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Abstract
The posthospital discharge period is vulnerable for patients with coronavirus disease 2019 (COVID-19). The authors 
implemented a COVID-19 discharge pathway in the electronic medical record for UCHealth, a 12-hospital health care 
system, including an academic medical center (University of Colorado Hospital [UCH]), to improve patient safety by 
standardizing discharge processes for COVID-19 patients. There were 3 key elements: (1) building consensus on discharge 
readiness criteria, (2) summarizing discharge criteria for disposition locations, and (3) establishing primary care follow-up 
protocols. The discharge pathway was opened 821 times between April 20, 2020, and June 7, 2020. Of the 436 patients 
discharged from the hospital medicine service at UCH from April 20, 2020, and June 7, 2020, 18 (4%) were readmitted 
and 13 (3%) had a 30-day emergency department visit. The main trend observed was venous thromboembolism. This 
pathway allowed real-time integration of clinical guidelines and complex disposition requirements, decreasing cognitive 
burden and standardizing care for a complex population.
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Introduction

Ineffective planning and coordination of care at time 
of discharge can contribute to adverse patient 
events.1–3 In the setting of the coronavirus disease 
2019 (COVID-19) pandemic, the immediate postdis-
charge period is especially vulnerable given the unpre-
dictable disease course, which can be complicated by 
late respiratory failure and venous thromboembolism 
(VTE).4,5 Additionally, the impact of the pandemic on 
marginalized communities has highlighted health dis-
parities and added nuances to the COVID-19 dis-
charge different from a typical inpatient discharge.6

Care pathways can deliver clinical guidelines to 
standardize care through the use of decision support 
and educational content, thereby decreasing cognitive 

load on clinicians, improving workflow efficiency, and 
reducing adverse events.7 With the surge of hospitalized 
patients with COVID-19 and rapidly changing recom-
mendations for evaluation and management, a nimble 
pathway development and implementation process can 
quickly disseminate updates to clinicians and serve as a 
single source of guidance. Further, integration into the 
electronic health record (EHR) can embed pathways 
into usual clinical workflows so as to drive utilization.

At the study health system, multiple yet disjointed 
efforts were underway to provide care for patients 
with COVID-19. Some efforts focused on identifying 
appropriate discharge criteria, some on providing 
guidance on isolation upon discharge, and yet others 
on follow-up protocols. This article describes an ini-
tiative that developed and deployed an EHR-based 
COVID-19 discharge pathway to standardize transi-
tions of care processes for COVID-19 patients in 
order to improve patient safety.

Methods

Setting

The initiative was implemented at a network of 12 
hospitals called the UCHealth system, including 
University of Colorado Hospital (UCH), a 690-bed 
tertiary care academic hospital in Aurora, Colorado. 
The pathway was integrated into the graphic user 
interface of the EHR using a software platform 
(AgileMD, San Francisco, CA) that allows for 
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flowchart visualizations and the placement of orders 
directly from the pathway workflow. This conforms 
to the principles of clinical decision support develop-
ment described previously by Osheroff et al.8

Program Description

A multidisciplinary group was established that com-
prised physicians, care management, and hospital 
system leadership to build a standard discharge pro-
cess for COVID-19 patients. The initiative had 3 key 
elements: (1) building consensus on discharge readi-
ness criteria, (2) collecting and summarizing dis-
charge criteria for various disposition locations, and 
(3) establishing standard primary care provider (PCP) 
follow-up protocols for close monitoring upon dis-
charge. The end result was the discharge pathway 
(Figure 1) that was implemented across UCHealth, an 
integrated health system of community and academic 
health systems. This discharge pathway was used by 
both academic and community inpatient providers.

The discharge readiness criteria were determined 
by physician teams using current consensus criteria 
across academic institutions and known literature. 
These criteria were further refined by a multidisci-
plinary physician team including hospital medicine, 
primary care internal medicine, family medicine, 
infectious disease, and pulmonary and critical care 
medicine. Patients were initially divided into 2 cate-
gories based on known literature and expert consen-
sus: high risk and low risk for decompensation. High 
risk was defined as age ≥55 years, immunocompro-
mised because of illness or medications or HIV with 
CD4 ≤200, pregnant, or those having ≥2 of the fol-
lowing comorbidities: diabetes mellitus, hyperten-
sion, coronary artery disease, underlying lung disease, 
chronic kidney disease, or morbid obesity. Discharge 
criteria for the high-risk population included (1) clin-
ical improvement, (2) afebrile for 48 hours, (3) stable 
oxygen requirement for 48 hours, and (4) a down-
trend of inflammatory markers including C-reactive 
protein, lactate dehydrogenase, and d-dimer. Lower 
risk patients were defined as age <55 years with no 
significant comorbid conditions and not immuno-
compromised. Discharge criteria for the lower risk 
population included (1) clinical improvement, (2) afe-
brile for 24 hours, (3) stable oxygen requirement for 
24 hours, and (4) stable or a downtrend in inflamma-
tory markers including C-reactive protein, lactate 
dehydrogenase, and d-dimer.

