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Abstract

Background—An unprecedented shift to remote heart failure outpatient care occurred during the
Covid-19 pandemic. Given challenges inherent to remote care, we studied whether remote visits
(video or telephone) were associated with different patient usage, clinician practice patterns, and
outcomes.

Methods—We included all ambulatory cardiology visits for heart failure at a multi-site health
system from 4/1/2019-12/31/2019 (pre-Covid) or 4/1/2020-12/31/2020 (Covid era), resulting in
10,591 pre-Covid in-person, 7,775 Covid-era in-person, 1,009 Covid-era video, and 2,322 Covid-
era telephone visits. We used multivariable logistic and Cox proportional hazards regressions with
propensity weighting and patient clustering to study ordering practices and outcomes.

Results—Compared to in-person visits, video visits were used more often by younger (mean
64.7 years (SD 14.5) vs. 74.2 (14.1), male (68.3% vs. 61.4%), and privately insured (45.9%

vs. 28.9%) individuals (p<0.05 for all). Remote visits were more frequently used by non-White
patients (35.8% video, 37.0% telephone vs. 33.2% in-person). During remote visits, clinicians
were less likely to order diagnostic testing (OR 0.20 (0.18-0.22) video vs. in-person, 0.18 (0.17-
0.19) telephone vs. in-person) or prescribe beta-blockers (0.82 (0.68-0.99), 0.35 (0.26-0.47)),
MRAs (0.69 (0.50-0.96), 0.48 (0.35-0.66)), or loop diuretics (0.67 (0.53-0.85), 0.45 (0.37-0.55)).
During telephone visits, clinicians were less likely to prescribe ACE/ARB/ARNIs (0.54 (0.40-
0.72)). Telephone visits but not video visits were associated with higher rates of 90-day mortality
(1.82 (1.14-2.90)) and non-significant trends towards higher rates of 90-day heart failure ED visits
(1.34 (0.97-1.86)) and hospitalizations (1.36 (0.98-1.89)).
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Conclusions—Remote visits for heart failure care were associated with reduced diagnostic
testing and GDMT prescription. Telephone but not video visits were associated with increased
90-day mortality.
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therapy

Background

Methods

The Covid-19 pandemic resulted in an unprecedented large-scale shift from in-person to
remote visits for outpatient medical care. In the US, policy changes, including formalized
reimbursement as well as the relaxing of licensing, HIPAA, and prescription regulations,
have further encouraged this transition.! Remarkably, the number of Medicare beneficiaries
using telemedicine services grew from 13,000 individuals a week prior to the Covid-19
pandemic to nearly 1.7 million individuals a week since the last week of April 2020.2

Remote outpatient visits are especially important for heart failure patients as such

patients are at particularly high risk for adverse outcomes from Covid-19.3-° However,
while limiting in-person visits may mitigate infectious risks, heart failure patients may

also be particularly vulnerable to the shortcomings of remote visits. Remote care can

pose unique challenges including barriers in accessing and/or using required technology,
decreased clarity of communication, and an inability to perform comprehensive physical
examinations.® Heart failure patients have high rates of hospital admission and many require
intensive outpatient care and monitoring to manage volume status, titrate guideline-directed
medical therapies (GDMT), and decide when more advanced therapies such as mechanical
circulatory support or heart transplant may be warranted. As such, impediments to ordering
tests or medications as well as to monitoring patients for decompensations may significantly
impact the quality of care and outcomes in this population.

However, few studies have reported the effects of remote visits on heart failure care
practice patterns and outcomes.”:8 We hypothesized that because of challenges of remote
care, including difficulties with assessing volume status, electrolytes, and renal function,
clinicians might prescribe fewer GDMT medications and diuretics and decrease ordering

of diagnostic and laboratory tests. We additionally hypothesized that these differences in
care patterns might result in increases in emergency department visits, hospitalizations, and
mortality. To test these hypotheses, we examined the ordering frequencies of diagnostic tests
and GDMT as well as rates of 90-day emergency department visits, hospital admission, and
mortality for all remote and in-person ambulatory cardiology visits for heart failure at our
multi-site health system in the Covid-era period (4/1/2020-12/31/2020). We then compared
these visits to those from the same period one year before, during the pre-Covid period
(4/1/2019-12/31/2019).

