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Abstract
Background: It is common to develop heart failure (HF) events even in respondents 
to cardiac resynchronization therapy (CRT) during a long-term observation period. 
We investigated the predictors for long-term outcome in responders in comparison 
with nonresponders in patients diagnosed with HF along with implanted CRT.
Methods: We enrolled 133 consecutive patients (mean age, 70 ± 10 years; 72 males) 
implanted with CRT from April 2010 to July 2019. Accurate follow-up information 
(mean follow-up period, 983 ± 801 days) was obtained from 66 responders and 53 
nonresponders.
Results: Kaplan-Meier event-free curves showed that major adverse cerebral and 
cardiovascular event (MACCE)-free ratio was significantly lower as the stage of renal 
function progresses (log rank, 19.5; P < .0001). The baseline estimated glomerular 
filtration rate (e-GFR) before CRT was not significantly different between nonre-
sponders and responders. The e-GFR after judgment of CRT response was lower 
in patients with MACCEs than those without. Cox proportional hazards regression 
analysis revealed that low baseline e-GFR before CRT and after judgment of CRT 
response was closely related with MACCEs in responders, but not in nonrespond-
ers. The survival rate in responders without MACCEs assessed using Kaplan-Meier 
analysis was significantly larger in the preserved e-GFR (baseline value before CRT, 
>44 mL/min/1.73 m2) group than in the depressed group (log rank, 20.29; P < .0001).
Conclusion: We demonstrate that the factors for MACCEs during long follow-up pe-
riods were distinctively different between responders and nonresponders. Patients 
with depressed e-GFRs are suggested to have poor prognosis even if they are re-
sponders to CRT.
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1  | INTRODUC TION

For patients with severe heart failure (HF), there is no doubt that car-
diac resynchronization therapy (CRT) can be the beneficial method 
on improving cardiac function, subjective symptoms, exercise ca-
pacity, and outcome.1-4 Responders to CRT demonstrating reverse 
left ventricular (LV) remodeling after 6 months show good clinical 
outcomes after CRT.5 However, it is common to develop HF events 
even in responders through long life cycle. In a study, approximately 
about 30% or more of the responders became transient respond-
ers 2 years after CRT. The transient responders showed significantly 
greater hospitalization rates for HF than responders with persistent 
response.6 Nevertheless, it was not very clear about whether the fac-
tors predicting cerebral and cardiovascular events would be different 
between responders and nonresponders after a long-term follow-up.

Cardiorenal syndrome comprises clinical conditions where both 
cardiac and renal dysfunctions coexist. It results in impaired cardiac 
systolic function and glomerular filtration, which lead to cardiac volume 
decompensation.7 This study determines the factors predicting long-
term prognosis (cerebral and cardiovascular events) in responders in 
comparison with those in nonresponders with HF who underwent CRT.

2  | MATERIAL S AND METHODS

2.1 | Patient selection

We identified and considered 133 patients with HF who had a 
CRT pacemaker implanted for the therapy of severe HF from April 
2010 to July 2019. In this study, the indications for CRT adhere to 
the Japanese Circulation Society guidelines.8 Patients who lack 
long-term follow-up and those undergoing dialysis were omit-
ted. A total of 119 patients were eligible and registered to the 
study (Figure 1). CRT responders were defined as patients with 

over 15% reduction in the left ventricular end-systolic volume 
(LVESV).9 at the least 6 months after undergoing CRT operation. 
Brain natriuretic peptide (BNP) or pro-BNP, and estimated glo-
merular filtration rate (e-GFR) were evaluated before CRT as the 
baseline value. They were also evaluated just after judgment of 
CRT response.

Patients who had readmitted due to HF, who had worsening of 
the NYHA class on the final follow-up observation, who had con-
tinuous moderate-to-severe deterioration on the clinical compos-
ite score10 at the final medical examination, who lastingly stopped 
biventricular pacing due to worsening HF, or who died within 
6 months after CRT were assigned to nonresponders.9

This research was approved by the ethics review board of 
Oita University, and we received informed consent from whole 
patients. Our study was directed consistent with the principles 
expressed in the Declaration of Helsinki of the World Medical 
Association.

2.2 | Echocardiographic assessment

We performed M-mode, 2D, and Doppler echocardiographic meas-
urements by a 1.5-4.0 MHz transducer at a fitting depth on apical 
and parasternal views. LVESV, left ventricular end-diastolic volume 
(LVEDV), and LV ejection fraction (LVEF) were evaluated using echo-
cardiography by modified biplane Simpson's rule.

