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Abstract 
 
Data on the benefits of cardiac resynchronization therapy (CRT) in patients with severe heart 

failure (HF) symptoms are limited. We investigated the relative effects of CRT in patients with 

ambulatory NYHA IV vs. III functional class at the time of device implantation.  In this meta-

analysis, we pooled patient-level data from the MIRACLE, MIRACLE-ICD, and COMPANION 

trials. Outcomes evaluated were time to the composite endpoint of first HF hospitalization (HFH) 

or all-cause mortality and time to all-cause mortality alone. The association between CRT and 

outcomes was evaluated using a Bayesian Hierarchical Weibull survival regression model. We 

assessed if this association differs between NYHA III and IV groups by adding an interaction 

term between CRT and NYHA class as a random effect.  A sensitivity analysis was performed 

by including data from the RAFT trial. Our pooled analysis included 2309 patients. Overall, 

CRT was associated with a longer time to HFH or all-cause mortality (adjusted hazard ratio 

[aHR] 0.79, 95%CI 0.64 – 0.99, p = 0.044), with a similar association with time to all-cause 

mortality (aHR 0.78, 95% CI 0.59 – 1.03, p = 0.083). Associations of CRT with outcomes were 

not significantly different for those in NYHA III and IV classes (ratio of aHR 0.72, 95% CI 0.30 

– 1.27, p = 0.23 for HFH/mortality; ratio of aHR 0.70, 95% CI 0.35 – 1.34, p = 0.27 for all-cause 

mortality alone). The sensitivity analysis, including RAFT data, did not show a significant 

relative CRT benefit between NYHA III and IV classes. Overall, there was no significant 

difference in the association of CRT with either outcome for patients in NYHA functional class 

III compared with functional class IV.  
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Introduction 
Cardiac resynchronization therapy (CRT) has improved the treatment of heart failure (HF) by 

reducing hospitalization rates and mortality among patients across a wide range of HF symptom 

severity. Trials such as MADIT-CRT [1] and RAFT [2] demonstrated the benefit of CRT in 

patients with mild to moderate HF symptoms while MIRACLE [3], CARE-HF [4], and 

COMPANION [5] demonstrated similar benefit for patients with advanced HF symptoms. 

Unfortunately, even in the latter set of trials, patients with the most advanced symptoms, i.e. 

NYHA class IV symptoms, were not well represented. COMPANION, MIRACLE and CARE-

HF only enrolled ~14%, ~10% and ~7% of patients with NYHA class IV symptoms respectively. 

Thus, whether CRT benefits patients with NYHA class IV symptoms is uncertain. This is an 

important question to answer as patients with HF are living longer, and therefore, the number of 

patients with advanced HF symptoms is increasing.  

 

In this analysis, we aimed to evaluate whether CRT is associated with improvement in time to 

the combined endpoint of HF hospitalization (HFH) or all-cause mortality and time to all-cause 

mortality alone for patients in NYHA functional class IV compared with class III. 

 

Methods 

Data Sources 

We performed a patient level meta-analysis of the following CRT trials that included patients in 

NYHA III or IV classes:  MIRACLE, MIRACLE-ICD [6], and COMPANION trials. These trials 

compared patients with CRT with a control group (either optimal medical therapy or ICD with 

no CRT). These three trials included only patients with NYHA III and IV functional class. In 

MIRACLE, all patients underwent CRT-P implantation, but only the treatment group had the 
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biventricular pacing function turned on. In MIRACLE-ICD, outcomes were compared between 

patients with a CRT-D and those with an ICD. In COMPANION, both patients with CRT-D and 

CRT-P were enrolled, and outcomes of CRT were compared with those randomized to 

pharmacological therapy alone.  

 

In a sensitivity analysis, the RAFT trial was included; this trial enrolled patients with NYHA II 

or III functional class, but only NYHA III data were used in this analysis. In RAFT, patients with 

CRT-D were compared with those with an ICD with no CRT. Due to data privacy restrictions, 

we were not given access to European patient data, which precluded inclusion of the CARE-HF 

trial. 

