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ABSTRACT
Objectives The COVID- 19 pandemic has required 
significant modifications of hospital care. The objective 
of this study was to examine the operational approaches 
taken by US hospitals over time in response to the 
COVID- 19 pandemic.
Design, setting and participants This was a prospective 
observational study of 17 geographically diverse US 
hospitals from February 2020 to February 2021.
Outcomes and analysis We identified 42 potential 
pandemic- related strategies and obtained week- to- week 
data about their use. We calculated descriptive statistics 
for use of each strategy and plotted percent uptake and 
weeks used. We assessed the relationship between 
strategy use and hospital type, geographic region and 
phase of the pandemic using generalised estimating 
equations (GEEs), adjusting for weekly county case counts.
Results We found heterogeneity in strategy uptake over 
time, some of which was associated with geographic 
region and phase of pandemic. We identified a body of 
strategies that were both commonly used and sustained 
over time, for example, limiting staff in COVID- 19 rooms 
and increasing telehealth capacity, as well as those that 
were rarely used and/or not sustained, for example, 
increasing hospital bed capacity.
Conclusions Hospital strategies during the COVID- 19 
pandemic varied in resource intensity, uptake and duration 
of use. Such information may be valuable to health 
systems during the ongoing pandemic and future ones.

INTRODUCTION
Background
The COVID- 19 pandemic has required 
tremendous creativity from healthcare insti-
tutions. Hospitals have needed to deliver care 
to patients with a highly contagious disease, 
triage and manage them efficiently and 
protect staff and patients from contracting 
and transmitting the disease, all in the 
context of a rapidly changing knowledge base 

about necessary containment approaches 
and diagnosis and treatment strategies. While 
disaster management plans and knowledge 
base from prior pandemics exist,1 the expo-
nential spread, severity and sustained nature 
of this crisis has required responsiveness and 
adaptability on an unprecedented scale.

Early in 2020, healthcare organisa-
tions did not know which responses and 
resources to COVID- 19 were both feasible 
and valuable. There was a wide variety of 
potential responses,2 3 including changes to 
physical space, adapted triage and patient 
flow processes and clinical protocols, rules for 
use of limited availability supplies and equip-
ment, withdrawal of non- essential staff from 
hospital campuses, limitation of visitors to the 
hospital and adaptations to increase the work-
force.2 3 Detailed information from hospitals 
has been extremely limited and consisting 
of single- hospital or practice setting, cross- 
sectional or general, descriptive data only. 
Patterns and heterogeneity of practices as the 

STRENGTHS AND LIMITATIONS OF THIS STUDY
⇒ Strengths include the novelty, breadth of hospital

measures examined and inclusion of multiple geo-
graphically diverse health centres.

⇒ Limitations include the relatively small sample and
that the participating hospitals were mostly large
teaching hospitals, which limits generalisability to
other hospital types.

⇒ The study may have failed to capture some import-
ant hospital strategies as well as external influences 
affecting strategy uptake and sustainability.
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pandemic progressed across the USA has not been well 
described.

The objective of this study was to examine the range of 
approaches taken by a sample of geographically diverse 
US healthcare organisations in response to the COVID- 19 
pandemic. We examined which strategies were most 
used, their duration of uptake and their association with 
hospital and pandemic factors (such as geographic loca-
tion, hospital type and local COVID- 19 case volume). As 
health systems across the country continued to grapple 
with successive waves of COVID- 19, increased hospital-
isations and staffing shortages, we sought to understand 
the range and prioritisation of institution- level actions to 
help determine optimal strategies for future pandemics. 
Our hypothesis was that hospital type would be associated 
with the types of strategy used, given the material and 
human resources needed for many of the strategies.

METHODS AND ANALYSIS
This was an observational study of 17 US hospitals over the 
first 12 months of the pandemic. Hospitals were invited 
from an existing consortium of US hospitals4 collecting 
data on COVID- 19 cases and clinical information. Those 
who agreed to participate and provided at least 70% of 
data during the period of interest were included. From 
3 February 2020—defined as the week the USA declared 
COVID- 19 a public health emergency5—to 28 February 
2021, research team members tracked active hospital 
strategies related to COVID-19

. This is a study of institutional characteristics and prac-
tices and does not involve human participants.

