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WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Covid-19 is related to thromboembolic complications including cryptogenic 

strokes in the young population and worse outcomes in acute myocardial 
infarction

	⇒ By contrast, reports have described a decrease in admissions to hospital and 
acute reperfusion treatment rates

WHAT THIS STUDY ADDS
	⇒ An important decline was reported in the numbers of admissions and 

in volumes for intravenous thrombolysis and percutaneous coronary 
intervention

	⇒ However, adjusted rates of mortality in hospital were increased for 
intravenous thrombolysis and percutaneous coronary intervention

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE, OR POLICY
	⇒ The general public should be engaged and informed on the consequences of 

untreated acute conditions, and public health interventions are needed to 
prevent these reductions in future pandemics

ABSTRACT
OBJECTIVE  To measure the impact of the covid-19 
pandemic on admissions to hospital and 
interventions for acute ischemic stroke and acute 
myocardial infarction.
DESIGN  A retrospective analysis.
SETTING  746 qualifying hospitals in the USA from 
the Premier Healthcare Database.
PARTICIPANTS  Patients aged 18 years and older 
who were admitted to hospital with a primary 
diagnosis of acute ischemic stroke or acute 
myocardial infarction between 1 March 2019 and 28 
February 2021.
MAIN OUTCOME MEASURES  Relative changes in 
volumes were assessed for acute ischemic stroke 
and acute myocardial infarction hospital admissions 
as well as intravenous thrombolysis, mechanical 
thrombectomy, and percutaneous coronary 
intervention (overall and for acute myocardial 
infarction only) across the first year of the pandemic 
versus the prior year. Mortality in hospital and 
length of stay in hospital were also compared 
across the first year of the pandemic versus the 
corresponding period the year prior. These metrics 
were explored across the different pandemic waves.
RESULTS  Among 746 qualifying hospitals, 
admissions to hospital were significantly reduced 

after the covid-19 pandemic compared with before 
the pandemic for acute ischemic stroke (−13.59% 
(95% confidence interval−13.77% to −13.41%) and 
acute myocardial infarction (−17.20% (−17.39% 
to −17.01%)), as well as intravenous thrombolysis 
(−9.47% (−9.99% to −9.02%)), any percutaneous 
coronary intervention (−17.89% (−18.06% to 
−17.71%)), and percutaneous coronary intervention 
for acute myocardial infarction (−14.36% (−14.59% 
to −14.12%)). During the first year of the pandemic 
versus the previous year, the odds of mortality in 
hospital for acute ischemic stroke were 9.00% 
higher (3.51% v 3.16%; ratio of the means 1.09 (95% 
confidence interval (1.03 to 1.15); P=0.0013) and 
for acute myocardial infarction were 18.00% higher 
(4.81% v 4.29%; ratio of the means 1.18 (1.13 to 
1.23); P<0.0001).
CONCLUSIONS  We observed substantial decreases 
in admissions to hospital with acute ischemic stroke 
and acute myocardial infarction, but an increase in 
mortality in hospital throughout the first year of the 
pandemic. Public health interventions are needed to 
prevent these reductions in future pandemics.

Introduction
Since emerging in Wuhan, China in December 2019, 
the virus SARS-CoV-2 caused a global pandemic 
of unprecedented impact.1 In the United States of 
America (US) alone, more than 42.7 million people 
have been diagnosed with the resultant disease 
covid-19 and more than 680 000 people have died.2 
SARS-CoV-2 is more than a respiratory virus and 
can clearly affect multiple organs, including the 
endothelium by promoting a clotting diathesis that 
can result in life threatening thrombotic complica-
tions.3 Several studies have described high rates of 
cryptogenic strokes among younger patients (18-50 
years) with covid-19.3–6 Similarly, patients with 
concurrent acute myocardial infarction (AMI) and 
covid-19 might have a higher thrombus burden and 
worse outcomes.7 By contrast, reductions in the 
rates of hospital admission and acute reperfusion 
treatment for acute ischemic stroke (AIS)5 8–12 and 
acute coronary syndromes13–19 have been commonly 
reported during the pandemic. As such, the indirect 
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consequences of the outbreak on public behavior 
and on the organization of the systems of care seem-
ingly represent a greater healthcare problem than the 
potential direct effect of AIS and AMI caused by the 
SARS-CoV-2 infection.

Using a nationwide hospital database, we aim 
to quantify the changes in the number of hospital 
admissions and interventions provided for AIS 
and AMI in the US in relation to the first year of the 
covid-19 pandemic. We also explore temporal trends 
across the pandemic and potential differences in 
baseline characteristics and outcomes for these 
conditions across the prepandemic and pandemic 
periods. We made five hypotheses: (1) a reduction in 
AIS and AMI admissions as well as use of intravenous 
thrombolysis, mechanical thrombectomy, and percu-
taneous coronary intervention would occur; (2) the 
magnitude of these changes in AIS and AMI would 
temporarily correlate with the mortality burden from 
covid-19; (3) the proportion of patients receiving 
reperfusion therapies would remain the same or 
increase, despite absolute reductions in volume, as a 
reflection of a greater decline in the hospital admis-
sions for milder syndromes; (4) rates of mortality in 
hospital would increase during the pandemic; and 
(5) the effects of covid-19 on hospital admissions and 
interventions would decrease over time as systems 
would be more strategically ready than the first few 
months that they faced the pandemic.

Methods
Data source
The Premier Healthcare Database contains detailed 
information about patient demographics, diagnosis, 
and procedure coding, hospital costs, and patient 
billing data from more than 1000 hospitals, repre-
senting approximately 20% of all acute inpatient 
care in the US. The Premier Healthcare Database 
collects data from voluntary participating hospitals 
to improve patient safety. A subset of these hospitals 
agreed to provide more real-time data to facilitate 
analyses during covid-19. For the purposes of the 
study, hospitals were required to contribute inpatient 
data on a continuous basis to Premier Healthcare 
Database from 1 March 2019 to 28 February 2021.

Study population
To identify the study population, we used diag-
noses, procedures, and payment codes from the 
International Classification of Diseases system, using 
the 10th Revision clinical modification and proce-
dure coding system, as well as current procedural 
terminology and diagnosis related group codes.

Patients aged 18 years and older who were 
admitted to hospital with a primary diagnosis of 
AIS or AMI between 1 March 2019 and 28 February 
2021 were identified across qualifying hospitals. 
We defined the prepandemic and pandemic cut-off 

of 1 March 2020, the day that New York City, the 
initial US epicenter of the pandemic, reported its 
first covid-19 hospital admission. Furthermore, we 
classified the pandemic period into three waves: first 
wave from 1 March 2020-31 May 2020; second wave 
from 1 June 2020-31 August 2020; and third wave 
from 1 September 2020-28 February 2021. The inter-
vals were based on a graph from Centres for Disease 
Control for deaths.20 For binary comparisons of base-
line characteristics and outcomes, the precovid-19 
sample included patients admitted between 1 March 
2019-29 February 2020 (and considered them in 
three periods corresponding with the three pandemic 
waves in 2020-21), to account for potential seasonal 
variations in the occurrence of AIS and AMI.21 22

Study outcomes
The primary study analysis assessed the relative 
changes in proportions of AIS and AMI hospital 
admissions as well as use of intravenous thrombol-
ysis, mechanical thrombectomy, and percutaneous 
coronary intervention (both overall and for AMI 
only) across the first year of the pandemic versus the 
prior year. AIS and AMI volume was based on inpa-
tient admissions with a primary diagnosis of these 
two conditions; mechanical thrombectomy and 
intravenous thrombolysis were based on inpatient 
admissions associated with primary or secondary 
diagnosis of acute ischemic stroke; percutaneous 
coronary intervention volume was based on inpa-
tient admissions associated with these procedures 
irrespective of diagnosis; and percutaneous coronary 
intervention with acute myocardial infarction was 
based on inpatient admissions associated with acute 
myocardial infarction primary diagnosis.

Outcomes at patient level, of mortality and 
length of stay, were assessed and compared during 
the periods of covid and before covid. Use of intra-
venous thrombolysis, mechanical thrombectomy, 
and percutaneous coronary intervention was then 
examined, to understand variation in treatment use 
during the covid and precovid era. Patient demo-
graphic and hospital provider characteristics were 
evaluated. We performed secondary analyses consid-
ering the comparisons across each of the three waves 
of the pandemic versus their respective equivalent 
periods the year prior. Additionally, use of mechan-
ical thrombectomy has steadily grown over the 
past several years,23 24 therefore, we also compared 
the three months of the first covid-19 wave (March 
2020-May 2020) with the three months immediately 
preceding the pandemic (December 2019-February 
2020).

