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Aims A high-intensity care (HIC) strategy with rapid guideline-directed medical therapy (GDMT) up-titration and close
follow-up visits improved outcomes, compared to usual care (UC), in patients recently hospitalized for acute heart
failure (AHF). Hypotension is a major limitation to GDMT implementation. We aimed to assess the impact of baseline
systolic blood pressure (SBP) on the effects of HIC versus UC and the role of early SBP changes in STRONG-HF.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Methods
and results

A total of 1075 patients hospitalized for AHF with SBP ≥100 mmHg were included in STRONG-HF. For the purpose
of this post-hoc analysis, patients were stratified by tertiles of baseline SBP (<118, 118–128, and ≥129 mmHg) and,
in the HIC arm, by tertiles of changes in SBP from the values measured before discharge to those measured at 1 week
after discharge (≥2 mmHg increase, ≤7 mmHg decrease to <2 mmHg increase, and ≥8 mmHg decrease). The primary
endpoint was 180-day heart failure rehospitalization or death. The effect of HIC versus UC on the primary endpoint

*Corresponding author. Cardiology, ASST Spedali Civili and Department of Medical and Surgical Specialties, Radiological Sciences, and Public Health, University of Brescia, Piazzale
Spedali Civili 1, 25123 Brescia, Italy. Tel: +39 335 6460581, Email: metramarco@libero.it

© 2024 European Society of Cardiology.

https://orcid.org/0000-0001-6691-8568
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fejhf.3174&domain=pdf&date_stamp=2024-03-05


SBP and high-intensity care in acute heart failure 639

was independent of baseline SBP evaluated as tertiles (pinteraction = 0.77) or as a continuous variable (pinteraction = 0.91).
In the HIC arm, patients with increased, stable and decreased SBP at 1 week reached 83.5%, 76.2% and 75.3% of
target doses of GDMT at day 90. The risk of the primary endpoint was not significantly different between patients
with different SBP changes at 1 week (adjusted p= 0.46).

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Conclusions In STRONG-HF, the benefits of HIC versus UC were independent of baseline SBP. Rapid GDMT up-titration was
performed also in patients with an early SBP drop, resulting in similar 180-day outcome as compared to patients with
stable or increased SBP.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Keywords Heart failure • Acute heart failure • Blood pressure • Medical therapy • Randomized trial

Introduction
Episodes of acute heart failure (AHF) are followed by a ‘vulnerable’
phase, characterized by a high risk of rehospitalization and
mortality.1–5 The Safety, Tolerability and Efficacy of Rapid
Optimization, Helped by NT-proBNP Testing, of Heart Fail-
ure Therapies (STRONG-HF; NCT03412201) trial demonstrated
that a high-intensity care (HIC) strategy characterized by rapid
up-titration of guideline-directed medical therapy (GDMT) and
close follow-up improved prognosis after a hospitalization for
AHF as compared to usual care (UC),6 independently of age, sex,
left ventricular ejection fraction (LVEF) or N-terminal pro-B-type
natriuretic peptide (NT-proBNP) concentrations.7–10

Hypotension is a powerful marker of poor outcomes in patients
with AHF11–15 and a major limitation for administration of GDMT
including beta-blockers, mineralocorticoid receptor antagonists
(MRA) and, to a larger extent, renin–angiotensin system (RAS)
modulators.11,16 A systolic blood pressure (SBP) ≥100 mmHg
within 24 h prior to randomization was required for enrolment
in STRONG-HF, and GDMT up-titration was delayed in the HIC
arm on the basis of several pre-specified safety indicators, including
measurement of SBP <95 mmHg at the multiple follow-up visits
after discharge.6,17,18 We already showed that SBP decreased more
at day 90 in the HIC versus UC arm without any significant
interaction between treatment efficacy and baseline SBP below or
above the median value,6 and that SBP <95 mmHg was observed
in 9.4% of HIC patients at any follow-up visit but did not have a
significant impact on outcome.18 However, an in-depth assessment
of the impact of baseline SBP on the efficacy of HIC versus UC as
well as of the role of early SBP changes during follow-up in patients
randomized to HIC has not been performed, yet.

The aims of this study were (i) to further evaluate the impact
of baseline SBP on the efficacy of HIC versus UC in patients
discharged after an AHF hospitalization, and (ii) to assess the
determinants and prognostic significance of early SBP changes
during follow-up in the HIC arm.

Methods
Study design
The design and main results of the STRONG-HF trial have been already
reported.6,17 In brief, this multicentre, open-label, randomized clinical ..
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.. trial enrolled 1078 patients admitted to hospital for AHF (within 72 h
before screening) and compared a HIC strategy characterized by early
up-titration of beta-blockers, RAS modulators (angiotensin-converting
enzyme inhibitors [ACEi], or angiotensin receptor blockers [ARB]
in patients intolerant to ACEi, or angiotensin receptor–neprilysin
inhibitors [ARNI]) and MRA versus UC. Included patients were
haemodynamically stable, had any LVEF, were not treated with full
doses of medical therapy for heart failure (HF), had all measures of
SBP ≥100 mmHg within 24 h prior to randomization, and had high
NT-proBNP concentrations at screening (>2500 pg/ml) with a >10%
decrease in value between screening and randomization that remained
>1500 pg/ml.6,17 Details on randomization and study-related proce-
dures have been previously described.6

In the HIC arm, GDMT was up-titrated to half optimal doses
just after randomization (within 2 days before anticipated hospital
discharge) and to full optimal doses at week 2 if safe. Patients in the HIC
group had follow-up visits at 1, 2, 3 and 6 weeks after randomization,
characterized by physical examination to assess congestion and vital
signs (including SBP) and laboratory assessments including NT-proBNP
measurement. Up-titration to full GDMT doses was delayed according
to several pre-specified safety indicators, including SBP <95 mmHg
that was a criterion to stop up-titration of all drugs (beta-blockers,
RAS modulators and MRA).6,17 Up-titration could be delayed until
safety indicated, with additional safety visits scheduled 1 week after any
delayed up-titration.

In the UC arm, patients were discharged and followed up according
to local practice, up to a visit performed by the study team at day 90
after randomization. Patients in both groups received this study visit
at day 90 and were contacted at day 180 to assess the occurrence of
rehospitalizations and death.

The study was approved by appropriate competent authorities and
all sites obtained approval from the ethics committees. All patients
provided written informed consent. The study is registered at Clini-
calTrials.gov (NCT03412201).

Endpoints
The primary endpoint was the composite of first HF rehospitalization
or all-cause death at day 180. Secondary endpoints were all-cause
death at day 180 and change in EQ-5D visual analogue scale (VAS)
from baseline to day 90.

Definitions
For the purpose of this post-hoc (not pre-specified) analysis, patients
enrolled in STRONG-HF were divided based on tertiles of baseline SBP

© 2024 European Society of Cardiology.
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(i.e. SBP measured at the time of randomization): SBP <118 mmHg
(tertile 1), SBP 118–128 mmHg (tertile 2), and SBP ≥129 mmHg (ter-
tile 3). Further stratification was based on early changes in SBP. As SBP
was measured at all study visits in the HIC arm and only at the 90-day
visit in the UC arm, patients in the HIC arm were stratified based also
on the SBP changes occurring from within 2 days prior to discharge
to 1 week after randomization. Grouping was based on tertiles of
SBP changes: ≥2 mmHg increase (tertile 1), ≤7 mmHg decrease to
<2 mmHg increase (tertile 2), and ≥8 mmHg decrease (tertile 3).