The data for this study is available from the corresponding author upon reasonable request.
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We identified all ambulatory cardiology visits with an encounter diagnosis of heart failure
at our large multi-site urban health system conducted during the periods of 4/1/2019—
12/31/2019 or 4/1/2020-12/31/2020. This included both in-person visits and remote visits
conducted by 147 different clinicians across 31 affiliated cardiology groups. As this analysis
was conducted on the visit level, a patient could have multiple visits during the study
period. Remote visits consisted of either telephone or video appointment. Clinicians selected
the video platform utilized for video visits; platforms included an electronic health record
(EHR) based platform (Epic Systems) or third party vendor (Doximity, Zoom, or WebEX).
The 4/1/2020-12/31/2020 period was chosen as remote visits were most frequent during
this visit. The comparator cohort from 4/1/2019-12/31/2019 was used to minimize seasonal
fluctuations in patient composition and ordering practices. We used visit-level encounter
information available from the EHR to determine visit type (in-person vs. video vs.
telephone), patient demographics, visit date, number of visits per patient during the study
period, scheduled visit duration, encounter diagnoses, and all diagnostic and medication
orders associated with each visit. We further investigated the ordering frequencies of the
most common cardiology-specific diagnostic tests including electrocardiograms (ECGs),
transthoracic echocardiograms, coronary computed tomography angiography, nuclear stress
imaging, stress echocardiogram, exercise stress ECG, coronary artery calcium scan, cardiac
magnetic resonance imaging, and external ECG monitoring tests (such as Zio patch
monitors). Laboratory tests of interest included brain natriuretic peptide, lipid panel,
complete blood count, metabolic panel, coagulation studies, erythrocyte sedimentation

rate, and C-reactive protein tests. We linked patient records with echocardiogram data

to determine heart failure characteristics including whether a patient’s heart failure was
heart failure with reduced ejection fraction (HFrEF, defined as having had an LVEF <

50% anytime in the past), LVEF, left ventricular end diastolic diameter, right ventricular
systolic function, and right ventricular end diastolic diameter. Using EHR data from all
hospitalizations in our system across all prior dates, we determined the total number of
previous heart failure-related hospitalizations for each patient.

To assess ordering patterns for heart failure medications and GDMT, we looked at a
sub-cohort of visits involving patients with a measured left ventricular ejection fraction <
35%, determined by echocardiogram data. We defined GDMT according to the most recent
ACC/AHA heart failure management guidelines.®10 We examined prescription rates of beta-
blockers (metoprolol, carvedilol, bisoprolol), ACE-inhibitors (ACEi), angiotensin receptor
blockers (ARB), angiotensin receptor-neprilysin inhibitors (ARNI), mineralocorticoid
receptor antagonists (MRA), hydralazine (in Black patients only), nitrates (isosorbide
dinitrate or isosorbide mononitrate, in Black patients only), digoxin, and loop diuretics
(furosemide, bumetanide, torsemide, and ethacrynic acid).

ED visits, hospitalizations, and deaths were derived from EHR data. We included all ED
visits and hospitalizations that had an encounter diagnosis of heart failure and further limited
it only to the most recent visits/admissions within 90 days of a cardiology clinic visit for
heart failure. We excluded ED visits, hospitalizations, and deaths that were due to Covid-19
infection. Notably, hospitalization numbers were higher than ED visit numbers, because of a
substantial number of patients who were directly admitted to the hospital without being seen
in the ED.
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The study protocol was approved by the Cedars-Sinai Medical Center Institutional Review
Board.

