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Abstract

Aims During the coronavirus disease 2019 (COVID-19) pandemic, important changes in heart failure (HF) event rates have
been widely reported, but few data address potential causes for these changes; several possibilities were examined in
the GUIDE-HF study.

Methods
and results

From 15 March 2018 to 20 December 2019, patients were randomized to haemodynamic-guided management (treat-
ment) vs. control for 12 months, with a primary endpoint of all-cause mortality plus HF events. Pre-COVID-19, the
primary endpoint rate was 0.553 vs. 0.682 events/patient-year in the treatment vs. control group [hazard ratio (HR)
0.81, P= 0.049]. Treatment difference was no longer evident during COVID-19 (HR 1.11, P= 0.526), with a 21% decrease
in the control group (0.536 events/patient-year) and no change in the treatment group (0.597 events/patient-year). Data
reflecting provider-, disease-, and patient-dependent factors that might change the primary endpoint rate during COVID-
19 were examined. Subject contact frequency was similar in the treatment vs. control group before and during COVID-19.
During COVID-19, the monthly rate of medication changes fell 19.2% in the treatment vs. 10.7% in the control group to
levels not different between groups (P= 0.362). COVID-19 was infrequent and not different between groups. Pulmonary
artery pressure area under the curve decreased−98 mmHg-days in the treatment group vs.−100 mmHg-days in the con-
trols (P= 0.867). Patient compliance with the study protocol was maintained during COVID-19 in both groups.

Conclusion During COVID-19, the primary event rate decreased in the controls and remained low in the treatment group, resulting
in an effacement of group differences that were present pre-COVID-19. These outcomes did not result from changes in
provider- or disease-dependent factors; pulmonary artery pressure decreased despite fewer medication changes, sug-
gesting that patient-dependent factors played an important role in these outcomes.
Clinical Trials.gov: NCT03387813
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Key questions
What factors explain the loss of treatment effect and reduction in heart failure events during COVID-19?

Key findings
The treatment effect change was not due to COVID-19-related events. Patient management was sustained but not intensified during COVID-19.
Patient status improved during COVID-19 and pulmonary artery pressure reduced in both groups.

Take home message
Patient behaviour probably improved during COVID-19, given that patient status and pulmonary artery pressure improved during COVID-19
despite fewer medication changes and without increased contact from providers.

Structured Grapical Abstract Patient-dependent factors played an important role in the outcomes of GUIDE-HF.

Keywords Heart failure • Haemodynamics • Pulmonary artery pressure • COVID-19

Introduction
During the coronavirus disease 2019 (COVID-19) pandemic, signifi-
cant changes in the number of cardiovascular events, including heart
failure (HF) hospitalizations, have been observed in patients with
chronicHF. This was true in the population at large and in randomized
clinical trials (RCTs) conducted during the pandemic.1–10 These
changes were unanticipated and have significantly impacted the con-
duct and outcomes of RCTs. This impact was seen both in the accu-
mulation of endpoint events and in a differential effect between
control and intervention groups. The causes of these changes have
not been completely defined. Several possibilities can be postulated.
These include alterations in provider-dependent, disease-dependent,
and patient-dependent factors. Data necessary to examine these fac-
tors are not routinely gathered in standard clinical practice.

However, during the conduct of one RCT, the Hemodynamic-
GUIDEd management of Heart Failure (GUIDE-HF) trial which
used an implantable pulmonary artery (PA) pressure sensor, data

that relate to some of these potential factors were systematically col-
lected and are presented in this analysis that follows the publication
of the primary results.11,12 All clinical contacts between enrolled pa-
tients and the health management team, changes in medications (ex-
amples of provider-dependent factors), patient symptom status
[quality of life (QoL) questionnaires], cases of COVID-19 infection
(examples of disease-dependent factors), daily haemodynamic data
(PA pressures), and patient compliance with the study protocol (ex-
amples of patient-dependent factors) were quantified prior to
(pre-COVID-19) and after the onset (during COVID-19) of the
pandemic.

GUIDE-HF tested the hypothesis that haemodynamically guided
management of patients with chronic HF improves health outcomes
in New York Heart Association (NYHA) class II–IV HF patients with
either elevated brain natriuretic peptide (BNP) or N-terminal
pro-BNP (NT-proBNP) and/or a prior HF hospitalization.
Following successful implantation of a PA pressure sensor, patients
were randomized in a 1:1 ratio into one of two groups: the treatment
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group in which management of subjects was based on PA pressure
information derived from the CardioMEMS™ HF System, and the
control group in which management of subjects was based on usual
clinical care (signs, symptoms, weight, etc.) without knowledge of PA
pressure information. In follow-up studied pre-COVID-19, the pri-
mary event rate was significantly lower in the treatment group com-
pared with the control group. However, during COVID-19, this
difference was no longer evident. These results were summarized
in our recent publication of the primary results of the GUIDE-HF
trial.12 The purpose of the current analysis was to use data available
in the GUIDE-HF study to examine factors that may contribute to
loss of the differences in primary events, including HF events,
between treatment and control groups during the COVID-19 pan-
demic (Structured Graphical Abstract). These data will enhance our un-
derstanding of the effects of the COVID-19 pandemic on the rates of
HF events in the community at large and in RCTs in particular. These
data will also inform the development and analysis of other RCTs
performed during the pandemic era.

Methods

Study design
Details regarding the GUIDE-HF trial design (NCT03387813) have been
previously published.11 The randomized arm of the GUIDE-HF trial com-
pared HF management guided by PA pressures obtained remotely via an
implanted sensor with usual clinical HF management in NYHA class II–IV
HF patients. The institutional review boards approved the trial protocol
at each of the 118 participating trial sites in the USA and Canada.Written
informed consent was obtained from all patients or their authorized re-
presentatives before any study-related procedures were done.
Additional details about the participating centres and trial procedures
have already been published. In addition to applicable regional or local
laws and regulations, the GUIDE-HF trial was conducted in compliance
with the most current version of the World Medical Association
Declaration of Helsinki and 21 CFR Parts 50, 54, 56, and 812. The
authors vouch for the completeness and accuracy of the data, analyses,
and results, and for the fidelity of the trial to the trial protocol.

