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JOURNAL FOCUS

Emergency medicine is a specialty which closely reflects societal challenges and consequences of public policy
decisions. The emergency department specifically deals with social injustice, health and economic disparities,
violence, substance abuse, and disaster preparedness and response. This journal focuses on how emergency
care affects the health of the community and population, and conversely, how these societal challenges affect the
composition of the patient population who seek care in the emergency department. The development of better
systems to provide emergency care, including technology solutions, is critical to enhancing population health.
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Introduction: The novel coronavirus (SARS-CoV-2) is the cause of COVID-19, which has had

a devastating international impact. Prior reports of testing have reported low sensitivities of
nasopharyngeal polymerase chain reaction (PCR), and reports of viral co-infections have varied from
0-20%. Therefore, we sought to determine the accuracy of nasopharyngeal PCR for COVID-19 and
rates of viral co-infection.

Methods: We conducted a retrospective chart review of all patients who received viral testing between
March 1, 2020—April 28, 2020. Test results of a complete viral pathogen panel and COVID-19 testing
were abstracted. We compared patients with more than one COVID-19 test for diagnostic accuracy
against the gold standard of chart review.

Results: We identified 1950 patients, of whom 1024 were tested for COVID-19. There were 221 repeat
tests for COVID-19. Among patients with a repeat test, COVID-19 swabs had a sensitivity of 84.6%
(95% confidence interval (Cl), 69.5-94.4%) and a specificity of 99.5% (95%ClI, 97-100%) compared to
a clinical and radiographic criterion reference by chart review. We found viral co-infection rates of 2.3%
in patients without COVID-19 and 6.1% in patients with COVID-19. Rates of co-infection appeared to
be related to base rates of infection in the community and not a specific property of COVID-19.

Conclusion: COVID-19 nasopharyngeal PCR specimens are accurate but have imperfect sensitivity.
Repeat testing for high-risk patients should be considered, and presence of an alternative virus should
not be used to limit testing for COVID-19 for patients where it would affect treatment or isolation. [West
J Emerg Med. 2020;21(6)1-4.]

INTRODUCTION Limitations of PCR testing for COVID-19 include unknown risk
Many patients with novel coronavirus disease 2019 of transmission from PCR-positive patients and anecdotal reports
(COVID-19) will be asymptomatic'; however, a small percentage  of lack of sensitivity.* Initial reports from China questioned the
of patients will become severely ill requiring hospitalization. sensitivity of PCR for COVID-19 and reported it as low as 71%,
Overall mortality estimates of COVID-19 vary due to variable especially in early illness.’ Further, PCR tests for the presence of
access to systematic testing, but the most critically ill requiring viral RNA, which may or may not be able to transmit infection.
intubation have high risk of death.>* The most commonly used Lack of availability of widespread testing for COVID-19
initial testing was a nasopharyngeal swab for polymerase chain has been a controversial subject. One method proposed to
reaction (PCR), although antibody testing has since become initially allocate scarce testing resources was to cancel testing
available. PCR is widely used to test for other viral illnesses. patients for COVID-19 if another virus was detected. This was
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due to initial reports of a 0-4% co-infection rate with influenza
and COVID-19.%” However, since then reports of co-infection
rates as high as 20% have been reported.® Therefore, we sought
to examine our viral testing data for the diagnostic accuracy of
patients tested more than once for COVID-19, as well as the rate
of viral co-infections in patients tested for COVID-19.

METHODS

We conducted a retrospective review of all patients who had
viral testing from March 1, 2020—April 28, 2020 at our tertiary
academic medical center in central Pennsylvania. This study
was approved by the institutional review board of Penn State
Milton S. Hershey Medical Center. We identified charts using the
specific order for respiratory viral pathogen panel testing, as this
was uniformly used to obtain testing for all patients through April
25,2020. Adults and children were included.

Availability and policies regarding COVID-19 testing at our
hospital have changed often during the study period. Tests from
four different sources have been available: ARUP Laboratories
(Salt Lake City, UT), Quest Diagnostics (Secaucus, NJ),
Pennsylvania Department of Health (Harrisburg, PA), and in-
house testing at our clinical lab (Hershey, PA). During the entire
time period, hospital recommendations were that all patients have
traditional viral PCR testing with COVID-19 testing. Through
March 14, viral panel results were used to determine whether or
not a COVID-19 test was sent. All patients in this analysis had
both tests sent.

PCR testing for in-house COVID-19, approved under
the Food and Drug Administration’s (FDA) Emergency Use
Authorization, was targeted against two different regions of the
SARS-CoV-2 genome, ORF1ab and S gene (Simplexa, Focus
Diagnostics, DiaSorian Group, LLC, Cypress, CA). An RNA
internal control is used to detect reverse transcription-PCR
failure and/or inhibition. Respiratory viral pathogen multiplex
PCR testing is done in house and tests for influenza A and B,
respiratory syncytial virus, parainfluenza (types 1,2,3 and 4),
adenovirus, coronavirus, human metapneumovirus, rhinovirus/
enterovirus, and atypical bacterial pneumonias (Bordetella
pertussis and parapertussis, Chlamydophila pneumonia, and
Mycoplasma pneumoniae).

Data abstracted included age and gender of patients, results
of respiratory viral panel (RVP), results of COVID-19 testing,
site of COVID-19 testing, and date of testing. A single author
abstracted data with questions checked by two other authors.
Testing date was the date of the initial RVP test, and positivity
was determined by lab report. All patients who had a repeat
test during the study period were included in this analysis. We
recorded the days between each test. Concordant results were
considered accurate. Using documented history and all testing
results, including labs and imaging, two independent, non-
blinded, physician study team members conducted in-depth
reviews of patient charts with discordant results to determine the
true diagnosis at the time of each test,. The clinical case definition
we used to determine COVID-19 positivity in a negative test

was the broad definition used by our hospital at that time, which
included any of the following:

1. any new shortness of breath, or hypoxemia without a
compelling other cause;

2. computed tomography (CT) or radiograph findings
reported as consistent with COVID-19;

3. fever, cough, or diarrhea with any new infiltrate on CT or
radiograph not found to have another cause;

4. fever, cough, or diarrhea with a known exposure to a
COVID-19-positive patient or high-risk travel.

The length of time between tests was also considered in
determining positivity. Therefore, discordant tests could both
have been determined to be accurate at the time of the test if there
was a delay of more than one day between tests and the patient’s
clinical course or symptoms had changed. We had planned to
use a third team member to adjudicate any discrepancies during
the chart review, but there were none found. Patients who had
discordant results also had symptoms recorded. We analyzed
patients who had other viral infections both with and without
COVID-19. Given more rapid availability of RVP testing, results
of those with COVID-19 co-testing were only analyzed if the
RVP test was positive.

Analysis

We managed data in Microsoft Excel (Microsoft
Corporation, Redmond, WA). We reported diagnostic accuracy
using standard definition, and reported rates of co-infection as
percentages.

RESULTS

Our chart review identified 1950 patients, of whom 1024
(52.5%) were tested for COVID-19. The remainder were
tested for other viral pathogens but not COVID-19. Our data
goes through the beginning of March, when routine testing for
COVID-19 had not begun in order to identify all cases where
COVID-19 testing was done. In the sample, 53.3% (n = 1039)
were female and the mean age was 43.7 years old (standard
deviation +26.2 years, range one month to 98 years old). One
hundred sixty-eight patients were tested for COVID-19 more
than once for a total of 221 tests. One hundred forty-eight patients
with positive RVPs were co-tested for COVID-19. Of the 1024
patients tested for COVID-19, 10.9% (n = 111) were positive.

Of the 221 repeat tests for COVID-19, 181 (81.9%) were
true negatives, 33 (14.9%) were true positives, six (2.7%) were
false negatives, and one (0.5%) was a false positive (Table).
Included in this were two inconclusive tests that were determined
to be positive. This includes the only false positive result, which
was initially reported as positive in a ventilator-dependent,
12-month-old male who had been hospitalized since birth. Over
the next three days, four repeat tests were sent, and all were found
to be negative. Of the patients with false negatives, symptoms
were present at one day, two days, four days, seven days, and two
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Table. Diagnostic accuracy of COVID-19 nasopharyngeal swab
PCR testing (n=221), compared to a clinical and radiographic
criterion reference by chart review. Prevalence of disease in the
population of 17.6%.

Test Value  95% confidence interval

Sensitivity 84.6% 69.5% to 94.4%
Specificity 99.5% 97.0% to 100%
Positive predictive value 97.1% 82.3% t0 99.6%
Negative predictive value 96.8% 93.5% to 98.4%
Positive likelihood ratio 154.0 21.7 t0 1092.4
Negative likelihood ratio 0.15 0.07 t0 0.32
Diagnostic accuracy 96.8% 93.6% t0 98.7%

COVID-19, novel coronavirus disease 2019; PCR, polymerase
chain reaction.

weeks, respectively. No patient who had more than two tests had
a change in testing from negative to positive. One patient had a
maximum of six tests, all of which were negative.

The rate of positive viral panels and COVID-19 tests
over time is presented in Figure. Of the 1950 patients, 44
(2.3%) had a non-COVID-19 infection, most commonly rhino/
enterovirus. Of the 148 patients co-tested for COVID-19 and
other viral/atypical pathogens, 6.1% (n = 9) had a co-infection
with COVID-19 (Figure), including two patients with both
COVID-19 and non-COVID-19 coronavirus and two patients
with three simultaneous infections.

DISCUSSION

This study confirms that PCR testing for COVID-19 is
highly reliable when positive; however, there are some false
negative results, mostly clustered early in the disease course.
This is important as testing is used to ease restrictions on patients
and the public. In highly suspicious patients, a repeat test in 24-
48 hours may be helpful. Based on our sample, however, repeat
testing beyond two tests is of limited utility. This will be relevant
for patients who work with the public, live with at-risk patients,
and healthcare workers.

There are several potential mechanisms for imperfect
sensitivity. The first is an inherent property of the test, for
example, the primer used. Chan et al report that the COVID-
19-RdRp/Hel assay was positive in 44% of patients, while
the RdRp-P2 assay was only positive in 28% of patients.” The
second possibility is that an inadequate sample was obtained.
Nasopharyngeal swabs need to be deeply inserted and sit for
10-30 seconds to collect an adequate amount of viral RNA.

Our nursing staff is highly trained in swab collection, and we
have a dedicated “swab team” to further increase adequate
specimen collection. It is imperative that patients not obtain
their own samples (eg, at drive-through testing), as this

increases the likelihood for an inadequate sample. It is known
that coronaviruses rapidly mutate, and it is proposed that these
genetic mutations may alter test characteristics of PCR.!° This
may also be due to the fact that a nasopharyngeal swab is not

an adequate specimen type. For example, a bronchoalveolar
lavage was the only positive sample in a critically ill patient who
initially tested positive for influenza and negative for COVID-19
via nasopharyngeal PCR." In a larger analysis, bronchoalveolar
lavage and sputum samples outperform nasopharyngeal and oral
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samples.'? In addition, a salivary PCR test was also approved by
the FDA and has shown higher sensitivity than nasopharyngeal
samples." The final potential explanation, which our data
supports, is that a significant enough viral load is not present to be
identified in patients early in their disease course.

We found a greater number of viral co-infections with
COVID-19 than those reported early out of China,*” but much
fewer than those reported out of Stanford.® A time-course
analysis of our data (Figure) shows that viral co-infection
is more a product of statistical probability than physiology,
and that an alternate viral infection does not appear to be
protective against COVID-19.

LIMITATIONS

Our study was limited by its retrospective design and limited
sample size. In addition, systematic testing would have been more
scientifically rigorous but was impractical due to limited clinical
testing resources. High-risk patients were mostly re-tested when
negative, which could have led to underestimation of our false
negative rate. Re-testing was less commonly done for positive
samples, which could also have introduced bias. Specificity
might have been less if more positive patients had been re-tested.
Nonetheless, biologically, the PCR primers used for COVID-19
are thought to be highly specific.'* Finally, because no gold
standard for the diagnosis of COVID-19 currently exists, we
chose to incorporate PCR testing and chart review. This decision
introduced incorporation bias for using the test in question as part
of the reference standard, although it was essentially unavoidable
for this situation.

CONCLUSION

Nasopharyngeal PCR specimens for COVID-19 appear
to be highly accurate, but from our data, have a sensitivity of
only 84.6%. Repeat testing for high-risk patients should be
considered, or they should be assumed to be positive with no
testing. The presence of an alternative virus should not be used
to limit testing for COVID-19 for patients where it would affect
treatment or isolation.
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Introduction: It is difficult to determine illness severity for coronavirus disease 2019
(COVID-19) patients, especially among stable-appearing emergency department (ED) patients.
We evaluated patient outcomes among ED patients with a documented ambulatory oxygen
saturation measurement.

Methods: This was a retrospective chart review of ED patients seen at New York University
Langone Health during the peak of the COVID-19 pandemic in New York City. We identified ED
patients who had a documented ambulatory oxygen saturation. We studied the outcomes of high
oxygen requirement (defined as >4 liters per minute) and mechanical ventilation among admitted
patients and bounceback admissions among discharged patients. We also performed logistic
regression and compared the performance of different ambulatory oxygen saturation cutoffs in
predicting these outcomes.

Results: Between March 15-April 14, 2020, 6194 patients presented with fever, cough, or shortness
of breath at our EDs. Of these patients, 648 (11%) had a documented ambulatory oxygen saturation,
of which 165 (24%) were admitted. Notably, admitted and discharged patients had similar initial

vital signs. However, the average ambulatory oxygen saturation among admitted patients was
significantly lower at 89% compared to 96% among discharged patients (p<0.01). Among admitted
patients with an ambulatory oxygen saturation, 30% had high oxygen requirements and 8% required
mechanical ventilation. These rates were predicted by low ambulatory oxygen saturation (p<0.01).
Among discharged patients, 50 (10%) had a subsequent ED visit resulting in admission. Although
bounceback admissions were predicted by ambulatory oxygen saturation at the first ED visit
(p<0.01), our analysis of cutoffs suggested that this association may not be clinically useful.

Conclusion: Measuring ambulatory oxygen saturation can help ED clinicians identify patients who
may require high levels of oxygen or mechanical ventilation during admission. However, it is less
useful for identifying which patients may deteriorate clinically in the days after ED discharge and
require subsequent hospitalization. [West J Emerg Med. 2020;21(6)5-14.]
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Disclaimer: Due to the rapidly evolving nature of this
outbreak, and in the interests of rapid dissemination of
reliable, actionable information, this paper went through
expedited peer review. Additionally, information should be
considered current only at the time of publication and may
evolve as the science develops.

INTRODUCTION

One of the most difficult challenges in the management
of coronavirus 2019 (COVID-19) patients is identifying those
with significant respiratory compromise.!? Some patients
without any visible respiratory distress can have severe
hypoxemia, and there is substantial variability in the severity
of illness among COVID-19 patients.> Therefore, there is
a significant amount of uncertainty surrounding the care of
these patients, particularly with regard to disposition from the
emergency department (ED).® These decisions are made more
complicated by the life-threatening nature of this illness and
the massive burden that COVID-19 has placed on an already
strained healthcare system.”

As the pandemic has evolved, several studies have
identified patient characteristics and clinical markers that are
correlated with poor outcomes among COVID-19 patients. %12
Many of these studies use an outcome of intubation or death to
risk stratify patients. However, there are COVID-19 patients
who will develop high oxygen requirements and may require
admission to avoid these endpoints.'>!¢ The criteria used to
determine which ED patients should be admitted may not
be the same as those factors that predict intubation or death.
Furthermore, in the face of overwhelming patient volumes,
many ED clinicians may find that they lack the capacity to
perform comprehensive laboratory or radiologic testing on all
patients presenting with COVID-19 symptoms.'”!8

During the surge of ED patients in New York City, ED
clinicians (physicians, residents, and physician assistants)
at our institution developed the practice of performing
ambulatory oxygen saturation measurements to aid the
disposition of stable-appearing COVID-19 patients.
Previously, oxygen desaturation while walking has been
shown to be associated with poor outcomes in diseases such
as pulmonary fibrosis and radiation pneumonitis.!*?> The
goal of this study was to provide data on our early experience
using ambulatory oxygen saturation to determine whether this
relatively quick assessment can help guide the disposition of
ED patients with COVID-19.

METHODS
Study Design, Setting, and Population

We performed a retrospective chart review of ED patients
seen at New York University (NYU) Langone Health at our
four EDs, located in Manhattan, Brooklyn, and Long Island.
We studied ED visits during the month (specific dates below)
that corresponded to the peak of the COVID-19 pandemic in
New York State. Charts were reviewed to identify ED patients

Population Health Research Capsule

What do we already know about this issue?
The COVID-19 pandemic is rapidly
evolving, and little is known about the
ability to risk stratify patients based on
ambulatory oxygen saturation.

What was the research question?

Can ambulatory oxygen (O, sat) saturation
help guide disposition of emergency
department (ED) patients with COVID-19?

What was the major finding of the study?
Ambulatory O, sat cannot rule out ED
bounceback to admission, but does predict
inpatient respiratory needs.

How does this improve population health?

At the pandemic’s height, EDs lacked
evidence-based ways to quickly risk stratify
respiratory patients. This study provides early
data for one approach.

who had a documented oxygen saturation while ambulating.
We then analyzed the association between recorded
ambulatory oxygen saturation and patient outcomes among
patients admitted and discharged from the ED.

Data Sources

We queried the health network’s electronic health record
(EHR) (Epic Systems, Verona, WI) via Oracle SQL Developer
(Oracle Corporation, Redwood Shores, CA) in our Epic
Systems Clarity database. We exported initial ED clinician
notes along with demographic variables (ie, age and gender)
and clinical variables (ie, body mass index [BMI], medical
comorbidities, and initial ED vital signs) for all ED patients
presenting with COVID-19 symptoms from March 15, 2020-
April 14, 2020. In addition, we abstracted additional clinical
outcomes (.e, supplemental oxygen flow rates and devices
and bounceback admissions to our facilities) for confirmed
COVID-19 positive patients admitted as inpatients to the
hospital from the ED. We performed data abstraction on April
29, 2020, to ensure that at least two weeks of outcome data
were available for each patient.

Ambulatory Oxygen Saturation

When the initial ED clinician note for a patient contained
the key words walk/walked/walking or “ambul” to capture
ambulatory/ambulation/ambulated/ambulating, we reviewed

Western Journal of Emergency Medicine
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the chart to determine whether a numeric ambulatory oxygen
saturation had been documented in any of the ED notes. When
a range of values was charted, we used the lowest number. In
several cases, ED clinicians noted that the patient’s oxygen
saturation while walking was greater than some number (eg,
“>93%"). When we asked our ED clinicians, the consensus
was that this should be interpreted to mean equal to or greater
than that number as it is difficult to type a greater than or
equal to sign in the EHR. In a minority of cases, ED clinicians
wrote partially numeric values (eg, “high 80s” or “mid 90s”).
These values were reinterpreted as follows: high 90s (two
instances of this phrase assigned 98%); low-mid 90s (one
assigned 93%); low 90s (two assigned 92%,); high 80s (five
assigned 88%); mid-high 80s (one assigned 87%); mid 80s
(three assigned 85%); low 80s (four assigned 82%).

Primary Outcomes

For admitted ED patients, our clinical outcome was a high
oxygen requirement, defined as an oxygen flow rate above four
liters per minute (L/min) at any point during hospitalization,
which included the need for mechanical ventilation. We used
this value as a cutoff given that most patients on home oxygen
are generally not at rates higher than four L/min. For discharged
ED patients, our clinical outcome was bounceback admission,
defined as a subsequent ED visit within 10 days of the initial
ED visit that resulted in an inpatient hospitalization. Notably,
we were not able to track whether a patient had a bounceback
admission at other area hospitals.

Statistical Analysis

We initially described our retrospective cohort of patients
who had a documented ambulatory oxygen saturation based
on demographic variables, BMI, medical comorbidities,
initial ED vital signs, and documented ambulatory oxygen
saturation. We analyzed categorical variables by chi-square
tests, and continuous variables by t-tests and rank-sum tests as
appropriate. A p-value of 0.05 was used to identify statistically
significant differences in the characteristics of ED patients
with a documented ambulatory oxygen saturation who were
admitted vs discharged.

We then analyzed the association between the documented
ambulatory oxygen saturation and our clinical outcomes using
logistic regression. Since there were two main analyses in this
study (among admitted patients and separately among discharged
patients), we used a Bonferroni correction and an adjusted
p-value of 0.025 to test for a significant association between
ambulatory oxygen saturation and our clinical outcomes.

Finally, we also analyzed the performance of ambulatory oxygen
saturation in terms of sensitivity, specificity, negative predictive
value (NPV), and positive predictive value (PPV) at different
ambulatory oxygen saturation cutoffs. Statistical analyses were
performed in Stata 16.1 (StataCorp, College Station, TX). This
study was approved by the institutional review board at NYU
Grossman School of Medicine.

RESULTS
Study Population

Of the 17,123 ED patients seen at our four EDs in
Manhattan, Brooklyn, and Long Island between March 15—April
14,2020, 6194 (36%) had a chief complaint of either fever,
cough, or shortness of breath. Of the patients presenting with
these symptoms, 1071 (17%) had the key words: walk, walked,
walking, ambulatory, ambulation, ambulated, or ambulating.
When we reviewed these charts with the key words present, 684
(64%) had a documented number for an ambulatory oxygen
saturation and 165 (24%) of these patients were admitted.

Comparing admitted and discharged ED patients with a
documented ambulatory saturation, admitted patients were
approximately 10 years older than discharged patients and
more frequently had a history of hypertension, hyperlipidemia,
diabetes, cirrhosis, or immunosuppression (Table 1). As for initial
triage vital signs, there was a statistically significant difference
between the initial temperature, diastolic blood pressure, and
triage oxygen saturation between admitted and discharged ED
patients. In general, these differences in triage vital signs were
not necessarily clinically significant. Although the ranges of their
initial triage oxygen saturation values were the same, the average
and median ambulatory oxygen saturation of discharged ED
patients was 96% (range of 86-100%) compared to 89% (range of
71-95%) among admitted ED patients (Figure 1).

Clinical Outcomes

Of the 165 admitted ED patients with a documented
ambulatory oxygen saturation, 103 (62%) did not require
more than four L/min of oxygen during their hospitalization,
49 (30%) required more than four L/min of oxygen, and 13
(8%) required mechanical ventilation. Of the 519 discharged
ED patients with a documented ambulatory oxygen saturation,
50 (10%) had a subsequent ED visit at our health system that
resulted in an inpatient hospitalization, which is higher than
our typical bounceback rate or overall bounceback rate during
this time period. Of these bounceback admissions, 24 (48%)
had a low oxygen requirement, 19 (38%) had a high oxygen
requirement, and 7 (14%) required mechanical ventilation. We
also stratified these outcomes by different ambulatory oxygen
saturation levels in Figure 2 and Table 2.

Prediction Based on Ambulatory Oxygen Saturation

In our univariable logistic regression analyses, a higher
ambulatory oxygen saturation among admitted ED patients
was associated with lower odds of high oxygen requirement or
mechanical ventilation (p<0.01). Similarly, a higher ambulatory
oxygen saturation among discharged ED patients was associated
with a lower odds of bounceback admission (p<0.01).

We also provide a range of performance characteristics
(ie, sensitivity, specificity, NPV, and PPV) for different cutoffs
for ambulatory oxygen saturation for these outcomes in
Table 3, along with receiver operating characteristic curves
in Figures 3 and 4. For example, an ambulatory oxygen
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Table 1. Characteristics of admitted and discharged ED patients with a documented ambulatory oxygen saturation.

