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ABSTRACT

BACKGROUND Guidelines’ recommendations for cardiac resynchronization therapy (CRT) implantation in selected 
patients with heart failure (HF) exist. However, data on the best timing for CRT implantation after the achievement of 
stable medical therapy (SMT) and its association with outcomes are currently lacking.

OBJECTIVES The aim of this study was to investigate the timing of CRT implantation after the achievement of SMT, 
associated patient profiles, and clinical outcomes in a real-world HF population.

METHODS Patients with HF treated with SMT derived from the Swedish ICD and Pacemaker Registry who received CRT 
between 2007 and 2020 were included in the study. Patient characteristics associated with a shorter or longer time to 
CRT implantation were assessed using multivariable logistic regression, and associations between the time from SMT to 
CRT implantation and clinical outcomes (mortality and morbidity) were analyzed using multivariable Cox regression.

RESULTS Of the 9,409 patients, 43.8% received CRT at <3 months of achieving SMT, 34.9% between 3 and 9 months, 
and 21.3% after 9 months. The time from SMT to CRT implantation decreased significantly over the study period. In-
dependent determinants of shorter time to implantation included recent HF hospitalization, previous implantation of a 
defibrillator, and greater use of guideline-directed medical therapy, whereas a history of HF >6 months and ischemic 
heart disease were associated with a longer time. After adjustments, there was a 9% lower risk of cardiovascular death 
with a shorter time from SMT to CRT implantation of <3 months vs 3-9 months (P = 0.045). A delayed time of
>9 months vs 3-9 months was associated with a 13% higher risk of cardiovascular death/HF hospitalization, a 12% 

higher risk of cardiovascular death (P = 0.040), and an 11% higher risk of first HF hospitalization (P = 0.013).

CONCLUSIONS Time from the achievement of SMT to CRT implantation decreased over the study period. Delayed 
CRT implantation beyond 3 months was associated with higher cardiovascular mortality compared with earlier im-
plantation after GDMT optimization. (JACC Heart Fail. 2025;13:102515) © 2025 The Authors. Published by Elsevier 
on behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/).

ISSN 2213-1779 https://doi.org/10.1016/j.jchf.2025.102515

From the a Department of Clinical Science and Education, Södersjukhuset, Karolinska Institutet, Stockholm, Sweden; 
b Department of Biomedical Sciences, Humanitas University, Pieve Emanuele, Milan, Italy; c Department of Advanced Biomedical 
Sciences, University of Naples “Federico II”, Naples, Italy; d Division of Cardiology, Department of Medicine, Karolinska Insti-
tutet, Stockholm, Sweden; e Internal Medicine Unit, Södertälje Hospital, Södertälje, Sweden; f Division of Cardiovascular Medi-
cine, The Ohio State University, Columbus, Ohio, USA; g Department of Internal Medicine III, Saarland University, Homburg,

J A C C : H E A R T F A I L U R E VO L . 1 3 , NO . 1 0 , 2 0 2 5

© 2 0 2 5 T H E A U T HO R S . P U B L I S H E D B Y E L S E V I E R ON B E H A L F O F T H E AM E R I C A N

CO L L E G E O F C A R D I O L O G Y F O U N D A T I O N . T H I S I S AN O P E N A C C E S S A R T I C L E U N D E R

T H E C C B Y L I C E N S E ( h t t p : / / c r e a t i v e c omm o n s . o r g / l i c e n s e s / b y / 4 . 0 / ) .

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
https://doi.org/10.1016/j.jchf.2025.102515
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jchf.2025.102515&domain=pdf
http://creativecommons.org/licenses/by/4.0/


C ardiac resynchronization therapy 
(CRT) has been proven to reduce 
morbidity and mortality and 

improve quality of life in selected popula-
tions with heart failure with reduced ejection 
fraction (HFrEF). 1-3 Therefore, CRT has a 
Class I recommendation, Level of Evidence: 
A, in international guidelines for patients 
with HFrEF, left bundle branch block, and 
QRS complex duration $150 ms who remain 
symptomatic despite pharmacological 
optimal medical therapy (OMT). 3 

Despite the strong guidelines’ recommen-
dations, CRT implantation rates remain low 

in daily clinical practice. 4-6 Delays in referral 
and implantation may be detrimental, in 
particular when considering that reverse 
remodeling induced by guideline-directed 
medical therapy (GDMT) is limited in pa-
tients with a wide QRS complex. 7,8 Early CRT 
implantation after the diagnosis of left 
bundle branch block–associated nonischemic 
cardiomyopathy (ie, <9 months after the 
diagnosis) was previously reported to be 
linked with a higher likelihood of left ven-

tricular ejection fraction (LVEF) improvement. 9 CRT 
implantation in patients with no history of or at their 
first hospitalization for heart failure (HF) was associ-
ated with better outcome as compared with later im-
plantation, suggesting that it should occur as early as 
possible, when indicated. 10,11 

However, many barriers to implementation still 
exist. 12,13 Delays in the optimization of GDMT due to 
either physician inertia or tolerability issues are 
frequent, which may further delay device implanta-
tion, as OMT is expected before device implanta-
tion. 14,15 In patients with a CRT indication after the 
achievement of stable medical therapy (SMT), timely 
referral should be performed. However, data on the 
best timing for CRT implantation and its association 
with outcomes are currently lacking.