Participants
Eligibility criteria for this analysis were the same as previously pub-
lished.11,12 All of the patients included in the GUIDE-HF study are in-
cluded in this analysis. Briefly, patients were ≥18 years old, with NYHA
class II–IVHF, and had aHF hospitalizationwithin 12months prior to con-
sent and/or elevated natriuretic peptide levels (BNP or NT-proBNP)
within 30 days prior to consent, with thresholds pre-specified for each na-
triuretic peptide type, ejection fraction, and body mass index.11

Randomization and masking
Following successful implantation of the PA pressure sensor
(CardioMEMS™, Abbott, Abbott Park, IL, USA), patients were randomly
assigned 1:1 to the treatment group (patient management guided by PA
pressures in addition to standard-of-care guideline-directed medical
therapy) or the control group (standard-of-care patient management
using guideline-directed medical therapy without provider access to
PA pressures). Randomization was stratified by site and gender using ran-
domly permuted blocks implemented with an electronic case report
form (Oracle Clinical). The investigators were aware of the treatment as-
signments but did not have access to the PA pressures of patients in the
control group. Patients were blinded to their study group assignment and

had no access to their PA pressures. All patients were instructed to upload
daily PA pressures, and investigator monitoring of patients’ compliance with
daily PA pressure uploads was provided for both groups. Specific methods
were implemented to preserve appropriate patient blinding to treatment
group assignment: (i) blinded, scripted site-to-patient interactions which
were balanced between treatment groups; (ii) prohibiting access of blinded
site personnel to PA pressures and treatment group assignments; and (iii)
limiting post-implant PA pressures collected during hospitalizations. To
maintain patient blinding and balance in site–patient interactions, each site
designated blinded personnel for all site–patient communication related
to HF management and contacted all patients in both groups at least
once every 2 weeks for the first 3 months and then monthly until study
completion. Any symptoms reported voluntarily by the patient to blinded
personnel were documented, and a scripted response was used when ap-
plicable. Access to PA pressures and patient compliance within the
Merlin.net website was restricted to unblinded members of the study
team at each investigative site.

Follow-up clinical assessments
Following implantation and randomization, patients had follow-up visits
for clinical assessments at 6 and 12 months post-implantation including
6-min hall walk (6MHW) tests and QoL measures, including the
Kansas City Cardiomyopathy Questionnaire (KCCQ-12) and European
Quality of Life–5 Dimensions–5 Level questionnaire (EQ-5D-5L).
During COVID-19, follow-up visits were conducted remotely as needed,
including QoL and adverse event data, apart from the 6MHW test. Details
of the recommended response to elevation of PA pressures have been
published.11,12

Outcomes
The primary endpoint was a composite of all-causemortality and cumulative
HF events at 12 months. HF events included urgent HF visits requiring i.v.
diuretic therapy and hospitalizations for HF. Secondary endpoints at 12
months included the KCCQ-12, EQ-5D-5L, and 6MHWtest. PA pressures,
circulating natriuretic peptide levels, NYHA class, HF medications, site–pa-
tient contacts, and frequency of PA pressure uploads were measured. A
blinded, independent Clinical Events Committee adjudicated whether ad-
verse events met definitions for primary endpoint events. A blinded, inde-
pendent Data Safety Monitoring Board advised the Sponsor regarding the
continuing safety, validity, and scientific merit of the clinical trial.

Statistical analysis (including a COVID-19
impact analysis)
The effectiveness analysis population of the GUIDE-HF randomized arm
included all randomized patients, and statistical comparisons were be-
tween treatment and control groups. All patients in this population
were included in the primary endpoint analysis regardless of the duration
of their inclusion in the trial, and all effectiveness analyses were per-
formed from the point of randomization in the intent-to-treat popula-
tion. The primary endpoint was analysed using the Andersen–Gill
extension of the Cox proportional hazards model with robust sandwich
estimate of variance. Model assumptions were evaluated as an early step
in understanding the impact of COVID-19 in this trial. The assumption
was assessed for the time period pre-COVID-19 using a censored data-
set and methods including residual plots and non-parametric approaches.
In addition to graphical visual inspection, linear hypothesis testing was
performed by adding a time-varying covariate defined as randomization
group-by-log follow-up time to the model as well as tests for non-zero
slope of standardized Schoenfeld residuals vs. time. Evidence from these
assessments supports the proportional hazards assumption as not vio-
lated for the period pre-COVID-19.

Impact of COVID-19 on CV events 3



The potential impact of COVID-19 on all aspects of clinical trials has
been discussed by the Heart Failure Association of the European Society
of Cardiology, the European Medicines Agency, the Heart Failure
Collaboratory, and the US Food and Drug Administration (FDA).1,13–16

Sensitivity analyses were performed to assess the impact of the
COVID-19 pandemic on the primary and secondary endpoints. To as-
sess the impact of the timing of the COVID-19 pandemic—represented
in analyses by the USA national emergency declaration date of 13 March
2020—a pre-specified sensitivity analysis was performed on the primary
endpoint and its components in which event rates observed during sub-
ject follow-up occurring pre-COVID-19 were evaluated along with the
rates observed during subject follow-up occurring during COVID-19
(see Supplementary material online, Figure S1). The pre-specified primary
COVID-19 impact analysis compared the primary endpoint event rates
pre-COVID-19 with those during COVID-19 utilizing a time-varying cov-
ariate within the Andersen–Gill model. This methodology allows for
evaluation of statistical interaction between the two time periods along
with evaluation of the primary endpoint pre-COVID-19. Previous trials
impacted by COVID-19 have evaluated endpoints pre-COVID-19 using
data censored at the start of the pandemic but without comparison with
the period during COVID-19.1 This pre-specified analysis was described
in our ‘Statistical Analysis Plan’ and was reviewed and approved by the
FDA, several months prior to the last patient follow-up and to data ana-
lysis. While we acknowledge that different interaction significance
thresholds can be used, our statistical analysis plan pre-specified a signif-
icance level for all interaction terms at P, 0.15 (including the COVID-19
sensitivity analysis). To account for an increased probability of Type II er-
ror due to general interaction testing and the unplanned nature of
COVID-19, we judged that a significance level of 0.15 is a reasonable
threshold for assessing a potential change of treatment effect regarding
its relationship to the timing of COVID-19 in this study. Baseline patient
demographic data were stratified by order of enrolment between the
first 500 vs. the second 500 patients randomized (Table 1) to assess
whether patients with follow-up completed or nearly completed
pre-COVID-19 differed from those with follow-up completed during
COVID-19. Medication changes were analysed during the maintenance
phase of the study (excluding the first 90 days after randomization),
and differences in medication rates and changes in medication rates dur-
ing COVID-19 between groups were evaluated using a Wilcoxon rank
sum test. Site–patient contacts were analysed descriptively during the
maintenance phase of the study (excluding the first 90 days after rando-
mization) both for site-initiated blinded contacts and for all subject con-
tact. PA pressures were analysed using a general linear model to analyse
pressure at fixed time points (baseline, 6 months, and 12 months) and as
an area under the pressure–time curve (AUC; calculated using the trape-
zoidal rule) of each patient’s daily change in PA pressure from their base-
line PA pressure.17–21 Statistical analyses were performed using SAS
software, version 9.4 or higher (SAS Institute).

