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Aim We investigated the eligibility for vericiguat in a real-world heart failure (HF) population based on trial, guideline and
label criteria.

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

Methods
and results

From the Swedish HF registry, 23 573 patients with HF with reduced ejection fraction (HFrEF) enrolled between 2000
and 2018, with a HF duration ≥6 months, were considered. Eligibility for vericiguat was calculated based on criteria
from (i) the Vericiguat Global Study in Subjects with Heart Failure and Reduced Ejection Fraction (VICTORIA) trial;
(ii) European and American guidelines on HF; (iii) product labelling according to the Food and Drug Administration
and European Medicines Agency. Estimated eligibility for vericiguat in the trial, guidelines, and label scenarios was
21.4%, 47.4%, and 47.4%, respectively. Prior HF hospitalization within 6 months was the criterion limiting eligibility
the most in all scenarios (met by 49.1% of the population). In the trial scenario, other criteria meaningfully limiting
eligibility were elevated N-terminal pro-B-type natriuretic peptide levels and nitrate use. In all scenarios, eligibility
was higher among patients hospitalized for HF at baseline (44.3% vs. 21.4% [trial scenario] and 97.3% vs. 47.4%
[guideline/label scenarios] for hospitalized vs. non-hospitalized patients). Overall, eligible patients were older, had
more severe HF, more comorbidities, and consequently higher cardiovascular mortality and HF hospitalization rates
compared with ineligible patients across all scenarios.

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

Conclusion In a large and contemporary real-world HFrEF cohort, we estimated that 21.4% of patients would be eligible for
vericiguat according to the VICTORIA trial selection criteria, 47.4% based on guidelines and labelling. Eligibility for
vericiguat translated into the selection of a population at high risk of morbidity/mortality.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Graphical Abstract

Proportion and outcomes of patients eligible for vericiguat according to trial, guideline, and label criteria in patients with chronic HFrEF. ACS, acute
coronary syndrome; CV, cardiovascular; eGFR, estimated glomerular filtration rate; GDMT, guideline-directed medical therapy; HFH, heart failure
hospitalization; HFrEF, heart failure with reduced ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart
Association; SBP, systolic blood pressure. Criteria labelled with a dagger were considered in the guideline and label scenarios.
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Introduction
Despite advances in treatment, the prognosis of heart failure (HF)
with reduced ejection fraction (HFrEF) remains poor, especially in
patients with a recent worsening event.1–3 Targeting patients with
worsening HF and an ejection fraction (EF) <45%, the Vericiguat
Global Study in Subjects with Heart Failure and Reduced Ejection
Fraction (VICTORIA) trial showed a reduction in risk of cardiovas-
cular (CV) death or HF hospitalization with the soluble guanylate
cyclase stimulator vericiguat compared with placebo.4 Accordingly,
the 2021 HF guidelines from the European Society of Cardiology
(ESC) as well as the 2022 American Heart Association/American
College of Cardiology (AHA/ACC) guidelines recommend that
vericiguat may be considered in patients with symptomatic wors-
ening HFrEF (Class IIb).5,6 Vericiguat gained approvals from the
Food and Drug Administration (FDA) and the European Medicines
Agency (EMA) in 2021.7,8

Randomized controlled trials (RCTs) in HF apply selection cri-
teria to ensure the correct identification of the study population,
to enrich for the CV outcomes of interest, and to minimize com-
peting risks from non-CV events. As a result, trial populations may
have a higher risk of CV but a lower risk of non-CV events com-
pared with the real-world HF population.9,10 Thus, the stringent ..
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. selection of patients in RCTs might limit the generalizability of
trials’ findings to the HF patients encountered in daily clinical
practice.11 This has also major implications in terms of regula-
tory approval, product labelling, guideline recommendations, reim-
bursement criteria, clinical acceptance, and implementation of
novel interventions.12–14

Therefore, in a large and unselected real-world HF population,
we aimed to (i) assess the proportions of patients eligible for
receiving vericiguat based on trial, guidelines, and label criteria, and
(ii) explore the differences in patient characteristics and prognosis
by eligibility status.

Methods
Data sources
The Swedish HF registry (SwedeHF) has been described previously.15

It is a voluntary national quality registry founded in 2000 (www.swedehf
.se). The inclusion criterion was a clinician-judged diagnosis of HF
until April 2017, which has been thereafter redefined according to the
International Classification of Diseases, Tenth Revision (ICD-10) codes
I50.0, I50.1, I50.9, I42.0, I42.6, I42.7, I25.5, I11.0, I13.0, I13.2. Currently,
20 of 21 regions and 69 of 76 hospitals in Sweden participate, with a
prevalent HF coverage of 30.4%.16

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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1420 N.V. Nguyen et al.

