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H eart failure (HF) mortality is increasing in the United States, with nearly 1 in 4 indi-
viduals expected to develop HF during 

their lifetime. 1 High-intensity titration of guideline-
directed medical therapy (GDMT) after HF hospitali-
zation can reduce all-cause mortality or HF 
readmissions. 2

Patients with ischemic vs nonischemic HF differ in 
characteristics, comorbidities, and risk profiles. 3,4 

Patients with ischemic HF are often older, have 
worse kidney function, and experience higher mor-
tality, which can raise concerns of their response and

tolerability to therapy. 3 In this study, we assessed the 
efficacy and safety of high-intensity titration of 
GDMT among patients hospitalized with acute HF by 
ischemic and nonischemic HF etiologies.

METHODS

STUDY DESIGN. STRONG-HF (Safety, Tolerability 
and Efficacy of Rapid Optimization, Helped by 
NT-proBNP testing, of Heart Failure Therapies) was a 
multinational, open-label clinical trial that random-
ized patients admitted with acute HF to usual 
or high-intensity care and has previously been 
described. 2 Inclusion criteria included age of 18 to 85 
years, admission for HF, elevated N-terminal pro–B-
type natriuretic peptide (NT-proBNP) (>2,500 pg/mL), 
and not on optimal doses of oral HF therapies 
(within 2 days of expected hospital discharge). 
Patients with intolerances to high doses of beta 
blockers, angiotensin-converting enzyme inhibitors 
(ACEIs), or angiotensin receptor blockers (ARBs) 
were excluded.

What is the clinical question being addressed?
Does the effectiveness and safety of high-intensity 
titration of guideline-directed medical therapy for HF 
differ by ischemic vs nonischemic HF etiology?

What is the main finding?
Intensive GDMT titration reduced 180-day HF 
readmissions and was safe regardless of HF etiology.
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STRONG-HF was approved by the ethics 
review committees at each site. Patients 
provided written informed consent.

INTERVENTION. Patients were randomized 
to usual care or high-intensity care, with 
randomization stratified by left ventricular 
ejection fraction (#40% vs >40%) and 
country. Usual care consisted of local prac-
tice for GDMT titration after randomization. 
High-intensity care consisted of an 
algorithm-based approach for GDMT titra-
tion. Two days before discharge, patients 
were prescribed at least half optimal doses of 
a beta-blocker, ACEI/ARB/angiotensin 
receptor-neprilysin inhibitor (ARNI), and 
mineralocorticoid receptor antagonist 
(MRA). Patients were expected to be on full 

optimal doses of therapy by the 2-week visit. 
In this post hoc analysis, patients were stratified 

by randomized group and investigator-reported HF 
etiology at baseline.

OUTCOMES. The primary composite efficacy 
endpoint was 180-day HF readmission or all-cause 
death. Safety outcomes included 90-day change in 
estimated glomerular filtration rate (eGFR), and fatal, 
serious, and all adverse events.

STATISTICAL ANALYSES. Time-to-event endpoints 
were analyzed using Cox regression models that 
included HF etiology, treatment, and their interac-
tion, and covariates prognostic of the outcome in the 
usual care group. Continuous outcomes were 
assessed using analysis of covariance, adjusting for 
baseline value.

RESULTS

CHARACTERISTICS AND MEDICATION USE. Among
patients with HF etiology data, a total of 514 
(47.8%) and 561 (52.2%) patients had ischemic eti-
ology and nonischemic HF etiology, respectively. 
Patients with ischemic HF etiology had higher 
mean age (68.6 vs 57.8 years), were less likely 
female (30.7% vs 45.8%), had lower mean eGFR 
(57.1 vs 72.0 mL/min/1.73 m 2 ), and were more likely 
to have history of acute coronary syndrome 
(57.8% vs 2.5%) or percutaneous transluminal cor-
onary intervention (28.3% vs 1.2%). Patients with 
ischemic etiology HF had higher rates of left ven-
tricular ejection fraction >40% (37.0% vs 27.6%) 
and increased rates of recent HF hospitalizations 
(30.4% vs 20.9%).
Among the ischemic etiology subgroup, patients 

receiving high-intensity care compared with usual

care had greater 90-day increases in the use of beta 
blockers (86.8% vs 21.3%), ACEI/ARB/ARNI (84.6% vs 
24.1%), and MRAs (58.1% vs 26.4%). Similar findings 
were observed among the nonischemic etiology 
subgroup, with greater increases in the use of beta 
blockers (89.1% vs 15.4%), ACEI/ARB/ARNI (89.1% vs 
12.6%), and MRA (55.1% vs 16.1 %) with high-
intensity vs usual care.