Patient and public involvement
As a study of institutional practices, patients and the 
public were not involved.

Hospital strategies of interest
In February and March 2020, we identified a body of 
potential hospital strategies. We used as a starting point 
a hospital disaster resilience framework,6 which was 
designed around the elements that allow a hospital to with-
stand a discrete ‘shock’ to the system: hospital safety and 
vulnerability (eg, disease testing and surveillance, work-
force protections); disaster preparedness and resources 
(eg, new administrative or planning structures, supply); 
continuity of services (eg, modified patient care practices, 
workforce capacity); and recovery and adaptation (eg, 
timing of return of routine functions, workforce mental 
health). We conducted a web search of English language 
news and journal reports from major outlets using terms 
(hospital or health system), (strategies), (management 
or response) and (COVID- 19 or pandemic); review of 
existing guidelines for hospitals from early COVID- 19- 
affected areas7 8; solicitation of multidisciplinary experts 
in emergency care, public health, and hospital adminis-
tration; social media sites related to COVID- 19 healthcare 

response (eg, COVID- 19 dedicated Facebook groups) 
and iterative review and input by the study team.

The final list included 42 strategies that we grouped 
into six general categories: (1) modifying patient volume 
or care practices; (2) increasing hospital and workforce 
capacity; (3) new administrative structures and resources; 
(4) means of protecting the healthcare workforce; (5)
personal protective equipment (PPE) supply, training and 
use; and (6) COVID- 19 testing availability and operations.

Data collection
We developed survey questions (online supplemental file 
1) that captured each hospital strategy of interest. These
were piloted with the study sites and iteratively refined for
clarity and completeness and appropriateness of answer
options. They were then entered into the REDCap elec-
tronic data capture programme hosted at Oregon Health
& Science University.9 10

Participating institutions received an online training 
session, a study manual and codebook and a site liaison 
to answer specific questions. Sites were sent a form link 
weekly to the REDCap9 10 data entry form, within which 
sites reported the initiation, continuation, modification 
and discontinuation of strategies related to COVID- 19. 
Information within each site was obtained according to 
the best practice identified by the site investigator and 
included review of internal emails, published policies, 
meeting minutes and direct conversation with hospital 
administrators involved in the COVID- 19 response.

Data collection started in April 2020, with data from 
January to early April 2020 entered retrospectively and 
data from mid- April to February 2021 entered prospec-
tively. The coordinating site performed line- by- line data 
review for incomplete entries or values inconsistent with 
codebook definitions and flagged these items on a data 
review sheet that was sent to each site for review, correc-
tion or completion prior to final analysis.

Strategy use might vary depending on local or regional 
case counts. Daily COVID- 19 case data for the county in 
which a hospital is located was obtained from the New York 
Times, based on reports from state and local health agen-
cies.11 Weekly COVID- 19 cases were calculated from the 
daily data.

Hospital characteristics
To characterise study hospitals, we collected information 
on 2019 annual emergency department (ED) patient 
volume; number of inpatient beds in the facility12; 
Disproportionate Share Hospital percent13; trauma level; 
hospital type, based on IBM Watson Hospital categorisa-
tion14; the social vulnerability index (SVI) of the hospi-
tal’s county15; and the census region in which the hospital 
resides.16 ED volume information was reported by 
participating hospitals. Disproportionate Share Hospital 
percent is a measure of the amount of uncompensated 
care provided by each hospital. It was available from the 
Centers for Medicare and Medicaid Services for 15 hospi-
tals in our study sample.

https://dx.doi.org/10.1136/bmjopen-2022-067986
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IBM Watson Hospital methodology uses bed count, 
resident- to- bed ratio and teaching status to place hospitals 
in one of five categories: major teaching hospital, teaching 
hospital, large community hospital, medium community 
hospital or small community hospitals. These categories 
were applied in order to capture the general context of 
care, patient volumes, resources and populations cared 
for, all of which may impact the use of COVID- 19 strate-
gies. Veterans Affairs (VA) hospitals, children’s hospitals 
and critical access hospitals are not included in this cate-
gorisation system, and these were classified as ‘Other’.