For this analysis, SwedeHF was linked with other national registries:
(1) the National Patient Register to extract comorbidities and
cause-specific hospitalization outcomes17; (2) Statistics Sweden to
obtain socioeconomic variables; (3) the Cause of Death Register to
obtain cause-specific mortality outcomes.18

A complete variable list and corresponding data sources are
reported in online supplementary Table S1. The establishment of
SwedeHF and its linkage with the other registries were approved by
the Swedish Ethical Review Authority.

Study population and design
The present study included patients enrolled in SwedeHF between
May 2000 and December 2018, aged >18 years, with recorded data
on EF and HF duration. Patients were considered potentially eligible,
and thereby included in the denominator for eligibility calculations, if
they had chronic HF (defined as having had a HF diagnosis ≥6 months)
and an EF <40% for the main analysis or <50% for the trial sensitivity
analysis. These two specific cut-offs for EF were chosen due to the
fact that, in SwedeHF, EF is a categorical variable (<30%, 30–39%,
40–49%, ≥50%), which did not allow for an exact match with the
EF criterion used in the trial (<45%), guidelines (≤40%), and labels
(EMA: ≤40%, FDA: <45%). Index date was defined as the date of the
latest registration in SwedeHF to better represent contemporary care.
End of follow-up for the outcome analysis was 31 December 2019 in
the main analysis. Patient selection is detailed in online supplementary
Figure S1.

Eligibility criteria for vericiguat in the
trial, guidelines, and label scenarios
Eligibility criteria for vericiguat from the VICTORIA trial4 were applied
to SwedeHF as reported in Table 1. According to the 2021 ESC and
2022 AHA/ACC guideline recommendations,5,6 vericiguat may be con-
sidered in patients fulfilling the following criteria: (1) adult; (2) chronic
HFrEF; (3) New York Heart Association (NYHA) class II–IV; (4) recent
worsening HF; (5) on guideline-directed medical therapy (GDMT),
defined as concomitant use of a renin–angiotensin system inhibitor
(RASI)/angiotensin receptor–neprilysin inhibitor (ARNI), beta-blocker,
and mineralocorticoid receptor antagonist (MRA). In the FDA/EMA
product labelling information,7,8 vericiguat was approved for patients
fulfilling the following criteria: (1) adult; (2) chronic HF with EF<45%
(FDA) or EF≤40% (EMA); (3) NYHA class II–IV; (4) a recent hos-
pitalization for HF or need for outpatient intravenous diuretics. The
full list of original criteria along with their respective definitions in
SwedeHF are reported in online supplementary Tables S2 (trial sce-
nario), S3 (guideline scenario), and S4 (label scenario).

In this analysis, a worsening event was defined as a HF hospitalization
according to the diagnostic codes in online supplementary Table S1.
Outpatient intravenous diuretic therapy (considered in VICTORIA)
could not be assessed due to lack of data, and consequently was
not included in the definition, but is deemed overall rare in Swedish
clinical practice. The timeframe for a worsening event in the trial
was defined as within 6 months prior to randomization,4 whereas
no timeframe was specified in the guidelines or labels.5–8 Therefore,
we defined 6 months prior to or at the index date as the relevant
timeframe for the main analysis and performed a sensitivity analysis
in the guideline and label scenarios considering a 3-month timeframe.
For the guideline scenario criterion of GDMT, we hypothesized that
in clinical practice ∼6 months since an HF diagnosis would allow for ..
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.. the initiation and up-titration of medical therapy. Thus, in the main
analysis we assumed that all patients were on GDMT since our study
only included patients with HF duration ≥6 months. In a sensitivity
analysis, a literal interpretation of GDMT was used considering as
eligible only those patients on RASI/ARNI + beta-blocker + MRA,
which is rarely observed in real-world clinical practice mainly due to
the limited implementation of MRA.19 Furthermore, we conducted a
‘renal function’ sensitivity analysis for the guideline and label scenarios,
where patients with an estimated glomerular filtration rate (eGFR)
<15 ml/min/1.73 m2 or dialysis were considered as ineligible.

Statistical analysis
Eligibility proportions were reported as percentages and represented
the eligible cohort after applying the respective inclusion/exclusion
criteria. Eligibility proportions were calculated for each criterion indi-
vidually in the overall cohort, as well as in the subgroup of patients hos-
pitalized due to HF at the index date. Patient characteristics according
to eligibility were presented as frequencies (percentages) for categori-
cal variables and as medians (interquartile range [IQR]) for continuous
variables, with comparisons across groups performed by Chi-square
test and Wilcoxon–Mann–Whitney test or t-test, respectively.

Nine outcomes were considered: all-cause death, CV death, non-CV
death, time to first all-cause hospitalization, time to first CV hospital-
ization, time to first non-CV hospitalization, time to first HF hospi-
talization, a composite of CV death or first HF hospitalization, and a
composite of all-cause death or first HF hospitalization. Incidence rates
with 95% confidence intervals (CI) (per 100 person-years) were calcu-
lated according to the eligibility status. Rates were compared between
eligible and ineligible patients using the exact Poisson test and pre-
sented as incidence rate ratios (IRR) with 95% CI. Kaplan–Meier curves
were reported accordingly.