Statistical analysis
Descriptive analyses were used to characterize 
patient demographics and hospital characteristics. 
The 95% confidence intervals for percentage change 
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were calculated using the Wilson procedure without 
correction for continuity. Assessing between the 
precovid-19 and covid-19 periods, bivariate tests 
(χ2 or t tests) compared patient and hospital char-
acteristics among patients who were admitted to 
hospital with AIS or AMI. Multivariable regression 
using generalized estimating equation with appli-
cable links (logit link for mortality; log link for length 
of stay) and distribution functions (binomial distri-
bution for mortality; negative binomial distribution 
for length of stay) were used to examine differences 
in study outcomes between the study periods. The 
generalized estimating equation models included 
adjustment for potential clustering of outcomes 
within hospitals as we controlled for clustering by 
accounting for provider id (hospital identifier) in 
our regression (generalized estimating equation) 
model, and included all study covariates. Study 
covariates included age; gender; race; marital status; 
payor; elixhauser score; presence of congestive heart 
failure, hypertension, diabetes, obesity, atrial fibril-
lation, transient ischemic attack, coronary artery 
disease, or dyslipidemia; smoking; number of beds; 
region; urban-rural status; hospital teaching status; 
covid-19 period; also, tissue plasminogen activator 
and thrombectomy (added for AIS); and percuta-
neous coronary intervention for AMI models. All 

analyses were done by use of SAS Enterprise Guide 
for Windows (SAS Institute Inc, Cary, NC, USA).

Patient and public involvement
Due to study design constraints, neither patients nor 
members of the public were involved in the conduct 
of this study. The patients’ data are de-identified so 
we will not be able to directly disseminate the results 
to individual participants, but we will be able to 
share it with sites. Our findings will be also shared on 
social media and relevant websites via graphical and 
simplified summaries.

Results
Primary analysis
Acute ischemic stroke
Of the 746 hospitals, 721 (97%) hospitals had at least 
one inpatient admission with a primary diagnosis of 
AIS during the study period (March 2019-February 
2021) (figure  1). Overall, 519 (69.57%) had fewer 
than 300 beds and 537 (72%) were non-teaching 
hospitals (table 1). As compared with their prepan-
demic year counterparts, patients admitted to 
hospital with AIS in the first year of the covid-19 
pandemic were significantly different in distribution 
for age, race, marital status, and health insurance 
payors. Additionally, patients during the pandemic 

Hospitals that contributed inpatients data continuously from March 2019 to February 2021
746

Hospitals with
acute ischaemic
stroke episodes

721
Hospitals with

mechanical
thrombectomy episodes

328
Hospitals with

intravenous
thrombectomy episodes

549
Hospitals with

acute myocardial
infarction episodes

702
Hospitals with

percutaneous coronary
intervention episodes

470
Hospitals with

percutaneous coronary
intervention with
acute myocardial

infarction episodes

444

Figure 1 | Flow diagram of hospitals contributing inpatient data continuously from March 2019 to February 2021

Table 1 | Characteristics of hospitals contributing inpatient data continuously from March 2019 to February 2021

Characteristics
Continuous 
inpatient data AIS episodes MT episodes IVT episodes AMI episodes PCI episodes

PCI with AMI 
episodes

No of hospitals 746 (100) 721 (100) 328 (100) 549 (100) 702 (100) 470 (100) 444 (100)
No of beds:  �   �   �   �   �   �
 � 0-299 519 (69.57) 496 (68.79) 130 (39.63) 323 (58.83) 477 (67.95) 249 (52.98) 226 (50.90)
 � 300-500 142 (19.03) 140 (19.42) 115 (35.06) 141 (25.68) 140 (19.94) 137 (29.15) 134 (30.18)
 � ≥500 85 (11.39) 85 (11.79) 83 (25.30) 85 (15.48) 85 (12.11) 84 (17.87) 84 (18.92)
Region:  �   �   �   �   �   �   �
 � Midwest 214 (28.69) 208 (28.85) 89 (27.13) 143 (26.05) 207 (29.49) 130 (27.66) 126 (28.38)
 � Northeast 87 (11.66) 85 (11.79) 44 (13.41) 74 (13.48) 85 (12.11) 50 (10.64) 44 (9.91)
 � South 328 (43.97) 313 (43.41) 144 (43.90) 239 (43.53) 300 (42.74) 212 (45.11) 201 (45.27)
 � West 117 (15.68) 115 (15.95) 51 (15.55) 93 (16.94) 110 (15.67) 78 (16.60) 73 (16.44)
Urban-rural status:  �   �   �   �   �   �
 � Rural 239 (32.04) 232 (32.18) 35 (10.67) 110 (20.04) 217 (30.91) 68 (14.47) 65 (14.64)
 � Urban 507 (67.96) 489 (67.82) 293 (89.33) 439 (79.96) 485 (69.09) 402 (85.53) 379 (85.36)
 � Teaching 209 (28.02) 202 (28.02) 151 (46.04) 190 (34.61) 199 (28.35) 183 (38.94) 171 (38.51)

AIS=acute ischemic stroke; AMI=acute myocardial infarction; IVT=intravenous thrombectomy; MT=mechanical thrombectomy; PCI=percutaneous coronary 
intervention.
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Table 2 | Patient and provider characteristics for patients with acute ischemic stroke (AIS) in the covid-19 (March 
2020-February 2021) versus precovid-19 study period (March 2019-February 2020)

Characteristics

Precovid-19 era
(March 2019-February 2020)
(n=125 116)

Covid-19 era
(March 2020-February 2021)
(n=105 081) P value

Age, years:  �   �
 � Mean, SD 70.42 (13.10) 70.14 (13.12) 0.6144
 � 18-49 8489 (6.78) 7551 (7.19) <0.0001
 � 50-59 16 536 (13.22) 13 754 (13.09)
 � 60-69 30 013 (23.99) 25 614 (24.38)
 � ≥70 70 078 (56.01) 58 162 (55.35)
Sex:  �
 � Male 64 603 (51.63) 54 558 (51.92)  �

0.1720
 �

 � Female 60 513 (48.37) 50 523 (48.08)

Race:  �
 � White 95 247 (76.13) 80 425 (76.54) <0.0001

 �
 �
 �

 � Black 18 726 (14.97) 16 181 (15.40)
 � Asian 2485 (1.99) 2000 (1.90)
 � Other 8658 (6.92) 6475 (6.16)
Marital status:  �
 � Married 53 666 (42.89) 44 538 (42.38) 0.0130 

 �
 �

 � Single 60 492 (48.35) 51 455 (48.97)
 � Other 10 958 (8.76) 9088 (8.65)
Payor:  �
 � Commercial 19 711 (15.75) 16 891 (16.07) <0.0001 

 �
 �
 �

 � Medicaid 10 432 (8.34) 9312 (8.86)
 � Medicare 87 343 (69.81) 72 038 (68.55)
 � Other 7630 (6.10) 6840 (6.51)
Elixhauser Score:  �
 � 0 2146 (1.72) 1479 (1.41) <0.0001 

 �
 �

 � 1 8896 (7.11) 6667 (6.34)
 � ≥2 114 074 (91.17) 96 935 (92.25)
Congestive heart failure 24 176 (19.32) 20 605 (19.61) 0.0840
Hypertension 108 123 (86.42) 91 404 (86.98) 0.0001
Diabetes 49 057 (39.21) 41 473 (39.47) 0.2060
Obesity 20 035 (16.01) 18 603 (17.70) 0.0001
Atrial fibrillation 29 959 (23.94) 25 507 (24.27) 0.0660
Transient ischemic attack 2004 (1.60) 1907 (1.81) 0.0001
Coronary artery disease 38 762 (30.98) 32 010 (30.46) 0.0070
Dyslipidemia 82 673 (66.08) 70 545 (67.13) 0.0001
Smoking 26 133 (20.89) 22 097 (21.03) 0.4060
No of beds:  �
 � 0-299 39 522 (31.59) 33 893 (32.25) 0.0010 

 �
 �

 � 300-500 38 696 (30.93) 31 876 (30.33)
 � >500 46 898 (37.48) 39 312 (37.41)
Region:  �
 � Midwest 29 372 (23.48) 25 507 (24.27) <0.0001 

 �
 �
 �

 � Northeast 16 467 (13.16) 13 167 (12.53)
 � South 62 014 (49.57) 51 937 (49.43)
 � West 17 263 (13.80) 14 470 (13.77)
Urban-rural status:  �
 � Rural 15 180 (12.13) 12 526 (11.92) 0.1190 

 �  � Urban 109 936 (87.87) 92 555 (88.08)
Teaching 64 723 (51.73) 54 236 (51.61) 0.5760

Data are numerator (percentage). IQR=interquartile range; SD=standard deviation.
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period had a significantly higher burden of some 
comorbidities (table  2). Slightly more AIS admis-
sions were to smaller hospitals (0-299 beds) during 
the pandemic. Additionally, the geographical redis-
tribution modestly changed with a slight increase in 
AIS hospital admissions in the Midwest and a mild 
reduction in the Northeast.