EFFICACY ENDPOINTS. Patients receiving high-
intensity care compared with usual care had lower 
rates of 180-day all-cause death or HF readmission 
(15.3% vs 23.5%; adjusted HR [aHR]: 0.61; 95% CI: 
0.44-0.85), 2 with findings consistent irrespective 
of HF etiology: 20.3% vs 27.2% (aHR: 0.69; 95% CI: 
0.46-1.05) for ischemic and 10.3% vs 20.2% 

(aHR: 0.50; 95% CI: 0.29-0.85) for nonischemic 
(P interaction = 0.34) (Figure 1). Similar findings were 
observed when COVID deaths were excluded
(P interaction = 0.54).
While patients with ischemic etiology HF had 

higher rates of 180-day HF readmission than those 
with nonischemic HF etiology, high-intensity care 
compared with usual care reduced 180-day HF read-
missions irrespective of ischemic (12.5% vs 20.1%; 
aHR: 0.56; 95% CI: 0.33-0.95) or nonischemic (6.5% 

vs 14.7%; aHR: 0.44; 95% CI: 0.22-0.85) HF etiology 
(P interaction = 0.56). No treatment difference in 180-
day all-cause death was observed overall or by 
ischemic (11.5% vs 11.6%; aHR: 0.89; 95% CI: 0.49-
1.62) or nonischemic (5.7% vs 8.8%; aHR: 0.64; 
95% CI: 0.30-1.38) HF etiology, although 180-day all-
cause death rates were higher in the ischemic etiol-
ogy compared with nonischemic etiology HF group.

SAFETY ENDPOINTS. eGFR changes at 90 days were 
similar between high-intensity and usual care 
groups, irrespective of ischemic (least square [LS] 
mean difference: − 0.23 mL/min/1.73 m 2 ; 
95% CI: − 2.95 to 2.49 mL/min/1.73 m 2 ]) or non-
ischemic (LS mean difference: − 0.03 mL/ 
min/1.73 m 2 ; 95% CI: − 2.55 to 2.49 mL/min/1.73 m 2 ) 
HF etiology. Among patients with ischemic HF eti-
ology, adverse events were observed in 118 (45.4%) 
and 96 (37.8%) patients in the high-intensity and 
usual care groups, respectively, serious adverse 
events were observed in 50 (19.2%) and 59 (23.2%) 
patients, and fatal adverse events in 17 (6.5%) vs 19 
(7.5%). Similar patterns were observed among pa-
tients with nonischemic etiology HF, with adverse 
events observed in 104 (37.0%) and 62 (22.1%) pa-
tients, serious adverse events observed in 38 (13.5%) 
and 33 (11.8%) patients, and fatal adverse events in 8 
(2.8%) vs 13 (4.6%) patients by high-intensity vs 
usual care groups, respectively.

ABBR EV I A T I ON S 

AND ACRONYMS

ACEI = angiotensin-converting
enzyme inhibitor

ARB = angiotensin receptor
blocker

ARNI = angiotensin receptor-
neprilysin inhibitor

eGFR = estimated glomerular
filtration rate

GCMT = guideline-directed
medical therapy

HF = heart failure

MRA = mineralocorticoid
receptor antagonist

NT-proBNP = N-terminal pro–
B-type natriuretic peptide
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DISCUSSION

In this study, we found that high-intensity GDMT 
titration reduced the risk of 180-day HF readmission. 
Although patients with ischemic etiology experi-
enced higher overall readmission rates compared 
with those with nonischemic etiology, the benefit of 
high-intensity GDMT titration was consistent across 
both etiologies. Regardless of the underlying HF eti-
ology, high-intensity care did not lead to significant 
differences in kidney function. Although overall 
adverse events were more frequent in the high-
intensity care group, rates of serious and fatal 
events remained similar to those observed with usual 
care.
Evidence suggests variability in prescribing pat-

terns based on HF etiology, with higher rates of ACEI 
or ARB use among patients with ischemic etiology 
HF. 5 Implementing a standardized, rapid GDMT 
titration protocol, such as the one used in this study, 
may help overcome these differences and improve 
the overall use of GDMT, leading to reduced HF 
outcomes.
Given the clear reduction in HF readmission risk 

with intensive care compared with usual care, the 
higher overall adverse event rate in the intensive 
group should not discourage rapid GDMT titration— 
particularly because serious and fatal adverse event 
rates were similar. The safety of intensive care is 
further supported by the lack of significant differ-
ences in kidney function.

STUDY LIMITATIONS. This was a post hoc analysis, 
and sodium-glucose cotransporter 2 inhibitors were 
not included in the intervention protocol.

CONCLUSIONS

High-intensity titration of beta blockers, ACEI/ARB/ 
ARNIs, and MRAs within 2 weeks of HF hospitaliza-
tion reduces 180-day HF readmissions and is safe 
irrespective of ischemic or nonischemic HF etiology.

DATA SHARING STATEMENT. Individual participant 
data required to reach aims in an approved proposal, 
after de-identification, will be made available to in-
vestigators whose proposed use of the data has been 
approved by the study’s executive committee. Pro-
posals may be submitted up to 36 months after main 
article publication and should be directed to 
alexandre.mebazaa@aphp.fr.
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