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BACKGROUND Although patients with cardiovascular disease face excess risks of severe illness with coronavirus

disease-2019 (COVID-19), there may be indirect consequences of the pandemic on this high-risk patient segment.

OBJECTIVES This study sought to examine longitudinal trends in hospitalizations for acute cardiovascular conditions

across a tertiary care health system.

METHODS Acute cardiovascular hospitalizations were tracked between January 1, 2019, and March 31, 2020. Daily

hospitalization rates were estimated using negative binomial models. Temporal trends in hospitalization rates were

compared across the first 3 months of 2020, with the first 3 months of 2019 as a reference.

RESULTS From January 1, 2019, to March 31, 2020, 6,083 patients experienced 7,187 hospitalizations for primary

acute cardiovascular reasons. There were 43.4% (95% confidence interval [CI]: 27.4% to 56.0%) fewer estimated daily

hospitalizations in March 2020 compared with March 2019 (p < 0.001). The daily rate of hospitalizations did not change

throughout 2019 (–0.01% per day [95% CI: –0.04% to þ0.02%]; p ¼ 0.50), January 2020 (–0.5% per day [95% CI:

–1.6% to þ0.5%]; p ¼ 0.31), or February 2020 (þ0.7% per day [95% CI: –0.6% to þ2.0%]; p ¼ 0.27). There was

significant daily decline in hospitalizations in March 2020 (–5.9% per day [95% CI: –7.6% to –4.3%]; p < 0.001). Length

of stay was shorter (4.8 days [25th to 75th percentiles: 2.4 to 8.3 days] vs. 6.0 days [25th to 75th percentiles: 3.1 to

9.6 days]; p ¼ 0.003) and in-hospital mortality was not significantly different (6.2% vs. 4.4%; p ¼ 0.30) in March 2020

compared with March 2019.

CONCLUSIONS During the first phase of the COVID-19 pandemic, there was a marked decline in acute cardiovascular

hospitalizations, and patients who were admitted had shorter lengths of stay. These data substantiate concerns that

acute care of cardiovascular conditions may be delayed, deferred, or abbreviated during the COVID-19 pandemic.
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AB BR E V I A T I O N S

AND ACRONYM S

ACS = acute coronary

syndromes

COVID-19 = coronavirus

disease-2019

HF = heart failure

STEMI = ST-segment elevation

myocardial infarction
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T he rapidly evolving coronavirus disease-2019
(COVID-19) pandemic has demanded major
shifts in resource allocation worldwide.

Health care systems have engaged in significant
restructuring efforts to prepare for the expected
surge of patients with COVID-19 illness, including
the repurposing of inpatient beds into dedicated spe-
cial pathogen units and expanding intensive care unit
capacity. The pandemic has also led to deferral or
cancellation of nonessential procedures, in-person
patient visits, and routine diagnostic evaluations.
Public messaging has focused around stay-at-home
measures and appropriate physical distancing to miti-
gate transmission.
SEE PAGE 289
While patients with cardiovascular disease are
recognized to face excess risks of severe illness with
COVID-19 (1,2), there may be an indirect impact of the
pandemic on these high-risk patients, even among
those without direct viral infection or exposure.
Anecdotal reports have identified a lower volume of
hospital presentations for non–COVID-19 illnesses
during the pandemic. Initial data suggest declines in
cardiac catheterization laboratory activations for ST-
segment elevation myocardial infarction (STEMI), a
condition that requires prompt in-hospital treatment
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and intervention, without which patients
have significant morbidity and mortality
(3–6). These early reports have raised concerns
that similar reductions may be seen across
other important acute cardiovascular condi-
tions that generally require early in-hospital
evaluation and treatment, including chest
pain syndromes, heart failure (HF), and
stroke, among others, although this has not
been well characterized. We therefore examined

longitudinal trends in hospitalizations for acute cardio-
vascular conditions before and during the COVID-19
pandemic ina large, tertiary care, integratedhealth system.

