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ABSTRACT
Objectives Patients with COVID-19 can present to the 
emergency department (ED) without immediate indication 
for admission, but with concern for decompensation. 
Clinical experience has demonstrated that critical illness 
may present later in the disease course and hypoxia 
is often the first indication of disease progression. The 
objectives of this study are to (a) assess feasibility and 
describe a protocol for ED- based outpatient pulse- oximetry 
monitoring with structured follow- up and (b) determine 
rates of ED return, hospitalisation and hypoxia among 
participants.
Methods Prospective observational study of patients 
presenting to a single academic ED in Boston with 
suspected COVID-19. Eligible patients were adults being 
discharged from the ED with presumed COVID-19. 
Exclusion criteria included resting oxygen saturation 
<92%, ambulatory oxygen saturation <90%, heart rate 
>110 beats per minute or inability to use the device. Study 
personnel made scripted phone calls on postdischarge 
days 1, 3 and 7 to review the pulse- oximetry readings 
and to evaluate for decompensation. Return visit and 
admission information were collected via medical record 
and 28- day follow- up calls.
Results 81 patients were enrolled of which 10 (12%) 
developed hypoxia after their initial discharge from the 
ED. Overall, 23 (28%) of the 81 patients returned to the 
ED at least once and 10 of those who returned (43%) 
were admitted. We successfully contacted 76/81 (94%) of 
subjects via phone at least once for follow- up assessment.
Discussion Patients are eager and willing to participate in 
home monitoring systems and are comfortable with using 
technology, which will allow providers and health systems 
to extend our hospitals capabilities for tracking patient 
populations in times of crisis.
Conclusions It is feasible to implement an outpatient 
pulse- oximetry monitoring protocol to monitor patients 
discharged from the ED with confirmed or suspected 
COVID-19.

INTRODUCTION
SARS- CoV-2, the causative agent of the 
respiratory disease COVID-19,1 2 spread 
throughout the USA in early 2020 and was 

responsible for a global pandemic 3. As of 
18 January 2021, SARS- Cov-2 had infected 
an estimated 95 million individuals world-
wide and was responsible for over 2 million 
deaths.4 COVID-19 cases frequently over-
whelmed medical capacity for both general 
and critical care, as observed in several coun-
tries including China, Italy and the USA, 
resulting in severe shortfalls in care delivery 
and significantly increased mortality from the 
disease. 5–7 In order to continue to deliver 
effective medical care during this pandemic, 

Summary

What is already known?
 ► The ongoing COVID-19 pandemic has caused signif-
icant increases in patient volume and acuity, rapidly 
depleting healthcare resources in both inpatient and 
emergency department (ED) settings. The ED is the 
first point of contact for many COVID- infected pa-
tients, and is responsible for the essential triage de-
cisions governing inpatient admission or discharge. 
Effective strategies for patient monitoring and fa-
cilitating necessary return to care can enable more 
patients of greater acuity to be managed in an out-
patient setting, conserving resources and improving 
patient experience.

What does this paper add?
 ► Taking advantage of the prior research exploring the 
enrichment of occult hypoxia or ‘silent hypoxia’ in 
COVID-19 and how it frequently precedes clinical 
deterioration, as well as the available non- clinician 
personpower mobilized during the pandemic (in-
cluding medical students who are often excluded 
from direct patient care due to concerns about in-
fection), we were able to implement an outpatient 
pulse- oximetry monitoring protocol to monitor pa-
tients discharged from the ED with confirmed or 
suspected COVID-19. This protocol can serve as a 
framework on which other medical institutions can 
model similar programs.
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hospitals need to take steps to promote efficient use of 
their resources, sometimes requiring them to make care 
decisions that would not be necessary in a high- resource 
setting outside of a pandemic.6 8 Foremost among these 
preventative actions is the preservation of hospital care 
capacity by treating patients at a level of care that best 
preserves resources and capacity.9 10