The SVI is a measure designed to help public agencies 
identify populations who are particularly at risk during 
public health emergencies. It ranks each census tract on a 
number of social factors, including socioeconomic status, 
household composition and disability, minority status and 
language, housing type and transportation.

Data analysis
All statistical analyses were carried out in SAS V.9.4 statis-
tical software (SAS Institute Inc). We calculated descrip-
tive statistics (counts, percentages, means, medians, 
IQRs) for the implementation of each strategy.

In addition to presenting specific use and duration 
of use data, we presented data in categories in order to 
provide a more condensed overview. We defined ‘uptake’ 
as when a hospital implemented a strategy and ‘dura-
tion’ as the number of study weeks they reported using 
a strategy. We plotted strategies based on percent uptake 
and percent weeks used, reasoning that strategies iden-
tified by hospitals that were felt to be potentially helpful 
and feasible would be frequently implemented and that 
strategies identified by hospitals as valuable and sustain-
able following implementation would be retained over 
time.

We did not find established cut- offs for use of novel 
hospital strategies so de novo defined asimple threshold 
of 50% uptake or more as ‘commonly used’ and an 
average of 50% of study weeks or more as ‘sustained’. 
This created four categories: (1) common and sustained; 
(2) common but not sustained; (3) uncommon but when
used, sustained; and (4) uncommon and when used, not
sustained.

We assessed the crude relationships between imple-
menting a strategy and possible factors we thought were 
likely to influence strategy uptake: hospital type (major 
teaching hospital or other), US regions where the hospi-
tals are located (northeast, south, west or midwest) and 
phase of the pandemic (first wave, defined as January 
through May 2020, or postfirst wave, defined as the subse-
quent period) separately, using generalised estimating 
equations (GEE). All these crude models were adjusted 
for weekly cases. After calculating crude odds of imple-
mentation of each strategy, we developed multivariable 
longitudinal models examining the associations between 
hospital type and strategy uptake, adjusting for weekly 
case counts, US region and phase of the pandemic via 
GEE. Given the numerous comparisons, we applied a 

Bonferroni adjustment to the threshold for statistical 
significance, establishing an alpha value of 0.0012.

RESULTS
Characteristics of study hospitals
We invited 45 investigators to participate. Twenty- four 
accepted the initial invitation and 23 initiated data collec-
tion. Seventeen facilities, representing nine health systems 
across 11 cities and 7 states, completed at least 70% of 
data entry over the study period and were included in this 
report. There were few strategies used in late January, so 
the analysis was conducted on data from February 2020 
to the end of February 2021 (56 weeks). Characteristics of 
participating hospitals are summarised in table 1.

Main results
Table 2 provides a summary of strategy uptake and 
duration of use in average weeks over the study period. 
The final column of table 2 and figure 1 illustrate how 
common and sustained individual strategies were. 
Common and sustained strategies (category 1) include 
limiting staff in COVID- 19 rooms and increasing tele-
health capacity for routine or urgent- care visits, work- 
from- home policies for non- essential employees and 

Table 1 Characteristics of included hospitals (n=17)

Characteristics of included hospitals (n=17)

Annual ED volume in 2019 – mean 
(median)

63 287 (56 637)

Inpatient beds – count mean (median) 598 (627)

Level 1 trauma centres – count (per cent) 14 (82%)

Hospital type* – count (per cent)

 Major teaching hospital 13 (76)

 Medium community hospital 1 (6)

 Children’s hospital 1 (6)

 Critical access hospital 1 (6)

 Other 1 (6)

DSH Index – mean (median)† 0.40 (0.39)

County SVI index‡ – mean (median) 0.58 (0.56)

Regions§

 Midwest 4 (24)

 Northeast 3 (18)

 South 4 (24)

 West 6 (35)

Uptake of strategies per site out of 42 
possible strategies– median (range)

32 (20 – 40)

*IBM Watson Hospital categories or non- categorised hospitals (eg,
children’s hospital, critical access hospital).
†Disproportionate share hospital percent – measure of amount of
uncompensated care; available for 15 hospitals.
‡SVI: 0 (lowest vulnerability) to 1 (highest vulnerability).
§Percentages exceed 100% due to rounding.
ED, emergency department; SVI, social vulnerability index.
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Table 2 Strategies employed by study hospitals (n=17)