Statistical analysis
Continuous variables are presented as mean with standard deviation,
adjusted mean with associated standard error or geometric mean with
95% confidence interval (CI), whereas categorical variables are pre-
sented as number and percentages. Comparisons of baseline charac-
teristics across groups defined by baseline SBP tertiles and by tertiles
of changes in SBP were performed by means of Jonckheere–Terpstra
trend test for continuous variables, Cochran-Armitage trend test for
binary variables, Cochran–Mantel–Haenszel general association for
categorical variables, and Cochran–Mantel–Haenszel non-zero cor-
relation for ordinal variables. Comparisons between groups regarding
changes in vital signs and laboratory data were assessed by analysis of
covariance (ANCOVA) adjusted for baseline value.

As previously described,6 primary and secondary endpoints at day
180 were restricted to subjects enrolled at sites where the ethics
committee approved the amended protocol allowing follow-up of
enrolled patients up to day 180. Furthermore, in the cohort of
patients enrolled before the primary endpoint was changed from
90 days to 180 days, the results were down-weighted proportional to
half its sample size. The impact of baseline SBP and SBP changes on
the study endpoints was evaluated by means of Cox proportional
hazard regression analysis. To evaluate the impact of SBP changes,
a landmark approach was used beginning from the timepoint where
SBP change was measured.19 Covariates for adjustment were chosen
from previously known predictors using backward selection in the
UC arm. Given that changes in SBP may be negatively correlated
with initial baseline SBP value, baseline SBP was further included as
a covariate when comparing outcomes between groups based on SBP
changes. Results of Cox regression analysis are described as hazard
ratio (HR) with 95% CI. Kaplan–Meier curves stratified by baseline
SBP tertiles and tertiles of changes in SBP at week 1 are also reported.
In the overall population, the baseline SBP tertile-by-treatment group
(HIC vs. UC) interaction p-value was calculated for all endpoints.
The treatment effect of HIC versus UC on 180-day primary and
secondary endpoints was also modelled as a function of continuous
baseline SBP, as a restricted cubic spline with three knots. The potential
modification of the treatment effect of HIC versus UC on 90-day
EQ-5D VAS change by baseline SBP was assessed using ANCOVA
with adjustment for baseline EQ-5D VAS, geographical region and LVEF
≤40% versus >40%. Analyses on EQ-5D VAS change were restricted
to countries where a linguistically validated translation was available
(i.e. subjects from Mozambique were excluded). Multivariable linear
regression models were produced to assess independent predictors of
SBP changes at week 1 from baseline characteristics in the HIC arm.
Multiple imputation was used to create 10 imputation datasets with
backwards selection used to select covariates to remain in the final
model with a criterion of p= 0.10 to remain in the model. Both the
univariable and multivariable models were adjusted for baseline SBP.

The average dose of medications in the three drug classes
(beta-blockers, RAS modulators and MRA) relative to the optimal ..
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.. doses (see online supplementary Table S3 in the primary publication)6

was calculated for each patient. The trajectory of this average per-
centage of optimal GDMT dose over time is presented for the three
categories based on 1-week SBP change.

Two-sided p-values <0.05 were considered statistically significant.
All analyses were performed using SAS version 9.4 (SAS Institute, Cary,
NC, USA).

Results
Baseline systolic blood pressure
Baseline SBP values were available for 1075 out of 1078 patients
(99.7%) enrolled in STRONG-HF. Limited data were available, and
thus SBP was missing for three patients who were discontinued
shortly after randomization when their site was closed for adminis-
trative reasons. The mean (standard deviation) baseline SBP in the
overall population was 122.8 (12.95) mmHg, and in the patients
in each SBP tertile, it was 109.4 (4.83), 121.9 (2.82), and 137.1
(9.80) mmHg, respectively. As shown in Table 1, patients in the
lowest SBP tertile at baseline were more likely to be men and
to have history of atrial fibrillation or flutter and of prior per-
cutaneous coronary intervention, were less likely to have dia-
betes, and had higher NT-proBNP concentrations and lower LVEF,
when compared with those with higher SBP. Before randomiza-
tion, ACEi/ARB/ARNI were taken less frequently and beta-blockers
more frequently among patients in the lowest SBP tertile.

As compared to baseline, SBP progressively decreased up to
visit 5 (week 3) in the HIC arm (Figure 1), eventually resulting in
a significant reduction in SBP at 90 days in patients randomized to
HIC versus those on UC.

In the HIC arm, ACEi/ARB/ARNI and beta-blockers were less
frequently up-titrated to ≥50% target doses in patients in the low-
est SBP tertile during follow-up, and this was confirmed at week 1,
week 2, week 3, week 6, day 90 and day 180 (online supplementary
Table S1). However, a high proportion of HIC patients in the lowest
SBP tertile received ≥50% target doses of ACEi/ARB/ARNI and
beta-blockers (70% and 75% at week 1 and 82% and 77% at day 90,
respectively). At day 90 and day 180, no significant interaction was
observed between treatment strategy (HIC vs. UC) and baseline
SBP tertiles with respect to achieved doses of all GDMT drugs,
except for beta-blockers that were slightly more up-titrated to full
dose in the HIC versus UC arm among patients in the highest SBP
tertile (interaction p= 0.0369) (online supplementary Table S1).

A total of 1005 patients with baseline SBP available were included
in analyses of 180-day outcomes. The rate of the primary end-
point at 180 days was of 18.4%, 22.8%, and 16.4% in patients in the
lowest, medium and highest SBP tertile, respectively (p= 0.1449).
The beneficial effects of HIC versus UC on the primary endpoint
were independent of baseline SBP tertiles (interaction p= 0.7709)
(Table 2 and Figure 2), a finding that was confirmed after covariate
adjustment (adjusted interaction p= 0.8406). Furthermore, the HR
for HIC versus UC on the primary endpoint was consistently below
1.00 across the whole SBP spectrum, with no significant interac-
tion between baseline SBP as a continuous variable and the treat-
ment strategy (interaction p= 0.9058) (Figure 3). No significant

© 2024 European Society of Cardiology.
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Table 1 Baseline characteristics according to baseline systolic blood pressure tertiles (overall population)

Parameter Tertile 1

<118 mmHg
(n = 348)

Tertile 2
118–128 mmHg
(n = 373)

Tertile 3
≥129 mmHg
(n = 354)

Trend
p-value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age, years 61.4 (14.08) 64.5 (13.19) 62.9 (13.37) 0.2462
Sex, n (%) 0.0021

Female 110 (31.6) 153 (41.0) 152 (42.9)
Male 238 (68.4) 220 (59.0) 202 (57.1)

Self-reported race <0.0001

Black 61 (17.5) 55 (14.8) 114 (32.2)
Caucasian/White 278 (79.9) 314 (84.4) 238 (67.2)
Native American 1 (0.3) 0 0
Other 8 (2.3) 3 (0.8) 1 (0.3)
Pacific Islander 0 0 1 (0.3)

Geographical region 0.0002
Europe 264 (75.9) 305 (81.8) 225 (63.6)
Non-Europe 84 (24.1) 68 (18.2) 129 (36.4)