We depict trends in hospital admissions with 
AIS (figure  2), and intravenous thrombolysis and 
mechanical thrombectomy volumes (figure  3), in 
relation to the national covid-19 mortality across 
the entire study period. In the 12 months preceding 
the pandemic, 134 768 people were admitted to 
hospital with AIS compared with 116 452 during 
the pandemic year, representing a 13.59% reduc-
tion (95% confidence interval −13.77% to −13.41%) 
(table 3). Additionally, use of intravenous thrombol-
ysis was reduced by 9.47% (−9.99% to −9.02%; from 
16 202 to 14 668) in the 549 hospitals providing 
this intervention. During the study, 328 hospitals 

provided mechanical thrombectomy, with 9343 
procedures prior to the pandemic versus 9711 over 
the first year of the pandemic. Although this corre-
sponds to an increase of 3.94% (3.55% to 4.36%) 
in relation to the prior year, this increase has to 
be considered in the context that use of mechan-
ical thrombectomy has increased steadily over the 
years. Mechanical thrombectomy volumes grew by 
12.65% when comparing the very first month of the 
pandemic (March 2020, when the mortality rates 
due to covid-19 were still low) with March 2019 but 
that was followed by reductions of over 5% for the 
monthly comparisons of April and May 2020 (when 
covid-19 mortality spiked) versus 2019. Moreover, 
use of mechanical thrombectomy was lower by 
11.26% (−12.54% to −10.09%) when comparing 
the first three months of the pandemic (March-May 
2020) with the immediately preceding three months 
(December 2019-February 2020). Notably, 
comparing pandemic versus prepandemic periods, 
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Figure 2 | Proportion of hospital admissions from acute ischemic stroke and acute myocardial infarction, and covid-19 
related deaths from March 2019-February 2021. Deaths due to covid-19 are expressed in numbers ×10-1 (pink line)20
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the proportion of patients admitted to hospital 
with AIS who received intravenous thrombolysis 
(from 9.75% to 10.1%, p=0.0049) or mechanical 
thrombectomy (from 6.33% to 7.59%, P<0.0001) 
significantly increased.

Results from multivariable generalized esti-
mating equation models showed that patients with 
AIS who were admitted during the first year of the 
covid-19 pandemic had 9% higher odds of mortality 
in hospital (3.51% v 3.16%; ratio of the means 1.09 
(95% confidence interval 1.03 to 1.15); p=0.0013) 
as compared with those admitted in the year prior 
to the pandemic. No difference in length of stay was 
noted across the pandemic and prepandemic periods 
(adjusted mean 4.27 (standard error 0.04) v 4.24 

(0.04); ratio of the means 1.01 (95% confidence 
interval 0.99 to 1.03); p=0.3121) (online supple-
mental eTable 1).

Acute myocardial infarction
A total of 702 hospitals had at least one inpatient 
admission with a primary diagnosis of AMI during 
the study period. As seen for hospital admissions 
from AIS, more than two thirds of these centers had 
fewer than 300 beds, and 537 (72%) of 746 were 
non-teaching hospitals (table 1). As compared with 
people admitted to hospital over the year preceding 
the pandemic, patients admitted with AMI during 
the first year of the covid-19 pandemic tended to be 
younger and more often were male. The distribution 

Table 3 | Volume for acute ischemic stroke (AIS), acute myocardial infarction (AMI), intravenous thrombolysis (IVT), 
mechanical thrombectomy (MT), and percutaneous coronary intervention (PCI) during the covid-19 period and 
precovid-19 period
Outcome Precovid-19 period Covid-19 period Percentage volume change (95% CI)

Overall*
AIS 134 768 116 452 −13.59 (−13.77 to −13.41)
MT 9343 9711 3.94 (3.55 to 4.36)
IVT 16 202 14 6683 −9.47 (−9.99 to −9.02)
AMI 146 800 121 551 −17.20 (−17.39 to −17.01)
PCI 184 336 151 364 −17.89 (−18.06 to −17.71)
PCI+AMI 88 935 76 168 −14.36 (−14.59 to −14.12)
First wave†
AIS 34 053 26 779 −21.36 (−21.80 to −20.92)
MT:
 � Overall 2249 2262‡ 0.58 (0.32 to 1.00)
 � March 743 837 12.65 (10.39 to 15.30)
 � April 728 687 −5.63 (−7.63 to −4.12)
 � May 778 738 −5.14 (−7.00 to −3.47)
IVT 3957 3466 −12.91 (−13.99 to −11.90)
AMI 37 632 28 458 −24.38 (−24.81 to −23.94)
PCI 47 978 33 699 −29.76 (−30.17 to −29.35)
PCI+AMI 22 690 18 182 −19.87 (−20.39 to 19.35)
Second wave§
AIS 33 970 31 025 −8.67 (−8.97 to −8.37)
MT 2211 2601 17.64 (16.08 to 19.30)
IVT 4068 3917 −3.71 (−4.34 to −3.17)
AMI 36 047 31 989 −11.26 (−11.59 to −10.93)
PCI 46 102 40 980 −11.11 (−11.40 to −10.82)
PCI+AMI 22 059 20 168 −8.57 (−8.95 to −8.21)
Third wave¶
AIS 66 745 58 648 −12.13 (−12.38 to −11.88)
MT 4883 4848 −0.72 (−1.00 to −0.51)
IVT 8177 7305 −10.66 (−11.35 to −10.01)
AMI 73 121 61 104 −16.43 (−16.70 to −16.17)
PCI 90 256 76 685 −15.04 (−15.27 to −14.80)
PCI+AMI 44 186 37 818 −14.41 (−14.74 to −14.09)

The average volume of PCI in this table is higher than the average volume of AMI because PCI procedures might be associated with coronary artery disease 
treatment (besides AMI).
CI=confidence interval. AIS=acute ischemic stroke; AMI=acute myocardial infarction; IVT=intravenous thrombectomy; MT=mechanical thrombectomy; 
PCI=percutaneous coronary intervention.
*Covid-19 period of March 2020-February 2021 v precovid-19 period of March 2019-February 2020. †MT volume reduced by 26% reduction (95% CI −12.54% to 
−10.09%) when comparing the first three months of the pandemic (March-May 2020) with the immediately preceding three months (December 2019-February 
2020). ‡Covid-19 period of March-May 2020 v precovid-19 period of March-May 2019. §Covid-19 period of June-August 2020 v precovid-19 period of June-
August 2019. ¶Covid-19 period of September 2020-February 2021 v precovid-19 period of September 2019-February 2020
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of these patients also differed by racial profile, 
marital status, and health insurance payors, and 
patients had a significantly higher comorbidity 
burden than before the pandemic. Slightly more 
admissions with AMI were to smaller hospitals and 
non-teaching hospitals during the pandemic than 
before the pandemic. Additionally, the geographical 
redistribution in admissions to hospital from AMI in 
relation to the pandemic was very modest (table 4).

We depict the number of people admitted to 
hospital with AMI (figure 1) and people who received 
a percutaneous coronary intervention (figure  2), 
in relation to the national covid-19 mortality over 
the study period. In the year prior to the pandemic 
146 800 people were admitted to hospital for AMI 
versus 121 551 over the pandemic year, repre-
senting a 17.20% decrease (95% confidence interval 
−17.39% to −17.01%) (table 2). Similarly, the use of 
any percutaneous coronary intervention (including 
AMI and other indications) declined by 17.89% 
((−18.06% to −17.71%); from 184 336 to 1 51 364) 
across 470 hospitals providing this intervention 
whereas use of percutaneous coronary intervention 
for AMI declined by 14.36% ((−14.59% to −14.12%); 
from 88 935 to 76 168) across 444 hospitals. Despite 
this reduction in the absolute volumes of percu-
taneous coronary intervention, the proportion of 
patients who were admitted to hospital who received 
percutaneous coronary intervention for any indica-
tion significantly increased in relation to the number 
of AMI admissions (60.84% to 63.18%, p=0.0001) in 
the pandemic versus prepandemic period.

Multivariable generalized estimating equation 
computations showed that patients with AMI who 
were admitted to hospital over the first year of 
the covid-19 pandemic had 18.00% higher odds 
of mortality in hospital (4.81% v 4.29%; ratio of 
the means 1.18 (1.13 to 1.23); P<0.0001) and 
significantly shorter length of stay (adjusted mean 
(standard error), 3.81 (0.04) v 3.96 (0.04) days; 
ratio of the means 0.96 (0.95 to 0.97); P<0.0001) in 
the pandemic versus prepandemic periods (online 
supplemental eTable 2).