The COVID-19 clinical disease course often manifests 
with an initial 5–7 days of a viral syndrome, followed by 
either recovery (~80%–90%) or deterioration (10%–
20%) during the second week of the disease. For those 
who deteriorated, clinically occult hypoxia or ‘silent 
hypoxia’ is often a hallmark. This demonstrated hypoxia 
is often far more severe than what is apparent from their 
clinical presentation. The frequency of ‘silent hypoxia’ is 
noticeably enriched in patients with COVID-19 and often 
precedes clinical deterioration; it has drawn comparisons 
with clinical findings characteristic of Pneumocystis jirovecii 
pneumonia.11–13 The mechanism of this ‘silent hypoxia’ 
is unclear, but models of its development often hypoth-
esise the uncoupling of certain pulmonary mechanics, 
such as lung compliance, from their normal physiolog-
ical relationships or vascular thrombosis and physiologic 
shunting.14–16

The emergency department (ED) is frequently the 
location of consequential triage decisions, most notably 
whether to admit or discharge a patient.5 During the 
current SARS- CoV-2 pandemic, these judgments are 
made by balancing many factors such as inpatient health-
care resources, patient risk of contracting or spreading 
COVID-19 due to their hospital stay and ability of the 
patient to access care in a timely manner if they are 
discharged and their condition deteriorates.8 Effec-
tive strategies for patient monitoring and facilitating 
necessary return to care can enable more patients to be 
managed in an outpatient setting, conserving resources 
and improving patient experience.10 17 During the time 
of study, the rapid implementation of an IT solution, to 
coordinate care and follow- up, to an urgent clinical need 
while using in- house informatics granted us the opportu-
nity to explore and monitor a small cohort of individuals 
potentially exposed to a novel virus. The analysis of data 
collected from these monitoring initiatives could also 
provide insight into what information is most predictive 
of patient illness course, improving prospective decision- 
making capability and the efficiency of care delivery.

Outpatient pulse oximetry has the potential to assist in 
the challenge of following discharged patients and direct 
them to return to care when appropriate. This could, in 
turn, facilitate both the discharge of patients in a wider 
range of clinical conditions and the more effective moni-
toring of patients currently considered safe for discharge, 
conserving healthcare resources and improving outcomes 
for all patient populations. Many clinicians with expe-
rience caring for patients infected with COVID have 
encouraged the use of pulse oximetry in this context13 18 
and its utility is supported both theoretically by the patho-
physiology of the disease as well as empirically by existing 

clinical experience. As a disease with primarily respiratory 
pathophysiology, COVID-19 disrupts lung gas exchange, 
circulatory oxygen transport and subsequent end- organ 
oxygen delivery, meaning that circulatory pulse oximetry 
may represent a direct measurement of the progression in 
the pathway of pathology.13 15 18 Empirically, pulse oxim-
etry has been shown to be predictive of disease outcome 
in both retrospective and prospective cohorts14 19–24 and 
has been used as an inclusion criteria or endpoint in clin-
ical studies of COVID-19.11–13 The strategy of using pulse 
oximetry as part of an outpatient monitoring programme 
has the potential to enable earlier detection of hypoxia, 
including that observed in ‘silent hypoxics’, thereby 
allowing for earlier interventions and improving patient 
outcomes. The objectives of this study are to (a) assess 
feasibility and describe a protocol for outpatient pulse 
oximetry monitoring with structured follow- up and (b) 
determine rates of hypoxia, ED return and hospitalisa-
tion among programme participants.

METHODS
Population and design
A prospective observational study was performed in a 
large tertiary care academic ED in Boston, MA, on patients 
discharged from the ED with suspected or confirmed 
COVID-19. Patients were included if they satisfied all 
of the following inclusion criteria: adult patient with 
presumed or confirmed COVID-19, otherwise discharge-
able (eg, able to self- isolate, well appearing) and at risk for 
outpatient decompensation (ED MD clinical judgement).