The aim of the present study was to describe in 
patients with HFrEF who received CRT: 1) how the 
time from the achievement of SMT to CRT implan-
tation has changed over time; 2) which patient pro-
files were associated with different time from SMT to 
implantation; 3) HFrEF pharmacological therapy at 
the time of implantation; and 4) the association be-
tween different time from SMT to CRT implantation 
and mortality/morbidity.

METHODS

DATA SOURCES. The study population was derived 
from the Swedish ICD and Pacemaker Registry, which 
has been previously described. 16 Briefly, it is an 
ongoing nationwide registry enrolling patients from 

all device implanting centers in Sweden since 1989, 
with data on implantable cardiac defibrillator (ICD) 
implantations entered online since 2004. Coverage 
approximates 95% to 98% of the total pacemaker and 
ICD implantations (including also CRT). Informed 
consent for data entry is required.

For the present study, the Swedish ICD and Pace-
maker Registry was linked with 1) the Swedish Na-
tional Prescribed Drug Register, providing data on 
pharmacological therapy; 2) LISA (Longitudinal Inte-
gration Database for Health Insurance and Labour 
Market Studies) and Total Population Register, 
providing socioeconomic data; 3) the Swedish NPR 
(National Patient Register), providing data on comor-
bidities, previous HF diagnosis, and HF hospitaliza-
tions coded using the International Classification of 
Diseases–10th Revision (ICD-10) (Supplemental 
Table 1); and 4) the Cause of Death Register, 
providing information on time/cause of death, 
through the Swedish personal identification number. 
The present analysis requiring the linkage of the 
above-reported registries was approved by the Swed-
ish Ethical Review Authority.

STUDY POPULATION. Patients undergoing first CRT 
implantation between January 1, 2017, and December
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31, 2020, as registered in the Swedish ICD and Pace-
maker Registry, with a previous HF diagnosis (ie, at 
least 1 ICD-10 code for HF in the main position) 
(Supplemental Table 1) as identified from the Swedish 
NPR, and currently treated with SMT (definition re-
ported later) were included in the study. The index 
date was defined as the date of CRT implantation. 
Exclusion criteria were age <18 years, missing data 
on socioeconomic variables, no GDMT (ie, renin-
angiotensin system inhibitors [RASis] or angiotensin 
receptor neprilysin inhibitors [ARNIs], mineralocor-
ticoid receptor antagonists [MRAs], and beta-blockers 
[BBs]) dispensation within 4 months before device 
implantation, or CRT implantation >24 months 
after SMT.

DEFINITION OF AND TIME FROM SMT TO CRT

IMPLANTATION. We considered the following HFrEF 
GDMT: RASi/ARNI, MRA, and BB. Sodium-glucose 
cotransporter 2 (SGLT2) inhibitors were not consid-
ered part of GDMT because they were not recom-
mended for HF during the study period. 17

The date of SMT achievement was defined as the 
date of the latest increase in use/dose of one of the 
HF drugs still dispensed within 4 months before CRT 
implantation. Time from SMT to CRT implantation 
was analyzed as a continuous variable and as a 
3-level categorical variable: <3, 3-9, and >9 months.

STATISTICAL ANALYSIS. Patient characteristics 
were compared across the 3 strata of time from SMT 
achievement to CRT implantation (<3, 3-9, and 
>9 months) using the Kruskal-Wallis test and reported 
as median (Q1-Q3) if continuous variables and 
compared using the chi-square test and reported as 
number and percentage if categorical variables.

Multivariable logistic regression models were 
fitted to investigate patient characteristics indepen-
dently associated with a shorter/longer time to 
CRT implantation (ie, <3 months vs 3-9 months vs 
>9 months, with 3-9 months as the reference cate-
gory); the covariates included in the models are 
marked with superscript a in Table 1. The results are 
displayed as odds ratios with 95% CIs.

The associations between the time from SMT to 
CRT implantation and outcomes (ie, a composite of 
cardiovascular death or first HF hospitalization and 
its individual components) were investigated using 
univariable and multivariable (including the vari-
ables marked with superscript b in Table 1 as cova-
riates) Cox proportional hazards regression, where 
the exposure was separately modeled as a restricted 
cubic spline (with 3 knots and 3 months as the 
reference) and as a linear variable. A likelihood ratio 
test was performed to compare the 2 models and

assess the nonlinearity of the spline model. Addi-
tional models were performed including time from 

SMT to CRT implantation as a categorical variable 
(using 3-9 months as the reference category) rather 
than a continuous variable, and unadjusted survivor 
functions were estimated using the Kaplan-Meier 
method. The results of Cox regression models were 
reported as HRs and 95% CIs. Consistency of the re-
sults across subgroups was assessed by including an 
interaction term between the time from SMT 
achievement to CRT implantation (reported as a 
categorical variable) and the variables defining the 
subgroups of interest. The proportional hazards 
assumption was tested via Schoenfeld residuals and 
was met. Incidence rates per 100 patient-years with 
95% CIs were also calculated for each outcome 
according to the strata of time from SMT to CRT im-
plantation. Time to incident outcome was calculated 
starting from the index date (ie, day of CRT 
implantation).

