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Abstract

Aims Left ventricular ejection fraction (LVEF) is considered an indicator of cardiac resynchronization therapy (CRT). Longitu-
dinal studies on the predictive value of LVEF are scarce. We aimed to comprehensively evaluate the prognostic role of LVEF in
the outcomes of Chinese patients with CRT.
Methods and results Three hundred ninety‐two patients were divided into three tertiles of LVEF: ≤25%, 25–30%, and 30–
35%, and four groups by LVEF changes: <0% (negative response); ≥0% and ≤5% (non‐response); >5% and ≤15% (response);
and >15% (super‐response). One hundred six patients were super‐responders. During a median follow‐up of 3.6 years, 141
reached the composite endpoint. Odds ratios (ORs) for super‐response depicted a reversed U‐shaped relationship for baseline
LVEF with a peak at 25–30%. Independent predictors of super‐response were smaller left atrial diameter [odds ratio 0.897,
95% confidence interval (CI) 0.844–0.955, P = 0.001], smaller left ventricular end‐diastolic diameter (OR 0.937, 95% CI
0.889–0.989, P = 0.018), and higher estimated glomerular filtration rate (OR 1.018, 95% CI 1.001–1.035, P = 0.042) in Tertile
1; atrial fibrillation (OR 0.278, 95% CI 0.086–0.901, P = 0.033), left bundle branch block (OR 4.096, 95% CI 1.046–16.037,
P = 0.043), and left ventricular end‐diastolic diameter (OR 0.929, 95% CI 0.876–0.986, P = 0.016) in Tertile 2; while female
sex (OR 2.778, 95% CI 1.082–7.132, P = 0.034) and higher systolic blood pressure (OR 1.045, 95% CI 1.013–1.079,
P = 0.006) in Tertile 3. An inverse association with the composite endpoint was found in Tertile 1 vs. Tertile 2 (hazard ratio
1.934, 95% CI 1.248–2.996, P = 0.003). The prognostic effects of CRT response in Tertile 3 and Tertile 1 varied significantly
(P for trend = 0.017 and <0.001). Among three tertiles in super‐responders, event‐free survival was similar (P for
trend = 0.143).
Conclusions Left ventricular ejection fraction of 25–30% is associated with a better prognosis of super‐response. Predictors
of super‐response are different for LVEF tertiles. CRT responses would have better prognostic performance than LVEF tertiles
at baseline, which should be considered when clinicians screening eligible patients for CRT.
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Introduction

In patients with chronic heart failure (HF), left ventricular
ejection fraction (LVEF) is the main factor to evaluate the
performance of cardiac resynchronization therapy (CRT).
LVEF of 35% was a determined cut‐off value for the eligibility
of CRT implantation, and it was also used to define the

super‐response to CRT. Prior studies identified that the inci-
dence of super‐response ranges from 9.7% to 37.8%, which
was mostly evaluated by LVEF > 50% after 6 months of
CRT.1–10 The important MADIT‐CRT (Multicenter Automatic
Defibrillator Implantation Trial With Cardiac
Resynchronization Therapy) study5 included 752 CRT with de-
fibrillator patients, and 25.4% were super‐responders with an
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LVEF increase of ≥14.5%. Six predictors were identified as fol-
lows: female sex, no prior myocardial infarction, QRS duration
≥150 ms, left bundle branch block (LBBB), body mass index,
and smaller baseline left atrial volume index. And
hypo‐response was associated with an increased risk of HF
or all‐cause mortality. Ypenburg et al.11 indicated that the ex-
tent of left ventricular (LV) reverse remodelling that was eval-
uated by LV end‐systolic volume (LVESV) before implantation
and after 6 months of CRT was associated with clinical im-
provement and the long‐term follow‐up including all‐cause
mortality and hospitalizations for HF.

To our best knowledge, baseline LVEF has a great deal of
effect on outcomes12,13 so that the effects of LVEF on the
prognosis of patients with CRT should also be fully investi-
gated. Agir et al. divided 141 CRT patients into three groups
based on the baseline LVEF: 5–15%, 15–25%, and 25–35%,
and found that there was no lower limit for baseline LVEF
to predict non‐response that defined as LVESVi < 10% at
6months.14 However, whether there is a lower or higher limit
to predict the super‐response assessed by LVEF is unknown.
Meanwhile, in the MADIT‐CRT study, patients with baseline
LVEF of ≤25% had a higher risk of HF/death than those with
LVEF > 25%.15 But few studies illustrate the effects of LVEF
at baseline and changes after CRT on the composite out-
comes. Therefore, the aims of the current study were to (i)
evaluate the association between baseline LVEF and CRT
super‐response assessed by the LV functional improvement;
(ii) explore the predictors of super‐response driven by base-
line LVEF subgroups; (iii) verify the association between base-
line LVEF and the composite endpoint; and (iv) explore the
impact of longitudinal LVEF changes on the long‐term
prognosis.

Methods

Population and design

The records of HF patients who underwent the implantation
of CRT from January 2008 to December 2017 in the Cardiac
Arrhythmia Center, Fuwai Hospital, were extracted. Patients
were recommended for CRT with the evidence of Class I
and Class II indications according to the widely accepted
guidelines.16–18 The inclusion criteria were as follows: (i) the
medical records of the baseline LVEF and the LVEF at
6 months after CRT implantation were available; (ii) patients
had pre‐implant LVEF ≤ 35%; (iii) patients had de novo CRTs;
and (iv) patients had no prior pacemakers or implantable
cardioverter defibrillators. Patients who failed the operation,
died in hospital, or reached the endpoint within the following
6 months were ruled out. Finally, 392 patients were eligible
for analysis (Figure 1). This retrospective study accorded with
the Declaration of Helsinki was performed with the written

informed consent and was approved by the ethics
committee.

All the patients were subject to the optimal medications
before the operation and throughout the follow‐up period.
Follow‐up was based on the outpatient clinics or the medical
phone calls, and the last follow‐up was in December 2018.

Baseline characteristics included demographic parameters,
co‐morbidities, vital signs, echocardiographic parameters,
and drugs. All patients underwent complete echocardiogra-
phy examination at baseline and 6 months after CRT device
implantation.