While the initial study design specified strict inclusion 
criteria (any two of the following risk factors: age>55, 
cardiovascular disease, hypertension, diabetes, chronic 
lung disease, active cancer, obesity or immunosuppres-
sion), this was quickly broadened after feedback from 
treating providers. As disease burden as well as avail-
able hospital resources were rapidly shifting during the 
pandemic, it became clear that increased flexibility was 
necessary. For this reason, we allowed treating physicians 
full discretion with regard to who was enrolled in the 
protocol. While this may be a limitation with regard to 
study strength, it reflects the fact that this protocol was 
developed primarily as a clinical tool in a time of urgent 
need. Patients were excluded if they met any of the 
following exclusion criteria: need for admission, resting 
oxygen saturation <92%, ambulatory oxygen satura-
tion <90%, resting heart rate >110 beats per minute or 
a patient was unable to use the pulse oximetry device. 
Patients enrolled from 11 April to 18 May 18 2020 were 
included for analysis.

Protocol description
The decision to enrol a patient in the COVID-19 
Outpatient Pulse Oximetry Protocol was left to the 
treating physician discretion at the time of patient 
discharge. Physicians were guided only to identify 
PUIs ‘at risk for outpatient decompensation’. Once 
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the decision to enrol a patient was made, the treating 
physician used a custom electronic order built into 
the existing ED order system to initiate the protocol. 
Once the order was entered, the associated ED tech-
nician received an electronic page to obtain a pulse 
oximeter for the patient and deliver the pulse oxim-
eter to the nurse. Additionally, this order attached 
appropriate discharge instructions to the patient’s 
discharge packet (online supplemental text A) and 
added a message to a discharge notification email 
routinely sent to the patient’s primary care doctor (if 
listed in our system). Once the pulse oximeter was 
given to the nurse, the patient was educated on how to 
use the device and the device was spot checked against 
ED telemetry to ensure accuracy. The patient was then 

discharged with instructions for using the pulse oxim-
eter, a log sheet to record data and information about 
their expected follow- up calls on days 1, 3, 7 and 28 
after discharge (see figure 1A).

Follow-up workflow
We attempted follow- up phone calls on days 1, 3, 7 
and 28. The follow- up calls were scripted and were not 
intended to provide any medical evaluation or advice 
(online supplemental text B). This allowed for flexi-
bility with regard to the personnel used as volunteer 
callers. These callers were mostly medical students 
who were being pulled out of clinical rotations during 
the height of the pandemic. During the call, infor-
mation regarding any recent healthcare interactions 

Figure 1 (A) Emergency department (ED) workflow. (B) Follow- up workflow. PCP, primary care physician.

https://dx.doi.org/10.1136/bmjhci-2021-100330
https://dx.doi.org/10.1136/bmjhci-2021-100330
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or hospitalisations, general symptom progression and 
any vital signs that had been logged since the last point 
of contact were collected. The caller then collected 
current resting and ambulatory vital signs. All of these 
data were logged into our REDCap QI system.

Based on the subject’s responses and vital signs, 
patients were triaged to either remain at home, contact 
their primary care physician (PCP) or were referred 
immediately to the ED (figure 1A). The results of the 
phone call were logged as notes in the medical record 
and if the PCP was in the health system, they were 
contacted by email. If needed, a physician was avail-
able for medical control for concerns that fell outside 
the assigned triage system. After the 7- day follow- up 
period, all subjects were sent an envelope with return 
postage to return the pulse oximeter device to be 
cleaned and reused. At 28 days post enrolment subjects 
were again contacted to assess for missed return visits 
and to administer a subjective survey on the experi-
ence. A telemedicine service staffed by ED physicians 
was also available at no charge during this time as part 
of our health system safety net.

To ensure access to this service for non- English 
speakers, our health system interpreters were used to 
facilitate patient instruction and follow- up calls.

RESULTS
Patient characteristics
We included the first 81 patients enrolled in the 
programme for analysis in this study during the deter-
mined timeframe. Patients were 57% female (46/81) 
and average age was 51.7 years (table 1A). Overall, 
30/81 patients (37%) had comorbidities as described in 
table 1B. Patients spoke English, Spanish, Cape Verdean, 
Cantonese and Vietnamese.

All patients enrolled had suspected COVID-19 as deter-
mined by the attending physician. At this time during 
the pandemic, COVID-19 testing was severely limited. 
No patient had known COVID-19 at presentation. Of 
the 81 enrolled subjects, 30 patients (37%) had positive 
nasopharyngeal PCR testing for COVID-19. Twenty- nine 
patients (36%) were not tested. Overall, 22 of 81 patients 
(27%) tested negative for COVID-19.

