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1894 Special Features
The COVID-19 pandemic has presented novel challenges for the entire health-care continuum,

requiring transformative changes to hospital and post-acute care, including clinical, administra-

tive, and physical modifications to current standards of operations. Innovative use and adapta-

tion of long-term acute care hospitals (LTACHs) can safely and effectively care for patients during

the ongoing COVID-19 pandemic. A framework for the rapid changes, including increasing

collaboration with external health-care organizations, creating new methods for enhanced

communication, and modifying processes focused on patient safety and clinical outcomes, is

described for a network of 94 LTACHs. Whenmanaged and modified correctly, LTACHs can play a

vital role in managing the national health-care pandemic crisis.
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major threat of SARS-CoV-2 is that
ospitals have experienced a dramatic surge
n laboratory-confirmed COVID-19 cases
nd have reached ICU bed or ventilator
tilization capacity.1,2 Analysts in health
olicy and systems research have recently
ndicated that long-term acute care hospitals
LTACHs) could provide a significant
esource to increase the capacity of care
enues able to treat patients with both active
nd downstream sequelae of COVID-19.3
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recovery and return to a functional life.4

Because LTACH care “focuses on continued
medical stabilization, management of
critical infusions, optimizing respiratory
status, and facilitation of functional
recovery,”2 it has led a number of physician-
researchers to conclude that the LTACH
clinical setting is conducive to the ongoing
treatment of patients with COVID-19 who
require hospitalization and post-acute care.

Approximately 16% of hospitalized COVID-
19 patients require treatment in the ICU;5,6

many of these patients also require
mechanical ventilation (MV). Care for MV
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Resilient Work System

Normal Work Process

Proactive Indicators
• Virus Surge
• Staff PUI

Prevention Strategies
• PPE Response Plan
• Room Modifications

Adaptations to Stressor
• Heat Map
• Family Communication Plan

Maintain Stability
• Staff Confidence
• Reduction of Staff PUI

Figure 1 – Resilient work system flow chart, highlighting system changes
as a response to the COVID-19 pandemic and patient needs. Compo-
nents of a resilient work system include characterization of normal work
processes, development of proactive indicators and prevention strategies,
which lead to adaptations to stressors, resulting in maintenance of
stability. Successful process changes become part of normal work pro-
cesses, completing the cycle. PPE ¼ personal protective equipment;
PUI ¼ patients under investigation.
patients is a primary specialization in LTACHs, which
have experienced critical care clinicians and respiratory
therapists in an accredited acute care hospital setting.7

Patients with COVID-19 can develop post-ICU
syndrome8-11 or chronic critical illness that requires more
intensive and prolonged hospitalization, as well as
specialized interventions.12

Although LTACH staff have the skills necessary for
treatment of COVID-19 patients, extensive preparations
and transformations are required for treating patients with
a highly virulent virus. Many of the changes required to
adequately and safely treat potentially infectious patients
are similar to adaptations made by traditional
hospitals.13,14 However, additional clinical, operational,
and environmental changes are required for LTACHs to
treat COVID-19 patients because of the extended time
required for patient recovery while limiting virus
transmissibility.15 The following is a description of the
preparation and rapid dissemination and implementation
of changes to a distributed, nationwide network of 94
LTACHs in response to the COVID-19 pandemic. Many
of the operational changes and strategies presented here
may aid other LTACHs and health systems in adapting for
the treatment of critically ill patients during surge periods.