BMI, kg/m2 27.2 (5.86) 28.9 (6.01) 28.8 (6.64) 0.0005
NT-proBNP at screening, ng/L 6269.8

(5880.3–6685.1)
6095.6

(5750.2–6461.7)
5711.5

(5403.2–6037.4)
0.0146

History of atrial fibrillation or atrial flutter or present at screening 161 (46.3) 185 (49.6) 135 (38.1) 0.0295
Medical history

Stroke or transient ischaemic attack 25 (7.2) 34 (9.2) 40 (11.3) 0.0596
Severe liver disease 2 (0.7) 1 (0.3) 3 (1.0) 0.8046
Psychiatric or neurological disorder 7 (2.0) 7 (1.9) 6 (1.7) 0.7561

Malignancies 7 (2.0) 12 (3.2) 10 (2.8) 0.5046
Diabetes 83 (23.9) 120 (32.3) 110 (31.2) 0.0358
Pulmonary embolism 5 (1.4) 11 (2.9) 3 (0.8) 0.5713
Acute coronary syndrome 102 (29.3) 131 (35.1) 77 (21.8) 0.0259
Coronary artery bypass surgery 21 (6.0) 23 (6.2) 15 (4.2) 0.2944
Percutaneous coronary intervention 61 (17.5) 60 (16.1) 30 (8.5) 0.0005
Angina Canadian Cardiovascular Society class ≥2 43 (12.4) 49 (13.2) 33 (9.3) 0.2029
Moderate or severe chronic obstructive pulmonary disease or

asthma
13 (3.7) 8 (2.1) 6 (1.7) 0.0846

Cardiac resynchronization therapy 4 (1.1) 1 (0.3) 1 (0.3) 0.1385
Automatic internal cardiac defibrillator 4 (1.1) 2 (0.5) 3 (0.8) 0.6874

History of heart failure 285 (81.9) 329 (88.2) 300 (84.7) 0.2951

NYHA class 1 month before hospital admission 0.4677
I 21 (6.6) 19 (5.4) 23 (6.9)
II 98 (31.0) 102 (29.1) 105 (31.7)
III 129 (40.8) 143 (40.7) 143 (43.2)
IV 68 (21.5) 87 (24.8) 60 (18.1)

Ischaemic aetiology 166 (47.8%) 202 (54.2%) 145 (41.1%) 0.0709
Left ventricular ejection fraction, % 33.1 (11.8) 37.2 (12.9) 38.5 (12.2) <0.0001

Left ventricular ejection fraction category <0.0001

≤40% 268 (77.0) 243 (65.1) 220 (62.1)
>40% 80 (23.0) 130 (34.9) 134 (37.9)

Hospitalization for heart failure in the past year 91 (26.1) 100 (26.8) 82 (23.2) 0.3615
No. of heart failure hospitalizations in the past year 0.4 (1.73) 0.3 (0.67) 0.3 (0.58) 0.2568
History of atrial fibrillation or atrial flutter 165 (47.4) 191 (51.2) 139 (39.3) 0.0294
Type of atrial fibrillation or atrial flutter 0.1151

Paroxysmal 48 (29.1) 39 (20.7) 30 (22.1)
Permanent 99 (60.0) 112 (59.6) 81 (59.6)
Persistent 18 (10.9) 37 (19.7) 25 (18.4)

Baseline vital signs
SBP at baseline, mmHg 109.4 (4.83) 121.9 (2.82) 137.1 (9.80) <0.0001

Pulse, bpm 77.7 (12.44) 77.4 (11.38) 80.9 (11.27) <0.0001

Respiratory rate, breaths/min 18.3 (4.26) 18.0 (4.71) 18.2 (4.94) 0.7339

© 2024 European Society of Cardiology.
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Table 1 (Continued)

Parameter Tertile 1

<118 mmHg
(n = 348)

Tertile 2
118–128 mmHg
(n = 373)

Tertile 3
≥129 mmHg
(n = 354)

Trend
p-value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Local laboratory
Haemoglobin, g/L 137.6 (19.65) 137.0 (20.47) 134.9 (19.72) 0.0597
Lymphocytes, % 26.5 (9.62) 26.5 (9.63) 28.8 (10.01) 0.0028
White blood cells, 109/L 7.0 (2.28) 7.2 (1.90) 6.8 (1.86) 0.5715
Glucose, mmol/L 6.0 (2.03) 6.4 (2.50) 6.3 (2.37) 0.0083
Creatinine, μmol/L 105.8 (28.75) 108.6 (27.59) 104.3 (30.25) 0.2285
Potassium, mmol/L 4.3 (0.46) 4.3 (0.42) 4.2 (0.46) 0.0221

Sodium, mmol/L 139.7 (4.51) 140.6 (4.34) 140.4 (3.54) 0.0728
Urea, mmol/L 8.3 (3.72) 8.3 (3.42) 7.5 (3.29) 0.0007
ALT, U/I 33.4 (49.69) 28.4 (38.37) 28.0 (42.78) 0.2559
Total bilirubin, μmol/L 18.8 (12.42) 17.4 (11.07) 15.6 (10.11) 0.0003
Total cholesterol, mmol/L 4.0 (1.08) 4.1 (1.09) 4.5 (1.07) <0.0001

eGFR, ml/min/1.73 m2 64.0 (21.86) 59.1 (19.95) 64.5 (21.37) 0.5833
NT-proBNP, ng/L 3429.5

(3202.1–3673.1)
3198.3

(3000.1–3409.6)
3013.7

(2825.9–3214.0)
0.0125

Oral heart failure medications taken before randomization
ACEi/ARB/ARNI 199 (57.2%) 229 (61.4%) 261 (73.9%) <0.0001

Beta-blockers 142 (40.8%) 147 (39.4%) 94 (26.6%) <0.0001

Mineralocorticoid receptor antagonists 325 (93.4%) 361 (96.8%) 332 (94.1%) 0.7009
Loop diuretic 333 (95.7%) 349 (93.6%) 347 (98.3%) 0.0825
Furosemide equivalent dose, mg 61.7 (47.06) 55.3 (38.33) 71.4 (51.74) 0.0023

Data presented as n (%), mean (SD), or geometric mean (95% confidence interval).
ACEi, angiotensin-converting enzyme inhibitor; ALT, alanine aminotransferase; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor–neprilysin inhibitor; BMI, body
mass index; eGFR, estimated glomerular filtrate rate; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart
Association; SBP, systolic blood pressure.

Figure 1 Change from baseline in systolic blood pressure (BP) by visit. The figure shows mean change from baseline in systolic BP (mmHg)
by each study visit and according to the treatment strategy (high-intensity care [HIC] vs. usual care [UC]).