Analyses were censored at death, emigration, 
10 years after the index date, or at the end of study 
follow-up (ie, December 31, 2021), whichever occurred 
first. In a sensitivity analysis, censoring was per-
formed at 5 rather than 10 years to evaluate the con-
sistency of the associations observed in the main 
analysis during the earlier period when attrition and 
competing risks may be lower. There were no missing 
data in the data set used for this analysis. The 3- to 
9-month time period was selected as the reference for 
the analysis, as it corresponds to the window in which 
LVEF and CRT indication reassessment, as well as 
implantation, typically occur in clinical practice. Sta-
tistical analyses were performed in Stata 18 (StataCorp 
LLC), and a 2-sided value of P < 0.05 was considered 
statistically significant.

RESULTS

Of the 12,475 patients with a previous HF diagnosis 
and first CRT implantation between January 1, 2007, 
and December 31, 2020, 9,409 fulfilled the selection 
criteria for this study and were therefore included in 
the analysis (Supplemental Figure 1).

PATIENT CHARACTERISTICS AT CRT IMPLANTA-

TION, ALSO ACCORDING TO THE TIME FROM SMT

ACHIEVEMENT. In the overall population of HF pa-
tients undergoing CRT implantation, the median age 
was 72 years (Q1-Q3: 65-78 years) and 24.1% were fe-
male. The median time since HF diagnosis was 
31 months (Q1-Q3: 9-96 months), and 26% had already 
received a pacemaker or ICD before CRT. Double 
GDMT was prescribed in 39.6% of patients, whereas
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TABLE 1 Baseline Characteristics Stratified by Time From the Achievement of SMT

<3 mo
(n = 4,119, 43.8%)

3-9 mo
(n = 3,285, 34.9%)

>9 mo
(n = 2,005, 21.3%)

Total
(N = 9,409, 100%) P Value

Age, y a,b 71 (64-77) 72 (65-78) 73 (65-79) 72 (65-78) <0.001
Female a,b 1,009 (24.5) 795 (24.2) 468 (23.3) 2,272 (24.1) 0.610
Socioeconomic status 

Living alone a,b 1,592 (38.7) 1,267 (38.6) 744 (37.1) 3,603 (38.3) 0.467
Children a,b 3,529 (85.7) 2,800 (85.2) 1,763 (87.9) 8,092 (86.0) 0.017
Education level a,b 0.183
Compulsory school 1,404 (34.1) 1,203 (36.6) 727 (36.3) 3,334 (35.4)
Secondary school 1,861 (45.2) 1,422 (43.3) 885 (44.1) 4,168 (44.3)
University 854 (20.7) 660 (20.1) 393 (19.6) 1,907 (20.3)
Income above median a,b 2,146 (52.1) 1,652 (50.3) 940 (46.9) 4,738 (50.4) <0.001

HF history
Months since HF diagnosis a,b 23.00 (5.49-89.13) 24.77 (8.74-91.46) 51.41 (22.11-113.07) 31.21 (8.64-96.39) <0.001
Last HFH within 6 mo a,b 1,727 (41.9) 931 (28.3) 435 (21.7) 3,093 (32.9) <0.001
Previous pacemaker a 219 (5.3) 192 (5.8) 152 (7.6) 563 (6.0) 0.002
Previous ICD a 831 (20.2) 627 (19.1) 427 (21.3) 1,885 (20.0) 0.143
CRT-D b 2,305 (56.0) 1,822 (55.5) 984 (49.1) 5,111 (54.3) <0.001
Year of CRT implantation a,b <0.001

2007-2008 432 (10.5) 318 (9.7) 306 (15.3) 1,056 (11.2)
2009-2012 1,002 (24.3) 787 (24.0) 490 (24.4) 2,279 (24.2)
2013-2016 1,159 (28.1) 993 (30.2) 568 (28.3) 2,720 (28.9)
2017-2020 1,526 (37.0) 1,187 (36.1) 641 (32.0) 3,354 (35.6)

Months since SMT 1.35 (0.72-2.04) 4.86 (3.71-6.47) 14.42 (11.37-18.56) 3.48 (1.51-7.85) <0.001
Comorbidities