Patient characteristics Admitted N (%) or Mean (SD) Discharged N (%) or Mean (SD)  Significance P-value
Total patients 165 519
Age
Mean 56 47 <0.01
Median 58 47 <0.01
Interquartile range 47 to 66 37 to 57
18 to 29 5 (3%) 53 (10%)
30 to 39 17 (10%) 119 (23%)
40 to 49 30 (18%) 108 (21%)
50 to 59 36 (22%) 137 (26%)
60 to 69 51 (31%) 72 (14%)
70to 79 23 (14%) 26 (5%)
80 and up 3 (2%) 4 (1%)
Sex
Male 94 (57%) 270 (52%) 0.27
Female 51 (43%) 249 (48%)
Body-Mass-Index*
20t0 25 22 (16%)
2510 30 53 (39%)
30 to 35 31 (23%)
40 to 45 18 (13%)
45 and Up 4 (9%)
Comorbidities
Hypertension 73 (44%) 97 (19%) <0.01
Hyperlipidemia 43 (26%) 88 (17%) 0.01
Diabetes 34 (20%) 57 (11%) <0.01
Coronary artery disease 7 (4%) 20 (4%) 0.82
Congestive heart failure 2 (1%) 5 (1%) 0.78
Asthma 20 (12%) 42 (8%) 0.12
COPD 1(1%) 4 (1%) 0.83
Cancer 9 (5%) 28 (5%) 0.98
Cirrhosis 2 (1%) 0 (0%) 0.01
Chronic kidney disease 6 (4%) 13 (3%) 0.44
End-stage renal disease 2 (1%) 2 (0%) 0.23
Immunosuppression 10 (6%) 6 (1%) <0.01
Triage vital signs
Temperature 99.8 (1.5) 99.5 (1.3) <0.01
Heart rate 97 (17) 97 (16) 0.58
Systolic blood pressure 132 (18) 132 (17) 0.74
Diastolic blood pressure 77 (11) 81 (11) <0.01
Respirations 20 (3) 20 (3) 0.02
Triage oxygen saturation
Average 95 (2) 97 (2) <0.01
Median 95 97 <0.01
Range 90 to 100 90 to 100

COPD, Chronic obstructive pulmonary disease.
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Table 1. Continued.

Patient characteristics

Admitted N (%) or Mean (SD) Discharged N (%) or Mean (SD)

Significance P-value

Ambulatory oxygen saturation

Average 89 (4)
Median 89
Range 71to 97

96 (2) <0.01
96 <0.01
86 to 100 <0.01

*Only 24 of the 519 discharged patients had a height and weight measurement to calculate a body-mass-index, therefore these values

are not reported.

saturation of 92% or less among admitted ED patients had a
92% sensitivity, 29% specificity, 86% NPV, and 44% PPV for
requiring a high level of supplemental oxygen or mechanical
ventilation. For discharged patients, even those with high
oxygen saturations (up to 98%) on ambulation had a chance of
representing with subsequent admission.

DISCUSSION

Our goal in this study was to evaluate whether the
measurement of ambulatory oxygen saturation could help
predict outcomes among admitted and discharged ED patients.
It should be noted that our study population included only ED
patients who were able to tolerate ambulation and therefore
likely excludes patients who were critically ill or had a high
oxygen requirement at baseline. This study population is
critically important to examine since it represents a population
of relatively stable-appearing ED patients. Because of the
clinical characteristics of COVID-19, it can be difficult to
differentiate patients with respiratory compromise given
that some patients do not present with increased work of
breathing and may appear clinically well."* In fact, in our
study population, the resting vital signs of admitted and
discharged ED patients were relatively similar. Ambulatory
oxygen saturation values differed between these two groups
significantly, which is expected, given that our ED clinicians
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Figure 1. Distribution of documented ambulatory oxygen saturation
among admitted and discharged ED Patients

were making admission decisions based on these values.

In this study, we found that a lower ambulatory oxygen
saturation was strongly associated with a requirement of high
oxygen supplementation or mechanical ventilation among
admitted ED patients. In our study population, no patient with
an ambulatory oxygen saturation of 96% or higher required
high oxygen supplementation, and no patient 95% or higher
required mechanical ventilation during their hospitalization,
although it should be noted that our sample of such patients
was not large. The proportion of patients who eventually
required these treatments appears to increase consistently
below these values, especially around 92% and below, which
would be consistent with the transition to the steeper portion
of the oxyhemoglobin dissociation curve.

Guidelines from the World Health Organization at the
time of this publication recommend hospitalization for
suspected COVID-19 patients with an oxygen saturation less
than or equal to 93%.% This standard applied to only 41% of
the patients actually admitted in our study population. This
criterion would have had a 55% sensitivity, 68% specificity,
71% NPV, and 51% PPV for high oxygen requirement
or mechanical ventilation. In comparison, using only an
ambulatory oxygen saturation cutoff of less than or equal
to 93%, approximately 87% of the admitted patients would
have met this ambulatory oxygen saturation criterion, which
would have had a 97% sensitivity, 18% specificity, 90% NPV,
and 42% PPV for high oxygen requirement or mechanical
ventilation. While there were other factors that determined
whether patients in our study population were admitted, it
appears that ambulatory oxygen saturation can help identify
additional COVID-19 patients who may have poor outcomes
and warrant inpatient hospitalization.

Of discharged ED patients with a documented
ambulatory oxygen saturation, 9.6% returned to one of
our institutions for a subsequent ED visit resulting in
hospital admission. Of these patients with a bounceback
admission, over 50% required a high level of oxygen or
mechanical ventilation. This bounceback admission rate of
9.6% in our study population compares to an overall rate
of approximately 1.5% at our institution, which suggests
that our study population of patients with a documented
ambulatory oxygen saturation was generally a higher risk
group even though they did not present critically ill or
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Figure 2. Proportion of emergency department (ED) admissions with high oxygen requirements or intubation and proportion of ED

discharges with bounceback admission.
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with an obvious oxygen requirement. It is possible that
ED clinicians were more likely to perform an ambulatory
oxygen saturation if they thought that the patient was more
concerning and wanted additional data to make a disposition
decision. Furthermore, we should note that these bounceback
admissions were only tracked at our institution and likely
underestimate the true bounceback rate, given that patients
might have been subsequently admitted to other hospitals.
In this study, we did find that a lower ambulatory
oxygen saturation was associated with a higher likelihood
of bounceback admission. However, our analysis of the
performance of different cutoffs suggests that the ambulatory
oxygen saturation would probably not be clinically useful in
predicting the future clinical trajectory of patients (eg, only
28% sensitivity and 15% PPV for bounceback admission
at an ambulatory oxygen saturation of 93% or less during
the first ED visit). In addition, there were discharged ED
patients who required high levels of oxygen or mechanical
ventilation on a subsequent inpatient hospitalization at a
variety of ambulatory oxygen saturation levels at the first
ED visit. These findings are likely indicative of the high
variability in clinical outcomes among COVID-19 patients
and that a single one-time measurement of ambulatory
oxygen saturation in isolation will not be able to predict
whether a patient will develop worsening respiratory
compromise in the days after discharge from the ED. We
believe this is an extremely important point for emergency
clinicians, given that spikes in respiratory volume during
potential future waves of COVID-19 may necessitate simple
and quick risk stratification strategies. Ambulatory oxygen
saturation, in isolation, does not definitively predict future

respiratory compromise given the unpredictable disease
course among COVID-19 patients.

We also performed a post-hoc case review of ED patients
in our study who had a bounceback admission that resulted in
the need for mechanical ventilation. In this analysis, although
some patients had a normal ambulatory oxygen saturation, a
few of these patients developed some level of tachycardia or
tachypnea during ambulation despite maintaining a normal
oxygen saturation. In our clinical experience, many of our ED
clinicians used these other cues during the measurement of
ambulatory oxygen saturation to inform their clinical decision-
making. For instance, some patients were admitted if they
developed severe tachycardia, exertional lightheadedness, or
were otherwise unable to tolerate ambulation during these
tests. However, we do not have any data on how well these
other factors predict poor outcomes. The reliance on any
single number is likely suboptimal compared to its inclusion
with a physician’s clinical gestalt and other objective findings.

Measurement of ambulatory oxygen saturation has been
used in the evaluation of patients in other disease states,
including pulmonary fibrosis and radiation pneumonitis.!*2
There is some suggestion in the literature that exertional
hypoxemia is more commonly a feature of restrictive, rather
than obstructive, pulmonary pathology.***¢ Therefore, the
disposition decision for COVID-19 patients with chronic
obstructive pulmonary disease (COPD) may require a different
set of factors or measures. While the pathophysiology of
COVID-19 is still unclear, our study demonstrates that
ambulatory oxygen saturation may have some prognostic
value among COVID-19 patients.!” Some methodological
data regarding risk stratification for COVID-19 patients is
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Table 2. Patient outcomes stratified by ambulatory oxygen saturation among admitted and discharged ED patients.

Patient outcome

Admitted on first ED Visit (n = 165)

Bounceback admission (n = 50)

Among all patients

Low oxygen requirement 103 (62%) 24 (48%)

High oxygen requirement 49 (30%) 19 (38%)

Mechanical ventilation 13 (8%) 7 (14%)
Ambulatory oxygen saturation 98% to 100%

Low oxygen requirement 0 (0%) 2 (40%)

High oxygen requirement 0 (0%) 2 (40%)

Mechanical ventilation 0 (0%) 1(20%)
Ambulatory oxygen saturation 95% to 97%

Low oxygen requirement 15 (94%) 9 (50%)

High oxygen requirement 1(6%) 6 (33%)

Mechanical ventilation 0 (0%) 3 (17%)
Ambulatory oxygen saturation 93% to 94%

Low oxygen requirement 15 (79%) 9 (53%)

High oxygen requirement 3 (16%) 7 (41%)

Mechanical ventilation 1(5%) 1(6%)
Ambulatory oxygen saturation 90% to 92%

Low oxygen requirement 22 (65%) 4 (40%)

High oxygen requirement 10 (29%) 4 (40%)

Mechanical ventilation 2 (6%) 2 (20%)
Ambulatory oxygen saturation 89% and below

Low oxygen requirement 51 (53%) 0 (0%)

High oxygen requirement 35 (37%) 0 (0%)

Mechanical ventilation 10 (10%) 0 (0%)

ED, emergency department.

emerging, but much of it requires additional studies, such as
laboratory bloodwork.??* At the height of the pandemic wave
in our institution, it would have been nearly impossible to
perform this type of risk stratification given the high volume
of COVID-19 patients presenting to the ED.

While we provide evidence for the use of ambulatory
oxygen saturation among ED patients, we acknowledge that
the threshold for admission might depend on a number of
factors and may change in different phases of the pandemic
depending on the balance between ED patient arrivals and
inpatient hospital capacity. Furthermore, among patients who are
already hospitalized, the use of ambulatory oxygen saturation
to determine when to discharge inpatients may differ from our
results given that most of these hospitalized patients have already
been through a period of observation in which the patients may
have already clinically deteriorated or demonstrated the clinical
stability and improvement for a safe inpatient discharge.

Although it might be tempting to apply broad
recommendations regarding disposition decisions based on our
data, it is important to note that this was a retrospective study, and
the characteristics of our hospital system in terms of capacity and

patient population may be different from other hospital settings.
Hospital guidelines and policies need to consider multiple factors,
especially whether there is an ability to send discharged ED
patients home with supplemental oxygen and home monitoring
or be sent to a lower acuity environment for further observation.
Acceptable rates of bounceback admissions and escalation of
care are undoubtedly dependent on many factors, particularly
in the midst of a pandemic. Therefore, it is probable that some
flexibility in the deployment of guidelines on ambulatory oxygen
saturation prior to ED disposition would be important as well.
Further research is needed to identify COVID-19 patients
who are likely to have poor outcomes with a focus on ED
patient populations who appear clinically stable given the
difficulty in identifying COVID-19 patients with respiratory
compromise. Several research initiatives are trying to develop
clinical risk stratification tools, but few focus on the ED and
its patient population, even though the ED has been the central
point of critical disposition decisions. Abnormal vital signs,
patient risk factors, laboratory findings, imaging, and clinical
gestalt together inform clinical decision-making. Our study
suggests that measuring an ambulatory oxygen saturation can
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Table 3. Performance characteristics of a range of ambulatory oxygen saturation cutoffs among admitted and discharged ED patients.

Ambulatory oxygen saturation Sensitivity  Specificity Negative predictive value Positive predictive value

High oxygen requirement or intubation among

admitted ED patients
95% or less 100% 4% 100% 39%
94% or less 98% 15% 94% 41%
93% or less 97% 18% 90% 42%
92% or less 92% 29% 86% 44%
91% or less 89% 36% 84% 45%
90% or less 81% 43% 79% 46%
89% or less 73% 50% 75% 47%
88% or less 60% 59% 71% 47%
87% or less 35% 80% 67% 51%
86% or less 34% 85% 68% 58%

Bounceback admission among discharged

ED patients
99% or less 98% 5% 96% 10%
98% or less 98% 1% 98% 10%
97% or less 90% 23% 95% 1%
96% or less 82% 42% 96% 13%
95% or less 74% 58% 95% 16%
94% or less 54% 73% 94% 18%
93% or less 28% 83% 92% 15%
92% or less 20% 90% 91% 17%
91% or less 8% 96% 91% 16%
90% or less 2% 98% 90% 10%

ED, emergency department.

be another tool to support ED clinicians who may face limited
data on which to make clinical decisions during this pandemic,
but it will not be able to predict all potential decompensations.

LIMITATIONS

Our study was a retrospective review of patients at a single,
large, academic health system during the height of the COVID-19
pandemic. During this period, patients may have been treated
in triaged in non-conventional ways. Although our four EDs
and three hospitals have different patient populations, our study
findings may not be generalizable to ED patient populations at
other institutions or areas of the country. Furthermore, there were
no standardized protocols in place at our institution for how to
use the ambulatory oxygen saturation. Some clinicians may have
ambulated their patients for a longer distance or time period and
used a different cutoff for disposition decisions, which is reflected
in the variation in our study population. In addition, ambulatory
oxygen saturation was likely used to risk stratify those who were
more ill than the typical well-appearing respiratory patients,
which may have introduced a component of selection bias in
our cohort of admitted vs discharged patients. The timing of
ambulatory oxygen saturation measurement may have been

different. Some patients may have been at earlier or later stages of
disease, and this may add some uncertainty to the study findings.

Given that our study was retrospective, the use of ambulatory
oxygen saturation needs prospective validation. However, this
study provides data in a practice environment where front-line
healthcare clinicians must make clinical decisions with a paucity
of data to support them. Additionally, during this period of peak
COVID-19 volume in New York City, hospitals did not have
testing capacity to confirm COVID-19 disease in all patients. This
allows for the possibility that our outpatient sample may have
included other disease processes, such as bacterial pneumonia.

In addition, we do not have data for patients who were
subsequently admitted to other hospitals outside our institution;
therefore, the rate of bounceback admissions was very likely
underestimated. Whereas ambulatory oxygen saturation may
identify additional patients who need to be admitted to the
hospital, its use alone will definitely not identify all COVID-19
patients who will require a future admission. Statistically, there
may have been a non-linear relationship between ambulatory
oxygen saturation and our primary outcome, especially given
the shape of the oxyhemoglobin dissociation curve. Finally, our
retrospective electronic chart abstraction was limited by our
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Figure 3. Receiver operating characteristics curve for bounceback
admission among discharged emergency department patients.

search parameters, so charts that included ambulatory oxygen
saturation with other unique abbreviations, or an ambulatory
saturation documented by other ED staff, may have been missed.

CONCLUSION

Measuring ambulatory oxygen saturation can help ED
clinicians identify patients who may require high levels of
oxygen or mechanical ventilation during admission. However,
it less useful for identifying which patients may deteriorate
clinically in the days after ED discharge and require
subsequent hospitalization.
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Introduction: The novel coronavirus 2019 (COVID-19) pandemic in the United States (US)
prompted widespread containment measures such as shelter-in-place (SIP) orders. The goal of our
study was to determine whether there was a significant change in overall volume and proportion of
emergency department (ED) encounters since SIP measures began.

Methods: This was a retrospective, observational, cross-sectional study using billing data from
January 1, 2017-April 20, 2020. We received data from 141 EDs across 16 states, encompassing a
convenience sample of 26,223,438 ED encounters. We used a generalized least squares regression
approach to ascertain changes for overall ED encounters, hospital admissions, and New York
University ED visit algorithm categories.

Results: ED encounters decreased significantly in the post-SIP period. Overall, there was a
39.6% decrease in ED encounters compared to expected volume in the pre-SIP period. Emergent
encounters decreased by 35.8%, while non-emergent encounters decreased by 52.1%. Psychiatric
encounters decreased by 30.2%. Encounters related to drugs and alcohol decreased the least, by
9.3% and 27.5%, respectively.

Conclusion: There was a significant overall reduction in ED utilization in the post-SIP period. There
was a greater reduction in lower acuity encounters than higher acuity encounters. Of all subtypes of
ED encounters, substance abuse- and alcohol-related encounters reduced the least, and injury-related
encounters reduced the most. [West J Emerg Med. 2020;21(6)15-23.]

Disclaimer: Due to the rapidly evolving nature of this outbreak, INTRODUCTION

and in the interests of rapid dissemination of reliable, actionable
information, this paper went through expedited peer review. Ad-
ditionally, information should be considered current only at the
time of publication and may evolve as the science develops.
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The coronavirus disease 2019 (COVID-19) is an ongo-
ing global crisis with far-reaching social consequences. First
reported in Wuhan, China, in December 2019, COVID-19
quickly spread across that country, despite a government-man-
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dated lockdown of Wuhan on January 23, 2020. ' By the time
the World Health Organization (WHO) officially recognized
the pandemic status of COVID-19 on March 11, 2020, there
were over 118,000 confirmed cases globally and over 4,200
deaths.’ As of July 27, 2020, there were more than 4.2 million
cases in the United States (US), with 146,546 related deaths.

The large-scale social impact of COVID-19 has not
been seen since the influenza pandemic of 1918 when non-
pharmaceutical interventions — banning large public gather-
ings, school closures, and voluntary quarantine of diseased
households — were most notably implemented on a large scale
to decrease disease transmission.”® The disproportionally
high mortality rate due to COVID-19 in Spain and Italy is
partly attributed to those countries’ healthcare systems becom-
ing quickly overwhelmed by the volume of critical patients.
Specifically, these countries experienced severe shortages of
intensive care unit beds and ventilators.”!* The impact of the
virus was projected to also overwhelm the US healthcare sys-
tem, which resulted in widespread implementation of shelter-
in-place (SIP) restrictions.'* As early as March 19, 2020, state
governments within the US began issuing SIP directives with
the goal to “flatten the curve,” a term used by the Centers for
Disease Control and Prevention (CDC) referring to strategies
to slow the rate of disease progression to avoid overwhelming
the healthcare system.!>16

Since the implementation of SIP directives, there have
been reports of a significant drop in emergency department
(ED) volumes by 40-50%.'” News media have reported alarm-
ing reductions in ED visits related to acute coronary syndrome
and cerebral vascular accidents.'”** Recent studies have cor-
roborated these reports from the media regarding reductions in
non-COVID-19 related ED visits.?!"> Similar findings in Eu-
rope and China have also been reported, with the hypothesis
that fear of coming to the hospital may be preventing patients
from seeking care, especially those experiencing less severe
symptoms.?*?* A recent poll from the American College of
Emergency Physicians (ACEP) aligns with these suspicions,
reporting that nearly a third of American adults have deferred
medical care to avoid contracting COVID-19.% A high propor-
tion of those polled (73%) were concerned about burdening
the healthcare system or not receiving adequate care during
pandemic conditions.*!' This may be contributing to “excess
deaths without COVID-19,” which the CDC defines as the
rise in non-COVID-19 related deaths beyond what would be
expected.*? In fact, a recent, single-center US study showed
that 0% of stroke patients who arrived to the ED following
SIP orders were within the window for tissue plasminogen
activator, which is much lower than the national average of
3.71%.%*3 Consequently, ACEP is urging providers to reach
out to the public to avoid further delays in care.’

To date, there is limited literature assessing the impact
of the current COVID-19 pandemic on ED volumes across
various encounter types in the US. An accurate assessment of
the collateral effects beyond COVID-19 infection is crucial

Population Health Research Capsule

What do we already know about this issue?
The coronavirus disease 2019 (COVID-19)
pandemic resulted in widespread social
distancing measures, leading to concern for
decreased emergency department (ED) visits.

What was the research question?

Was there a change in overall volume and
proportion of various types of ED visits
following shelter-in-place (SIP) orders?

What was the major finding of the study?
Total ED volumes decreased, with the greatest
reduction in low acuity visits and the least in
drug- and alcohol-related visits.

How does this improve population health?
This study shows the link between SIP orders
and ED use during the initial weeks of the
COVID-19 pandemic.

to guiding current and future public health management. We
sought to determine whether there was a significant change in
overall volume and proportion of various types of encounters
in the ED since COVID-19 containment measures began. This
study was an epidemiological analysis using retrospective
billing data across 141 EDs comparing numbers before and
after the first SIP orders in the US on March 16, 2020.3¢ We
subdivided ED encounters into four categories (non-emergent;
emergent-primary care treatable; emergent-preventable; and
emergent). Our analysis also included a separate categorization
of mental health, alcohol, substance abuse, and acute injury-
related encounters, in hopes of shedding light on possible
behavior-driven emergencies during pandemic circumstances.

METHODS
Study Design and Data Source

This study was approved by the Arrowhead Regional
Medical Center Institutional Review Board. Using a
retrospective, observational, cross-sectional design,
we analyzed ED log and billing data associated with a
physician services billing company. Select demographic
information provided by hospital medical record data was
used to supplement the ED log data, in addition to coded
billing data on primary diagnoses and procedures. Each
patient billing record could hold up to four diagnosis codes
and four procedure codes. Charges encompassed the physician
services billing portion of the patient ED encounter, not
the hospital billing charges. Dates where SIP orders were
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instituted make up the pre- and post- SIP periods (see
Appendix A)." For the purposes of this study, pre- and post-
SIP periods were determined by state-specific dates in the state
in which the hospital was located.

The study data set consisted of billing data from January
1, 2017-April 20, 2020, which encompassed 26,223,438
encounters across 141 EDs in 16 states within the US.
Hospitals represented seven of the 10 Centers for Medicare
and Medicaid Services (CMS) regions. Because the study
data set is at the encounter level, patients could be represented
multiple times within the data set if they returned to the ED
for care. Patient characteristics, such as gender, age, hospital
disposition, type of provider seen during encounter (physician
or advanced practice provider), and Emergency Severity Index
(ESI) level for the encounter are presented in Table 1. The
ESI is a five-level ED triage algorithm that provides clinical
stratification on the basis of acuity and resource needs, with
level one being the most urgent and level five the least urgent.

Table 2 shows hospital characteristics of the 141
EDs included in the analysis. Hospital characteristics,
including state, ownership, urban/rural, and teaching
status, were taken from the 2018 American Hospital
Association Annual Survey. Hospital characteristics were
null if survey data was not submitted. Hospital ownership
typology was standardized from 14 to nine categories for ease
of computations (see Appendix B). Hospitals were allowed
to self-select the subcategory type of organization (eg, non-
federal government; non-government, not-for-profit; investor-
owned, for-profit; federal government) that best described
their hospital’s policies and operations.

Categorization of emergent and non-emergent ED
encounters was done using the New York University
(NYU) ED visit algorithm (EDA).3”* Per the NYU EDA
methodology, we used the diagnosis weights to calculate the
number of emergent, emergent-preventable, emergent-primary
care treatable, and non-emergent encounters per day per site,

Table 1. Emergency department encounter distribution before and after shelter-in-place orders by patient characteristics.

Pre-SIP encounters (n)

Pre-SIP encounters (%)

Post-SIP encounters (n)  Post-SIP encounters (%)

Gender
Female 14,091,085 54.4 172,307 50.8
Male 11,793,299 45.6 166,747 49.9
Disposition
Admit 4,455,299 17.2 68,775 20.3
Discharge 20,629,288 79.7 259,090 76.4
Transfer 799,797 3.1 11,189 3.3
ESI Level*
1 159,801 0.8 2,822 1.2
2 2,697,452 14.0 38,238 16.0
3 10,164,404 52.7 129,558 54.2
4 5,614,369 291 60,251 25.2
5 658,951 3.4 8,131 3.4
Provider type
Physician 18,639,401 72.0 250,972 74.0
Advanced practice 7,227,121 27.9 87,865 25.9
provider
Age Group
Age <1 485,097 1.9 3,291 1.0
1<Age<18 3,697,234 14.3 25,103 7.4
18 <Age <35 5,793,875 22.4 77,276 22.8
35 < Age <65 6,357,256 24.5 89,196 26.3
Age > 65 9,548,938 36.9 144,113 42.5
Total 25,884,384 98.7 339,054 1.3

*ESI level is coded from 1 to 5, where 1 represents most urgent and 5 represents least urgent.
Note: Within each characteristic, total percentages may not sum up to 100 due to null values. All differences in pre- and post-SIP

categories significant at p<.001 due to high sample size.
SIP, shelter in place; ESI, Emergency Severity Index.

Volume 21, No. 6: November 2020

Western Journal of Emergency Medicine



Underutilization of the ED During COVID-19

Lucero et al.

Table 2. Encounter distribution by hospital characteristics.