Setting
The network of 94 LTACHs considered here spans 27 states
yet shares a similar operating model, with central
management by the parent organization.16 Network
LTACHs provide intensive, prolonged hospital-level care,
including 24-hour nursing and respiratory therapy services,
staffing ratios commensurate with patient acuity, and
ancillary services such as physical, occupational, and speech-
language rehabilitation. Most LTACH patients are referred
from an ICU where they have been treated for at least 3 days,
the primary admission criterion used by Centers for
Medicare & Medicaid Services.17 LTACHs facilitate recovery
from critical illnesses through specific processes designed to
improve functional recovery, providing more extensive
services than skilled nursing facilities or inpatient
rehabilitation hospitals, which serve patients of lesser acuity
and different treatment requirements. Unlike skilled nursing
facilities and inpatient rehabilitation hospitals, LTACHs are
licensed, accredited, and certified as acute care hospitals, with
comparable acute medical/surgical floors, telemetry, and ICU
capability. LTACHs provide evidence-based strategies for
liberation from prolonged mechanical ventilation that
emphasize reducing adverse ventilator-associated events,
including pneumonia and infection, while ensuring personal
nutrition needs.18,19 The multidisciplinary approach of
chestjournal.org
LTACHs includes intensivists, nurses, respiratory therapists,
physical therapists, pharmacists, dietitians, subspecialist
physicians, and case managers.20
Pandemic-Related Modifications
Transforming an LTACH hospital or hospital system into
an effective and efficient operation to treat patients during a
pandemic requires new pathways for enhanced
communication, increased collaboration with external
health-care organizations, and modification of processes
that are focused on patient safety and clinical outcomes.
Typically, health-care process improvements occur through
redesigning, managing constraints and resources in parallel,
eliminating redundant steps, and synchronizing tasks,21

which was demonstrated by the University of Washington
Medicine’s Post-Acute Care Network health system’s three-
phased approach in response to the COVID-19
pandemic.22 Many of the changes made in response to the
pandemic may become standard practice.23 With the
urgency of a health system-wide COVID-19 response,
institutions benefit from resilience engineering (RE), or the
rapid development of processes specifically designed to
respond to changes. RE is associated with the ability of an
organization to recover quickly to a stable state, allowing it
1895
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Figure 2 – Schematic of the virtual operational huddle, a central hub used at all network long-term acute care hospitals. Components of the virtual
operational huddle include leadership updates, discussions of all major issues, and opportunities for improvement encountered in each department and
segment related to hospital operations. PPE ¼ personal protective equipment.
to continue operations during and after the presence of
significant stresses (Fig 1).24-27 After examining our normal
work processes, three levels of modifications using RE were
made to our LTACHs, depending on their location and
responsiveness to the needs of regional hospitals: (1)
transforming LTACHs into a COVID-19 treatment center;
(2) preparing LTACHs to admit and treat COVID-19
recovery patients; and 3) preparing LTACHs to treat non-
COVID-19 ICU overflow patients. Many of these
additional processes were similar to those developed by
traditional hospitals in response to the pandemic but
required personalization and further adaptation to fit into
the LTACH workflow, to provide treatment for COVID-19
patients and those recovering from the consequences of
COVID-19 infection.

An ongoing awareness of the status of a system is
important for designing resilient processes.28 As such, a
vital component of our LTACH’s resilient work system
was a central hub communication network, similar in
concept to clinical daily huddles and rounds shown to be
effective in providing quality patient care, but controlled
centrally through the conveyance of essential information
in an emergency management and incident command
center design.29-31 Our version of the central hub, called
the virtual operational huddle (VOH), began on March 3,
2020, and served as a real-time review of the current
status of hospital operations throughout the network
(Fig 2). The VOH included daily communication with
more than 100 executive and regional senior leaders and
1896 Special Features
staff in support of critical functions in hospital operations,
including clinical, administrative, human resources,
supply and logistics, legal, compliance, and quality. Each
VOH started with a summary of COVID-19 incidence by
region, with emphasis on county locations near LTACHs
in the network. We developed a heat map application
based on data from the Johns Hopkins COVID
Dashboard (Fig 3).32 Each regional leader in the network
shared the heat map results with individual LTACH
administrators, who communicated with local acute care
hospitals to more effectively assist them in responding to
surges of COVID-19 patients.

Resilient work systems must be flexible enough to
manage and not merely reduce variability, especially
with rapidly evolving COVID-19 information and care
recommendations. After a VOH review of potential
surge locations, we provided an updated clinical review
of COVID-19 infections and potential treatments and
therapies, together with a review of the most current
literature, current US clinical trials, and an
epidemiological review of infection and mortality
projection models, augmented by an infectious disease
physician specialist. This up-to-date information
allowed LTACH staff to effectively make preparations to
treat COVID-19 recovery patients and, if necessary, treat
those with active infection.