2.3 | Follow-up

All 119 patients performed the complete examination about CRT, 
and the status of clinical function was checked every 4-6 months 
after operation. Exact follow-up data for 983 ± 801 days were ob-
tained. The endpoint was prespecified as the occurrence of major 
adverse cerebral and cardiovascular events (MACCEs), which con-
tained stroke, nonfatal myocardial infarction, cardiovascular death, 
percutaneous coronary intervention or coronary artery bypass 
graft, implantable cardioverter-defibrillator treatment for fatal ar-
rhythmia, and hospitalization due to congestive HF. Among the 
aforementioned events, the statistical analysis only considered the 
first event.

2.4 | Statistical Analysis

Data were shown in mean ± SD. The analysis of variance was used 
for continuous variables, and the Chi-squared test was used for 
categorical variables. The Student's t test was used to analyze the 
difference between groups. Univariate Cox proportional hazard re-
gression analyses were done to distinguish the factors for prediction 
of MACCEs. The risk model was applied and gender, age, heart rates, 
blood pressures, etiologies of cardiomyopathy, QRS durations, LVEF, 
LVESV, LVEDV, BNP, and e-GFR were contained in the risk factors. 

F I G U R E  1   Flowchart of 133 consecutive patients undergoing 
CRT devices from April 2010 to November 2018. CRT, cardiac 
resynchronization therapy; estimated glomerular filtration rate 
(e-GFR)
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The results are given as hazard ratios with 95% confidence inter-
vals. A P value <0.1 was considered statistically substantial. Multiple 
Cox regression analysis was performed using values which had sig-
nificance in a univariate analysis. Kaplan-Meier survival analysis was 
performed to associate MACCE-free ratio among the preserved and 
depressed e-GFR groups. All analyses were calculated by JMP (ver-
sion 13.2.0; SAS Institute, Cary, NC, USA).

3  | RESULTS

3.1 | Clinical characteristics

Accurate follow-up information (mean follow-up duration, 
983 ± 801 days) was obtained from 66 responders and 53 nonre-
sponders. Table 1 showed baseline characteristics of the respond-
ers and the nonresponders. Significant difference was not obtained 
regarding gender, age, QRS duration, heart rate, blood pressures, 
echocardiographic measurements, and values of blood samplings 
between the responders and the nonresponders. Regarding primary 
HF etiology, the number of patients with dilated cardiomyopathy 
was larger in the responders compared to the nonresponders. There 
was no significant difference regarding the prevalence of atrial fi-
brillation between nonresponders and responders (7.6% vs 16.7%, 

P = .13), and between patients with MACCEs and without (15.8% vs 
9.7%, P = .31), respectively.

3.2 | The chronological changes of e-GFR and 
BNP and the occurrence of MACCE

The rates of responder to CRT among the groups based on stages 
of CKD11 before CRT implantation were not significant (P = .601), as 
follows. The rates of responder to CRT were 63.6% in the patients 
with e-GFR ≥ 60 mL/min/1.73 m2 (n = 22), 52.1% in the patients 
with e-GFR <60 and ≥30 ml/min/1.73 m2 (n = 73), and 58.3% in the 
patients with e-GFR < 30 mL/min/1.73 m2 (n = 24).

Figure 2 showed the Kaplan-Meier event-free curves for MACCE 
among three groups based on stages of CKD after judgment of CRT 
response. MACCE-free ratio was significantly lower depending on 
the depressed stage of renal function.

Table 2 showed the values of e-GFR and BNP before CRT and im-
mediately after the judgment of CRT response. BNP after the judg-
ment of CRT response was greater in the nonresponders than in the 
responders. There was no significant change between the two groups.

Table 3 showed the values of e-GFR before CRT and after the 
judgment of CRT response. The e-GFR before CRT and after the 
judgment of CRT response was lower, and BNP after judgment of 

Nonresponders Responders

P value(n = 53) (n = 66)