Role of the funding source
Abbott (Abbott Park, IL, USA) sponsored the trial, selected the sites, and
analysed the data. The primary endpoint and COVID-19 impact analyses
were verified by an independent statistician.

Results

Populations
Patient characteristics were largely similar between populations with
follow-up completed or nearly completed pre-COVID-19 to those
with follow-up during COVID-19 (Table 1). However, the first 500

patients included a greater proportion of NYHA class II patients
due to the study design limiting NYHA class II enrolment to 300 pa-
tients. The KCCQ-12 score and 6MHW distance were also elevated
in the first 500 patients compared with the last 500 subjects.

Effects of COVID-19 on differential event
rates in treatment vs. control groups
The COVID-19 sensitivity analysis demonstrated an interaction
P-value of 0.11 (Table 2; Supplementary material online, Figure S2),
which is lower than the pre-specified interaction P-value threshold
of 0.15, and we concluded that the null hypothesis of no difference
between pre-COVID-19 and during-COVID-19 periods could be re-
jected and subsequent analyses were merited for the time periods
pre-COVID-19 and during COVID-19. There was a significantly low-
er primary endpoint event rate in the treatment group; 0.553 events/
patient-year vs. 0.682 events/patient-year in the control group [haz-
ard ratio (HR) 0.81, 95% confidence interval (CI) 0.66–1.00; P=
0.049] for events that occurred pre-COVID-19 (before 13 March
2020). This difference was driven by the reduction in HF events as
there were no changes in all-cause mortality (Table 2). In contrast,
considering only those events that occurred during the COVID-19
pandemic (13 March 2020 and after), there was no significant differ-
ence in the primary event rate between groups (HR 1.11, 95% CI
0.80–1.55; P= 0.53); the rate remained low at 0.597 events/patient-
year in the treatment group but dropped unexpectedly by 21% to
0.536 events/patient-year in the control group (see Supplementary
material online, Figure S2).

Provider-dependent factors
The number of times patients were contacted in the treatment vs.
the control groups before and after the onset of COVID-19 are
shown in Figure 1. The number of site-initiated (blinded) calls and
the number of all subject contacts were similar in the treatment
group compared with the control group both before and during
COVID-19 (�1 contact/patient-month). Site-initiated calls were
made because of an observed change in PA pressures or represented
matching calls required by the protocol. All subject contact included
site-initiated contacts, subject-initiated contacts, other contact be-
tween site and subject (e.g. office visit), and scheduled study follow-
up visits. A site-initiated contact was counted only if the patient was
successfully reached and acknowledged receipt of instructions. The
equivalency of these data demonstrated the degree of compliance
and maintenance of blind throughout follow-up in both groups
both before and during COVID-19. In addition, there was no evi-
dence of an increase in the number of patient contacts during
COVID-19 and no evidence of a differential distribution between
groups.

In general, there were frequent changes in medications through-
out the GUIDE-HF study in both the treatment and control groups.
However, pre-COVID-19, there were nearly twice as many medica-
tion changes in the treatment group compared with the control
group, with 0.835 changes/patient-month in the treatment group
vs. 0.475 changes/patient-month in controls (P, 0.001) (Table 3).
During COVID-19, however, the monthly rate of medication
changes fell in both groups, with a 19.2% reduction in the treatment
group vs. a 10.7% reduction in controls to levels of medication
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Table 1 Demographics stratified by enrolment order: first 500 vs. second 500 randomized

First 500 subjects (n=500) Second 500 subjects (n=500) P-value

Age, years 69.4+ 10.9 (500) 68.9+ 11.2 (500) 0.66

Female sex 36.8% (184) 38.2% (191) 0.70

Race

White 82.0% (410) 79.6% (398) 0.38

Black 17.4% (87) 18.6% (93) 0.68

Asian 0.0% (0) 0.2% (1) 1.00

American Indian or Alaskan Native 0.4% (2) 0.4% (2) 1.00

Pacific Islanders 0.0% (0) 0.0% (0)