Hypertension a,b 2,421 (58.8) 2,019 (61.5) 1,227 (61.2) 5,667 (60.2) 0.039
Chronic kidney disease a,b 603 (14.6) 557 (17.0) 393 (19.6) 1,553 (16.5) <0.001
Diabetes mellitus a,b 1,228 (29.8) 976 (29.7) 625 (31.2) 2,829 (30.1) 0.475
Valvular heart disease a,b 901 (21.9) 729 (22.2) 454 (22.6) 2,084 (22.1) 0.791
Ischemic heart disease a,b 2,471 (60.0) 1,995 (60.7) 1,349 (67.3) 5,815 (61.8) <0.001
Previous MI 1,746 (42.4) 1,355 (41.2) 962 (48.0) 4,063 (43.2) <0.001
Atrial fibrillation a,b 2,018 (49.0) 1,666 (50.7) 1,132 (56.5) 4,816 (51.2) <0.001
Previous stroke/TIA a,b 715 (17.4) 562 (17.1) 404 (20.1) 1,681 (17.9) 0.010
Peripheral artery disease a,b 360 (8.7) 312 (9.5) 214 (10.7) 886 (9.4) 0.051
History of cancer a,b 523 (12.7) 459 (14.0) 282 (14.1) 1,264 (13.4) 0.180
Liver disease a,b 62 (1.5) 77 (2.3) 44 (2.2) 183 (1.9) 0.023
Alcohol abuse a,b 99 (2.4) 89 (2.7) 47 (2.3) 235 (2.5) 0.622
Dementia a,b 22 (0.5) 15 (0.5) 10 (0.5) 47 (0.5) 0.895
Depressive disorder a,b 152 (3.7) 95 (2.9) 76 (3.8) 323 (3.4) 0.106

Drugs
Number of HF drugs 3 (2-3) 3 (2-3) 2 (2-3) 3 (2-3) <0.001
Beta-blockers a,b 3,742 (90.8) 2,914 (88.7) 1,735 (86.5) 8,391 (89.2) <0.001
Beta-blocker target dose c 1,485 (36.1) 1,207 (36.7) 776 (38.7) 3,468 (36.9) 0.129
RASi a,b 3,329 (80.8) 2,708 (82.4) 1,701 (84.8) 7,738 (82.2) <0.001
ARNI a,b 568 (13.8) 340 (10.4) 116 (5.8) 1,024 (10.9) <0.001
RASi/ARNI target dose c 1,656 (40.2) 1,420 (43.2) 806 (40.2) 3,882 (41.3) 0.018
MRA a,b 2,677 (65.0) 1,961 (59.7) 1,011 (50.4) 5,649 (60.0) <0.001
MRA target dose c 554 (13.4) 411 (12.5) 229 (11.4) 1,194 (12.7) 0.076
Loop diuretics a,b 2,876 (69.8) 2,179 (66.3) 1,337 (66.7) 6,392 (67.9) 0.002
DHP CCB a,b 390 (9.5) 240 (7.3) 194 (9.7) 824 (8.8) 0.001
Antiarrhythmic drugs a,b 381 (9.2) 283 (8.6) 214 (10.7) 878 (9.3) 0.043
Digoxin a,b 650 (15.8) 441 (13.4) 345 (17.2) 1,436 (15.3) <0.001
Anticoagulant medications a,b 2,056 (49.9) 1,579 (48.1) 1,040 (51.9) 4,675 (49.7) 0.025
SGLT2 a,b 67 (1. 6) 56 (1.7) 22 (1.1) 145 (1.5) 0.184

Values are median (Q1-Q3) or n (%), unless otherwise indicated. a Variables included in multivariable logistic regression models for predictors. b Variables included in multivariable Cox 
regression models for survival analysis. c Number of patients at the target dose, defined as $100% of the recommended target dose; proportions are calculated as the number of patients at 
the target dose divided by the total number of patients in the subgroup.

ARNI = angiotensin receptor neprilysin inhibitor; CRT = cardiac resynchronization therapy; CRT-D = cardiac resynchronization therapy with defibrillator; DHP CCB = dihydropyridine 
calcium channel blocker; HF = heart failure; HFH = heart failure hospitalization; ICD = implantable cardiac defibrillator; MI = myocardial infarction; MRA = mineralocorticoid receptor 
antagonist; RASi = renin-angiotensin system inhibitor; SGLT2 = sodium-glucose cotransporter 2; SMT = stable medical therapy; TIA = transient ischemic attack.
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51.4% were receiving triple GDMT. RASi/ARNI were 
prescribed in 93.1%, ARNI in 10.9% (30.4% between 
2017 and 2020), and BB and MRA in 89.2% and 60%, 
respectively. The target dose was achieved in 41.3%, 
36.9%, and 12.7% of the study population for RASi/ 
ARNI, BB, and MRA, respectively (Table 1, Figure 1).

The median time from SMT achievement to CRT 
implantation was 3.5 months (Q1-Q3: 1.5-7.8 months), 
and the most recent change in GDMT was an increase 
in treatment dose in 75.4% of patients. Time from 

SMT to CRT implantation significantly differed across 
the study period, being longest in 2007 to 2008 
(3.8 months [Q1-Q3: 1.6-10.9 months]) and shortest in 
2017 to 2020 (3.3 months [Q1-Q3: 1.4-7.0 months]) 
(Figure 1, Supplemental Table 2); 43.8% of patients 
received CRT at <3 months, 34.9% 3-9 months, and 
21.3% >9 months after achieving SMT.