Definitions

Left ventricular ejection fraction was immediately estimated
when the transthoracic echocardiography conducted by
echocardiographers, using the following formula:
EF = (EDV � ESV)∕EDV. The biplane method of discs (modified
Simpson’s rule) is the currently recommended
two‐dimensional method to assess LVEF in our hospital.19

Pulmonary hypertension (PH) was defined as pulmonary ar-
tery systolic pressure ≥35 mmHg. The true complete LBBB
was defined as QRS > 120 ms, QS or rS form in V1 and broad
R waves with a notch or a slur, without Q waves in the lead I
or V6, as well as notched, or slurred R wave in the lead I, aVL,
V5, and V6.20 Estimated glomerular filtration rate (eGFR) was
calculated using the modified equation for Chinese patients
and expressed in mL/min/1.73 m2.21 In this study, patients
were divided into three tertiles by baseline LVEF: ≤25%, 25–
30%, and 30–35%, and then four groups by LVEF changes af-
ter CRT: <0% (negative response); ≥0 and ≤5% (non‐re-
sponse); >5% and ≤15% (response); and >15% (super‐
response), irrespective of hospitalization for HF and New York
Heart Association (NYHA) class. The clinical outcome was a
composite endpoint of rehospitalizations for HF or cardiac
death.

Figure 1 Flow chart of the study. HF, heart failure; LVEF, left ventricular
ejection fraction.
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Device implantation

Cardiac resynchronization therapy device implantation was all
performed transvenously, and the LV lead was placed
through the coronary sinus. The right ventricular lead and
the right atrial lead were implanted in the apex of the right
ventricle and the right auricular, respectively. All the CRT de-
vices were programmed to obtain the optimal A–V and V–V
intervals according to echocardiography or electrocardiogra-
phy at discharge.22

Statistical analysis

Categorical variables were expressed using percentages and
continuous parameters using mean ± standard deviation or
median [inter‐quartile range (IQR)]. Comparisons among
three tertiles were conducted using the one‐way analysis
of variance for continuous variables and χ2 test for dichot-
omous variables. Logistic regression analysis was performed
to identify the association between three LVEF tertiles and
CRT super‐response. To keep the uniformity and reliability
of the results, robust subgroup analyses were also per-
formed by smooth spline curves according to sex and the
presence of prior atrial fibrillation, myocardial infarction,
LBBB, and defibrillator. To identify the predictors of
super‐response in each LVEF subgroup, logistic regression
analysis was also performed. Variables with P value <0.1
in any of the subgroups were listed in the unadjusted
model, and variables were entered into the multivariate
analysis according to the P value in univariate analysis and
the events number. Cox proportional hazard regression
was used to explore the predictive effects of baseline LVEF
and longitudinal changes in LVEF on the long‐term compos-
ite endpoint. Event‐free survival curves were determined
according to the Kaplan–Meier method, with comparisons
of cumulative event‐free rates by the log‐rank test. All anal-
ysis were assessed by IBM SPSS Statistics 25.0 software
package (SPSS, Inc., Chicago, IL) and R software version
3.6.0 (R Core Team, Vienna, Austria). A two‐tailed P value
of <0.05 was considered significant.

Results

Baseline characteristics of study patients

A total of 392 HF patients were finally enrolled with a mean
age of 58.7 ± 10.9 years, predominantly male (64.8%);
86.5% of patients had no history of myocardial infarction;
and 79.3% of patients were diagnosed with dilated cardio-
myopathy (DCM). There were significant differences be-
tween LVEF tertiles for atrial fibrillation, hyperlipidaemia,

PH, systolic blood pressure (SBP), NYHA classification, left
atrial diameter (LAD), LV end‐diastolic diameter (LVEDD),
and baseline LVEF (P < 0.05). The other characteristics
did not show statistical significance (P > 0.05).
Compared with Tertile 1 and Tertile 2 of LVEF, patients in
Tertile 3 were most likely to have the highest percentages
of hyperlipidaemia, the highest SBP, the lowest percentages
of PH, significant mitral regurgitation and NYHA classifica-
tion of IV, and the smallest LAD and LVEDD (all P < 0.05)
(Table 1).

Follow‐up after cardiac resynchronization
therapy

After a 6 month follow‐up, in total patients, LVEF was im-
proved from 28.0% (IQR 24.0–32.0%) to 38.0% (IQR 30.0–
47.0%) (P < 0.001). LAD was decreased from 42.5 ± 8.5 to
39.7 ± 9.2 mm (P < 0.001), and LVEDD was decreased from
70.0 mm (IQR 64.0–77.0 mm) to 64.0 mm (IQR 56.3–
74.0 mm) (P < 0.001). The QRS duration shortened from
164.0 ms (IQR 152.0–180.0 ms) to 138.0 ms (IQR 132.0–
148.0 ms) (P < 0.001). And 106 patients (27.0%) experienced
functional super‐response to CRT, of whom 34 patients were
in Tertile 1 (n = 143), 45 were in Tertile 2 (n = 126), and 27 in
Tertile 3 (n = 123). During a median follow‐up of 3.6 years
(IQR 2.1–5.4 years), 9 (2.3%) patients were lost for visits,
and 141 (36.0%) patients reached the composite endpoint
(120 suffered rehospitalizations, and 88 suffered cardiac
death). Out of the 141 patients, 74 patients (52.5%) were in
Tertile 1, 37 patients (26.2%) in Tertile 2, and 30 (21.3%) in
Tertile 3. And in the 141 patients, 30 (21.3%) showed nega-
tive response to CRT; 48 (34.0%) showed non‐response; 53
(37.6%) showed response; and 10 (7.1%) showed super‐
response.