Other 0.4% (2) 1.4% (7) 0.18

Ethnicity

Hispanic 3.6% (18) 3.0% (15) 0.72

Non-Hispanic 95.4% (477) 96.6% (483) 0.42

Unknown 1.0% (5) 0.4% (2) 0.45

Body mass index, kg/m2 32.9+ 7.7 (500) 33.9+ 9.0 (500) 0.14

NYHA class

II 41.2% (206) 18.0% (90) ,0.0001

III 55.0% (275) 75.0% (375) ,0.0001

IV 3.8% (19) 7.0% (35) 0.035

Medical history

Ischaemic aetiology 42.4% (212) 37.0% (185) 0.093

Previous myocardial infarction 30.6% (153) 29.8% (149) 0.84

Previous percutaneous coronary intervention 33.0% (165) 31.6% (158) 0.69

Previous coronary artery bypass grafting 29.0% (145) 25.2% (126) 0.20

Diabetes 47.0% (235) 53.8% (269) 0.037

Cerebrovascular accident 13.8% (69) 12.4% (62) 0.57

Atrial flutter or fibrillation 61.8% (309) 56.4% (282) 0.094

Vital signs and haemodynamic analyses

Heart rate, bpm 74.0+ 12.5 (500) 74.0+ 12.3 (500) 0.94

Systolic blood pressure, mmHg 121.2+ 18.4 (500) 121.2+ 18.8 (500) 0.95

Diastolic blood pressure, mmHg 69.0+ 11.2 (500) 69.1+ 10.4 (500) 0.52

Left ventricular ejection fraction, % 39.8+ 17.2 (500) 40.3+ 17.0 (500) 0.62

Left ventricular ejection fraction .40% 45.8% (229) 48.0% (240) 0.53

PA systolic pressure, mmHg 44.8+ 14.7 (500) 45.2+ 13.9 (500) 0.27

PA diastolic pressure, mmHg 18.9+ 7.7 (500) 18.8+ 7.9 (500) 0.97

PA mean pressure, mmHg 29.3+ 9.8 (500) 29.3+ 9.7 (500) 0.68

Pulmonary capillary wedge pressure, mmHg 17.5+ 7.9 (499) 17.3+ 8.0 (499) 0.58

Cardiac output, L/min 4.74+ 1.41 (500) 4.78+ 2.64 (500) 0.18

Cardiac index, L/min/m2 2.23+ 0.60 (500) 2.23+ 1.12 (500) 0.060

Continued
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changes that were closer between groups, with 0.675 changes/
patient-month in the treatment group vs. 0.425 changes/patient-
month in the control group. In addition, the direction in which med-
ications were changed (increase, start, or resume a drug vs. decrease,
stop, temporarily discontinue a drug) in treatment vs. control, pre-
vs. during COVID-19 are presented in Table 4. In the control and
treatment groups, the rates of increase and decrease in medication
declined during COVID-19. The ratio of increases to decreases fell
during COVID-19, i.e. there were fewer increases relative to de-
creases. Therefore, during COVID-19, there was no intensification

of medical therapy; there was in fact a trend toward a decrease in
intensification. The relationship between change in medication data
and event rates in each group was considered. The treatment group
primary event rate did not rise during COVID-19 despite the fact
that the intensity of medical treatment decreased compared with
pre-COVID-19. Thus, while the event rate fell in the control group,
despite a decrease in management intensity, the treatment group
event rate did not rise. In effect, both event rates were ‘affected’,
but the control group effect was larger. Since the lowest event rates
in either the treatment or control group pre- or during COVID-19
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Table 1 Continued

First 500 subjects (n=500) Second 500 subjects (n=500) P-value

Ambulatory haemodynamics during first week

PA systolic pressure, mmHg 46.5+ 14.0 (499) 46.0+ 13.8 (497) 0.68

PA diastolic pressure, mmHg 23.0+ 7.7 (499) 22.1+ 7.4 (497) 0.11

PA mean pressure, mmHg 32.2+ 10.0 (499) 31.5+ 9.7 (497) 0.37

Heart rate, bpm 79.5+ 11.8 (499) 78.7+ 11.8 (497) 0.23

Laboratory analyses

Serum creatinine level, μmol/L 130.1+ 44.2 (493) 131.9+ 48.8 (497) 0.84

eGFR, mL/min/1.73 m2 53.7+ 21.1 (492) 53.4+ 21.0 (497) 0.82

BNP level, pg/mL 527.8+ 701.5 (246) 544.2+ 933.1 (271) 0.95

NT-proBNP level, pg/mL 2179+ 3292 (232) 2474+ 3266 (212) 0.88

Treatment history

Previous cardiac resynchronization therapy 32.8% (164) 28.2% (141) 0.13

Previous implantation of defibrillator 43.4% (217) 40.2% (201) 0.34

Guideline-directed medical therapy

ACE inhibitor, ARB, or ARNi 62.6% (313) 65.2% (326) 0.43

ARNi 27.0% (135) 29.8% (149) 0.36

Beta-blocker 88.2% (441) 89.0% (445) 0.77

Mineralocorticoid receptor antagonist 43.4% (217) 47.2% (236) 0.25

Loop diuretic 92.4% (462) 94.2% (471) 0.31

Thiazide diuretic 19.6% (98) 12.0% (60) 0.0013

Hydralazine 16.6% (83) 15.6% (78) 0.73

Nitrate 20.0% (100) 20.4% (102) 0.94

SGLT2 inhibitora 0.7% (1) 2.0% (3) 0.62

Enrolment type

HF hospitalization only 37.2% (186) 35.1% (175) 0.51

Elevated natriuretic peptide level only 41.0% (205) 47.5% (237) 0.042

HF hospitalization and elevated natriuretic peptide level 21.8% (109) 17.4% (87) 0.094

Patient-reported outcomes

KCCQ-12 at baseline, overall summary score 57.0+ 23.9 (495) 52.8+ 23.9 (496) 0.0073

6MHW at baseline, m 241.8+ 120.1 (481) 222.9+ 122.4 (475) 0.025

Continuous variables, mean+ SD (sample size); categorial variables, % (sample size).
aSGLT2 (sodium–glucose co-transporter 2) inhibitor information was only collected at baseline in 143 patients in the treatment group and 149 patients in the control group.
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centred around�0.55 events/patient-year, it is possible that this is a
theoretical ‘lowest’ possible value in this population.

Disease-dependent factors
An improvement in the disease process itself, i.e. an improvement in
HF, or an asymmetric worsening in HF progression in one of the two
groups studied could have affected a reduction in cardiovascular
events during COVID-19 and the loss of a differential effect of
haemodynamically guided management. Progression of disease may
be indicated by worsening of the following metrics: QoL scores
(KCCQ-12 and EQ-5D-5L) or 6MHW distance; in contrast, regres-
sion of disease may be indicated by improvement in these metrics.
There were no changes in mean value of KCCQ-12, EQ-5D-5L visual
analogue scale (VAS), or 6MHW comparing pre-COVID-19 vs. dur-
ing COVID-19 in either treatment or control for subjects with
follow-up ending pre-COVID-19 vs. follow-up ending during
COVID-19 (Table 5). Table 6 delineates the quantification of missing
data for each of KCCQ-12, EQ-5D-5L VAS, and 6MHWpre- vs. dur-
ing COVID-19. The PA pressure data below also support these

patterns and conclusions. Therefore, it appears unlikely that progres-
sion or regression of disease played a significant role in affecting the
outcomes of this study.

A disproportionate change in the number of non-cardiovascular- or
COVID-19-related hospitalizations or mortalities could have affected
a reduction in cardiovascular events during COVID-19. The Clinical
Events Committee adjudicated the causes and COVID-19 relatedness
of all hospitalizations and mortalities in GUIDE-HF. There were seven
events related or possibly related to COVID-19 during the trial—all
occurred in the control group. There were no changes in the propor-
tion of cardiovascular vs. non-cardiovascular events pre-COVID-19 vs.
during COVID-19 in either the treatment or the control group. There
were no differences in adverse events that could potentially be related
to haemodynamically guided management (Table 7).