Strategy Uptake
% of sites 
that used the 
strategy:
count (%)

Sustainability
% of study weeks used, 
(among sites that used the 
strategy at least once)
mean (SD) Median (IQR)

How common/how sustained**
1. Common (≥50%) + Sustained

(≥50%)
2. Common+not sustained
3. Uncommon+sustained
4. Uncommon+not sustained

Patient volume and flow, care practices

Use separate waiting rooms for patients 
under investigation of COVID- 19

8 (47%) 74% (32) 89% (26) 3

Use dedicated equipment for potential 
or positive COVID- 19 patients (eg, 
ultrasound, EKG)

9 (53%) 72% (26) 88% (38) 1

Have triage area outside of hospital 11 (65%) 47% (37) 32% (80) 2

Send messages to the public to reduce 
visits to the emergency department

12 (71%) 46% (37) 42 (79) 2

Use a phone or other video device (eg, 
iPad) for initial evaluation of stable patients

12 (71%) 72% (30) 86% (15) 1

Create PPE donning/doffing areas outside 
clinical care rooms

12 (71%) 82% (21) 89% (9) 1

Use a phone or other video device (eg, 
iPad) to register patients

13 (76%) 81% (23) 87% (4) 1

Create dedicated COVID- 19 care areas/
zones

14 (82%) 76% (20) 89% (40) 1

Cancel non- emergency dental visits* 13 (93%) 47% (31) 35% (66) 2

Decrease use of positive pressure 
ventilation (CPAP, BiPAP) due to COVID- 19

16 (94%) 79% (21) 88% (15) 1

Use video laryngoscopy instead of direct 
laryngoscopy

16 (94%) 87% (13) 91% (4) 1

Cancel non- emergency outpatient visits 17 (100%) 41% (29) 29% (38) 2

Cancel non- emergency surgeries 17 (100%) 34% (25) 32% (30) 2

Limit staff in COVID- 19 rooms 17 (100%) 86% (10) 89% (6) 1

Use telehealth to screen potential 
COVID- 19 cases

17 (100%) 89% (4) 90% (5) 1

Hospital and workforce capacity

Convert surgical operating rooms into 
intensive care units

3 (18%) 13% (19) 3% (34) 4

Waive usual credentialing requirements for 
physicians and nurses

5 (29%) 34% (31) 38% (32) 4

Significantly increase bed capacity in the 
ED (by >25%)

6 (35%) 28% (22) 26% (29) 4

Significantly increase inpatient bed 
capacity on the floors (by >25%)

7 (41%) 37% (24) 44% (46) 4

Allow medical students to graduate early 
to begin residency†

6 (46%) 6% (5) 4% (11) 4

Significantly increase inpatient bed 
capacity in the intensive care unit (by 
>25%)

11 (65%) 37% (22) 41% (36) 2

Construct or modify additional facilities to 
expand care capacity

14 (82%) 55% (34) 56% (61) 1

Increase telehealth capacity for routine or 
urgent care visits

17 (100%) 87% (7) 88% (7) 1

Administrative structures/resources

Continued
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wellness resources for employees. Commonly tried but 
not highly sustained strategies (category 2) included 
cancelling non- emergency surgeries, removing medical 
students from clinical rotations had near- universal uptake 
and halting research operations. Using separate waiting 
rooms for patients under investigation of COVID- 19 was 
an uncommon strategy that was sustained by organisa-
tions using it (category 3). A number of strategies were 
both uncommon and even when used, not sustained for 
long (category 4), including converting operating rooms 
into intensive care units, increasing hospital bed capacity, 

waiving usual credentialing requirements for physicians 
and nurses and allowing medical students to graduate 
early to begin residency.