Statistical Analysis

Visits were stratified by time period (pre-Covid vs. Covid-era) and visit type (in-person vs.
video vs. telephone). For each visit type, patient and visit characteristics were expressed
as frequency counts and percentages. We compared rates of medication and diagnostic test
ordering by visit type. The differences in discrete variables between groups were evaluated
by the chi-square test. Differences in continuous variables were evaluated using the t-test.

We used multivariable logistic regression to study the association between visit type and
the odds of ordering diagnostic tests and heart failure medications as well as between visit
type and odds of ICU admission. We used multivariable linear regression to study the
association between visit type and hospital length of stay among those patients who were
hospitalized within 90 days of their clinic visit. We used Cox proportional hazards models
to study hazard rates of heart failure related ED visits and hospital admissions as well

as mortality according to visit type. For all multivariable analyses we employed “doubly
robust” estimation of causal effects, adjusting for both patient and visit covariates as well as
propensity score weighting according to the propensity for being seen by remote visit.11:12
Covariates included age, sex, race, insurance status, visit length, calendar date, and specific
visit diagnoses (coronary artery disease, hypertension, atrial fibrillation/flutter, diabetes
mellitus, valvular disease, and chronic kidney disease). Since a patient could contribute
multiple visits, we additionally clustered all analyses by patient to adjust for correlation
across visits for the same patient. Lastly, we visualized incidence of ED visits, hospital
admissions, and deaths binned into two month periods, displaying mean event rate and
standard error estimates.

Sensitivity analyses

We conducted four sensitivity analyses to assess the robustness of our results to possible
confounding. First, we compared our results when using unadjusted analyses as well as
after adjustment by multivariable regression, patient clustering, and propensity weighting.
Second, we repeated all analyses of GDMT prescribing patterns and HF outcomes in only
those patients who were seen during both the pre-Covid and Covid eras, thus ensuring
similar patient populations in the pre-Covid and Covid era groups. Third, we repeated all
analyses including only outpatient visits that occurred outside of the peak Covid-19 surge
months in Los Angeles (June and December), thereby reducing the contribution of effects
from the pandemic. Fourth, we repeated all analyses using gastrointestinal bleeding (ICD-10
code K92) and the composite of stroke/transient ischemic attack (T1A)/thromboembolism
(ICD-10 codes 160, 162, 163, 164.9, G45, 174, 126, 121, 123) as falsification endpoints as a
check on whether there were additional baseline differences across patient groups that were
not accounted for.

All analysis was performed with R software (version 3.4.1, Vienna, Austria). Cox
proportional hazard models were conducted using the survival and survminer packages.
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Results

Visit usage and characteristics

There were 11,106 outpatient cardiology visits for heart failure in the Covid-era study period
(4/1/2020-12/31/2020), with 7,775 (70.0%) visits conducted in person, 1,009 (9.1%) by
video, and 2,322 (20.9%) by telephone (Table 1). This is compared to 10,591 visits that were
all conducted in person during the Pre-Covid study period (4/1/2019-12/31/2019). We found
that patient characteristics were largely similar when comparing pre and Covid periods with
some statistically significant differences that were small in magnitude (Table 1).

When comparing remote to in-person visits during the Covid era, video and telephone

visits were more likely to be with patients who were non-White (35.8% video, 37.0%
telephone vs. 33.2% in-person) (Table 1). Those seen by video visits were more likely to be
younger (64.7 years old (14.5) video vs. 74.2 (14.1) in-person), male (68.3% vs. 61.4%), and
privately insured (45.9% vs. 28.9%), while those seen by telephone visits were more likely
to be female (42.4% telephone vs. 38.6% in-person) (p<0.05 for all comparisons). Overall,
remote visits were with patients with similar comorbidity profiles compared with in-person
visits.