 

Study Population 

Patients in NYHA III or IV classes who had data available on HFHs and all-cause mortality were 

included. We excluded patients with a left ventricular ejection fraction (LVEF) >35%, QRS 

width <120ms, RV pacing, combined left bundle and right bundle branch block, and time to 

HFH/mortality of 0.  

 

Outcome 

Outcomes of interest were time to the composite of first HFH or all-cause mortality and time to 

all-cause mortality alone.  

 

 

Statistical analysis 
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Categorical variables are presented as medians and 25th and 75th percentiles. Continuous 

variables are presented as counts and frequencies. 

 

For each endpoint, the overall CRT effect (versus no CRT) was estimated using a Bayesian 

Hierarchical Weibull survival regression model with a random intercept and a random treatment 

effect at the trial level adjusting for the presence of an ICD and baseline characteristics (age, sex, 

NYHA class, LVEF, QRS duration, LBBB morphology, atrial fibrillation, diabetes, 

hypertension, ischemic etiology, use of beta-blockers, and use of angiotensin-converting enzyme 

inhibitors or angiotensin receptor blockers). CRT effect by NYHA class (class IV versus class 

III) was evaluated using a similar model but including a random interaction term between CRT 

and NYHA class. The null hypothesis of no interaction was tested with the 2-sided posterior 

probability that the mean component of the random interaction term between CRT and NYHA 

group was zero. All priors are non-informative. Normally distributed priors were used for fixed 

effects and mean components of the random effect distributions. Half-normal distributions priors 

were used for the variance components of the random effect distributions, and a log-normal 

distribution prior was chosen for the shape parameter of the Weibull model. The scaled 

Schoenfeld residuals from an adjusted Cox proportional hazard mixed effects model with 

random intercepts and random treatment effects at the trial level were used to assess the validity 

of the proportional hazard assumption for each model. 

 

In a sensitivity analysis, the above analyses were repeated after including patients in NYHA 

class III enrolled in the RAFT trial. For the adjusted regression models, a fixed interaction term 
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was used instead of a random interaction term because patients in NYHA class IV were excluded 

from RAFT and a random interaction variable between NYHA classes could not be estimated.  

 

Results 

A total of 2360 patients were considered for inclusion from the MIRACLE, MIRACLE-ICD, and 

COMPANION trials; after applying exclusion criteria, 2309 patients were available for analysis. 

Tables 1 and 2 provide the baseline characteristics of the study cohort sorted by trial and NYHA 

functional class. Patients in NYHA class IV comprised 13% of the total study population. Of 

those assigned to CRT, slightly more than half received CRT-P. The median age of patients was 

66 years, they were predominantly men (69%), and the median LVEF was 23%. Both ischemic 

(57%) and non-ischemic (43%) cardiomyopathy were well represented.  QRS duration was 

similar across NYHA classes and CRT groups.  Common comorbidities included diabetes (39%), 

hypertension (49%), and atrial fibrillation (17%). The burden of diabetes and history of atrial 

fibrillation were similar among the CRT groups. However, there were more patients with a 

history of diabetes and atrial fibrillation in the NYHA class IV group. Medical therapy was 

similar among the CRT groups, but patients with NYHA class IV functional class were less 

likely to be on an ACE/ARB and a beta-blocker.  

 

The median follow-up for the overall cohort was 10 months (IQR 6-18 months). The adjusted 

(Figures 1 and 2 and Table 3) associations of CRT overall and by NYHA class with time to 

HFH/mortality and overall survival times are shown using Kaplan-Meier curves and forest plots. 

The results in figure 1, figure 2, and table 3 were adjusted for ICD, age, sex, NYHA class, EF, 

QRS duration, LBBB, atrial fibrillation, diabetes, hypertension, ischemic etiology, use of beta 
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blockers, and use of ACE/ARB. Table 4 shows the results for the sensitivity analysis including 

data from RAFT.  

 

Overall, CRT was associated with a longer time to the composite outcome (aHR 0.79, 95% CI 

0.64-0.99, p 0.044) with a similar trend for all-cause mortality alone though not statistically 

significant (aHR 0.78, 95% CI 0.59-1.03, p 0.083). The ratio of hazard ratios failed to 

demonstrate a significant interaction between NYHA class and the association of CRT with 

either outcome. The ratio of hazard ratios (NYHA IV/III) for time to the composite outcome was 

0.72 (95% CI 0.30-1.27, p 0.23) and for time to all-cause mortality alone was 0.70 (95% CI 0.35-

1.34, p 0.27).  