Two sensitivity analyses were performed to achieve better com-
parability between the VICTORIA trial cohort and the contempo-
rary real-world setting: (i) an additional outcome analysis censored
at 10.8 months (the median follow-up time in VICTORIA); (ii) sepa-
rate eligibility and event rate calculations in patients with an index date
during the last 2 years of the enrolment period (2017–2018).

Missing data were handled by single imputation (R package mice),20

stratified by EF (<40% and 40–49%). The variables included in the
imputation models were those reported in online supplementary
Table S5 along with all-cause mortality as a Nelson–Aalen estimator.
In addition, we performed two consistency analyses, namely: (1) a
complete-case analysis where we excluded patients with any missing
entries for the variables needed for eligibility calculation; (2) a missing
as eligible analysis where we considered patients with missing entries
for the variables needed for eligibility calculation eligible for the
corresponding criteria. All analyses were performed in R 4.1.2. The
significance level was set at 5%, two-sided.

Results
Between May 2000 and December 2018, 23 573 patients with
chronic HF and EF<40% were enrolled in the SwedeHF. The
median age was 76 years (IQR 68–83) and 73% were male. The
majority of patients was encountered in an outpatient setting (71%)
and had NYHA class III–IV (54%). Most patients were treated with
a beta-blocker (92%), a RASI/ARNI (89%), and an MRA (44%). Use
of devices was low, that is, 12% with cardiac resynchronization

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 1 Eligibility for vericiguat after applying the trial inclusion/exclusion criteria (missing values imputed)

Eligibility criteria EF<40% EF<50%
(n= 34 399). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Total
(n= 23 573)

Hospitalized
patients (n= 6830)

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

Inclusion criteria Number of patients eligible (fulfilling the respective inclusion criteria) (%)*
1. Informed consent (assumed 100%) 23 573 (100.0) 6830 (100.0) 34 399 (100.0)
2. Age ≥18 years 23 573 (100.0) 6830 (100.0) 34 399 (100.0)
3. Chronic HF (HF duration ≥6 months) 23 573 (100.0) 6830 (100.0) 34 399 (100.0)
4. NYHA class II–IV 22 060 (93.6) 6647 (97.3) 31 542 (91.7)
5. Prior HF hospitalization within 6 months 11 565 (49.1) 6830 (100) 15 429 (44.9)
6. NT-proBNP criterion 17 954 (76.2) 6280 (91.9) 24 723 (71.9)
7. EF criterion 23 573 (100.0) 6830 (100.0) 34 399 (100.0)
8. Is not of reproductive potential (assumed 100%) 23 573 (100.0) 6830 (100.0) 34 399 (100.0)
Trial eligibility, only inclusion criteria 9856 (41.8) 6127 (89.7) 12 954 (37.7)

Exclusion criteria Number of patients eligible (not fulfilling the
respective exclusion criteria) (%)*

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

1. SBP <100 mmHg at baseline 21 205 (90.0) 5947 (87.1) 31 550 (91.7)
2. Nitrate use at baseline 19 300 (81.9) 5257 (77.0) 28 285 (82.2)
3. PDE5-i use at baseline 23 461 (99.5) 6782 (99.3) 34 206 (99.4)
4. sGC stimulator use at baseline 23 461 (99.5) 6782 (99.3) 34 206 (99.4)
5. Allergy to any sGC stimulator (assumed 100%) 23 573 (100.0) 6830 (100.0) 34 399 (100.0)
6. Implanted VAD within 5 years before and after baseline; heart transplantation within

5 years since baseline
23 531 (99.8) 6813 (99.8) 34 353 (99.9)

7. Valvular surgery within 3 months prior to baseline 23 427 (99.4) 6797 (99.5) 34 169 (99.3)
8. History of hypertrophic obstructive cardiomyopathy 23 479 (99.6) 6798 (99.5) 34 253 (99.6)
9a. History of amyloidosis, sarcoidosis 23 484

(99.6)
6799
(99.5)

34 270
(99.6)9b. Takotsubo cardiomyopathy or acute myocarditis within 30 days prior to baseline

10. Has post-heart transplant cardiomyopathy (assumed 100%) 23 573 (100.0) 6830 (100.0) 34 399 (100.0)
11. History of tachycardia-induced cardiomyopathy 22 640 (96.0) 6566 (96.1) 33 248 (96.7)
12. Unstable angina, STEMI and NSTEMI, PCI, CABG, within 2 months prior to baseline 21 806 (92.5) 6403 (93.7) 32 011 (93.1)
13. Carotid stenosis, TIA or stroke within 2 months prior to baseline 23 276 (98.7) 6717 (98.3) 33 996 (98.8)
14. History of congenital heart disease 23 443 (99.4) 6797 (99.5) 34 204 (99.4)
15. Endocarditis or constrictive pericarditis within 3 months prior to baseline 23 526 (99.8) 6811 (99.7) 34 322 (99.8)
16a. eGFR <15 ml/min/1.73 m2 at baseline 23 198