METHODS

Hospitalizations for acute cardiovascular conditions
with a primary discharge date between January 1,
2019 and March 31, 2020 were retrospectively exam-
ined across the tertiary care Mass General Brigham
health system. Hospitalizations were categorized by
primary admitting diagnosis according to Interna-
tional Classification of Diseases–10th Revision coding
into the following categories: chest pain syndromes
(including acute coronary syndromes [ACS]), HF,
stroke, and other select acute cardiovascular condi-
tions (Supplemental Table 1).
committee, and U.S. national coleader, funded by

tion), Society of Cardiovascular Patient Care (secre-

ith Clinical Cardiology (deputy editor), the NCDR-

and Publications Committee (chair); has received

Bayer, Boehringer Ingelheim, Bristol-Myers Squibb,

t Laboratories, Fractyl, Idorsia, Ironwood, Ischemix,

Sanofi, Synaptic, and The Medicines Company; has

panion to Braunwald’s Heart Disease); has served as

Abbott), and Svelte; has served as a trustee for the

owCo, Merck, Novo Nordisk, and Takeda. Dr. Januzzi

icals and Abbott Diagnostics; has received consulting

e Diagnostics; and participates in Clinical Endpoint

ayer, CVRx, Janssen, and Takeda. Dr. Butler is a

raZeneca, Bayer, BerlinCures, Boehringer Ingelheim,

, Janssen, LivaNova, Luitpold, Medtronic, Merck,

mited, and Vifor. Dr. Solomon has received research

yers Squibb, Celladon, Cytokinetics, Eidos, Gilead,

nal Heart, Lung, and Blood Institute, NeuroTronik,

Akros, Alnylam, Amgen, Arena, AstraZeneca, Bayer,

nkyo, Gilead, GlaxoSmithKline, Ironwood, Merck,

n, AOBiome, Janssen, Cardiac Dimensions, Tenaya,

by the KL2/Catalyst Medical Research Investigator

anslational Sciences Award UL 1TR002541); serves on

ehringer Ingelheim, Cytokinetics, and Relypsa; and

tis and the NIH. All other authors have reported that

.

es and animal welfare regulations of the authors’

t consent where appropriate. For more information,

0, accepted May 19, 2020.

https://doi.org/10.1016/j.jacc.2020.05.038
http://www.onlinejacc.org/content/instructions-authors


FIGURE 1 Geographic Distribution of Patients Admitted to a Large Tertiary Care Health System

Geographic distribution of the primary residences of 6,083 patients admitted for acute cardiovascular reasons across the Mass General Brigham health care system from

January 1, 2019, to March 31, 2020. Tableau software (Seattle, Washington) was used for geomapping by the zip codes of patients’ primary residences.
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Prior to March 1, 2020, there was only a single case
of COVID-19 in the state of Massachusetts, occurring
in a patient who had traveled from Wuhan city in
early February and who had undergone the recom-
mended quarantine protocols. As such, demographic
characteristics, length of stay, discharge disposition,
and in-hospital mortality were compared between
patients admitted in March 2020 and patients
admitted before March 2020. Recognizing seasonal/
temporal variations in cardiovascular admissions,
characteristics and in-hospital clinical course were
also compared between patients admitted in March
2020 and patients admitted in March 2019. Length of
stay was defined as days from hospital admission to
death (if occurring during hospitalization) or
discharge from hospital. Continuous variables were
summarized as mean � SD or median (25th to 75th
percentiles) and categorical variables as proportions;
variables were compared using Student’s t-tests,
Wilcoxon rank sum tests, and chi-square tests, as
appropriate.

Daily hospitalization rates for acute cardiovascular
conditions were estimated by using negative bino-
mial models. Models were separately constructed for
each month in 2020 to identify temporal changes in
hospitalization rates. Temporal changes were
analyzed across the first 3 months of 2019 for refer-
ence. Trends in hospitalization rates were analyzed
for individual types of acute cardiovascular hospi-
talizations. Daily cardiovascular hospitalization rates
were modeled as a continuous variable using
restricted cubic splines; the number of knots was
selected to minimize the Akaike information crite-
rion. All p values <0.05 were considered significant.