© 2024 European Society of Cardiology.
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SBP and high-intensity care in acute heart failure 643

Table 2 Outcomes according to baseline systolic blood pressure tertiles and treatment strategy (overall population)

Endpoint High intensity
care

Usual care Unadjusted treatment
effect

Adjusted treatment
effect

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .

n/N (KM%) n/N (KM%) HR (95% CI) p-value HR (95% CI) p-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Primary endpoint
All-cause death or heart failure readmission by day 180a

Tertile 1: SBP <118 mmHg 22/159 (13.8) 35/160 (22.8) 0.58 (0.32, 1.05) 0.56 (0.31, 1.01)
Tertile 2: SBP 118–128 mmHg 32/168 (19.2) 46/190 (26.0) 0.73 (0.44, 1.20) 0.69 (0.42, 1.14)
Tertile 3: SBP ≥129 mmHg 20/178 (12.7) 28/150 (20.8) 0.56 (0.30, 1.05) 0.57 (0.30, 1.08)
Treatment-by-tertile interaction – – – 0.7709 – 0.8406

Secondary endpoints
All-cause death by day 180b

Tertile 1: SBP <118 mmHg 13/159 (8.6) 17/160 (11.1) 0.76 (0.34, 1.70) 0.77 (0.34, 1.73)
Tertile 2: SBP 118–128 mmHg 15/168 (9.9) 16/190 (7.8) 1.25 (0.57, 2.77) 1.06 (0.47, 2.37)
Tertile 3: SBP ≥129 mmHg 11/178 (7.3) 15/150 (12.0) 0.58 (0.25, 1.33) 0.56 (0.24, 1.30)
Treatment-by-tertile interaction – – – 0.4095 – 0.5656

LS Mean
(SE)

LS Mean
(SE)

Mean difference
(95% CI)

p-value Mean difference
(95% CI)

p-value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Change from baseline to day 90 in EQ-5D VASc

Tertile 1: SBP <118 mmHg 10.86 (1.28) 8.46 (1.29) 2.40 (−0.62, 5.42) 3.13 (0.12, 6.14)
Tertile 2: SBP 118–128 mmHg 9.34 (1.22) 5.18 (1.19) 4.16 (1.32, 6.70) 4.48 (1.67, 7.30)
Tertile 3: SBP ≥129 mmHg 11.42 (1.17) 8.18 (1.24) 3.23 (0.29, 6.17) 3.16 (0.19, 6.13)
Treatment-by-tertile interaction – – – 0.7069 – 0.7561

Data are presented as n/N (Kaplan–Meier estimates) or mean (SE), unless otherwise stated. HR and 95% CI were calculated from Cox proportional hazards models.
Treatment-by-tertile interaction p-values are presented.
ANCOVA, analysis of covariance; CI, confidence interval; HR, hazard ratio; LS, least squares; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-B-type
natriuretic peptide; NYHA, New York Heart Association; SBP, systolic blood pressure; SE, standard error; VAS, visual analogue scale.
aAdjusted for baseline diastolic blood pressure, baseline NT-proBNP, ischaemic aetiology, and oedema.
bAdjusted for baseline creatinine, baseline haemoglobin, baseline urea, and baseline NT-proBNP.
cLS mean change and LS mean difference from an ANCOVA model with baseline EQ-5D VAS, region, LVEF (≤40/>40%), treatment, SBP tertile, and treatment-by-SBP tertile
interaction. Additional adjustment for age, haemoglobin, creatinine, cholesterol, NT-proBNP, hospitalization for heart failure in the previous year, oedema severity, and NYHA
class.

interaction was observed between baseline SBP values and the
treatment strategy also with respect to the secondary endpoint
of 180-day all-cause mortality (Table 2, online supplementary
Figures S1 and S2). Improvements in EQ-5D VAS from random-
ization to day 90 in the HIC arm, as compared to the UC arm,
were similar across the baseline SBP tertiles (adjusted interaction
p= 0.7561) (Table 2).

Changes in systolic blood pressure in the
high-intensity care group
Data on changes in SBP values from pre-discharge to 1 week
after randomization were available for 503 patients in the HIC
arm. The proportion of patients with a SBP decrease ≥8 mmHg
increased throughout the following visits up to week 6 (online
supplementary Figure S3).

As compared to the others, patients with an early SBP decrease
≥8 mmHg at week 1 (lowest tertile for early SBP changes) were
less frequently enrolled in Europe, more frequently black, less
likely to have history of atrial fibrillation or flutter, diabetes
and ischaemic HF, and had higher baseline SBP values (online
supplementary Table S2). Patients with a SBP increase ≥2 mmHg ..
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. (highest tertile of early SBP changes) had a higher LVEF and
higher urea concentrations. At multivariable analysis includ-
ing post-randomization medication use (online supplementary
Table S3), the following baseline variables were identified as inde-
pendent predictors of SBP change at 1 week after randomization:
LVEF (SBP increase of 0.16 mmHg for each 1% increase in LVEF,
95% CI 0.08 to 0.25 mmHg, p= 0.0001), serum urea concentration
(SBP increase of 1.62 mmHg for each 1 mmol/L increase in urea
for values ≤ the median, 95% CI 0.66 to 2.58 mmHg, and SBP
increase of 0.12 mmHg for each 1 mmol/L increase for values
> the median, 95% CI −0.28 to 0.51 mmHg; p= 0.0007), serum
cholesterol concentration (SBP increase of 1.15 mmHg for each
1 mmol/L increase in cholesterol, 95% CI 0.15 to 2.14 mmHg,
p= 0.0249) and presence of peripheral oedema (SBP decrease of
−2.44 mmHg in patients with peripheral oedema, 95% CI −4.57
to −0.31 mmHg, p= 0.0250). As compared to patients with a SBP
increase ≥2 mmHg, those with a SBP decrease ≥8 mmHg had
a concomitant decrease in heart rate of −2.18 (95% CI −4.21

to −0.15), but did not have concomitant worsening in renal and
liver function or concomitant increase in NT-proBNP plasma
concentrations (online supplementary Table S4).

© 2024 European Society of Cardiology.
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644 M. Pagnesi et al.

Figure 2 Kaplan–Meier curves for the primary endpoint by
baseline systolic blood pressure tertiles and treatment strate-
gies. The figure shows Kaplan–Meier curves for the compos-
ite of all-cause death or rehospitalization for heart failure at
day 180 (primary endpoint) according to the treatment strategy
(high-intensity care vs. usual care) in patients with baseline sys-
tolic blood pressure (A) <118 mmHg, (B) 118–128 mmHg, and
(C) ≥129 mmHg. CI, confidence interval; HR, hazard ratio.

Either before discharge and at 1 week after randomization,
similar doses of ACEi/ARB/ARNI, beta-blockers and MRA were
administered to patients with different early SBP changes, although
higher doses of loop diuretics were used in patients with ≥8 mmHg
decrease (Table 3). Starting from week 2 after randomization,
patients who had shown an early decrease in SBP were less likely
to be titrated to target doses of ACEi/ARB/ARNI. This difference
was only numerical in the first weeks and became statistically
significant at week 6 (p= 0.0023), day 90 (p= 0.0134) and, though ..
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.. less marked, at day 180 (p= 0.0388) (Table 3, Figure 4). However,
a high proportion of patients received ≥50% target doses of
ACEi/ARB/ARNI (83% and 84% at 90 days and 81% and 82% at
180 days in patients with a ≤7 mmHg decrease to a <2 mmHg
increase and with a ≥8 mmHg decrease, respectively) (Table 3).
No differences occurred in beta-blockers and MRA doses between
patients with different early SBP changes, except at week 6 where
patients with an early decrease in SBP were less likely to be titrated
to target doses of beta-blockers (p= 0.0391).