Association of left ventricular ejection fraction
with cardiac resynchronization therapy super‐
response

Smoothing spline analysis showed a peak of CRT super‐re-
sponse with LVEF at 25–30% (Figure 2A). As seen in Table 2,
compared with LVEF of Tertile 2 (25–30%), Tertile 1 (≤25%)
had a lower risk of CRT super‐response [odds ratio (OR)
0.561, 95% confidence interval (CI) 0.330–0.954; P = 0.033],
so did Tertile 3 (>30% and ≤35%) (OR 0.506, 95% CI 0.289–
0.887, P = 0.017), leading to a reversed U‐shaped relationship
between LVEF and CRT super‐response, even after adjusting
for multiple factors (P for trend = 0.001). Compared with
Tertile 2, the other LVEF intervals also had ORs < 1 and
remained similar in the multivariable analysis (Table 2).
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Sensitivity analyses

When classified by sex, atrial fibrillation, myocardial infarc-
tion, LBBB, and CRT with defibrillation, the unadjusted LVEF
ORs maintained a reversed U‐shaped relationship with a peak
at 25–30% (Figure 2B–2F).

Predictors of super‐response in left ventricular
ejection fraction subgroups

Logistic regression analysis indicated that smaller LAD (OR
0.897, 95% CI 0.844–0.955, P = 0.001) and LVEDD (OR
0.937, 95% CI 0.889–0.989, P = 0.018) and higher eGFR (OR
1.018, 95% CI 1.001–1.035, P = 0.042) were independent pre-
dictors of super‐response in patients with LVEF of ≤25%. The

absence of atrial fibrillation (OR 0.278, 95% CI 0.086–0.901,
P = 0.033), the presence of complete LBBB (CLBBB) (OR
4.096, 95% CI 1.046–16.037, P = 0.043), and smaller LVEDD
(OR 0.929, 95% CI 0.876–0.986, P = 0.016) were significantly
associated with super‐response in Tertile 2 of LVEF; while fe-
male sex (OR 2.778, 95% CI 1.082–7.132, P = 0.034) and
higher SBP (OR 1.045, 95% CI 1.013–1.079, P = 0.006) were
identified to independently predict super‐response in pa-
tients with LVEF higher than 30% (Table 3).

The composite endpoint‐free survival according
to left ventricular ejection fraction

The composite endpoint‐free survival rates in total patients
were 87.9%, 79.4%, 71.0%, and 53.6% at 1, 2, 3, and

Table 1 Characteristics of study population

Characteristics

LVEF (%)

P valueTertile 1 (≤25) Tertile 2 (25–30) Tertile 3 (>30)

N 143 126 123
Male, n (%) 97 (67.8) 84 (66.7) 73 (59.3) 0.306
Age (years) 58.0 ± 10.7 58.2 ± 10.5 60.1 ± 11.4 0.235
BMI (kg/m2) 23.8 (21.7–26.2) 24.6 (22.5–26.7) 23.9 (22.1–26.6) 0.486
DCM 115 (80.4) 102 (81.0) 94 (76.4) 0.625
Smoking, n (%) 67 (46.9) 47 (37.3) 45 (36.6) 0.156
MI, n (%) 19 (13.3) 15 (11.9) 19 (15.4) 0.712
DM, n (%) 30 (21.0) 34 (27.0) 33 (26.8) 0.424
HTN, n (%) 43 (30.1) 38 (30.2) 49 (39.8) 0.165
AF, n (%) 17 (11.9) 32 (25.4) 25 (20.3) 0.016
CLBBB, n (%) 124 (86.7) 98 (77.8) 101 (82.1) 0.157
HLP, n (%) 43 (30.1) 43 (34.1) 55 (44.7) 0.040
PH, n (%) 28 (19.6) 25 (19.8) 6 (4.9) 0.001
SBP (mmHg) 110.0 (100.0–120.0) 112.0 (100.0–125.0) 120.0 (110.0–130.0) 0.001
DBP (mmHg) 70.0 (65.0–80.0) 70.0 (62.5–80.0) 70.0 (64.0–80.0) 0.819
NYHA, n (%) 0.007

II 21 (14.7) 23 (18.3) 33 (26.8)
III 91 (63.6) 82 (65.1) 81 (65.9)
IV 31 (21.7) 21 (16.7) 9 (7.3)

Echocardiographic parameters
LAD (mm) 44.4 ± 8.4 42.0 ± 9.0 40.9 ± 7.9 0.003
LVEDD (mm) 75.0 (70.0–82.0) 69.0 (62.8–75.3) 65.0 (60.0–71.0) <0.001
LVEF (%) 22.0 (20.0–24.0) 29.0 (28.0–30.0) 33.0 (32.0–34.0) <0.001
Mitral regurgitation, n (%) <0.001
None 5 (3.5) 14 (11.1) 29 (23.6)
Mild 42 (29.4) 50 (39.7) 46 (37.4)
Significant 96 (67.1) 62 (49.2) 48 (39.0)

QRS duration (ms) 160.0 (152.0–180.0) 164.0 (152.0–180.0) 160.0 (152.0–176.0) 0.165
Creatinine (μmol/L) 86 (74–103) 86 (75–99) 87 (76–101) 0.972
eGFR (mL/min/1.73 m2) 97 ± 26 97 ± 24 96 ± 30 0.941
Drugs, n (%)

ACEI/ARB 128 (89.5) 111 (88.1) 115 (93.5) 0.327
Beta‐blockers 134 (93.7) 122 (96.8) 114 (92.7) 0.331
Spironolactone 120 (83.9) 111 (88.1) 108 (87.8) 0.530
Loop diuretics 139 (97.2) 121 (96.0) 116 (94.3) 0.492
Statins 57 (39.9) 53 (42.1) 59 (48.0) 0.395

CRT‐D, n (%) 82 (57.3) 70 (55.6) 66 (53.7) 0.834
LV pacing site, n (%)

Lateral or posterior site 124 (86.7) 114 (90.5) 109 (88.6) 0.627

ACEI/ARB, angiotensin‐converting enzyme inhibitor/angiotensin receptor blocker; AF, atrial fibrillation; BMI, body mass index; CLBBB,
complete left bundle branch block; CRT‐D, cardiac resynchronization therapy with defibrillator; DBP, diastolic blood pressure; DCM, di-
lated cardiomyopathy; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; HLP, hyperlipidaemia; HTN, hypertension;
LAD, left atrial diameter; LV, left ventricular; LVEDD, left ventricular end‐diastolic diameter; LVEF, left ventricular ejection fraction; MI,
myocardial infarction; NYHA, New York Heart Association; PH, pulmonary hypertension; SBP, systolic blood pressure.
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6 years, respectively. In Tertile 1, Tertile 2, and Tertile 3,
event‐free survival at 1 year was 82.9%, 91.8%, and
89.9%, respectively; at 2 years were 68.1%, 85.9%, and
86.3%, respectively; at 3 years were 58.1%, 76.1%,
and 81.9%; and at 6 years were 41.2%, 58.4%, and 65.5%,
respectively. When divided by the extent of response to
CRT, the composite endpoint‐free survival rates in patients
with negative response were 64.6%, 53.4%, 43.7%, and
24.9% at 1, 2, 3, and 6 years, respectively; in patients with
non‐response were 79.6%, 63.4%, 47.1%, and 28.0%; in
patients with response were 92.7%, 83.8%, 73.9%, and
54.3%; and in patients with super‐response were 98.1%,
97.1%, 97.1%, and 85.3%.