With regards to heart failure characteristics, remote visits had a higher proportion of patients
with HFrEF (72.5% video, 63.0% telephone vs. 56.3% in-person) with a higher proportion
of patients with an LVEF < 35% (62.2%, 49.1% vs. 43.9%), more dilated left ventricles at
end diastole (mean 5.3 cm (SD 1.1), 5.0 (1.1) vs. 4.9 (1.1)) as well as higher percentage
with at least moderate RV dysfunction (17.3%, 12.7% vs. 10.6%). Nevertheless, patients
seen across the different visit types had a similar number of prior heart failure admissions
(0.9 admissions (1.8), 1.1 (3.5) vs. 0.9 (3.3)). Patients seen by remote visit had shorter visit
durations (27.4 minutes (9.7), 22.2 (12.1) vs. 28.3 (16.5)) but more total visits during the
study period (3.6 visits (3.0), 3.5 (3.1) vs. 3.1 (3.2)).

Diagnostic testing

Multivariable analyses adjusting for patient and visit characteristics showed that clinicians
ordered significantly fewer tests per visit in the Covid era compared to pre-Covid (OR 0.51
(95% C1 0.48-0.54)) (Table 2). This reduction in ordering held true for electrocardiograms
(0.51 (0.47-0.54)), stress echocardiograms (0.38 (0.26—0.55)), and most laboratory tests.
We found a further decrease in test ordering when comparing Covid-era remote visits to
Covid-era in-person visits (0.20 (0.18-0.22) video vs. in-person, 0.18 (0.17-0.19) telephone
vs. in-person), with the same pattern of reduction occurring across multiple diagnostic and
lab tests.

GDMT prescription

To assess rates of GDMT prescription, we studied a subset of visits involving patients with
heart failure and an ejection fraction < 35% (N= 9960 visits: 5182 Pre-Covid in-person,
3414 Covid-era in-person, 628 Covid-era video, 1140 Covid-era telephone). We found that
after multivariable adjustment for patient and visit characteristics, during patient visits,
clinicians in the Covid era compared to the pre-Covid era were less likely to prescribe
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any GDMT (OR 0.80 (0.72-0.90)) with specific reductions in the prescribing rates of
beta-blockers (0.83 (0.73-0.94)) and ACE/ARB/ARNIs (0.58 (0.47-0.72)) (Figure 1).

When comparing video to in-person visits during the Covid era, clinicians prescribed fewer
beta-blockers (0.82 (0.68-0.99)), MRAs (0.69 (0.50-0.96)), nitrates (0.18 (0.04—0.90)),
hydralazine (0.29 (0.10-0.82)), and loop diuretics (0.67 (0.53-0.85)). When comparing
telephone to in-person visits during the Covid era, clinicians were significantly less likely
to prescribe any GDMT (0.39 (0.30-0.50)), including beta-blockers (0.35 (0.26-0.47)),
ACE/ARB/ARNI (0.54 (0.40-0.72)), MRAs (0.48 (0.35-0.66)), digoxin (0.28 (0.13-0.58)),
and loop diuretics (0.45 (0.37-0.55)).

Lastly, we quantified the incidence of heart failure-related ED visits and hospital admissions
as well as death within 90 days of outpatient cardiology clinic visits for heart failure

(Figure 2). We found that patients had similar rates of 90-day heart failure related ED visits
(HR 0.92 (0.78-1.10)), hospitalizations (0.91 (0.76-1.09)), and mortality (1.14 (0.82-1.57))
when comparing Covid-era to pre-Covid visits after multivariable adjustment for patient and
visit characteristics. Among those who were hospitalized, patients in the Covid era had a
longer hospital length of stay (mean difference 1.15 days (95% CI 0.08-2.22)) and greater
chance for requiring ICU care (OR 1.46 (1.05-2.02)).