Age (y) 70 ± 10.2 69 ± 9.8 .59

Gender (Female/male) 18/ 35 28/ 38 .35

Ischemic cardiomyopathy 11 10 .43

Dilated cardiomyopathy 17 36 .014*

Cardiac sarcoidosis 12 9 .20

Pacing induced cardiomyopathy 1 5 .14

Cardiac amyloidosis 3 1 .21

Valvular disease 6 2 .07

Others 3 3 .78

Atrial fibrillation 4 (7.6%) 11 (16.7%) .13

QRS duration (ms) 161 ± 27 168 ± 24 .11

SBP (mmHg） 109 ± 19 114 ± 19 .12

DBP (mmHg) 65 ± 11 66 ± 11 .61

Heart rate (beats/min) 65 ± 16 65 ± 12 .95

LVEF (%) 32 ± 8.6 30 ± 8.4 .33

End-diastolic volume (ml) 164 ± 63 162 ± 61 .88

End-systolic volume (ml) 113 ± 50 116 ± 51 .78

Pro-BNP (pg/ml) before CRT 5960 ± 8013
(n = 8)

4557 ± 5546
(n = 4)

.76

Abbreviations: before CRT, baseline value before CRT; BNP, brain natriuretic peptide; CRT, cardiac 
resynchronization therapy; DBP, diastolic blood pressure; e-GFR, estimated glomerular filtration 
rate; LVEF, left ventricular ejection fraction; SBP, systolic blood pressure.
*P < .05. 

TA B L E  1   Baseline clinical 
characteristics
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CRT response was greater in patients with MACCEs than those with-
out in responders. The baseline BNP before CRT, and that after judg-
ment of CRT response were greater in patients with MACCEs than 
those without in nonresponders. There was no significant change of 
the other values for the occurrence of MACCEs between the two 
groups.

3.3 | Difference of outcome by response to CRT

During the follow-up period (706 ± 821 days for the nonresponders 
and 1207 ± 715 days for the responders), MACCEs were evident 
in 57 patients (48%). Specifically, 33 patients in the nonrespond-
ers developed MACCEs (congestive HF requiring admission = 30, 

nonfatal myocardial infarction = 1, and implantable cardioverter-de-
fibrillator treatment for fatal arrhythmia = 2), while only 24 patients 
in the responders developed MACCEs (congestive HF requiring 
admission = 19, nonfatal myocardial infarction = 1, implantable 
cardioverter-defibrillator treatment for fatal arrhythmia = 1, and 
stroke = 3). The prevalence of MACCEs was significantly greater in 
the nonresponders than in the responders (62% vs 36%, P < .005). 
Significantly, the survival rate with MACCE-free ratio, as assessed 
by Kaplan-Meier analysis, was greater in the responders than in the 
nonresponders (log rank, 16.0; P < .0001; Wilcoxon, 27.1; P < .0001) 
(Figure 3). Approximately 1500 days after CRT, the number of 
MACCEs in the responders increased and approached the number 
of MACCEs in the nonresponders.

In the nonresponders, baseline plasma BNP before CRT was 
higher in patients with MACCEs than in patients without MACCEs 
(712 ± 500 pg/mL vs 264 ± 186 pg/mL; P < .005). In the responders, 
baseline e-GFR before CRT was lower in patients with MACCEs than 
in patients without MACCEs (38 ± 16 mL/min/1.73 vs 56 ± 24 mL/
min/1.73; P < .005).

Univariate Cox proportional hazards regression analysis revealed 
that the age and both levels of BNP before CRT and after judgment 
of CRT response were associated with MACCE in nonresponders, 
and both levels of e-GFR before CRT and after judgment of CRT re-
sponse and BNP after judgment of CRT response were associated 
with MACCEs in responders, as shown in Table 4.

Multivariate Cox proportional hazards regression analysis clar-
ified that high baseline plasma BNP levels both before CRT and 
after judgment of CRT response were independently related with 
the incidence of MACCEs in the nonresponders (Table 5; Model 1, 
2), whereas low e-GFR levels both before CRT and after judgment 
of CRT response had independent relationship to the occurrence of 
MACCEs in the responders (Table 5; Model 3, 4). High plasma BNP 
levels after judgment of CRT response were independently related 
to the incidence of MACCEs in the responders (Table 5; Model 5).