During the VOH, success and opportunities of
operational changes included the development of
[ 1 5 9 # 5 CHE ST MA Y 2 0 2 1 ]



Figure 3 – COVID-19 heat map, adapted for use during the virtual operational huddle to allow LTACHs to be more responsive to regional needs. COVID-
19 heat map with LTACH locations shown in blue COVID-19 data from Johns Hopkins29 was downloaded, and COVID-19 cases in counties surrounding
LTACH network hospital locations were incorporated into a US map. CIRH¼ Critical Illness Recovery Hospital; LTACH¼ long-term acute-care hospital.
updated procedures and timing for screening COVID-
19 infection, the effective use of personal protective
equipment (PPE) (with a buddy system to ensure
adequate protection), additional precautionary hygiene
practices, and a review of available resources. We
developed contingency plans to account for staff
quarantine or prolonged illness, to maintain staffing
ratios for treating COVID-19 recovery patients and non-
COVID-19 ICU overflow patients. A 2% increase in
staff-to-patient ratios was necessary in several LTACHs
to maintain the necessary level of services. We
established a dedicated COVID-19 e-mail box to triage
and address all questions from LTACH staff, along with
Frequently Asked Questions documents and all-
employee messaging via a dedicated network portal
site, to keep everyone abreast of updated guidelines for
PPE, testing, and self-quarantine procedures after
exposure.

Modifications for treating COVID-19 patients, which
were polymerase chain reaction laboratory-confirmed
COVID-19 positive through nasal swabs, also included
physical and environmental changes throughout the
LTACH network. Proper ventilation systems were
constructed together with structural changes to facilitate
clinical activities for the COVID-19 patients. Supply
requirements were determined centrally with backup
plans for all LTACHs and triage plans for equipment
redistribution if needed. A daily PPE tracking tool was
developed, together with tracking the location of
ventilators that could be sent across the country to
chestjournal.org
LTACHs in need. In addition to higher staffing ratios to
limit the spread of infection, we experienced a higher
rate structure for employees and agency staff to work in
the COVID-19 environment, increased supplies (eg,
PPE), additional transfer costs to move equipment such
as ventilators to regions with higher COVID-19
outbreaks, and costs associated with COVID-19 tests.
Overall, additional expense related to the COVID-19
pandemic represents approximately 2% to 3% of our
total operating expenses for the year. Individual
LTACHs may experience different expense increases,
depending on the geographic region and the degree of
pandemic impact.

Local ICU capacity and projected needs dictated the type
of LTACH response to accepting COVID-19 patients. A
total of 992 adult ($18 years) COVID-19-positive
patients were admitted to 94 LTACHs from March
through May 2020 (Table 1), with a dramatic
53% increase in the proportion of COVID-19 patients
from April to May. In situations in which ICU beds were
filled with an overwhelming increase in community
infections, the aforementioned infrastructure changes
allowed LTACHs to be transformed into acute care
COVID-19 hospitals. Most of our LTACHs were already
equipped to treat patients directly from the ICU;
enhanced infection precautions were made at these
locations to minimize the chance of horizontal
transmission of the COVID-19 virus. Many COVID-19
patients were mechanically ventilated on arrival to the
LTACH setting (48.1%) (Table 1). In regions of lower
1897
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TABLE 1 ] Characteristics of Patients With COVID-19 Treated in 94 LTACHs Admitted March Through May 2020

Characteristic
Patients With COVID-19

n ¼ 992 (13.2%)
Non-COVID-19 Patients
n ¼ 6,497 (86.8%)

Measure of
Associationa

Demographics

Age, mean (SD) 64.1 (13.0) 64.7 (14.0) 0.01b

Female, No. (%) 439 (44.3) 2,845 (43.8) �0.01c,d

Race, No. (%) 0.01c,e

Asian 13 (1.3) 40 (0.6)

Black 302 (30.4) 1,232 (19.0)

White 572 (57.7) 4,673 (71.9)

Other 105 (10.6) 552 (8.5)