For comparative purposes, daily confirmed cases of
COVID-19 in Massachusetts were extracted based on
state records (7). The study was reviewed and
approved by the institutional review board of Mass
General Brigham. All statistical analyses were per-
formed using STATA (StataCorp, College Station,
Texas). Tableau software (Seattle, Washington) was
used for geomapping using zip codes of patients’
primary residences.

RESULTS

ANALYTIC COHORT. From January 1, 2019, to March
31, 2020, 6,083 unique patients experienced 7,187
hospitalizations for primary acute cardiovascular
reasons. Hospitalized patients had primary resi-
dences spanning 26 states in the continental United
States (Figure 1). Of all hospitalizations, 2,933 (40.8%)
had primary discharge diagnoses of HF, followed by
2,217 (30.8%) for chest pain syndromes/ACS, 1,566
(21.8%) for stroke, and 471 (6.6%) for other select
acute cardiovascular conditions. Overall, 2,076



TABLE 1 Select Patient Characteristics and In-Hospital Course Before and During the

COVID-19 Pandemic

January 2019
to February 2020 March 2019 March 2020 p Value* p Value†

Patient characteristics

Patients 5,852 404 231

Age, yrs 70.8 � 13.8 71.1 � 13.8 70.3 � 15.1 0.60 0.51

Men 3,447 (58.9) 233 (57.7) 128 (55.4) 0.56 0.58

Race 0.63 0.74

White 4,719 (80.6) 332 (82.2) 189 (81.8)

Black 481 (8.2) 31 (7.7) 15 (6.5)

Other 652 (11.1) 41 (10.1) 27 (11.7)

Hospital course

Admissions 6,927 475 260

Hospitalization category 0.22 0.34

Chest pain syndrome 2,133 (30.8) 144 (30.3) 84 (32.3)

Heart failure 2,842 (41.0) 197 (41.5) 91 (35.0)

Stroke 1,502 (21.7) 97 (20.4) 64 (24.6)

Other cardiovascular
condition

450 (6.5) 37 (7.8) 21 (8.1)

LOS, days 5.7 (3.0–10.0) 6.0 (3.1–9.6) 4.8 (2.4–8.3) 0.001 0.003

Discharge home‡ 4,816 (69.5) 330 (69.5) 192 (73.8) 0.13 0.21

In-hospital mortality 265 (3.8) 21 (4.4) 16 (6.2) 0.06 0.30

Values are n, mean � SD, n (%), or median (25th to 75th percentiles). *The p values reflect comparisons between
January 2019 to February 2020 and March 2020 (first and third columns). †The p values reflect comparisons
between March 2019 and March 2020 (second and third columns). ‡Excludes discharge to home with hospice
services.

COVID-19 ¼ coronavirus disease-2019; LOS ¼ length of stay.
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(28.9%) admissions were to hospitals other than the 2
large academic teaching hospitals in the
health system.

BASELINE PATIENT CHARACTERISTICS. Baseline
demographic profiles of patients were compared be-
tween those admitted in March 2020 to those
admitted before March 2020 and those admitted in
March 2019 (Table 1). There were no significant dif-
ferences in age, sex, and race distributions among
groups; approximately 80% of admitted patients were
white. Although the volume of hospitalizations was
substantially lower in March 2020 compared with
March 2019, the relative distribution of primary
admission diagnoses was comparable; HF was the
most common cause of cardiovascular hospitaliza-
tion, occurring in 41.5% and 35.0% of patients
admitted in March 2019 and March 2020, respectively.
The proportion of total cardiovascular hospitaliza-
tions that were for STEMI was comparable between
March 2020 and before March 2020 (3.1% vs. 3.7%;
p ¼ 0.59). Similar results were seen when comparing
March 2020 to March 2019 (3.1% vs. 5.1%; p ¼ 0.21).

