.**

The assessment of myocardial FDG uptake is often a sig-
nificant and controversial problem, because the physiologic
conditions for glucose metabolism influence the SUV derived
from FDG uptake in the myocardium.'® Recently, fasting time
of >12 hours and dietary modification (<5 g of carbohy-
drate restriction for the meal in the previous night) have
been proposed to eliminate physiological uptake of FDG in
the myocardium.” However, its clinical utility has not been
established yet. Therefore, Japanese guidelines recommend
fasting time of =12 hours for their purpose.”® In our retro-
spective FDG-PET/CT study on a sufficient number of
healthy control subjects, the CVs of myocardial mean SUV
for the focal and focal on diffuse patterns were higher than

i
o

f§ ' e T

k4 3

% ‘lhﬁﬁa(fZ«mmwﬁ*“*
j p=0.0069

3

2

s PSL(-)

=

& 20 48 40 30 160 120 140 160 1R0 200

‘Months

Fig. 7. Comparison of event-free curves. Left: There was no significant difference between sCS (solid black line) and iCS (dashed red line)
cases. Right: The group with prednisolone treatment (dashed red line) had a significantly better outcome than the group without prednis-

olone treatment (black line).
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those for other patterns, implying that this quantitative marker
of FDG uptake was similar to the qualitative findings in the
diagnosis of CS. Consequently, the CV in clinical iCS cases
was equivalent to that in sCS cases.

In the analysis of the diagnostic accuracy of quantitative
markers of FDG uptake, the ROC curves for CV and the ra-
tio of the highest to lowest myocardial mean SUV demon-
strated that these markers can differentiate sCS and iCS
from other conditions. The utility of these 2 markers lies
in the diagnosis of iCS without histologic manifestations.
In particular, the measurement of the CV of myocardial
SUV in 17 lesions requires time and labor; the ratio of
the highest to the lowest myocardial SUV is potentially a
convenient marker to assess CS quantitatively.

The incidence of iCS in CS cases was 26.8% in the pre-
sent study, which is lower than that reported in an earlier
study.® However, further research on the incidence of iCS
among CS cases is required, because ethnicity-based differ-
ences in clinical manifestations have been reported.’

BNP level has been reported as a sensitive marker for
cardiac involvement in patients with sarcoidosis.*” In our
study, BNP level decreased after prednisolone treatment
in both sCS and iCS cases. However, the assessment of
BNP level has limitations, because levels of the marker
differ across cases and are influenced by cardioprotective
drugs. We observed a significantly higher event-free sur-
vival ratio in patients who were prescribed prednisolone
compared with those without prednisolone treatment,
particularly in patients without left ventricular dysfunction.
These results are consistent with a previous report.®

Thus, we attempted to determine the presence of iCS
with the use of cardiac MRI and FDG-PET/CT data based
on established features of CS. Our findings may be essential
for establishing a technique to identify iCS without histo-
logic manifestation.

Study Limitations

This study was a retrospective investigation performed at
a single center. The number of patients was relatively low,
and not all patients underwent both FDG-PET/CT and car-
diac MRI during the same time period; in particular, only a
few patients in the iCS group did. Endomyocardial biopsy
was performed in only a portion of iCS cases. The enroll-
ment of a greater number of iCS cases based on histologic
diagnosis is necessary to assess the utility of cardiac MRI
and FDG-PET in the determination of iCS. Otherwise, as
previously stated, the sensitivity of endomyocardial biopsy
can be reduced by sampling errors. In our study, the sensi-
tivity of the biopsy was 22.2%. This rate is consistent with a
past report'! and supports the suggestion that CS diagnosis
should not depend exclusively on histologic findings.