Results of the multivariable analysis are in table 3. 
Hospital type (being a major teaching hospital) was asso-
ciated with increased odds of only one type of strategy: 
in- house COVID- 19 testing capacity. Regions had several 
differences. Compared with the midwest (the referent 
category), the northeast was more likely to use a phone 
or other device to register patients, create dedicated 
COVID- 19 care areas/zones and have rapid (<1 day) 

Set up new committees, task forces for 
COVID- 19 response

17 (100%) 7% (8) 4% (7) 2

Posting wellness resources for healthcare 
workers

17 (100%) 86% (8) 89% (4) 1

Minimise viral transmission across personnel

Isolate healthcare workers with high risk 
exposures

15 (88%) 80% (24) 89% (12) 1

Remove medical student clinical rotations 17 (100%) 34% (17) 29% (10) 2

Encourage or implement voluntary work 
from home policies for non- essential 
employees

17 (100%) 67% (30) 85% (39) 1

Halt (partial or full) basic science research 
operations*

14 (100%) 69% (26) 84% (52) 1

Halt (partial or full) clinical science 
research operations‡

15 (100%) 71% (26) 84% (49) 1

Mandate work from home policies for non- 
essential employees

17 (100%) 71% (25) 88% (38) 1

Implement a work- related travel ban 17 (100%) 86% (14) 91% (6) 1

Implement (partial or full) visitor ban 17 (100%) 89% (3) 89% (2) 1

PPE use and supply

Redistribute PPE from non- clinical/non- 
essential facilities

11 (65%) 46% (35) 40% (74) 2

Solicit PPE from the community 12 (71%) 45% (37) 42% (82) 2

Restrict access to PPE 15 (88%) 77% (21) 89% (16) 1

Conduct formal PPE donning/doffing 
training

16 (94%) 68% (33) 87 (59) 1

Testing

In- house COVID- 19 testing 12 (71%) 39% (32) 45% (64) 2

Conduct drive- through (or walk- through) 
COVID- 19 testing for hospital employees

12 (71%) 68% (33) 85% (30) 1

Conduct drive- through (or walk- through) 
COVID- 19 testing for the public

12 (71%) 74% (22) 82% (26) 1

Turnaround time for COVID- 19 test <1 day 13 (76%) 75% (17) 82% (30) 1

Conduct drive- through (or walk- through) 
COVID- 19 testing for patients

13 (76%) 82% (12) 86% (6) 1

*n=14.
†n=13.
‡n=15.
BiPAP, Bilevel Positive Airway Pressure; CPAP, Continuous Positive Airway Pressure; ED, emergency department; PPE, personal protective
equipment.

Table 2 Continued
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turnaround time for COVID- 19 tests; all other regions 
were more likely to mandate work from home policies 
for non- essential employees; the south was more likely 
to restrict access to PPE; and the West was more likely 
to conduct drive- through (or walkthrough) COVID- 19 
testing for the public.

We detected several statistically significant differences 
between the first wave (the referent category) and post- 
first wave period. Postfirst wave, hospitals were more 
likely to report using video laryngoscopy instead of direct 
laryngoscopy, encourage or implement voluntary work 
from home policies for non- essential employees and have 
access to shorter turnaround times for COVID- 19 tests. 
They were less likely to cancel non- emergency outpatient 
visits and non- emergency surgeries, significantly increase 
inpatient bed capacity on the floors (by >25%) and to 
remove medical student clinical rotations.

Limitations
We designed the study early in the pandemic and 
included strategies that appeared to be plausible and 

important at that time. However, strategies not identified 
at study outset or introduced later may have been missed. 
The study hospitals were all within the USA. While this 
allowed regional and institutional variability, a single- 
country sample meant there was relative uniformity 
in terms of stage of pandemic and outside influences, 
including national pandemic responses.

Furthermore, the study sites were primarily urban 
academic hospitals and minimally represented or did not 
represent smaller or mid- sized community hospitals, VA 
hospitals, children’s hospitals or rural settings; therefore, 
although we did capture some in- country heterogeneity, 
its generalisability to all settings across the USA is limited.