Pre-SIP encounters (n) Pre-SIP encounters (%)

Post-SIP encounters (n) Post-SIP encounters (%)

CMS region - regional office

Region 3 - Philadelphia 709,649
Region 4 - Atlanta 425,961
Region 5 - Chicago 2,590,841
Region 6 - Dallas 1,577
Region 7 - Kansas City 705,385
Region 9 - San Francisco 19,874,290
Region 10- Seattle 1,576,681
AHA teaching status
Major (2) 556,472
Minor (31) 12,714,363
Non-teaching (51) 4,900,455
AHA location
Rural (4) 281,445
Urban (88) 17,889,845
Ownership
Non-profit (42) 8,777,429
For-profit (12) 2,247,155
Religious (26) 4,044,370
Hospital district (6) 1,277,315
County (6) 1,825,021
Total (141) 25,884,384

2.7 5,866 1.7
1.7 2,772 0.8
10.0 41,731 12.3
0.0 396 0.1

2.7 4,459 1.3
76.8 263,555 77.7
6.1 20,275 6.0
22 6,078 1.9
49.1 170,158 50.2
18.9 68,991 20.4
1.1 4,452 1.3
69.1 240,775 71.0
33.9 118,962 35.1
8.7 30,213 8.9
15.6 53,300 15.7
4.9 18,655 5.5

7.1 24,097 7.1
98.7 339,054 1.3

*Within each characteristic, total percentages may not sum up to 100 due to null values. All differences in pre- and post-SIP categories

significant at p<.001 due to high sample size.
SIP, shelter in place; AHA, American Hospital Association.

99 cer

in addition to the “alcohol,” “drug,” “injury,” “psychiatric,”
and “unclassified” diagnostic categories.

The NYU EDA sets specific criteria for each category
of ED encounter regarding how emergent the encounter
is. Emergent care represents care for an acute condition
where ED care was required. Emergent-preventable care
represents care where ED care was required for an acute
exacerbation but could have been treated or prevented
with ready access to primary care. Emergent-primary
care treatable is care that should be administered within
12 hours of presentation, but care could have been safely
and effectively delivered within a primary care setting.
Non-emergent care represents an encounter where care
was not needed for at least 12 hours. For the NYU EDA
diagnostic categories, Alcohol represents care for alcohol
intoxication-related care. Substance Abuse represents
care for non-alcohol substance use (eg, opioid, cannabis,
sedatives) intoxication or complications. Injury represents
care for trauma, such as accidents and lacerations. Mental
Health represents care for various psychiatric disorders (eg,
schizophrenia, bipolar, major depressive, and intentional

self-harm). Unclassified represents care for diagnoses that
could not otherwise be categorized per above.

We used hospital discharge dispositions from billing
data to ascertain admission status. ED encounters with admit
or transfer discharge disposition were counted as a hospital
admission. Hospital admission was limited to patients
who presented through the ED and did not include directly
admitted patients.

Data Analysis

Descriptive statistics of patient and hospital characteristics
are presented in Table 1 and Table 2, respectively. Percentages
represent the proportion of ED encounters that fell within
each respective pre-SIP or post-SIP category. Using a random
effects generalized least squares (GLS) modeling approach,
we ran regression analyses using Stata, version 16.1
(StataCorp, College Station, TX). A GLS approach
was used to control for correlations in utilization patterns
within hospitals and across time, ie, seasonality. In addition,
to correct for known utilization patterns in ED encounters, we
averaged encounters by site per month and per day of
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week to create an “expected” number of encounters. The
dependent variable was then calculated as percent variance
from the expected encounter volume per site, calculated

as [(Observed — Expected) / Expected]. The GLS regression
included the intercept and coefficient for SIP. In the GLS
results, we interpreted positive coefficients as the percent
increase compared to pre-SIP expected levels, whereas we
interpreted negative coefficients as the percent decrease
compared to pre-SIP expected levels (Table 3).

RESULTS
Characteristics of Study Subjects

The data shows that there was a shift in the types of
patients who used the ED in the pre- and post-SIP periods.
Women and patients in the 35-64 and 65+ age groups made
up the majority of patient encounters overall. The percentage
of pediatric encounters (birth—18 years old) decreased from
16.2% to 8.4% in the post-SIP period. The distribution
of patients across ESI levels demonstrated a bell-shaped
distribution both pre- and post-SIP periods, where the majority
of cases had ESI levels between 2-4. However, ED encounters
with ESI levels 1-3 were proportionally higher in the post-SIP
period. There was an increase in the proportion of patients
who had an admit or transfer disposition following an initial
ED encounter in the post-SIP period, 23.6%, vs 20.3% in the
pre-SIP period.

Of the seven CMS regions represented in our study data,
the largest proportion of ED encounters came from Region
9 (San Francisco) with 76.8% of total patient encounters
for the study period. The majority of patient encounters
occurred in hospitals that were minor teaching (49.1%) or
non-teaching (19.0%) hospitals in urban locations. Hospitals
that were non-profit, either religious-affiliated (15.6%) or
other non-profit (33.9%), represented the plurality of patient
encounters with the remaining encounters spread relatively
evenly across county (7.1%), for-profit (8.7%), and hospital
district (4.9%) hospitals. The remaining 29.8% of patient

Table 3. Regression results.

encounters occurred in hospitals that did not report hospital
organization type.

ED Encounters and Shelter-in-Place

There was a significant reduction in the number of ED
encounters in the post-SIP period. Overall, there was a 39.6%
decrease (95% confidence interval (CI). -40.8%, -38.5%) in all
ED encounters compared to what would have been expected
in the study period. The greatest decrease was seen in the non-
emergent encounters (-52.1%), followed by emergent-primary
care treatable encounters (-47.5%), emergent-preventable
encounters (-43.0%), and then emergent encounters (-35.8%)
(Table 3, Figure 1). Hospital admissions saw an overall decrease
of 37.4% (95% Cl, -38.4%, -36.5%) compared to pre-SIP
period. The group of diagnoses that saw the biggest decrease in
the post-SIP period was injury with a 56.1% decrease compared
to the pre-SIP period (Figure 2). Encounters for substance abuse
and alcohol-related treatment saw the smallest reduction, at
9.3% and 27.5%, respectively (Figure 2).

DISCUSSION

Our analysis demonstrates that, after SIP orders were
implemented, there was a 39.6% reduction in overall ED
utilization. There are several, well-publicized theories as to
why such a pronounced drop in volume occurred. One reason
might be a true reduction in disease burden, especially a
decline in traumatic injuries, due to the SIP order. However,
other factors certainly contributed. An April 2020 ACEP
poll suggested that public fear of potentially contracting
COVID-19 from a hospital visit deterred patients from visiting
EDs for conditions that they would have sought ED treatment
under non-pandemic circumstances.*® Additionally, the public
health campaign to discourage “over-burdening the healthcare
system” may have also contributed to the overall decrease in
the frequency of ED visits.?!

The proportion of patients admitted or transferred from
the ED was higher post-SIP (23.6%) compared to pre-SIP

Dependent variable

% Change compared to pre-SIP

Standard error (SE) 95% confidence interval (Cl)

All encounters -39.6
Admission encounters -37.4
Emergent -35.8
Emergent-preventable -43.0
Emergent-primary care treatable -47.5
Non-emergent encounters -52.1
Alcohol -27.5
Substance abuse -9.3
Injury -56.1
Psychiatric -30.2
Unclassified -31.4

0.006 -40.8, -38.5
0.005 -38.4, -36.5
0.005 -36.9, -34.6
0.005 -43.9, -42.0
0.003 -48.1, -46.9
0.004 -562.8,-51.4
0.017 -30.4, -24.6
0.020 -13.2,-54
0.004 -56.9, -55.2
0.011 -32.3, -28.1
0.005 -32.4,-30.5
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Figure 1. Percent change from pre-shelter in place.

(20.3%). Additionally, there was an increase in the proportion
of patients with higher acuity ESI levels presenting to

the ED post-SIP. The proportion of ESI levels 1, 2, and 3
increased with respect to ESI levels 4 and 5 post-SIP. This
would suggest that the patients presenting to the ED post-SIP
generally had self-selected for more serious conditions as
compared to pre-SIP, and more of the “missing” visits were
associated with lower acuity complaints.

There were also differences in regard to the age of patients
presenting to the ED before and after the SIP. The proportion
of pediatric patients (birth—18 years old) presenting to the ED
declined from 16.2% pre-SIP to 8.4% post-SIP. Conversely,
the proportion of older patients (>35 years old) presenting
to the ED increased from 61.5 % pre-SIP to 68.8% post-SIP.
It would be difficult to determine exactly why such trends
were noted. One possibility is that a parent’s weighing of the
risk exposure to COVID-19 in the ED vs the benefit of being
evaluated, as it relates to the decision to bring their child to
the ED, is different than that of an independent adult deciding
on their own care. Also, despite recent literature suggesting
a potential rise in non-accidental trauma due to increased
stressors at home during the pandemic, non-accidental trauma
remains difficult to identify and often is under-reported.*
Another possibility is that older patients tend to present more
often with higher acuity medical conditions, who may be less
likely to forego ED visits.*#

Our study found that all categories of ED encounters set
forth by the NYU EDA experienced a significant reduction
post-SIP compared to pre-SIP. The reduction seen in the most
emergent group (emergent-ED care needed-not preventable)
was smaller when compared to all other categories.
Furthermore, we found that as the acuity levels increased,
there was less of a reduction of ED utilization in the post-
SIP period. Despite this, the observation of a 35.8% drop in
emergent encounters is a concerning finding. The long-term
consequences of this large drop in emergent ED encounters is
difficult to quantify, but clearly could have the potential to be
far-reaching. This significant reduction in volume indicates
that the most emergent patients are foregoing necessary

treatments, raising concerns for an increase in overall
morbidity and mortality.3*3

Interestingly, ED encounters related to substance and
alcohol abuse experienced the lowest reduction in the post-SIP
period. For example, substance abuse-related ED encounters
dropped by only 9.3% in the post-SIP period, while alcohol-
related encounters dropped by 27.5%. This effect may be
explained by the previously well-documented relationship
between large-scale disasters and increased drug and alcohol
abuse. Studies that looked at previous large-scale disasters such
as Hurricane Katrina, the 2004 Southeast Asia tsunami, and the
2001 September 11 attacks, all reported an increase in either
drug or alcohol abuse.®* This raises the question as to whether
we will see an increase in ED encounters related to drug and
alcohol abuse as the COVID-19 pandemic continues to unfold.

Similarly, the 30.2% decline in visits with psychiatric
diagnoses was smaller than the decline in emergent (-35.8%)
and non-emergent (-52.1%) visits. Several studies suggest that
depressive disorders and post-traumatic stress disorder have
increased as a result of COVID-19.447 Perhaps any decline in
baseline psychiatric visits was mitigated by an upward trend in
mental health issues provoked by pandemic.

On the contrary, injury-related ED encounters experienced
the greatest reduction (-56.1%) between pre- and post-SIP.

We suspect this may in part be explained by the fact that
injury is heavily dependent on individual behavior, and that
behaviors promoted by pandemic measures have made people
more cautious and less prone to experiencing injury. There
may have been fewer motor vehicle accidents because people
generally drove less due to SIP measures. Similarly, there may
have been fewer work-related injuries due to more people
working from home.*® Traffic and community activity reports
in the US show a correlation with a drop of 48% in personal
traffic and transit stations compared to baseline.*” A recent
study in New Hampshire supports these findings, reporting

a 57% decrease in trauma admissions and 80% decrease in
motor vehicle accidents.® Another possible explanation is
that cancellations of high-risk sports may have contributed

to a reduction in blunt trauma.’! Other studies postulated that
reductions in orthopedic trauma may also be partly due to
social distancing measures limiting social interactions.’>>3

We suspect that reductions in injury-related ED encounters is
likely a multifactorial phenomenon.

While the focus of this and several other recent studies
has been on the alarming reduction of emergent cases
presenting at hospitals during the post-SIP period, the other
side of the coin is a reduction in non-emergent and emergent-
primary care treatable encounters that are best treated outside
of high-cost hospital EDs. It is likely that a large proportion of
patients who would have presented to the ED as non-emergent
and emergent-primary care treatable encounters chose to
forego care entirely. Another research question is to what
extent did those patients choose to receive care in non-acute
settings, such as urgent care or primary care clinics.
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Figure 2. Percent change from pre-shelter in place.

While the study results have high external validity given
the breadth of patient encounter data from 16 different states
in the US, wider generalizability to international health
systems may be limited by the particular insurance-based/
fee-for-service payment system that is characteristic of the
US healthcare system. Furthermore, the study data had a large
proportion of encounters from the CMS Region 9, which may
impact generalizability to other regions of the US.

There are several follow-up research questions that
could be asked from these findings. Future studies could
investigate whether inadequate access to primary care offices
due to SIP-related closures affected ED utilization. Findings
would have far-reaching implications on primary care
preparations in anticipation of a possible “second wave”
of SIP closures or future pandemic planning. Another
interesting topic to explore is whether rates of substance and
alcohol abuse, and any complications thereof, will increase
as the COVID-19 pandemic unfolds. A future study might
explore whether ED utilization was absorbed by telehealth
encounters, and to what extent. Future survey studies could
explore perceptions of ED care during the post-SIP period
and whether there were substantial changes in behaviors, such
as engagement in hazardous activities, to reduce exposure to
injury and hospitalization. Additionally, the long-term impact
of the pandemic on the public’s utilization of the ED for low-
acuity visits should be assessed. Lastly, another important
topic to explore is whether the delays in care due to not
presenting to the ED correlated with an increase in morbidity
and/or mortality, not directly related to COVID-19.

CONCLUSION

There was a 39.6% reduction in all ED encounters
in the post-SIP period across all ED sites. The
largest proportional reduction in ED encounters came from
preventable and non-emergent ED encounters that could most
likely have been treated at primary care offices. However, the
large reduction in emergent ED encounters may potentially
have delayed treatment and increased mortality seen outside

of the ED. Of the five diagnostic categories in the NYU ED
algorithm, injury-related ED encounters had the greatest
reduction (-56.1%). This is may be a result of less motor
vehicle travel and fewer hazardous work activities that
contributed to the prevention of injuries. Substance and
alcohol abuse-related encounters had the lowest reduction

in the post-SIP period (-9.3% and —27.5%, respectively),
describing the relatively unchanging nature of these disorders
in needing emergent interventions, or possibly related to
increased substance use associated with the pandemic.
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Introduction: Coronavirus disease 2019 (COVID-19) can be a life-threatening lung disease or

a trivial upper respiratory infection depending on whether the alveoli are involved. Emergency
department (ED) evaluation of symptomatic patients with normal vital signs is frequently limited to
chest auscultation and oro-nasopharyngeal swabs. We tested the null hypothesis that patients being
screened for COVID-19 in the ED with normal vital signs and without hypoxia would have a point-of-
care lung ultrasound (LUS) consistent with COVID-19 less than 2% of the time.

Methods: We performed a retrospective, structured, blinded ultrasound review and chart review

in patients 14 years or older with symptoms prompting ED evaluation for COVID-19. We excluded
those with known congestive heart failure or other chronic lung conditions likely to cause excessive
B-lines on LUS. We used a two-sided exact hypothesis test for binomial random variables. We
measured LUS diagnostic performance using computed tomography as the gold standard.

Results: We reviewed 77 charts; 49 met inclusion criteria. Vital signs were normal in 30/49
patients; 10 (33%) of these patients had LUS consistent with viral pneumonitis. We rejected the null
hypothesis (p-value <0.001). The treating physicians’ interpretations of their own point-of-care LUS
had a sensitivity of 100% (95% confidence interval (Cl), 74%, 100%), specificity 88% (95% Cl, 47%,
100%), likelihood ratio (LR) positive of 5.8 (95% ClI, 1.3, 25), and LR negative of 0.05 (95% CI, 0.03,
0.71) when compared to CT findings.

Conclusion: LUS had a meaningful detection rate for pneumonitis in symptomatic ED patients
with normal vital signs who were being evaluated for COVID-19. We recommend at least LUS be
used in addition to polymerase chain reaction testing when evaluating symptomatic ED patients for
COVID-19. [West J Emerg Med. 2020;21(6)24-31.]

INTRODUCTION and influenza, SARS-CoV-2 is likely spread by both the droplet
Severe acute respiratory syndrome coronavirus 2 (SARS- and airborne routes.>” When aerosolized, the resulting respirable
CoV-2) causes a variety of respiratory symptoms ranging from particles less than 10 microns (1) in aerodynamic diameter

pharyngitis or rhinitis, through bronchitis to multifocal peripheral  contain viable virus and can reach adult alveoli directly.® Smaller
pneumonitis extending to the alveoli.' Two clinically important aerosols (5p) reach the alveoli without also being deposited in

characteristics of SARS-CoV-2 infection are that auscultatory the bronchi.® This can lead to a clinical picture where a patient
findings may be subtle or normal even in the presence of has serious lower respiratory tract infection with little or no
advanced lower airway disease, and chest radiographs (CXR) are  concomitant upper respiratory tract infection.® Consequently,
inadequate for diagnosis.* In common with other coronaviruses respiratory tract coronavirus disease 2019 (COVID-19) must
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be thought of as two separate entities. The first is upper airway
disease, which generally poses little risk to the individual patient
but places those around them at risk of infection. The second is
lower airway disease where the patient is potentially at grave
risk but who may shed little or no virus for much of his or her
illness. These entities may coexist, but because transmission

can occur by either the droplet or airborne routes, they may not.
Nasopharyngeal swabs, even if correctly collected, can therefore
fail to detect SARS-CoV-2 and provide false reassurance despite
ongoing alveolar destruction.

Testing for SARS-CoV-2, therefore, frequently but not
always includes both viral swabs from the oro-nasopharynx and
imaging of the lower respiratory tract. This has included CXR,
computed tomography (CT) imaging, and sometimes point-of-
care lung ultrasound (LUS). Chest CT in the presence of lower
respiratory tract involvement has a characteristic appearance
and has been shown to be useful for diagnosing patients with
COVID-19 pneumonia, including in the presence of negative
nucleic acid testing. Some experienced centers even advocate
CT imaging as a primary testing modality. However, CT
imaging is slow, exposes the patient to ionizing radiation, and
exposes additional staff to SARS-CoV-2.4°

Point-of-care LUS can detect SARS-CoV-2-induced lung
disease, is readily available in most emergency departments
(ED), does not expose the patient to ionizing radiation, and
does not require the staff, expertise, and time necessary for
traditional CT imaging.'® Nonetheless, point-of-care LUS does
add to the duration of patient evaluation, increases the treating
physicians’ exposure to SARS-CoV-2, and decreases the
number of patients seen hourly by that physician. This raises
the question as to whether lung imaging could be deferred if
the patient being evaluated for SARS-CoV-2 has normal vital
signs. Conversely, if the presence of normal vital signs does
not preclude ultrasound evidence of lung disease then some
current practices of swab-only testing must be considered
inadequate. Patents with lung involvement have been shown
to be at risk for subsequent, sometimes rapid, deterioration.’
Patients are often not aware of this deterioration and attendant
hypoxia. Consequently, such patients require at least home
pulse oximetry.

Our null hypothesis was that among symptomatic patients
being screened for COVID-19 in the emergency department
(ED) that the LUS would be consistent with COVID-19
less than 2% of the time if vital signs were normal. We also
measured the diagnostic performance of LUS compared
with CXR and CT chest. For comparative purposes we also
measured the diagnostic performance of CXR and crackles or
rales on auscultation with CT chest.

METHODS
Ethical approval

The institutional review and privacy boards for Sutter
Health approved this study and granted a waiver of informed
consent (approval number 1597263).

Population Health Research Capsule

What do we already know about this issue?
Auscultation and chest radiograph mostly

fail to detect lung involvement in coronavirus
disease 2019 (COVID-19).

What was the research question?
Do normal vital signs mean lung imaging

is unnecessary when evaluating patients for
COVID-19 in the ED?

What was the major finding of the study?

In symptomatic patients with normal vital signs
33% had lung ultrasound (LUS) evidence of
alveolar involvement.

How does this improve population health?
Point-of-care LUS can aid in risk stratifying
symptomatic ED patients in whom COVID-19
is suspected.

Study Design
This was a cross-sectional study with structured chart and
ultrasound imaging review.

Subjects

Subjects were a consecutive sample of patients, 14 years
of age and older, who received LUS and were evaluated
for COVID-19 in an adult ED and a pediatric ED between
March 4, 2020-May 19, 2020. We identified subjects from the
imaging archive of the ED ultrasound machine. Patients had
LUS performed if the treating physician was facile in point-of
care LUS, presumably believed that lung imaging should form
part of the COVID-19 evaluation, and did not send the patient
for immediate CT of the chest.

Ultrasound Imaging Protocol

The physicians performing the LUS typically imaged
the posterior acoustic windows by running the ultrasound
probe down the patient’s back midway between the scapula
and vertebral column. Axillary and anterior windows were
typically interrogated with single views of each. Physicians
sometimes chose to not interrogate all possible windows if
they had already reached their diagnosis on the windows
already imaged. Images were captured with a Zonare Z
One ULTRA portable ultrasound machine (Zonare Medical
Systems, Mountain View, CA). The probes available for use
were linear 10-5 megahertz (MHz), linear 4-1 MHz, and
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curvilinear 9-3 MHz. For our primary analysis we used the
interpretation of the LUS as documented in the chart.

We also performed a second interpretation of the stored
ultrasound images blinded to any clinical information and
the original bedside interpretation. For this interpretation of
the ultrasound images we considered the following findings
to be consistent with viral pneumonitis: more than three
simultaneous long coalescent B-lines per intercostal space
occurring in more than one intercostal space; moth-eaten or
irregular pleura in two or more interspaces or in one interspace
with adjacent pleura showing excessive short B lines (comet
tails). We considered A-lines, isolated short B-lines (comet
tails) without adjacent moth-eaten pleura, and Z-lines (defined
here as horizontal reverberation lines at a higher frequency
than A lines) to be normal. Focal consolidations or effusions
were taken as evidence against viral pneumonitis.

Inclusion Criteria

We included subjects if they met the following criteria:
they were 14 years of age or older; they had had ultrasound
images archived with adequate identifiers; and they were
being evaluated for SARS-CoV-2 infection causing a
COVID-19 illness.

Exclusion Criteria

Patients were excluded for a prior medical history of
congestive heart failure, based on chart review, or other chronic
lung disease likely to affect LUS interpretation (ie, disease
likely to cause B lines or pleural thickening) and if the point-
of-care LUS was performed for a reason other than evaluating
for COVID-19. We did not exclude patients with a history of
asthma or chronic obstructive pulmonary disease. Patients
were also excluded if we could not pair the written record of
their ED visit with the ultrasound images. This happened when
ultrasound images were saved without identifiers.

Study Definitions

We defined “symptomatic” as the documentation of any
of the following in the electronic health record (EHR): cough;
subjective fever; fatigue; weakness; sore throat or shortness
of breath; nausea or vomiting; diarrhea; sore throat; fatigue;
or headache. We defined “abnormal” vital signs as pulse
or respiratory rate at or above the 98th percentile for age
for children.!! For adults, tachycardia was defined as pulse
at or above 100 beats per minute, tachypnea as respiratory
rate above 22 breaths per minute, fever as temperature as
>38° Celsius, and hypotension as systolic blood pressure at
or below 80 millimeters of mercury (mm Hg)."> We did not
have an upper limit for blood pressure. We included oxygen
saturation measured by pulse oximetry as a vital sign and
defined hypoxia as oxygen saturation of less than 92%.

We accepted the interpretation of the ultrasound by the
performing physician as consistent with COVID-19 or viral
pneumonitis for our primary analysis. On three occasions

when the performing physician did not document an
interpretation we substituted the blinded reading.

Data Abstraction

One investigator (PW) performed a blinded reading of all
LUS images using a structured template prior to performing
chart review. Another (AH) extracted data from the EPIC/
Clarity EHR (Verona, WI) using SQL Server Management
Studio (Microsoft Corporation, Redmond, WA). Vital signs
for each visit and polymerase chain reaction (PCR) results of
swabs were extracted from their respective fields in the EHR.
Only the first set of vital signs was retained. Vital signs and
lab results were directly extracted from the EHR. The full text
of the ED visit was downloaded into a text file. EPIC EHR
periodically automatically saves even incomplete notes as
they are entered. The time of each (even incomplete) note is
recorded. This allowed us to ensure the ultrasound note was
entered before the CT resulted.