The recruitment of iCS cases may have led to some bias
because we assessed iCS cases by means of conventional
guidelines. Moreover, the iCS cases included in the present
study may be more severe in terms of cardiac function
compared with iCS cases overall; because we included
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only symptomatic patients in the present study, none of
the patients had an early phase of the condition. The disease
activity of CS is difficult to assess because of the low grade
of chronic inflammation, even though it can influence the
sensitivity of imaging data. FDG-PET may be useful in
the detection of inflammation in CS cases. The criteria
for disease activity in CS are not yet known, and this issue
will be a significant target of further research. The effect of
corticosteroids on long-term prognosis could not be
confirmed from the present data because their were only
11 definite or suspected iCS patients.

Conclusion

In the present study, we noted that the findings of definite or
suspected iCS cases were similar to those of sCS cases. From
these data, we propose the use of these noninvasive imaging
modalities for diagnosing iCS without histologic manifestation
to avoid the underdiagnosis of treatable cases. Further evalua-
tion for the clinical definition of iCS is mandatory.
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Background: Recently, it has become increasingly recognized that pulmonary hypertension (PH) is a
particularly threatening result of left-sided heart disease. However, there have been few investigations
of the impact of cardiopulmonary exercise testing (CPX) variables on PH in dilated cardiomyopathy
(DCM). We evaluated the usefulness of crucial CPX variables for detecting elevated pulmonary
arterial pressure (PAP) in patients with DCM.

Methods: Ninety subjects with DCM underwent cardiac catheterization and CPX at our hospital.
Receiver operator characteristic (ROC) analysis was performed to assess the ability of CPX variables
to distinguish between the presence and absence of PH.

Results: Overall mean values were: mean PAP (mPAP), 18.0 + 9.6 mmHg; plasma brain natriuretic
peptide, 233 £ 295 pg/mL; and left ventricular ejection fraction, 30.2 £ 11.0%. Patients were
allocated to one of two groups on the basis of mean PAP, namely DCM without PH [mean PAP
(mPAP) <25 mmHg; n = 75] and DCM with PH (mPAP =25 mmHg; n = 15). A cutoff achieved
percentage of predicted peak VO, (%PPeak VO,) of 52.5% was the best predictor of an mPAP =25
mmHpg in the ROC analysis (area under curve: 0.911). In the multivariate analysis, %PPeak VO, was
the only significant independent predictor of PH (Wald 6.52, odds ratio 0.892, 95% Cl 0.818-0.974;
P=0.011).

Conclusions: %PPeak VO, was strongly associated with the presence of PH in patients with
DCM. Taken together, these findings indicate that CPX variables could be important for diagnosing
PH in patients with DCM.

Ann Noninvasive Electrocardiol 2016;00(0):1-9

cardiopulmonary exercise testing; dilated cardiomyopathy; peak VO,; pulmonary hypertension

Pulmonary hypertension (PH) occurs commonly in 2 of the Nice 2013 classification.? and is believed
patients with left heart disease and is associated to be the most common form of PH,? with both
with increased morbidity and mortality.!:2 PH as- passive and active components.}# In patients with
sociated with left heart disease is classified in group ischemic or nonischemic dilated cardiomyopathy
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(DCM), the presence of PH is also a predictor of
morbidity or mortality.> We previously reported
that the presence of PH provides valuable prognos-
tic information in ambulatory patients with DCM.®

Cardiopulmonary exercise testing (CPX) is an
established assessment tool in heart failure (HF)
populations.” Most often, CPX is used to assess
prognosis in HF patients being considered for
heart transplantation.® and to provide an additional
evaluation of disease severity.” Given the emerging
importance of detecting PH in HF patients and
the already established role of CPX in this patient
population, examining the ability of this exertional
assessment to unmask elevated pulmonary arterial
pressure (PAP) is an important research endeavor.
CPX has already been proved useful for diagnosing
secondary PH in other patients, such as those
with hypertrophic cardiomyopathy.® or HF.10:11
However, to our knowledge, there have been no
investigations of the impact of CPX variables on PH
in DCM. Here, we therefore aimed to evaluate the
usefulness of crucial CPX variables for detecting
elevated PAP in patients with DCM.