(98.4)
6656
(97.5)

33 873
(98.5)16b. Chronic dialysis within 3 months prior to baseline

17. Hepatic failure or hepatic encephalopathy within 1 year prior to baseline 23 476 (99.6) 6778 (99.2) 34 278 (99.6)
18. Secondary cancer (metastases) or primary cancer with very poor prognosis. The

diagnosis has to be in first position appearing twice within 7 months prior to
baseline.

23 449 (99.5) 6802 (99.6) 34 233 (99.5)

19. PAH within 1 year prior to baseline 23 461 (99.5) 6782 (99.3) 34 206 (99.4)
20. Drug/alcohol abuse within 1 year prior to baseline 22 998 (97.6) 6621 (96.9) 33 675 (97.9)
21. Participation in another trial (assumed 100%) 23 573 (100.0) 6830 (100.0) 34 399 (100.0)
22. Unable to provide informed consent (assumed 100%) 23 573 (100.0) 6830 (100.0) 34 399 (100.0)
23. Mental disorders within 1 year prior to baseline 22 330 (94.7) 6306 (92.3) 32 715 (95.1)
24. Direct involvement with the trial (assumed 100%) 23 573 (100.0) 6830 (100.0) 34 399 (100.0)
25. Interstitial lung disease within 1 year prior to baseline 23 371 (99.1) 6755 (98.9) 34 081 (99.1)
26. Is pregnant or breastfeeding or plans to become pregnant or to breastfeed

(assumed 100%)
23 573 (100.0) 6830 (100.0) 34 399 (100.0)

Trial eligibility, only exclusion criteria 13 808 (58.6) 3461 (50.7) 20 993 (61.0)
Trial eligibility, overall 5039 (21.4) 3029 (44.3) 6814 (19.8)

Definitions of eligibility criteria are provided in online supplementary Table S2.
CABG, coronary artery bypass graft; EF, ejection fraction; eGFR, estimated glomerular filtration rate; HF, heart failure; NSTEMI, non-ST-elevation myocardial infarction;
NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; PAH, pulmonary arterial hypertension; PCI, percutaneous coronary intervention;
PDE5-i, phosphodiesterase type 5 inhibitor; SBP, systolic blood pressure; sGC, soluble guanylate cyclase; STEMI, ST-elevation myocardial infarction; TIA, transient ischaemic
attack; VAD, ventricular assist device.
*Eligibility proportions represent the eligible cohort after applying the respective inclusion/exclusion criteria.

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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1422 N.V. Nguyen et al.

Figure 1 Eligibility for vericiguat according to trial, guideline, and label criteria in the overall population, and only in inpatients. Criteria
marked with † were applied in the guideline/label scenario and in the trial scenario. Unmarked criteria were applied only in the trial scenario.
All applied eligibility criteria are outlined in detail in Table 1 (trial scenario) and Table 2 (guideline/label scenario). ACS, acute coronary syndrome;
eGFR, estimated glomerular filtration rate; GDMT, guideline-directed medical therapy; HFrEF, heart failure with reduced ejection fraction; HFH,
heart failure hospitalization; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; SBP, systolic blood
pressure.

therapy and 7% with implantable cardioverter-defibrillator (these
estimates do not consider that not all patients had an indication
for these devices). The most common comorbidities were hyper-
tension (64%) and atrial fibrillation (59%). A full description of the
study population is reported in online supplementary Table S5.

Eligibility assessment
Of 23 573 patients, 5039 (21%) were eligible for vericiguat based
on the trial criteria (Table 1, Figure 1). Inclusion criteria (met by 42%
of the population) had a greater impact on eligibility than exclusion
criteria (59% were eligible after considering only exclusion criteria).
The major inclusion criteria limiting eligibility were a recent HF
hospitalization (within 6 months prior to or at the index date),
elevated N-terminal pro-B-type natriuretic peptide (NT-proBNP)
and NYHA class II–IV (met by 49%, 76%, and 94%, respectively).
The exclusion criteria that most limited eligibility were nitrate
use, recent acute coronary syndromes, and low systolic blood
pressure (82%, 92% and 90% were eligible after applying individually
these exclusion criteria, respectively). In the sensitivity analysis on
patients with EF< 50%, overall trial eligibility was consistent (20%), ..
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. and the influence of individual criteria on the overall eligibility was
similar.