A significant difference was found in the composite
endpoint (Figure 3A, log‐rank P < 0.001) among the
three tertiles. CRT patients in Tertile 1 had the poorest
outcomes of the composite endpoint. Concerning the
subgroups of response to CRT, there was a significant
difference in event‐free survival among the four groups
(Figure 3F, log‐rank P < 0.001), and patients with
super‐response had the best survival free from the compos-
ite endpoint. Separate comparisons revealed that patients
with response and super‐response had significant differ-
ences from patients with negative response (log‐rank P
values <0.001), except for patients with non‐response
(P = 0.448).

Baseline left ventricular ejection fraction and
changes of left ventricular ejection fraction in
relation to composite endpoint

Baseline LVEF as a continuous variable was strongly and in-
versely related to the composite endpoint [hazard ratio
(HR) 0.941, 95% CI 0.905–0.978, P = 0.002]. In the categori-
cal analysis, the unadjusted HR for composite endpoint in
Tertile 1 vs. Tertile 2 was 1.854 (95% CI 1.249–2.751,
P = 0.002) and in Tertile 3 vs. Tertile 2 was 0.824 (95% CI
0.509–1.334, P = 0.432), which remained similar when mini-
mally adjusted for possible confounders (Tertile 1 vs. Tertile
2: HR 1.907, 95% CI 1.281–2.840, P = 0.001; Tertile 3 vs.
Tertile 2: HR 0.868, 95% CI 0.535–1.408, P = 0.567). The
inverse relationship between baseline LVEF and the
composite endpoint was also found in the fully adjusted
model when comparing Tertile 1 with Tertile 2 (HR 1.934,
95% CI 1.248–2.996, P = 0.003). However, this relationship
was not seen in Tertile 3 vs. Tertile 2 (HR 1.359, 95% CI
0.797–2.319, P = 0.260) (Table 4).

Given that the implantation of CRT could make a big differ-
ence in cardiac function improvement, we further analysed
whether longitudinal changes in LVEF could predict the com-
posite endpoint. Similarly, a significant and reverse relation-
ship was depicted in Table 4: compared with patients with
negative response to CRT, HRs were 0.759 (95% CI 0.460–

Figure 2 Smooth spline curves of left ventricular ejection fraction predicting cardiac resynchronization therapy super‐response in (A) total patients and
in patients stratified by (B) sex, (C) atrial fibrillation (AF), (D) myocardial infarction (MI), (E) complete left bundle branch block (CLBBB), and (F) cardiac
resynchronization therapy with defibrillator (CRT‐D).
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1.254, P = 0.282) in patients with response, 0.396 (95% CI
0.226–0.694, P = 0.001) in patients with response, and
0.100 (95% CI 0.045–0.222, P < 0.001) in patients with
super‐response after fully adjusted for confounders, including
baseline LVEF.

Composite endpoint in subgroup analysis

The earlier relationship was also tested in a subgroup of indi-
viduals with NYHA IV; compared with those who showed neg-
ative response to CRT, patients with response to CRT had an
HR of 0.284 (95% CI 0.107–0.757, P = 0.012) for the compos-
ite endpoint, and patients who had super‐response had an
HR of 0.102 (95% CI 0.027–0.392, P = 0.001). Moreover, when
compared with negative‐response patients in Tertile 1, only
patients with super‐response had an HR of 0.081 (95% CI
0.023–0.288, P < 0.001); in patients with Tertile 3, similarly,
only those who showed super‐response had an HR of 0.071
(95% CI 0.007–0.693, P = 0.023). In crude analysis, we found
no relation between LVEF tertiles and composite endpoint in
patients with super‐response, when comparing Tertile 2 and
Tertile 3 with Tertile 1 (Table 4).

In the Kaplan–Meier analyses, when comparing the sur-
vival among patients with three tertiles of baseline LVEF
stratified by CRT responses, we found that there was no

significant difference in patients with negative response (Fig-
ure 3B, log‐rank P = 0.488) and those with super‐response
(Figure 3E, log‐rank P = 0.310). However, significant differ-
ences were seen in patients who had non‐response and
who had response to CRT (Figure 3C and 3D, both log‐rank
P values <0.05). And significant differences in event‐free sur-
vival were found among the four groups of CRT response
either in Tertile 1, or in Tertile 2, or in Tertile 3 (Figure
3G–3I, all log‐rank P values <0.001).