Secondary analyses
As compared with their corresponding periods in 
the prior year, admission to hospital for AIS signif-
icantly reduced across all three pandemic waves. 
These declines were more pronounced over the first 
wave (−21.36% (−21.80% to −20.92%)) than the 
third (−12.13% (−12.38% to −11.88%)) and second 
(−8.67%; (−8.97% to −8.37%)) waves. Similarly, 
more prominent reductions in intravenous thrombol-
ysis were noted in the first wave (−12.91%; (13.99% 
to −11.90%)) and third wave (−10.66%; (−11.35% 
to −10.01%)) versus the second wave (−3.71%; 
(−4.34% to −3.17%)). The mechanical thrombec-
tomy volumes over the first (0.58%; (0.32% to 
1.00%)) and third (−0.72%; (−1.00% to −0.51%)) 

wave were nearly unchanged but volume increased 
by 17.64% (16.08% to 19.30%) over the second 
wave (table  3). We provide data for characteristics 
of patients with AIS and of the provider, as well as 
mortality in hospital and length of stay analyses 
for each covid-19 wave in the supplement (online 
supplemental eTables 3–8). mortality from AIS in 
hospital was highest during the second wave (3.43% 
v 2.84%; ratio of the means 1.16 (1.06 to 1.27); 
p=0.0010) and had non-significant increases over 
the first and third wave.

Similarly, significant reductions in AMI hospital 
admission volumes were noticed across all three 
pandemic waves with greater prominence over the 
first wave (−24.38% (−24.81% to −23.94%)) than the 
third (−16.43%; (−16.70% to −16.17%)) and second 
(−11.26%; (−11.59% to −10.93%)) waves. Absolute 
volumes of percutaneous coronary intervention also 
decreased throughout all three pandemic waves 
(table 3). Data for AMI patient and provider charac-
teristics as well as mortality in hospital and length 
of stay analyses for each wave are provided in the 
supplement (online supplemental eTables 9–14). 
Mortality from AMI in hospital showed a signifi-
cant and gradual increase across all three covid-19 
waves in relation to their corresponding periods over 
the preceding year, reaching its peak at 21% higher 
odds over the third wave (5.08% v 4.39%; ratio of the 
means 1.21 (1.14 to 1.28); P<0.0001).

We also provide additional analysis including 
the timeframe for covid-19 from March 2020 to 
December 2021 in which we looked at hospitals that 
provided continuous inpatient and outpatient data 
for 34 months (online supplemental file 1, online 
supplemental eTable 15). The results are consistent 
with trends seen in prior analysis (online supple-
mental efigures 2 and 3)

Discussion
By use of a large multihospital database, we examined 
the impact of the first year of the covid-19 pandemic 
on acute care of AIS and AMI in the US. Our study 
documents an important reduction in all measured 
metrics for AIS and AMI care, including the change 
in numbers of admissions for AIS (−13.59%) and 
AMI (−17.20%) during the pandemic versus before 
the pandemic. We also noted significant decreases 
in volumes for intravenous thrombolysis (−9.47%) 
as well as any percutaneous coronary intervention 
(−17.89%) and percutaneous coronary intervention 
for AMI only (−14.36%). Although the comparative 
mechanical thrombectomy changes in relation to the 
prior year were presumably masked by the temporal 
increases in mechanical thrombectomy volumes 
observed over the recent years (as suggested by the 
March 2019 to March 2020 trends in figure  2),23 24 
comparison of the first three pandemic months with 
three months immediately preceding the pandemic 
showed a 11.26% reduction in mechanical 
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Table 4 | Patient and provider characteristics for patients with acute myocardial infarction in the covid-19 (March 
2020-February 2021) versus precovid-19 study period (March 2019-February 2020)

Characteristics

Precovid-19 period
(March 2019-February 2020)
(n=138 133)

Covid-19 period
(March 2020-February 2021)
(n=111 580)

Age, years:
Mean, SD 66.63 (13.12) 66.17 (13.04)
 � 18-49 14 553 (10.54) 12 172 (10.91)
 � 50-59 26 644 (19.29) 22 102 (19.81)
 � 60-69 37 339 (27.03) 31 056 (27.83)
 � ≥70 59 597 (43.14) 46 250 (41.45)
Gender:  �
 � Male 87 259 (63.17) 71 598 (64.17)
 � Female 50 874 (36.83) 39 982 (35.83)
Race:  �
 � White 109 802 (79.49) 90 108 (80.76)
 � Black 14 740 (10.67) 11 866 (10.63)
 � Asian 2914 (2.11) 2276 (2.04)
 � Other 10 677 (7.73) 7330 (6.57)
Marital Status:  �
 � Married 65 621 (47.51) 53 081 (47.57)
 � Single 59 314 (42.94) 48 327 (43.31)
 � Other 13 198 (9.55) 10 172 (9.12)
Payor:  �
 � Commercial 32 532 (23.55) 27 356 (24.52)
 � Medicaid 12 817 (9.28) 11 048 (9.90)
 � Medicare 80 576 (58.33) 63 131 (56.58)
 � Other 12 208 (8.84) 10 045 (9.00)
Elixhauser score:  �
 � 0 4615 (3.34) 3602 (3.23)
 � 1 15 372 (11.13) 11 913 (10.68)
 � ≥2 118 146 (85.53) 96 065 (86.10)
Congestive heart failure: 58 943 (42.67) 47 645 (42.70)
 � Hypertension 114 858 (83.15) 92 434 (82.84)
 � Diabetes 57 420 (41.57) 45 391 (40.68)
 � Obesity 32 109 (23.24) 28 552 (25.59)
 � Atrial fibrillation 22 634 (16.39) 17 781 (15.94)
 � Transient ischemic attack 312 (0.23) 258 (0.23)
 � Coronary artery disease 117 244 (84.88) 94 567 (84.75)
 � Dyslipidemia 100 739 (72.93) 82 526 (73.96)
 � Smoking 36 603 (26.50) 30 140 (27.01)
No of beds:  �
 � 0-299 46 559 (33.71) 38 813 (34.78)
 � 300-500 45 620 (33.03) 36 249 (32.49)
 � >500 45 954 (33.27) 36 518 (32.73)
Region:  �
 � Midwest 34 822 (25.21) 28 534 (25.57)
 � Northeast 18 047 (13.06) 14 175 (12.70)
 � South 65 493 (47.41) 52 906 (47.42)
 � West 19 771 (14.31) 15 965 (14.31)
Urban-rural status:  �
 � Rural 18 056 (13.07) 14 628 (13.11)
 � Urban 120 077 (86.93) 96 952 (86.89)
Teaching 69 133 (50.05) 54 760 (49.08)
Percutaneous coronary intervention 84 046 (60.84) 70 491 (63.18)

Data are number (percentage), unless otherwise specified. IQR=interquartile range; SD=standard deviation.
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thrombectomy procedures. This mirrors the decline 
described across the same three month periods in a 
recent large multicenter global analysis.25 Notably, 
the extent of the changes in AIS and AMI care had 
a distinct temporal correlation with spikes in deaths 
related to covid-19 (figures  1 and 2). Additionally, 
adjusted rates of mortality in hospital increased for 
both AIS and AMI while length of stay was shorter for 
AMI but not AIS.

Our results are in alignment with several previous 
studies that showed significant reductions in the care 
for AIS and AMI during the first wave of covid-19 
pandemic worldwide.25–31 However, prior studies 
were largely focused on the first few months of the 
pandemic and, until now, whether these effects would 
be limited to the early phases or would continue to 
occur throughout the pandemic was unclear. In this 
context, a few recent studies have suggested a poten-
tial recovery in the volumes of AIS and AMI care 
over the subsequent months of the pandemic.26–29 
Although our study showed similar trends over these 
same periods, our findings show that, in the longer 
term, the collateral effects of the pandemic over the 
care of AIS and AMI seem to reliably recur with any 
new upsurges in covid-19, suggesting that systems 
of care and populational behaviors did not readapt 
over time.

Among patients being admitted with a diagnosis of 
AIS or AMI during the covid-19 period, we observed 
an increase in treatment rates as compared with 
those for patients admitted before covid-19 emer-
gence. The observed relative increase in the reperfu-
sion treatment rates suggests a shift towards greater 
clinical severity for patients in hospital during the 
pandemic. AIS studies have reported a greater reduc-
tion in the admissions for transient ischemic attack 
and mild strokes compared with more severe stroke 
presentations.3 8 Similarly, acute coronary syndromes 
studies showed greater reductions in volumes for 
unstable angina and non-ST-elevation myocardial 
infarction than for ST-elevation myocardial infarc-
tion.13 17 32 Notably, the outbreak appears to have not 
only impacted AIS and AMI treatment volumes but 
also their workflow leading to increases in times from 
symptom onset to first medical contact and door to 
reperfusion for both conditions.8 10 12 33–35

A particularly important novel finding of our study 
is the significantly higher mortality in hospital for 
AIS and AMI over the first year of the pandemic. 
Although we could not find a convincing explanation 
for the reported increase in mortality, the aforemen-
tioned workflow delays combined with the relative 
increase in disease severity were presumably main 
contributors to the increased mortality in hospital. 
Additionally, despite their overall low frequency, 
patients presenting with concomitant diagnosis of 
covid-19 and AIS or AMI are known to have much 
poorer outcomes.36 37 Such combined presentations 
might have contributed to observed increases in 

mortality. The observed length of stay changes in AMI 
were possibly a reflection of pressures on healthcare 
systems to improve efficiencies of hospital resources, 
such as accelerated treatment and discharge, to 
reduce risks of viral exposure and optimize bed 
capacity during the pandemic.