The ultrasound note was typically entered either in free
form or using personalized, physician-created templates.
These were in various locations in the chart. Some were typed
into distinct, stand-alone progress notes and others were
included in the main chart, while still others were included
in progress notes that included another patient’s information.
We used a simplified sentiment analysis (sentimentr) in R
(R Foundation for Statistical Computing, Vienna, Austria)
to locate the bedside ultrasound report in the chart." This
created an HTML page highlighting text that sentiment
analysis considered to be an ultrasound report. In three cases a
bedside ultrasound report could not be found using either this
semi-automated technique or a manual chart review, and we
substituted the blinded interpretation.

CT and CXR results have standardized headers and were
located using regexm functions in Stata (StataCorp, College
Station, TX) and then manually reviewed and data abstracted
using a standardized template by an author (PW). Because
there was only one chart reviewer, inter-rater reliability
was not a concern. We did not attempt intrarater reliability
measurement of the chart abstraction process.

Data and Statistical Analysis

We tested the null hypothesis using the bitest command
in Stata. This performs exact hypothesis tests for binomial
random variables. The null hypothesis was that the probability
of a positive ultrasound was 2%. Our sample size calculations
are shown in Appendix 1. We compared inter-rater reliability
between the treating physician and reader relying on only
the archived images using Gwet’s agreement coefficient
(AC1). The validity of Gwet’s AC1 does not depend upon the
hypothesis of independence between raters and it does not
result in unexpectedly low values (as seen in Cohen’s ) when
agreement is expected to be high.'*!> We have previously shown
how Cohen’s k can be misleading in pediatric emergency
medicine research and why alternatives such as Gwet’s AC1
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should often be used instead. '* We used kappaetc in Stata to
calculate Gwet’s AC1."” We measured diagnostic performance
of the point-of-care LUS using board-certified radiologists’
interpretations of the CT chest as the gold standard using the
diagt command in Stata.'® Data and statistical analysis was
performed using Stata 16.1 and R.

RESULTS

We identified 77 point-of-care LUS with associated medical
records of which 49 met our inclusion and exclusion criteria.
All 77 scans were used to measure inter-rater reliability and
diagnostic performance characteristics. All the point-of-care
LUS were performed before the CTs. Figure shows patient flow
through the study. The demographic characteristics of subjects
are shown in Table 1.

The treating physician interpreted 18/49 (37%) point-
of-care LUS as being consistent with COVID-19. Vital signs
were normal in 30 patients, and 10 (33%) of these patients had
LUS consistent with COVID-19. We therefore reject the null
hypothesis that among symptomatic patients being screened
for COVID-19 in the ED that the point-of-care LUS would
be consistent with COVID-19 less than 2% of the time if vital
signs were normal (p-value <0.001). We accept our alternative
hypothesis that point-of-care LUS would be consistent with
COVID-19 more than 2% of the time even if the vital signs
were normal.

T Ultravsounds with adeguate
identifiers and charts matched

%

MNormal initial vital Abnormal initial vital
signs signs

(3 (19}

Lung US Not

EXCLUDED
Previously diagnosed CHF (3)
Age < 14 years (23)
Mot being screened for CoVid 19 (2)

Lung US Lung LS Lung US Mot
COMSISTENT with CONSISTENT with CONSISTENT with CONSISTENT with
Covid-13 Covid-19 Covid-19 Covid-19

(1) {20) (&) 1)

Figure. This figure shows patient flow through the study. Given
the clinical context of evaluating suspected COVID-19 the
presence or absence of lung ultrasound findings consistent with
viral pneumonitis was interpreted as consistent with COVID-19.
COVID-19, coronavirus disease 2019; US, ultrasound; CHF,
congestive heart failure.

When compared with the subsequent CT, the treating
physicians’ interpretation of their own point-of-care LUS had a
sensitivity of 100% (95% confidence interval [CI], 74%-100%)
and specificity of 88% (95% CI, 47%-100%). For the over-
reading physician relying only on archived images the sensitivity
and specificity were 92% (95% CI, 62%- 100%) and 37% (95%
CI, 25%,-50%), respectively. All but one of the CTs that were
interpreted as positive reported multiple, ground-glass opacities.
One CT report that did not explicitly report ground-glass
opacities did report “bilateral interstitial changes™ and an explicit
radiology opinion that the CT lung appearance was consistent
with COVID-19. The performance characteristics of point-of-care
LUS using CT chest as the gold standard are detailed in Table 2.

Inter-rater agreement measured using Gwet’s AC1 between
the bedside physician who performed the point-of-care LUS
and the over-reading physician using only archives was 68%.
Most characteristics showed acceptable inter-rater reliability
between the bedside read and images that were over-read (Table
3). Excess short non-coalescent B-lines and pleural thickening
showed poor agreement likely reflecting both the subjectivity
of these items and the difference between reviewing saved and
real-time images.

PCR testing for SARS-CoV-2 was not always available,
but when it was a variety of tests performed at different sites
were used. The results are shown in Table 4.

DISCUSSION

LUS detected lesions consistent with alveolar involvement in
33% of symptomatic patients with normal vital signs who were
being screened for COVID-19. A key underlying assumption
of our work was that a negative nasopharyngeal swab does not
exclude COVID-19. This assumption has been repeatedly shown
to be valid with studies finding negative nasopharyngeal swabs
but positive bronchoalveolar lavage for SARS-CoV-2, SARS-
CoV-1, and Middle East respiratory syndrome.'*!

Our findings are consistent with published case
series and social media reports of the utility of LUS in
the diagnosis of COVID-19.22% The use of point-of-care
LUS in COVID-19 evaluation has been spontaneous
and sporadic practice typically occurring in emergency
medicine and critical care. Some radiologists have also
found LUS useful.?>* Regardless of the specialty, point-
of-care LUS practices in the detection of COVID-19 have
necessarily evolved ahead of their published evidence base.
The peer-reviewed literature is sparse. Previous literature
has comprised case reports, and case series of 12 and 20
patients.?*>* Scanning techniques, and images of patients
with proven COVID-19 have spread among clinicians
on Twitter and blogs?**” among others, and at least one
COVID-19 ultrasound scoring system has been proposed.?®

LUS has emerged as a clinical tool in human and
veterinary medicine and in animal research with some
advocates calling for it to replace the stethoscope.?**
Others have shown ultrasound to complement rather than
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Table 1. Clinical characteristics of study patients overall, and the presence or absence of lung ultrasound findings consistent with
viral pneumonitis.

LUS not suggestive of viral LUS suggestive viral

Total (N=49) pneumonitis (N=31) pneumonitis (N=18)
Gender Male 25(51%) 13(42%) 12 (67%)
Age (years) Median (IQR) 25 (15-46) 22 (14-52) 31 (16-46)
Duration (days) Median (IQR) 4 (2-7) 3 (2-7) 5(3-8)
Subjective fever at home Present 16 (33%) 9 (29%) 7 (39%)
Cough Present 26 (53%) 15 (48%) 11 (61%)
Dyspnea Present 29 (59%) 18 (58%) 11 (61%)
Sore throat Present 9 (18%) 7 (23%) 2 (11%)
Fatigue Present 9 (18%) 6 (19%) 3(17%)
Headache Present 14 (29%) 7 (23%) 7 (39%)
Myalgias Present 5(10%) 4 (13%) 1(6%)
Diarrhea Present 6 (12%) 2 (6%) 4 (22%)
Nausea/vomiting Present 8 (16%) 5 (16%) 3 (17%)
Vital signs Abnormal 30 (61%) 20 (65%) 10 (56%)
Tachycardia Tachycardia 14 (29%) 10 (32%) 4 (22%)
Tachypneic Tachypneic 4 (8%) 2 (6%) 2 (11%)
Hypotension Normotensive 49 (100%) 31 (100%) 18 (100%)
Hypoxic Hypoxia 5 (10%) 2 (6%) 3(17%)
Lungs clear on auscultation Present 35 (71%) 23 (74%) 12 (67%)
Crackles/rales on auscultation Present 4 (8%) 3 (10%) 1 (6%)
Wheezing/ronchi on auscultation Present 6 (12%) 3 (10%) 3 (17%)

LUS, lung ultrasound; IQR, interquartile range.

replace the physical exam and to correlate reasonably
well with lung findings at necropsy. Ultrasound decreases
CT utilization in inpatients with suspected COVID-19.%
Descriptive papers have found that ultrasound correlates
well with CT and clinical characteristics in COVID-19
patients.*** Recommendations for training novices to
identify COVID-19 have started to appear.*® Ultrasound
cannot be expected to replace CT imaging; but the ease
with which it can be performed serially, at the bedside,

makes it a useful tool for detecting alveolar level disease in
SARS-CoV-2 infection.

We believe that knowing whether a patient has alveolar
involvement with COVID-19 is clinically important. Patients’
initially mild lung disease has been shown to progress,
sometimes rapidly, on serial CTs as the disease progresses.*
LUS does give a semi-quantitative estimate of how extensive
the lung involvement is. When the lung is not involved
discharge is likely safe. When there is only mild lung disease

Table 2. Comparison of diagnostic performance of bedside point-of-care lung ultrasound, chest radiograph, and crackles on
auscultation for diagnosis of lung involvement of SARS-CoV-2 using CT chest as the gold standard. These diagnostic performance
characteristics are applicable only in the context of a patient who is symptomatic and was being specifically evaluated for COVID-19.
Patients with known chronic heart failure and chronic lung disease, apart from asthma, have been excluded.

Sens 95% Spec 95% PPV  95% NPV 95% 95% 95% 95%
% Cl % Cl % Cl % Cl LR+ CI LR- Cl AUC Cl
Modality
Ultrasound 100 74100 88 47-100 92 64-100 100 93-100 5.8 1.3-25 0.1 0.0-0.7 0.94 0.82-0.99

Chest radiograph 25 5-57 88 47-100 75 19-99 44 20-70 20 03-16 09 06-1.3 0.56 0.39-0.74

Crackles/rales 8 0-38 71 2996 33 1-91 31 159 03 003 13 0821 040 0.20-0.60
Sens, sensitivity; Cl, confidence interval; Spec, specificity; PPV, positive predictive value; NPV, negative predictive value; LR+, likelihood
ratio positive; LR-, likelihood ratio negative; AUC, area under the receiver-operating characteristic curve.
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Table 3. Inter-rater agreement between a blinded over-read relying only on saved images and the bedside interpretation of the treating
physician. Where the readings differed, the interpretation of the bedside physician ultrasonographer was used.

Ultrasound finding % Agreement 95% ClI Gwet AC, 95% CI
Normal study 71 59-82 0.44 0.22-0.66
Excess coalescent (long) B lines 75 65-85 0.51 0.31-0.71
Excess short B lines (comet tail) 55 43-66 0.15 -0.10-0.39
Effusion 91 84-97 0.90 0.81-0.98
Air bronchograms 69 58-79 0.51 0.31-0.72
Thickened/moth-eaten pleura 53 42-65 0.11 -0.13-0.35
Atelectasis 69 58-79 0.51 0.31-0.71
Consolidation 80 71-90 0.74 0.60-0.88

Cl, confidence interval; AC,, agreement coefficient.

and vital signs are normal our practice is to discharge these
patients with a home pulse oximeter. But if ultrasound shows
that the patient has widespread pneumonitis then he or she
should be investigated further. Patients frequently are unaware
of their own deterioration and may present, or fail to re-
present with critically low oxygen saturation without overt
symptoms. These patients frequently have negative PCR tests
unless bronchoalveolar lavage is performed. Such patients risk
being falsely reassured about their own impending fate, and
continue to infect others when, inevitably, they cough.

LIMITATIONS

This was a single-center study and was not a random
sample. Whether a patient was seen by a physician who both
believed that the COVID-19 evaluation should include lung
imaging and was facile with ultrasound was a matter of luck
rather than randomization. This adds uncertainty to estimates of
the prevalence of pneumonitis that point-of-care LUS can detect
among patients being screened for COVID-19. Other limitations
of our work include its small sample size, and a single chart
reviewer. Patients with mild disease, and especially those with
normal vital signs, did not always have CT imaging performed.
PCR testing for SARS-CoV-2 was not always available; and
even when PCR testing was available, the gold standard of
bronchoalveolar lavage to obtain a specimen was not performed.

Our use of CT as a gold standard is imperfect as CT
diagnosis of COVID-19 has its own limitations.>” It is difficult
to conceive of an alternative gold standard that does not fall
afoul of circular reasoning (by, for example, using “two out
of three” imaging methods positive as the gold standard).
Another limitation is that CT was likely reserved for patients
perceived as being sicker or having more extensive lung disease
on ultrasound. This could have created a spectrum bias that
would have increased the apparent accuracy of LUS. However,
CT cannot be justified on patients simply to better determine
the test characteristics of LUS. Finally, because of the false
negative rates of PCR testing, CT rather than PCR testing has
been recommended as the primary diagnostic modality in high
prevalence settings.*®

Our assessment of the performance characteristics
of ultrasound is limited by our sample size. The relative
subjectivity of LUS is also a limitation. We observed much
less agreement between the blinded reviewer looking only at
ultrasound images and the treating physician performing the
LUS. We speculate that pleural findings were more subjective
and the decision that pleural findings were abnormal might have
been influenced by the clinical picture. However, describing the
performance characteristics of LUS was not the primary aim of
this study. Although falling out of favor, null hypothesis testing
is well suited to answering our primary question when the
sample size is small — after all, a single “red” (brown) Holstein
cow demolishes the hypothesis that all cows are black and
white, and careful planning minimizes the number of cows that
need to be seen.

Despite these limitations, we can be assured that the
prevalence of pneumonitis in these patients was more than
the 2% “acceptable miss rate” for high morbidity conditions,
and this may be sufficient to adjust practice accordingly.®
Other limitations include the use of abbreviated LUS imaging
protocols and the variability in image-saving practices with
some doctors saving many cine-clips, while others saved only
one or two still images. These differences in practice style could
decrease inter-rater agreement between the blinded and bedside
readings. Much more detailed and formalized LUS protocols
and ultrasound scoring systems specifically for use in SARS-
CoV-2 patients have been described.”35 Abbreviated protocols
are inevitable in community practice and could lead to missed
diagnoses. This would have biased our study in the opposite
direction of our actual findings.

CONCLUSION

In this small, single-center study, point-of-care lung
ultrasound had a meaningful detection rate for pneumonitis in
symptomatic ED patients with normal vital signs who were being
evaluated for COVID-19. Test characteristics were as follows:
sensitivity 100%; specificity 88%; PPV 92%; NPV 100%; LR+
5.8; and LR- 0.1 with broad confidence intervals when compared
to CT. We recommend at least point- of- care lung ultrasound be
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Table 4. PCR results from nasal, nasopharyngeal, and oropharyngeal swabs, and lung ultrasound results. Although the overall number of
polymerase chain reaction tests was the same, some patients received SARS-CoV-2 testing alone, while others had a panel of respiratory
pathogens ordered without SARS-CoV-2 due to lack of test availability at the time. The panel of respiratory pathogens tested included
adenovirus, parainfluenza viruses 1-4, Mycoplasma pneumoniae, Bordetella pertussis, coronaviruses 229E, HKU1, N163 and OC43;
respiratory syncytial virus; human metapneumovirus; Chlamydophila; and Chlamydophila pneumoniae.

PCR testing positive (%)

PCR testing negative (%)

US not consistent with
viral pneumonitis (%)

US consistent with viral
pneumonitis (%)

N =49

Testing performed (N =42)

SARS CoV-2 5(12)
Influenza A 1(2)
Chlamydophila 1(2)

18/49 (37) 31/49 (63)
17/18 (94) 25/31 (81)
37 (88) 4 (24) 1(4)
41 (98) 0 (0) 1(4)
41 (98) 0 (0) 1(4)

PCR, polymerase chain reaction; US, ultrasound; SARS CoV-2, severe acute respiratory syndrome coronavirus 2.

used in addition to PCR testing to identify lower airway disease
when evaluating symptomatic patients in whom SARS-CoV-2
infection is suspected.
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The novel coronavirus, SARs-CoV-2, causes a clinical disease known as COVID-19. Since being
declared a global pandemic, a significant amount of literature has been produced and guidelines

are rapidly changing as more light is shed on this subject. Decisions regarding disposition must be
made with attention to comorbidities. Multiple comorbidities portend a worse prognosis. Many clinical
decision tools have been postulated; however, as of now, none have been validated. Laboratory
testing available to the emergency physician is nonspecific but does show promise in helping
prognosticate and risk stratify. Radiographic testing can also aid in the process. Escalating oxygen
therapy seems to be a safe and effective therapy; delaying intubation for only the most severe cases
in which respiratory muscle fatigue or mental status demands this. Despite thrombotic concerns in
COVID-19, the benefit of anticoagulation in the emergency department (ED) seems to be minimal.
Data regarding adjunctive therapies such as steroids and nonsteroidal anti-inflammatories are
variable with no concrete recommendations, although steroids may decrease mortality in those
patients developing acute respiratory distress syndrome. With current guidelines in mind, we
propose a succinct flow sheet for both the escalation of oxygen therapy as well as ED management
and disposition of these patients. [West J Emerg Med. 2020;21(6)32-44.]

Disclaimer: Due to the rapidly evolving nature of this
outbreak, and in the interests of rapid dissemination of
reliable, actionable information, this paper went through
expedited peer review. Additionally, information should be
considered current only at the time of publication and may
evolve as the science develops.

INTRODUCTION

It took just over two months for the novel coronavirus,
SARs-CoV-2 to be declared a global pandemic by the
World Health Organization (WHO). In the immediate week
following this announcement, more than 400 papers were
published pertaining to COVID-19. Just two months later,
this number had increased to over 2000 releases per week in
the literature.! Keeping up with ever-changing information
can be quite difficult. The purpose of this clinical review is
to provide the emergency physician (EP) with a summary of
current literature and supporting societal guidelines relevant

to the management of the COVID-19 patient in the emergency
department (ED). Finally, we propose an ED-based algorithm
for the work-up and initial management of patients with
suspected COVID-19 infections.

METHODS

We systematically searched the PubMed, LitCovid, Ovid,
Cochrane Library, MEDLINE, Google Scholar, and Embase
for literature related to “COVID-19,” “SARS-CoV-1,” and
“SARS-CoV-2.” We included retrospective studies, case
reports, case series, systematic reviews, meta-analyses,
and clinical guidelines from the Society of Critical Care
Medicine (SCCM), the Surviving Sepsis Campaign (SSC),
the National Institutes of Health (NIH), and the European
Society of Intensive Care Medicine (ESICM). We included
relevant literature if it contained data on epidemiological
characteristics, biomarkers, imaging, oxygenation and
ventilation management, procedural aerosolization, pathology
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reports, hematologic abnormalities, and treatment outcomes
related to care commonly seen in the ED).

DISCUSSION
Risk Stratification

Risk stratification in the ED can be difficult for a novel
virus such as SARS-CoV-2 as we do not have the luxury of
years of research and understanding that we are offered with
most disease processes. Decompensation of the otherwise well
appearing COVID-19 patient can occur rather rapidly as many
patients develop early lung injury and hypoxia before clinical
deterioration is appreciated.? The ability of the EP to identify
features that recognize those patients most at risk for clinical
deterioration would be ideal. While many risk-stratification
models have been proposed in response to COVID-19, most
lack COVID-19-specific data, mainly focus on in-hospital
mortality. and lack validation in the literature.>¢

National Institutes of Health (NIH) Definition of Disease
Severity

Currently, evidence-based practices support using
epidemiological, laboratory, radiographic, and clinical features
to help us determine who is at risk for decompensation.” The
NIH describes a mild clinical course as those with various
symptoms (eg, fever, fatigue, cough, myalgias, headache)
but without dyspnea and with normal imaging.” There is
insufficient data for the NIH panel to recommend specific
lab evaluation or treatment modalities in patients fitting
this profile.” Based on current evidence, considerations
should include discharge home with recommendations of
antipyretics, hydration, and rest with self-isolation until
afebrile for 72 hours without the need for antipyretics and
improving symptoms.’ Patients with moderate disease are
defined as those with evidence of lower respiratory tract
pathology based on imaging or clinical assessment, but
still have pulse oximetry readings greater than 93%.” These
patients should be admitted for close observation. Empiric
antibiotics for community-acquired pneumonia should be
considered if a bacterial pneumonia or sepsis is suspected.’
The NIH classification of severe disease includes those with
a respiratory rate greater than 30; blood oxygen saturation
level equal to or less than 93% on room air, a ratio of arterial
oxygen partial pressure to fractional inspired oxygen < 300 or
> 50% of lung involvement on imaging.” These patients will
require supportive oxygen therapy and hospital admission.’

Epidemiological Risk Factors as Predictors of Disease
Severity

The largest case series assessing epidemiological risk
factors includes a 72,3 14-patient report from the Chinese
Center for Disease Control and Prevention.® They noted
independent risk of death in patients was 10.5% for
cardiovascular disease, 7.3% for diabetes mellitus, 6.3%
for chronic respiratory diseases, 6% for hypertension,

and 5.6% for underlying malignancy. This is compared

to an overall case fatality rate of 0.9% in those without

these comorbid conditions. A meta-analysis of six studies
assessing a total of 1558 patients showed that hypertension,
diabetes, chronic obstructive pulmonary disease (COPD),
cardiovascular disease, and cerebrovascular disease were all
independent risk factors associated with increased disease
severity and intensive care unit (ICU) admission.’ They
found no association between COVID-19 risk and liver
disease, renal disease, or malignancy. In a case series of 700
patients hospitalized with COVID-19 in New York City,

the most common comorbidities among patients requiring
hospitalization include hypertension (56.6%), obesity (41.7%),
and diabetes (33.8%) with 88% of patients having more than
one comorbidity. '

An article published by Guo and colleagues showed
that COVID-19 patients with diabetes but without other
comorbidities were at an independently high risk of severe
pneumonia, uncontrolled inflammatory response, and
hypercoagulable state.!! Serum D-dimer, interleukin (IL)-

6, C-reactive protein (CRP), and ferritin were significantly
higher in patients with diabetes mellitus showing susceptibility
to rapid deterioration in COVID-19. A retrospective
observational study of 1122 adults with laboratory-confirmed
COVID-19 showed a mortality rate of 41.7% in diabetic
patients with uncontrolled hyperglycemia defined as greater
than two blood glucose readings greater than 180 milligrams
per deciliter within a 24-hour period."

Several studies have linked obesity and a body mass
index (BMI) greater than 30 kilograms (kg) per meter squared
(m?) with increased risk of mechanical ventilation, severe
pneumonia, and death associated with COVID-19.!3!* Further,
a BMI greater than 30 kg/m?in those younger than 60 has
been noted to be an independent risk factor with a twofold
higher rate of acute care and ICU admission when compared
to those with a BMI less than 30 kg/m?2.!3

In the March 2020 Morbidity and Mortality Report from
the US Centers for Disease Control and Prevention (CDC),
patients above the age of 65 had a particularly significant
increased risk of death when compared to their younger
counterparts with up to 80% of deaths occurring in those over
the age of 65.16

Finally, a single-center study of 1193 patients in
Lombardia, Italy, showed patients on biologics had a higher
rate of hospitalization, but this was not associated with an
increased risk of ICU admission or death.'” Until more is
known, most sources including the CDC recommend close
monitoring of immunocompromised patients, those with
untreated or uncontrolled human immunodeficiency virus, and
those on biologics. This recommendation is based on mostly
anecdotal concern that these patients may remain infectious
for longer periods of time.

The EP should maintain a baseline level of caution when
determining disposition of these patients, especially in patients
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with more than one comorbid condition. In a prediction model
from Wang et al, hypertension, advanced age, and coronary
heart disease, their model appears to confer the highest risk
of in-hospital mortality with an area under the curve of

0.88; sensitivity, 92.31%; specificity, 77.44%; and negative
predictive value (NPV) of 99.34%).'

Lab Values as Predictors of Disease Severity

Many serum biomarkers have been studied with
COVID-19 infections. Alanine transaminase (ALT) and
aspartate aminotransferase (AST) tend to be elevated and
albumin low. Elevations in lactate dehydrogenase (LDH),
CRP, procalcitonin, and abnormalities in coagulation
parameters such as ferritin, D-dimer, fibrinogen, activated
partial thromboplastin time and prothrombin time all tend
to be elevated in patients with poor progression of disease.!
Measurements of these values should be considered in any
patient with moderate to severe disease for their prognostic
value. It is important to note that while guidelines recommend
consideration in obtaining these markers, they are not
considered part of standard care.” While many of these lab
values are non-specific to COVID-19, they may serve as a
tool for the EP until more robust prediction models are further
studied and validated in the future.