Discussion

We believe that this study will deepen the understanding of
the role of echocardiographic LVEF playing in the short‐term
and long‐term prognosis after the CRT implantation. The find-
ings in the current study can be summarized as follows: (i)
there was a reversed U‐shaped relationship between baseline
LVEF tertiles and the 6 month CRT super‐response, and LVEF
at 25–30% was associated with the highest response rate; (ii)
the independent predictors were LAD, LVEDD, and eGFR in
the lowest tertile of LVEF; were atrial fibrillation, CLBBB,
and LVEDD in the middle tertile of LVEF; and were female
sex and SBP in the highest tertile; (iii) the highest LVEF level
of 30–35% alone was not a significant predictor of event‐free

Table 3 Regression analysis of identifying predictors of super‐response in each LVEF subgroup

Unadjusted model Adjusted model

OR (95% CI) P value OR P value

Tertile 1/super‐response (n = 143/34)
Female sex 1.011 (0.444–2.304) 0.979 — —

AF 0.392 (0.085–1.807) 0.230 — —

CLBBB 6.527 (0.838–50.841) 0.073 — —

SBP (mmHg) 1.018 (0.993–1.044) 0.167 — —

LAD (mm) 0.895 (0.847–0.946) <0.001 0.897 (0.844–0.955) 0.001
LVEDD (mm) 0.921 (0.877–0.967) 0.001 0.937 (0.889–0.989) 0.018
QRS (ms) 1.010 (0.990–1.029) 0.341 — —

eGFR (mL/min/1.73 m2) 1.014 (0.999–1.030) 0.064 1.018 (1.001–1.035) 0.042
Tertile 2/super‐response (n = 126/45)

Female sex 2.145 (0.998–4.611) 0.051 — —

AF 0.250 (0.089–0.706) 0.009 0.278 (0.086–0.901) 0.033
CLBBB 6.250 (1.768–22.092) 0.004 4.096 (1.046–16.037) 0.043
SBP (mmHg) 1.029 (1.005–1.052) 0.016 1.023 (0.996–1.051) 0.098
LAD (mm) 0.940 (0.898–0.983) 0.007 0.989 (0.937–1.045) 0.699
LVEDD (mm) 0.932 (0.887–0.979) 0.005 0.929 (0.876–0.986) 0.016
QRS (ms) 1.018 (0.997–1.040) 0.098 — —

eGFR (mL/min/1.73 m2) 0.993 (0.977–1.008) 0.336 — —

Tertile 3/super‐response (n = 123/27)
Female sex 2.652 (1.107–6.358) 0.029 2.778 (1.082–7.132) 0.034
AF 0.115 (0.015–0.896) 0.039 0.134 (0.017–1.075) 0.059
CLBBB 3.289 (0.718–15.073) 0.125 — —

SBP (mmHg) 1.046 (1.016–1.077) 0.003 1.045 (1.013–1.079) 0.006
LAD (mm) 0.954 (0.902–1.010) 0.103 — —

LVEDD (mm) 0.944 (0.887–1.005) 0.073 — —

QRS (ms) 1.024 (0.998–1.051) 0.065 — —

eGFR (mL/min/1.73 m2) 1.004 (0.990–1.018) 0.600 — —

AF, atrial fibrillation; CI, confidence interval; CLBBB, complete left bundle branch block; eGFR, estimated glomerular filtration rate; LAD,
left atrial diameter; LVEDD, left ventricular end‐diastolic diameter; LVEF, left ventricular ejection fraction; OR, odds ratio; SBP, systolic
blood pressure.
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survival, but when combined with super‐response, it was sta-
tistically related to the low risk of composite endpoint; and
(iv) the predictive performance might be more reliable in
CRT responses than the baseline LVEF tertiles.

Predictors of super‐response in cardiac
resynchronization therapy patients

Blanc et al.23 evaluated 29 HF patients with non‐ischaemic
DCM, sinus rhythm, and LBBB with a follow‐up of 1 year. Five
patients (17%) demonstrated both LVEF > 50% and clinical
improvement of NYHA class, 6 min walk distance, and peak
VO2, and no baseline features were found to predict super‐
response. Castellant et al.4 investigated 84 CRT patients with
DCM, sinus rhythm, and LBBB in NYHA Class III and IV. During
a follow‐up of 37 ± 141 months, 11 patients (13%) were
hyper‐responders defined as functional recovery and
LVEF ≥ 50%. All responders suffered non‐ischaemic DCM. In
our study, considering the recovery of LVEF being affected
by the baseline status, like MADIT‐CRT study,5

super‐response was defined as an absolute increase of
>15% in LVEF at 6 months after CRT relative to that at base-
line, instead of reaching a certain fixed value of LVEF.
Super‐responders accounted for 27% among total patients.

Several studies have indeed investigated the impact of
baseline LVEF on response to CRT in different LVEF groups.
But most attention within this field was given to LVEF beyond
35%,15,24,25 so that we have rare knowledge of the effects of
LVEF tertiles under 35% on the CRT response. In a previous
study,14 141 patients with LVEF under 35% were observed
and the investigators found no statistically significant relation
between CRT response and LVEF groups because of similar
response rate (67% vs. 75% vs. 70%, P > 0.05). It is not
known whether the difference would be significant as its
sample size increased.

Our study with a larger sample size revealed that the
super‐response rate in Tertiles 1, 2, and 3 were 23.8%,
35.7%, and 22.0% (P = 0.027), respectively. Moreover, we fur-
ther found a non‐linear relationship between baseline LVEF
tertiles and super‐response, and patients with LVEF of 25–
30% had the highest probability of super‐response, which
was because the lower level is likely to increase.24 By con-
trast, patients with very low LVEF had the worst cardiac sys-
tolic reserve and exhibited lower rate of super‐response,
which was similar with some previous reports about the ef-
fect of CRT.15 The physiological mechanisms need to be
deeply explored. Gasparini et al.10 found that higher ejection
fraction tertile (30–35%) could predict HF remission, which
seems not to be in line with our data. But in fact, the investi-
gators defined the HF remission as LVEF ≥ 50% with NYHA

Figure 3 Event‐free survival for the composite endpoint among three left ventricular ejection fraction tertiles in (A) total patients and in (B) patients
with negative response, (C) patients with non‐response, (D) patients with response, and (E) patients with super‐response to cardiac resynchronization
therapy and among four groups concerning cardiac resynchronization therapy responses in (F) total patients, (G) Tertile 1, (H) Tertile 2, and (I) Tertile 3.
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class reduction to ≤II. That is to say, to achieve the HF remis-
sion, the LVEF needed to be at least increased by 26% in pa-
tients with Tertile 1 (<24%); by 21–26% in patients with
Tertile 2 (24–29%); and by 15–20% in patients with Tertile 3
(30–35%). Thus, the two results were both reasonable. It is
unexpected and interesting that in our study, patients in
Tertile 2 (25–30%) with more frequent atrial fibrillation had
a higher rate of super‐response. This could be explained by
that patients with atrial fibrillation in Tertile 2 were actually
more likely to be non‐super‐responders (84.4%) (P = 0.006).