F I G U R E  2   Kaplan-Meier event-free curves for MACCEs 
among three groups based on stages of CKD after judgment 
of CRT response. CKD, chronic kidney disease; CRT, cardiac 
resynchronization therapy; e-GFR, estimated glomerular filtration 
rate (mL/min/1.73 m2), MACCEs, major adverse cerebral and 
cardiovascular events

Nonresponders
(n = 53)

Responders
(n = 66) P value

e-GFR (ml/min/1.73 m2)

before CRT 45 ± 17 (n = 53) 50 ± 23 (n = 66) .24

after CRT 41 ± 19 (n = 39) 45 ± 18 (n = 58) .31

Δ before CRT - after 
CRT

−5.2 ± 1.8 (n = 39) −4.5 ± 1.5 (n = 58) .78

BNP (pg/mL)

before CRT 569 ± 472 (n = 44) 431 ± 386 (n = 62) .10

after CRT 421 ± 412 (n = 30) 210 ± 209 (n = 52) .0029**

Δ before CRT - after 
CRT

−108 ± 424 (n = 30) −239 ± 370 (n = 51) .15

Abbreviations: after CRT, after judgment of CRT response; before CRT, baseline value before 
CRT; BNP, brain natriuretic peptide; CRT, cardiac resynchronization therapy; e-GFR, estimated 
glomerular filtration rate; Δ Before CRT - after CRT, change of value between before CRT and after 
CRT.
**P < .01. 

TA B L E  2   The chronological changes 
of e-GFR and BNP according to the CRT 
response
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3.4 | Comparison of patients by e-GFR 
in responders

On the basis of the receiver-operating characteristic curve for 
predicting MACCEs, the baseline e-GFR before CRT could be 
set at ≤44 mL/min/1.73 in responders (Figure 4). In the respond-
ers, Table 6 showed the baseline clinical characteristics between 
the preserved e-GFR group and the depressed e-GFR group. 
Patients in the depressed e-GFR group were older than those in 
the preserved e-GFR group (P < .05). The numbers of patients 
with cardiac sarcoidosis (P < .05) and baseline e-GFR before CRT 
(P < .0001) were lower in the depressed e-GFR group than the 
preserved e-GFR group. There were no significant differences 
in gender, prevalence of atrial fibrillation, QRS duration, blood 

pressures, echocardiographic findings, and blood sample findings, 
except for e-GFR.

Through the follow-up period (1001 ± 621 days in the de-
pressed e-GFR group and 1402 ± 750 days in the preserved 
e-GFR group), MACCEs developed in 24 patients. In particu-
lar, 20 of the 34 patients in the depressed e-GFR group de-
veloped MACCEs (hospitalization due to congestive HF, 16; 
nonfatal myocardial infarction, one; cardiovascular mortality, 
one; and stroke, two), whereas only four of the 34 patients in 
the preserved e-GFR group developed MACCEs (HF requir-
ing admission, three, and stroke, one). Thus, patients in the 
depressed e-GFR group more frequently observed MACCEs 
than the patients in the preserved e-GFR group (63% vs 12%; 
P < .0001).

3.5 | Kaplan-Meier MACCE-free estimation 
between the groups by e-GFR in responders

In the responders, the MACCE-free rate estimated by Kaplan-
Meier analysis was obtained that the patients in the preserved 
e-GFR group were significantly higher than in the depressed 
e-GFR group (log rank, 20.29; P < .0001 and Wilcoxon, 17.39; P 
< .0001) (Figure 5).

4  | DISCUSSION

4.1 | Main findings

In this study, MACCEs developed in 62% of the nonresponders and 
36% of the responders. Approximately 1500 days after CRT, the 

TA B L E  3   The chronological changes of e-GFR and BNP according to the occurrence of MACCE

Nonresponders Responders

with MACCE without MACCE P value with MACCE without MACCE P value

e-GFR
(ml/min/1.73 m2)

before CRT 43 ± 16 (n = 33) 49 ± 19 (n = 20) .20 24 ± 38 (n = 24) 56 ± 24 (n = 42) .002**

after CRT 36 ± 18 (n = 23) 47 ± 18 (n = 16) .06 37 ± 17 (n = 23) 49 ± 18 (n = 35) .01*

Δ before CRT -after CRT -6.7 ± 7.3 (n = 23) -3.0 ± 11 (n = 16) .21 -1.2 ± 7.7 (n = 23) -6.7 ± 15 (n = 35) .10

BNP (pg/ml)

before CRT 712 ± 500 (n = 30) 264 ± 186 (n = 14) .002** 467 ± 391 (n = 23) 409 ± 386 (n = 39) .57

after CRT 546 ± 470 (n = 19) 207 ± 117 (n = 11) .03* 307 ± 172 (n = 20) 150 ± 210 (n = 32) .007**

Δ before CRT - after CRT -126 ± 508 (n = 19) -77 ± 235 (n = 11) .77 -205 ± 340 (n = 20) -260 ± 393 (n = 31) .61

Abbreviations: after CRT, after judgment of CRT response; before CRT, baseline value before CRT; BNP, brain natriuretic peptide; CRT, cardiac 
resynchronization therapy; e-GFR, estimated glomerular filtration rate; Δ Before CRT - after CRT, change of value between before CRT and after 
CRT.
*P < .05, 
**P < .01. 