Our study is limited by the design of any retro-
spective analysis, such as the availability of data for 
relevant clinical outcomes. Although we could assess 
patient comorbidity status, clinical metrics such as 
modified Rankin scale scores were not available. 
We also tried to be comprehensive as much as we 
could by including hospitals with a minimum crite-
rion of admissions of ‘one’ during the study period. 
This criterion could have created some noise in 
the data and would limit hospitals that have some 
minimum threshold enough to get stable estimates. 
Additionally, sampling could be a possible limitation 
that could affect generalizability given that Premier 
Healthcare Database collects data from voluntary 
participating hospitals with possible selection 
bias. Furthermore, some of the absolute differences 
observed were small and might not be clinically rele-
vant. We only had missing data for race and marital 
status. The rate of missing data for patients with AIS 
in precovid-19 period sample was 2.98% and for 
postcovid-19 period was 3.49%. The rate of missing 
data for AMI patients in precovid-19 period sample 
was 2.33% and for post-covid-19 period was 2.90%. 
Given the small proportion of missing information, 
we do not expect our results to have been affected 
by removal of patients with missing data. Moreover, 
billing and coding errors, especially as hospitals 
face logistical and administrative stress during the 
pandemic, could have influenced the accuracy of 
study results.

Conclusions
This large multihospital database analysis adds to the 
increasing evidence evaluating the side effects of the 
covid-19 pandemic in the treatment and outcomes 
for acute care conditions across US hospitals. 
Although improved efficiencies in hospital length of 
stay were observed in AMI during the covid-19 era, 
inpatient mortality for AIS and AMI was higher and 
the number of hospital admissions was lower than 
expected. The persistence of these deleterious effects 
one year into the pandemic is particularly trouble-
some. Many factors could be considered including 
reduced capacity at hospitals, changes in service 
organisation and how to access care, and delays due 
to health services and intensive care facilities being 
overwhelmed. From a public policy perspective, 
public health interventions (eg, awareness media 
campaigns and relevant health education) should 
be used to engage and inform the public about the 
effects of untreated acute conditions and to prevent 
these observed decreases in patient admissions to 
hospital in future pandemics.
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eTable 1. Mortality and length of stay for acute ischemic stroke (AIS) patients in the COVID-19 (March 2020 – February 

2021) versus pre-COVID-19 study period (March 2019 – February 2020) 

 

 

Bivariate 

Comparison 

(COVID-19 versus 

pre-COVID-19) 

Generalized 

estimating equation 

(GEE) 

Ratio of the Means 
a 

95% Confidence 

Interval (CI) 
P-value c 

Mortality (% of 

admissions) 
3.51% vs. 3.16% 1.09 1.03 – 1.15 0.0013 

Adjusted LOS b 

(mean [standard 

error of the mean) 

4.27 (0.04) vs. 4.24 

(0.04) 
1.01 0.99 – 1.03 0.3121 

a Generalized estimating equation model adjusted for study covariates; b LOS Length of stay; c P-value derived from GEE model 

 

 

 

eTable 2. Mortality and length of stay for acute myocardial infarction (AMI) patients the first wave of COVID-19 (March 

2020 – February 2021) versus pre-COVID-19 study period (March 2019 – February 2020) 

 

 

Bivariate 

Comparison 

(COVID-19 versus 

pre-COVID-19) 

Generalized 

estimating equation 

(GEE) 

Ratio of the Means a 

95% Confidence 

Interval (CI) 
P-value c 

Mortality (% of 

admissions) 
4.81% vs. 4.29% 1.18 1.13 – 1.23 <0.0001 

Adjusted LOS b 

(mean [standard 

error of the mean) 

3.81 (0.04) vs. 3.96 

(0.04) 
0.96 0.95 – 0.97 <0.0001 

a Generalized estimating equation model adjusted for study covariates; b LOS Length of stay; c P-value derived from GEE model 
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eTable 3. Patient and provider characteristics for acute ischemic stroke (AIS) patients in the first wave of COVID-19 (March-

May 2020) versus pre-COVID-19 study period (March-May 2019) 

 

 

COVID-19 Era 

(March – May 2020) 

(N = 24,355)  

Pre-COVID-19 Era 

(March – May 2019) 

(N = 32,409) 

P-values 

AIS Hospitalization 

Volume 
24,355 32,409 

24.85% 

decline 

 

Characteristics N % N %  

Age (years)      

Median IQR 71.00 19.00 71.00 19.00 0.0002 

Mean +/- SD 70.02 13.23 70.50 12.98 0.0016 

18 – 49 1,753 7.20% 2,107 6.50% 

0.0010 
50 – 59 3,351 13.76% 4,311 13.30% 

60 – 69 5,907 24.25% 7,812 24.10% 

70+ 13,344 54.79% 18,179 56.09% 

Gender      0.4230 

Male 12,710 52.19% 16,803 51.85%  

Female 11,645 47.81% 15,606 48.15%  

Race     <0.0001 

White 18,513 76.01% 24,823 76.59%  

Black 3,823 15.70% 4,719 14.56%  

Asian 434 1.78% 622 1.92%  

Other 1,585 6.51% 2,245 6.93%  

Marital Status     <0.0001 

Married 10,145 41.65% 13,934 42.99%  
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Single 12,063 49.53% 15,508 47.85%  

Other 2,147 8.82% 2,967 9.15%  

Payor     <0.0001 

Commercial 3,946 16.20% 4,994 15.41%  

Medicaid 2,193 9.00% 2,661 8.21%  

Medicare 16,629 68.28% 22,890 70.63%  

Other 1,587 6.52% 1,864 5.75%  

Elixhauser Score     <0.0001 

0 345 1.42% 579 1.79%  

1 1,424 5.85% 2,437 7.52%  

2+ 22,586 92.74% 29,393 90.69%  

Congestive Heart 

Failure 4,851 19.92% 6,186 19.09% 0.0130 

Hypertension 21,131 86.76% 27,891 86.06% 0.0160 

Diabetes 9,680 39.75% 12,800 39.50% 0.5460 

Obesity 4,154 17.06% 4,958 15.30% 0.0001 

Atrial Fibrillation 6,011 24.68% 7,627 23.53% 0.0020 

TIA 436 1.79% 493 1.52% 0.0120 

Coronary Artery 

Disease 7,298 29.97% 10,192 31.45% 0.0001 

Dyslipidemia 16,091 66.07% 21,102 65.11% 0.0180 

Smoking 5,190 21.31% 6,789 20.95% 0.2960 

Number of Beds     0.2150 

0 – 299 7,783 31.96% 10,189 31.44%  

300 – 500 7,526 30.90% 10,223 31.54%  

500+ 9,046 37.14% 11,997 37.02%  

Region     <0.0001 

Midwest 5,719 23.48% 7,480 23.08%  

Northeast 2,828 11.61% 4,288 13.23%  

South 12,276 50.40% 16,203 50.00%  

West 3,532 14.50% 4,438 13.69%  

Urban-Rural Status     0.7290 

Rural 2,978 12.23% 3,994 12.32%  

Urban 21,377 87.77% 28,415 87.68%  

Teaching 12,367 50.78% 16,561 51.10% 0.4480 
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Mechanical 

Thrombectomy (MT) 1,879 7.72% 1,909 5.89% <0.0001 

Intravenous 

Thrombolysis (IVT) 2,558 10.49% 3,004 9.27% <0.0001 
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eTable 4. Mortality and length of stay for acute ischemic stroke (AIS) patients in the first wave of COVID-19 (March-May 2020) 

versus pre-COVID-19 study period (March-May 2019) 

 

 

Bivariate 

Comparison 

(COVID-19 versus 

pre-COVID-19) 

Generalized 

estimating equation 

(GEE) 

Ratio of the Meansa 

95% Confidence 

Interval (CI) 
P-valuec 

Mortality (% of 

admissions) 
3.51% vs. 3.07% 1.10 0.99 – 1.22 0.0789 

Adjusted LOSb 

(mean [standard 

error of the mean) 