The rate of the primary endpoint at 180 days was of 9.4%, 12.8%,
and 17.0% in patients with ≥2 mmHg SBP increase, ≤7 mmHg SBP
decrease to <2 mmHg SBP increase, and ≥8 mmHg SBP decrease
at week 1 after randomization, respectively (p= 0.2499) (Figure 5).
Change in SBP at week 1 was not significantly associated with the
occurrence of the primary endpoint at day 180, either unadjusted
or adjusted by multivariable analysis (adjusted p= 0.3740) (Table 4).
Similarly, there was no significant association between 1-week
SBP change categories and the secondary endpoints of all-cause
mortality at day 180 and EQ-5D VAS change from baseline to day
90 (Table 4 and online supplementary Figure S4).

Discussion
This analysis of STRONG-HF demonstrated that, in patients hos-
pitalized for AHF, a HIC strategy characterized by rapid GDMT
up-titration and close follow-up was beneficial, compared with
UC, regardless of baseline SBP. As expected, SBP decreased
more in patients randomized to HIC, and slightly lower doses of
ACEi/ARB/ARNI and beta-blockers were achieved in patients in the
HIC arm who had lower SBP at baseline and who had an early drop
in SBP. However, the average percentage of optimal GDMT doses
remained high (i.e. >75%) also in patients with the largest early SBP
decrease, without concomitant worsening in renal and liver func-
tion or concomitant NT-proBNP increase. In the HIC arm, patients
with early SBP decrease had a numerically higher rate of all-cause
death or HF rehospitalization at day 180, although this was not
statistically significant.

Low SBP is a well-known, powerful predictor of adverse out-
come in patients with HF and a major cause of undertreatment
in routine clinical practice.11–16 However, most evidence is from
studies in patients with chronic HF11–14,20–24 or with SBP mea-
sured at the time of admission in patients with AHF.25–30 In our
study, patients were divided based on baseline SBP, which was that
measured at the time of randomization, before patient’s discharge.
This difference in the time of measurement as well as the HIC ran-
domization may explain the lack of prognostic value of SBP in our
study, differently from previous ones.

Low SBP is a major cause of lack of initiation and underdosing
of GDMT.11,22–24 However, there is evidence that the benefit of
GDMT is maintained, if not larger, also in patients with low SBP
and that the time before discharge is the best time to implement
GDMT.5,31–35 In STRONG-HF, close follow-up early after the AHF
episode allowed GDMT up-titration in the HIC arm even in patients
with the lowest baseline SBP. Although HIC patients in the lowest
baseline SBP tertile received lower doses of ACEi/ARB/ARNI

© 2024 European Society of Cardiology.
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SBP and high-intensity care in acute heart failure 645

Figure 3 Treatment effect of high-intensity care versus usual care on the primary endpoint according to baseline systolic blood pressure (BP).
The figure shows the hazard ratio estimated from Cox proportional hazards model for the effect of high-intensity care versus usual care on
the composite of all-cause mortality or rehospitalization for heart failure at day 180 (primary endpoint) according to baseline systolic BP as a
continuous variable.

Table 3 Oral heart failure medications relative to optimal doses by early systolic blood pressure change categories at
1 week after randomization (high-intensity care only)

Visit/medication category Change in SBP from baseline to visit 3 (week 1) p-value for
trend. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

≥2 mmHg
increase
(n = 174)

≤7 mmHg decrease
to <2 mmHg increase
(n = 165)

≥8 mmHg
decrease
(n = 164)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Pre-discharge visit
ACEi/ARB/ARNI 174 165 164 0.2189

None 5 (2.9) 2 (1.2) 1 (0.6)
<1/2 Optimal dose 33 (19.0) 37 (22.4) 28 (17.1)
1/2 – < Full optimal dose 133 (76.4) 123 (74.5) 132 (80.5)
≥ Full optimal dose 3 (1.7) 3 (1.8) 3 (1.8)

Beta-blockers 174 165 164 0.5760
None 2 (1.1) 2 (1.2) 6 (3.7)
<1/2 Optimal dose 20 (11.5) 29 (17.6) 12 (7.3)
1/2 – < Full optimal dose 148 (85.1) 133 (80.6) 145 (88.4)
≥ Full optimal dose 4 (2.3) 1 (0.6) 1 (0.6)

Mineralocorticoid receptor antagonists 174 165 164 0.7470
None 3 (1.7) 5 (3.0) 1 (0.6)
<1/2 Optimal dose 0 0 1 (0.6)
1/2 – < Full optimal dose 96 (55.2) 103 (62.4) 97 (59.1)
≥ Full optimal dose 75 (43.1) 57 (34.5) 65 (39.6)

Loop diuretic dose, furosemide equivalent (mg) 52.64 (41.275) 62.03 (51.350) 69.63 (51.205) <0.0001

Week 1 visit
ACEi/ARB/ARNI 174 165 164 0.8342

None 3 (1.7) 2 (1.2) 1 (0.6)
<1/2 Optimal dose 29 (16.7) 37 (22.4) 31 (18.9)
1/2 – < Full optimal dose 136 (78.2) 121 (73.3) 128 (78.0)
≥ Full optimal dose 6 (3.4) 5 (3.0) 4 (2.4)

© 2024 European Society of Cardiology.
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646 M. Pagnesi et al.

Table 3 (Continued)

Visit/medication category Change in SBP from baseline to visit 3 (week 1) p-value for
trend. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

≥2 mmHg
increase
(n = 174)

≤7 mmHg decrease
to <2 mmHg increase
(n = 165)

≥8 mmHg
decrease
(n = 164)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Beta-blockers 174 165 164 0.3974
None 4 (2.3) 2 (1.2) 8 (4.9)
<1/2 Optimal dose 23 (13.2) 30 (18.2) 19 (11.6)
1/2 – < Full optimal dose 141 (81.0) 131 (79.4) 133 (81.1)
≥ Full optimal dose 6 (3.4) 2 (1.2) 4 (2.4)

Mineralocorticoid receptor antagonists 174 165 164 0.6519
None 7 (4.0) 7 (4.2) 2 (1.2)
<1/2 Optimal dose 1 (0.6) 0 1 (0.6)
1/2 – < Full optimal dose 89 (51.1) 99 (60.0) 92 (56.1)
≥ Full optimal dose 77 (44.3) 59 (35.8) 69 (42.1)

Loop diuretic dose, furosemide equivalent (mg) 55.14 (44.489) 60.27 (48.086) 62.68 (48.790) 0.0591

Week 2 visit
ACEi/ARB/ARNI 172 162 163 0.3415

None 4 (2.3) 1 (0.6) 1 (0.6)
<1/2 Optimal dose 13 (7.6) 21 (13.0) 17 (10.4)
1/2 – < Full optimal dose 44 (25.6) 40 (24.7) 53 (32.5)
≥ Full optimal dose 111 (64.5) 100 (61.7) 92 (56.4)

Beta-blockers 172 162 163 0.1910
None 4 (2.3) 5 (3.1) 7 (4.3)
<1/2 Optimal dose 11 (6.4) 19 (11.7) 18 (11.0)
1/2 – < Full optimal dose 64 (37.2) 58 (35.8) 54 (33.1)
≥ Full optimal dose 93 (54.1) 80 (49.4) 84 (51.5)

Mineralocorticoid receptor antagonists 172 162 163 0.3780
None 5 (2.9) 8 (4.9) 4 (2.5)
<1/2 Optimal dose 1 (0.6) 0 0
1/2 – < Full optimal dose 23 (13.4) 19 (11.7) 16 (9.8)
≥ Full optimal dose 143 (83.1) 135 (83.3) 143 (87.7)