Patient-dependent factors
Patient compliance in obtaining and transmitting daily PA pressure
readings was documented throughout follow-up, both before and
during COVID-19, to be in the range of 80–90% (Figure 2). There
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Table 2 Primary endpoint and components: split into pre- and during COVID-19

Endpointa Treatment (n=497)
events (rateb)

Control (n=503)
events (rateb)

Hazard ratio (95% CI),
P-valuec

Pre-COVID-19 impact analysi: primary endpoint and componentsd

HF hospitalization+++++urgent HF visits
+++++death (primary endpoint)

177 (0.553) 224 (0.682) 0.81 (0.66–1.00), P=0.049

HF events (HF Hospitalization+ urgent HF
visits) (secondary endpoint)

147 (0.450) 199 (0.595) 0.76 (0.61–0.95), P= 0.014

Urgent HF visits 23 (0.074) 23 (0.073) 1.02 (0.57–1.82), P= 0.95

HF hospitalization 124 (0.380) 176 (0.525) 0.72 (0.57–0.92), P= 0.0072

Death 30 (0.110) 25 (0.088) 1.24 (0.73–2.11), P= 0.42

All-cause hospitalizatione 312 (0.976) 355 (1.080) 0.90 (0.77–1.06), P= 0.23

During-COVID-19 impact analysis: primary endpoint and componentsd

Interaction
P-valuesf

HF hospitalization+++++urgent HF Visits
+++++death (primary endpoint)

76 (0.597) 65 (0.536) 1.11 (0.80–1.55), P=0.53 P= 0.11

HF events (HF hospitalization+ urgent HF
visits) (secondary endpoint)

66 (0.539) 53 (0.455) 1.19 (0.82–1.70), P= 0.36 P= 0.036

Urgent HF visits 5 (0.048) 4 (0.041) 1.19 (0.32–4.45), P= 0.80 P= 0.83

HF hospitalization 61 (0.490) 49 (0.414) 1.18 (0.81–1.73), P= 0.38 P= 0.029

Death 10 (0.067) 12 (0.085) 0.79 (0.35–1.83), P= 0.59 P= 0.38

All-cause hospitalizatione 108 (0.821) 93 (0.744) 1.10 (0.83–1.47), P= 0.50 P= 0.24

aEndpoints include Clinical Events Committee-adjudicated heart failure (HF) hospitalizations or urgent HF visits with an admission date after the date of implant hospitalization
discharge up to 395 days after the date of implant. All-cause deaths are included from implant date to 395 days after implant date.
bEvent rate is an annualized rate estimated from the Andersen–Gill model.
cHazard ratio, 95% confidence interval, and P-value estimated from the Andersen–Gill model with robust sandwich estimates.
dEvents and rates represent the time period prior to COVID-19, defined as data collected up to 13 March 2020, or during COVID-19, defined as data collected after 13 March 2020.
Contrast comparison hazard ratio, 95% confidence interval, and P-value estimated from the Andersen–Gill model with robust sandwich estimates.
eAll-cause hospitalizations includes all adjudicated hospitalizations.
fInteraction P-value is a joint test on the interaction term of treatment group by COVID-19 analysis time period.
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Figure 1 Number of patient contacts in the treatment and control groups before (blue) and after (red) onset of COVID-19. The number of
site-initiated (blinded) calls (A) and the number of all subject contacts (B) were similar in the treatment group compared with the control group
both before and during COVID-19. Site-initiated calls consisted of a change in pulmonary artery pressure-induced calls and all matching calls pre-
scribed by the protocol. All subject contact includes site-initiated contacts, subject-initiated contacts, other contact between site and subject (e.g.
office visit), and study follow-up visits. Patient contacts shown are after 90 days of follow-up to allow for equivalent comparison of protocol require-
ments for contact frequency between time periods.
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Table 3 Changes in medication in treatment vs. control, before and during COVID-19

Prior to COVID-19 During COVID-19

Med changes
[monthly rate]a

Subjects with
change (%)b

Med changes
[monthly rate]a

Subjects with
change (%)b

Treatment n=465 n=310

Angiotensin-converting enzyme inhibitors 55 [0.022] 31 (6.7%) 8 [0.003] 8 (2.6%)

Angiotensin receptor blocker 30 [0.011] 20 (4.3%) 18 [0.011] 13 (4.2%)

Angiotensin receptor–neprilysin inhibitor 78 [0.025] 39 (8.4%) 32 [0.019] 19 (6.1%)

Beta-blockers 152 [0.058] 82 (17.6%) 82 [0.060] 44 (14.2%)

Mineralocorticoid receptor antagonist 145 [0.057] 75 (16.1%) 45 [0.029] 32 (10.3%)

Loop diuretics 1165 [0.429] 256 (55.1%) 539 [0.382] 149 (48.1%)

Thiazide diuretic 506 [0.172] 101 (21.7%) 154 [0.126] 51 (16.5%)

Nitrates 57 [0.019] 30 (6.5%) 22 [0.016] 13 (4.2%)

Vasodilators 61 [0.025] 38 (8.2%) 13 [0.011] 9 (2.9%)

SGLT2 inhibitor 3 [0.001] 3 (0.6%) 5 [0.002] 5 (1.6%)

Calcium channel blockers 33 [0.011] 22 (4.7%) 14 [0.010] 13 (4.2%)

Digoxin 9 [0.002] 5 (1.1%) 4 [0.003] 3 (1.0%)

Sinus node If channel inhibitors 6 [0.002] 4 (0.9%) 1 [0.000] 1 (0.3%)

Total 2300 [0.835] 307 (66.0%) 937 [0.675] 178 (57.4%)

COVID-19 total reduction (% reduction) 0.160 [19.2%]c 8.6% (13.0%)d

Continued
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Table 3 Continued

Prior to COVID-19 During COVID-19

Med changes
[monthly rate]a

Subjects with
change (%)b

Med changes
[monthly rate]a

Subjects with
change (%)b

Control n=463 n=307

Angiotensin-converting enzyme inhibitors 24 [0.010] 18 (3.9%) 17 [0.009] 10 (3.3%)

Angiotensin receptor blocker 32 [0.013] 22 (4.8%) 16 [0.011] 10 (3.3%)

Angiotensin receptor–neprilysin inhibitor 52 [0.016] 35 (7.6%) 15 [0.008] 10 (3.3%)

Beta-blockers 128 [0.049] 72 (15.6%) 77 [0.117] 44 (14.3%)

Mineralocorticoid receptor antagonist 94 [0.033] 54 (11.7%) 33 [0.020] 23 (7.5%)

Loop diuretics 631 [0.230] 176 (38.0%) 285 [0.166] 101 (32.9%)

Thiazide diuretic 213 [0.075] 59 (12.7%) 78 [0.057] 29 (9.4%)

Nitrates 37 [0.013] 24 (5.2%) 15 [0.009] 11 (3.6%)