In the guideline and label scenarios (which considered the same
criteria as in the main analysis), 11 179 (47%) were eligible for
vericiguat (Table 2, Figure 1). The criteria affecting eligibility the
most were a recent HF hospitalization and NYHA class II–IV
(49% and 94% eligible after applying individually these criteria,
respectively). In the sensitivity analysis 1 for the guideline and
label scenarios using a stricter timeframe for defining a recent HF
hospitalization (3 instead of 6 months), this criterion was met by
slightly fewer patients (44% vs. 49% when a 6-month timeframe was
used), which resulted in a slightly lower overall eligibility proportion
(43% vs. 47%). In the sensitivity analysis 2 for the guideline scenario
using a literal interpretation of GDMT (RASI/ARNI+ beta-blockers
+ MRA), the GDMT criterion was met by 37%, and eligibility
was markedly lower (18%). Guideline/label eligibility was slightly
lower (46%) when patients with eGFR <15 ml/min/1.73 m2 or
dialysis were considered ineligible (∼1.6% of patients fulfilled this
criterion).

In the subgroup analysis of hospitalized patients, who fulfilled
per definition the criterion of a recent HF hospitalization, eligibility

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Eligibility for vericiguat in the real world 1423

Table 2 Eligibility for vericiguat after applying the guideline and label criteria (missing values imputed)

Guideline/label criteria EF<40%, Number of patients (%)*
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Total (n= 23 573) Hospitalized
patients
(n= 6830)

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

1. EF<40% 23 573 (100.0) 6830 (100.0)
2. Age ≥18 years 23 573 (100.0) 6830 (100.0)
3. NYHA class II–IV 22 060 (93.6) 6647 (97.3)
4. Recent HF hospitalization

4a. Previous HF hospitalization within 6 months 11 565 (49.1) 6830 (100.0)
4b. Previous HF hospitalization within 3 months 10 374 (44.0) 6830 (100.0)

5. Guideline-directed medical therapy
5a. HF duration >6 months 23 573 (100.0) 6830 (100.0)
5b. GDMT (RASI/ARNI + beta-blocker + MRA) 8811 (37.4) 2228 (32.6)

6. eGFR ≥15 ml/min/1.73 m2 and not on dialysis 23 198 (98.4) 6656 (97.5)
Guideline eligibility – Main analysis (criteria 1, 2, 3, 4a, 5a) 11 179 (47.4) 6647 (97.3)
Guideline eligibility – Sensitivity analysis 1 (criteria 1, 2, 3, 4b, 5a)** 10 075 (42.7) 6647 (97.3)
Guideline eligibility – Sensitivity analysis 2 (criteria 1, 2, 3, 4a, 5b)† 4186 (17.8) 2160 (31.6)
Label eligibility – Main analysis (criteria 1, 2, 3, 4a) 11 179 (47.4) 6647 (97.3)
Label eligibility – Sensitivity analysis (criteria 1, 2, 3, 4b)** 10 075 (42.7) 6647 (97.3)
Guideline/label eligibility – Sensitivity analysis including renal criterion (criteria 1, 2, 3, 4a, 5a, 6) 10 946 (46.4) 6474 (94.8)

Definitions criteria are provided in online supplementary Tables S3 and S4.
ARNI, angiotensin receptor–neprilysin inhibitor; EF, ejection fraction; eGFR, estimated glomerular filtration rate; GDMT, guideline-directed medical therapy; HF, heart failure;
MRA, mineralocorticoid receptor antagonist; NYHA, New York Heart Association; RASI, renin–angiotensin system inhibitor.
*Eligibility proportions represent the eligible cohort after applying the respective criteria.
**Sensitivity analysis 1: Consider a 3-month frame for the HF hospitalization event instead of 6 months as in the main analysis.
†Sensitivity analysis 2: Literally apply the definition of GDMT considering the use of RASI/ARNI + beta-blocker + MRA instead of using a HF duration of >6 months as a
surrogate.

for vericiguat was more than two-fold higher in all scenarios as
compared to the overall population (44%, 97%, and 97% for trial,
guideline, and label scenarios, respectively) (Tables 1 and 2). In the
2017–2018 subgroup, a lower proportion of patients had been
enrolled in an inpatient setting (11%); fewer patients fulfilled the
criterion of recent HF hospitalization (32%); overall eligibility was
lower (trial scenario: 15%, guideline/label scenario: 31%) compared
to the total cohort. When assessed in the subgroup of patients
hospitalized for HF at baseline, the eligibility estimates in the
2017–2018 cohort were consistent with the main analysis (online
supplementary Tables S6 and S7).

Consistency analyses considering different methods for handling
missing data, that is, complete case analysis and missing as eligible,
eligibility estimates were overall consistent with the main analyses
(online supplementary Tables S8 and S9).