F I G U R E  3   Kaplan-Meier event-free curves for MACCEs 
between the responders and nonresponders. MACCEs, major 
adverse cerebral and cardiovascular events
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Valuable
Multivariate
P value Hazard ratio 95% CI

Nonresponders

Model 1

Age (y) .129 1.027 0.992-1.067

LVEF (%) .536 0.987 0.945-1.030

BNP before CRT (pg/mL) .003** 1.001 1.000-1.002

Model 2

Age (y) .211 1.040 0.980-1.112

LVEF (%) .399 0.978 0.928-1.030

BNP after CRT (pg/mL) .002** 1.002 1.0007-1.003

Responders

Model 3

Age (y) .697 1.010 0.964-1.065

e-GFR before CRT (mL/min/1.73 m2) .0001** 0.945 0.912-0.975

Model 4

Age (y) .296 1.026 0.979-1.084

e-GFR after CRT (mL/min/1.73 m2) .0009** 0.945 0.906-0.980

Model 5

Age (y) .950 1.002 0.947-1.065

BNP after CRT (pg/ml) .003** 1.003 1.001-1.004

Abbreeviations: after CRT, after judgment of CRT response; before CRT, baseline value before 
CRT; BNP, brain natriuretic peptide; CRT, cardiac resynchronization therapy; e-GFR, estimated 
glomerular filtration rate; LVEF, left ventricular ejection fraction; MACCE, major adverse cerebral 
and cardiovascular events.
**P < .01. 

TA B L E  5   Multivariate Cox proportional 
hazards regression analysis of the MACCE

TA B L E  4   Univariate Cox proportional hazards regression analysis of the MACCE

Nonresponders Responders

Univariate
P value

Hazard ratio
(95% CI)

Univariate
P value

Hazard ratio
(95% CI)

Age (y) .0309* 1.041 (1.174-36.615) .0558 1.047 (0.999-1.103)

Gender (Female) .578 0.811 (0.367-1.666) .239 1.620 (0.723-3.693)

Dilated cardiomyopathy .252 0.637 (0.268-1.357) .299 0.635 (0.268-1.508)

QRS duration (ms) .497 1.004 (0.992-1.018) .605 0.995 (0.978-1.005)

SBP (mmHg) .667 1.004 (0.984-1.022) .397 0.991 (0.969-1.012)

DBP (mmHg) .663 1.007 (0.973-1.039) .855 1.003 (0.968-1.041)

Heart rate (beats/min) .437 1.008 (0.988-1.026) .476 0.988 (0.956-1.021)

LVEF (%) .090 0.966 (0.928-1.005) .907 1.003 (0.955-1.054)

End-diastolic volume (ml) .638 1.001 (0.995-1.008) .212 0.995 (0.987-1.002)

End-systolic volume (mL) .348 1.004 (0.996-1.011) .279 0.995 (0.985-1.004)

e-GFR (mL/min/1.73 m2) before CRT .247 0.988 (0.968-1.008) <.0001** 0.943 (0.911-0.972)

e-GFR (mL/min/1.73 m2) after CRT .083 0.980 (0.957-1.003) .0004** 0.943 (0.915-0.977)

BNP (pg/mL) before CRT .0011** 1.001 (1.001-1.002) .380 1.000 (0.999-1.001)

BNP (pg/mL) after CRT .0053** 1.002 (1.001-1.003) .0021** 1.003 (1.001-1.004)

Abbreviations: after CRT, after judgment of CRT response; before CRT, baseline value before CRT; BNP, brain natriuretic peptide; CRT, cardiac 
resynchronization therapy; DBP, diastolic blood pressure; e-GFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; 
MACCE, major adverse cerebral and cardiovascular events; SBP, systolic blood pressure.
*P < .05, 
**P < .01. 
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number of MACCEs in the responders increased and approached the 
number of MACCEs in the nonresponders. The predictors of long-
term prognosis between the responders and nonresponders were 
distinctively different. The MACCE-free ratio estimated by Kaplan-
Meier analysis was higher in the preserved e-GFR group than in 
the depressed e-GFR group. It was very crucial that the depressed 
e-GFR exactly predicted MACCEs through the follow-up period only 
in the responders.