Vasodilators 26 [0.017] 20 (4.3%) 21 [0.011] 12 (3.9%)

SGLT2 inhibitor 1 [0.001] 1 (0.2%) 5 [0.003] 5 (1.6%)

Calcium channel blockers 33 [0.014] 18 (3.9%) 12 [0.010] 9 (2.9%)

Digoxin 13 [0.004] 8 (1.7%) 5 [0.003] 4 (1.3%)

Sinus node If channel Inhibitors 1 [0.000] 1 (0.2%) 2 [0.001] 1 (0.3%)

Total 1285 [0.475] 235 (50.8%) 581 [0.425] 129 (42.0%)

COVID-19 total reduction (% reduction) 0.051 [10.7%]c 8.7% (17.2%)d

Medication rate treatment vs. control
P-valuee

P,0.0001 P,0.0001

Medication rate change Treatment vs.
control P-valuef

P=0.3622

SGLT2= sodium–glucose co-transporter 2.
aTotal medication changes per category during the maintenance phase of the study (i.e. excluding the changes made during the first 90 days after randomization because of
protocol-mandated medication titrations) and average monthly rate of change per category per subject.
bTotal subjects with a medication change per category and percentage of subjects with a medication change per category.
cAbsolute reduction of total medication change rate and the percentage reduction of the total medication change rate during COVID-19.
dAbsolute change in the percentage of total subjects with a medication change and percentage reduction in the percentage of total subjects with a medication change during
COVID-19.
eP-value testing medication rates between treatment and control groups from Wilcoxon rank sum test.
fP-value testing change in medication rates between treatment and control groups from Wilcoxon rank sum test.
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Table 4 Direction of medication changes (increase vs. decrease) in treatment vs. control, pre- vs. during COVID-19

Increase, start, resume Decrease, stop, hold Ratio increase/decrease % change in ratio

Control

Pre-COVID 0.375 0.273 1.374

During COVID 0.202 0.178 1.135 −17.4%

Treatment

Pre-COVID 0.666 0.41 1.624

During COVID 0.32 0.216 1.481 −8.8%

1. Control and treatment groups, rate of increase and decrease in medication declined during COVID.
2. Ratio of increases to decreases falls during COVID; fewer increases relative to decreases; % Δ Negative #.
During COVID, there is no intensification of medical therapy; there is a decrease in intensification.
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Table 5 Disease-dependent factor: quality of life and 6MHW test

Value at 12-month follow-up Treatment Control

KCCQ-12 overall summary score

Follow-up ending prior to COVID-19 62.0+ 24.0 (140) 62.9+ 22.2 (140)

Follow-up ending during COVID-19 61.3+ 24.7 (283) 58.2+ 24.7 (271)

EQ-5D-5L VAS

Follow-up ending prior to COVID-19 68.3+ 20.9 (140) 71.5+ 18.5 (141)

Follow-up ending during COVID-19 68.8+ 19.8 (283) 66.4+ 21.9 (271)

6MHW distance

Follow-up ending prior to COVID-19 230.4+ 133.2 (124) 245.1+ 136.1 (130)

Follow-up ending during COVID-19 246.0+ 130.0 (171) 230.7+ 135.3 (168)

Data are presented as the mean+ SD (sample size)
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Table 6 Effect of COVID-19 on missing data

Patient-reported
outcome

Visit with partially
missing data (n=942)

Visit with completely
missing data (n=942)

Visit with any missing
data (n=942)

Subjects with any
missing data (n=660)

KCCQ-12

Prior to COVID-19 2.2% 2.7% 4.9% 4.7%

During COVID-19 1.2% 5.1% 6.3% 6.1%

EQ-5D-5L

Prior to COVID-19 0.2% 2.4% 2.7% 2.6%

During COVID-19 0.1% 5.0% 5.1% 4.9%

6MHW

Prior to COVID-19 NA 11.5% 11.5% 10.2%

During COVID-19 NA 47.7% 47.7% 40.0%

Partially: patient-reported outcome data were incomplete; Completely: patient-reported outcome data were not collected; Any: patient-reported outcome data were incomplete or
not collected.
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Table 7 Adverse events: potentially related to haemodynamically guided management

Adverse event Pre-COVID-19 During COVID-19

Treatment (n=497) Control (n=503) Treatment (n=310) Control (N=307)

Events
[rate]

% Subjects Events
[rate]

% Subjects
with event

Events
[rate]

% Subjects
with event

Events
[Rate]

% Subjects
with Event

Hypotension 15 [4.56] 2.6% (13/497) 11 [3.26] 2.2% (11/503) 0 [0.00] 0.0% (0/310) 2 [1.56] 0.7% (2/307)

Hypovolaemia 8 [2.43] 1.6% (8/497) 3 [0.89] 0.6% (3/503) 1 [0.74] 0.3% (1/310) 2 [1.56] 0.7% (2/307)

Renal failure 23 [7.00] 3.8% (19/497) 22 [6.51] 4.2% (21/503) 3 [2.23] 0.6% (2/310) 14 [10.9] 3.9% (12/307)

Hyperkalaemia 1 [0.30] 0.2% (1/497) 1 [0.30] 0.2% (1/503) 0 [0.00] 0.0% (0/310) 0 [0.0] 0.0% (0/307)

Hypokalaemia 1 [0.30] 0.2% (1/497) 2 [0.59] 0.4% (2/503) 0 [0.00] 0.0% (0/310) 1 [0.78] 0.3% (1/307)

10 M.R. Zile et al.



was a slight decline in pressure reading compliance observed over
time, with non-significant lower compliance in the control group,
but there were no clinically relevant changes between the groups
over time.
Overall during the total follow-up time period, daily AUC for

mean PA pressure decreased in both treatment and control groups,
with significantly greater reduction in the treatment group −792.7
+ 1767 mmHg-days vs. control −582.9+ 1698.1 mmHg-days (P
= 0.0402) (Table 8; Supplementary material online, Figure S7A).
Pre-COVID-19, a reduction of the AUC was observed in both
groups, with significantly greater reduction in the treatment group
(−518+ 1327 mmHg-days vs. control −324+ 1329 mmHg-days;
P= 0.014) (Table 8; Supplementary material online, Figure S7B and
Supplementary material online, Table S2A). To examine changes in
AUC specific to the time period during COVID-19, a new baseline
value was established as of COVID-19 onset (13 March 2020) and
AUC calculations restarted. During COVID-19, a small reduction
of the AUC was observed in both groups; however, there were
no significant differences between the treatment and control groups
(Table 8; Supplementary material online, Figure S7C and
Supplementary material online, Table S2B).
Overall, during the total follow-up time period, daily mean PA pres-

sure decreased in both treatment and control groups, with significantly
greater reduction in the treatment group (mean PA pressure decreased
from baseline to 12 months by −2.4+ 5.2 mmHg) vs. the control
group (−1.7+ 5.0 mmHg, P= 0.033) (Table 8; Figure 3A). During the
pre-COVID-19 period, a reduction in daily mean PA pressure was ob-
served in both groups, with significantly greater reduction in the treat-
ment group (mean PA pressure decreased from baseline to 12 months

by −2.1+ 4.8 mmHg) vs. the control group (−1.4+ 4.8 mmHg, P=
0.016) (Table 8; Figure 3B). During COVID, there were small changes in
daily mean PA pressure in both groups, with no significant differences
between groups (Table 8; Figure 3C).