Patients receiving later CRT implantation 
(>9 months vs 3-9 months) after SMT achievement 
were older, had a longer HF history, and were less 
likely to be hospitalized for HF in the 6 months 
before CRT implantation. Ischemic heart disease,

atrial fibrillation, previous stroke or transient 
ischemic attack, and chronic kidney disease were 
more prevalent in this group; the use of HF drugs was 
less, although the use of digoxin and loop diuretic 
agents was more likely. Conversely, patients 
receiving earlier CRT implantation (<3 months vs 3-
9 months) were younger, more likely to be hospital-
ized for HF in the 6 months before implantation, and 
had an overall lower comorbidity burden. They were 
receiving more GDMT with higher doses, but they 
were also slightly more likely to be taking loop 
diuretic agents and digoxin than patients in the 3- to 
9-month group.
PATIENT PROFILES ASSOCIATED WITH EARLIER/ 

LATER CRT IMPLANTATION AFTER SMT ACHIEVE-

MENT. Overall, more recent (in 2009-2020) vs earlier 
CRT implantation was associated with a shorter time 
from SMT achievement to the actual device implan-
tation (Figure 2, Supplemental Table 3).

Key patient characteristics independently associ-
ated with a shorter time from SMT to CRT implan-
tation (<3 months vs 3-9 months) were having an

FIGURE 1 Time From SMT to CRT Implantation and GDMT

(A) Overall distribution of the time from SMT to CRT implantation in the entire population. (B) Distribution of the time from SMT to CRT implantation according to the 
year of implantation. (C) Number of HF drugs at the time of CRT implantation. (D) Proportion of patients receiving each class of GDMT. ARNI = angiotensin receptor 
neprilysin inhibitor; CRT = cardiac resynchronization therapy; GDMT = guideline-directed medical therapy; HF = heart failure; MRA = mineralocorticoid receptor 
antagonist; RASi = renin-angiotensin system inhibitor; SMT = stable medical therapy.
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FIGURE 2 Patient Characteristics Independently Associated With the Time From SMT to CRT Implantation

Adjusted ORs and 95% CIs are calculated using 3-9 months as the reference category. DHP CCB = dihydropyridine calcium channel blocker; 
HFH = heart failure hospitalization; ICD = implantable cardiac defibrillator; PM = pacemaker; SGLT2 = sodium-glucose cotransporter 2; 
TIA = transient ischemic attack; other abbreviations as in Figure 1.
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ICD, higher education level, and no history of 
hypertension, atrial fibrillation, or liver disease. HF 
duration #6 months, HF hospitalization in the pre-
vious 6 months, and treatment with MRA, BB, or 
ARNI were also linked with earlier implantation 
(<3 months vs 3-9 months vs >9 months).

In contrast, having a pacemaker and a history of 
ischemic heart disease were independently associ-
ated with a longer time from SMT achievement to 
CRT implantation (>9 months vs 3-9 months).

ASSOCIATIONS BETWEEN THE TIME FROM SMT TO

CRT IMPLANTATION AND. Over a median follow-up 
of 5.5 years (Q1-Q3: 3.0-8.5 years), there was a 
crude and independent linear relationship between 
increasing time from SMT to CRT implantation and a 
higher risk of the composite of cardiovascular death or 
HF hospitalization (HR: 1.011; 95% CI: 1.006-1.016; 
P < 0.001). The same applied to cardiovascular death 
(HR: 1.020; 95% CI: 1.013-1.026; P < 0.001) and HF 
hospitalization separately (HR: 1.008; 95% CI: 1.003-
1.014; P = 0.001), with no significant difference 
between spline and linear models (P > 0.05 for all 
tests of nonlinearity) outcomes (Figure 3, Table 2, 
Supplemental Figure 2, Supplemental Table 4).

However, when assessing time from SMT to CRT 
implantation as a categorical variable, crude risks of

the composite of cardiovascular death or HF hospi-
talization and HF hospitalization alone were similar 
with a time from SMT achievement to CRT implanta-
tion of <3 or 3-9 months, whereas they were signifi-
cantly higher with a time of >9 months. The 
unadjusted risk of cardiovascular death was signifi-
cantly higher with a time from SMT achievement to 
CRT implantation of <3 months compared with 
3-9 months and >9 months. After multivariable 
adjustments, the results were consistent, with a 9% 

lower risk of cardiovascular death with a time from 

SMT to CRT implantation of <3 months compared 
with 3-9 months (adjusted HR: 0.91 [95% CI: 0.83-
1.00]; P = 0.045) and a 13% higher risk of cardiovas-
cular death/HF hospitalization (adjusted HR: 1.13 
[95% CI: 1.04-1.22]; P = 0.003), a 12% higher risk of 
cardiovascular death (adjusted HR: 1.12 [95% CI: 1.00-
1.24]; P = 0.040), and an 11% higher risk of first HF 
hospitalization (adjusted HR: 1.11 [95% CI: 1.02-1.21]; 
P = 0.013) with a time of >9 months compared with 
3-9 months.