Although the definitions of CRT super‐response in prior
studies varied differently, they all could reflect to varying de-
grees the improvement of cardiac function. Several common
predictors of CRT super‐response have been identified: fe-
male sex,5,26 non‐ischaemic DCM,4,5,10,26 LBBB,1,5 wider
pre‐QRS duration,5,26 smaller left atrial volume index,5

smaller left atrial volume,8 and smaller LVEDD/LVEDV.3,10

Our study verified that no prior myocardial infarction, LBBB,
smaller LAD, smaller LVEDD, and wider pre‐QRS were all inde-
pendently predictors of super‐response. Moreover, no atrial
fibrillation and higher SBP at baseline were also significant
predictors in the fully adjusted model. Further subgroup anal-
ysis showed that smaller LAD, smaller LVEDD, and higher
eGFR were independent predictors in patients with the low-
est LVEF; atrial fibrillation, CLBBB, and smaller LVEDD were in-
dependent predictors in patients with the middle LVEF; and
female sex and higher SBP were independent predictors in
patients with the highest LVEF.

Impact of longitudinal changes in left ventricular
ejection fraction on composite endpoint

Left ventricular ejection fraction is an indicator that clinicians
rely on most to make decisions, and usually, it is widely rec-
ognized that HF patients with higher levels of LVEF have
lower risks of all‐cause mortality.27 But there is something
to be worthy of discussing after the implantation of CRT. In
total, baseline LVEF was significantly associated with compos-
ite endpoint. Similar to the prior study,15 an inverse and
strong relationship was found in Tertile 1 vs. Tertile 2, but
not found in Tertile 3 vs. Tertile 2. In the prior part of our
study, we re‐evaluated the association between baseline
LVEF and HF remission after CRT, that is, super‐response,
and found a reversed U‐shaped relationship, even after ad-
justment for different demographic and clinical variables,
which could explain why the highest level of LVEF at baseline
was not significantly associated with the lowest risk of the
composite endpoint. Although patients in Tertile 2 had lower
LVEF levels than those in Tertile 3, they showed higher
super‐response to CRT, which is also a strong predictor of a
good prognosis. Even in patients with the lowest levels of
LVEF who had the poorest prognosis, if they showed
super‐response at 6 months, they would have a better

prognosis than those who had worse response consequently,
so would patients with the highest level of LVEF. However, in
patients with super‐response, LVEF tertiles did not show
prognostic effects on the composite endpoint. Overall, the
impact of baseline LVEF on prognosis would be affected by
CRT implantation and the predictive performance might be
more reliable in the extent of CRT response than the baseline
LVEF tertiles after CRT. Certainly, a combination of LVEF at
baseline and CRT response would be better for the prognostic
prediction. To our best knowledge, this is a comprehensive
study evaluating the relationship between the baseline LVEF
with the longitudinal changes and the prognosis.

Limitations

This is a retrospective study, and patients with incomplete
echocardiography parameters after 6months of CRT were ex-
cluded from the analysis. In clinical, there may be some arti-
ficial bias in the measurements of LVEF across the several
years. However, we divided LVEF into three tertiles to de-
crease this deviation as much as possible. Another possible
limitation is that some patients died within the 6 month fol-
low‐up. Then we had a relatively limited sample size. This fo-
cuses us to combine endpoints from rehospitalization and
cardiac death, and not all the values with P < 0.1 could be in-
cluded in the multivariable analysis. Our results did not show
a significant association between three LVEF tertiles and the
composite endpoint in patients with super‐response, which
may be related to the limited number of the composite end-
point. The same reason can explain the fact that we did not
perform the adjusted regression analysis among the three
tertiles of patients in super‐response subgroup. Finally, the
patient population does not reflect the real world of CRT pop-
ulation as it includes predominantly patients with idiopathic
DCM and patients with an upgrade to CRT from a pacemaker
or an implantable cardioverter defibrillator were not enrolled.
For these special patients, the results need to be verified.

Conclusions

We demonstrated that there is a reversed U‐shaped associa-
tion between baseline LVEF tertiles and super‐response de-
fined as the remission of LV systolic dysfunction 6 months
after CRT. There was a little difference in predictors of
super‐response in three LVEF tertiles. Baseline LVEF and
CRT responses to some extent are significantly associated
with the composite endpoint, but the latter would be more
reliable in the predictive performance. We may suppose that
HF patients with LVEF > 35% beyond the eligibility criteria
would also benefit from the CRT implantation if they have
the most improved LVEF. Further studies need to be designed
to identify that kind of patients and test the idea.

LVEF predicting outcomes in CRT patients 377

ESC Heart Failure 2021; 8: 368–379
DOI: 10.1002/ehf2.13082



Conflict of interest

None declared.

Funding

This work was supported by the Chinese Academy of Medical
Sciences Innovation Fund for Medical Sciences (2017‐I2M‐1‐
009).

Author contributions

N.Z. contributed in the conceptualization, methodology, soft-
ware, formal analysis, data curation, investigation, writing of
the original draft, writing of the review, and editing of the
study; M.C. in the software, formal analysis, writing of the re-
view, editing, and data curation of the study; W.H. in the re-
sources, supervision, funding acquisition, writing of the
review, and editing of the study; Y.H. in the data curation,
writing of the review, and editing of the study; H.N. in the re-
sources, supervision, writing of the review, and editing of the
study; C.C. in the resources of the study; M.G. in the re-
sources and supervision of the study; and S.Z. in the project
administration of the study.

References

1. Rickard J, Kumbhani DJ, Popovic Z,
Verhaert D, Manne M, Sraow D,
Baranowski B, Martin DO, Lindsay BD,
Grimm RA, Wilkoff BL, Tchou P. Charac-
terization of super‐response to cardiac
resynchronization therapy. Heart
Rhythm 2010; 7: 885–889.

2. Adelstein E, Schwartzman D, Gorcsan J
III, Saba S. Predicting hyperresponse
among pacemaker‐dependent
nonischemic cardiomyopathy patients
upgraded to cardiac resynchronization.
J Cardiovasc Electrophysiol 2011; 22:
905–911.