Once the overall discharge readiness criteria were 
established, the research team partnered with care 
management to streamline the discharge workflows 
for various disposition locations including post-acute 

care facilities, home health care requirements, and 
undomiciled patients as well as patients discharging 
home. These recommendations were based on the 
Centers for Disease Control and Prevention and the 
Colorado Department of Public Health and 
Environment guidelines and resulted in the pathway 
shown in Figure 1. Concurrently, the team partnered 
with ambulatory physician and administrative lead-
ership to streamline ambulatory processes for follow-
up and outpatient monitoring of patients with 
COVID-19 who are followed by the UCHealth sys-
tem. This included a nurse care manager follow-up 
phone call within 2 days of discharge and then fol-
low-up phone calls as needed based on patient 
improvement. Many patients were either uninsured 
or did not have PCPs. Given the current pandemic, it 
was especially difficult to establish new PCP follow-
up appointments. Therefore, a new process was built 
in which patients without an established PCP were 
monitored by a group of fourth-year medical stu-
dents and UCHealth nurses with the same protocol as 
established patients, which included escalation proto-
cols to a physician evaluation via virtual urgent care 
for worsening symptoms (Figure 2). Lastly, a remote 
patient monitoring program was built from the vir-
tual health center for high-risk patients discharging 
from the hospital to their homes. This included dis-
charging high-risk patients with a wearable device for 
monitoring over an 8-day period post discharge, with 
vital sign monitoring every 4 hours for signs of early 
decompensation in conjunction with daily phone 
calls.

Results

Data obtained from the EHR and the pathway third-
party vendor were used to evaluate overall pathway 
utilization and 30-day readmission rates with an 
index admission related to COVID-19. The inpatient 
discharge pathway was opened 821 times from April 
20, 2020, to June 7, 2020, after the pathway was 
published in the EHR. A total of 422 patients were 
discharged from the hospital medicine service at 
UCH from April 20, 2020, to June 7, 2020. 
Demographic characteristics of the patients are 
described in the Table. Of these patients, 18 patients 
were readmitted (4%) and 13 patients (3%) had a 
30-day emergency department (ED) visit.

All 30-day readmissions and all 30-day ED visits 
with an index admission related to COVID-19 at 
UCH were reviewed to allow assessment of and real-
time changes to the discharge criteria. The main trend 
observed centered on VTE management. There were 
4 patients diagnosed with new or propagating VTE, 2 
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Figure 1.  COVID-19 discharge pathway. Underlined text are links to definitions, orders, or other pathways. Abbreviations: AMA, 
against medical advice; APP, advanced practice provider; AVS, after visit summary; CDPHE, Colorado Department of Public 
Health and Environment; COVID-19, coronavirus disease 2019; CRP, C-reactive protein; ICU, intensive care unit; LDH, lactate 
dehydrogenase; NAAT, nucleic acid amplification test; PCP, primary care provider; RN, registered nurse; SARS-CoV-2, severe acute 
respiratory syndrome coronavirus 2; UCHS, UCHealth System; VHC, virtual health center.
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patients with an ED visit within 30 days, and 2 
patients requiring admission. Given this new finding, 
the research team partnered with hematology special-
ists to build VTE prevention guidelines and then 
edited the pathway to include these VTE prevention 
recommendations tiered for risk based on hospital 
stay in real time. The main trend from remote patient 
monitoring data showed new or worsening hypoxia 
requiring an evaluation from the virtual health center 
attending physician with subsequent creation of out-
patient home oxygen delivery programs.

Discussion

Effective transitions of care processes are essential for 
providing high-quality patient care. This fundamen-
tal aspect of care becomes even more critical given 
the unpredictable disease course for patients with 
COVID-19. The initiative described offers an effec-
tive and efficient process for coordinating and stan-
dardizing care for patients with COVID-19.

Figure 2.  COVID-19 follow-up pathway. Underlined text are links to other pathways. Abbreviations: COVID-19, coronavirus disease 
2019; ED, emergency department; PCP, primary care provider; UCHMG, UCHealth medical group.

Table. Characteristics of COVID-19 Patients Discharged From 
the Hospital Medicine Service.