Absolute Lymphocyte Count (ALC)

An ALC less than 0.8x10° per liter (L) has been
consistently shown to correlate with disease severity, ICU
admission, and death.!” Those with values greater than 1 x10°/L
tend to have a milder disease process, and values below this
could perhaps help identify those at risk for disease progression.
A summary of literature addressing ALC has been summarized
in Appendix 1.

Neutrophil to Lymphocyte Ratio (NLR)

An elevated neutrophil count has been shown to correlate
with disease severity. However, an absolute value to determine
severity is not as apparent in current literature. The NLR may
offer greater clinical insight. Normal values of the NLR range
between 0.78-3.53 with a mean value of 1.65.%° A study by Xia
et al of 10 patients identified that those with non-severe cases
had a calculated NLR in the range of 1.29-6.14, while all three
patients with more severe cases had values greater than 10.%!
An elevated NLR has been show to predict poor outcomes
in COVID-19 with a specificity of 63.6% and a sensitivity of
88%.% For each increase in NLR tertile, hospital mortality
increases by 8%.%* A summary of literature addressing
neutrophil count has been summarized in Appendix 1.

D-dimer

An elevated D-dimer has been shown to be an independent
marker of unfavorable disease progression in multiple
studies.?*?! In the retrospective study from Zhou et al 81% of
patients who died had a D-dimer greater than 1 microgram per

milliliter (pg/mL) on admission. In a retrospective study of

343 hospitalized patients in Wuhan, China, the optimum cutoff
value for D-dimer to predict all-cause death was 2.0 pg/mL
using receiver operating characteristic curve with a sensitivity
and specificity of 92.3% and 83.3%, respectively.* In fact,

a prospective study of 183 consecutive patients by Tang and
colleagues showed that 71.4% of non-survivors demonstrated
disseminated intravascular coagulation (DIC) during their
hospital stay, while only 0.6% of survivors did. While an
optimum cutoff has not been validated, a twofold increase in
values has consistently been shown to predict disease severity
in numerous studies.?>?%*333% An elevated D-dimer used for risk
stratification does not currently warrant routine investigation for
acute venous thromboembolism (VTE) in absence of clinical
manifestations or other supporting information in favor of
VTE.* A summary of the literature addressing D-dimer has
been summarized in Appendix 2.

Lactate Dehydrogenase (LDH)

In the previously discussed study by Zhou and colleagues,
an LDH greater than 245 was seen in 98% of all patients who
did not survive, with an odds ratio for in-hospital mortality of
45.43 >* However, this elevation was also seen in 54% of those
who survived. While an elevated LDH has shown an increased
association with those requiring ICU admission and predicting
in-hospital mortality in multiple studies, a normal value has also
been shown to predict those who ultimately had a more mild
to moderate disease process.>*2323036374041 A summary of the
literature addressing LDH has been summarized in Appendix 3.

C-reactive Protein (CRP)

CRP is non-specific and frequently elevated in patients
with mild disease.?®36-3%4243 However, the degree of increase
has been associated with worse outcomes and in-hospital
mortality as levels increase greater than 100 milligrams
(mg)/L. Less significant elevations (50-75 mg/L) were seen
in patients ultimately discharged home.* A summary of the
literature addressing CRP has been summarized in Appendix 3.

Ferritin

Ferritin is another nonspecific marker with elevations
seen in up to 63-80% of COVID-19 patients admitted to the
hospital. *** Ferritin levels greater than 300 nanograms (ng)/
mL have been associated with in-hospital mortality at an
odds ratio of 9.10. A recent retrospective, multicenter study
of 150 COVID-19 cases in Wuhan showed a mean elevation
of 1297.6 ng/mL in non-survivors versus 614.0 in survivors.*
A summary of the literature addressing ferritin has been
summarized in Appendix 3.

Creatine Kinase (CK)

Creatine kinase (CK) appears to be elevated in a minority of
COVID-19 patients regardless of severity.>>*#44¢ In the Zhou et
al study, a CK greater than 185 units (U)/L was seen in 21% of
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non-survivors and 9% of survivors with an in-hospital mortality
odds ratio of 2.56.% Certain patients may benefit from having
CK levels checked, especially those with significant myalgias ,as
COVID-19-related myositis has been described in the literature.*’

Imaging as a Marker of Disease Severity

There is a lack of evidence in published literature to
suggest that laterality of infiltrates on imaging accurately
correlates with disease severity. In a retrospective cohort
study out of Wuhan, bilateral infiltrates were seen in 72%
of survivors and 83% of non-survivors.?* However, multiple
studies have shown bilateral involvement in as high as 91-
100% of all patients admitted to various hospitals across
China, regardless of disease severity,?>?%3741:42

In a multinational consensus statement from the
Fleischner Society, chest imaging is recommended in those
patients with mild symptoms and any risk factors of disease
progression, in all patients with moderate to severe features,
or when rapid COVID-19 testing is not available.”® Current
guidelines from the American College of Radiology (ACR)
recommends considering portable chest radiographs (CXR)
to avoid bringing patients into radiography rooms and
recommends against computed tomography (CT) unless
clinically indicated for another reason.*

Bedside lung ultrasound (LUS) may offer some advantages
in the ED for patients with suspected COVID-19.%° A recently
published article of 391 patients showed that LUS had a higher
sensitivity when compared to CXR in patients diagnosed with
COVID-19 pneumonia.’! Considering COVID-19 reverse
transcription polymerase chain reaction (RT-PCR) has a
sensitivity as low as 60-70% and CT findings can be delayed,
LUS findings may add increased sensitivity to diagnosis.>
Further, ultrasound has safety advantages including absence of
radiation, low cost, and rapid bedside availability.>

Focal B-lines in the posterior and inferior lung fields
appear to be the primary finding.>* As disease progresses, the
pleura becomes thickened and irregular with multifocal or
confluent B-lines.**> In a study of 20 patients with moderate
to critical severity COVID-19 pneumonia, pleural line
abnormalities and B-lines were present in 100% of study
participants.®® LUS findings have been shown to highly
correlate with findings on CT.**

Management of The Critically Il Adult

Current guidelines for the management of the critically
ill adult with COVID-19 have been issued by the SCCM, the
SSC, the NIH, and the ESICM. These guidelines are quite
similar, if not identical, in regard to most recommendations
and will be summarized here.”*"8

Hemodynamic Support

Current guidelines favor a conservative approach to
fluids in these patients. Utilization of early vasopressors is
recommended to keep a mean arterial pressure (MAP) of

60-65 millimeters of mercury (mm Hg), although this is
based on low quality of available evidence.”*® Instead, it
is based on the historical approach to patients with ARDS
while in the ICU, largely after initial resuscitation in the
ED, suggesting that a conservative approach to fluids leads
to more ventilator-free days and shorter ICU stays, but has
failed to show mortality benefit.*-%* The initial resuscitation
fluid should be a buffered/balanced crystalloid, avoiding
colloidal fluid and albumin.”"*® Guidelines are consistent

in their recommendation of norepinephrine as the first-line
agent and suggests adding vasopressin as a second-line agent
early instead of titrating norepinephrine to higher doses.”"-%
Epinephrine or vasopressin is the recommended first-line
agent if norepinephrine is not available.

Dobutamine should be considered a second-line agent
after norepinephrine only if there is evidence of cardiac
dysfunction and persistent hypoperfusion.”*”* Dopamine
should be avoided if norepinephrine is available due to an
increased risk of arrhythmias.”"%362 In patients with refractory
shock despite vasopressors, administration of stress-dose
steroids (ie, intravenous hydrocortisone 200 mg per day) are
recommended; however, this has not specifically been studied in
COVID_ 1 9.7,57,58,()3,64

Oxygen and Ventilation

Early discussion of hypoxic patients with COVID-19
prioritized intubation based on the hypothetical risk of patient
self-induced lung injury resulting from excessive intrathoracic
negative pressure from strong respirator effort and aggressive
positive pressure ventilation strategies.®*’° Further, data
suggest that ARDS patients with severe hypoxemic respiratory
failure who received noninvasive ventilation (NIV) had a
higher ICU mortality.” Limited data from the severe acute
respiratory syndrome and Middle East respiratory syndrome
outbreaks show a high failure rate of NIV coupled with
concern of virus aerosolization made early intubation for all
who were hypoxic seem more veracious.’¢’ Currently there is
a lack of evidence identifying the ideal time of intubation, and
this area would benefit from additional research.

The FLORALI trial randomly assigned patients who
had acute hypoxemic respiratory failure to either high-
flow oxygen therapy or standard oxygen therapy delivered
through a face mask, or noninvasive positive-pressure
ventilation.” There was no significant difference in the
intubation rates between groups; however, there was a
significant difference in favor of high-flow oxygen in 90-day
mortality. An unblinded, retrospective study of hospitalized
COVID-19 patients concluded that high flow nasal oxygen
(HFNO) therapy provided more patient comfort and was
non-inferior to NIV for intubation rate.” The ANZICS
guidelines on COVID-19 state that HFNO appears to be
at least non-inferior to NIV and may even offer survival
benefit.”* HFNO is a recommended therapy for hypoxia
associated with COVID-19 disease, as long as staff are
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wearing optimal airborne personal protective equipment
where the risk of airborne transmission to staff is low.*"6%

Early case reports described COVID-19 patients
presenting with ARDS and a ventilatory management strategy
typically employed in ARDS was recommended by the WHO
and SCCM.>"%® However, observations from Italy described
a subset of patients who met Berlin criteria for ARDS and
presented with rather profound hypoxemia without the
expected degree of observed dyspnea.”’® This observation
suggests that there may be more than one phenotypic
presentation of COVID-19-induced lung injury.

Those with “type-H” phenotype present with a clinical
picture characteristic of typical ARDS (low compliance, high
lung weight and high positive end-expiratory pressure [PEEP]
response).®”” In patients with COVID-19 and ARDS, using
lower tidal volumes (4-8 mL/kg predicted body weight), lower
inspiratory pressures (plateau pressure < 30 centimeters of
water (cmH20) and higher PEEP for recruitment is currently
recommended by the SCCM and WHO 5768

Those with the observed “type-L” phenotype frequently
have minimal dyspnea and remain alert and conversational
despite the degree of observed hypoxia.”” This process is thought

to be due to a loss of hypoxic vasoconstriction and impaired
regulation of pulmonary blood flow leading to a ventilation-
perfusion (V/Q) mismatch.” In these patients, lung compliance
remains relatively normal and can accept larger tidal volumes
(7-8 mL/kg ideal body weight) to help avoid reabsorption
atelectasis and hypercapnia from hypoventilation.5”-677
Recruitability is minimal and, therefore, a high PEEP strategy is
unlikely to improve oxygenation and may be detrimental.®7.76
HFNO and prone positioning may help redistribute pulmonary
perfusion and improve the V/Q mismatch.” In patients who

are alert, allowing them to self-prone has been shown to
improve oxygenation and is a reasonable approach for those not
otherwise requiring intubation.®”’

This phenotype model is untested and there is a paucity
of societal guidelines for patients with preserved compliance
requiring mechanical ventilation. We believe a blanket
ARDS ventilatory strategy for all patients could have
detrimental consequences.” Given the variable differences
in observed lung compliance in clinical presentations of
COVID-19, it is reasonable to consider a targeted ventilatory
strategy unique to the observed lung mechanics and not
simply the degree of hypoxia (Figure 1).

f Low Flow Nasal Cannula + Surgical Mask ) e Consider moving to HENC early on, if it is available.
e Titrate 1-6 LPM to keep SpO2 92-96% *  Escalate therapy if SpO2 and work of breathing does not improve
o Avoid intubation solely for hypoxia and tachypnea
\_ > ®  Patients may do relatively well with transient hypoxia
- ~ ® At each step, allow patient to self-prone by finding position of comfort
Venturi Mask + Surgical Mask
*  Titrate up based on symptoms to 60%
4
e _ N
Non-Rebreather + Surgical Mask -
¢  Canadd NC at 5 LPM under NRB mask Goal Endpoints . .
Compliance = Delivered Tidal Volume
\_ y, ®  Driving Pressure < 14 (Pplat — Total PEEP)
» R cmH:0
High Flow Nasal Cannula + Surgical Mask ° ?Iat‘u“io ;‘“H;ED
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Figure 1. Respiratory management in coronavirus 2019 disease.

LPM, liters per minute; NRB, non-rebreather mask; NIPPV, noninvasive positive pressure ventilation; CPAP, continuous positive airway
pressure; EPAF, expiratory positive airway pressure; SpO,, peripheral capillary oxygen saturation; RR, respiratory rate; Pplat, plateau

pressure; PEEP, positive end-expiratory pressure.
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Surface Stability and Aerosolization of SARS-CoV-2

While the presence of viral particles does not confer
transmission, it certainly supports our need to exercise caution
to maximize protection to ourselves and our staff. A meta-
analysis of 10 studies published in the Journal of Infectious
Disease reported that shows droplets from coughs and sneezes
can travel up to eight meters, with SARS-CoV-2 detected
in the air up to 3-5 hours after acrosolization.”®” In a study
from the University of Nebraska Medical Center, SARS-
CoV-2 RNA has been isolated throughout patient rooms,
their personal items, in the air ducts, and even outside in the
hallway suggesting aerosolized transmission.%

Exhaled air dispersion during high-flow nasal cannula
therapy was compared to continuous positive airway
pressure (CPAP) in a study by Hui et al.?! The mean air
dispersion was up to 172 +/- 33 mm along the sagittal
plane via HFNO at 60 L/minute (min), and similar leakage
distances could be detected up to 264 and 332 mm for
CPAP used up to 20 cm H20. A properly fitted, heated
HFNO appears to be the safer option in regard to dispersion
of aerosols, and therefore may be the safer option to
minimize risk to staff. The Vapotherm study performed a
simulation with HFNO and a surgical mask on the patient
to assess dispersion.®? The results showed that by placing
a simple mask over a patient receiving high-flow therapy,
87.2% of particles were effectively filtered. Those particles
that did leak around the mask,had a final path length of less
than one meter.

I Shortest Distance (cm)

BiPAP Mask

LFNC (1-8 LPM)
Nasal CPAP

Venturi Mask

Simple Mask
Non-Rebreather Mask

HFNC (20-60 LPM)

60

Aerosolization Risk Based on Oxygen Modality

HFNO at a maximal flow rate of 60 L/minPM actually has
a lower dispersion distance than a non-rebreather or venturi
mask.% A study by Whittle et al showed NIV had the longest
range of dispersal at 85-95 cm. Nebulized medications were
similar at 80 cm.** HFNO has an average of approximately
5-17 cm with low flow nasal cannula reaching up to 40 cm in
some studies. A summary of dispersion distances in relevant
literature is shown in Figure 2.

Thrombotic and Thromboembolic Disease

Patients with COVID-19 are at an increased risk of VTE.
Current documented rates of incidental VTE in hospitalized
patients with COVID-19 ranges from 20-69%, despite the use
of pharmacological thromboprophylaxis.3**° The DIC observed
in severe COVID appears to be solely prothrombotic, and
patients with the most severe disease at most risk.*® Nearly 15%
of thrombotic events are asymptomatic.’!

Diagnosing Incidental Venous Thromboembolism

In a study of 81 patients with COVID-19 infections, a
D-dimer greater than 1.5 pg/mL had a sensitivity of 85.0%, a
specificity of 88.5% with a NPV of 94.7% at predicting VTE.*
However, this is a rather small study and lacks validation.
While a threshold value for an elevated D-dimer in COVID-19
has not yet been established, a significant elevation has shown
to correlate with the presence of VTE and an increase in
mortality.”? The Journal of the American College of Cardiology

| Longest Distance (cm)

BiPAP = Bilevel Positive Airway Pressure
CPAP = Continuous Positive Airway Pressure
LFNC = Low-Flow Nasal Cannula

HFMNC= High-Flow Nasal Cannula

LPM = Liters Per Minute

CM = Centimeters

90 120

Dispersion Distance (cm)
Figure 2. Oxygen modality dispersion distances. (Li et al; Whittle et al; Hui et al)
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(JACC) panel recommends against routine screening for VTE
and recommends against pursuing an elevated D-dimer when it
is being used for risk stratification.”

Patients with Mild COVID-19 Treated as Outpatient

The JACC panel does not recommend routine use of
prophylactic anticoagulation as its role has not yet been well
established in the literature.*® Patients who are on chronic
antiplatelet agents or anticoagulants should be encouraged to
continue taking these medications. For patients on Vitamin
K antagonists who will be unable to get routine international
normalized ratio measurements, switching them to a direct
oral anticoagulant or low molecular weight heparin is a
reasonable option.

Patients with Moderate to Severe COVID-19 Requiring
Hospitalization

Patients with ARDS secondary to COVID-19 are at a
higher risk of thrombosis when compared to non-COVID-19
ARDS patients.? Further, the development of incidental VTE
in patients with severe COVID-19 is lower in those treated
with therapeutic dose anticoagulation over prophylactic
dosing.** Based on a paucity of evidence at the time of
publication, the majority of JACC panel members recommend
prophylactic anticoagulation for hospitalized COVID-19
patients without a diagnosis of VTE, while a minority of
the panel gives consideration to intermediate- or full-dose
anticoagulation.’® Some hospital systems are currently
using a higher prophylactic dose such as enoxaparin 1 mg/
kg once daily or enoxaparin 0.5 mg/kg twice daily.”> We
anticipate future guideline adjustments in regard to therapeutic
anticoagulation in select patients as more robust evidence on
its impact on mortality emerges.

Adjunctive Therapy
Antipyretics and NSAIDs

Controversy surrounds the use of nonsteroidal anti-
inflammatory drugs (NSAID) in COVID-19 stemming from
a correspondence published on March 11, 2020, in the
Lancet describing a theoretical risk of worsening infection
through increased ACE-2 expression with ibuprofen based
on animal studies.”® Initial WHO recommendations were
to avoid ibuprofen based on this concern, and on March 19
the US Food and Drug Administration issued a statement
suggesting a lack of scientific evidence in connection with
NSAIDs and worsening COVID-19 symptoms.

When the SSC released its guidelines on March 27,
they acknowledged the debate on NSAIDs use for fever,
and recommended the use of acetaminophen/paracetamol
over NSAIDs until more data becomes available. On April
19, the WHO released a systematic review of 73 studies
of adults and children with viral respiratory infections,
including COVID-19, MERS, and SARS and concluded that,
“At present there is no evidence of severe adverse events,

acute health care utilization, long-term survival, or quality
of life in patients with COVID-19, as a result of the use of
NSAIDs.” The NIH guidelines were initially released on
April 21 and recommended there be no difference in the use
of antipyretics (acetaminophen or NSAIDs) in patients with
COVID-19." It is important to point out that it has been well
documented outside of COVID-19 that fever control has not
been shown to reduce the risk of death or ICU length of stay
in a critically ill adult.”’

Steroids

Initial concerns in regard to the use of corticosteroids
in COVID-19 were based on studies specific to SARS-
CoV-1 showing prolonged viral shedding with early
corticosteroid treatment and an increased risk of adverse
effects such as steroid-induced psychosis, avascular
necrosis osteoporosis, and diabetes without an apparent
mortality benefit.”>- It is important to note that these early
studies focused on rather high doses of steroids and despite
prolonged viral shedding (12 days vs eight days), those
who received corticosteroids were less likely to clinically
deteriorate.”>” A 2020 study using low-dose corticosteroids
(mean dose approximately 40 mg methylprednisolone
daily) in patients with COVID-19 showed steroids had no
impact on viral shedding.'®

A 2016 retrospective review of 5327 patients
from the SARS-CoV-1 database in China showed that
patients initially treated with an average of 80 mg
methylprednisolone daily had a lower mortality with a
hazard ratio (HR) of 0.47.1%

Results from randomized trials in regard to steroids
in ARDS from non-coronavirus causes have shown
mixed outcomes. High dose (30 mg/kg every 5-6 hours
for 24 hours) failed to show improvement in mortality or
pulmonary function and was associated with an increased
rate of secondary infection.!*>!®* However, a study looking
at a more prolonged and lower dose course (2 mg/kg/
day for two weeks, and then tapered for a total of 32 days
of treatment) showed improvement in lung injury and a
reduced hospital-associated mortality when compared to
placebo (12% vs 62%, respectively) in patients with severe
ARDS who failed to improve by seven days.'*

Data specific to COVID-19 and ARDS is limited. A
retrospective study of 201 COVID-19 patients in Wuhan
showed that of the patients who developed ARDS, those
who received methylprednisolone in some fashion had
a decreased risk of death with HR of 0.38.3° Another
retrospective study of 46 patients out of Wuhan showed
that early, low-dose and short-term corticosteroid use (1-2
mg/kg/d for 5-7 days), was associated with faster wean
off supplemental oxygen (8.2 days vs 13.5 days) and
faster improvement of infiltrates on CXR.!” However,
neither study was a randomized controlled trial (RCT), and
improvements seen could have been from variations in other
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aspects of treatment strategies. A recent meta-analysis from
Ye et al of seven RCTs of non-COVID-19-related ARDS
and one small cohort study of COVID-19-related ARDS
showed that corticosteroids may reduce mortality with a
risk ratio of 0.72.!% In the meta-analysis from Ye et al, data
from two observational studies showed that corticosteroid
use in patients with COVID-19 infection but without ARDS
resulted in an increase in mortality with a HR of 2.30 and a
mean difference of 11.9% more.!%

In summary, corticosteroids may decrease mortality
in COVID-19 patients with ARDS. The SSC recommends
steroids for mechanically ventilated patients with
COVID-19 and evidence of ARDS or for refractory shock
despite vasopressors.”” The NIH guidelines recommend a
case-by-case approach to steroids in critically ill patients
with ARDS, citing insufficient evidence to recommend
blanket use for all mechanically vented patients with
ARDS.” The most recent update of the Infectious Disease
Society of America guidelines recommend dexamethasone
6 mg daily for up to 10 days in hospitalized patients
with pulse oximetry readings < 94% on room air. If
dexamethasone is unavailable, methylprednisolone 32 mg,
or prednisone 40 mg may be used.”!'”” Guidelines do not
currently recommend the use of steroids in patients with
COVID-19 in the absence of hypoxia or ARDS unless
they have a history of chronic underlying lung disease (ie,
asthma, COPD, or pulmonary fibrosis).

For patients on chronic oral or inhaled corticosteroids,
these should not be discontinued, and stress-dose steroids may
be indicated on a case-by-case basis.” Specific to pregnancy,
betamethasone and dexamethasone are known to cross the
placenta and should therefore be reserved for situations
when fetal benefit is needed. However, other systemic
corticosteroids do not cross the placenta, and pregnancy status
alone should not be a reason to restrict their use.’

Antimicrobials

A recent meta-analysis of patients admitted with
COVID-19 reported 72% receive empiric antimicrobials,
while only 8% of patients develop a bacterial or fungal co-
infection.'® The SCCM guidelines recommend empiric
antibiotics for mechanically ventilated patients with
COVID-19 and respiratory failure based on low-quality
evidence.’” The NIH has stated there is insufficient data to
recommend empiric broad-spectrum antibiotics in the absence
of another indication.” If empiric antibiotics are initiated, they
should be de-escalated as soon as clinically possible.

Numerous studies done in vitro have reported antiviral
and anti-inflammatory effects of azithromycin, although the
exact mechanism of antiviral activity is unknown.!” There
are currently no guideline recommendations in favor of
azithromycin. Further, there is a theoretical possibility that
doxycycline could have anti-inflammatory action against
IL-6 and perhaps offer benefit in COVID-19.!"° While these

medications are frequently prescribed out of the ED, there
are no specific societal guidelines recommending their use in
COVID-19 at this time.

Inhaled Nitric Oxide

Inhaled nitric oxide (NO) is a pulmonary vasodilator
with theoretic antiviral effects.!'! In a 2004 study of 14
patients with SARS being treated in the ICU with noninvasive
pressure support, NO use for three days was associated with
improved oxygenation and a decrease in severity of infiltrates
on imaging.''> As with most treatments, data with NO use in
COVID-19 is lacking. Therefore, SSC and NIH guidelines
recommend against routine pulmonary vasodilator use but
recognize that a trial of inhaled NO as a rescue therapy is
reasonable and should be discontinued if there is no rapid
improvement in oxygenation.”’