4.2 | Difference of risk factors for MACCEs by 
response to CRT

In this study, the risk factors for MACCEs were distinctively differ-
ent between the responders and nonresponders through the follow-
up duration. In the nonresponders, baseline plasma BNP levels were 
associated with MACCEs. Alternatively, in the responders, e-GFR 
levels were associated with MACCEs. The reason for the dissocia-
tion between the two groups was unclear. There were several varied 
disfavorable circumstance in the nonresponders, which included big 
fibrous scar, the lack of detected dyssynchrony by echocardiograph 
above device implantation, nonimprovement of dyssynchrony after 
device implantation, unsuitable position of pacing leads, and unsuit-
able program of the device. The observation in this study that the 

F I G U R E  4   Receiver-operating characteristic curve for the 
ability of baseline e-GFR before CRT to predict MACCEs. AUC, area 
under the curve; CRT, cardiac resynchronization therapy; e-GFR, 
estimated glomerular filtration rate; MACCEs, major adverse 
cerebral and cardiovascular events

TA B L E  6   Baseline clinical characteristics of the patients according to baseline e-GFR in responders

Preserved
e-GFR

Depressed
e-GFR

P value(n = 34) (n = 32)

Age (y) 67 ± 9.7 72 ± 9.0 .012*

Gender (Female/male) 15/ 19 13/ 19 .77

Ischemic cardiomyopathy 3 7 .14

Dilated cardiomyopathy 20 16 .47

Cardiac sarcoidosis 8 1 .010*

Others 3 8 .07

Atrial fibrillation 4 (11.8%) 7 (21.9%) .27

QRS duration (ms) 166 ± 25 171 ± 24 .36

Systolic blood pressure (mmHg) 112 ± 19 117 ± 18 .28

Diastolic blood pressure (mmHg) 65 ± 11 68 ± 11 .28

Heart rate (beats/min) 66 ± 13 65 ± 12 .68

LVEF (%) 28 ± 8.5 32 ± 8.0 .07

End-diastolic volume (ml) 161 ± 59 163 ± 63 .86

End-systolic volume (ml) 117 ± 51 115 ± 53 .85

e-GFR before CRT (ml/min/1.73 m2) 65 ± 2.9 33 ± 3.0 <.0001**

BNP before CRT (pg/ml) 366 ± 328
n = 32

500 ± 434
n = 30

.18

Pro-BNP before CRT (pg/ml) 1072 ± 841
n = 2

8043 ± 6556
n = 2

.85

Abbreviations: before CRT, baseline value before CRT; BNP, brain natriuretic peptide; CRT, cardiac resynchronization therapy; DBP, diastolic blood 
pressure; e-GFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; SBP, systolic blood pressure.
*P < .05, 
**P < .01 
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risk factors for MACCEs did not match between the responders and 
nonresponders may be elucidated by many different backgrounds of 
the patients in this study in each group.

CRT response rate in this study tended to be lower than that 
in the previous studies.9,12 Baseline e-GFR before CRT implanta-
tion was relatively low in all patients in this study; average e-GFR: 
45 mL/min/1.73 m2 (nonresponder) and 50 mL/min/1.73 m2 
(responders), respectively. Impairment of renal function (e-
GFR <60 mL/min/1.73 m2) was directly associated with a sig-
nificant increase in mortality.13 One of the reasons for low CRT 
response rate might be due to relatively lower baseline e-GFR in 
our patients.

4.3 | Renal dysfunction as a predicting factor for 
MACCEs in the responders

A study showed that many patients with HF after CRT had cardiore-
nal syndrome, a condition characterized by volume overload due to 
cardiac and renal dysfunctions. Patients with cardiorenal syndrome 
were more likely to experience MACCEs and become nonrespond-
ers with poor cardiac function improvement.14 Multiple risk factors 
cause the progression of cardiac and renal dysfunctions, and they 
lead to severe HF. Additionally, the interconnection between multi-
ple organs permits multiple dysfunction in multiple interconnected 
organs, such as increasing sodium ion, holding plasma volume, and 
systemic inflammation, through the stimulation of the renin angio-
tensin aldosterone system and the neurohormonal system.7,15 These 
multiple functional changes occur the cardiac remodeling and the 
glomerular filtration progression. As a result, both the kidneys and 
the heart are steadily impaired.14 Our results suggest that even in 
CRT responders judged 6 months after implantation, renal dysfunc-
tion at implantation requires close attention because of the potential 
high risk of developing MACCEs.