LTACH Region, No. (%)f 0.01c,e

East North Central 488 (49.2) 1,875 (28.9)

South Atlantic 196 (19.8) 1,758 (27.1)

Middle Atlantic 116 (11.7) 577 (8.9)

East South Central 64 (6.5) 834 (12.8)

Mountain 45 (4.5) 357 (5.5)

West North Central 44 (4.4) 449 (6.9)

West South Central 29 (2.9) 485 (7.5)

Pacific 10 (1.0) 121 (1.9)

South Central 0 (0) 41 (0.6)

LTACH admission

STACH length-of-stay in days, mean (SD) 26.7 (13.2) 19.6 (13.8) 0.17b,c

Patients requiring invasive mechanical ventilation, No. (%) 447 (48.1) 2,871 (44.2) 0.08c,d

Patients with a tracheostomy in-place, No. (%) 469 (62.2) 3,178 (48.9) 0.08c,d

LTACH Course

LOS, mean, days (SD) 26.7 (19.2) 31.5 (22.6) �0.07b,c

Discharge disposition, No. (%)g 0.01e

Mortality 141 (14.3) 1,133 (17.6)

Home 212 (21.5) 1,186 (18.4)

STACH (readmission) 87 (8.8) 644 (10.0)

Lower level of careh 524 (53.0) 3,135 (48.7)

Otheri 24 (2.4) 344 (5.3)

LOS ¼ length of stay; LTACH ¼ long-term acute-care hospital; STACH ¼ short-term acute-care hospital.
aPoint-biserial correlation coefficient,b Goodman and Kruskal lambda,e or phi coefficientd were used to indicate the strength of a measure’s relationship to a
patient having COVID-19 based on the statistic’s divergence from zero, and in the case of b and d, whether there was either a negative or positive
relationship.
cApproximate significance at the .001 level for the test of association.
fNo network LTACH facilities are located in the New England region.
g7,430 of the 7,489 total patients were discharged at the time of analysis.
hLower level of care includes inpatient rehabilitation hospitals and skilled nursing facilities.
i“Other” includes left against medical advice, LTACH, nursing home, federal hospital, hospice, and unknown.
COVID-19 case volume, our LTACHs adapted to the
more complex course of the prolonged COVID-19
patient population. COVID-19 patients stayed, on
average, 26.7 days in the LTACH. Recovery support
programs such as physical therapy, occupational
therapy, and respiratory therapy were modified for
COVID-19 patients, with the addition of a more
structured cognitive therapy rehabilitation program. For
1898 Special Features
example, an increased frequency of therapy treatments
with reduced durations were made because of COVID-
19 patients’ advanced deconditioned status and low
endurance level, allowing for longer recovery time
between sessions. More than 20% of COVID-19 patients
recovered sufficiently to be discharged home (n ¼ 212),
whereas others required ongoing treatment at a lower-
level-of-care facility (n ¼ 524; 53%) (Table 1).
[ 1 5 9 # 5 CHE ST MA Y 2 0 2 1 ]



One stress adaptation to the pandemic was alteration of
the care processes associated with patient-family
services. We constructed a novel family support
program in response to a necessary no-visitor policy
implemented to protect patients and staff. We expedited
this program’s development to fill the emotional void
resulting from distancing, because close family
communication is essential for the healing process.33-36

This centrally managed program consisted of outpatient
clinic staff redeployed from the parent health
organization, including therapists, athletic trainers, and
administrative staff. These additional staff members in
each LTACH were specially trained on family and
surrogate communication to provide clinical updates
and support during the acute and recovery phases of
COVID-19. Twice daily, these individuals discussed
clinical results and functional status with patients’
families, fielded questions and requests from the family
regarding their loved one, and facilitated family-clinical
team communication. End-of-life issues were handled
by nursing staff together with attending and palliative
care physicians. Enhanced virtual support was also
provided to families for patients with COVID-19 who
died during their LTACH stay (n ¼ 141, 14.3%)
(Table 1).