Renin-Angiotensin-Aldosterone System (RAAS) Inhibitors
Early reports suggested an association of severe
COVID-19 with renin-angiotensin-aldosterone system
(RAAS) antagonist use leading to advice to discontinue this
medication.!"® Three studies were recently published, with
a total of 21,076 confirmed COVID-19 patients looking at
RAAS inhibitors and risk of COVID-19. These studies did
not demonstrate increased severity of illness with patients
taking angiotensin-converting enzyme inhibitors, angiotensin
I receptor blockers, calcium channel blocker, beta blocker, or
thiazide diuretics.!'*!"> The Heart Failure Society of America,
the American College of Cardiology and the American
Heart Association released a joint statement recommending
these medications be continued in patients who take them
for chronic medical conditions unless for actions based on
standard clinical practice.!'®

Controversial Therapies
Aspirin

Currently, no guidelines specifically mention aspirin
in their recommendations. Aspirin has a theoretical benefit
for its antiplatelet, anti-inflammatory, and antipyretic
effects. Studies have shown that aspirin has in vitro
antiviral activity against influenza A, human rhinoviruses,
and human cytomegalovirus.!!'!8 Further, indomethacin
has been shown to have a potent antiviral activity against
SARS-CoV-1.!" Multiple studies are currently enrolling and
assessing the effects of aspirin in COVID-19 (NCT04365309,
NCT04343001, NCT04363840, NCT04333407). Future
research should focus on potential preventative effects of
aspirin and its effects on disease severity, particularly in
patients being discharged home from the ED.

LIMITATIONS

This paper has a few notable limitations. First, with
the large volume and rapid publication of literature on this
previously unknown subject, most lack validation. Some articles
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regarding COVID-19 have been retracted after publication,
although every effort has been made to be sure each citation
was valid at the time of publication of this manuscript. Finally,
only articles published in English were reviewed.

CONCLUSION

Evidence-based practice in the approach to COVID-19
is mercurial. Current literature focuses on the inpatient
evaluation, treatment, and disposition of these patients.
Interpretation and adaptation of current recommendations
to patients in the ED is a crucial target for future literature.
After our review of available literature, we have proposed an
ED-specific flowsheet to assist clinicians during this time of
medical ambiguity (Figure 3).
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. BMI = 30 kg/m’ . Ferritin > 500 POCUS: B-lines, pleural line thickening,
. Use of biclogics L CPK =2 x ULN consolidation
. Immunosuppression

Figure 3. COVID-19 emergency department evaluation.

SpO,, peripheral capillary oxygen saturation; RR, respiratory rate; HR, heart rate; d/c, discharge; CXR, chest radiograph; US, ultrasound;
POCUS, point-of-care ultrasound; EKG, electrocardiogram; CBC, compete blood count; NLR, neutrophil to lymphocyte ratio; ALC,
absolute lymphocyte count; CMP, comprehensive metabolic panel; BUN, blood urea nitrogen; CR, creatinine; LFT, liver function test; CRP,
C-reactive protein; LDH, lactate dehydrogenase; PT/INR, prothrombin time/international normalized ratio; CPK, creatine phosphokinase;
ARDS, acute respiratory distress syndrome; PaO,; partial pressure of oxygen; FiO,; fraction of inspired oxygen; DM, diabetes mellitus;
BMI, body mass index; CT, computed tomography.
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Severe acute respiratory syndrome coronavirus 2, the source of COVID-19, causes numerous
clinical findings including respiratory and gastrointestinal findings. Evidence is now growing for
increasing neurological symptoms. This is thought to be from direct in-situ effects in the olfactory
bulb caused by the virus. Angiotensin-converting enzyme 2 receptors likely serve as a key receptor
for cell entry for most coronaviridae as they are present in multiple organ tissues in the body, notably
neurons, and in type 2 alveolar cells in the lung. Hematogenous spread to the nervous system

has been described, with viral transmission along neuronal synapses in a retrograde fashion. The
penetration of the virus to the central nervous system (CNS) allows for the resulting intracranial
cytokine storm, which can result in a myriad of CNS complications. There have been reported

cases of associated cerebrovascular accidents with large vessel occlusions, cerebral venous

sinus thrombosis, posterior reversible encephalopathy syndrome, meningoencephalitis, acute
necrotizing encephalopathy, epilepsy, and myasthenia gravis. Peripheral nervous system effects
such as hyposmia, hypogeusia, ophthalmoparesis, Guillain-Barré syndrome, and motor peripheral
neuropathy have also been reported. In this review, we update the clinical manifestations of
COVID-19 concentrating on the neurological associations that have been described, including broad
ranges in both central and peripheral nervous systems. [West J Emerg Med. 2020;21(6)45-51.]

Disclaimer: Due to the rapidly evolving nature of this
outbreak, and in the interests of rapid dissemination of
reliable, actionable information, this paper went through
expedited peer review. Additionally, information should be
considered current only at the time of publication and may
evolve as the science develops.

INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), the source of coronavirus disease 2019 (COVID-19),
causes numerous clinical findings including well described
respiratory and gastrointestinal findings. While literature
on SARS-CoV-2 association with neurological findings
was initially sparse, evidence is now rapidly growing for
this potentially devastating link. Vigilance is important to
recognize all possible sequelae of COVID-19; additionally,
early detection and recognition is a mainstay of medicine
across any disease.

During the initial outbreak in Wuhan, China, a wide
range of clinical presentations was found beyond the typical
respiratory symptoms, with close to 50% of patients having
gastrointestinal (GI) symptoms, and 7% of patients having
no respiratory symptoms.! While the US Centers for Disease
Control and Prevention (CDC) definition of persons under
investigation for COVID-19 has evolved, it generally includes
the presence of fever and signs and symptoms of respiratory
illness. While this may encompass a large number of cases,
it also leaves a big gap in untested patients with minimal to
no respiratory symptoms including those with only GI or
neurologic symptoms. Earliest reports from Wuhan found
that over 36% of patients had some degree of nervous system
involvement, the most common being dysfunction of the
central nervous system (CNS) with close to 15% of patients
having complaints of dizziness or headache.? In this article
we provide a review of central and peripheral nervous system
(PNS) involvement of SARS-CoV-2 (Table 1).
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METHODS

We conducted a literature review to obtain data
regarding neurologic manifestations of COVID-19. All
searches were done in May 2020 using Google searches,
Google Scholar, and PubMed using combinations of
the following keywords: “COVID,” “CNS,” “PNS,”
“neurologic,” “coronavirus,” “manifestation,” “symptoms,”
and “nervous.” Articles were initially selected based on
their titles and abstracts for relevance to our review. Table
1 shows the case reports, reviews, and studies that were
included in our review. We included articles that described
central or peripheral nervous system neurological sequelae
in patients with COVID-19. Articles were published between
November 2019-May 2020. Exclusion criteria consisted of
any articles that did not describe neurologic involvement of
COVID-19. In total we included 26 articles in our review,
which consisted of case reports and case series, as well
as retrospective and prospective observational studies.
We excluded 307 articles as not being pertinent to the
neurological scope of this study. Also included in our review
are articles that discuss potential mechanisms of neurologic
involvement of COVID-19 to provide a better understanding
of the disease process being described.

99 <c 99 ¢¢

DISCUSSION

SARS-CoV-1 from the early 2000s was found to have
neurologic spread, with evidence of the virus isolated from
cerebral spinal fluid (CSF) fluid.® The route of entry to the
brain appeared to be predominantly through olfactory bulb
neurons.’ The intense systemic inflammatory response
associated with viral infection can lead to blood-brain barrier
breakdown, allowing cytokines access to the CNS.*>¢ The
penetration of the virus to the CNS allows for the resulting
intracranial cytokine storm, which can result in complications
such as acute necrotizing encephalopathy (ANE), CNS
disturbances, headache, trouble walking, visual disturbances,
weakness, and even stroke.”® This cytokine response can cause
a myriad of hematologic issues ranging from thrombosis to a
hemophagocytic lymphohistiocytosis.’

Transmission of the SARS-CoV-2 virus can occur via
droplet and contact transmission as well as through airborne
route under specific circumstances.'®!! SARS-CoV-2 can enter
the CNS through the cribriform plate and cause neurologic
symptoms.>S Initially, a group from France looked at the utility
of using hyposmia and hypogeusia as a screening tool for
COVID testing, and found that close to 20% of patients who
tested positive for SARS-CoV02 had self-reported hyposmia
and hypogeusia.'? This is thought to be from direct in-situ
effects in the olfactory bulb caused by the virus. Due to the
reported frequency of hyposmia and hypogeusia, the American
Academy of Otolaryngology Head and Neck Surgery and the
British Association of Otorhinolaryngology now recommend
that these symptoms be added to the list of primary screening
symptoms for COVID-19. However, this is not a finding that

Population Health Research Capsule

What do we already know about this issue?
COVID-19 can severely affect many organ
systems, including respiratory, gastrointestinal,
and nervous.

What was the research question?
What are the current known neurological
manifestations of the SARS-CoV-2 virus?

What was the major finding of the study?
Broad and diverse nervous system involvement,
including central and peripheral nervous
systems, have been identified.

How does this improve population health?
This review provides an increased awareness
of the signs, symptoms, and presentations of
neurological complications associated with
COVID-19.

is unique to SARS-CoV-2, as many respiratory viruses have
been associated with hyposmia and hypogeusia in the past.

In addition to the novel SARS-CoV2, other coronaviridae,
enteroviridae, rhinoviridae, parainfluenza virus, and Epstein-
Barr virus have all been associated with post viral olfactory
dysfunction (PVOD)."* While the percentage of patients with
a viral illness who develop olfactory dysfunction is unclear,
the phenomenon is well described in the literature. Quint
and colleagues looked at a series of 120 patients who had
nonconductive olfactory disorders and found upper respiratory
infection (URI) to be the most common cause, occurring in
42.5% of the patients.!* The olfactory dysfunction occurs
in the acute symptomatic phase of the virus and then often
persists for a prolonged period of time thereafter.'* The initial
dysfunction could be attributed to mucosal edema, but in
many cases the olfactory dysfunction persists.

When explored further, varying pathologies were
identified. Douek and colleagues identified extensive scarring
on biopsy as well as replacement of the olfactory epithelium
with respiratory epithelium in patients with PVOD. !
Additionally, Jafek and colleagues found decreased numbers
of olfactory receptors in patients with PVOD.'® Yamagishi
and colleagues also identified decreased numbers of olfactory
receptors and nerve bundles in post-URI olfactory loss.!”

18,19 Early reports from Wuhan found that approximately
5% of patients had impairment of taste and smell, while
later reports from Vaira et al demonstrate a much higher
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incidence, upwards of 19% of the 324 patients evaluated.”
Additionally, the reports out of Wuhan revealed 13% of
patients had headaches, and in severe disease they noted
acute cerebrovascular accident (CVA) presented in close to
6% of patients in the intensive care unit (ICU).! Central and
peripheral nervous system involvement has been described
through a variety of presentations.

Peripheral Nervous System
Guillain-Barré Syndrome

PNS findings include hyposmia and hypogeusia as
discussed above, and there have been cases reported of
Guillain-Barré syndrome (GBS). One case report described
a confirmed COVID-19 patient who developed progressive
bilateral ascending paralysis two weeks after developing
respiratory symptoms.?! This patient had electromyography and
neuronal testing that was consistent with GBS and was treated
with intravenous immunoglobulin (IVIG) 0.40 grams per
kilogram per day; however, the patient refused lumbar puncture
for CSF analysis. No outcome post treatment was reported.

A case series of five COVID-19 patients with new
diagnosis of GBS in Northern Italy did report post-IVIG
outcome measures.?? All five of the patients were found to
have CSF testing that showed less than five white blood
cells per cubic millimeter, and negative reverse transcription
polymerase chain reaction assay for SARS-CoV-2.2% All
of these patients underwent [VIG treatment, two of whom
received a second course of IVIG and a third who received
plasma exchange.” The outcomes reported that of the two
patients who received a second course of IVIG, one remained
in the ICU on mechanical ventilation at four weeks post-IVIG,
while the other had bulbar symptom improvement although
minimal improvement in extremity weakness. The patient who
received plasmapheresis remained tetraplegic and ventilator
dependent four weeks post treatment. Of the two patients who
received only one course of IVIG, one who presented initially
with only mild facial and upper extremity weakness had
improvement of symptom and discharge; the other patient who
presented with moderate to severe upper and lower extremity
weakness was still unable to stand and was transferred to a
rehabilitation center.

Bell's Palsy

Mehta et al described a case of a 36-year-old patient who
presented with complaint of numbness, tingling, and weakness
of the right side of his face.” This patient had fevers, chills, and
myalgias for three days prior to his neurologic complaints. The
right side of his forehead had no movement, and he was unable
to close his right eye.” Computed tomography (CT) angiogram
of the head showed no abnormalities. He was diagnosed with
Bell’s palsy, prescribed prednisone and eye lubrication, and
discharged to an isolation shelter as the patient was homeless.”
His COVID-19 swab came back positive, and the patient was
transferred further to a COVID-19 isolation shelter.*

Goh et al described a case of a patient with facial nerve
palsy that developed in a 27-year-old patient on day 6 of his
illness with COVID-19, while having been hospitalized for
three days.?* The patient developed left-sided facial weakness
that was preceded by left retroauricular pain and dysgeusia.?*
He was started on prednisone and valacyclovir, as well as
lopinavir/ritonavir in an attempt to reduce SARS-CoV-2 viral
replication.?* After one week, the patient had no significant
change in his facial nerve palsy symptoms.*

Central Nervous System
Cerebrovascular Accidents

From a CNS standpoint, there appears to have been an
increase in cases reported of CVA with large vessel occlusion
in people younger than 50, with many of these patients testing
positive for SARS-CoV2.% Oxley et al found five cases of
CVA in patients younger than 50 over a two-week period from
March 23—-April 7, 2020 ,with an average National Institutes
of Health Stroke Score (NIHSS) of 17, indicating severe
infarction. Researchers extracted data from every two-week
period over the precedng 12 months and found the baseline
rate of CVA in the mentioned age group was 0.73 patients
in 14 days.” In another study, Li et al performed a single-
center, retrospective observational study, which revealed that
of the 219 patients with SARS-CoV-2, 10 (4.6%) developed
ischemic stroke. Of the patients who tested positive for
SARS-CoV-2, they were more likely to have an increased
inflammatory response as reflected by the elevated D-dimer
(6.910.3-20] vs 0.5 [0.1-20] milligrams per liter [mg/L],
p<0.001), and C-reactive protein (51.1 [1.3-127.9] vs 12.1
[0.1-212] mg/L, p<0.05) in these patients compared to patients
who did not have SARS-CoV-2.%

The Mao et al study revealed a similar finding but took
this point further. In their retrospective observational case
series, they defined the degree of severity of SARS-CoV-2
infection as severe vs non-severe using the American Thoracic
Society guidelines for community-acquired pneumonia.”’

Of the 214 patients who tested positive for SARS-Co-2,

88 patients had a severe infection and 126 had non-severe
infection. Of those 88 patients, five (5.7%) developed
cerebrovascular disease vs only one (0.8%) in those with non-
severe infection.? This suggests that infection with the virus in
isolation is not the sole factor for developing cerebrovascular
disease. Rather, the illness severity could be playing a role,
and likely corresponds to an increased inflammatory state.”

Cerebral Venous Sinus Thrombosis

Hughes et al reported of cerebral venous sinus thrombosis,
where the patient had presented with headache that progressed
to right-sided weakness, numbness, and expressive aphasia
with a NIHSS of 10, which was confirmed on CT venogram
to be a sigmoid and transverse sinus thrombosis.?® This patient
improved with low-molecular-weight heparin treatment and
outpatient apixaban.
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Acute Myelitis

There have been cases of acute myelitis, first reported
in Wuhan in a patient who was admitted to medical ward
for COVID-19, and subsequently developed acute bilateral
lower extremity weakness, loss of sensation, hyporeflexia, and
urinary incontinence.” This patient was positive for SARS-
Cov-2, and serologic testing for a plethora of other potential
causative agents was negative. Of note, they did find that
this patient also had developed CNS involvement, with basal
ganglia and periventricular lacunar infarcts.”

Acute Necrotizing Encephalitis

There have been reported cases of ANE associated with
SARS-CoV-2, which is caused by breakdown of the blood-
brain barrier rather than direct viral invasion, providing
another route of CNS sequelae, even when the virus does not
invade the neuron.” Radiographic manifestations for ANE
include hemorrhagic rim-enhancing lesions within the bilateral
thalami, medial temporal lobes, and subinsular regions on
magnetic resonance imaging.” These patients present with
fever, cough, and profound altered mental status. ANE is not
the only cause of altered mental status by COVID-19 as there
are a growing number of reports and concerns about severe
ICU delirium associated with the disease.

Delirium

Beyond the typical causes of ICU delirium, patients with
COVID-19 are at even higher risk due to the extreme isolation
from human contact.*® Early reports from Wuhan reported
7.5% of patients with delirium-like findings, but these were
likely under-reported since 75% of cases are missed unless the
patient is specifically evaluated for delirium.>*

Parkinson s Disease

Patients with underlying neurologic dysfunction such as
those with Parkinson’s disease (PD) tend to have associated
cardiovascular disease and respiratory dysfunction, which
puts them at increased risk for developing severe COVID-19.
Other comorbidities such as diabetes mellitus and CVA are
often found in PD patients, which also places them at higher
risk for developing severe COVID-19, given that PD patients
on levodopa already have an independently higher risk of
CVA.’! Dyspnea is found in 39% of PD patients, which is
secondary to respiratory dysfunction because of respiratory
muscle weakness, poor posture, and inadequate respiration
excursions.?? Furthermore, these patients have impaired
mastication and swallowing reflexes, leaving them more
likely to develop aspiration pneumonia. The combination
of these factors along with the neurodegeneration of the
medulla’s respiratory center, which also can be attacked
by SARS-CoV-2, places the PD patient at higher risk
for developing more severe pneumonia and ultimately
respiratory failure.*® Also, Parkinsonian hyperpyrexia
syndrome, a movement disorder emergency, has been seen in

PD patients with COVID-19 due to the combination of fever
and altered dopaminergic medication intake.** Although the
patients experiencing this phenomenon may recover from
COVID-19, some are left with significant disability, while
others may not survive.

Other Neurologic Sequelae

The aforementioned pathologies, and those listed
in the accompanying table, demonstrate the broad range
of neurological sequelae that have been described in the
literature. Pathologies that have morbid outcomes, within the
setting of potential treatment, were further expanded above.
As more is revealed about COVID-19, the table will likely
need further expansion of associated complications.

Mechanism

There are numerous theories on the potential causative
mechanisms of the neurological sequelae, including the
discussed olfactory bulb transmission pathway. Angiotensin-
converting enzyme 2 (ACE-2) is a key receptor for cell entry
for most coronaviridae, including SARS-CoV-2, and it is
present in multiple organ tissues in the body, notably neurons,
smooth muscle cells and hepatocytes, with significantly
high concentrations in type 2 alveolar cells in the lung.*
This explains why the virus predominates with respiratory
symptoms, especially in the earlier stages. Hematogenous
spread to the nervous system has been described, with
viral transmission along neuronal synapses in a retrograde
fashion.?® This has been found in other coronaviridae, with
viral transmission through the neuron via exocytosis and
subsequent binding on ACE-2 receptors, propagating along
neuronal channels into the CNS.** Neuro-invasion by SARS-
CoV-2 is postulated to be at least partially responsible for
exacerbating the acute respiratory failure patients with
COVID-19 development.*

LIMITATIONS

This review has several limitations. Most important is
that correlation does not equal causation. As the patients
infected with SARS-CoV-2 developed a neurologic
complication, the pathophysiology of the virus is unknown.
Additionally, the findings described may be attributed
to systemic critical illness rather than the etiologic virus
specifically. Another limitation is that patients with
neurologic symptoms in isolation of cough or fever were
not widely tested for SARS-CoV-2 as per CDC guidelines,
which have been rapidly evolving. This could in fact lower
detection for further cases of neurologic manifestations in
the context of a SARS-CoV-2 infection. Lastly, none of the
studies reviewed in this article had a control group. There
is no evidence in literature yet to identify whether a greater
incidence of neurologic manifestations exist with SARS-
CoV-2 compared to the inherent risks of developing these
neurologic diseases in a native population.

Western Journal of Emergency Medicine

Volume 21, No. 6: November 2020



Valiuddin et al.

Update on Neurological Manifestations of SARS-CoV-2

CONCLUSION

While the respiratory manifestations caused by the SARS-
CoV-2 virus, including significant progression to acute respiratory
distress syndrome, are well described, there is a growing body
of evidence describing multiorgan involvement, including
neurologic sequelae from the virus. While anosmia and dysgeusia
have been well documented as diagnostic symptoms from SARS-
CoV-2, other peripheral system manifestations such as Guillain-
Barré syndrome and ophthalmoparesis have also been seen. A
wide spectrum of central nervous system manifestations has
been observed from acute necrotizing encephalitis to transverse
myelitis. In this review, we update the clinical manifestations of
COVID-19 concentrating on the neurological associations that
have been described so far, including broad ranges in both central
and peripheral nervous systems.
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Table 1. List of the largest studies and respective study methodology of recently reported neurological pathologies associated with

SARS-CoV-2.
Pathology Level of evidence Author
Central
Large Vessel Occlusion - Cerebrovascular  Retrospective observational study Mao L. et al?
Accident Case series (5 patients) Oxley T. et al?®
Retrospective observational study LiY. et al®®

Case series (10 patients)
Prospective observational study

Transverse Myelitis Case report

Berekashvili et al®®
Lodigiani et al*”

Zhao K. et al?®
Somani et al*®

Seizure Retrospective observational study

Myasthenia Gravis
Acute Necrotizing Encephalopathy

Acute Disseminated Encephalomyelitis

Encephalitis/ Meningoencephalitis

Corticospinal Tract Signs

Posterior Reversible Encephalopathy

Syndrome
Cerebral Venous Sinus Thrombosis

Case series (22 patients)
Case report

Case series (5 patients)
Case report
Case report

Case report
Case report

Observational series (58 patients)

Case report
Post mortem study

Case report

Galanopolou et al*®
Vollono et al*

Anand et al*'
Poyiadji N. et al”
Zhang T. et al*?

Moriguchi T. et al*®
Lorenz et al*

Helms J. et al*®

Kaya et al*®
Coolen et al*’

Hughes et al®

Peripheral

Anosmia and Dysgeusia

Motor Peripheral Neuropathy
Guillain-Barré

Ophthalmoparesis
Bell’'s Palsy

Retrospective observational study
Cross sectional study
Cross sectional study

Case report

Case series (5 patients)
Case report
Case report

Case Series (2 patients)

Case report
Case report

Mao L. et al?
Lee et al*®
Yan et al*®

Abdelnour et al*®

Toscano G. et al*?
Zhao H. et al®
Virani et al®

Dinkin et al®?

Mehta et al.®®
Goh et al.*

Volume 21, No. 6: November 2020

49

Western Journal of Emergency Medicine


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Update on Neurological Manifestations of SARS-CoV-2

Valiuddin et al.

REFERENCES

1.

10.

1.

12.

13.

14.

15.

16.

17.

18.

Pan L, Mu M, Ren H, et al. Clinical characteristics of COVID-19
patients with digestive symptoms in Hubei, China: a descriptive,
cross-sectional, multicenter study. Am J Gastroenterol.
2020;115(5):766-73.

Mao L, Jin H, Wang M, et al. Neurologic manifestations of
hospitalized patients with coronavirus disease 2019 in Wuhan, China.
JAMA Neurol. 2020;77(6):1-9.

Netland J, Meyerholz D, Moore S, et al. Severe acute respiratory
syndrome coronavirus infection causes neuronal death in the
absence of encephalitis in mice transgenic for human ACE2. J. Virol.
2008;82(15):7264-75.

Asadi-Pooya A, Simani L. Central nervous system manifestations of
COVID-19: a systematic review. J Neurol. Sci. 2020;116832.

Platt M, Agalliu D. et al. Hello from the other side: how autoantibodies
circumvent the blood-brain barrier in autoimmune encephalitis. Front
Immunol. 2017;8:442.

Platt M, Bolding K, Wayne C, et al. Th17 lymphocytes drive vascular
and neuronal deficits in a mouse model of postinfectious autoimmune
encephalitis. Proc Natl Acad Sci U S A. 2020;117(12):6708-16.
Poyiadji N, Shahin G, Noujaim D,et al. COVID-19-associated acute
hemorrhagic necrotizing encephalopathy: CT and MRI features.
Radiology. 2020;296(2):119-20.

Oudkerk M, Biiller H, Kuijpers D, et al. Diagnosis, prevention, and
treatment of thromboembolic complications in COVID-19: report of
the National Institute for Public Health of the Netherlands. Radiology.
2020;201629

Mehta P, McAuley D, Brown M, et al. COVID-19: consider

cytokine storm syndromes and immunosuppression. Lancet.
2020;395(10229):1033-4

Van Doremalen N, Bushmaker T, Morris D, et al. Aerosol and surface
stability of SARS-CoV-2 as compared with SARS-CoV-1. N Engl J
Med. 2020;382(16):1564-7.