3. António N, Teixeira R, Coelho L,
Lourenço C, Monteiro P, Ventura M,
Cristóvão J, Elvas L, Gonçalves L,
Providência LA. Identification of ‘super‐
responders’ to cardiac resynchronization
therapy: the importance of symptom du-
ration and left ventricular geometry. EP
Europace 2009; 11: 343–349.

4. Castellant P, Fatemi M, Bertault‐Valls V,
Etienne Y, Blanc JJ. Cardiac
resynchronization therapy: “nonre-
sponders” and “hyperresponders”. Heart
Rhythm 2008; 5: 193–197.

5. Hsu JC, Solomon SD, Bourgoun M,
McNitt S, Goldenberg I, Klein H, Moss
AJ, Foster E. Predictors of
super‐response to cardiac
resynchronization therapy and associ-
ated improvement in clinical outcome:
the MADIT‐CRT (Multicenter Automatic
Defibrillator ImplantationTrialWith Car-
diac ResynchronizationTherapy) study. J
Am Coll Cardiol 2012; 59: 2366–2373.

6. Castellant P, Fatemi M, Orhan E, Etienne
Y, Blanc JJ. Patients with non‐ischaemic
dilated cardiomyopathy and
hyper‐responders to cardiac
resynchronization therapy: characteris-
tics and long‐term evolution. Europace
2009; 11: 350–355.

7. van Bommel RJ, Bax JJ, Abraham WT,
Chung ES, Pires LA, Tavazzi L,

Zimetbaum PJ, Gerritse B, Kristiansen
N, Ghio S. Characteristics of heart failure
patients associated with good and poor
response to cardiac resynchronization
therapy: a PROSPECT (Predictors of Re-
sponse to CRT) sub‐analysis. Eur Heart
J 2009; 30: 2470–2477.

8. Reant P, Zaroui A, Donal E, Mignot A,
Bordachar P, Deplagne A, Solnon A,
Ritter P, Daubert J‐C, Clementy J,
Leclercq C, Roudaut R, Habib G, Lafitte
S. Identification and characterization of
super‐responders after cardiac
resynchronization therapy. Am J Cardiol
2010; 105: 1327–1335.

9. Qiao Q, Ding LG, Hua W, Chen KP,
Wang FZ, Zhang S. Potential
predictors of non‐response and
super‐response to cardiac
resynchronization therapy. Chin Med J
(Engl) 2011; 124: 1338–1441.

10. Gasparini M, Regoli F, Ceriotti C,
Galimberti P, Bragato R, De Vita S, Pini
D, Andreuzzi B, Mangiavacchi M, Klersy
C. Remission of left ventricular systolic
dysfunction and of heart failure symp-
toms after cardiac resynchronization
therapy: temporal pattern and clinical
predictors. Am Heart J 2008; 155:
507–514.

11. Ypenburg C, van Bommel RJ, Borleffs
CJ, Bleeker GB, Boersma E, Schalij MJ,
Bax JJ. Long‐term prognosis after car-
diac resynchronization therapy is related
to the extent of left ventricular reverse
remodeling at midterm follow‐up. J Am
Coll Cardiol 2009; 53: 483–490.

12. Juillière Y, Barbier G, Feldmann L,
Grentzinger A, Danchin N, Cherrier F.
Additional predictive value of both left
and right ventricular ejection fractions
on long‐term survival in idiopathic di-
lated cardiomyopathy. Eur Heart J
1997; 18: 276–280.

13. Solomon SD, Anavekar N, Skali H,
McMurray JJ, Swedberg K, Yusuf S,

Granger CB, Michelson EL, Wang D,
Pocock S, Pfeffer MA. Influence of ejec-
tion fraction on cardiovascular outcomes
in a broad spectrum of heart failure pa-
tients. Circulation 2005; 112:
3738–3744.

14. Agir AA, Celikyurt U, Sahin T, Yılmaz I,
Karauzum K, Bozyel S, Ural D, Vural A.
What is the lowest value of left ventricu-
lar baseline ejection fraction that pre-
dicts response to cardiac
resynchronization therapy? Med Sci
Monit 2014; 20: 1641–1646.

15. Kutyifa V, Kloppe A, Zareba W, Solomon
SD, McNitt S, Polonsky S, Barsheshet A,
Merkely B, Lemke B, Nagy VK, Moss AJ,
Goldenberg I. The influence of left ven-
tricular ejection fraction on the effec-
tiveness of cardiac resynchronization
therapy: MADIT‐CRT (Multicenter Auto-
matic Defibrillator Implantation Trial
With Cardiac Resynchronization Ther-
apy). J Am Coll Cardiol 2013; 61:
936–944.

16. Ponikowski P, Voors AA, Anker SD,
Bueno H, Cleland JGF, Coats AJS, Falk
V, González‐Juanatey JR, Harjola VP,
Jankowska EA, Jessup M, Linde C,
Nihoyannopoulos P, Parissis JT, Pieske
B, Riley JP, Rosano GMC, Ruilope LM,
Ruschitzka F, Rutten FH, van der Meer
P. 2016 ESC guidelines for the diagnosis
and treatment of acute and chronic
heart failure: the Task Force for the Di-
agnosis and Treatment of Acute and
Chronic Heart Failure of the European
Society of Cardiology (ESC). Developed
with the special contribution of the
Heart Failure Association (HFA) of the
ESC. Eur Heart J 2016; 37: 2129–2200.