Patient characteristics according to the
eligibility status
Patient characteristics by eligibility status are presented in Figure 2
and online supplementary Table S10. In all scenarios, eligible
patients were ∼3–4 years older, more likely female, less likely
referred to specialty care, had a lower education level, and more
severe HF (i.e. higher NYHA class, higher NT-proBNP levels, more
often recently hospitalized for HF and/or encountered in an inpa-
tient setting). They were less likely treated with RASI/ARNI and ..
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.. beta-blockers, but more likely with digoxin and diuretics. Use of

MRA was similar between eligible and ineligible patients in the trial
scenario, but higher in the first versus the latter in the guideline
and label scenarios. Regardless of the scenario, eligible patients had
higher prevalence of most CV comorbidities (e.g. hypertension,
stroke, and atrial fibrillation), but less history of coronary revascu-
larization, and, in the trial scenario, myocardial infarction. Non-CV
comorbidities, including anaemia, diabetes, renal disease, and lung
disease were also more common in eligible patients across scenar-
ios. Liver disease was more frequent among eligible patients in the
guideline/label scenario but less prevalent among eligible patients
in the trial scenario.

Outcome rates according to the
eligibility status
Over a median follow-up of 2.09 years (IQR 0.84–4.27), mortality
rate was 21 deaths per 100 patient-years in the overall cohort.
Outcome rates compared by eligibility status are presented in
online supplementary Tables S11–S14 and Figure 3, by Kaplan–
Meier curves in online supplementary Figures S2–S6. Eligible versus
ineligible patients had higher rates of all the investigated outcomes
in the trial scenario (i.e. all-cause mortality: 31.3 vs. 18.4 deaths per
100 patient-years; IRR [95% CI] 1.70 [1.64–1.76]) and the guide-
line/label scenarios (i.e. all-cause mortality: 31.3 vs. 14.0 deaths
per 100 patient-years; IRR [95% CI] 2.24 [2.16–2.31]). The IRRs

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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1424 N.V. Nguyen et al.

Figure 2 Key characteristics of the study population by eligibility status in trial, guideline, and label scenarios. A full depiction of patient
characteristics according to trial and guideline/label eligibility are presented in detail in online supplementary Table S10. ARNi, angiotensin
receptor–neprilysin inhibitor; HF, heart failure; MRA, mineralocorticoid receptor antagonist; NYHA, New York Heart Association; RASi,
renin–angiotensin system inhibitor.

for all outcomes seemed to be higher in the guideline/label sce-
narios compared to the trial scenario. Across scenarios, the IRRs
for CV outcomes tended to be higher than those for non-CV
outcomes. Sensitivity analyses yielded overall similar findings, with
the following exceptions: IRRs were overall lower in the guideline
sensitivity analysis 2 where the GDMT criterion was interpreted
literally (online supplementary Table S12); IRRs were consistent,
but the event rates were higher in the outcome analysis censored
at 10.8 months (e.g. all-cause mortality: 51.0 and 28.6 deaths per
100 patient-years in the overall cohort and in the 2017–2018
cohort, respectively) (online supplementary Tables S13 and S14).

Discussion
In this real-world cohort of chronic HFrEF patients, eligibility for
vericiguat was 21% according to the selection criteria of the VIC-
TORIA trial, and 47% according to the guideline recommendations
and regulatory labelling. In all scenarios, the criterion limiting eligi-
bility the most was the history of a prior hospitalization, which
led to the exclusion of 49% of patients. Consistently, eligibility
was more than two-fold higher (trial: 44%, guideline/label: 97%)
in the subgroup of patients hospitalized for HF at the index date. ..
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. Eligible patients were characterized by older age, more comorbidi-
ties, more severe HF, and a markedly higher risk of CV outcomes as
well as, although to a lesser degree, of non-CV outcomes (Graphical
Abstract).

Eligibility according to the trial, guideline
and label scenarios
Few previous analyses assessed eligibility for vericiguat in
real-world populations. In a Korean cohort of patients hospi-
talized for decompensated HFrEF, overall eligibility according to
the trial protocol was 58%.21 Their modestly higher trial eligibility
than ours in patients hospitalized for HF (44%) might be explained
by the application of fewer eligibility criteria compared with our
analysis (e.g. NYHA class, blood pressure, NT-proBNP, kidney
function). In a more recent analysis from the US Get With The
Guidelines-Heart Failure registry, trial eligibility for vericiguat was
38% in patients hospitalized for HF.22 This estimate was slightly
lower than in our hospitalized cohort (44%), which might be due
to considering de novo HF as an exclusion criterion in the US
study, while we calculated eligibility in a population with chronic
HF (i.e. de novo HF was not considered in the denominator of

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Eligibility for vericiguat in the real world 1425

Figure 3 Event rates and incidence rate ratios for outcomes comparing eligible to ineligible patients selected in each scenario. *p <0.05. CI,
confidence interval; CV, cardiovascular; HFH, heart failure hospitalization; RR, rate ratio.

our calculations). Another study recently assessed eligibility for
VICTORIA in Alberta’s healthcare databases.23 That study, unlike
ours, only included patients who had ever been hospitalized for
HF after receiving the diagnosis, which likely contributed to a
higher estimated eligibility (39%) than ours (21%).