During the Covid era, patients seen by video compared to those seen in-person did not

have significantly different rates of 90-day ED visits (0.94 (0.62-1.41)), hospitalization
(1.13 (0.76-1.68)), or mortality rates (1.74 (0.82-3.71)), although the overall number of
events was low. Those seen by telephone compared to those seen in-person had higher
hazard rates for mortality (HR 1.82 (1.14-2.90)) and trended toward higher hazard rates

for heart failure related ED visits (1.34 (0.97-1.86)) and hospitalizations (1.36 (0.98-1.89)).
Among those hospitalized for heart failure in the Covid era, when compared to patients seen
as an outpatient by in-person visit, those seen by remote visit did not have significantly
different hospital lengths of stay (mean difference 2.52 days (95% CI —0.20-5.24) video vs.
in-person, —0.64 (—2.2-0.90) telephone vs. in-person). The chance of ICU admission was
higher after a video visit (OR 2.25 (1.02- 4.96)) or a telephone visit (1.91 (1.13- 3.23)).

When stratifying our data by time, we found that the incidence of 90-day heart failure
related ED visits, hospitalizations, and mortality were similar or lower for Covid-era clinic
visits from April to August compared to pre-Covid visits during the same months (Figure 3).
However, from September through December, Covid-era telephone visits resulted in higher
rates of ED visits, hospitalizations, and mortality.

Sensitivity Analyses

We saw similar results with regards to GDMT prescribing patterns and HF outcomes

in unadjusted analyses as well as after adjustment by multivariable regression, patient
clustering, and propensity weighting (Figure 4, Supplemental Table 1). We also found
consistent results after restricting our dataset to only those patients who were seen during
both the pre-Covid and Covid periods, as well as after restricting our sample to only
patient seen during months when the pandemic was least severe (non-Covid-19-surge
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months) (Figure 4, Supplemental Table 1). In considering falsification endpoints, we found
no statistically significant differences across patient groups in the combined incidence of
stroke/T1A/thromboembolism: Pre-Covid vs. Covid-era (HR 1.05 (95% CI 0.75-1.48)),
Covid-era video vs. Covid-era in-person (2.51 (0.17-37.5)), Covid-era telephone vs. Covid-
era in-person (0.62 (0.28-1.35)). There were also no significant differences in incidence of
gastrointestinal bleeding: Pre-Covid vs. Covid-era (1.38 (0.96-1.97)), Covid-era video vs.
Covid-era in-person (1.23 (0.71-2.15)), Covid-era telephone vs. Covid-era in-person (0.51
(0.19-1.36)).

Discussion

In this study of 21,697 outpatient cardiology visits for heart failure, we compared the patient
characteristics, ordering practices, and patient outcomes for individuals seen by remote and
in-person visits in the Covid era to those seen by in-person visits in the Pre-Covid era. We
found that compared to in-person visits in the Covid era, remote (video and telephone) visits
were more frequently used by patients from racial and ethnic minority groups, but that video
visits were more often used by male, younger, and privately insured patients. Remote visits
were more frequently with patients who had HFrEF, severe left ventricular dysfunction, and
at least moderate RV dysfunction, although these patients on average did not have more
prior hospitalizations compared to those seen in-person. During remote visits, clinicians
ordered fewer diagnostic tests and less GDMT and loop diuretics, with this reduction in
ordering being more pronounced during telephone visits compared to video visits. With the
lower testing and prescribing frequencies, patients seen by telephone visit had higher rates
of 90-day mortality with trends towards higher 90-day rates of heart failure ED visits and
hospitalizations when compared to those seen by in-person visits. There was no difference in
outcomes with video visits, although the total number of recorded events were low. This is
one of the first reports of changes in practice patterns and patient outcomes associated with
the transition from in-person to remote heart failure care in the Covid era.