Characteristics N = 422

Age, mean 55
Sex (%)
  Male 55
  Female 45
Race (%)
  Non-Hispanic 51
  Hispanic 48
  Unknown 1
Race (%)
  Other 44
  White or Caucasian 30
  Black or African American 18
  Asian 5
  American Indian and Alaska Native 1
  Native Hawaiian and other Pacific Islander 1
  More than 1 race 0.5
  Unknown 0.5
Language (%)
  English 59
  Spanish 30
  Nepali 2
  Burmese 1
  Other 8

Abbreviations: COVID-19, coronavirus disease 2019.
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Through multidisciplinary collaboration, within 
weeks of the beginning of the pandemic, an EHR-
embedded COVID-19 discharge pathway was 
deployed across a multihospital system. This path-
way allowed integration of clinical guidelines and 
complex disposition requirements with real-time 
updates to decrease cognitive burden and implement 
a strong follow-up protocol for a patient population 
with an unpredictable course. The hospital system’s 
previously established PCP clinic processes were capi-
talized on to optimize and standardize follow-up pro-
tocols for patients with COVID-19. Additionally, new 
processes were built to support uninsured patients 
who otherwise would have been unable to have 
timely follow-up. Importantly, the standardized path-
way discharge criteria can be adjusted quickly in the 
circumstance of rapidly rising patient census to pre-
vent further strain on hospital resources. Notably, as 
seen with the trend for VTE, the pathway allowed 
rapid integration of newly emerging evidence and 
growing experience into one location to centralize 
and standardize care for COVID-19 patients across a 
health care system. This allowed UCHealth to stan-
dardize patient care and attempt to improve patient 
safety in real time.

Study readmission rates differed from those in the 
literature: 4% for this initiative in comparison to 9% 
described in the literature.9 There are likely many 
variables accounting for this difference. First, 
although the pathway was implemented across a 
health system, readmission rates were reviewed only 
for patients discharged by the hospital medicine ser-
vice at one hospital. This was because the hospital 
medicine service at the tertiary academic medical cen-
ter, UCH, accounted for the bulk of discharges; the 
data were easily available and the pathway was 
geared toward hospital medicine services. Second, the 
9% readmission rates described by Lavery et al9 
accounted for 60-day readmission rates, while the 
current study only evaluated 30-day readmission 
rates. Lastly, these data are from early in the pan-
demic when physicians were unsure of the postdis-
charge clinical course. It is possible that patients had 
a longer length of stay to account for this, in turn 
impacting the 30-day readmission rates.

The rapidity with which this system-wide innova-
tion was able to be instituted was made possible by 
several factors: high urgency, institutional buy-in, 
stakeholder engagement, and open feedback channels 
for improvement. Subsequent changes were made 
quickly to both the pathway content and its informa-
tion technology components, allowing the pathway 
to serve as a trustworthy and timely source of infor-
mation. Because the solution was fluidly integrated 

into the EHR, providers could access updated con-
tents easily within their normal workflow. EHR-
embedded care pathways can be used for other 
disease processes to standardize care across health 
systems, especially because orders are readily incor-
porated into the pathway for ease of use. Examples of 
other care pathways at the study institution include 
Clostridium difficile colitis, pneumonia, and diabetic 
foot infections.

The main challenge experienced centered on con-
solidating efforts. Multiple groups were working on 
similar yet disjointed efforts and quickly organizing 
these stakeholders under one venture became impera-
tive to offer one standard solution. This was done by 
cascading inquiries from all leadership groups at the 
chief medical officer or chief operating officer level to 
frontline leadership teams, in both ambulatory and 
inpatient settings. Once all efforts were identified, the 
work was realigned under specific leaders. For exam-
ple, one chief medical officer coordinated all efforts 
concerning transitions of care. Furthermore, all new 
efforts were coordinated through the institutional 
command center to centralize all COVID-19–related 
endeavors. It was also particularly challenging to 
navigate the rapidly changing face of this novel global 
pandemic, requiring rapid-cycle improvement based 
on provider experience, evolving evidence, policy 
changes, and continued stakeholder input to improve 
the pathway.

Given the unique characteristics of the study pop-
ulation, who live at an altitude >5000 feet, the dis-
charge criteria may not be applicable to other lower 
altitude populations. Moreover, the readmission data 
used to modify the pathway were from a single aca-
demic institution and did not capture other safety 
issues that may have occurred at other UCHealth sys-
tem hospitals. Additionally, aspects of the pathway 
were left to provider interpretation, such as what 
clinical improvement meant and which inflammatory 
markers to trend, which also may have skewed dis-
charge data. Lastly, the pathway was not used by all 
providers who discharged COVID-19 patients; there-
fore, the postdischarge data, including readmissions, 
may not be truly reflective of the pathway’s efficacy.

Conclusions

This initiative demonstrates the successful adoption 
of a rapidly deployed, fully integrated electronic care 
pathway throughout a large health care system dur-
ing the crisis situation of the COVID-19 pandemic, to 
aid in transitions of care. Institutions should consider 
using a similar approach for adoption of other high-
impact, high-yield clinical pathways.
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