HOSPITALIZATION RATES FOR ACUTE CARDIOVASCULAR

CONDITIONS. The estimated volume of daily acute
cardiovascular hospitalizations was similar in January
2020 compared with month-matched hospitalizations
in January 2019 (difference: –6.5%; 95% confidence
interval [CI]: –17.9 to 6.6; p ¼ 0.31) and in February
2020 compared with February 2019 (difference:
–9.3%; 95% CI: –21.2% to 4.4%; p ¼ 0.17). Conversely,
there was a significant decline of 43.4% (95% CI:
�27.4% to �56.0%) in the total number cardiovascu-
lar hospitalizations in March 2020 compared with
March 2019 (260 hospitalizations vs. 475 hospitaliza-
tions; p < 0.001).

In addition to differences in volume of hospitali-
zations, the rate of change in admissions differed
over time. There were no significant changes in the
daily rates of cardiovascular hospitalizations
throughout 2019 (–0.01% per day [95% CI: –0.04%
to þ0.02%]; p ¼ 0.50), including during the first
3 months of 2019 (–0.2% per day [95% CI: –0.4%
to þ0.1%]; p ¼ 0.18). Similarly, there were no signif-
icant changes in daily cardiovascular hospitalization
rates in January 2020 (–0.5% per day [95% CI: –1.6%
to þ0.5%]; p ¼ 0.31) and February 2020 (þ0.7% per
day [95% CI: –0.6% to þ2.0%]; p ¼ 0.27). In contrast,
there was a significant incremental daily decline in
cardiovascular admissions across the health system in
March 2020 (–5.9% per day [95% CI: –7.6% to –4.3%];
p < 0.001) (Figure 2). This decline in hospitalization
rates was observed irrespective of the primary reason
for cardiovascular admission in March 2020 (all p #
0.004): HF (–5.8% per day [95% CI: –8.3% to –3.3%]),
chest pain/ACS (–5.5% per day [95% CI: –8.0% to
–3.0%]), stroke (–4.9% per day [95% CI: –7.7% to
–2.0%]), and other cardiovascular conditions (–10.5%
per day [95% CI: –17.0% to –3.5%]). These declines
corresponded with key COVID-19–related events,
state guidance, and a rise in cumulative confirmed
cases of COVID-19 in Massachusetts (Central
Illustration). By March 31, 2020, there were 6,620
confirmed cases and 89 deaths attributed to COVID-19
in Massachusetts.

IN-HOSPITAL CLINICAL COURSE. Data regarding
length of stay and in-hospital mortality were avail-
able for all hospitalizations. Median length of stay
was significantly shorter in patients admitted in
March 2020 compared with those admitted before
March 2020 (4.8 [25th to 75th percentiles: 2.4 to 8.3]
days vs. 5.7 [25th to 75th percentiles: 3.0 to 10.0]
days; p ¼ 0.001) and compared with month-matched
patients admitted in March 2019 (4.8 [25th to 75th
percentiles: 2.4 to 8.3] days vs. 6.0 [25th to 75th
percentiles: 3.1 to 9.6] days; p ¼ 0.003) (Figure 3).
Overall, there were 281 deaths observed during hos-
pitalization from January 1, 2019, to March 31, 2020.
In-hospital all-cause mortality rates were numerically
higher in patients admitted in March 2020 compared
with those admitted before March 2020 (6.2% vs.



CENTRAL ILLUSTRATION Changes in the Rate of Cause-Specific Cardiovascular Hospitalization During
the COVID-19 Pandemic
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3.8%; p ¼ 0.06), although this was not statistically
significant. In-hospital mortality rates were not
different between patients admitted in March 2020
compared with patients admitted in March 2019 (6.2%
vs. 4.4%; p ¼ 0.30) (Figure 4).

DISCUSSION

In this temporal analysis of more than 7,000 hospi-
talizations, a marked decline in total hospitalizations
was observed for acute cardiovascular conditions in a
large, tertiary care, integrated health care system in
Massachusetts beginning in March 2020. During this
month, total COVID-19 cases in Massachusetts
increased from 1 on March 1, 2020, to 6,620 by March
31, 2020. Hospitalizations for a primary diagnosis of
HF, chest pain syndromes/ACS, and stroke
declined during this period (Central Illustration). We
identified a 43% reduction in acute cardiovascular
hospitalizations in March 2020 compared with March
2019. In addition, there was an incremental decline in
the daily hospitalization rate by 6% each day in March
2020. Although patients admitted during the COVID-
19 pandemic had comparable demographic charac-
teristics, length of stay was shorter. In-hospital mor-
tality was also numerically higher in patients
admitted during the COVID-19 pandemic, suggesting
greater severity of illness.