Wang D, Hu B, Hu C. Clinical characteristics of 138 hospitalized
patients with 2019 novel coronavirus—infected pneumonia in Wuhan,
China. JAMA. 2020;323(11):1061-9.

Benezit F, Le Turnier P, Declerck C, et al. Utility of hyposmia and
hypogeusia for the diagnosis of COVID-19. Lancet. 2020;20(9):1014-5.
Suzuki M, Saito K, Min W, et al. Identification of viruses in patients with
postviral olfactory dysfunction. Laryngoscope. 2007;117(2):272-7.
Seiden A. Postviral olfactory loss. Otolaryngol Clin North Am.
2004;37(6):1159-66.

Douek E, Bannister L, Dodson H. Olfaction and its disorders: recent
advances in the pathology of olfaction. J R Soc Med. 1975;467-70
Jafek B, Hartman D, Eller P, et al. Postviral olfactory dysfunction. Am
J Rhinol. 1990;4(3):91-100.

Yamagishi M, Fujiwara M, Nakamura H. Olfactory mucosal findings
and clinical course in patients with olfactory disorders following upper
respiratory viral infection. Rhinology. 1994;32(3):113.

Yamagishi M, Hasegawa S, Nakano, Y. Examination and
classification of human olfactory mucosa in patients with clinical

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

olfactory disturbances. Arch Otorhinolaryngol. 1988;245(5):316-20.
Yamagishi M, Nakano Y. A re-evaluation of the classification of
olfactory epithelia in patients with olfactory disorders. Eur Arch
Otorhinolaryngol. 1992;249(7):393-9.

Vaira L, Salzano G, Deiana G. et al. Anosmia and ageusia: common
findings in COVID-19 patients. The Laryngoscope. 2020;130(7):1787.
Sedaghat Z and Karimi N. Guillain Barré syndrome associated with
COVID-19 infection: a case report. J Clin Neurosci. 2020;76:233-5.
Toscano G, Palmerini F, Ravaglia S, et al. Guillain—Barré syndrome
associated with SARS-CoV-2. N Engl J Med. 2020;382(26):2574-6.
Mehta S, Mackinnon D, Gupta S. Severe acute respiratory syndrome
coronavirus 2 as an atypical cause of Bell’s palsy in a patient
experiencing homelessness. CJEM. 2020:1-3.

Goh'Y, Beh D, Makmur A, et al. Pearls & Oy-sters: Facial nerve palsy
as a neurological manifestation of Covid-19 infection. Neurology.
2020:95(8):364-7.

Oxley T, Mocco J, Majidi S, et al. Large-vessel stroke as a
presenting feature of Covid-19 in the young. N Engl J Med
2020;382(20):60.

LiY, Wang M, Zhou Y, et al. Acute cerebrovascular disease following
COVID-19: a single center, retrospective, observational study. Stroke
Vasc Neurol. 2020. In Press.

Metlay J, Waterer G, Long A, et al. Diagnosis and treatment of adults
with community-acquired pneumonia. An official clinical practice
guideline of the American Thoracic Society and Infectious Diseases
Society of America. Am J Respir Crit Care Med. 2019;200(7):45-67.
Hughes C, Nichols T, Pike M, et al. Cerebral venous sinus thrombosis
as a presentation of COVID-19. Eur J Intern Med. 2020;7(5):1691.
Zhao K, Huang J, Dai D, et al. Acute myelitis after SARS-CoV-2
infection: a case report. medRxiv. 2020. In Press.

Kotfis K, Roberson S, Wilson J, et al. COVID-19: ICU delirium
management during SARS-CoV-2 pandemic. Crit Care.
2020;24(1);176.

Garcia-Gracia C, Khan T, Reyes D, et al. The prevalence of stroke

in Parkinson’s disease is high: a risk factor assessment. Neurology.
2013;80(7).

Bhidayasiri R, Virameteekul S, Kim J, et al. COVID-19: an early
review of its global impact and considerations for Parkinson’s disease
patient care. J Mov Disord. 2020;13(2):105-14.

Li Y, Bai W, Hashikawa T. The neuroinvasive potential of SARS-CoV2
may be at least partially responsible for the respiratory failure of
COVID-19 patients. J Med Virol. 2020;92(6):552-5.

Rajan S, Kaas B, Moukheiber E. Movement disorders emergencies.
Semin Neurol. 2019;39(1):125-36.

Iroegbu J, Ifenatuoha C, ljomone O. Potential neurological impact of
coronaviruses: implications for the novel SARS-CoV-2. Neurol Sci.
2020;41(6):1329-37.

Dmytriw A, Vulkanov V, Agarwal S, et al. Etiologic subtypes of ischemic
stroke in SARS-COV-2 virus patients. medRxiv. 2020. In Press.
Lodigiani C, lapichino G, Carenzo L, et al. Venous and arterial
thromboembolic complications in COVID-19 patients admitted to an

Western Journal of Emergency Medicine

Volume 21, No. 6: November 2020


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7158817/

Valiuddin et al.

Update on Neurological Manifestations of SARS-CoV-2

38.

39.

40.

41.

42.

43.

academic hospital in Milan, Italy. Thromb Res. 2020;191:9-14.
Somani S, Pati S, Gaston T, et al. De novo status epilepticus in
patients with COVID-19. Ann Clin Transl Neurol. 2020;7(7):1240-4.
Galanopoulou A, Ferastraoaru V, Correa D, et al. EEG findings in
acutely ill patients investigated for SARS-CoV2/COVID-19: a small
case series preliminary report. Epilepsia Open. 2020;5(2):314-24.
Vollono C, Rollo E, Romozzi M, et al. Focal status epilepticus

as unique clinical feature of COVID-19: a case report. Seizure.
2020;78:109-112.

Anand P, Slama M, Kaku M, et al. COVID-19 in patients with
myasthenia gravis. Muscle Nerve. 2020;62(2):254-8.

Zhang T, Rodricks M, Hirsh E. COVID-19-associated acute disseminated
encephalomyelitis: a case report. medRXxiv. 2020. In Press.

Moriguchi T, Harii N, Goto J, et al. A first case of meningitis/
encephalitis associated with SARS-Coronavirus-2. Int J Infect Dis.

46.

47.

48.

49.

50.

SARS-CoV-2 infection. N Engl J Med. 2020;382(23): 2268-70.
Kaya Y, Kara S, Akinci C, et al. Transient cortical blindness in
COVID-19 pneumonia; a PRES-like syndrome: a case report. J
Neurol Sci. 2020;413:116858.

Coolen T, Lolli V, Sadeghi N, et al. Early postmortem brain MRI
findings in COVID-19 non-survivors. Neurology. 2020;10:1212.
Lee Y, Min P, Lee S, et al. Prevalence and duration of acute

loss of smell or taste in COVID-19 patients. J Korean Med Sci.
2020;35(18):174.

Yan C, Faraji F, Prajapati D, et al. Association of chemosensory
dysfunction and Covid-19 in patients presenting with influenza-like
symptoms. Int Forum Allergy Rhinol. 2020;10(7):806-13.
Abdelnour L, Abdalla M, Babiker S, et al. COVID 19 infection
presenting as motor peripheral neuropathy. J Formos Med Assoc.
2020;119(6):1119-20.

2020;94:55-8. 51. Virani A, Rabold E, Hanson T, et al. Guillain-Barré syndrome

44. Lorenz N, Treptow A, Schmidt S, et al. Neonatal early-onset infection associated with SARS-CoV-2 infection. IDCases. 2020;20: e00771.
with SARS-CoV-2 in a newborn presenting with encephalitic 52. Dinkin M, Gao V, Kahan J, et al. COVID-19 presenting with
symptoms. Pediatr Infect Dis J. 2020;39(8):212. ophthalmoparesis from cranial nerve palsy. Neurology.

45. Helms J, Kremer S, Merdji H, et al. Neurologic features in severe 2020;95(5):221-3.

Volume 21, No. 6: November 2020 51 Western Journal of Emergency Medicine



COMMENTARY

CEdRIC: Strategy for Patient Education During
COVID-19 Triage

Benoit Pétré, PhD, MPH*T

Jean-Christophe Servotte, PhD, MSc, CCRN*
Justine Piazza, MD"

Alexandre Ghuysen, PhD, MD*t

Aurore Margat, PhD, RN*

Remi Gagnayre, PhD MD*

Dieudonné Leclercq, PhD, MEd* Belgium

*University of Liege, Department of Public Health, Wallonia, Belgium
TUniversity Hospital Centre of Liege, Department of Emergency Medicine,
Wallonia, Belgium

*University of Sorbonne Paris Nord, Education and Health Practices
Laboratory UR3412, Sorbonne Paris Cité, France

SUniversity of Liége, Department of Education and Training, Wallonia,

Member of Be.Hive, Interdisciplinarity Primary Care Chair

Section Editor: Dan Mayer, MD

Submission history: Submitted April 27, 2020; Revision received July 30, 2020; Accepted July 31, 2020

Electronically published October 6, 2020

Full text available through open access at http://escholarship.org/uc/uciem_westjem

DOI: 10.5811/westjem.2020.7.47907

The current coronavirus disease 2019 (COVID-19) pandemic is forcing healthcare systems around
the word to organise care differently than before. Prompt detection and effective triage and isolation
of potentially infected and infectious patients are essential to preventing unnecessary community
exposure. Since there are as yet no medications to treat or vaccines to prevent COVID-19,
prevention focuses on self-management strategies, creating patient education challenges for
physicians doing triage and testing. This article describes a five-step process for effectively
educating, at discharge, patients who are suspected of being infectious and instructed to self-
isolate at home. We are proposing the CEdRIC strategy as a practical, straightforward protocol
that meets patient education and health psychology science requirements. The main goal of the
CEdRIC process is to give patients self-management strategies aimed at preventing complications
and disease transmission. The COVID-19 pandemic is challenging clinicians to rapidly teach their
patients self-management strategies while managing the inherent pressures of this emergency
situation. The CEdRIC strategy is designed to deliver key information to patients and standardize
the discharge process. CEdRIC is currently being tested at triage centres in Belgium. Formal
assessment of its implementation is still needed. [West J Emerg Med. 2020;21(6)52-60.]

Disclaimer: Due to the rapidly evolving nature of this outbreak,
and in the interests of rapid dissemination of reliable, actionable
information, this paper went through expedited peer review.
Additionally, information should be considered current only at the
time of publication and may evolve as the science develops.

INTRODUCTION

Countries all over the world are facing a major public
health security crisis related to the management of the
coronavirus disease 2019 (COVID-19) pandemic. Every
country will be affected, and governments around the world
need to prepare a strategic response in order to minimize the
impact of the disease and its spread on the morbidity and
mortality of their populations, as well as the resulting social,

economic, and political disruptions. A key ingredient of a
healthcare system’s response to COVID-19 is the ability to
institute prompt detection and effective triage and isolation of
potentially infected and infectious patients, with the goal of
preventing unnecessary community exposure.'?

The vast majority of suspected COVID-19 patients
experience only mild symptoms,® and will be instructed
to self-isolate at home while awaiting their test results.
(This was the case with 77% of the patients who presented
at the University Hospital of Li¢ge triage centre from
2 March—4 May 2020.) Patients who test positive are
advised to stay at home, provided they are not experiencing
complications. Even those who test negative must be warned
that they remain at risk of the disease. Hence, sustainability
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and preventing healthcare system overload will depend
on people’s ability to care for themselves at home, while
minimizing the risk of infecting their families.

Since there are as yet no medications to treat or
vaccines to prevent COVID-19,* prevention focuses on self-
management strategies: symptom monitoring; appropriate and
frequent hand hygiene; cough etiquette; social distancing; and
strict self-isolation.’ Behavioural science must, therefore, be
at the heart of the public health response,® especially when it
comes to patient education. In emergency departments (ED),
in particular, recommendations enhance the standard infection
prevention and control practices.’

In most countries, the screening and triage of COVID-19
suspects are centralised at “triage settings.” In Belgium,
triage centres have been created specifically to screen patients
referred by a physician and suspected of having COVID-19.
Triage and screening centres have been set up at primary
care facilities: first, near hospitals, to take advantage of their
resources and experienced emergency staff; and second, at
other, non-primary care facilities. Triage and screening tents
(Figure 1) have been erected outside those facilities to reduce
the risk to other patients and staff.

These settings serve two essential functions during the
pandemic: 1) Triage: examining patients sent by outside
doctors and likely to be infected with COVID-19. This
prevents these patients from having to go to a general
practitioner’s waiting room or to a hospital ED, where they
might infect others. If appropriate, they are referred to the
hospital for admission. 2) Screening: testing to see whether
patients are infected or not.

Patient screening and triage is a key opportunity
for educating COVID-19 patients to prevent them from
transmitting the disease. Effective triage should include patient
education at discharge.® Despite the constraints (unpredictable
workload, in particular), triage and testing settings should be
viewed as a good place to improve future patient adherence

Figure 1. COVID triage centre, Universit pital, Liege (Belgium).

to recommendations, thereby preventing complications’
and, in this context, disease transmission. Patient education
should also help health professionals (general practitioners
in most cases) who receive calls from patients and arrange
for remote triage. Unless there is a clinical need for in-person
care, patients should be able to get advice and care without
visiting the practice. Moreover, informing patients that they
have COVID-19 is giving them bad news; delivering that bad
news and offering education is challenging in an ED context
because the patient is meeting the physician for the first time.
Because — as has been previously demonstrated'® — clinicians
lack the skills needed for this, a support tool seems important.
Although patient education is a key component in the fight
against COVID-19, health providers have no clear guidance
on how to proceed. Here we propose a protocol for providing
basic in-person and remote patient education to suspected or
confirmed cases in patients who are instructed to self-isolate
at home. Patients who are admitted to hospital require special
attention and are excluded from the discussion.

The Five-step CEdRIC Strategy

While the need for patients to understand discharge
instructions is well established in the literature,!! in emergency
situations — especially mass casualty events — discharge
communications may be reduced to a brief exchange," leaving
patients uncertain about what to do when they return home;
this is especially true for patients with low health literacy.
The CEdRIC strategy is a practical, straightforward protocol
that meets the requirements for effective discharge patient
education adapted to the special conditions made necessary
by the current situation. The CEdRIC protocol consists of
five steps that clinicians can use to develop a structured
approach to discharge instruction (see Table 1 for an overview
of the protocol). Each step is supported by references to the
education and health psychology literature.

Step 1 — Ensure that the patient Comprehends and accepts
the situation.

The first step after testing and triage involves giving the
patient information about his condition, its potential course,
and how to self-isolate at home. This information can cause
great anxiety when people do not understand why they are
being advised to go home while potentially infected with
COVID-19. As anxiety impairs patients’ ability to take in and
process new information,'? it is important that clinicians listen
to and reassure their patients. Clinicians can use open-ended
questions to determine how well the patient understands his
medical situation."

Jay (1996)" showed that methods such as “touch,
company and information” are effective in reducing anxiety
in seriously injured patients. Information is the only one of
these three types of action that is appropriate and applicable
in triage settings. Informing patients and raising their
awareness of their clinical situation involves two tasks:
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Table 1. CEdRIC strategy: a five-step process to improve education of suspected or confirmed COVID-19 patients who are instructed to

self-isolate at home.

Steps Objective(s)

Features/strategies

Sample sentences to be used with the patient

To inform the
patient about
their situation
To address
patient’s anxiety

C Comprehension
of the situation

Ed Patient To instruct the
Education patient on how
about self- to take care of
management themselves and
strategies how to protect

relatives from
infection

R  References To point patients

to reliable to reliable
resources websites and
free helplines
| Explanation To bolster
about what to patients’ ability
do in case of to monitor
emergency and detect
symptoms of
worsening
disease
C Checking To assess how
the patient’s well patients
comprehension understand the
instructions
To make

patients aware
about contact
tracing

Strike a balance
between the seriousness
of the situation and
reassurance.

Inform the patient about
strategies for avoiding
disease exacerbation
and transmission.

Give patients clear
instructions about what
to do.

Reinforce the patient’s
sense of control,

value, and self-efficacy
regarding self-
management strategies.
Use clear verbal
communication.

Choose evidence-based,
easy-to-understand
references.

Inform patients about
red flags that should
prompt them or other
family members to seek
medical attention.

Use the teach-back
method

Address learning
transfer

Give patients an
opportunity to ask
questions.

“You are showing the symptoms of COVID-19. We can’t test
you because there are not enough tests available. They are
reserved for people requiring hospitalization. Hearing this
makes you worried/anxious!

Most patients experience mild to moderate flu symptoms
(fever > 38°C, cough, headache, etc.), which take time (at
least 2 weeks) to diminish or disappear. At that point they
have recovered from COVID, but may still be contagious. In
all of these cases (and most likely yours), you do not need to
be hospitalized.

There is no specific treatment for COVID-19. You must

take the necessary preventive measures for yourself (to
avoid secondary infection) and for others (to avoid infecting
them). We can relieve your symptoms, however (antipyretic,
antitussive, inhaler, etc.). We will tell you what to do.”

Stay home

Monitor your symptoms carefully.

Rest and drink lots of fluids.

If you have a medical appointment, call the healthcare provider
ahead of time and tell him or her that you have, or may have,
COVID-19.

Cover your cough and sneeze.

Wear a face mask whenever you are around any other people.
Wash your hands often.

Whenever possible, stay in a specific room and away from other
people in your home.

Do not share your personal items with others.

Clean all frequently touched surfaces.

Resources (fill in as appropriate) (Examples from the New

York State Department of Health. https://www.albanyny.gov/
Government/MayorsOffice/COVID 19ResourceGuide.aspx) )
www.cdc.gov

www.who.int

You should call New York State Department of Health at 1-888-364-
3065 or Albany County Department of Health at (518) 447-4580 to
receive guidance on what to do and how to self-quarantine.
Provision of resource materials to patients

“Emergency warning signs include difficulty breathing; new

or persistent pain or pressure in the chest; new confusion or
inability to wake up; bluish lips or face; discomfort. This list

may not describe all possible symptoms. Please consult your
healthcare provider for any other serious or worrying symptoms”.

“We've talked a lot today and | want to make sure I've
explained things properly. So let’s review what we’'ve been
talking about. Can you describe the main instructions on how
to prevent complications and the spread of COVID-197?”

(If this reveals a misunderstanding, explain again using a
different approach).

“What are your questions?”

(Don’t say “Do you have any questions?” since most patients
will respond to this by saying “no”).

“You will be contacted or invited by authorities shortly to let
them know your contacts during the last 7-10 days. Please
cooperate actively for contact tracing in order to avoid the
spread of the disease.”
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dealing with their emotional response; and developing a
strong rationale. Dealing with a patient’s emotional response
is difficult. Health professionals must strike a delicate balance
between reassuring patients that it is safe to return home and
convincing them of the seriousness of the situation, so that
they do not minimise the problem. !

The large majority of patients who are at low risk should
be told that in most people the disease is not as severe as
the media reports, and that there are strategies for avoiding
transmission to their families (see Step 2). Indeed, recent
research suggests that the real-world mortality rate may be
lower than previously reported and that the vast majority of
suspected COVID-19 cases experience none or only mild
symptoms.>!'%!718 This could be due to the “iceberg” effect, in
which there are many more patients below the surface who
act as a reservoir of “spreaders” transmitting the disease to
the rest of the population, and include the more vulnerable of
those at risk of severe disease. Patients should, however, be
warned that this new virus appears to be highly contagious,'
and requires strict self-isolation.

Step 2 —Educate the patient about self-management strategies.
An important part of this step is making sure that the
patient develops “an accurate mental model of the process of

transmission that provides a strong rationale for what they
need to do to prevent if”."> Rather than just telling people what
not to do, the main goal of Step 2 is to give patients clear
instructions about what they should do and why. An example
(Figure 2) will illustrate the point.

At a minimum, patients should be instructed on how to
take care of themselves; in that regard, see the Michie et al
(2020)8 review of advice from the World Health Organisation,
US Centers for Disease Control and Prevention, and Public
Health England, setting out 13 behaviours important for
reducing transmission (see Table 2). As patients’ families are
usually not allowed in the triage room, patients should also be
instructed on how to protect their relatives from transmission.

These recommendations should be described,
demonstrated, commented upon, and practiced (at least
mentally), so that patients develop a sense of self-efficacy,*!
that is, self-esteem regarding their own capacity to perform
these acts at the appropriate time, place, and frequency.

This sense of mastery (what Bandura calls “self-efficacy,”
or the feeling of being competent) is one of the three most
important factors explaining involvement and perseverance
in tasks (at least in the educational context). The other two
factors? are perceived value (of the actions, ie, how effective
they are, and their ethical value) and perceived control (ie,
does the result depend on my efforts; how much control

do I have?). The latter is related to the concept of causal
attribution, as described by Rotter (1990),%* while the former
distinguishes internal locus of control (results depend upon
me) from external locus of control (chance, or other factors
beyond my power). Weiner (1985)* distinguishes belief in

the changeability or immutability of causes. The more a task
is perceived as internally controllable and modifiable by the
patient himself, the more likely his involvement.

As an example, consider Michie et al® behaviour #9 (out
of 13) : “social distancing: if not caring for a symptomatic
person, avoid contact and proximity. Maintain distance
between yourself and other people, particularly those who
are coughing, sneezing, or have a fever.”” The caregiver
should not just give the patient models of behaviour (see
“the long hand” above), but also ensure that the patient is —
and feels — able and willing to perform them. Without this,
there is a risk that the patient will feel powerlessness, what
Seligman (1972)% calls “learned helplessness” and even give
up on doing those behaviours.

Clear verbal communication strategies (see Table 3) should
be used to help patients better understand health information.?**

Figure 2. Social distancing: suggested gestures to replace close
contact: “the long hand.”?®

In the context of social distancing, Leclercq (2020)* has
suggested gestures that could replace close forms of contact
such as hugging or kissing to communicate deep sympathy

in highly emotional situations like funerals, weddings,
anniversaries, and childbirth. The author advises against
gestures (such as footshakes, fist-bumps or elbow-bumps)

that require approaching the other person. Similarly, he rejects
gestures that bear a commonly shared religious connotation
(Muslim, Hindu or Christian greetings) or that have connotations
of ordering, praying, begging, obeying, etc. To take advantage
of the automaticity of “shaking” (in French “serrer la main = to
tighten), this author recommends two gestures visible from a
distance: on the left, when both hands are free, and on the right
(fingers spread apart) when only one hand is free.

In both cases, he recommends reinforcing these gestures by
looking the addressee in the eye, uttering (audible or not, but
visible) words of sympathy (as brief as possible, such as “l am
with you” or the even shorter “With you”), and, finally, a small
nod of the head. The signs should be customized according to
the context (a sad or a happy one).

These gestures were chosen for their simplicity and sensoriality
(pressing hands instead of pressing the other person’s body), to
avoid any similarity to religious signs or giving the impression of
mimicking sign language for the deaf (which differs from country
to country).

Since sender and receiver should have the same understanding
of such gestures, they should be promoted by mass media

and social networks, so that they “go viral” like COVID-19 has.
National government media outlets could get this started, after
which local and private media outlets could take over and
spread the message

Volume 21, No. 6: November 2020

Western Journal of Emergency Medicine



CEdRIC: Strategy for Patient Education During COVID-19 Triage

Pétré et al.

Step 3 — Refer the patient to reliable resources

As the conditions for education are suboptimal (crowded
facilities and very stressed patients who may be in pain),
other forms of education such as written material or videos
are a useful accompaniment to verbal instruction. Health

Table 2. Thirteen behaviours to reduce transmission® (© 2020
Susan Michie & BMJ Publishing Group Ltd. All rights reserved.
Reproduced with permission).

Group of

behaviors Behaviors

Hand hygiene 1. Wash hands regularly with soap and water

for at least 20 seconds.

2. Always wash hands:
«  after coughing and sneezing
«  after touching nose or mouth
»  after caring for the sick
*  before, during, and after food preparation
*  before eating
«  after using the toilet
«  after handling animals or animal waste.

3. If soap and water are not available, use
an alcohol-based hand sanitiser. This is
particularly important after taking public

transport.
Surface 4. Clean and disinfect frequently touched
hygiene objects and surfaces in the home and work

environment.

Respiratory 5. Cough or sneeze into crook of elbow or

tissue. Stifle sneeze as much as possible.

6. Immediately dispose of tissue into closed
bin after coughing or sneezing.

Touching 7. Do not touch mouth, eyes, or nose with

unwashed hands.