While remote heart failure care has been in use for years, its widespread adoption during
the Covid-19 pandemic has laid the foundations for telemedicine to become a standard

and significant component of future heart failure care.! Telemedicine interventions can

be effective for monitoring patients for decompensation, ensuring safe transitions from
inpatient to outpatient settings, and titrating GDMT.13-20 However, while many of these
findings were in carefully monitored trial settings, the Covid era represents one of the first
opportunities to observe and study the effects of remote heart failure care on a large scale
and in the real world. Moreover, almost all prior studies examined the effects of specific
individual interventions and almost none to-date have described the effects of using remote
visits as the primary form of outpatient heart failure care. Describing the effects of this
transition to remote care is important to benchmark the effectiveness of current telemedicine
practices and identify best practices as well as areas for potential improvement. We focused
on three important areas to assess the efficacy of remote heart failure care: (1) patient usage
of care, (2) testing and prescribing patterns, and (3) patient outcomes within 90 days of
outpatient visit.
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Patient usage of remote heart failure care

As the use of telemedicine grows, a concern has developed around disparities in access to
these services, driven by the “Digital Divide”.21:22 Individuals who are older, poorer, less
educated, from racial and ethnic minority groups, and with chronic medical conditions have
historically had less access to the internet and therefore potentially, telemedicine services.
We found that some of these trends were true in our heart failure population, but only

for video visits. Compared to patients seen in person, patients who used video visits were
more often male, on average 10 years younger, and were 17% more likely to have private
insurance, a proxy for higher socioeconomic status. In contrast, there were no significant
demographic differences for patients who were seen by telephone versus in-person during
the Covid era. This may be because telephone visits require less advanced equipment and
understanding compared to video visits. We also found that patients from racial and ethnic
minority groups accessed both video and telephone visits more frequently than in-person
ones. Patients using remote visits also had similar and sometime even higher rates of
cardiovascular comorbidities as well as left and right ventricular dysfunction, indicating both
patient and clinician comfort with remote care for even the sickest heart failure patients.

Testing and prescribing patterns

Clinicians on average ordered substantially fewer diagnostic and laboratory tests in the
Covid era and during remote visits: about one-half of tests compared to pre-Covid and
one-fifth of tests during a remote visit compared to an in-person one. This may be attributed
to lower test availability during the Covid period as well as patient and clinician fears of
Covid-19 exposure. Furthermore, since many tests are performed on-site during in-person
visits, remote visits posed an additional logistical inconvenience that likely further limited
testing.

We observed similar decreases in the prescription of heart failure medications. For patients
with a left ventricular ejection fraction < 35%, clinicians prescribed one-fifth less GDMT
during the Covid era compared to pre-Covid. During the Covid era, compared to in-person
visits, clinicians were less likely to prescribe beta-blockers, MRAs, or loop diuretics during
both video and telephone visits. Clinicians were also less likely during telephone visits to
prescribe any GDMT at all or ACE/ARB/ARNIs. The reductions in medication prescriptions
could be explained by the observed decrease in laboratory testing, as patient reluctance to
venture outside of the home for electrolyte and renal function assessment may have hindered
clinicians from prescribing or titrating ACE/ARB/ARNIs, MRAs, and loop diuretics.
Clinicians may have also felt less comfortable with assessing heart rate, blood pressure,
symptoms, and degree of heart failure decompensation during remote visits, which may
partially explain why prescribing was especially depressed during telephone visits, which
lack the visual information provided during in-person and video visits. Early concerns about
ACE/ARB/ARNIs enhancing the susceptibility of patients to Covid-19 infection through the
ACE receptor may have played a potential role in early decreases in prescription of these
medications, although society guidelines were issued in March, before the study period, that
addressed these concerns.23 Future qualitative studies are needed to better understand the
heightened therapeutic inertia noted during remote visits in the Covid era.
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Differences in 90-day outcomes

Early reports from other centers had shown that heart failure admissions were reduced
during the first months of the pandemic. However, heart failure patients that were admitted
had more severe symptoms and higher mortality, suggesting that patients might be delaying
appropriate management of heart failure decompensations.24-30 In our study, we observed
that patients in the Covid era compared to the pre-Covid era had similar rates of 90-day
heart failure related ED visits, admissions, and mortality when considering the entire study
period together. However, consistent with these earlier reports, when stratifying outcomes by
time, rates of adverse outcomes were initially similar or lower in the Covid era compared

to pre-Covid, but then rose as the pandemic progressed. In addition, heart failure patients
admitted in the Covid era had longer hospital lengths of stay and more ICU care.