Loop diuretic dose, furosemide equivalent (mg) 54.97 (44.286) 59.75 (55.440) 58.96 (43.598) 0.2462
Week 3 visit
ACEi/ARB/ARNI 170 160 163 0.0871

None 4 (2.4) 1 (0.6) 1 (0.6)
<1/2 Optimal dose 11 (6.5) 20 (12.5) 19 (11.7)
1/2 – < Full optimal dose 43 (25.3) 41 (25.6) 55 (33.7)
≥ Full optimal dose 112 (65.9) 98 (61.3) 88 (54.0)

Beta-blockers 170 160 163 0.0995
None 5 (2.9) 5 (3.1) 8 (4.9)
<1/2 Optimal dose 14 (8.2) 23 (14.4) 19 (11.7)
1/2 – < Full optimal dose 54 (31.8) 51 (31.9) 55 (33.7)
≥ Full optimal dose 97 (57.1) 81 (50.6) 81 (49.7)

Mineralocorticoid receptor antagonists 170 160 163 0.9012
None 6 (3.5) 8 (5.0) 6 (3.7)
<1/2 Optimal dose 1 (0.6) 0 0
1/2 – < Full optimal dose 15 (8.8) 17 (10.6) 14 (8.6)
≥ Full optimal dose 148 (87.1) 135 (84.4) 143 (87.7)

Loop diuretic dose, furosemide equivalent (mg) 55.98 (45.227) 64.59 (90.434) 59.17 (44.771) 0.3216
Week 6 visit
ACEi/ARB/ARNI 166 154 158 0.0023

None 2 (1.2) 1 (0.6) 1 (0.6)
<1/2 optimal dose 8 (4.8) 22 (14.3) 20 (12.7)
1/2 – < Full optimal dose 42 (25.3) 39 (25.3) 56 (35.4)
≥ Full optimal dose 114 (68.7) 92 (59.7) 81 (51.3)

© 2024 European Society of Cardiology.
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SBP and high-intensity care in acute heart failure 647

Table 3 (Continued)

Visit/medication category Change in SBP from baseline to visit 3 (week 1) p-value for
trend. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

≥2 mmHg
increase
(n = 174)

≤7 mmHg decrease
to <2 mmHg increase
(n = 165)

≥8 mmHg
decrease
(n = 164)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Beta-blockers 166 154 158 0.0391

None 8 (4.8) 6 (3.9) 7 (4.4)
<1/2 optimal dose 14 (8.4) 20 (13.0) 22 (13.9)
1/2 – < Full optimal dose 42 (25.3) 53 (34.4) 55 (34.8)
≥ Full optimal dose 102 (61.4) 75 (48.7) 74 (46.8)

Mineralocorticoid receptor antagonists 166 154 158 0.7557
None 8 (4.8) 10 (6.5) 7 (4.4)
<1/2 optimal dose 0 0 0
1/2 – < Full optimal dose 12 (7.2) 13 (8.4) 17 (10.8)
≥ Full optimal dose 146 (88.0) 131 (85.1) 134 (84.8)

Loop diuretic dose, furosemide equivalent (mg) 57.32 (54.022) 61.88 (61.599) 52.82 (42.070) 0.8636
Day 90 visit
ACEi/ARB/ARNI 167 158 156 0.0134

None 4 (2.4) 4 (2.5) 2 (1.3)
<1/2 optimal dose 12 (7.2) 23 (14.6) 23 (14.7)
1/2 – < Full optimal dose 42 (25.1) 47 (29.7) 54 (34.6)
≥ Full optimal dose 109 (65.3) 84 (53.2) 77 (49.4)

Beta-blockers 167 158 156 0.0529
None 11 (6.6) 5 (3.2) 8 (5.1)
<1/2 optimal dose 12 (7.2) 23 (14.6) 21 (13.5)
1/2 – < Full optimal dose 44 (26.3) 59 (37.3) 57 (36.5)
≥ Full optimal dose 100 (59.9) 71 (44.9) 70 (44.9)

Mineralocorticoid receptor antagonists 167 158 156 0.1863
None 8 (4.8) 12 (7.6) 10 (6.4)
<1/2 optimal dose 0 0 1 (0.6)
1/2 – < Full optimal dose 12 (7.2) 14 (8.9) 19 (12.2)
≥ Full optimal dose 147 (88.0) 132 (83.5) 126 (80.8)

Loop diuretic dose, furosemide equivalent (mg) 51.08 (46.531) 53.54 (47.014) 53.27 (45.036) 0.4651

Day 180 visit
ACEi/ARB/ARNI 132 122 123 0.0388

None 6 (4.5) 2 (1.6) 2 (1.6)
<1/2 optimal dose 13 (9.8) 21 (17.2) 20 (16.3)
1/2 – < Full optimal dose 28 (21.2) 38 (31.1) 47 (38.2)
≥ Full optimal dose 85 (64.4) 61 (50.0) 54 (43.9)

Beta-blockers 132 122 123 0.1214
None 11 (8.3) 1 (0.8) 5 (4.1)
<1/2 Optimal dose 9 (6.8) 20 (16.4) 20 (16.3)
1/2 – < Full optimal dose 40 (30.3) 49 (40.2) 50 (40.7)
≥ Full optimal dose 72 (54.5) 52 (42.6) 48 (39.0)

Mineralocorticoid receptor antagonists 132 122 123 0.3736
None 7 (5.3) 6 (4.9) 3 (2.4)
<1/2 optimal dose 0 0 1 (0.8)
1/2 – < Full optimal dose 10 (7.6) 6 (4.9) 9 (7.3)
≥ Full optimal dose 115 (87.1) 110 (90.2) 110 (89.4)

Loop diuretic dose, furosemide equivalent (mg) 51.44 (52.293) 45.33 (38.723) 46.02 (35.730) 0.8718

Values presented are n (%) for categorical variables and mean (standard deviation) for continuous variables.
Visit 8 (day 180) analyses are restricted to patients at sites where patients were followed to day 180.
ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor–neprilysin inhibitor.

© 2024 European Society of Cardiology.
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648 M. Pagnesi et al.

Figure 4 Average percentage of optimal guideline-directed
medical therapy doses by category of systolic blood pressure
change at week 1 in the high-intensity care arm. The figure shows
the mean percentage of optimal doses of guideline-directed med-
ical therapy at different time points (baseline and follow-up visits)
in the high-intensity care arm stratified by changes in systolic
blood pressure at week 1.

and beta-blockers as compared to those with higher baseline
SBP, >70% of them achieved at least 50% of target doses of
these drugs 1 week after randomization and >80% 2 weeks after
randomization. Accordingly, the beneficial effects of HIC versus UC
were maintained irrespective of baseline SBP. These results support
the application of a HIC strategy independent of SBP values. It
should, however, be noted that patients with SBP <100 mmHg
at the time of randomization were excluded from the study. ..
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. Furthermore, patients in the highest baseline SBP tertile had more
frequently mildly reduced or preserved ejection fraction (i.e. LVEF
>40%) in our study.