We cannot discern the exact influences determining 
strategy uptake, which likely included a complex inter-
action of feasibility, inertia, acceptability, community risk 
tolerance, cost and caution. We did not capture strategies 
that may have been desired but minimally possible. For 
example, while increasing ED, inpatient or ICU capacity 
did not rise to the surface as high uptake- measures, it 

Figure 1 Uptake (x- axis) versus duration of use (y- axis). (1) Common (≥50% organisations used at some point during the 
study) + sustained (≥50% mean study weeks, among hospitals that used the strategy). (2) Common (≥50% organisations 
used at some point during the study)/not sustained (<50% mean study weeks, among hospitals that used the strategy). (3) 
Uncommon (≤50% organisations used at some point during the study)/sustained (≥50% mean study weeks, among hospitals 
that used the strategy). (4) Uncommon (<50% organisations used at some point during the study)/not sustained (<50% mean 
study weeks, among hospitals that used the strategy).
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is important to consider this in the context of the fact 
that many US hospitals operate at near full capacity at 
baseline.17

DISCUSSION
The COVID- 19 pandemic precipitated a series of insti-
tutional interventions that had broad and lasting impact 
across healthcare systems in the USA. Hospital opera-
tional decisions during the pandemic have been complex, 

likely influenced by numerous factors, including hospital 
case load, local or regional transmission rates, available 
resources, regional practice, real- time or projected organ-
isational capacity, leadership types, workforce culture and 
risk tolerance. Some actions—such as halting elective 
surgeries—had tremendous implications for an institu-
tion’s financial survival and ability to sustain its workforce; 
in the first 4 months of the pandemic alone, hospitals lost 
an estimated $202.6 billion in US dollars.18

Table 3 Multivariable models for odds of uptake of strategies, adjusted for weekly county- level COVID- 19 case counts*

Strategy (n=17)

OR, p value

Hospital type† Region‡:NE Region‡:S Region‡:W Phase§

Patient volume and flow, modified clinical practices

Use a phone or other video 
device (eg, iPad) to register 
patients

0.29, 0.30 217.08,<0.0001 79.40, 0.03 25.09, 0.07 1.65, 0.19

Create dedicated COVID- 19 
care areas/zones

0.83, 0.87 37.66,<0.0001 9.82, 0.07 2.06, 0.49 1.70, 0.17

Use video laryngoscopy instead 
of direct laryngoscopy

2.43, 0.42 1.63, 0.62 0.85, 0.92 0.60, 0.59 0.20, 0.0003

Cancel non- emergency 
outpatient visits

2.64, 0.33 6.39, 0.09 1.47, 0.51 5.16, 0.04 6.15, 0.0007

Cancel non- emergency 
surgeries

5.40, 0.01 17.33, 0.003 1.91, 0.36 1.45, 0.68 11.39,<0.0001

Hospital and workforce capacity

Significantly increase inpatient 
bed capacity on the floors (by 
>25%)

0.59, 0.68 1.09, 0.94 0.46, 0.56 0.20, 0.09 2.65,<0.0001

Minimise viral transmission across personnel

Encourage or implement 
voluntary work from home 
policies for non- essential 
employees

0.89, 0.92 0.62, 0.70 0.97, 0.98 0.08, 0.04 0.19,<0.0001

Mandate work from home 
policies for non- essential 
employees

6.50, 0.03 26.79, 0.0002 142.23,<0.0001 13.25,<0.0001 0.90 0.86

Remove medical student 
clinical rotations

0.92, 0.87 5.89, 0.09 5.91, 0.02 0.44, 0.24 8.54,<0.0001

PPE use and supply

Restrict access to PPE 1.16, 0.92 11.40, 0.002 91.11,<0.0001 0.78, 0.83 0.92, 0.85

Testing

Conduct drive- through (or walk- 
through) COVID- 19 testing for 
the public

10.42, 0.01 7.11, 0.19 10.33, 0.01 59.18, 0.0003 0.38, 0.008

Turnaround time for COVID- 19- 
test<1 day

0.79, 0.80 68.06,<0.0001 3.28, 0.41 0.51, 0.56 0.15, 0.0003

In- house COVID- 19 testing 21.38,<0.0001 4.12, 0.10 0.13, 0.09 7.02, 0.049 0.36, 0.07

Only strategies with significant relationships are shown here (the remainder are included in a table in online supplemental file 2).
*Alpha value of <0.0012 is significant.
†Hospital type baseline category=non- major teaching hospital (vs major teaching hospital).
‡Regions: NE=northeast; S=south; W=west; Midwest=referent category.
§Phase baseline (referent) category=post- June 2020.
PPE, personal protective equipment.

https://dx.doi.org/10.1136/bmjopen-2022-067986
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This study was designed in early 2020. At that time, 
there were no studies describing hospital responses to 
COVID- 19 and few describing responses to public health 
threats similar to COVID- 19. Hospital preparedness liter-
ature is often focused around self- limited events, like 
weather- related disasters or mass casualty incidents, and 
not the kind of sustained, high intensity stressor that the 
pandemic placed on health facilities.