A recent HF decompensation and elevated NT-proBNP levels
are among the strongest predictors of poor outcomes in patients
with HFrEF.24–26 Consistently, the high NT-proBNP cut-off in the
VICTORIA trial (>1000 pg/ml) and the requirement of a recent HF
hospitalization successfully enriched for the occurrence of clinical
outcomes, contributing to the achievement of a sufficient power
for detecting differences in event rates across the arms in a rela-
tively short follow-up period (median 10.8 months).4,27 However,
our study showed that these criteria also led to the exclusion
of half and one-quarter of patients, respectively, limiting eligibil-
ity. Accordingly, our estimated eligibility for vericiguat was mostly
lower than previous eligibility estimates for other HF therapies,
such as sodium–glucose cotransporter 2 inhibitors (trial eligibil-
ity: 39–52%28–31; label eligibility: 86%30) and sacubitril/valsartan
(trial eligibility: 24–38%32–36; label eligibility: 84%35), but higher
than ivabradine (trial eligibility: 14%).37 These findings highlight the
difficulties in balancing enrichment strategies against feasibility of
enrolment when designing trials. Across all the scenarios, the sub-
group of patients hospitalized for HF at the index date had markedly ..
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. higher eligibility for vericiguat than the overall population, since

already fulfilling the requirement of having a prior HF hospitaliza-
tion. This shows that the in-hospital setting might be the setting
where vericiguat treatment is more likely to be initiated.

Guideline recommendations and regulatory labelling include
fewer criteria as compared with the long list considered by the VIC-
TORIA trial (e.g. there is no requirement in terms of NT-proBNP
or exclusion of patients due to several comorbidities).4–8 Accord-
ingly, eligibility for vericiguat was >2 times higher (47%) according
to the labels and guidelines as compared with the trial scenario.
This implies that in the real world, there is a large proportion
of patients having an indication who might receive vericiguat dif-
fering from the population tested in the trial. This highlights the
often-raised concern related to the external validity of trial find-
ings, which might limit the implementation of novel drugs in daily
clinical practice.

A literal interpretation of the guideline criterion of achieving
GDMT before initiating vericiguat made >60% of patients ineligible.
This shows both the difficulty in achieving GDMT in clinical
practice, due to contraindications or tolerability issues,19,38 and the
potential underuse of life-saving treatments due to clinical inertia.
In an analysis of the ESC HF Long-Term registry, 12–28% of an
HF outpatient cohort was eligible for sacubitril/valsartan based
on guideline recommendations, and these low estimates were

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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1426 N.V. Nguyen et al.

mainly due to a literal interpretation of the GDMT criterion, which
rendered 60–82% of patients ineligible.35

Patient characteristics and outcomes
in eligible versus ineligible patients
Randomized controlled trials in HF generally enrol younger
patients with less non-cardiac comorbidities than real-world
patients.9,10 In the current study, eligible patients were older and
had overall higher CV as well as non-CV comorbidity burden. Pre-
vious SwedeHF analyses on trial eligibility for sacubitril/valsartan
and dapagliflozin/empagliflozin showed similar findings.32,39 This
might be explained by the association of such patient characteris-
tics (i.e. older age, multi-comorbidity) with more severe HF, which
was the target population for the VICTORIA trial and also, to a
less extent, for sacubitril/valsartan and dapagliflozin/empagliflozin
RCTs.5,6

Notably, compared with the VICTORIA trial population,4 our
SwedeHF trial-eligible patients were ∼12 years older, and had
higher NYHA classes and NT-proBNP. Furthermore, compared
with the placebo arm of the VICTORIA trial, our eligible patients
who were enrolled in 2017–2018 and had a similar follow-up dura-
tion as VICTORIA, had markedly worse outcomes, with higher
rates of CV death or HF hospitalization (70.0 vs. 37.8 per 100
person-years) and all-cause death (28.6 vs. 16.9).4 This might imply
an even more pronounced absolute benefit in specific subpopu-
lations of real-world patients (i.e. an even lower number needed
to treat than in VICTORIA) with vericiguat, and might be partially
attributable to the differences in study settings, where VICTO-
RIA enrolled patients from different countries with heterogeneous
healthcare systems, whereas our study was based on Swedish
national data. Moreover, there has been evidence indicating the
underuse of guideline-recommended medications and devices for
patients, especially the older, in SwedeHF, which could partially
explain the observed worse outcomes.19,40 Another explanation
might be that the investigators exert a certain degree of subjective
selectivity while screening and enrolling patients in trials, that is,
not all potentially eligible patients might be screened for enrolment.
This might be partially due to well-reasoned factors that make trial
participation unsuitable but that are not captured by the eligibil-
ity criteria. Nonetheless, an important implication is that some
degrees of generalizability might be lost not only while designing
a trial and setting eligibility criteria, but also at the site of enrol-
ment. In contrast to our findings, an analysis from the PINNACLE
registry reported similar characteristics in patients with a worsen-
ing HF event defined as in the VICTORIA trial as compared with
the trial population. This could be explained by their inclusion of
∼30% of patients with NYHA class I, which would be likely to con-
tribute to a lower comorbidity burden as compared to patients
considered as eligible in the present study.41