 

There was not a statistically significant association of CRT with both endpoints in the individual 

NYHA functional classes. For patients with NYHA III functional class, the aHR for time to the 

composite outcome was 0.82 (95% CI 0.66-1.04, p 0.10), and the aHR for time to all-cause 

mortality alone was 0.87 (95% CI 0.62-1.20, p 0.40). For patients with NYHA IV functional 

class, the aHR for time to the composite outcome was 0.59 (95% CI 0.26-1.04, p 0.23) and the 

aHR for time to all-cause mortality alone was 0.61 (95% CI 0.31-1.09, p 0.088).  

 

A sensitivity analysis that included data from the RAFT trial showed significant association of 

CRT  in the overall group with longer time to both outcomes (time to all-cause mortality/HFH: 

aHR 0.76, 95% CI 0.64-0.91, p 0.009; all-cause mortality: aHR 0.74, 95% CI 0.59-0.92, p 

0.007). In this analysis, there was also no significant interaction between NYHA class and the 

association of CRT with time to both outcomes.  The ratio of hazard ratios (NYHA IV/III) for 
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time to all-cause mortality/HFH was 0.85 (95% CI 0.59-1.25, p 0.41) and time to all-cause 

mortality alone was 0.78 (95% CI 0.51-1.23, p 0.27).   

 

There was CRT benefit for both outcomes in the individual NYHA groups as well. For patients 

in NYHA Class III, the aHR for time to the composite outcome was 0.78 (95% CI 0.65-0.95, p 

0.020) and for time to all-cause mortality alone was 0.79 (95% CI 0.63-1.00, p 0.051). For 

patients with NYHA IV, the aHR for time to all-cause mortality/HFH was 0.67 (95% CI 0.46-

0.97, p 0.037) and the aHR for time to all-cause mortality alone was 0.61 (95% CI 0.41-0.94, p 

0.027).    

 

Discussion 

This patient level meta-analysis provides data on the outcomes of CRT for patients with the most 

severe HF symptoms, i.e. NYHA class IV. Most studies that have included patients with NYHA 

Class III and IV symptoms have a very small proportion of patients with NYHA class IV 

functional class. Therefore, it was important to combine available data to examine outcomes of 

CRT in patients with NYHA class IV functional class.  

 

In this study, there was significant association of CRT with improved outcomes in the overall 

group of patients; i.e., those in NYHA class III and those in NYHA class IV. In the primary 

analysis, there was not a statistically significant improvement in time to all-cause mortality/HFH 

or time to all-cause mortality when patients with NYHA class III and those with NYHA class IV 

symptoms were analyzed separately. However, in the sensitivity analysis that included data from 

RAFT, there was a statistically significant improvement in time to both endpoints for patients 
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with NYHA class III and those with class IV symptoms separately. These results along with the 

results of the interaction tests (for the primary and the sensitivity analysis) show that CRT is 

associated with improved outcomes in patients with NYHA class III as well as those with NYHA 

class IV functional class. The difference in results between the primary analysis and the 

sensitivity analysis strongly suggests that the primary analysis lacked statistical power to show 

an improvement in the two endpoints with CRT for the individual NYHA classes. The statistical 

power was augmented by inclusion of the RAFT trial in the sensitivity analysis. The differences 

in NYHA class IV results between the primary analysis and the sensitivity analysis can be 

explained by the utilization of one model for both data sets with the same assumed class 

interaction term.  