Protocol execution
There were 322 follow- up calls made with an overall 
pick- up rate of 72%. Overall, 94% of subjects were 
successfully contacted via phone at least once (table 2). 
Overall, 1102 outpatient oxygen saturations and 886 
outpatient heart rates were captured. Pick- up rate gener-
ally declined over the course of the study period with the 
lowest response rate on day 28 call (62%).

Clinical outcomes
The clinical course of the enrolled patients is described 
below. We made particular note to examine the clinical 
course of patient subgroups that were directly referred 

Table 1 (A) Patient information. (B) Patient medical history. 
(C) Presenting review of systems

A

Patient demographics

Gender N

  Female 46 (57%)

  Male 35 (43%)

Age

  Median 52 years

  Min 21 years

  Max 87 years

Primary language

  English 63 (78%)

  Spanish 13 (16%)

  Cape Verdean 2 (2%)

  Cantonese 2 (%)

  Vietnamese 1 (1%)

Race

  White 33 (41%)

  Black 23 (28%)

  Other 16 (20%)

  Asian 8 (10%)

  Unknown 1 (1%)

  N

Hispanic

  Yes 27 (33%)

COVID-19 test result

  Positive 30 (37%)

  Negative 22 (27%)

  Not tested 29 (36%)

B

  All participants (n=81)

No prior medical conditions 51 (63%)

Congestive heart failure 0 (0%)

Chronic obstructive pulmonary 
disease

3 (4%)

Coronary artery disease 2 (3%)

Hypertension 27 (33%)

Diabetes 10 (12%)

Immunosuppression 8 (10%)

Tobacco use 14 (17%)

C

  All participants 
(n=81)

COVID-19 
positive 
(n=30)

COVID-19 
negative or 
untested (n=51)

Fever 47 (58%) 20 (67%) 27 (53%)

Anosmia/
dysgeusia

6 (7%) 4 (13%) 2 (4%)

Shortness of 
breath

64 (79%) 22 (73%) 42 (82%)

Continued
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during telephone check- ins for abnormal vital signs 
(rather than self- referral) as well as the subgroup of 
patients who had confirmed positive COVID-19 PCR 
testing.

Of the 81 enrolled patients, 23 (28%) returned to 
the ED at least once, with 6 subjects returning more 
than once. Eight of the returning patients were referred 
directly during phone call check- in, while the remainder 
self- presented. Overall, 7 of the 23 (30%) patients who 
returned to the ED required supplemental oxygen for 
hypoxia.

Overall, 10/81 patients (12%) were admitted and 
13/81 (16%) were evaluated in the ED and discharged. 
Of the 10 admitted patients, 9 were admitted to the 
general medicine ward and 1 was admitted to the ICU. 
The patient admitted to the ICU required intubation 
and eventually extracorporeal membrane oxygenation 
(ECMO) support for severe hypoxia associated with 
COVID-19 (figure 2).

Subgroup analysis: directly referred patients
Overall, 8 of 81 (10%) patients were referred to the ED 
for abnormal vitals during phone check- in on days 1, 3 
or 7 of enrolment. The remainder of ED presentations 
were self- referrals that occurred before or between phone 
check- ins. Of the patients directly referred during phone 
check- in, five patients were referred for a resting oxygen 
saturation <92%, two for an ambulatory oxygen satura-
tion <90% with normal resting oxygen saturation and one 
for resting tachycardia >120 with a normal oxygen satu-
ration. Of the five patients referred to the ED for resting 
hypoxia, only two subsequently presented to the ED. Both 
were found to be hypoxic on triage vitals and required 
supplemental oxygen. The two patients referred for low 
ambulatory saturation (but normal resting saturation) 
did not require supplementation oxygen or admission on 
ED presentation. The patient referred for tachycardia was 
found to have tachycardia on ED presentation and was 
treated with intravenous fluids.

Of the three patients with resting hypoxia at home who 
did not comply with ED referral, all three reported no 
further ED visits or hospitalisations by the time of the 
28- day follow- up call.