METHODS
Study Population

A total of 90 consecutive ambulatory patients
with DCM (62 men (69%]); mean age £ SD, 52
£ 13 years) were enrolled retrospectively in the
study at Nagoya University Hospital, Japan. All
patients were on optimal pharmacological therapy
according to current guidelines for the treatment
of HF.!? Individuals who had suffered an episode
of acute HF within the previous month, who had
renal dysfunction [estimated glomerular filtration
rate (eGFR) <30 mL min™! 1.73 m~2], or who had
received an implanted cardiac resynchronization
therapy device or an implantable cardioverter
defibrillator before cardiac catheterization were
excluded from the study. Echocardiographic find-
ings as a screening tool were left ventricular
(LV) dilatation and systolic dysfunction, as defined
by depressed LV ejection fraction. DCM was
defined by the presence of both an LV ejection
fraction of <50% (as revealed by contrast left
ventriculography) and dilation of the LV cavity in
the absence of coronary artery stenosis of >50%
(as determined by coronary angiography), valvular
heart disease, arterial hypertension, and secondary
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cardiac muscle disease attributable to any known
systemic condition.’® No patients had histories
of acute viral myocarditis or familial DCM, or
evidence of immune triggers. The study protocol
complied with the Declaration of Helsinki, and
written informed consent was obtained from each
study patient. The study protocol was approved
by the Ethics Review Board of Nagoya University
School of Medicine (approval no. 359).

Study Protocol

Physical examination, laboratory measurements,
CPX, and biventricular catheterization were per-
formed within 3 days of study enrollment. All
patients were in a stable condition at the time of
testing.

Cardiac Catheterization

All patients initially underwent diagnostic right
and left heart catheterization. Patients were in
a stable condition at the time of catheterization.
For hemodynamic assessment, a 6F Swan-Ganz
catheter (Goodman Biosensors, Tokyo, Japan) was
inserted by using a jugular approach. Coronary
angiography and left ventriculography via the right .
radial artery were also performed. A 6F fluid-
filled pigtail catheter with a high-fidelity micro-
manometer (CA-61000-PLB Pressure-tip Catheter;
CD Leycom, Zoetermeer, The Netherlands) was
positioned in the left ventricle to measure LV
pressure. Endomyocardial biopsy was performed
in all patients to exclude myocarditis and specific
heart muscle disease. Biopsy specimens were
obtained from the septal wall of the right ventricle
with a 6F bioptome.

Diagnosis of PH

PH was defined hemodynamically as a mean
PAP (mPAP) of =225 mmHg at rest, as assessed
by right heart catheterization without inhalation
of nitric oxide and supplemental oxygen. Mean
PAP, mean right atrial pressure, mean pulmonary
artery wedge pressure, and the respective oxygen
saturations, along with those in the main pul-
monary artery, were measured. Cardiac output was
assessed by thermodilution and was expressed in
liters per minute.
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CPX Procedure

Each patient underwent CPX at a progressively
increasing work rate to maximal tolerance on a
cycle ergometer. The test protocol was in accor-
dance with the recommendations of the American
Thoracic Society and American College of Chest
Physicians.** The oxygen and carbon dioxide sen-
sors were calibrated before each test by using gases
with known oxygen, nitrogen, and carbon dioxide
concentrations. The flow sensor was also calibrated
before each test by using a 3-L syringe. All patients
started at 10 W for a 3-min warm-up, followed by a
10-W/min ramp increment protocol up to the termi-
nation criteria. Test termination criteria consisted
of patient request, volitional fatigue, ventricular
tachycardia, =2 mm horizontal or downsloping ST-
segment depression, or a drop in systolic blood
pressure (BP) of =20 mmHg during exercise.
A qualified exercise physiologist conducted each
test, with physician supervision. A 12-lead elec-
trocardiogram was monitored continuously, and
BP was measured every minute during exercise
and throughout the recovery period. Respiratory
gas exchange variables, including VO,, VCO3, and
minute ventilation (VE), were acquired continu-
ously throughout the exercise testing by using
an Oxycon Pro ergospirometer (Care Fusion; San
Diego, CA, USA); gas-exchange data were obtained
breath-by-breath. Peak VO, was expressed as the
highest 30-s average value obtained during the last
stage of the exercise test, and the peak respiratory
exchange ratio was the highest 30-s average value

during the last stage of the test. The VE/VCO; slope .