The worse outcomes seen in the Covid era were most pronounced in patients who had
preceding telephone visits, findings that were consistent across multiple sensitivity analyses.
Thus, it appears possible that the reduction in testing and GDMT prescription observed with
telephone visits in particular was associated with measurable harms regarding heart failure
ED visits, hospitalizations, and mortality. We did not see the same outcome trends with
video visits, although the overall number of video visits may not have been large enough to
have detected a significant difference in adverse events.

Several limitations merit consideration. While we studied a large cohort involving multiple
sites aver several months, our patient sample was still limited to a single medical system

and geographical location. Our patient population was diverse but predominantly covered by
private insurance or Medicare and lived in an urban center, which may not reflect patient
populations most affected by the “Digital Divide”. For assessing GDMT prescriptions,

we were unable to distinguish whether prescriptions represented medication titration or
continuation, which may be an important distinction for future more detailed studies on
prescribing behaviors. For outcomes, we do not know if patients visited hospitals outside

of our medical system, although our center is one of the major providers in the area

and ED visits or hospitalizations outside of our center should not have disproportionately
affected a particular patient group in our cohort. As our study is observational, patient
selection for remote visits was not randomized and therefore potentially subject to bias.
However, the transition to remote care was widespread, affecting most patients during the
Covid pandemic and therefore introducing quasi-experimental conditions. We found that
patients seen across the different visit types had similar rates of comorbidities and number
of prior heart failure hospitalizations. We additionally confirmed that our observed results
appeared to be consistent across several methods of adjustment for patient demographics and
comorbidities as well as when restricting the patient sample to only those patients seen both
in the pre-Covid and Covid periods and to those seen during non-Covid-19-surge months.
Falsification endpoints also served as reassuring controls and demonstrated similar rates

of stroke/T1A/thromboembolism and gastrointestinal bleeding across the patient groups.
Nevertheless, we acknowledge that unaccounted confounding factors may still exist and it

is plausible that different results may be observed if patients were randomized to different
types of visits. Ultimately, our findings reflect real world practice patterns with the observed
differences in outcomes likely being a combination of both the patients that use remote visits
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as well as real differences in clinical care patterns due to the nature of remote visits. Future
randomization studies would be helpful for complementing our findings.

Conclusion

In a large study of outpatient cardiology visits for patients with heart failure, we found

that the expansive transition of outpatient heart failure care to remote visits in the Covid

era was associated with reductions in diagnostic test ordering and GDMT prescription,
especially with telephone visits. These changes in care patterns occurred in conjunction with
significant increases in 90-day mortality and trends towards increases in HF ED visits and
hospitalizations for patients seen by telephone visits but not by video visits.
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% Visits Where Medication Prescribed Covid (N=5182) vs. Video (628) vs.

Pre-Covid (4778)

In-Person* (3414)

Telephone (1140) vs.
In-Person* (3414)

OR = 0.80 (0.72-0.90)

OR = 0.83 (0.73-0.94)

OR =0.58 (0.47-0.72)

OR = 0.88 (0.71-1.10)

- Pre Covid In-Person
. Covid-Era In-Person

OR = 0.86 (0.53-1.39)
B covid-Era Video

Covid-Era Telephone
OR =0.98 (0.61-1.59)

OR = 0.91 (0.59-1.42)

0.8
8
- OR = 0,88 (0.76-1.02)

Figure 1.
Rates of heart failure medication prescription during clinic visits for patients with heart

failure with a left ventricular ejection fraction < 35%.
*In-Person refers to Covid-Era in-Person visits
GDMT includes evidence-based Beta Blocker, ACEi, ARB, ARNI, MRA, Hydralazine or
Nitrates (if patient identified as black), or digoxin