SENSITIVITY AND SUBGROUP ANALYSES. When
follow-up was censored at 5 years, the results were 
consistent except for similar crude and adjusted risks 
of cardiovascular death with a time from SMT to CRT

FIGURE 3 Associations Between the Time From SMT to CRT Implantation and Outcomes

The P value for nonlinearity is derived from a likelihood ratio test comparing the spline model with the linear model. HRs are adjusted for variables marked with 
superscript b in Table 1 and are calculated using 3-9 months as the reference category. CV = cardiovascular; other abbreviations as in Figure 1.
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implantation of <3 and 3-9 months (Supplemental 
Table 5, Supplemental Figure 3).

The results were consistent for all the outcomes 
across all the tested subgroups, including history of 
atrial fibrillation, sex, ischemic heart disease, and 
different GDMT regimens (Supplemental Tables 6 to 8, 
Supplemental Figure 4).

DISCUSSION

This is the first study evaluating time from the 
achievement of SMT, probably reflecting maximum 

tolerated medical treatment, to CRT implantation 
and patient profiles linked with a shorter or longer 
time to implantation, as well as analyzing clinical 
outcomes in patients receiving earlier vs later im-
plantation, using data from a large population with 
HF from a nationwide registry.

In our cohort of ∼9,500 patients undergoing CRT 
implantation, key findings were as follows: 1) the 
median time from SMT achievement to CRT implan-
tation was 3.5 months (Q1-Q3: 1.5-7.8 months), with 
∼21% of patients undergoing implantation >9 months 
after reaching SMT; 2) the time from SMT to CRT im-
plantation slightly, but significantly, decreased over 
the study period; and 3) the risk of cardiovascular 
death or HF hospitalization increased with a longer 
time from SMT to CRT implantation, with a higher risk 
of cardiovascular death regardless of whether CRT 
implantation was delayed beyond 3 months after SMT 
(Central Illustration).

GDMT BEFORE CRT IMPLANTATION. The use of
multiple HF drugs with the recommendation to 
achieve their target doses, is the cornerstone of the 
treatment of patients with HFrEF worldwide. 3,18 The 
achievement of OMT is recommended before CRT 
implantation, as GDMT in patients with de novo 
HFrEF may lead to positive left ventricular remod-
eling and LVEF recovery up to >35%, despite its 
lower efficacy when a conduction delay is pre-
sent. 7,8,19 Although there is increasing consensus on 
OMT being the maximum tolerated dose of multiple 
HF drugs rather than the use or achievement of target 
doses of all the foundational HF drugs. 20 the exact 
definition of OMT remains challenging. The attempt 
to reach full GDMT, as well as the consequent delays 
due to related tolerability and organizational issues, 
might challenge timely referral for CRT implantation. 

During our study period, 3 GDMT classes were used. 
In our cohort, half of the patients at the time of CRT 
implantation were receiving triple GDMT (RASi/ 
ARNI + BB + MRA) and >90% were receiving BB or 
RASi/ARNI before CRT implantation, which is consis-
tent with good implementation of RASi and BB in pa-
tients with HFrEF in Sweden. 21 However, consistent 
with others, 14 our study shows that GDMT imple-
mentation takes time, with most patients receiving 
CRT >2 years after their initial HF diagnosis, even in 
more recent years. Despite being higher than in other 
cohorts, 22 MRA use was likely suboptimal (ie, ∼60%), 
as was ARNI use (∼30% between 2017 and 2020) and 
overall target dose achievement for drugs requiring 
uptitration, 23 especially in patients with delayed CRT 
implantation.

Less intense GDMT use in patients undergoing 
later CRT implantation may be explained either by 
delays in implantation in an attempt to first achieve 
better GDMT or by both being markers of poorer care 
and clinical inertia. However, overall worse clinical 
status cannot be entirely ruled out, which might have 
led physicians to delay CRT implantation for other 
unmeasured reasons, ie, residual confounding that 
could not be addressed through statistical adjust-
ments. 23 Whether our patients were eligible for 
further GDMT optimization or were on maximum 

tolerated treatment remains uncertain, particularly 
because doses were quite far from the recommended 
targets. However, many factors including HF dura-
tion, uptitration efforts before implantation, and the 
use of multidrug regimens even in the era of 
sequential GDMT initiation might suggest that, at 
least in a proportion of patients, OMT was achieved. 17 

Moreover, it should be noted that a lower extent of 
reverse remodeling with GDMT should be expected in 
patients with HF with conduction diseases than in

TABLE 2 Results of Cox Proportional Hazards Regression Models Investigating the 
Association Between the Time From SMT to CRT Implantation and Clinical Outcomes

Univariable Multivariable

HR 95% CI P Value HR 95% CI P Value

Linear model
HF hospitalization or CV 

death
1.011 1.006-1.016 <0.001 1.009 1.004-1.014 0.001

CV death 1.020 1.013-1.026 <0.001 1.014 1.007-1.021 <0.001
First HF hospitalization 1.008 1.003-1.014 0.001 1.007 1.002-1.012 0.009