A decrease in SBP during an AHF hospitalization has been
associated with worse outcomes in retrospective analyses of AHF
trials.36–39 On the other hand, there are no data about the
prognostic role of early changes in SBP after GDMT titration.
In STRONG-HF, SBP decreased more in patients randomized
to HIC versus UC and this was likely related also to intensive
GDMT up-titration. Patients in the HIC arm with a worse clinical
profile (i.e. lower LVEF and peripheral oedema) and with signs
of frailty or malnutrition (i.e. lower cholesterol) had a higher
likelihood of experiencing early SBP decrease during rapid GDMT
up-titration. Patients showing an early decrease in SBP had an
almost twofold increase in events, compared with those who
had a ≥2 mmHg increase (Table 4), consistently with previous
data regarding short-term in-hospital changes,36–39 although this
difference was not statistically significant. However, the beneficial
effects and safety of HIC were maintained irrespective of early SBP
changes.

The STRONG-HF protocol recommended to avoid and delay
up-titration of GDMT in patients with SBP<95 mmHg but made no
recommendation based on changes of SBP.6,17 Patients showing an
early drop of SBP at week 1 were less likely to be titrated to target
doses of ACEi/ARB/ARNI, compared with those with a ≥2 mmHg
increase, and this difference was significant at week 6, day 90
and, though smaller, day 180. However, due to the HIC strategy,
including patients’ close follow-up,>80% of patients in the HIC arm
received at least 50% target doses of ACEi/ARB/ARNI despite an
early SBP decrease. Reaching >50% doses of these medications has
been consistently associated with a better outcome, compared to

Figure 5 Kaplan–Meier curves for the primary endpoint by category of systolic blood pressure change at week 1 in the high-intensity care
arm. The figure shows Kaplan–Meier curves for the composite of all-cause death or rehospitalization for heart failure at day 180 (primary
endpoint) according to changes in systolic blood pressure at week 1 in the high-intensity care arm. CI, confidence interval; HR, hazard ratio.

© 2024 European Society of Cardiology.
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SBP and high-intensity care in acute heart failure 649

Table 4 Outcomes according to early systolic blood pressure change categories at 1 week after randomization
(high-intensity care only)

Unadjusted Adjusted
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Endpoint n/N (KM%) HR (95% CI) p-value HR (95% CI) p-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

All-cause death or heart failure readmission by day 180a 0.2499 0.3740
Tertile 1: ≥2 mmHg increase 16/159 (9.4) [ref] [ref]
Tertile 2: ≤7 mmHg decrease to <2 mmHg increase 20/152 (12.8) 1.32 (0.60, 2.89) 1.33 (0.60, 2.93)
Tertile 3: ≥8 mmHg decrease 22/156 (17.0) 1.84 (0.88, 3.82) 2.11 (0.98, 4.56)
Test of proportional hazardsc 0.6158

All-cause death by day 180b 0.3730 0.5345
Tertile 1: ≥2 mmHg increase 6/159 (3.8) [ref] [ref]
Tertile 2: ≤7 mmHg decrease to <2 mmHg increase 11/153 (8.0) 2.02 (0.65, 6.28) 2.34 (0.74, 7.38)
Tertile 3: ≥8 mmHg decrease 11/156 (8.4) 2.14 (0.70, 6.50) 2.38 (0.73, 7.72)
Test of proportional hazardsc 0.0720

LS Mean
(SE)

Mean difference
(95% CI)

p-value Mean difference
(95% CI)

p-value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

EQ-VAS change from baseline to day 90d 0.8100 0.8168
Tertile 1: ≥2 mmHg increase 10.99 (1.36) [ref] [ref]
Tertile 2: ≤7 mmHg decrease to <2 mmHg increase 11.11 (1.40) 0.12 (−2.86, 3.10) −0.19 (−3.25, 2.88)
Tertile 3: ≥8 mmHg decrease 10.18 (1.36) −0.81 (−3.85, 2.23) −1.01 (−4.30, 2.27)

Data are presented as n/N (Kaplan–Meier estimates) or mean (SE), unless otherwise stated. HR and 95% CI were calculated from Cox proportional hazards models.
Patients censored or who experienced the event by day 7 were excluded from the analyses. Risks are computed from day 7.
ANCOVA, analysis of covariance; CI, confidence interval; HR, hazard ratio; LS, least squares; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-B-type
natriuretic peptide; NYHA, New York Heart Association; SBP, systolic blood pressure; VAS, visual analogue scale.
aAdjusted for baseline SBP, baseline NT-proBNP, ischaemic aetiology, and oedema.
bAdjusted for baseline SBP, baseline creatinine, baseline haemoglobin, baseline urea, and baseline NT-proBNP.
cTest of SBP by time interaction.
dLS mean change and LS mean difference from an ANCOVA model with baseline EQ-5D VAS, region, LVEF (≤40/>40%), and change in SBP tertile. Additional adjustment for
age, baseline SBP, haemoglobin, creatinine, cholesterol, NT-proBNP, hospitalization for heart failure in the previous year, oedema severity, and NYHA class.

lower doses or lack of treatment, in previous observational stud-
ies.40–43 Nevertheless, the lower GDMT doses achieved by HIC
patients with early SBP decrease might explain their numerically
higher rate of clinical events at day 180.

Study limitations
Beyond the already described limitations of the overall
STRONG-HF trial,6 this analysis has some specific limitations.
First, the analyses presented in this study were post-hoc analyses.
Second, subgroup analyses may have a limited statistical power
owing to the limited sample sizes and number of events in the sub-
groups. Third, all the results should be interpreted in the context of
the STRONG-HF trial both with respect to its inclusion/exclusion
criteria and particular follow-up strategy adopted in the HIC arm.
In detail, patients with SBP <100 mmHg at the time of randomiza-
tion were excluded from the study, thus our findings cannot be fully
translated to this group. Fourth, the impact of the changes in SBP
after randomization was explored only in the HIC arm, since early
and close follow-up was not performed in the UC arm. Fifth, SBP
was measured according to local clinical practice at each enrolling
centre, although some specific suggestions on how to measure
it were provided in the trial protocol. We, however, believe that
this made our protocol as closer as possible to everyday clinical ..
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. practice and easier to be reproduced. Lastly, sodium–glucose
cotransporter 2 inhibitors now represent a first-line therapy in
HF1,44 and their beneficial effects have been demonstrated also in
the AHF setting,45–47 but these drugs were not indicated when
STRONG-HF was initiated and therefore were not included in the
study design.17

Conclusions
Among patients with AHF fulfilling the STRONG-HF enrolment
criteria, including SBP ≥100 mmHg at baseline, a HIC strategy
characterized by rapid GDMT up-titration before and early after
discharge, performed under close follow-up and monitoring, was
effective in reducing 180-day mortality or HF rehospitalization
regardless of baseline SBP, as compared to UC. In the HIC arm,
slightly higher GDMT doses were achieved by the patients who
had an early increase in SBP values (≥2 mmHg) at week 1 after
randomization, but the average percentage of optimal GDMT doses
was high (i.e. >75%) also in patients with early SBP drop (≥8 mmHg
decrease). Clinical outcomes at 180 days were not significantly
different between patients randomized to HIC with different SBP
changes at 1 week.