was determined by using linear regression analysis
of the VE and VCO, obtained during exercise.'®
Exercise oscillatory ventilation (EOV) was assessed
by using the criteria previously reported by Leite
et al.’6 The achieved percentage of predicted peak
VO, (%PPeak VO,) was calculated as [obtained
peak VO / age-, gender-, and weight-adjusted
predicted peak VO, in mL min™ kg'] x 100.71%
The ratio of the increase in VO, to the increase
in work rate (WR) [AO2/AWR] was calculated
by least-squares linear regression from the data
'recorded between 30 s after the start of incremental
exercise and 30 s before the end of exercise.

Statistical Analysis

Data are presented as means £ SD. Variables
were compared between the DCM with PH and
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DCM without PH groups by using Student’s f-test
for unpaired data. The chi-square test was used
to assess the significance of differences between
dichotomous variables. The impact of mPAP on
outcome was analyzed by using the presence
or absence of PH as a categorical determinant
of adverse events. Other baseline predictors of
events were determined by performing univariate
Cox proportional hazard regression analysis with
age, gender, creatinine, plasma brain natriuretic
peptide (BNP), heart rate, cardiac index, systolic
BP, LV end-diastolic pressure, pulmonary arterial
wedge pressure, pulmonary vascular resistance,
peak VO;, and VE/VCO, slope as potential
determinants. The hazard ratio and 95% confi-
dence interval were defined. Receiver-operator
characteristic (ROC) curve analysis was used to
assess the ability of CPX variables to identify
subjects with an mPAP >25 mmHg. Binary logistic
regression assessed the univariate and multivariate
(with P < 0.1) ability of CPX variables to identify
subjects with mPAP >25 mmHg. All analyses were
performed with the SPSS 17.0 software package
(SPSS, Chicago, IL, USA). A P value of <0.05 was
considered statistically significant.

RESULTS
Patient Characteristics

The mean age was 52 years, and 69% of subjects
were male. At the time of cardiac catheterization,
beta blockers were used by 87% of all patients,
angiotensin-converting-enzyme inhibitors (ACE-Is)
or angiotensin II receptor blockers (ARBs) by 86%,
diuretics by 69%, and spironolactone by 46%. The
mean (25th, 75th percentile) plasma BNP level was
233 (55, 306) pg/mL, and the mean LV ejection
fraction was 30.2 &= 11.0%.

Clinical characteristics and important hemody-
namic parameters of all patients are shown in
Table 1. Subjects were allocated to one of two
groups on the basis of the absence (DCM without
PH group, n = 75) or presence (DCM with PH
group, n = 15) of PH. PH was present in 17%
of patients with DCM, -and the median (25th,
75th percentile) mPAP for all DCM patients was
17.9 (11.8, 20.0) mmHg. DCM patients with PH
were significantly younger than those without
PH. Diuretics, beta-blockers, and spironolactone
were used significantly more frequently in DCM
with PH than in DCM without PH, but there
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Table 1. Patient Characteristics