17. Brignole M, Auricchio A, Baron‐
Esquivias G, Bordachar P, Boriani G,
Breithardt OA, Cleland J, Deharo JC,
Delgado V, Elliott PM, Gorenek B, Israel
CW, Leclercq C, Linde C, Mont L,
Padeletti L, Sutton R, Vardas PE,

378 N. Zhang et al.

ESC Heart Failure 2021; 8: 368–379
DOI: 10.1002/ehf2.13082



Zamorano JL, Achenbach S,
Baumgartner H, Bax JJ, Bueno H, Dean
V, Deaton C, Erol C, Fagard R, Ferrari
R, Hasdai D, Hoes AW, Kirchhof P,
Knuuti J, Kolh P, Lancellotti P, Linhart
A, Nihoyannopoulos P, Piepoli MF,
Ponikowski P, Sirnes PA, Tamargo JL,
Tendera M, Torbicki A, Wijns W,
Windecker S, Kirchhof P, Blomstrom‐

Lundqvist C, Badano LP, Aliyev F, Bänsch
D, Baumgartner H, Bsata W, Buser P,
Charron P, Daubert JC, Dobreanu D,
Faerestrand S, Hasdai D, Hoes AW, Le
Heuzey JY, Mavrakis H, McDonagh T,
Merino JL, Nawar MM, Nielsen JC,
Pieske B, Poposka L, Ruschitzka F,
Tendera M, Van Gelder IC, Wilson CM.
2013 ESC guidelines on cardiac pacing
and cardiac resynchronization therapy:
the Task Force on Cardiac Pacing and
Resynchronization Therapy of the Euro-
pean Society of Cardiology (ESC). Devel-
oped in collaboration with the European
Heart Rhythm Association (EHRA). Eur
Heart J 2013; 34: 2281–2329.

18. Hunt SA, Abraham WT, Chin MH,
Feldman AM, Francis GS, Ganiats TG,
Jessup M, Konstam MA, Mancini DM,
Michl K, Oates JA, Rahko PS, Silver
MA, Stevenson LW, Yancy CW, Antman
EM, Smith SC Jr, Adams CD, Anderson
JL, Faxon DP, Fuster V, Halperin JL,
Hiratzka LF, Jacobs AK, Nishimura R,
Ornato JP, Page RL, Riegel B. ACC/
AHA 2005 guideline update for the diag-
nosis and management of chronic heart
failure in the adult: a report of the Amer-
ican College of Cardiology/American
Heart Association Task Force on Practice
Guidelines (Writing Committee to Up-
date the 2001 Guidelines for the Evalua-
tion and Management of Heart Failure):
developed in collaboration with the
American College of Chest Physicians
and the International Society for Heart

and Lung Transplantation: endorsed by
the Heart Rhythm Society. Circulation
2005; 112: e154–e235.

19. Lang RM, Badano LP, Mor‐Avi V, Afilalo
J, Armstrong A, Ernande L, Flachskampf
FA, Foster E, Goldstein SA, Kuznetsova
T, Lancellotti P, Muraru D, Picard MH,
Rietzschel ER, Rudski L, Spencer KT,
Tsang W, Voigt JU. Recommendations
for cardiac chamber quantification by
echocardiography in adults: an update
from the American Society of Echocardi-
ography and the European Association
of Cardiovascular Imaging. Eur Heart J
Cardiovasc Imaging 2015; 16: 233–270.

20. Surawicz B, Childers R, Deal BJ, Gettes
LS, Bailey JJ, Gorgels A, Hancock EW,
Josephson M, Kligfield P, Kors JA,
Macfarlane P, Mason JW, Mirvis DM,
Okin P, Pahlm O, Rautaharju PM, van
Herpen G, Wagner GS, Wellens H.
AHA/ACCF/HRS recommendations for
the standardization and interpretation
of the electrocardiogram: part III: intra-
ventricular conduction disturbances: a
scientific statement from the American
Heart Association Electrocardiography
and Arrhythmias Committee, Council
on Clinical Cardiology; the American
College of Cardiology Foundation; and
the Heart Rhythm Society. Endorsed by
the International Society for Computer-
ized Electrocardiology. J Am Coll Cardiol
2009; 53: 976–981.

21. Ma YC, Zuo L, Chen JH, Luo Q, Yu XQ, Li
Y, Xu JS, Huang SM, Wang LN, Huang
W, Wang M, Xu GB, Wang HY. Modified
glomerular filtration rate estimating
equation for Chinese patients with
chronic kidney disease. J Am Soc Nephrol
2006; 17: 2937–2944.

22. Bertini M, Ziacchi M, BiffiM, Martignani
C, Saporito D, Valzania C, Diemberger I,
Cervi E, Frisoni J, Sangiorgi D, Branzi A,
Boriani G. Interventricular delay

interval optimization in cardiac
resynchronization therapy guided by
echocardiography versus guided by elec-
trocardiographic QRS interval width.
Am J Cardiol 2008; 102: 1373–1377.

23. Blanc JJ, Fatemi M, Bertault V, Baraket
F, Etienne Y. Evaluation of left bundle
branch block as a reversible cause of
non‐ischaemic dilated cardiomyopathy
with severe heart failure. A new concept
of left ventricular dyssynchrony‐induced
cardiomyopathy. Europace 2005; 7:
604–610.

24. Linde C, Daubert C, Abraham WT, St
John Sutton M, Ghio S, Hassager C,
Herre JM, Bergemann TL, Gold MR. Im-
pact of ejection fraction on the clinical
response to cardiac resynchronization
therapy in mild heart failure. Circ Heart
Fail 2013; 6: 1180–1189.

25. Chung ES, Katra RP, Ghio S, Bax J,
Gerritse B, Hilpisch K, Peterson BJ,
Feldman DS, Abraham WT. Cardiac
resynchronization therapy may benefit
patients with left ventricular ejection
fraction >35%: a PROSPECT trial
substudy. Eur J Heart Fail 2010; 12:
581–587.

26. Verhaert D, Grimm RA, Puntawangkoon
C, Wolski K, De S, Wilkoff BL, Starling
RC, Tang WH, Thomas JD, Popović ZB.
Long‐term reverse remodeling with car-
diac resynchronization therapy: results
of extended echocardiographic follow‐

up. J Am Coll Cardiol 2010; 55:
1788–1795.

27. Wehner GJ, Jing L, Haggerty CM, Suever
JD, Leader JB, Hartzel DN, Kirchner HL,
Manus JNA, James N, Ayar Z, Gladding
P, Good CW, Cleland JGF, Fornwalt BK.
Routinely reported ejection fraction and
mortality in clinical practice: where does
the nadir of risk lie? Eur Heart J 2020;
41: 1249–1257.

LVEF predicting outcomes in CRT patients 379

ESC Heart Failure 2021; 8: 368–379
DOI: 10.1002/ehf2.13082



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