 

The role of CRT in patients with advanced HF symptoms may be affected by several clinical 

factors. The extent of cardiac remodeling in patients with advanced HF symptoms may impact 

response to CRT. There is likely a level of remodeling (left ventricular dilatation, EF, etc.) 

beyond which CRT may not confer any benefit. While data on this issue are badly needed, 

echocardiographic parameters were not available for examination in the current study. Also, 

patients with advanced HF commonly have other comorbidities. Whereas a prior study [7] has 

suggested that CRT is beneficial in patients with several comorbidities, that study did not include 

an adequate number of patients with NYHA class IV symptoms.  How the number, type, and 

severity of comorbidities affect outcomes of CRT deserves more study. In addition, many 

patients with advanced HF are not able to tolerate guideline-directed target doses of medical 

therapies, either due to a low blood pressure and/or an elevated creatinine. Therefore, CRT may 

be especially beneficial in such patients. This, too, deserves further study.  
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It is important to note that patients in NYHA class IV enrolled in traditional randomized clinical 

trials of CRT and examined in the current study are likely not representative of patients seen in 

clinical practice. Patients enrolled in randomized clinical trials are generally less morbid and are 

more closely monitored than “real-world” patients. Therefore, data from clinical trials should be 

complemented with data from registries.  In US registry-based studies, it has been shown that 

patients with advanced HF have greater peri-procedural complications and higher 30-day all-

cause mortality after device (ICD or CRT) implantation compared with patients with mild to 

moderate HF symptoms [8]. In the Israeli ICD Registry, the risk associated with CRT 

implantation was found to be similar among patients with mild and advanced HF symptoms 

while the risk associated with ICD implantation was greater in patients with advanced HF 

symptoms [9].  An analysis of the InSync Italian registry compared the benefit of CRT in 

patients with mild HF symptoms (NYHA II) versus patients with moderate to advanced HF 

symptoms (NYHA Class III-IV) [10]. This analysis showed similar improvement in EF among 

patients with mild and advanced HF but less improvement in functional status and lower all-

cause mortality in patients in NYHA class II compared with patients with more advanced HF. 

Additionally, there are meta-analyses that have demonstrated CRT benefit for time to HFH/all-

cause mortality [11] and time to all-cause mortality [12] for patients in NYHA class IV. The 

former looked at 5 randomized trials to evaluate what pre-implantation variables predict response 

to CRT (most important variable found to be QRS duration). The latter analyzed data from 

CARE-HF and COMPANION trials to evaluate the same outcomes for CRT-P (QRS duration 

not found to be significant factor predicting CRT benefit). 
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Despite these studies, data remain limited regarding CRT in patients with advanced HF 

symptoms. Until more data are generated in larger and more contemporaneous cohorts of 

patients with HF, this patient-level meta-analysis will hopefully inform clinical practice and 

shared-decision making.  

 

Limitations 

Although our analysis included the largest number of patients in NYHA class IV (302 patients) 

to date, and it was conducted at the patient level, some limitations should be acknowledged. The 

power of this study was limited by the relatively small number of patients in NYHA class IV. 

For this reason, we were underpowered in our interaction analysis further highlighting the need 

for new studies with greater recruitment of patients with advanced HF symptoms. Studies 

included in this analysis were published more than a decade ago; medical therapy of patients 

with HF and CRT devices and implantation techniques have evolved drastically since the 

publication of those trials.  Whether and how contemporary CRT technology and medical 

therapy for patients with advanced HF might impact the outcomes of CRT is uncertain.  Other 

important endpoints such as quality of life and implant-related complications were not reported 

in a sufficient number of studies for this meta-analysis, and procedural complications that are 

higher in patients with more advanced HF might influence the net clinical benefit from CRT. 

Although the endpoints of the trials were all independently adjudicated by blinded clinical 

endpoint committees, endpoint definitions varied slightly across the trials. While advanced 

Bayesian techniques were applied to account for this heterogeneity, the possibility of 

confounding cannot be ruled out. 
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Conclusions 

In this meta-analysis of patient level data from randomized controlled trials, CRT appeared to be 

beneficial in improving the time to all-cause mortality or HFH, as well as all-cause mortality 

alone, in patients in NYHA class III as well as those in NYHA class IV. However, given the 

relatively small number of patients in NYHA class IV, these results highlight the need for further 

studies on patients in NYHA class IV that are reflective of contemporaneous CRT devices, 

implantation techniques, and medical therapy for advanced HF.    
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Table 1. Patient characteristics overall and by study cohort 
Characteristic Overall, 