DCM without PH DCM with PH
(n = 75) (n=15) P
Age (years) 54 + 13 45 + 14 0.038
Male (n, %) 53 (71) 9 (60) 0.459
BMI (kg/m?) 235 + 4.2 21.6 + 4.1 0.133
NYHA 1.57 + 0.76 2.50 £ 1.23 0.131
Medication
Diuretics (n, %) 47 (63) 15 (100) <0.001
ACE-I/ARBs (n, %) 63 (84) 14 (93) 0.753
B-Blockers (n, %) 63 (84) 15 (100) <0.001
Digitalis (n, %) 9 (12) 9 (17) 0.710
Statins (n, %) 9(12) 1(7) 0.669
Amiodarone (n, %) 7 (9) 5 (33) 0.271
Spironolactone (n, %) 29 (39) 12 (80) 0.002
Laboratory
BNP (pg/mL) 175 (37-274) 550 (178-840) 0.013
eGFR (mL/min/1.73 m?) 72 + 26 74 + 15 0.707
Hb (mg/dL) 140 &+ 1.6 14.0 + 2.3 0.962
T. Chol (mg/dL) 194 + 34 175 + 46 0.152
TG (mg/dL) 156 (77-177) 111 (68-152) 0.046
HbA1c (%) 574 + 1.15 5.63 + 0.80 0.648
Cardiac catheterization
PAWP (mmHg) 10.0 + 4.6 253 +£ 6.9 <0.001
Systolic PAP (mmHg) 242 + 6.8 49.0 + 15.4 <0.001
Diastolic PAP (mmHg) 9.5 + 4.0 28.8 £+ 10.0 <0.001
Mean PAP (mmHg) 14.4 &+ 4.3 35,5 £ 9.6 <0.001
PVR (Wood units) 0.96 + 0.92 3.25 4+ 2.64 0.005
RAP (mmHg) 50 £ 3.1 7.7 + 2.6 0.018
SvO, (%) 71.8 £ 58 618 £ 7.3 0.024
TPG (mmHg) 4.4 + 4.0 10.3 £ 5.7 0.002
DPG (mmHg) -0.5 + -0.6 3.5 + 3.2 <0.001
Heart rate (bpm) 76.5 = 13.1 85.0 £ 23.9 0.303
Cardiac output (L/min) 473 + 1.20 3.75 + 1.46 0.025
Cardiac index (L/min/m?) 2.75 £+ 0.59 2.27 £+ 0.69 0.022
Systolic BP (mmHg) 122 + 19 104 + 30 0.051
Diastolic BP (mmHg) T4 £+ 12 70 £ 14 0.287
LVEDP (mmHg) 14.4 + 7.1 25.1 £ 8.8 0.001
LVEDVI (ml/m?) 129.5 + 41.3 183.7 + 65.4 0.004
LVESVI (ml/m?) 90.6 + 37.8 150.1 £ 59.2 0.004
LVEF (%) 32.0 &+ 10.1 22.7 £ 10.4 0.001

Data are presented as mean values + SD and medians [interquartile range or n (%)].

ACE-l = angiotensin-converting enzyme inhibitor; ARB = angiotensin-receptor blocker; BMI = body mass index; BNP = brain
natriuretic peptide; BP = blood pressure; DCM = dilated cardiomyopathy; DPG = diastolic pulmonary vascular gradient;
eGFR = estimated glomerular filtration rate; Hb = hemoglobin; LVEDP = LV end-diastolic pressure; LVEDVI = LV end-diastolic
volume index; LVESVI = LV end-systolic volume index; LVEF = LV ejection fraction; NYHA = New York Heart Association;
PAP = pulmonary arterial pressure; PAWP = pulmonary artery wedge pressure; PH = pulmonary hypertension; PVR = pulmonary
vascular resistance; RAP = right atrial pressure; SvO, = mixed venous oxygen saturation; T. Chol = total cholesterol; TG =

triglyceride; TPG = transpulmonary pressure gradient.