4.4 | Long-term outcomes in the responders

In a study, about one-fifth of the patients after CRT became super 
responders with normalization of LVEF.16 Dramatic reverse LV re-
modeling is needed to obtain clinical improvement after 6 months 
of CRT and better survival and less hospitalizations for HF even 
after that.16 Alternatively, MADIT-CRT, in Multicenter Automatic 
Defibrillator Implantation Trial with CRT, deaths or ICD activation 
for fatal arrhythmia developed in 12% of the responders approxi-
mately 3 years after CRT.17 Several responders revealed a response 
for only short term, and reverse remodeling effects of LV were 
transitory in part of the responders.18 They were called brief re-
sponders,18 transient responders,6 or late nonresponders.19 Brief 
responders demonstrate reverse LV remodeling in the short term. 
However, the beneficial effect could not be sustained through long 
period,18 and 35% of the responders developed MACCEs about 
1200 days from undergoing cardiac resynchronization in their ob-
servation. Oka et al18 advocated that the mechanism of the transient 
effect was due to fewer viable myocardia, progression of the origi-
nal disease, inadequate resynchronization, and other origins of con-
tractive dysfunction without dyssynchrony. Ichibori et al showed 
that the response for CRT in about 33% of responders was tem-
porary 2 years after operation. Transient responders had unfor-
tunate outcomes over 7.6 year's follow-up.6 Transient responders 
were determined by chronic atrial fibrillation and administration of 
amiodarone.6 However, unlike our study, renal dysfunction did not 
affect the prognosis of the responders in the aforementioned two 
studies on transient responders. The reason for the dissociation of 
the results is unclear, but it may be due to the differences in popula-
tions or analysis methods. Responders judged 6 months after CRT 
might need to undergo long-term observations, considering the 
possibility of them being brief responders.

We should consider some limitations in this study. First, we esti-
mated a small number of patients in a single center that might make 
the data analysis hard. Thus, future larger size studies are needed to 
detect the accurately outcome of the responders to CRT. Second, our 
analysis in this study was retrospective in nature, thus sampling bias 
and incomplete data might occurred. Consequently, prospective stud-
ies are necessary to detect the prognosis of the responders to CRT in 
future.

5  | CONCLUSION

Our results suggest that the factors for MACCEs during a long follow-
up period were distinctively different between the responders and 
nonresponders who underwent CRT. We believe that patients with de-
pressed e-GFR have poor prognoses, even if they are CRT responders.
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F I G U R E  5   Kaplan-Meier event-free curves for MACCEs 
between patients with preserved e-GFR and those with depressed 
e-GFR in the responders. e-GFR, estimated glomerular filtration 
rate; MACCEs, major adverse cerebral and cardiovascular events



     |  181YUFU et al.

ORCID
Kunio Yufu  https://orcid.org/0000-0002-9668-7630 
Hidekazu Kondo  https://orcid.org/0000-0003-2451-5845 

R E FE R E N C E S
 1. Abraham WT, Fisher WG, Smith AL, Delurgio DB, Leon AR, Loh E, 

et al. Cardiac resynchronization in chronic heart failure. N Engl J 
Med. 2002;346:1845–53.

 2. Bristow MR, Saxon LA, Boehmer J, Krueger S, Kass DA, De 
Marco T, et al; Comparison of Medical Therapy, Pacing, and 
Defibrillation in Heart Failure (COMPANION) Investigators. 
Cardiac-resynchronization therapy with or without an implant-
able defibrillator in advanced chronic heart failure. N Engl J Med. 
2004;350:2140–50.

 3. Cleland JG, Daubert JC, Erdmann E, Freemantle N, Gras D, 
Kappenberger L, et al. The effect of cardiac resynchroniza-
tion on morbidity and mortality in heart failure. N Engl J Med. 
2005;352:1539–49.

 4. Plesinger F, van Stipdonk AMW, Smisek R, Halamek J, Jurak P, Maass 
AH, et al. Fully automated QRS area measurement for predicting 
response to cardiac resynchronization therapy. J Electrocardiol. 
2019;9:30343–7.

 5. Yu CM, Bleeker GB, Fung JW, Schalij MJ, Zhang Q, van der Wall EE, 
et al. Left ventricular reverse remodeling but not clinical improve-
ment predicts long-term survival after cardiac resynchronization 
therapy. Circulation. 2005;112:1580–6.