Beta blocker = metoprolol, carvedilol, bisoprolol, or nebivolol
Nitrates = isosorbide dinitrate or isosorbide mononitrate

0.90 (0.77-1.05)

0.82 (0.68-0.99)

0.82 (0.59-1.15)

0.69 (0.50-0.96)

0.18 (0.04-0.90)

0.29 (0.10-0.82)

0.91 (0.48-1.72)

0.67 (0.53-0.85)

0.39 (0.30-0.50)

0.35 (0.26-0.47)

0.54 (0.40-0.72)

0.48 (0.35-0.66)

1.52 (0.89-2.61)

0.65 (0.36-1.19)

0.28 (0.13-0.58)

0.45 (0.37-0.55)

Odds ratios were adjusted by propensity score weighting as well as age, sex, race, insurance
status, calendar date, visit length, and visit diagnoses (coronary artery disease, hypertension,
atrial fibrillation/flutter, diabetes mellitus, valvular disease, and chronic kidney disease).
Abbreviations; GDMT = guideline directed medical therapy, ACEi = angiotensin converting
enzyme inhibitor, ARB = angiotensin receptor blocker, MRA = mineralocorticoid receptor
antagonist, Ref = reference
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Cox Regression
Covid Telephone vs.
Covid In-Person

HR 1.34(0.97-1.86)

Covid Video vs.
Covid In-Person
HR 0.97 (0.58-1.60)

Covid Eravs.
Pre-Covid
HR 0.87 (0.72-1.06)

Covid Telephone vs.
Covid In-Person
HR 1.36 (0.98-1.89)

Covid Video vs.
Covid In-Person
HR 1.18(0.74-1.87)

Covid Eravs.
Pre-Covid
HR 0.87 (0.72-1.05)

Covid Telephone vs.
Covid In-Person
HR 1.82(1.14-2.90)

Covid Video vs.
Covid In-Person
HR 1.73(0.91-3.29)

Covid Eravs.
Pre-Covid
HR 1.18(0.87-1.60)

Cumulative incidence of heart failure related emergency department visits, hospital
admissions, and mortality over 90 days after outpatient visit for heart failure.

Hazard ratios are from Cox proportional hazards models with adjustment for age, sex, race,
insurance status, calendar date, visit length, and visit diagnoses (coronary artery disease,
hypertension, atrial fibrillation/flutter, diabetes mellitus, valvular disease, and chronic kidney
disease) as well as clustering by patient. Comparisons of remote vs. in-person visits were
additionally adjusted by propensity weighting for remote visit

Abbreviations: ED = emergency department, HR = hazard ratio, HF = heart failure
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Figure 3.

Incidence over time of heart failure related emergency department visits, hospital
admissions, and mortality over 90 days after outpatient visit for heart failure
Error bars represent standard error
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Unadjusted Cox Model

Cox + multivariable adjustment

Cox + multivariable adjustment + patient clustering

Cox + multivariable adjustment + patient clustering + propensity weighting
Only patients seen both in pre-Covid and Covid eras

Only patients seen during non-Covid-19-surge months

#tek

Covid-Era
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Figure 4.
Sensitivity analysis of hazard rates of 90-day heart failure emergency department

visits, hospitalization, and mortality after outpatient visit for heart failure.. Multivariable
adjustment adjusted for age, sex, race, insurance status, calendar date, visit length, and visit
diagnoses (coronary artery disease, hypertension, atrial fibrillation/flutter, diabetes mellitus,
valvular disease, and chronic kidney disease).

Propensity weighting was calculated based on propensity for being seen by remote visit
according to above patient characteristics.

Non-Covid-19-surge months excluded outpatient visits during peak months of the Covid-19
pandemic in Los Angeles (June, December)

Abbreviations: HF = heart failure, ED = emergency department, HR = hazard ratio, Cl =
confidence interval
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