4.10 (0.05) vs. 4.22 

(0.05)  
0.97 0.95 – 0.99 0.0151 

aGeneralized estimating equation model adjusted for study covariates; bLOS Length of stay; cP-value derived from GEE model 
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eTable 5. Patient and provider characteristics for acute ischemic stroke (AIS) patients in the second wave of COVID-19 (June-

August 2020) versus pre-COVID-19 study period (June-August 2019) 

 

 

COVID-19 Era 

(June – August 2020) 

(N = 27,925) 

Pre-COVID-19 Era 

(June – August 2019) 

(N = 31,497) 

P-values 

AIS Hospitalization 

Volume 
27,925 31,497 

11.34% 

decline 

Characteristics N % N %  

Age (years)      

Median IQR 71.00 18.00 71.00 18.00 0.0348 

Mean +/- SD 69.88 13.07 70.12 13.12 0.5167 

18 – 49 2,058 7.37% 2,203 6.99% 

0.3280 
50 – 59 3,752 13.44% 4,296 13.64% 

60 – 69 6,839 24.49% 7,713 24.49% 

70+ 15,276 54.70% 17,285 54.88% 

Gender      0.8220 

Male 14,596 52.27% 16,434 52.18%  

Female 13,329 47.73% 15,063 47.82%  

Race     <0.0001 

White 21,585 77.30% 23,905 75.90%  

Black 4,122 14.76% 4,731 15.02%  

Asian 513 1.84% 661 2.10%  

Other 1,705 6.11% 2,200 6.98%  

Marital Status     0.5410 

Married 12,028 43.07% 13,486 42.82%  

Single 13,577 48.62% 15,319 48.64%  

Other 2,320 8.31% 2,692 8.55%  

Payor     0.0020 

Commercial 4,560 16.33% 4,917 15.61%  

Medicaid 2,563 9.18% 2,712 8.61%  

Medicare 18,998 68.03% 21,859 69.40%  

Other 1,804 6.46% 2,009 6.38%  

Elixhauser Score     <0.0001 

0 369 1.32% 551 1.75%  
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1 1,815 6.50% 2,293 7.28%  

2+ 25,741 92.18% 28,653 90.97%  

Congestive Heart 

Failure 5,557 19.90% 5,973 18.96% 0.0040 

Hypertension 24,332 87.13% 27,206 86.38% 0.0070 

Diabetes 11,045 39.55% 12,379 39.30% 0.5330 

Obesity 4,996 17.89% 5,087 16.15% 0.0001 

Atrial Fibrillation 6,602 23.64% 7,226 22.94% 0.0440 

TIA 487 1.74% 491 1.56% 0.0770 

Coronary Artery 

Disease 8,652 30.98% 9,829 31.21% 0.5580 

Dyslipidemia 18,810 67.36% 20,906 66.37% 0.0110 

Smoking 6,118 21.91% 6,814 21.63% 0.4180 

Number of Beds     0.4300 

0 – 299 8,946 32.04% 9,938 31.55%  

300 – 500 8,533 30.56% 9,725 30.88%  

500+ 10,446 37.41% 11,834 37.57%  

Region     0.0350 

Midwest 6,942 24.86% 7,589 24.09%  

Northeast 3,530 12.64% 4,175 13.26%  

South 13,693 49.03% 15,551 49.37%  

West 3,760 13.46% 4,182 13.28%  

Urban-Rural Status     0.6830 

Rural 3,421 12.25% 3,824 12.14%  

Urban 24,504 87.75% 27,673 87.86%  

Teaching 14,437 51.70% 16,459 52.26% 0.1750 

Mechanical 

Thrombectomy 

(MT) 2,125 7.61% 1,887 5.99% <0.0001 

Intravenous 

Thrombolysis (IVT) 2,846 10.19% 3,063 9.72% 0.0577 
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eTable 6. Mortality and length of stay for acute ischemic stroke (AIS) patients in the second wave of COVID-19 (June-August 

2020) versus pre-COVID-19 study period (June-August 2019) 

 

 

Bivariate 

Comparison 

(COVID-19 versus 

pre-COVID-19) 

Generalized 

estimating equation 

(GEE) 

Ratio of the Meansa 

95% Confidence 

Interval (CI) 

 

 

P-valuec 

Mortality (% of 

admissions) 
3.43% vs. 2.84% 1.16 1.06 – 1.27 

0.0010 

Adjusted LOSb 

(mean [standard 

error of the mean) 

4.28 (0.05) vs. 4.17 

(0.05) 
1.02 0.99 – 1.05 

 

0.0581 

aGeneralized estimating equation model adjusted for study covariates; bLOS Length of stay; cP-value derived from GEE model 
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eTable 7. Patient and provider characteristics for acute ischemic stroke (AIS) patients in the third wave of COVID-19 

(September 2020 – February 2021) versus pre-COVID-19 study period (September 2019 – February 2020) 

 

 

COVID-19 Era 

(September 2020 – 

February 2021) 

(N = 52,801) 

Pre-COVID-19 Era 

(September 2019 – February 

2020) 

(N = 61,210) 

P-values 

AIS Hospitalization 

Volume 
52,801 61,210 

13.74% 

decline 

Characteristics N % N %  

Age (years)      

Median IQR 72.00 18.00 72.00 19.00 0.0022 

Mean +/- SD 70.33 13.08 70.54 13.14 0.0064 

18 – 49 3,740 7.08% 4,179 6.83% 

0.0040 
50 – 59 6,651 12.60% 7,929 12.95% 

60 – 69 12,868 24.37% 14,488 23.67% 

70+ 29,542 55.95% 34,614 56.55% 

Gender      0.2130 

Male 27,252 51.61% 31,366 51.24%  

Female 25,549 48.39% 29,844 48.76%  

Race     <0.0001 

White 40,327 76.38% 46,519 76.00%  

Black 8,236 15.60% 9,276 15.15%  

Asian 1,053 1.99% 1,202 1.96%  

Other 3,185 6.03% 4,213 6.88%  

Marital Status     0.2060 

Married 22,365 42.36% 26,246 42.88%  

Single 25,815 48.89% 29,665 48.46%  

Other 4,621 8.75% 5,299 8.66%  

Payor     0.0040 

Commercial 8,385 15.88% 9,800 16.01%  

Medicaid 4,556 8.63% 5,059 8.26%  

Medicare 36,411 68.96% 42,594 69.59%  

Other 3,449 6.53% 3,757 6.14%  

Elixhauser Score     0.0010 
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0 765 1.45% 1,016 1.66%  

1 3,428 6.49% 4,166 6.81%  

2+ 48,608 92.06% 56,028 91.53%  

Congestive Heart 

Failure 10,197 19.31% 12,017 19.63% 0.1730 

Hypertension 45,941 87.01% 53,026 86.63% 0.0600 

Diabetes 20,748 39.29% 23,878 39.01% 0.3260 

Obesity 9,453 17.90% 9,990 16.32% 0.0001 

Atrial Fibrillation 12,894 24.42% 15,106 24.68% 0.3110 

TIA 984 1.86% 1,020 1.67% 0.0120 

Coronary Artery 

Disease 16,060 30.42% 18,741 30.62% 0.4610 

Dyslipidemia 35,644 67.51% 40,665 66.44% 0.0001 

Smoking 10,789 20.43% 12,530 20.47% 0.8770 

Number of Beds     0.0060 

0 – 299 17,164 32.51% 19,395 31.69%  

300 – 500 15,817 29.96% 18,748 30.63%  

500+ 19,820 37.54% 23,067 37.69%  

Region     0.0001 

Midwest 12,846 24.33% 14,303 23.37%  

Northeast 6,809 12.90% 8,004 13.08%  

South 25,968 49.18% 30,260 49.44%  

West 7,178 13.59% 8,643 14.12%  

Urban-Rural Status     0.0270 

Rural 6,127 11.60% 7,362 12.03%  

Urban 46,674 88.40% 53,848 87.97%  

Teaching      

Mechanical 

Thrombectomy (MT) 3,975 7.53% 4,120 6.73% <0.0001 

Intravenous 

Thrombolysis (IVT) 5,206 9.86% 6,126 10.01% 0.4033 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJMED

 doi: 10.1136/bmjmed-2022-000207:e000207. 2 2023;BMJMED, et al. Nogueira RG



eTable 8. Mortality and length of stay for acute ischemic stroke (AIS) patients in the third wave of COVID-19 (September 2020 

– February 2021) versus pre-COVID-19 study period (September 2019 – February 2020) 

 

Bivariate 

Comparison 

(COVID-19 versus 

pre-COVID-19) 

Generalized 

estimating 

equation 

(GEE) 

Ratio of the 

Meansa 

95% Confidence 

Interval (CI) 
P-valuec 

Mortality (% of 

admissions) 
3.56% vs. 3.37% 1.06 0.99 – 1.13 0.1107 

Adjusted LOSb 

(mean [standard 

error of the mean) 