N = 2,309 
MIRACLE 

N = 452 
MIRACLE-

ICD 
N = 338 

COMPANION 
N = 1,519 

Female 721 (31%) 147 (33%) 81 (24%) 493 (32%) 
Age (years) 67 (58, 74) 65 (56, 73) 69 (60, 75) 67 (59, 74) 
Treatment     
OMT 540 (23%) 233 (52%) 0 (0%) 307 (20%) 
ICD recipients 167 (7.2%) 0 (0%) 167 (49%) 0 (0%) 
CRT-P recipients 836 (36%) 219 (48%) 0 (0%) 617 (41%) 
CRT-D recipients 766 (33%) 0 (0%) 171 (51%) 595 (39%) 
Ischemic 1,312 (57%) 240 (53%) 235 (70%) 837 (55%) 
Non-ischemic 1,004 (43%) 219 (48%) 103 (30%) 682 (45%) 
NYHA     
    III 2,007 (87%) 403 (89%) 301 (89%) 1,303 (86%) 
    IV 302 (13%) 49 (11%) 37 (11%) 216 (14%) 
LBBB 1,700 (74%) 379 (84%) 247 (73%) 1,074 (71%) 
QRS width (ms) 160 (142, 176) 160 (155, 180) 160 (150, 180) 160 (140, 175) 
EF (%) 22 (18, 28) 23 (18, 28) 22 (19, 27) 21 (17, 28) 
Atrial fibrillation 393 (17%) 53 (12%) 0 (0%) 340 (22%) 
Hypertension 1,141 (49%) 186 (41%) 166 (49%) 789 (52%) 
Diabetes 898 (39%) 152 (34%) 125 (37%) 621 (41%) 
Medications     
   Betablocker 1,488 (64%) 256 (57%) 206 (61%) 1,026 (68%) 
   ACE/ARB 2,071 (90%) 413 (91%) 306 (91%) 1,352 (89%) 
   Amiodarone† 180 (23%) 62 (14%) 118 (35%) 0 (NA%) 
   Diuretics 2,187 (95%) 426 (94%) 315 (93%) 1,446 (95%) 
Summaries presented in median (IQR) or n (%). †Information available only for 790 patients. 
ACE: angiotensin-converting enzyme inhibitor, ARB: angiotensin receptor blocker, CRT-D:  cardiac 
resynchronization therapy with defibrillation, CRT-P:  cardiac resynchronization therapy, ICD: implantable 
cardioverter defibrillator, LBBB: left bundle branch block, EF: ejection fraction, NA: Not available information, 
NYHA: New York Heart Association, OMT: optimal medical treatment. 
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Table 2. Patient characteristics by treatment assignment and age category 
 Overall NYHA III NYHA IV 
Characteristic CRT, 

N = 1,602 
No-CRT, 
N = 709 

CRT, 
N = 1,398 

No-CRT, 
N = 610 

CRT, 
N = 204 

No-CRT, 
N = 99 

Female 513 (32%) 209 (29%) 444 (32%) 168 (28%) 69 (34%) 41 (41%) 
Age (years) 66 (58, 74) 68 (59, 74) 66 (58, 74) 68 (59, 74) 67 (60, 75) 68 (60, 75) 
ICD recipients 766 (48%) 167 (24%) 663 (47%) 150 (25%) 103 (50%) 17 (17%) 
Ischemic 874 (55%) 440 (62%) 749 (54%) 371 (61%) 125 (61%) 69 (70%) 
Non-ischemic 731 (46%) 273 (39%) 652 (47%) 243 (40%) 79 (39%) 30 (30%) 
LBBB 1,174 (73%) 526 (74%) 1,033 (74%) 451 (74%) 141 (69%) 75 (76%) 
QRS width (ms) 160 (142, 

178) 
160 (142, 

175) 
160 (142, 

177) 
160 (142, 

172) 
160 (144, 

178) 
160 (144, 

180) 
EF (%) 21 (17, 27) 23 (19, 29) 22 (18, 27) 23 (19, 29) 20 (15, 25) 20 (16, 27) 
Atrial 
fibrillation 

291 (18%) 103 (15%) 248 (18%) 79 (13%) 43 (21%) 24 (24%) 