Presentations for HF, chest pain syndromes, and
stroke are considered urgent and often require early
invasive or pharmacological therapy in addition to
careful inpatient monitoring to avoid associated
morbidity and mortality. Although prior analyses
have described temporal changes in STEMI-related
cardiac catheterization laboratory activations (3,4),
this is among the first descriptions of the change in a
broad range of cardiovascular hospitalizations during
the COVID-19 pandemic.



FIGURE 3 Hospital LOS Before and During the COVID-19 Pandemic
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FIGURE 2 Changes in the Daily Rate of Cardiovascular Hospitalization During the COVID-19 Pandemic
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Beyond the concerning likelihood that patients are
remaining at home with acute cardiovascular dis-
eases, other reasons for these recent trends should be
investigated. It is plausible that there is a true
population-level reduction in cardiovascular events
necessitating health care attention. Ecological factors
such as shifts in dietary patterns—for instance,
decreased consumption of high-sodium, fast-food
intake (8)—and reduced exposure to ambient air
pollution (9) may contribute to reduced daily risks. In
addition, the emergence and widespread adoption of
more accessible forms of communication between
patients and their providers, including telemedicine
(10), may be able to avert certain lower-acuity hos-
pitalizations. Finally, the expected decline in ambu-
latory cardiovascular visits, outpatient testing, and
deferral of elective procedures may have contributed
to the lower rate of hospitalizations, because these
often may serve as points of referral for inpatient
hospitalization.

Patient and provider aversion to seeking care in
medical centers with documented or suspected pa-
tients with COVID-19, a notion that has been well
captured in the lay media (11–14), represents a more
concerning reason for our observed findings. These
behaviors may be substantiated by stay-at-home
messaging from major associations, governmental
bodies, and media outlets, potentially leading to
patients delaying or deferring hospital admission for
acute cardiovascular conditions. Recent evidence has
shown marked reductions in the rates of hospitaliza-
tion for ACS during the pandemic in Austria and Italy



FIGURE 4 In-Hospital Mortality Before and During the COVID-19 Pandemic
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(5,15). Our analysis supports and extends the findings
in these European countries to a U.S. health system.
In addition, our analysis provides evidence that hos-
pitalization rates for other acute cardiovascular hos-
pitalizations, such as HF and stroke, may be similarly
reduced during the COVID-19 pandemic. The trend
toward increased in-hospital mortality in March 2020
compared with earlier time periods also raises con-
cerns that patients admitted for acute cardiovascular
conditions during the COVID-19 pandemic may pre-
sent later in their acute illness and, therefore, may
have higher acuity. Indeed, provisional death counts
from the Centers for Disease Control and Prevention
already show trends toward excess mortality in
Massachusetts. From February 1, 2020, to April 11,
2020, there have been 13,615 all-cause deaths re-
ported, which is 1% greater than expected based on
the average number of deaths across the same weeks
in 2017 to 2019 (16); these findings are likely conser-
vative because of underreporting of more recent
deaths (17). Early global reports from areas affected
earlier in the COVID-19 pandemic corroborate this
experience and further suggest that excess mortality
may in part be due to causes not directly related to
infection with severe acute respiratory syndrome
coronavirus 2 (18). Emerging data from the Lombardy
region of Italy found substantial increases in out-of-
hospital cardiac arrests during the COVID-19
pandemic compared with 2019 (19). Potential missed
acute cardiovascular events may add to the compos-
ite detrimental effects of the COVID-19 pandemic on
this high-risk patient segment (20).