Subgroup analysis: patients with positive COVID-19 PCR 
testing
Of the 30 enrolled patients whose PCR confirmed 
COVID-19, 10/30 (33%) had at least one return visit to 
the ED. Overall, 6/30 (20%) had resting hypoxia docu-
mented either during a phone check- in or at the time of 
ED re- presentation. Overall, 5/30 (17%) were admitted 
to the hospital and 1/30 (3%) required critical care 
admission (figure 3).

DISCUSSION
By creating this outpatient pulse oximetry follow- up 
protocol, we provided patients with another layer of 
monitoring and follow- up after ED evaluation. Patients 
suspected to have COVID-19 and oxygenation >92% 
at the time of discharge but with concern for potential 
outpatient decompensation were discharged from the ED 
with a pulse oximeter. Over the course of the first 37 days 
of this protocol, 81 patients were enrolled and prospec-
tively followed.

While it is our understanding that other hospitals have 
instituted outpatient monitoring protocols in the face of 
the COVID-19 pandemic, to our knowledge, there have 
been limited publications to date describing this expe-
rience.25–28 It is our hope that through our experiences, 
other health systems will be able to rapidly implement 
similar protocols as needed.

Protocol feasibility
Our overall follow- up rate was high with 94% of our 
subjects connecting with us at least once post discharge. 
We found that pick- up rates generally declined over the 
course of the study period, which may have corresponded 

Cough 58 (72%) 24 (80%) 34 (67%)

Sputum 
production

5 (6%) 1 (3%) 4 (8%)

Abdominal 
pain

9 (11%) 2 (7%) 7 (14%)

  All participants 
(n=81)

COVID-19 
positive 
(n=30)

COVID-19 
negative or 
untested (n=51)

Chest pain 21 (26%) 5 (17%) 16 (31%)

Chills 18 (22%) 8 (27%) 10 (20%)

Diarrhoea 13 (16%) 7 (23%) 6 (12%)

Fatigue 24 (30%) 11 (37%) 13 (26%)

Headache 7 (9%) 2 (7%) 5 (10%)

Myalgias 21 (26%) 8 (27%) 13 (26%)

Rhinorrhea 2 (3%) 1 (3%) 1 (2%)

Sore throat 9 (11%) 2 (7%) 7 (14%)

Vomiting 3 (4%) 2 (7%) 1 (2%)

Persistent pain 7 (9%) 3 (10%) 4 (8%)

Table 1 Continued

Table 2 Follow- up statistics

Successful/attempted 
(%)

No. of day 1 calls answered 70/81 (86%)

No. of day 3 calls answered 57/81 (70%)

No. of day 7 calls answered 57/81 (70%)

No. of day 28 calls answered 50/81 (62%)

No. patients with at least one 
successful call

76/81 (94%)

Overall pick rate 234/324 (72%)
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with patient’s improving symptoms and decreasing 
interest in medical interactions.

The protocol involved multiple aspects of ED care that 
streamlined the approach to a protocolised follow- up 
system. Emergency physicians, on identification of 
patients who may be COVID-19 positive, were able to 
order a pulse oximeter in the electronic medical record 
system, seamlessly notifying an ED technician and nurse. 
Patient instructions were carefully developed and inte-
grated into the discharge summaries of patients who had 
a pulse oximeter ordered (online supplemental text A).

We found that patients used at- home instructions for 
self- referral to the ED at a higher rate than the direct 
referral during follow- up phone calls. This underscores 
the importance of ED discharge instructions during the 
COVID-19 pandemic and may be generalisable to other 
high- risk discharge conditions. By and large, patients 
followed the guidelines in our instructions for follow- up 
and some of these patients necessitated admission 
thereafter.

Medical students were integral in this protocol’s success, 
and as their clinical rotations at Harvard Medical School 
were suspended during the height of the pandemic in 
March 2020, they joined to develop and execute the 
protocol with us. As COVID-19 swab results were piling 
and QA nurses were tasked with more responsibili-
ties during the pandemic, our medical students volun-
teered as skilled callers. We believe that medical student 

volunteers represent an important and potentially over-
looked resource for academic EDs in times of pandemic.