were no differences between the 2 groups in the
use of ACE-Is or ARBs at the time of cardiac
catheterization. Although plasma BNP levels were
significantly higher in DCM with PH, eGFR, and
serum hemoglobin levels did not differ between
the two groups. On cardiac catheterization, the
systolic, diastolic, and mean PAP, as well as the
pulmonary vascular resistance and right arterial
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pressure, were significantly higher in DCM with
PH than in DCM without PH, whereas the
cardiac index and mixed venous oxygen saturation
were significantly lower in the former group. LV
end-diastolic pressure, LV end-diastolic volume
index, and LV end-systolic volume index were
significantly higher, and LV ejection fraction was
significantly lower, in DCM with PH.
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Table 2. Hemodynamic Parameters in Cardiopulmonary Exercise Testing

DCM without PH DCM with PH
(n =175) (n= 15) P

Exercise duration (min) 75 £ 25 7.1 &+ 39 0.671
Peak VO, (ml/kg/min) 19.2 + 4.8 11.3 + 3.6 <0.001
%PPeak VO, (%) 72.0 £ 21.8 40.6 + 12.8 <0.001
VE/NCO, slope 292 +£ 7.4 38.6 + 9.7 0.002
Peak VO,/HR ratio 10.1 + 4.6 6.9 + 3.4 0.005
AVO,/AWR 9.7 + 3.8 55 4+ 3.1 <0.001
Resting HR (bpm) 85 + 19 88 + 17 0.60

Peak HR (bpm) 133 + 29 117 £ 21 0.019
Resting systolic BP (mmHg) 121 £ 22 111 £ 30 0.212
Peak systolic BP (mmHg) 161 + 36 131 + 45 0.026
Resting PerCO, (mmHg) 33.3 + 6.4 30.4 + 3.7 0.112
EQV 23 (31%) 7 (47%) 0.231
Peak RER 1.09 + 0.08 1.07 + 0.11 0.332

BP = blood pressure; HR = heart rate; EOV = exercise oscillatory ventilation; %PPeak VO, = achieved percentage of predicted
peak VO,; PerCO, = end-tidal carbon dioxide tension; RER = respiratory exchange ratio; AVO,/AWR = ratio of change in VO,

to change in work rate.

The CPX variables are shown in Table 2.
Although exercise duration did not differ between
the two groups, peak VO; %PPeak VO;, peak
VO,/HR ratio, and AVO,/AWR were significantly
lower in DCM with PH than in DCM without
PH. VE/VCO; slope was significantly higher in
DCM with PH than in DCM without PH. Although
resting HR and resting systolic BP did not differ
significantly between the two groups, peak HR and
peak systolic BP were significantly lower in DCM
with PH than in DCM without PH.

CPX Variables for Detecting PH

We performed an ROC curve analysis of the
ability of peak VO3, %PPeak VO,, VE/VCO; slope,
and AVO,/AWR to detect mPAP =25 mmHg
(Fig. 1). All four diagnostic models were significant
for detecting mPAP =25 mmHg. A %PPeak VO,
cutoff value of 52.5% was the best predictor of
mPAP =25 mmHg in the ROC analysis {area under
the curve [AUC: 0.911]; 95% confidence interval
[CT]: 0.846 t0 0.977, P < 0.001}. The sensitivity and
specificity of using %PPeakVO; to detect PH were
82.8% and 85.7%, respectively. The sensitivity and
specificity with a peak VO, cutoff value of 13.55
mL kg min! were 90.6% and 71.4%, respectively
(AUC: 0.904; 95% CI: 0.832 to 0.976, P < 0.001). A
VE/VCO; slope cutoff value of 31.01 had significant
diagnostic value {AUC: 0.801; 95% CI: 0.681 to
0.920, P < 0.001), and a AVO3;/AWR cutoff value
of 7.79 also had significant diagnostic value (AUC:
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0.841; 95% CI: 0.714 to 0.968, P < 0.001) for
detecting PH.

We used binary logistic regression to assess
the independent and combined abilities of CPX
variables for detecting PH (Table 3). In the
univariate analysis, peak VO, %PPeak VO, peak
VO,/HR ratio, VE/VCO; slope, AVO;/AWR, peak
systolic BP, and rest PgrCO, were significant
predictors of PH. In the multivariate analysis,
%PPeak VO, was the only significant independent
predictor of PH (Wald 6.52, odds ratio 0.892, 95%
CI0.818 t0 0.974; P = 0.011}.