Similar data patterns were seen using PA systolic and diastolic
pressures (Table 8; Supplementary material online, Figures S4–S6).

Discussion
Data obtained from the GUIDE-HF trial provided a unique opportu-
nity to examine several factors potentially related to the changes in
the primary event rate and the loss of the differential effects on the
primary event rate between treatment and control groups that oc-
curred in GUIDE-HF and similar findings that have been observed
in other studies performed during the COVID-19 pandemic.1

These GUIDE-HF data support several novel findings. First, the de-
crease in the number of primary events, including HF events, that oc-
curred during COVID-19 in GUIDE-HF was not associated with
provider-dependent intensification of medical care. Intensification
of medical care could have been evident by an increase in the number
of times a patient was contacted by the study site team or an increase
in the number of medication changes made. Neither occurred during
COVID-19; the number of patient contacts was unchanged and the
number of medication changes was reduced. Second, there was no
evidence that the underlying disease progression common to all pa-
tients with HF was modified during COVID-19. Third, there was no
evidence that severe COVID-19 infections differentially affected
event rates in the two study groups. Fourth, the decrease in the

Figure 2Average patient compliance in obtaining and transmitting daily pulmonary artery (PA) pressure readings. Data demonstrate good subject
compliance overall throughout follow-up, both before and during COVID-19 (�80–90%). There was a slight decline in PA pressure reading com-
pliance observed over time (similar to that observed in CHAMPION) with slightly less compliance in the control group, but there were no statis-
tically significant differences between groups at any follow-up time.
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primary event rate during COVID-19 was not associated with wor-
sening haemodynamic abnormalities or the development of more
advanced and decompensated HF status. In fact, during COVID-19,
the daily measured mean PA pressure and the cumulative change
in mean PA pressure (AUC) fell in both the control and treatment
groups in a similar manner. Taken together, these data suggest, but
do not definitively prove, that changes in patient-dependent factors
may be most likely to be responsible for the observed changes in the
primary event rate and the loss of the differential effects on the pri-
mary event rate between treatment and control groups during
COVID-19.

Relationship between medication
optimization and measured pressures
After PA sensor implantation, there was a period of medication op-
timization. Once PA pressures were optimized, patients entered a
maintenance phase (typically after �3 months) in which further
changes in medications were guided by interval changes in pressures.
All patients had been followed for at least 3 months at the onset of
COVID-19, suggesting that differences in medication optimization
alone, particularly as it related to timing of the COVID-19 pandemic,
are unlikely to be responsible for loss of group differences during
COVID-19. However, the time course of the PA pressure changes
over time in each group at each time period do provide some
insights. During the pre-COVID-19 period, after �5 months of
follow-up, pressures in the control group rose while pressures in
the treatment group fell. While neither of these directional changes
is necessarily ‘statistically significant’, we interpret these data to sug-
gest that continued ‘active haemodynamically guided management’,
even after the optimization period, resulted in continued declines
in pressure in the treatment group pre-COVID-19. This is aligned
with the CHAMPION trial, in which the effects of haemodynamically
directed management on study outcomes did not diminish after the
optimization phase;18,19,22 rather, the annualized rate of HF hospita-
lizations continued to fall over a 2-year time period.

However, a different pattern in pressure over time emerged dur-
ing COVID-19. In both the control and treatment groups, pressures
fell continuously during follow-up, with no differentiating pattern
emerging in the control vs. treatment group. We interpret these
data to suggest that the presence of COVID-19 and changes in be-
havioural patterns in both the control and treatment groups influ-
enced the outcomes and were not dependent on the optimization
period changes.

Effects of COVID-19 pandemic mandates
The COVID-19 pandemic mandated social distancing, business re-
strictions, mask wearing, and teleworking that may have had several
effects on patient-dependent factors that could alter measured out-
comes. For example, there has been a significant decrease in the in-
cidence of non-COVID-19-related infectious diseases such as
influenza.23 Influenza and other communicable illnesses are known
to increase the rate of cardiovascular events in patients with chronic
HF. The effects of these mandates on other patient-dependent fac-
tors are not as clear. For example, it appears from some studies
that the overall activity level may have decreased, with an associated
increase (or constant) calorie consumption leading to weight
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gain.24,25 In HF patients, particularly those with preserved ejection
fraction, weight gain has been associated with disease progression
and increased likelihood of cardiovascular events. In contrast, some
patients may have increased at-home exercise (using a home gym),
increased the number and quality of home-prepared meals rather
than commercially prepared meals, and maintained (or decreased)
body weight. Diet changes with fewer commercially prepared com-
ponents would be expected to have a marked decrease in sodium
chloride and to reduce filling pressures and blood pressure.
Patients may have also been more compliant with their medication
regimen while staying at home, thus improving overall outcomes.
While social isolation may have decreased the incidence of
non-COVID-19-related infectious diseases, it may also have contrib-
uted to increased emotional stress, depression, alcohol consump-
tion, and inactivity, all of which may increase activation of the
sympathetic nervous system and increased cardiovascular
events.26,27 No clear conclusions can be reached from the data pro-
vided by GUIDE-HF with respect to these factors. In contrast, the
observed decrease in the primary event rate and the observed de-
crease in PA pressures support the presence of a change in an

incompletely defined set of patient-dependent factors that contrib-
uted to these results.