4.36 (0.04) vs. 4.30 

(0.04) 
1.01 1.00 – 1.03 0.1072 

aGeneralized estimating equation model adjusted for study covariates; bLOS Length of stay; cP-value derived from GEE model 
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eTable 9. Patient and provider characteristics for acute myocardial infarction (AMI) patients in the first wave of COVID-19 

(March-May 2020) versus pre-COVID-19 study period (March-May 2019) 

 

 

COVID-19 Era 

(March – May 2020) 

(N = 26,340) 

Pre-COVID-19 Era 

(March – May 2019) 

(N = 35,993) 

P-values 

AMI Hospitalization 

Volume 
26,340 35,993 

26.81% 

decline 

Characteristics N % N %  

Age (years)      

Median IQR 66.00 18.00 67.00 19.00 <0.0001 

Mean +/- SD 65.79 12.96 66.71 13.15 0.0116 

18 – 49 2,974 11.29% 3,812 10.59% 

<0.0001 
50 – 59 5,245 19.91% 6,911 19.20% 

60 – 69 7,579 28.77% 9,603 26.68% 

70+ 10,542 40.02% 15,667 43.53% 

Gender      <0.0001 

Male 17,212 65.35% 22,746 63.20%  

Female 9,128 34.65% 13,247 36.80%  

Race     <0.0001 

White 21,301 80.87% 28,449 79.04%  

Black 2,707 10.28% 3,942 10.95%  

Asian 483 1.83% 767 2.13%  

Other 1,849 7.02% 2,835 7.88%  

Marital Status     <0.0001 

Married 12,634 47.97% 17,088 47.48%  

Single 11,405 43.30% 15,293 42.49%  

Other 2,301 8.74% 3,612 10.04%  

Payor     <0.0001 

Commercial 6,794 25.79% 8,392 23.32%  

Medicaid 2,575 9.78% 3,310 9.20%  

Medicare 14,541 55.21% 21,265 59.08%  

Other 2,430 9.23% 3,026 8.41%  

Elixhauser Score     0.0540 

0 827 3.14% 1,245 3.46%  
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1 2,843 10.79% 3,964 11.01%  

2+ 22,670 86.07% 30,784 85.53%  

Congestive Heart 

Failure 11,306 42.92% 15,462 42.96% 0.9300 

Hypertension 21,849 82.95% 29,906 83.09% 0.6490 

Diabetes 10,720 40.70% 15,025 41.74% 0.0090 

Obesity 6,649 25.24% 8,209 22.81% 0.0001 

Atrial Fibrillation 4,047 15.36% 6,058 16.83% 0.0001 

TIA 56 0.21% 82 0.23% 0.6900 

Coronary Artery 

Disease 22,426 85.14% 30,599 85.01% 0.6610 

Dyslipidemia 19,429 73.76% 26,062 72.41% 0.0001 

Smoking 7,321 27.79% 9,471 26.31% 0.0001 

Number of Beds     <0.0001 

0 – 299 9,132 34.67% 11,959 33.23%  

300 – 500 8,584 32.59% 12,114 33.66%  

500+ 8,624 32.74% 11,920 33.12%  

Region     <0.0001 

Midwest 6,456 24.51% 9,074 25.21%  

Northeast 3,082 11.70% 4,627 12.86%  

South 12,953 49.18% 17,189 47.76%  

West 3,849 14.61% 5,103 14.18%  

Urban-Rural Status     0.9130 

Rural 3,484 13.23% 4,750 13.20%  

Urban 22,856 86.77% 31,243 86.80%  

Teaching 12,810 48.63% 18,020 50.07% 0.0001 

Percutaneous 

Coronary 

Intervention (PCI) 16,948 64.34% 21,681 60.24% 0.0001 
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eTable 10. Mortality and length of stay for acute myocardial infarction (AMI) patients the first wave of COVID-19 (March-May 

2020) versus pre-COVID-19 study period (March-May 2019) 

 

 

Bivariate 

Comparison 

(COVID-19 versus 

pre-COVID-19) 

Generalized 

estimating equation 

(GEE) 

Ratio of the Meansa 

95% Confidence 

Interval (CI) 
P-valuec 

Mortality (% of 

admissions) 
4.56% vs. 4.37% 1.13 1.04 – 1.23 0.0043 

Adjusted LOSb 

(mean [standard 

error of the mean) 

3.74 (0.04) vs. 4.02 

(0.05) 
0.93 0.91 – 0.95 <0.0001 

aGeneralized estimating equation model adjusted for study covariates; bLOS Length of stay; cP-value derived from GEE model 
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eTable 11. Patient and provider characteristics for acute myocardial infarction (AMI) patients in the second wave of COVID-

19 (June-August 2020) versus pre-COVID-19 study period (June-August 2019) 

 

 

COVID-19 Era 

(June – August 2020) 

(N = 29,372) 

Pre-COVID-19 Era 

(June – August 2019) 

(N = 34,010) 

P-values 

AMI Hospitalization 

Volume 
29,372 34,010 

13.63% 

decline 

Characteristics N % N %  

Age (years)      

Median IQR 66.00 19.00 67.00 19.00 <0.0001 

Mean +/- SD 65.89 13.10 66.34 13.19 0.2542 

18 – 49 3,277 11.16% 3,729 10.96% 

0.0010 
50 – 59 6,101 20.77% 6,740 19.82% 

60 – 69 8,026 27.33% 9,170 26.96% 

70+ 11,968 40.75% 14,371 42.26% 

Gender      0.1470 

Male 18,819 64.07% 21,602 63.52%  

Female 10,553 35.93% 12,408 36.48%  

Race     <0.0001 

White 23,721 80.76% 27,030 79.48%  

Black 3,097 10.54% 3,599 10.58%  

Asian 611 2.08% 729 2.14%  

Other 1,943 6.62% 2,652 7.80%  

Marital Status     0.8300 

Married 14,045 47.82% 16,287 47.89%  

Single 12,650 43.07% 14,584 42.88%  

Other 2,677 9.11% 3,139 9.23%  

Payor     <0.0001 

Commercial 7,323 24.93% 8,139 23.93%  

Medicaid 2,989 10.18% 3,206 9.43%  

Medicare 16,448 56.00% 19,477 57.27%  

Other 2,612 8.89% 3,188 9.37%  

Elixhauser Score     0.0010 

0 987 3.36% 1,181 3.47%  
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1 3,132 10.66% 3,923 11.53%  

2+ 25,253 85.98% 28,906 84.99%  

Congestive Heart 

Failure 12,373 42.13% 14,238 41.86% 0.5070 

Hypertension 24,252 82.57% 28,173 82.84% 0.3720 

Diabetes 11,917 40.57% 13,976 41.09% 0.1830 

Obesity 7,591 25.84% 7,862 23.12% 0.0001 

Atrial Fibrillation 4,624 15.74% 5,331 15.67% 0.8140 

TIA 82 0.28% 85 0.25% 0.4740 

Coronary Artery 

Disease 24,863 84.65% 28,856 84.85% 0.4910 

Dyslipidemia 21,630 73.64% 24,799 72.92% 0.0400 

Smoking 7,993 27.21% 9,155 26.92% 0.4050 

Number of Beds     0.0030 

0 – 299 10,211 34.76% 11,394 33.50%  

300 – 500 9,605 32.70% 11,239 33.05%  

500+ 9,556 32.53% 11,377 33.45%  

Region     0.3160 

Midwest 7,786 26.51% 8,875 26.10%  

Northeast 3,834 13.05% 4,400 12.94%  

South 13,585 46.25% 15,982 46.99%  

West 4,167 14.19% 4,753 13.98%  

Urban-Rural Status     0.0510 

Rural 3,865 13.16% 4,656 13.69%  

Urban 25,507 86.84% 29,354 86.31%  

Teaching      

Percutaneous 

Coronary 

Intervention (PCI) 18,660 63.53% 20,907 61.47% 0.0001 
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eTable 12. Mortality and length of stay for acute myocardial infarction (AMI) patients in the second wave of COVID-19 (June-

August 2020) versus pre-COVID-19 study period (June-August 2019) 

 

 

Bivariate 

Comparison 

(COVID-19 versus 

pre-COVID-19) 

Generalized 

estimating 

equation (GEE) 

Ratio of the 

Meansa 

95% Confidence 

Interval (CI) 
P-valuec 

Mortality (% of 

admissions) 
4.53% vs. 3.98% 1.17 1.09 – 1.27 <0.0001 

Adjusted LOSb 

(mean [standard 

error of the mean) 

3.83 (0.05) vs. 3.93 

(0.05) 
0.97 0.95 – 0.99 0.0119 

aGeneralized estimating equation model adjusted for study covariates; bLOS Length of stay; cP-value derived from GEE model 
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eTable 13. Patient and provider characteristics for acute myocardial infarction (AMI) patients in the third wave of COVID-19 