© 2024 European Society of Cardiology.
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Supplementary Information
Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Funding
Funding for the study was through a grant provided to the Heart Initiative
by Roche Diagnostics International.
Conflict of interest: M.P. has received personal fees from Abbott Labo-
ratories, AstraZeneca, Boehringer Ingelheim, Novartis, Roche Diagnostics
and Vifor Pharma. A.M. has received grants from Roche Diagnostics, Abbott
Laboratories, 4TEEN4, and Windtree Therapeutics; honoraria for lectures
from Roche Diagnostics, Bayer, and MSD; is a consultant for Corteria Phar-
maceuticals, S-form Pharma, FIRE-1, Implicitly, 4TEEN4, and Adrenomed;
and is coinventor of a patent on combination therapy for patients having
acute or persistent dyspnoea. B.D. is employee of Momentum Research,
which has received grants for research from Abbott Laboratories, Amgen,
Celyad, Cirius Therapeutics, Corteria Pharmaceuticals, Heart Initiative,
Sanofi, Windtree Therapeutics, and XyloCor Therapeutics; and is director
of Heart Initiative, a non-profit organization. M.Ad. has received speaker
fees from Abbott Vascular and Medtronic. M.B. is employee of Momentum
Research, which has received grants for research from Abbott Laboratories,
Amgen, Celyad, Cirius Therapeutics, Corteria Pharmaceuticals, Heart Ini-
tiative, Sanofi, Windtree Therapeutics, and XyloCor Therapeutics. J.C. has
received personal fees from Novartis, AstraZeneca, Boehringer Ingelheim,
Roche Diagnostics, and Pfizer. O.C. received grants from Servier. A.C.S.
has received honoraria for lectures or consultancy from AstraZeneca,
Novartis, Vifor, Bayer, Merck, Sanofi, Abbott, and Boehringer Ingelheim.
A.D. works for the Faculty of Medicine, Eduardo Mondlane University
(Maputo, Mozambique), which received research grants from the Heart
Initiative for their participation in this study. R.D. has received supporting
fees for coordination of STRONG-HF trial activities. C.E. is employee
of Momentum Research, which has received grants for research from
Abbott Laboratories, Amgen, Celyad, Cirius Therapeutics, Corteria Phar-
maceuticals, Heart Initiative, Sanofi, Windtree Therapeutics, and XyloCor
Therapeutics. G.F. has received lecture fees or was a committee member
for trials and registries sponsored by Bayer, Vifor, Boehringer Ingelheim,
Medtronic, Servier and Amgen. C.S.P.L. is supported by a Clinician Scientist
Award from the National Medical Research Council of Singapore; has
received research support from Bayer and Roche Diagnostics; has served
as consultant or on the Advisory Board/ Steering Committee/Executive
Committee for Actelion, Alleviant Medical, Allysta Pharma, Amgen,
AnaCardio AB, Applied Therapeutics, AstraZeneca, Bayer, Boehringer
Ingelheim, Boston Scientific, Cytokinetics, Darma Inc., EchoNous Inc,
Eli Lilly, Impulse Dynamics, Intellia Therapeutics, Ionis Pharmaceutical,
Janssen Research & Development LLC, Medscape/WebMD Global LLC,
Merck, Novartis, Novo Nordisk, Prosciento Inc, Radcliffe Group Ltd.,
Redcardio Inc, ReCor Medical, Roche Diagnostics, Sanofi, Siemens Health-
care Diagnostics and Us2.ai; and serves as co-founder & non-executive
director of Us2.ai. M.N. is employee of Momentum Research, which has
received grants for research from Abbott Laboratories, Amgen, Celyad,
Cirius Therapeutics, Corteria Pharmaceuticals, Heart Initiative, Sanofi,
Windtree Therapeutics, and XyloCor Therapeutics. P.S.P. has received
grants or research contracts from American Heart Association, Roche,
Siemens, Ortho Diagnostics, Abbott, Beckman Coulter, and Siemens;
consulting fees from Roche; honoraria from WebMD; and he has financial
interest in The Heart Course. K.S. has received grants from Medtronic,
Servier, and Amylam and honoraria from MSD, Novartis, and Sanofi. K.T. is
employee of Momentum Research, which has received grants for research
from Abbott Laboratories, Amgen, Celyad, Cirius Therapeutics, Corteria ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

.. Pharmaceuticals, Heart Initiative, Sanofi, Windtree Therapeutics, and
XyloCor Therapeutics. D.T. has received speaker fees from Boehringer
Ingelheim and Alnylam Pharmaceuticals and grants from Pfizer. A.A.V. has
received consultancy fees or research support from AstraZeneca, Bayer,
BMS, Boehringer Ingelheim, Cytokinetics, Myocardia, Merck, Novartis,
Novo Nordisk, and Roche Diagnostics. G.C. is employee of Momentum
Research, which has received grants for research from Abbott Laborato-
ries, Amgen, Celyad, Cirius Therapeutics, Corteria Pharmaceuticals, Heart
Initiative, Sanofi, Windtree Therapeutics, and XyloCor Therapeutics. G.C.
is director of Heart Initiative, a non-profit organisation. M.M. has received
personal fees from Actelion, Amgen, Livanova, and Vifor Pharma as a mem-
ber of executive or data monitoring committees of sponsored clinical trials
and from AstraZeneca, Bayer, Boehringer Ingelheim, Edwards Lifesciences,
and Roche Diagnostics for participation in advisory boards or for speaking
at sponsored meetings. All other authors have nothing to disclose.

References
1. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Böhm M, et al.

2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart
failure: Developed by the Task Force for the diagnosis and treatment of acute
and chronic heart failure of the European Society of Cardiology (ESC). With the
special contribution of the Heart Failure Association (HFA) of the ESC. Eur J Heart
Fail 2022;24:4–131. https://doi.org/10.1002/ejhf.2333

2. Cotter G, Davison B, Cohen-Solal A, Freund Y, Mebazaa A. Targeting the
‘vulnerable’ period – first 3–6 months after an acute heart failure admission – the
light gets brighter. Eur J Heart Fail 2023;25:30–34. https://doi.org/10.1002/ejhf
.2754

3. Greene SJ, Fonarow GC, Vaduganathan M, Khan SS, Butler J, Gheorghiade M.
The vulnerable phase after hospitalization for heart failure. Nat Rev Cardiol
2015;12:220–229. https://doi.org/10.1038/nrcardio.2015.14

4. Greene SJ, Butler J, Fonarow GC. In-hospital initiation of quadruple medical
therapy for heart failure: Making the post-discharge vulnerable phase far less
vulnerable. Eur J Heart Fail 2022;24:227–229. https://doi.org/10.1002/ejhf.2382

5. Metra M, Adamo M, Tomasoni D, Mebazaa A, Bayes-Genis A, Abdelhamid M, et al.
Pre-discharge and early post-discharge management of patients hospitalized for
acute heart failure: A scientific statement by the Heart Failure Association of the
ESC. Eur J Heart Fail 2023;25:1115–1131. https://doi.org/10.1002/ejhf.2888

6. Mebazaa A, Davison B, Chioncel O, Cohen-Solal A, Diaz R, Filippatos G,
et al. Safety, tolerability and efficacy of up-titration of guideline-directed medical
therapies for acute heart failure (STRONG-HF): A multinational, open-label,
randomised, trial. Lancet 2022;400:1938–1952. https://doi.org/10.1016/S0140
-6736(22)02076-1

7. Arrigo M, Biegus J, Asakage A, Mebazaa A, Davison B, Edwards C, et al. Safety,
tolerability and efficacy of up-titration of guideline-directed medical therapies
for acute heart failure in elderly patients: A sub-analysis of the STRONG-HF
randomized clinical trial. Eur J Heart Fail 2023;25:1145–1155. https://doi.org/10
.1002/ejhf.2920
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