<3 mo vs 3-9 mo
HF hospitalization or CV 

death
1.02 0.95-1.08 0.628 1.01 0.94-1.08 0.804

CV death 0.90 0.82-0.98 0.021 0.91 0.83-1.00 0.045
First HF hospitalization 1.04 0.97-1.11 0.283 1.02 0.95-1.10 0.519

>9 mo vs 3-9 mo
HF hospitalization or CV 

death
1.17 1.09-1.26 <0.001 1.13 1.04-1.22 0.003

CV death 1.20 1.08-1.32 0.001 1.12 1.00-1.24 0.040
First HF hospitalization 1.15 1.06-1.25 0.001 1.11 1.02-1.21 0.013

HRs and 95% CIs are displayed for 1-month increase for the linear model. Bold indicates P < 0.05. 
CV = cardiovascular; other abbreviations as in Table 1.
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those without, thus prompting for early referral for 
CRT implantation even when GDMT is not fully 
optimized. 8,9 Therefore, even though multiple fac-
tors may lead to delays in CRT implantation, poorer 
care and underestimation of CRT benefits appear to 
be among the most relevant contributors.
TIME FROM SMT TO CRT IMPLANTATION AND TEM-

PORAL TRENDS. Despite guidelines’ recommenda-
tions highlighting the need for OMT before CRT 
implantation, how long a patient should be receiving 
OMT before considering CRT remains uncertain. 3 In 
our study, which is the first to systematically eval-
uate the time from SMT to CRT implantation in the 
real world, almost 80% of patients received CRT in

the first 9 months. The median delay to CRT im-
plantation was 3.5 months, aligning with the 
frequently applied 3-month cutoff, derived from trial 
indications and European guidelines for ICD im-
plantation. 3 Over time, a progressive decrease in 
median time from SMT to CRT implantation was 
observed, likely reflecting better CRT availability, 
expertise, and overall acceptance, because our study 
period started in 2007, with CRT first recommended 
for HFrEF in 2005. 24 Although the reduction in time 
from SMT to CRT implantation continued even after 
the introduction of ARNI, there was no correspond-
ing increase in HF history duration, despite recom-
mendations to achieve OMT before implantation. 17,25

CENTRAL ILLUSTRATION Timing of CRT Implantation After the Achievement of SMT

Longer
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January 1, 2007 to December 31, 2020

N = 9,409
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CRT = cardiac resynchronization therapy; GDMT = guideline-directed medical therapy; HF = heart failure; ICD = implantable cardiac defibrillator; Ref. = reference; 
SMT = stable medical therapy.
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A gradual increase in awareness of the importance of 
timely referral seems a reasonable explanation. 
Faster GDMT implementation across the entire HF 
spectrum, replicating the results of the STRONG-
HF (Safety, Tolerability and Efficacy of Rapid Opti-
mization, Helped by NT-proBNP testinG, of Heart 
Failure Therapies) study in acute HF, may lead to 
earlier referral for CRT implantation during the 
course of the disease. 26

PATIENT PROFILES ASSOCIATED WITH EARLIER/ 

LATER CRT IMPLANTATION AFTER THE ACHIEVE-

MENT OF SMT. We observed differences in patient 
profiles associated with earlier vs later CRT implan-
tation. After adjustments, patients who underwent 
implantation >9 months after SMT achievement were 
more likely to have a longer HF duration and a his-
tory of ischemic heart disease but were less likely to 
have a history of HF hospitalization within 6 months 
before implantation and GDMT use. An erroneous 
perception of a lower expected benefit from CRT in 
ischemic patients may have contributed. 27 Other 
reasons for late referral may include less disease 
severity and fewer symptoms, as seen with longer HF 
duration, lower likelihood of previous hospitaliza-
tion, and care in less specialized centers (ie, less 
GDMT use). 28-30 Profiles of patients undergoing 
early implantation (<3 months) possibly confirmed 
better care (ie, more GDMT use and previous ICD 
implantation) but also higher baseline risk (recent 
HF hospitalization and higher digoxin use with less 
atrial fibrillation history). However, using recent 
HF hospitalization as an opportunity to tackle 
therapeutic inertia and optimize GDMT might also 
facilitate timely evaluation for CRT implantation, 
which is suggested by our results linking better 
GDMT use, shorter time to CRT implantation, 
and previous hospitalization within 6 months 
before implantation. 23

OUTCOME ASSOCIATED WITH THE TIME FROM THE 

ACHIEVEMENT OF SMT TO CRT IMPLANTATION.