As we move forward, medical students are returning to 
clinical rotations and so we have begun transitioning to a 
text- message- based system. This allows patients to directly 
report vital signs via automated text- message system and 
only patients who have abnormal responses will require 
telephone interactions. Additionally, this allows for the 
collection of vital sign information two times per day, 
rather than only during phone interactions. It is hoped 
that this will greatly reduce the work required to maintain 
this protocol and will likely become the primary means of 
screening patients moving forward.

Clinical notes
The aim of this protocol was to establish the feasibility to 
launch a safe discharge plan for patients with suspected 
COVID-19. While establishing the efficacy of at- home 
pulse oximetry was not the study’s design, it is however 
worthwhile to examine the clinical course of those 
enrolled.

Of the 81 patients with suspected or confirmed 
COVID-19 enrolled in this study period, 10 patients (12%) 
developed hypoxia. Overall, 23 (28%) patients returned 
to the ED within the 7- day study period. Patients who self- 
presented or directly called back to the ED for abnormal 
vital signs were treated and some necessitated admission. 
One patient, who had been discharged from the ED with 

Figure 2 Patient outcomes. ED, emergency department.

Figure 3 COVID-19- positive patient outcomes. ED, emergency department.

https://dx.doi.org/10.1136/bmjhci-2021-100330
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normal vital signs 24 hours prior, returned critically ill 
requiring intubation and eventually ECMO support. No 
patients at 28 days were found to have adverse results at 
home and no patients died.

LIMITATIONS
Although this protocol was organised and executed 
effectively in the height of the pandemic, there were 
some limitations that should be explored. For one, 
calls to patients were only done on days 1, 3, 7 and 28. 
While the patients had clear return instructions and 
were told to check their own vitals three times per day, 
we did not have the means to contact patients on a daily 
basis. Because of this, we are also unable to identify with 
certainty that patients who self- presented during this time 
period (without a direct recommendation via phone call) 
were presenting due to abnormal vital signs and not for 
a secondary reason. Those who self- presented did not 
necessarily always have COVID-19- related concerns.

An additional limitation during this time period is 
that the COVID-19 status at the time of enrolment was 
unknown. Due to the nature of shifting testing availability 
at our hospital (and around the country), not all patients 
were tested. It is also notable that 22 subjects (27%) had 
negative COVID-19 swabs. While it is possible that some of 
these represent false negatives, it is more likely that some 
patients without COVID-19 were enrolled in the protocol. 
Interestingly, cough, shortness of breath and fever were 
the three most common symptoms in both the COVID-19 
positive and negative groups (table 1C).

The aim of our protocol design was entirely clinical 
in nature, and while we do believe that outpatient pulse 
oximetry monitoring adds to patient care and safety, this 
hypothesis was not tested directly through this protocol. 
We believe in order to adequately determine the contri-
bution of pulse oximetry to postdischarge monitoring, 
a study would need to randomise patients to either 
receive or not receive a pulse oximeter at the time of 
discharge. Given the urgent needs during the height of 
the pandemic, we did not feel that this type of study was 
feasible or appropriate at that time. Instead, we can speak 
only to the clinical observations seen in our cohort and 
cannot prove or disprove any hypotheses regarding effi-
cacy of differing outpatient monitoring procedures.

CONCLUSION
We demonstrated that a home pulse- oximetry monitoring 
protocol is feasible and safe for discharge of patients 
with suspected COVID-19. Adequate discharge instruc-
tions and follow- up phone calls identified patients who 
required ED re- evaluation and escalation of care. Given 
that 12% of patients enrolled had clinical deterioration 
requiring hospital admission within 7 days of initial ED 
discharge, we believe that outpatient monitoring with 
pulse oximetry is a reasonable and prudent approach. In 
our experience, the key factors that enabled success were 

(1) developing a multidisciplinary protocol involving 
ED physician, technician, nurse and electronic health 
record, (2) effective follow- up instructions and phone 
calls and (3) health system communication with patient, 
ED physician and PCP. We include our protocol docu-
ments, scripts and discharge instructions in the hope 
that it will be useful to others interested in implementing 
similar protocols elsewhere.
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