DISCUSSION

Here, we reported for the first time that reduced
%PPeak VO, was strongly associated with the
presence of PH in patients with DCM. Other CPX
variables, including peak VO;, VE/VCO; slope,
and AVO,/AWR, were also useful for detecting
the presence of PH. Taken together, these results
indicate that CPX variables could be important for
diagnosing PH in patients with DCM.

Usefulness of Exercise Capacity
for Detecting PH in DCM

Four CPX variables, namely peak VO, %PPeak
VO3, AVO,/AWR, and VE/VCO; slope (see Fig. 1),
were especially strong predictors of PH. Peak VO,
and %PPeakVO; were superior to the other two as
diagnostic markers of increased mPAP. In addition,
%PPeak VO, was the only significant independent
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Figure 1. Receiver operating characteristic (ROC) curves showing the ability of cardiopulmonary exercise testing
variables to detect pulmonary hypertension (PH). ROC curves of the abilities of peak VO,, %PPeak VO,, VENCO,
slope, and AVO,/AWR to detect PH (i.e., mPAP =25 mmHg). AUC = area under the curve; Cl = confidence interval;
%PPeak VO, = achieved percentage of predicted peak VO,; WR = work rate.

Table 3. Binary Logistic Analysis for the Detection of Pulmonary Hypertension

Univariate Multivariate

" Analysis Wald OR 95%ClI P Wald OR 95%CI P
Peak VO, (mL/kg/min) 15.1 0.672 0.550-0.821 <0.001

%PPeak VO, (%) 14.0 0.902 0.854-0.952 <0.001 6.52 0.892 0.818-0.974 0.011
Peak VO,/HR ratio 7.13 0.744 0.600-0.924 0.008 ‘
VE/NVCO, slope 11.6 1.136 1.056-1.222 0.001

AVO,/AWR 13.9 0.609 0.470-0.790 <0.001

Peak HR (bpm) 3.81 0979 0.959-1.000 0.051

Peak systolic BP (mmHg) 6.62 0.976 0.958-0.994 0.010

EQV 0.52 1.023 0.726-1.370 0.528

Rest PgrCO, (mmHg) 6.99 0.862 0.772-0.962 0.008

Peak W (watts) 0.47 0993 0.974-1.013 0.490

Cl = confidence interval; OR = odds ratio. Other abbreviations as in Tables 1 and 2.

predictor of PH by the multivariate logistic analysis
{see Table 3).

Peak VO, has traditionally been considered
a "gold standard” for selecting candidates for
cardiac transplantation.® In contrast, %PPeakVO,
is age-, gender-, and weight-adjusted and is based
on directly measured peak VO, during CPX.
Furthermore, %PPeak VO, provides important
information that can be used for risk stratification
of patients with HF.® %PPeak VO, and peak
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VO, had similar abilities to detect PH by ROC
analysis, but %PPeak VO, was the only significant
independent predictor of PH by the multivariate
logistic analysis in our patients.

DCM patients range in age and tend to be
younger than other HF patients; this was certainly
the case in our DCM patients. The combination
of reduced LV ejection fraction and relatively
young age at onset suggests that DCM occurrence
is at least partly influenced by genetic factors,?
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although our study did not include genetic profiling
to support this hypothesis. These patients are at
risk of developing severe, refractory HF. From this
perspective, %PPeak VO, might be a more useful
predictor of PH than other CPX variables, includ-
ing peak VO, in DCM because it is adjusted for age.