The challenge with any work system modification is to
develop prevention strategies, which adequately address
complex, dynamic, and unstable systems. Processes
arising from prevention strategies need to be
dynamically stable and should contain specific
adaptations for the system to remain under control. We
developed adaptations that included wide-ranging
strategies for physicians, clinical staff, and health-care
partners, including local acute hospitals, in-network
inpatient rehabilitation hospitals, and regional skilled
nursing facilities. The VOH was critical in providing
effective coordination of all LTACHs in the network
based on varying levels of COVID-19 prevalence.
Responding rapidly to virus surges in different locations
was critical for ensuring adequate time for preparing all
LTACHs to flexibly serve in any necessary capacity.
During this time, LTACHs have continued to treat non-
COVID-19 patients, with some patients at earlier stages
in their critical illness admitted from the ICU to offload
ICU resources, with a total of 6,497 patients admitted to
our LTACH network without confirmed infection
(Table 1). Based on our application data and LTACH
EHR databases analyzing and projecting future surges
and cold spots, modifications necessary to transform
LTACHs acute care COVID-19 hospitals have been
chestjournal.org
removed so the LTACHs could efficiently care for
COVID-19 recovery patients and noninfected patients
with chronic critical illness.
Discussion
After many modifications to the hospitals and hospital
operations, approximately 1,000 COVID-19-positive
patients and COVID-19 recovery patients were treated
in 94 LTACHs from March through May 2020. We
demonstrate that by following a resilient work system
structure, LTACHs can rapidly adapt and transform
within the health-care continuum from an LTACH to
the role of a “Critical Illness Recovery Hospital” that can
safely manage acutely ill patients with more severe
clinical manifestations of SARS-CoV-2. LTACH care
represents a unique combination of hospital acute care
and longer-term recovery as a post-acute venue. With
enhanced strategies coupled with accurate selection for
admission, COVID-19-positive patients and COVID-19
recovery patients can be treated in LTACHs safely
alongside patients without COVID-19.

Because many patients with COVID-19 respiratory
failure require prolonged MV, LTACHs are positioned
to help enhance and ensure recovery. LTACHs have
developed specialized strategies for liberation from
prolonged mechanical ventilation, promoting physical
recovery through innovative therapies and nutrition
programs while reducing the risk of adverse ventilator-
associated events, including pneumonia and infection.
LTACHs also require high-acuity nursing capabilities to
treat patients with chronic critical illness.

In addition to providing treatment for patients with
severe response to the virus, LTACHs also provide care
for COVID-19-positive patients who require support
during recovery. The long-term sequelae of post-COVID
patients fits the LTACH model of care. Post-acute care
has been recognized as required for COVID-19 patient
recovery; respiratory physiotherapy and other post-acute
rehabilitation are necessary to return these individuals to
functional levels as quickly as possible.37-42 Even with a
less severe COVID-19 response, therapy may be
required to counteract muscle weakness that could delay
patient recovery.17

With the rising number of cases and hospitalizations
with the COVID-19 pandemic, the primary concerns of
the health-care community continue to include resource
shortages and overcrowding, as hospital and ICU
capacity reaches critical volumes in many locations,43

supporting the need for alternative treatment venues
1899
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such as LTACHs in response to this burden. After
repurposing nonclinical hospital space (eg, lobbies,
hallways), hospitals, local governments, and relief
organizations have also employed nonclinical spaces
such as convention centers, parking structures, and field
tents, and have triaged patients using telehealth services.
The critical care staffing pool of specially trained
physicians, nurses, and respiratory therapists is also
strained, as the demand for ICU beds and critical care
services has skyrocketed in many parts of the country.
LTACHs provide a source of additional high-acuity beds
and well-experienced critical care staff to help support
hospitals during this pandemic.

Our network of 94 LTACHs has demonstrated
preparation and implementation of modifications that
support the treatment of active COVID-19 patients and
patients recovering from moderate-to-severe response to
COVID-19 infection. We show that LTACHs
successfully play a dual role as a substitute for ICU beds
in regions with high COVID-19 surge levels and as a
post-ICU provider or partner in the continuum of care.
LTACHs have a critical role to play in caring for patients
during COVID-19 pandemic and future crises that
overwhelm our health-care system.
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