The event rates in VICTORIA were higher than in the other HF
trials. Consequently, although the relative risk reduction with veri-
ciguat was modest (10%), the absolute rate reduction (4.2 events
per 100 person-years) and the number needed to treat were com-
parable to other landmark HF trials that demonstrated greater
reductions in relative risk.4,42–44 Accordingly, pharmacoeconomic ..
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.. studies have estimated vericiguat to be cost-effective.45,46 In our
study, the enrichment criteria applied in the VICTORIA trial suc-
cessfully targeted a population at high risk of CV outcomes even in a
real-world setting. Indeed, our VICTORIA-eligible ‘real-world’ pop-
ulation had considerably higher rates of CV events. Additionally,
they had also higher rates of non-CV events. While trial eligibility
criteria aim to enrich for CV and not for non-CV events, this finding
might reflect the higher comorbidity burden associated with more
severe HF and older age (i.e. the median age of 76) in our popula-
tion, which is also linked with a higher risk of non-CV outcomes.
Consistently, risk factors that are perceived as specific for HF and
CV disease, such as high NT-proBNP levels, have been shown to
be associated with increased risks of not only CV but also non-CV
events.27

In the main analysis of our study, the difference in risk of
outcomes between eligible and ineligible patients was greater in the
guideline/label scenarios versus the trial scenario. One potential
explanation is that the guideline/label eligible patients seemed to
be overall sicker than the patients who were eligible according
to the trial criteria (i.e. higher NYHA class and comorbidity
burden). This might be due to the fact that the trial employed an
extensive set of criteria excluding many specific comorbidities (e.g.
recent myocardial infarction, stroke, and dementia) that were not
adopted by guidelines/labels. However, when the GDMT criterion
was strictly applied for the guideline scenario, instead of using
the 6-month duration as proxy (guideline sensitivity analysis 2),
the IRRs became more similar or even lower than those in the
trial scenario. This likely reflects the efficacy of GDMT (triple
therapy) as shown in numerous RCTs,47 as well as the fact that
poor tolerance to GDMT in HF often reflects advanced disease.

Strengths and limitations
The primary strength of the current study was the use of a large
and well-characterized real-world HF population that enabled a
detailed application of trial/guideline/label criteria and assessment
of cause-specific outcomes according to the eligibility status. How-
ever, some limitations deserve to be acknowledged. First, eligi-
bility was assessed cross-sectionally while eligibility status might
change over the course of HF for each patient. Evolving char-
acteristics over time may also affect eligibility on a cohort level,
as highlighted in a separate analysis on only those patients reg-
istered 2017–2018, revealing a modestly lower eligibility due to
fewer patients fulfilling the criterion of recent HF hospitaliza-
tion. However, when assessing eligibility only among inpatients,
the 2017–2018 cohort reported findings that were consistent
with the overall analysis. Second, certain criteria needed to be
adapted to the SwedeHF setting with the use of surrogates. How-
ever, several sensitivity analyses provided consistent results. Third,
certain trial selection criteria could not be evaluated due to
unavailability of data and were assumed to lead to 100% eligibil-
ity (e.g. inclusion criteria: outpatient intravenous diuretic therapy,
informed consent; exclusion criteria: pregnancy, post-heart trans-
plant cardiomyopathy, intravenous inotropes). However, these cri-
teria are expected to be highly uncommon in our cohort, and
thus, the magnitude of overestimation/underestimation should be

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Eligibility for vericiguat in the real world 1427

negligible. Nonetheless, generalizability to other healthcare set-
tings where the unassessed criteria are more common might be
limited. Moreover, when assessing the GDMT criterion, we did
not consider the dosing or adherence of individual drugs due to
data unavailability. Lastly, although less selected than RCT pop-
ulations, the SwedeHF cohort has better prognosis and fewer
comorbidities than the general HF population,48 potentially limiting
generalizability.

Conclusions
In a large and contemporary real-world cohort of patients with
chronic HFrEF, estimated eligibility for vericiguat was 21% accord-
ing to the VICTORIA trial eligibility criteria, and 47% accord-
ing to guidelines and regulatory labelling. The criterion of prior
HF hospitalization was the most limiting determinant of eligi-
bility, leading to the exclusion of 49% of patients with chronic
HFrEF. The eligibility criteria for vericiguat used in the VICTORIA
trial, guidelines, and regulatory labelling translated into targeting a
HFrEF population at higher risk of CV outcomes in a real-world
setting.

Supplementary Information
Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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