Delays in CRT implantation were independently 
associated with higher mortality/morbidity, both 
when considering time to CRT as a continuous and as 
a categorical variable. In the latter case, the highest 
risk was observed in patients receiving CRT 
>9 months after the achievement of SMT while dif-
ferences between <3-months and 3- to 9-month pe-
riods were significant, although slightly more 
modest. Our results were consistent across sub-
groups and consistency analyses, supporting the 
temporal robustness of our findings. The association 
between delays in CRT implantation and increased

mortality mirrors previous findings on HF pharma-
cotherapy optimization, ie, an estimated 1% absolute 
mortality increase per month when HF drugs are 
completely withheld. 31 These data suggest that 
timely referral for CRT implantation may be as 
important as GDMT implementation. Moreover, 
although achieving successful remodeling might take 
months after initiating GDMT, the potential for LVEF 
improvement is highest in the first 3 months after 
diagnosis 19 but lower in patients with conduction 
diseases. 7,8 Therefore, as supported by our analysis 
where not all patients were receiving full GDMT, 
referral to CRT should be considered as soon as 
further GDMT optimization is not feasible, and de-
lays, whether from SMT or HF diagnosis, should be 
avoided given their detrimental effect on patients’ 
prognosis. 11,32 Finally, observing an association be-
tween earlier CRT implantation and lower mortality/ 
morbidity on top of recent pharmacotherapy sug-
gests that despite improvements in GDMT and HF 
outcomes, 33,34 the benefit of CRT demonstrated in 
randomized clinical trials remains relevant.

STUDY STRENGTHS AND LIMITATIONS. The main
strengths of our study are the large sample size, the 
use of a nationwide registry with high coverage, the 
long study period including patients implanted in 
addition to different background GDMT, the long 
follow-up period, and the lack of missing data. 

Limitations include the observational design, with 
residual confounding avoiding inference of any 
causal relationship. Therefore, our data should be 
considered as hypothesis-generating, advocating for 
future prospective studies in the field. Different data 
sources should also be explored, as our analysis was 
based on administrative data from a single country, 
which limited data granularity and generalizability to 
other health care systems and populations. We 
focused on time from the last change in medical 
therapy, which we defined as SMT, rather than on the 
achievement of OMT, as data characteristics pre-
vented us from ascertaining whether the use of 
GDMT observed in our cohort truly represented OMT. 
However, the use of multidrug regimens, long time 
from HF diagnosis, and previous uptitration efforts 
support such a possibility. Data on NYHA functional 
class, QRS complex duration and morphology, elec-
trocardiogram, LVEF, and symptoms and their tra-
jectories over time were not available in the analyzed 
registries. As a result, patient characterization may 
be suboptimal and statistical adjustments could not 
address certain potentially important confounders, 
thus preventing us from entirely ruling out residual
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confounding due to unmeasured and unknown 
factors. Although we assumed that all patients diag-
nosed with HF who received CRT were implanted 
because of an indication for HFrEF, this may not be 
true in few cases, as other indications have been 
proposed over the years. 3 However, the results were 
consistent across the entire study period. The clinical 
indication for CRT may have also emerged months 
after achieving the observed doses of GDMT, partic-
ularly in patients who underwent CRT implantation 
>9 months. However, this seems unlikely, as, when 
the indication for CRT emerges in suboptimally 
treated patients, adjustments in pharmacological 
therapy should generally precede CRT implantation. 
Moreover, because patients who received CRT later 
were healthy enough to survive until implantation 
whereas eligible patients who died while waiting for 
CRT were not included because of study design, the 
magnitude of the association between the time to 
CRT implantation and mortality/morbidity might be 
underestimated. Our study did not include a 
comparator group of patients who initiated GDMT 
but improved their LVEF sufficiently to obviate the 
need for CRT; therefore, it remains unclear whether 
some patients who received CRT early might have 
had further LVEF improvement, avoiding CRT im-
plantation altogether, thus limiting our ability to 
assess the potential downside of early referral in the 
absence of fully optimized medical therapy. Treat-
ment with SGLT2 inhibitors was not included among 
GDMT, and the proportion of patients included in the 
post-ARNI era was small, thus limiting the general-
izability of our findings to even more contemporary 
cohorts. However, once these treatments are initi-
ated and an indication for CRT persists, it is unlikely 
they would prevent observing an earlier vs later 
benefit with CRT. In addition, the overall effect of 
SGLT2 inhibitors on LVEF has been shown to be quite 
limited. 35

CONCLUSIONS

Time from the achievement of SMT to CRT implan-
tation progressively decreased over the study period, 
which may highlight better CRT availability, accep-
tance, and awareness of the benefits provided by 
appropriate device therapy. Delayed CRT implanta-
tion was independently associated with higher 
morbidity and mortality, regardless of the year of 
implantation and therefore of the different back-
ground GDMT, especially in patients waiting for 
>9 months. Notably, even delayed CRT implantation 
beyond 3 months was possibly associated with higher

cardiovascular mortality as compared with earlier 
implantation after GDMT optimization. Overall, our 
findings suggest that prompt referral for CRT im-
plantation after achieving SMT should be considered 
to further improve clinical outcomes, even in the 
context of more recent pharmacotherapy.
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PERSPECTIVES

COMPETENCY IN PATIENT CARE AND 

MEDICAL KNOWLEDGE: Findings from this large 
national registry suggest that earlier CRT implanta-
tion is associated with a lower risk of morbidity and 
mortality whereas delayed CRT implantation (beyond 
9 months) is associated with worse outcomes.

TRANSLATIONAL OUTLOOK: Although guide-
lines strongly recommend CRT for eligible patients, 
the actual timing of CRT post-OMT has remained 
unclear, and future prospective studies in diverse 
cohorts should better identify the optimal one.
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