In patients with HF, the ventilatory parameters
in CPX can reflect reactive PH.!! VE/VCO,
slope or EOV is important for diagnosing PH in
hypertrophic cardiomyopathy,® and HF, including
with normal ejection fraction,'® or ischemia.!
We considered that the main reason for the
difference between these studies.!®!! and our
study was different study populations. In addition,
the mechanisms behind the occurrence of a steep
VE/VCO, slope and the presence of EOV are
multifactorial. Abnormalities of ventilatory reflex
control and pulmonary hemodynamics, as well
* as the presence of a low cardiac index, during
exercise are all possible causes.!®21:22 In our study,
VE/VCO; slope (see Fig. 1), but not EOV {AUC:
0.625; 95% CI: 0.427 to 0.823, P = 0.211), was a
significant parameter for detecting PH in the ROC
analysis. Similarly, VE/VCO; slope, but not EOV,
was a significant predictor of PH in the univariate
analysis (see Table 3). EOV was assessed by using
the criteria previously reported by Leite et al.'®
Defining EOV can be complex and difficult during
exercise; further investigations are needed to deter-
mine whether it can be used to detect PH in DCM.

Parameters obtained during submaximal exer-
cise have an advantage over peak VO, in that
they can be obtained without maximum effort. In
addition, measurement of peak VO, depends on the
subject’s motivation and is easily influenced by the
bias of the investigator. AVO2/AWR and VE/VCO,
slope are characterized by the time course of
change in respiratory gas variables, reflecting the
ability of cardiopulmonary function to adapt to
increasing work rate. AVO3/AWR and VE/VCO,
slope may therefore, in some regards, be useful in
addition to peak VO, for assessing PH.

Clinical Implications

Exercise tolerance reflects a number of important
prognostic factors, including cardiac function,
oxygen-carrying capacity, and autonomic nervous
system balance.?*-?5 CPX is a diagnostic tool used
to detect serial changes in exercise capacity. It
is of particular benefit for assessing peak VO
and VE/VCO; slope in patients with chronic HF,
because these parameters function as predictors
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of overall mortality or determinants of risk
stratification in such individuals.?6-%0

The recognition of PH due to left heart disease
has created the need for diagnostic tests to
determine when a patient’'s PAP is elevated. CPX
variables have already been evaluated by echccar-
diography to detect systolic PAP 240 mmHg
in an HF population.!® Determination of systolic
PAP echocardiographically by using the sum
of the peak RV-RA (right ventricular - right
atrial) pressure gradient and the RA pressure
has been established as reliable,3! but additional
studies have questioned the accuracy of this
relationship, particularly at higher pulmonary
artery pressures.®?3% In patients with very severe
fricuspid regurgitation, the Doppler envelope may
be truncated because of the early equalization
of RV and RA pressures, and using a simplified
Bernoulli equation may underestimate the RV-RA
gradient.3*

Here, we examined resting hemodynamic vari-
ables, gold standard method, by cardiac catheter-
ization. The use of CPX to diagnose secondary
PH has already been demonstrated.®*> However,
to our knowledge, this is the first study to have
investigated the ability of crucial CPX variables to
detect elevated PAP.

Currently, there is no specific therapy for PH
due to left heart disease. All of our study patients
who had DCM with PH used various combinations
of diuretics and beta blockers. In addition, 80%
of them were using spironolactone at the time of
cardiac catheterization; we therefore considered
that these patients were optimally medicated.
Using CPX to detect PH may lead to early
therapeutic interventions for DCM.

Study Limitations

This was a retrospective study in a single center
and with a relatively small sample size. Moreover,
hemodynamic diagnosis by challenge tests such
as exercise and acute pulmonary vasoreactivity
testing was not performed. Finally, the use of single
time point measurements did not allow us to assess
the time-dependence of PAP in the Cox regression
analysis and may have led us to underestimate the
prognostic significance of PH.

CONCLUSIONS

%PPeak VO, was strongly associated with the
presence of PH in patients with DCM. Peak VO,
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VE/VCO; slope, and AVO,/AWR were also useful
for detecting the presence of PH. Taken together,
these findings indicate that CPX variables could be
important for diagnosing PH in patients with DCM.
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