An additional patient-dependent factor postulated to affect the
decreases in hospitalization rate is fear-based avoidance of seeking
healthcare services, even with extreme symptoms, hoping to avoid
exposure to COVID-19. This behaviour may have a direct impact
on mortality, in both HF and other acute cardiovascular emergencies
such as myocardial infarction. Indeed, dramatic increases in at-home
deaths were reported in Italian and US COVID-19 epicentres that
were temporally associated with decreased emergent visits for acute
myocardial infarction and HF. Increased at-home mortality may be
the result of inappropriate healthcare avoidance. Patient reluctance
to access outpatient or inpatient clinical care, and patient choice to
delay care even when symptomatic, should have resulted in hospita-
lizations of patients with more advanced disease, more intense and
prolonged hospital care, and increased hospital mortality.
However, the majority of published studies to date do not support
these expected outcomes. Instead, patients admitted with HF during
COVID-19 did not have more advanced disease and had similar
lengths of stay and in-hospital mortality compared with

Figure 3 Average daily mean pulmonary artery (PA) pressure data in treatment vs. control groups before and during COVID-19. Baseline values
are the average of the first 7 days of home PA pressure readings. The thicker lines represent the trend lines and thin lines represent the raw data.
(A) Average daily mean PA pressure data in the treatment vs. control groups for the total follow-up period. A reduction in daily mean PA pressure
was observed in both groups, with significantly greater reduction in the treatment group (mean PA pressure decreased from baseline to 12 months
by−2.4+ 5.2 mmHg) vs. control (−1.7+ 5.0 mmHg, P= 0.033). (B) Average daily mean PA pressure data in the treatment vs. control groups for
the pre-COVID-19 follow-up period. A reduction in daily mean PA pressure was observed in both groups, with significantly greater reduction in the
treatment group (mean PA pressure decreased from baseline to 12 months by −2.1+ 4.8 mmHg) vs. control (−1.4+ 4.8 mmHg, P= 0.0159).
(C ) Average daily mean PA pressure data in the treatment vs. control groups for the during COVID follow-up period. During COVID-19 there
were negligible changes in daily mean PA pressure in both groups, with no significant differences between groups.
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pre-COVID-19 time periods.28–32 Control and treatment subjects in
the GUIDE-HF trial did not have an increase in cardiovascular events,
including mortality, or worsened haemodynamic decompensation
during the COVID-19 pandemic. In fact, disease severity based on
haemodynamic assessment improved during the time period that
cardiovascular events declined. The intensity of medical management
as judged by the number of changes made in medications/patient-
month declined in both control and treatment groups. Despite this
‘reduction’ in treatment intensity, event rates (and PA pressure) de-
clined in the control group and remained unchanged in the treatment
group during COVID-19.

Clinical, research, and regulatory issues
Analyses performed in this study were motivated by several clinical,
research, and regulatory issues that have arisen during the
COVID-19 pandemic. Clinical data reported from centres in the
USA, Europe, and Asia showed a decrease in the number of HF hos-
pitalizations when comparing 2019 pre-COVID-19 with 2020 during
COVID-19 time periods.1–10 These percentage reductions have var-
ied from �25% to 75%, but average �40%.
Because the COVID-19 pandemic has functionally affected HF epi-

demiology,4,5 it has also presented an unpredictable threat to the
conduct of clinical trials and interpretation of the results.13–16

Based on recommendations by the Heart Failure Association of
the European Society of Cardiology,13 the European Medicines
Agency,14 and the US FDA,15 it has been suggested that the statistical
analysis plans for RCTs performed during the pandemic should in-
clude a pre-COVID-19 sensitivity analysis, analyse data prior to a
date related to the declaration of the COVID-19 pandemic, and pre-
specify a revised statistical analysis plan before locking the database.
These recommendations were followed with pre-specified statistical
analyses of the primary endpoints in GUIDE-HF and provide the ra-
tionale for the data analysis performed in this study. Since the
COVID-19 sensitivity analysis demonstrated an interaction P-value
of 0.11, which is lower than the pre-specified interaction P-value
threshold of 0.15, evidence supported a difference between periods
pre- and duringCOVID-19, and subsequent analyses weremerited for
the time periods prior to and during COVID-19. Given the significant
treatment × period interaction and the change in directionality of
treatment effect between periods, we also compared the event rate
change within each treatment arm pre-COVID-19 and during
COVID-19. The change in HR during COVID-19 seems to be largely
due to a reduction in the event rate for the control group during
COVID-19 compared with the event rate in the control group
pre-COVID-19. We acknowledge that the P-value, in comparing the
event rate pre- vs. during COVID-19 in the control group, was not sig-
nificant (P= 0.12). However, the intent of this study is not to claim sig-
nificance in the reduction of events within the control group but—
given the significant treatment × period interaction for COVID-19
—to evaluate what may have changed during COVID-19 to explain
the loss of treatment effect during COVID-19. These data will be im-
portant to the evaluation of a number of trials that collected endpoints
during the pandemic and to those trials that continue to do so. The
GUIDE-HF study contains unique data collected during the
COVID-19 pandemic which can provide an important perspective re-
garding patient status during the pandemic, including medications, PA
pressures, and subject contact.

Limitations
The GUIDE-HF trial was designed and initiated well before the
COVID-19 pandemic. Thus, the data points measured in the
GUIDE-HF trial were not designed to comprehensively and specifi-
cally answer the question: why did HF event rates change during
the COVID-19 pandemic? In retrospect, several patient-dependent
measurable factors would have further informed and potentially sup-
ported the conclusions presented above. For example, the quantifi-
cation of dietary composition and quality, activity levels,
socioeconomic factors, medication availability and compliance,
changes in emotional stress, and many other foreseeable and unfor-
eseeable issues could have contributed to patient-dependent factors
that would have helped to explain the outcomes of GUIDE-HF and
other trials performed during COVID-19. However, the limitations
in this study imposed by the absence of all possible data should
not impede our efforts to draw at least hypothesis-generating con-
clusions from the unique data that were available in the
GUIDE-HF trial and interpret these data in light of other published
data that may support these conclusions. Furthermore, the
GUIDE-HF trial does provide reasonably definitive data that rule
out some possible explanations for the changes in event rates seen
during the COVID-19 pandemic that would not have been possible
to assess without the measurements available in this trial.

Conclusions
In the GUIDE-HF study, during COVID-19, the primary event rate
decreased in the control group and remained low in the treatment
group, resulting in an effacement of group differences and a loss in
the treatment effects that were present pre-COVID-19. These out-
comes did not appear to result from changes in provider-dependent
or disease-dependent factors. PA pressures decreased despite a re-
duction in the number of provider-prescribed medication changes in
both groups. These data suggest that patient-dependent factors may
have played an important role in these outcomes.
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