(September 2020 – February 2021) versus pre-COVID-19 study period (September 2019 – February 2020) 

 

COVID-19 Era 

(September 2020 – 

February 2021) 

(N = 55,868) 

Pre-COVID-19 Era 

(September 2019 – February 

2020) 

(N = 68,130) 

P-values 

AMI Hospitalization 

Volume 
55,868 68,130 

18.00% 

decline 

Characteristics N % N %  

Age (years)      

Median IQR 67.00 18.00 67.00 18.00 0.0007 

Mean +/- SD 66.49 13.03 66.74 13.07 0.4825 

18 – 49 5,921 10.60% 7,012 10.29% 

0.0130 
50 – 59 10,756 19.25% 12,993 19.07% 

60 – 69 15,451 27.66% 18,566 27.25% 

70+ 23,740 42.49% 29,559 43.39% 

Gender      0.0140 

Male 35,567 63.66% 42,911 62.98%  

Female 20,301 36.34% 25,219 37.02%  

Race     <0.0001 

White 45,086 80.70% 54,323 79.73%  

Black 6,062 10.85% 7,199 10.57%  

Asian 1,182 2.12% 1,418 2.08%  

Other 3,538 6.33% 5,190 7.62%  

Marital Status     0.5130 

Married 26,402 47.26% 32,246 47.33%  

Single 24,272 43.45% 29,437 43.21%  

Other 5,194 9.30% 6,447 9.46%  

Payor     0.0010 

Commercial 13,239 23.70% 16,001 23.49%  

Medicaid 5,484 9.82% 6,301 9.25%  

Medicare 32,142 57.53% 39,834 58.47%  

Other 5,003 8.96% 5,994 8.80%  

Elixhauser Score     0.1270 
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0 1,788 3.20% 2,189 3.21%  

1 5,938 10.63% 7,485 10.99%  

2+ 48,142 86.17% 58,456 85.80%  

Congestive Heart 

Failure 23,966 42.90% 29,243 42.92% 0.930 

Hypertension 46,333 82.93% 56,779 83.34% 0.057 

Diabetes 22,754 40.73% 28,419 41.71% 0.000 

Obesity 14,312 25.62% 16,038 23.54% 0.000 

Atrial Fibrillation 9,110 16.31% 11,245 16.51% 0.347 

TIA 120 0.21% 145 0.21% 0.941 

Coronary Artery 

Disease 47,278 84.62% 57,789 84.82% 0.337 

Dyslipidemia 41,467 74.22% 49,878 73.21% 0.000 

Smoking 14,826 26.54% 17,977 26.39% 0.548 

Number of Beds     0.0140 

0 – 299 19,470 34.85% 23,206 34.06%  

300 – 500 18,060 32.33% 22,267 32.68%  

500+ 18,338 32.82% 22,657 33.26%  

Region     0.0070 

Midwest 14,292 25.58% 16,873 24.77%  

Northeast 7,259 12.99% 9,020 13.24%  

South 26,368 47.20% 32,322 47.44%  

West 7,949 14.23% 9,915 14.55%  

Urban-Rural Status     0.0820 

Rural 7,279 13.03% 8,650 12.70%  

Urban 48,589 86.97% 59,480 87.30%  

Teaching 27,391 49.03% 34,031 49.95% 0.0010 

Percutaneous 

Coronary Intervention 

(PCI) 34,883 62.44% 41,458 60.85% 0.0001 
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eTable 14. Mortality and length of stay for acute myocardial infarction (AMI) patients in the third wave of COVID-19 

(September 2020 – February 2021) versus pre-COVID-19 study period (September 2019 – February 2020) 

 

Bivariate 

Comparison 

(COVID-19 versus 

pre-COVID-19) 

Generalized 

estimating equation 

(GEE) 

Ratio of the Meansa 

95% Confidence 

Interval (CI) 
P-valuec 

Mortality (% of 

admissions) 
5.08% vs. 4.39% 1.21 1.14 – 1.28 <0.0001 

Adjusted LOSb 

(mean [standard 

error of the mean) 

3.86 (0.04) vs. 3.99 

(0.04) 
0.97 0.95 – 0.98 <0.0001 

aGeneralized estimating equation model adjusted for study covariates; bLOS Length of stay; cP-value derived from GEE model 
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e Figure 1: Flow diagram of hospitals contributing inpatient data continuously from March 2019 to December 2021  
 

 
aAIS Acute Ischemic Stroke; bMT Mechanical Thrombectomy; cIVT Intravenous Thrombectomy; dAMI Acute Myocardial 

Infarction; ePCI Percutaneous Coronary Intervention 

Note: AIS and AMI volume was based on inpatient admissions with a primary diagnosis of these two conditions, 

respectively; MT and IVT was based on inpatient admissions associated with primary or secondary diagnosis of AIS; PCI 

volume was based on inpatient admissions associated with these procedures irrespective of diagnosis; and PCI with AMI 

was based on inpatient admissions associated with AMI primary diagnosis. This allowed for better assessment of volume 

for these procedures, as some patients may have undergone these procedures and not received AIS or AMI primary 

diagnosis. As such, the average volume of PCI in the table is higher than the average volume of AMI, as PCI procedures 

may be associated with coronary artery disease treatment (besides AMI).   
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Table 15. Characteristics of hospitals contributing inpatient data continuously from March 2019 to December 

2021  

 
 
 
aAIS Acute Ischemic Stroke; bMT Mechanical Thrombectomy; cIVT Intravenous Thrombectomy; dAMI Acute Myocardial 

Infarction; ePCI Percutaneous Coronary Intervention 

 Hospitals with 
continuous 

inpatient data 

Hospitals with 
AISa episodes 

Hospitals with 
MTb episodes 

Hospitals with 
IVTc episodes 

Hospitals with 
AMId episodes 

Hospitals with 
PCIe episodes 

Hospitals with 
PCIe with AMId  

episodes 

Characteristics N % N % N % N % N % N % N % 
Number of 
hospitals 

401 100% 393 100% 207 100% 300 100% 380 100% 263 100% 252 100% 

Number of beds               

0-299 269 67.08% 261 66.41% 85 41.06% 168 56.00% 248 65.26% 133 50.57% 123 48.81% 

300–500 77 19.20% 77 19.59% 68 32.85% 77 25.67% 77 20.26% 75 28.52% 74 29.37% 

500+ 55 13.72% 55 13.99% 54 26.09% 55 18.33% 55 14.47% 55 20.91% 55 21.83% 
Region               

Midwest 85 21.20% 83 21.12% 35 16.91% 54 18.00% 83 21.84% 49 18.63% 49 19.44% 

Northeast 57 14.21% 56 14.25% 36 17.39% 50 16.67% 56 14.74% 33 12.55% 30 11.90% 

South 178 44.39% 173 44.02% 89 43.00% 132 44.00% 164 43.16% 123 46.77% 117 46.43% 

West 81 20.20% 81 20.61% 47 22.71% 64 21.33% 77 20.26% 58 22.05% 56 22.22% 

Urban-rural 
status 

              

Rural 127 31.67% 126 32.06% 28 13.53% 62 20.67% 118 31.05% 46 17.49% 46 18.25% 
Urban 274 68.33% 267 67.94% 179 86.47% 238 79.33% 262 68.95% 217 82.51% 206 81.75% 

Teaching  131 32.67% 128 32.57% 103 49.76% 117 39.00% 126 33.16% 112 42.59% 109 43.25% 
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e Figure 2: Volume of acute ischemic stroke (AIS), acute myocardial infarction (AMI), 

and number of US Deaths shown as number of admissions per month from March 2019 

– December 2021 

 

  

Deaths due to COVID-19 were referenced from: https://covid.cdc.gov/covid-data-

tracker/#trends_dailydeaths (Accessed August 1, 2022)  
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eFigure 3: Volume of intravenous thrombolysis (IVT), mechanical thrombectomy (MT), 

percutaneous coronary intervention (PCI), and PCI with AMI shown as number of 

admissions per month from March 2019 – December 2021 

 

 

Note: AIS and AMI volume was based on inpatient admissions with a primary diagnosis 
of these two conditions, respectively; MT and IVT was based on inpatient admissions 
associated with primary or secondary diagnosis of AIS; PCI volume was based on 
inpatient admissions associated with these procedures irrespective of diagnosis; and 
PCI with AMI was based on inpatient admissions associated with AMI primary 
diagnosis. This allowed for better assessment of volume for these procedures, as some 
patients may have undergone these procedures and not received AIS or AMI primary 
diagnosis. As such, the average volume of PCI in the table is higher than the average 
volume of AMI, as PCI procedures may be associated with coronary artery disease 
treatment (besides AMI)
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