Hypertension 806 (50%) 337 (48%) 702 (50%) 289 (47%) 104 (51%) 48 (48%) 
Diabetes 615 (38%) 284 (40%) 526 (38%) 229 (38%) 89 (44%) 55 (56%) 
Medications       
   Betablocker 1,058 (66%) 430 (61%) 949 (68%) 382 (63%) 109 (53%) 48 (48%) 
   ACE/ARB 1,438 (90%) 635 (90%) 1,269 (91%) 550 (90%) 169 (83%) 85 (86%) 
   Amiodarone† 94 (24%) 86 (21%) 79 (23%) 77 (22%) 15 (36%) 9 (20%) 
   Diuretics 1,519 (95%) 670 (94%) 1,318 (94%) 571 (94%) 201 (99%) 99 (100%) 
Summaries presented in median (IQR) or n (%). †Information available only for 791 patients. 
ACE: angiotensin-converting enzyme inhibitor, ARB: angiotensin receptor blocker, CRT:  cardiac resynchronization 
therapy, LBBB: left bundle branch block, EF: ejection fraction, NYHA: New York Heart Association. 
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Table 3. CRT effect in time to mortality and time to mortality/HFH overall and by NYHA 
class  
 Estimate 95% Credible 

interval 
Posterior 

probability 
Time to all-cause mortality or HFH    
HR for CRT overall† 0.79 0.64 – 0.99 0.044 
By NYHA class group¥    
   HR for CRT in NYHA class III 0.82 0.66 – 1.04 0.10 
   HR for CRT in NYHA class IV 0.59 0.26 – 1.04 0.067 
   Ratio of hazard ratios (IV / III) 0.72 0.30 – 1.27 0.23 
    
    
Time to all-cause mortality    
HR for CRT overall† 0.78 0.59 – 1.03 0.083 
By NYHA class group ¥    
   HR for CRT in NYHA class III 0.87 0.62 – 1.20 0.40 
   HR for CRT in NYHA class IV 0.61 0.31 – 1.09 0.088 
   Ratio of hazard ratios (IV / III) 0.70 0.35 – 1.34 0.27 
†Estimates obtained from a model with an overall CRT effect. ¥Estimates obtained from a model with a CRT effect 
by NYHA class group. 
CRT: cardiac resynchronization therapy, HFH: heart failure hospitalization, HR: hazard ratio 
 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted July 6, 2023. ; https://doi.org/10.1101/2023.07.05.23292279doi: medRxiv preprint 

https://doi.org/10.1101/2023.07.05.23292279
http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 4. Sensitivity analysis including RAFT data. CRT effect in time to mortality and time 
to mortality/HFH overall and by NYHA class 
 Estimate 95% Credible 

interval 
Posterior 

probability 
Time to all-cause mortality or HFH    
HR for CRT overall† 0.76 0.64 – 0.91 0.009 
By NYHA class group¥    
   HR for CRT in NYHA class III 0.78 0.65 – 0.95 0.020 
   HR for CRT in NYHA class IV 0.67 0.46 – 0.97 0.037 
   Ratio of hazard ratios (IV / III) 0.85 0.59 – 1.25 0.41 
    
    
Time to all-cause mortality    
HR for CRT overall† 0.74 0.59 – 0.92 0.007 
By NYHA class group ¥    
   HR for CRT in NYHA class III 0.79 0.63 – 1.00 0.051 
   HR for CRT in NYHA class IV 0.61 0.41 – 0.94 0.027 
   Ratio of hazard ratios (IV / III) 0.78 0.51 – 1.23 0.27 
†Estimates obtained from a model with an overall CRT effect. ¥Estimates obtained from a model with a CRT effect 
by NYHA class group. 
CRT: cardiac resynchronization therapy, HFH: heart failure hospitalization, HR: hazard ratio 
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Figure 1. Forest plots for CRT effect on all-cause mortality or HFH overall (A) and by 

NYHA group (B) class III and (C) class IV. 
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Figure 2. Forest plots for CRT effect on all-cause mortality overall (A) and by NYHA 

group (B) class III and (C) class IV      
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