Reasons for the observed shorter lengths of stay in
patients admitted in March 2020 are likely multifac-
torial. There may be pressure from both patients and
clinicians for early discharge, given concerns of
heightened COVID-19 exposure risk in health care
settings. In addition, given declines in elective car-
diovascular procedures, wait times for certain
necessary procedures may be reduced, facilitating
earlier discharges.

STUDY STRENGTHS AND LIMITATIONS. Importantly,
this study examines trends in acute cardiovascular
hospitalizations across a large, integrated health
system with broad patient membership across
multiple states. In addition, the health system
consists of care entities spanning the spectrum of
clinical care facilities, from large urban academic
centers to smaller, more rural community hospitals,
improving the generalizability of our findings. In
addition, seasonal variations in acute cardiovascu-
lar admissions were accounted for by comparing
daily hospitalization rates to month-matched con-
trols from 2019, highlighting a clear divergence in
March 2020 from typical temporal fluctuations in
acute cardiovascular admissions that can be ex-
pected, for example, because of declines in
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cardiopulmonary illnesses at the end of the sea-
sonal influenza season.

Despite these strengths, this analysis has several
important limitations. First, reliance on administra-
tive coding may have led to misclassification of pri-
mary reasons for hospitalization. In particular,
patients presenting with cardiopulmonary symptoms
may have been coded for suspected COVID-19 disease
or to nonspecific diagnoses despite a presentation
ultimately more consistent with HF or chest pain
syndromes. This issue may be amplified by the initial
lack of rapid-turnaround COVID-19 testing capabil-
ities and diagnostic tools. This misclassification may
have contributed to the trends toward lower hospi-
talizations for acute cardiovascular conditions as
COVID-19 cases rose in Massachusetts, although it
would be unlikely to fully account for the substantial
magnitude of reductions observed; similar reductions
were seen in stroke, which generally has distinct
symptomatology from that of COVID-19. Second,
concurrent illness with COVID-19 among patients
with cardiovascular disease may also contribute to
the observed numerically higher in-hospital mortality
rate. Formal diagnostic codes for COVID-19 were
introduced only on April 1, 2020, and therefore could
not be captured in this experience. Third, this anal-
ysis does not include emergency department pre-
sentations and, therefore, does not assess total initial
presentations to the hospital for acute cardiovascular
conditions. Fourth, it is possible that patients may
have traveled outside of the region to less densely
populated areas or may have been directed to other
medical centers, although the health system cares for
a broad geographic population and did not have any
formal guidance for diversion to alternative centers.
In addition, estimates during the period of this study
in Massachusetts show adequate floor bed and
intensive care unit capacity, reducing the likelihood
of need for transfer to alternative centers (21). Fifth,
our study had a low proportion of nonwhite patients,
and given reports that certain racial groups are
disproportionately affected by COVID-19 (22), this
issue requires dedicated study in more diverse health
care settings. Finally, we were not able to ascertain
cause-specific mortality.

CONCLUSIONS

During the first phase of the COVID-19 pandemic
in Massachusetts and surrounding areas, there was
a corresponding marked reduction in daily
hospitalizations for acute cardiovascular conditions
in a large, multisite integrated health system, result-
ing in an almost halving of the volume of daily select
acute cardiovascular hospitalizations in March 2020
as compared with March 2019. These conditions
typically require prompt in-hospital evaluation and
treatment to avoid significant morbidity and mortal-
ity. These findings may inform important policy
considerations, including appropriation of funds in
the Coronavirus Aid, Relief, and Economic Security
(CARES) Act, which includes a provision for lost rev-
enue by health care systems due to the COVID-19
pandemic (23). Establishment of dedicated facilities
for the care (and post-acute care) of patients with
COVID-19 may partially allay concerns on the part of
patients and physicians about using health resources
(24). Although reasons for the observed decline in
hospitalizations are likely multifactorial, educational
platforms and formal guidance for high-risk patients
regarding when to seek emergency care are needed.
This high-risk population should be longitudinally
followed to determine the potential impact of the
COVID-19 pandemic on long-term cardiovascular
health, including among patients not directly
exposed to or infected with severe acute respiratory
syndrome-coronavirus-2.
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