 6. Ichibori H, Fukuzawa K, Kiuchi K, Matsumoto A, Konishi H, Imada 
H, et al. Predictors and clinical outcomes of transient responders 
to cardiac resynchronization therapy. Pacing Clin Electrophysiol. 
2017;40:301–9.

 7. Ronco C, Haapio M, House AA, Anavekar N, Bellomo R. Cardiorenal 
syndrome. J Am Coll Cardiol. 2008;52:1527–39.

 8. JCS Joint Working Group. Guidelines for non-pharmacotherapy of 
cardiac arrhythmias (JCS 2011). Circ J. 2013;77(1):249–74.

 9. Chung ES, Leon AR, Tavazzi L, Sun JP, Nihoyannopoulos P, Merlino 
J, et al. Results of the predictors of response to CRT (PROSPECT) 
trial. Circulation. 2008;117:2608–16.

 10. Packer M. Proposal for a new clinical end point to evaluate the effi-
cacy of drugs and devices in the treatment of chronic heart failure. 
J Card Fail. 2001;7:176–82.

 11. Levey AS, de Jong PE, Coresh J, El Nahas M, Astor BC, Matsushita 
K, et al. The definition, classification, and prognosis of chronic kid-
ney disease: a KDIGO Controversies Conference report. Kidney Int. 
2011;80:17–28.

 12. Sohaib SM, Chen Z, Whinnett ZI, Bouri S, Dickstein K, Linde C, et al. 
Meta-analysis of symptomatic response attributable to the pacing 
component of cardiac resynchronization therapy. Eur J Heart Fail. 
2013;15:1419–28.

 13. Khatib M, Tolosana JM, Trucco E, Borràs R, Castel A, Berruezo A, 
et al. EAARN score, a predictive score for mortality in patients re-
ceiving cardiac resynchronization therapy based on pre-implanta-
tion risk factors. Eur J Heart Fail. 2014;16:802–9.

 14. Truong QA, Szymonifka J, Januzzi JL, Contractor JH, Deaño RC, 
Chatterjee NA, et al. Cardiorenal status using amino-terminal pro-
brain natriuretic peptide and cystatin C on cardiac resynchroniza-
tion therapy outcomes: From the BIOCRT Study. Heart Rhythm. 
2019;16:928–35.

 15. Husain-Syed F, McCullough PA, Birk HW, Renker M, Brocca A, 
Seeger W, et al. Cardio-pulmonary-renal interactions: a multidisci-
plinary approach. J Am Coll Cardiol. 2015;65:2433–48.

 16. Ypenburg C, van Bommel RJ, Borleffs CJ, Bleeker GB, Boersma 
E, Schalij MJ, et al. Long-term prognosis after cardiac resyn-
chronization therapy is related to the extent of left ventricular 
reverse remodeling at midterm follow-up. J Am Coll Cardiol. 
2009;53:483–90.

 17. Hsu JC, Solomon SD, Bourgoun M, McNitt S, Goldenberg I, Klein 
H, et al; MADIT-CRT Executive Committee. Predictors of su-
per-response to cardiac resynchronization therapy and associated 
improvement in clinical outcome: the MADIT-CRT (multicenter au-
tomatic defibrillator implantation trial with cardiac resynchroniza-
tion therapy) study. J Am Coll Cardiol. 2012;59:2366–73.

 18. Oka T, Inoue K, Tanaka K, Toyoshima Y, Isshiki T, Kimura T, et al. 
Duration of reverse remodeling response to cardiac resynchroniza-
tion therapy: Rates, predictors, and clinical outcomes. Int J Cardiol. 
2017;243:340–6.

 19. van ’t Sant J, Fiolet ATL, ter Horst IAH, Cramer MJ, Mastenbroek 
MH, van Everdingen WM, et al. Volumetric response beyond six 
months of cardiac resynchronization therapy and clinical outcome. 
PLoS One. 2015;10(5):e0124323.

How to cite this article: Yufu K, Abe I, Kondo H, et al. 
Distinctively different predictors for long-term outcomes 
between responders and nonresponders who underwent 
cardiac resynchronization therapy. J Arrhythmia. 
2021;37:173–181. https://doi.org/10.1002/joa3.12447

https://orcid.org/0000-0002-9668-7630
https://orcid.org/0000-0002-9668-7630
https://orcid.org/0000-0003-2451-5845
https://orcid.org/0000-0003-2451-5845
https://doi.org/10.1002/joa3.12447