In the intervening 3 years, numerous studies have been 
published related to various specific aspects of the hospital 
COVID- 19 response, including visitation policies,19–23 prac-
tice adaptations in specific settings or types of care (eg, 
ICU, paediatric and cancer care, aerosol generating proce-
dures),24–28 infection control procedures,29 use of tech-
nology to assist care and prevent disease transmission.30–33 
Many of these manuscripts propose guidelines on deploying 
a strategy, explore experiences or outcomes of staff and 
patients or describe evolution of a specific guideline.

Our study is the only investigation we are aware of 
that captures a wide range of potential strategies over 
time through different phases of the pandemic. There 
are a number of important topics we did not capture, 
including specific changes in shiftwork models,34 changes 
in communication with staff,35 creation of specific roles 
like ‘command centre’ personnel35 and coordination 
with public agencies.36 Nevertheless, cataloguing the 
strategies and quantifying their sustained use informs 
future pandemic planning as organisations both reflect 
on their own responses and seek to learn lessons from the 
responses of other health systems.

Commonly employed strategies that endured were of 
great interest to us, as these strategies were likely to have 
been associated with perceptions or experience of effective 
resource utilisation, cost and fit within existing systems and 
structure across a variety of institution types and locations. 
Streamlining staff in COVID- 19 rooms, boosting telehealth 
capacity, work from home policies—all high uptake and 
sustained use strategies—have obvious and multiple drivers, 
including reduction of transmission, efficiency and potential 
cost savings. Those that were high cost and disrupted stan-
dard operations and core missions of these organisations 
(eg, cancelling surgeries, keeping medical students from 
clinical rotations) were also those that in our data appear to 
have been minimised quickly, after the first wave.

We suspected that strategy utilisation would be driven in 
large part by hospital type, as all had a component of cost 
and resources. However, hospital type demonstrated little 
association with utilisation across strategy type. It may be 
that the small number of hospitals in our sample that 
were not major teaching hospitals limited our ability to 
examine this variable robustly or that cost and resources 
drove decision making across all sites in similar manner.

Regional variability was observed and validated our 
sense that geographic location impacted strategy uptake 
(eg, high odds of using video devices in the northeast, 
high odds of drive through testing in the west, high odds 
of in- house testing in midwest). There are many mech-
anisms for this kind of variation, including regional 

communication and coordination of response, supply 
chains (eg, PPE and testing), geographically driven 
organisational similarities and the timing of COVID- 
19, with areas affected early and/or more severely 
responding more rapidly and assertively with strategies 
and resources. The difference in use of some strate-
gies likely reflect societal and economic conditions. For 
example, work from home policies, which were more 
used in all regions compared with the NE, may have 
been a factor of different regional availability of at- home 
work spaces, public transit, driving distances or differing 
regional social norms related to workplace culture.

Interestingly, many measures were initiated over a short 
period of time across geographically diverse sites, even 
those with low local case volumes. While judicious in such 
a rapidly evolving situation, hospitals likely did not need 
uniform implementation of many strategies, especially 
within adaptive and coordinated statewide systems.37 38

CONCLUSION
This study describes a broad collection of hospital opera-
tional modifications used in response to a pandemic and 
identify those that may have been seen as most effective, 
feasible and/or sustainable by the organisations imple-
menting them. This may provide an expanded reference 
for institutions facing pandemics in the future. More data 
related to how organisations initiate, continue or reinsti-
tute strategies during successive waves of infection, and 
how these relate to successful clinical operations, may be 
valuable to health systems during the ongoing crisis and 
into the future.
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