Self-isolation 8. If symptomatic or otherwise advised to,

stay at home for 14 days.

Social 9. If not caring for a symptomatic person,

distancing avoid contact and proximity. Maintain
distance between yourself and other
people, particularly those who are
coughing, sneezing, or have a fever.

Healthcare 10. If experiencing a fever, cough, and difficulty

breathing seek medical advice early and
describe previous travel history to the
healthcare professional.

11. If recently arrived from specified
countries within the last 14 days, call a
telephone helpline.

Personal 12. If caring for someone who has been
protective diagnosed, wear facemasks, eye
equipment protection, and gloves.

Food safety 13. Avoid eating raw or undercooked animal
products. Handle raw meat, milk, or animal
organs in such a way as to avoid cross-

contamination with other foods.

professionals should steer patients to reliable websites and
free helplines to prevent them from being bombarded with
misinformation. All recommended resources should give
evidence-based information and be easy to understand. The
CDC and COVID-19 Health Literacy Project websites (Www.
cde.gov/COVID19 and https://covid19healthliteracyproject.
com, respectively) offer an excellent selection of such
resources (see Table 4 for patient education resources).

Written instructions can be effective, provided they are not
used alone and meet some basic requirements such as simplified
language, large font, and a user-friendly format.** However,
studies that have examined the content of written instructions
have found that they require an inappropriately high reading
level 3132 Written text should follow the recommendations by
Flesch (1940),* namely, to use short sentences and short terms
(commonly used words are usually short). There is software that
automatically generates Flesch Reading Ease (FRE) scores for
readability (the scores range from 0-100 in English; the range
varies for other languages). Readability can be tested here:
https://readabilityformulas.com/free-readability-formula-tests.
php. For instance, the poster named “10 things you can do to
manage your covid-19 symptoms at home” (see Appendix)
has a FRE score of 64.8, which can be interpreted as “Easily
understood by 13—15-year-old students.”

Whenever possible, use iconic messages, since as Paivio
(1968)* has described, when we see a known object (or its
image), its name (if known) goes automatically into working
memory. He called this mechanism “dual coding.” There
are various ways to test the understandability of an icon (for
instance the 10 icons in the “10 Things” document). One of
them consists in presenting the picture (without the text, but
mentioning the theme, the title of the poster) to a sample of
persons representing the target population. The testees are
invited to translate the picture into words. The more the icon is
translated in the same way as the (non-visible) text, the more
appropriate the icon to “double” the text.

Repeat iconic messages using verbal ones (words).
Shannon and Weaver (1949)* demonstrated the importance of
repetition in ensuring complete transmission of the information
contained in a message and compensating for noise that can
contradict, hamper, or — even worse — distort the intended
meaning. Comment on the pictures using words and arrows.
Arrows and/or crosses guide the sense of the reading; the
sequence of gestures helps the brain make links, steps, and
inferences. Salomon (1972)%* coined the term “supplantation”
to describe the mechanism by which media takes charge of a
mental operation rather than letting the learner’s brain conduct it
itself. Some examples of how this can reduce a learner’s mental
workload are the camera zooming in and out in a film, or the use
of arrows in a figure to guide the reader’s gaze, or sound prompts
or cues to indicate that it is time to execute an action, or heart
rate devices that confirm cardiac arrhythmias that patients could/
should detect themselves. Supplantation is a short-term strategy,
since the patient does not learn to do these things unaided.
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Table 3. Communication strategies to help your patients better
understand health information.

*  Use plain, non-medical language.

*  Speak clearly and at a moderate pace.

»  Prioritise what needs to be discussed.

»  Limit information to 3-5 key points.

*  Repeat them.

*  Duplicate verbal information with iconic messages to
ensure dual coding.

. Reinforce verbal instructions with a written version, and
follow the written version when speaking. (It can serve as
a cheat-sheet.)

»  Cite online links.

»  Suggest where to display the written instructions at home.

*  Give the patient the document.

Step 4 — Explain to the patient what to do In case of emergency.
Step 4 aims to enhance patients’ ability to monitor and
detect symptoms that indicate worsening of their disease.
To do that, health professionals tell patients about red flags
(for instance, difficulty breathing, new or persistent pain or
pressure in the chest, new confusion or inability to wake up,
bluish lips or face, discomfort, temperature over 39°C, and
headache, etc.) that should prompt them to seek medical
attention or advice. Vashi and Rhodes (2011)* found that
although 76% of patients were given an explanation of their
symptoms, only 34% were given instructions on what to do
if their symptoms worsened. Therefore, it is important that
health professionals prompt their patients to seek medical
attention and to consult their healthcare provider for any other
serious or worrying symptoms.

Step 5 — Check the patient's comprehension of the information
given and explore the patient’s questions.

The final step involves assessing how well the patient
understands the instructions. Studies in ED settings found
that even when they reported high levels of satisfaction with
communications, a majority of patients did not understand
their diagnosis or instructions for returning.!" “The literature
suggests asking if patients understand is suboptimal.

Patient discharge could be improved by two simple guidelines:

use the teach-back method, and explore the patient’s
questions. The teach-back method is a communication
method that tests whether a patient understands what has
been explained. Patients who understand are able to “teach-
back” the information accurately using their own words.*
Systematic reviews have shown that the teach-back method
yields better outcomes regarding disease-specific knowledge
and better adherence to self-management instructions in
chronic disease and emergency settings.**!

Step 5 also is a key time to consider whether the patient
is able to transfer what he has learned. Education is successful
when the participant applies what he has learned to his

behaviour. Transfer should to be assessed by asking the patient
how he will apply what he has learned about prevention at
home. To make at-home application of recommendations
more likely, it could be suggested that visual aids be made
permanent in the user’s environment (for instance by posting
recommendations on the refrigerator).

Finally, a moment should be taken at the end to listen
carefully to the patient’s main concerns. Healthcare providers
should give patients an opportunity to ask questions. Because it is
essential that patients understand their instructions, this last step
is crucial. It is natural and expected that what the learner knew
before being given instructions interacts with the new knowledge,
leading to new questions. Healthcare providers should give
patients time to absorb the information, ask questions, and react.*

DISCUSSION

Clinicians engaged in COVID-19 triage face a major
challenge: that of quickly establishing an effective rapport
with patients who are instructed to return home, in order to
optimise patient self-management after discharge. In this
context, the CEdRIC strategy can be viewed as an attempt
to achieve essential goals: enabling patients to understand
their medical situation; preventing complications; supporting
patients; helping patients make effective use of available
health services; and managing patients’ stress regarding the
situation. Those goals are aligned with the core competencies
described in the World Health Organisation report on patient
education.® Due to the acute, infectious nature of this
disease, educators have to teach patients new skills such as
communicating prevention measures to their families and
adhering to strict self-isolation and hygiene measures to avoid
transmitting the disease.

The triage context requires a new patient education
format adapted to the emergency situation. First, while the
recommendations generally advise allowing sufficient time
for patient education and listening to what the patient knows
and needs, and adapting education activities to the patient’s
psychological readiness,* the pandemic nature of COVID-19
demands a short format appropriate for triage and testing
settings. Second, patient education in this context is by
necessity less personalised and more focused on public health,
with activities focused mainly on the self-isolation and hygiene
measures appropriate to each patient’s situation. Third, as a
consequence of the previous point, the basic steps of patient
education no longer apply. In particular, the CEdRIC process
bypasses two of those steps: exploring the patient’s overall
needs (it focuses on knowledge rather than psychosocial
needs), and negotiating the educational objectives (since the
intervention is not person-dependent). It does, however, allow
time for discussion at the end of the process. It takes around 15
minutes to implement CEdRIC strategy. It’s important to stick
to the five steps and their related contents in order not to drift
away from the main objectives of CEdRIC. Table 1 should be
used as a checklist in that view.
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Table 4. Coronavirus 2019 resources for patients (from the CDC* and the COVID-19 Health Literacy Project).

CDC

COVID-19 Health Literacy Project

*  Use plain, non-medical language.

*  Speak clearly and at a moderate pace.

»  Prioritise what needs to be discussed.

»  Limit information to 3-5 key points.

*  Repeat them.

*  Duplicate verbal information with iconic messages to
ensure dual coding.

* Reinforce verbal instructions with a written version, and
follow the written version when speaking. (It can serve as a
cheat-sheet.)

»  Cite online links.

»  Suggest where to display the written instructions at home.

*  Give the patient the document.

*  COVID-19 Prevention: This fact sheet explains how you can

help prevent the spread of COVID-19.

*  About COVID-19: This fact sheet explains what you need to

know about COVID-19.

*  Managing COVID-19: This fact sheet explains what to do if

you are sick with COVID-19, or suspect you are infected.

*  COVID-19 and pregnancy: This fact sheet explains how

COVID-19 affects you if you are pregnant, or planning to
become pregnant.

+  COVID-19 for 3-6 year olds: This fact sheet can help 3-6 year

olds understand the important information about COVID-19.

+  COVID-19 for 6-12 year olds: This fact sheet can help 6-12 year

olds understand the important information about COVID-19.

+  COVID-19 for 13-18 year olds: This fact sheet can help

13-18 year olds understand the important information
about COVID-19.

*CDC, US Centers for Disease Prevention and Control; COVID-19, coronavirus disease 2019.

Despite these limitations, triage, remote consultations,
and discharge offer unique opportunities for teaching patients
which strategies they should use to take care of themselves and
limit disease transmission. While the literature offers a variety
of discharge education approaches, several studies have shown
that oral communication and instructional tools are relatively
fast and effective techniques, and are appropriate for improving
knowledge and comprehension.* Effective education should
incorporate health literacy concepts.** This means that all of
the relevant information should be delivered in a format that
patients can understand.!! The CEdRIC strategy borrows a
number of tools from the Health Literacy Universal Precautions
Toolkit*: raising awareness; communicating clearly; using the
teach-back method; and encouraging questions.

Even if the pandemic ebbs, vigilance and prevention will
be needed for a long time. Health promotion actors should
take the CEARIC strategy beyond the hospital context and into
the daily environments of individual citizens.

The CEdRIC strategy is currently being tested in a triage
setting at the University Hospital in Liege. Since it is a health
innovation, it needs to be adopted and adapted by healthcare
providers. The strategy’s effectiveness must be documented
as well. The COVID-19 pandemic is causing worldwide
disruption. We believe that the CEdRIC strategy could be a
part of the innovation so necessary to overcoming this crisis.

CONCLUSION

Prompt detection and effective triage and isolation of
potentially infected and infectious patients are a cornerstone
of the pandemic response.

Discharge from triage is an opportunity to educate
patients who are being instructed to return home in self-
management strategies, which are the only measures currently
recommended for prevention of COVID-19 transmission.

The COVID-19 pandemic requires clinicians to quickly
teach their patients self-management strategies while
managing the inherent pressures of an emergency situation.

The CEdRIC strategy is a practical, straightforward five-
step process for delivering effective triage discharge instructions
to suspected COVID-19 patients told to stay home.

The main goals of the CEARIC approach are to provide
self-management strategies for preventing complications and
disease transmission.

Further study is needed to assess the CEARIC strategy’s
effectiveness.
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TO THE EDITOR:

Infectious disease outbreaks, such as coronavirus disease
2019 (COVID-19), place tremendous strain on availability of
personal protective equipment (PPE) and frontline healthcare
providers. Readily available PPE can substantially reduce
the rate of infection in healthcare workers and the spread of
the illness."? The lack of adequate PPE places providers at
increased risk of infection, increases healthcare worker stress,
and decreases staffing as providers fall ill. We know that
inadequate PPE and risk of becoming infected are primary
concerns of healthcare providers during pandemics, serving
as key drivers in their willingness to work.>* Therefore, it is
imperative that efforts are undertaken to minimize the threat
facing them and their families.’ Here, we describe an emergency
department (ED) effort to safely limit PPE use and decrease the
risk of illness to providers by implementing telemedicine to care
for patients already within our department walls.

LEVERAGING IN-ROOM TELEMEDICINE FOR
INFLUENZA-LIKE ILLNESS PATIENTS

Patients approaching our ED are screened outside by a
nurse in full PPE for influenza-like illness symptoms. For
those who screen positive, a tele-registration protocol is
initiated. Using a secure device, a patient’s photo identification
and phone number are forwarded to registration staff, who
then complete the registration process remotely by phone.
Those with mild symptoms are directed to a drive-through,
where a telemedicine cart facilitates an encounter with a
physician who determines the need for a swab. A nurse in
PPE moves from vehicle to vehicle performing swabs and
providing standardized discharge instructions.

Patients with severe symptoms are redirected to an alternate
ED entrance, which leads into an anteroom that immediately
separates potentially positive patients from the general ED
population. ED rooms are outfitted with a wall-mounted

television and wide-angle camera with directional speaker
system. After trialing this system, we found that it was more
efficient and effective to use iPads (Apple Inc, Cupertino, CA)
on rolling stands because they worked more reliably, were
easier for physicians to use, and required fewer room entries for
configuration. Following a successful pilot, each ED room and
clinician work area was outfitted with an iPad and stand for a
total of 100 units across both our adult and pediatric EDs.

This system has the additional benefit of being relatively cost
efficient, with each iPad and stand costing $1099.40 per unit. This
means for an average ED with approximately 30 beds and four
physician/nurse work areas it would cost $37,379.60 for a similar
telemedicine system. Optimal utilization of this system requires
synchronized team communication. For most encounters, the
number of providers required to enter the patient room can be
reduced to one. The rest of the care team (including trainees,
nurses, consultants, and interpreters) can observe and engage via
telemedicine. In addition, critical care physicians can provide
input remotely during high exposure-risk resuscitations.

SUMMARY

Telemedicine saves at least one to two interactions per
patient that would otherwise require PPE. While this strategy
minimizes unnecessary exposures for our healthcare workers,
they are not restricted from physically assessing patients
when deemed necessary. The risks and benefits of physical
interaction requiring PPE are left to provider discretion,
although we found that most COVID-19 patients under
investigation at our ED can be managed through telemedicine.

Research has shown that telemedicine is safe and
effective, and that the degree of illness severity can
be assessed without direct interaction.® While direct
auscultation of the chest cannot be performed remotely,
the value of this exam for these patients is debatable.
Auscultation alone has poor interobserver agreement and

Volume 21, No. 6: November 2020

Western Journal of Emergency Medicine



Telemedicine to Decrease PPE Use and Protect Healthcare Workers

Ribeira et al.

can miss 50% of pneumonias, which are better predicted
by oxygen saturation less than 95%, fever, and tachycardia,
with the gold standard being chest radiograph (CXR).”1°
Respiratory status can be assessed reliably by talking with
the patient, evaluating his or her history, and observing

for objective signs of respiratory compromise, with the
addition of a CXR when indicated.

Our ED had a sophisticated telemedicine system built into
every ED room prior to COVID, yet we found that a low-cost
iPad-based system was more effective and could potentially be
quickly deployed in other settings to conserve valuable PPE
and prioritize healthcare worker safety. During the COVID-19
pandemic, healthcare systems and providers must rapidly
innovate and disseminate practices that strengthen our crisis
management capabilities.
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The COVID-19 pandemic has required healthcare systems to be creative and adaptable in response
to an unprecedented crisis. Below we describe how we prepared for and adapted to this pandemic at
our decentralized, quaternary-care department of emergency medicine, with specific recommendations
from our experience. We discuss our longstanding history of institutional preparedness, as well as
adaptations in triage, staffing, workflow, and communications. We also discuss innovation through
working with industry on solutions in personal protective equipment, as well as telemedicine and
methods for improving morale. These preparedness and response solutions and recommendations
may be useful moving forward as we transition between response and recovery in this pandemic as
well as future pandemics. [West J Emerg Med. 2020;21(6)63-70.]

BACKGROUND led to additional preparedness ventures in the US.* This included

The COVID-19 pandemic has led to over one million
infections in the United States (US), making the US the leader in
both total number of infections and deaths due to SARS-CoV-2.
Variation in public health response around the world is one of
the many reasons that resulted in some countries being affected
more heavily by the pandemic than others. Countries such as
Vietnam and South Korea, which had early case counts' but
aggressive countermeasures such as shelter-in-place orders and
widely available testing had success against the virus. Efficacy of
a response is partially related to preparedness.

The most serious recent pandemic the US experienced
was HINI influenza in 1918.% Several pandemics since then,
including HIN1 influenza in 2009, were impactful and led to
preparedness plans at institutional, state, and national levels.* The
Ebola virus disease (EVD) outbreak in West Africa in 2014-2015

standing up the National Ebola Training and Education Center
(NETEC), recently rebranded as the National Emerging Special
Pathogen Training and Education Center, to assist with frontline
and facility-level preparedness focused on pathogens like Ebola
transmitted through body fluid exposure.’ Conversely, some
countries in Asia have had prior experience with respiratory
pathogens through outbreaks of severe acute respiratory
syndrome (SARS) and Middle East respiratory syndrome and
have a robust response plan.8 We know this preparedness is
important, as swift response by countries such as South Korea led
to disproportionately fewer deaths due to COVID-19 than others
affected at the same time.!

As of this writing (August 18, 2020), the State of Georgia
ranked fourth in the US in numbers of confirmed COVID
cases (238,861),° and has experienced 4727 deaths.!” The
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Emory University Healthcare system is a large, decentralized,
quaternary care system with multiple hospitals and many
levels of medical and nursing leadership. The Emory
Department of Emergency Medicine covers the entire

system within a single leadership structure representing

over 500,000 annual patient visits across seven emergency
departments (ED). Our experience with COVID-19 has been
within this context, and in our initial wave we saw over 1500
COVID-19 positive patients in our EDs (March 14 - April
27,2020). Although we have not experienced the incredible
surges seen in New York, our case burden necessitated a
robust response, and we have had many successes as well as
opportunities to improve our care and processes. For example,
testing shortages statewide initially reduced our ability to
test. In response, our institution worked to stand up our own

proprietary testing, only to be later plagued by swab shortages.

We believe that an assessment of our pandemic response,
preparedness, and implementation provides an opportunity to
reflect and share our experiences with others in the medical
community. Below we detail the main take-aways and
recommendations from our experience.

PREPAREDNESS DURING PRE-PANDEMIC TIMES
IS IMPERATIVE

Because of our institution’s pre-existing relationship with
national public health leadership including faculty who hold
joint appointments with the CDC, we were fortunate to have
a robust, serious, communicable disease program in a steady
state of preparedness. This state of preparedness was born out
of a mission to provide assistance to employees of the CDC,
physically located beside our campus in Atlanta, and bolstered
by the EVD outbreak in 2014-15 in which the program
successfully and safely cared for multiple patients with EVD.
This program includes both nurses and providers trained and
ready to care for patients with serious communicable diseases
in our biocontainment unit. Regular training and drills involve
personal protective equipment (PPE) donning and doffing
sessions for powered air-purifying respirators (PAPR) level
and high-level (face mask or N95, eye protection, contact
gown, and gloves) PPE, a group of nursing “super users” who
practice delivering care in their PPE quarterly, and real-time
exercises in the ED alongside our Serious Communicable
Diseases Unit (SCDU) team.

A real asset has been our ED’s close association with
nurses and faculty members embedded within the SCDU
team, the benefit of which became readily apparent when the
ED was included early in planning as COVID-19 became
a reality in the US. These pre-existing skills were helpful
as we had established practices converting our ED to care
for a serious communicable disease, and had been early
adopters of a universal travel screen to isolate patients with
infectious symptoms away from our large population of
immunocompromised patients. We also had high-level PPE
trainers ready to mobilize as it became necessary to partner

with ancillary staff, such as radiology and environmental
services. At one ED, we trained 218 nurses and providers to
safely don and doff high-level PPE in one week using the
scalable, pre-trained “super user” approach. Although other
institutions may not have the same relationship with the
CDC, there are still many ways that an institutional state of
preparedness can be maintained.

Preparedness Recommendations

1. Maintain a cadre of healthcare workers trained as PAPR
and high-level PPE super users, including nurses and
providers, with quarterly recertification and donning and
doffing drills in PPE.

2. Maintain a standard operating procedure (SOP) for care
for patients with serious communicable disease, with
which department administration is familiar and can be
rapidly deployed and scaled as necessary.

3. Use a universal travel screen at patient entry points to
screen and isolate patients with infectious symptoms.!!

ADAPTABILITY - IN TRIAGE, WORKFLOW,
STAFFING, AND COMMUNICATION

Our department was able to adapt to the rapidly evolving
information regarding the science, availability of resources,
and system responses in addressing the changing needs of our
patients, as well as to hone early, less-than-ideal processes. Some
of this stems from the baseline adaptive outlook of emergency
medicine (EM) operations, where the constant state of changing
workflow truly is our steady state.'?> Below we detail specific
adaptations in one of our EDs, including our triage, workflow,
and staffing algorithms (Figure 1). These adaptations, protocols
and practices were widely adapted across our EM service line.

Triage

We started to screen patients with recent travel to
China with fever or cough in January 2020, guided by early
recommendations from our Infection Prevention (IP) team.
Patients were triaged to one of two negative pressure rooms
and IP was contacted for co-management of each patient.
Patients pending triage waited in a small, enclosed, negative-
airflow waiting room, which was ultimately found not to
be ideal as patients with fever and respiratory complaints
were sitting in close proximity for hours; thus, early on
we adapted triage procedures to manage the increase in
volume of persons under investigation (PUI) for COVID-19,
specifically through a split-flow operational model. Because
of our immunocompromised patient population and small
physical space, we split our triage and ED flow into infectious/
respiratory complaints and non-respiratory complaints before
the patients entered the treatment space. We initially used a
symptom screen to identify infectious/respiratory complaints
that included fever, cough, and shortness of breath, and
then expanded this screen when additional characteristic
COVID-19 symptoms were recognized. This split triage
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Figure 1. Timeline of key interventions-in the Emergency Department (ED) at Emory University Hospital (EUH) during the COVID-19

response (January 13, 2020 — April 27, 2020).

PUI, person under investigation; /P, infection prevention; EMR, electronic medical record.

model enabled flexibility and kept infectious respiratory
patients physically apart from the rest of our patient
population, including immunocompromised patients without
infectious complaints.

The tiered triage model was based on risk assessment
through a revision of the 2009 HIN1 SORT criteria,' revised
to the known presenting signs, symptoms, and risk factors for
patients with COVID-19 from literature out of China and the
US."*!" Triage now occurs physically outside the ED by a triage
nurse, behind a screen and in PPE, based on medical history,
symptoms, heart rate, and oxygen saturation. Low-risk PUIs
are directed to a rapid discharge area (initially a physically
separate, fast-track area, and subsequently transitioned to a tent
outside the ED) with COVID-specific discharge and home-
isolation instructions and goal arrival-to-discharge time of 30
minutes. This protocol became the standard applied across our
system’s EDs. We created minimalist protocolized work-ups
including chest radiograph (CXR) and nasopharyngeal swab,
managed by advanced practice providers (APP). A room was
dedicated for chest CXRs for patients likely to be discharged.
Intermediate-risk patients identified based on comorbidities
and social situation (chronic lung, heart or kidney disease;
immunocompromised; diabetes; communal housing) waited in
the respiratory-patient waiting room later to be triaged by APP/

telemedicine doctors into the rapid discharge area or into the
main respiratory zone. High-risk patients based on clinical signs
were brought immediately back into the respiratory zone for
physician evaluation.

Initial challenges with this process included the physical
layout of the ED, which required modification with temporary
walls and markings delineating warm zones to prevent
crossover of infectious vs noninfectious patients. Other
challenges included adapting and flexing the model based on
upticks in patient volumes and acuity. All cardiac arrest and
stroke patients were triaged as PUI into a resuscitation bay,
with all staff wearing high-level PPE (N95 respirator, face
shield or eye protection, gown, and gloves). Our physical space
was also modified to adapt to this changing triage and flow,
including addition of high-efficiency particulate air filtration
and temporary walls to delineate the respiratory zone.

Triage Recommendations
1. Institute a split triage and flow model to separate
infectious/respiratory vs noninfectious complaints, using
a tiered triage approach based on comorbidities, clinical
condition, and infectious symptoms.
2. Modify physical space as needed to maintain discrete
infectious and non-infectious zones.
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Workflow

During the first three months of the developing
COVID-19 pandemic, our diagnostic testing ability changed
due to testing modifications and fluctuating availability of
supplies. We had a unified testing strategy across institution
and agreed upon at the administration level, which was
adapted as needed in conjunction with IP. Initially, we used
state health department tests and called IP for permission to
test. Subsequently, we began to use an Emory-developed RT-
PCR test, which reduced turn-around time to <24 hrs (Figure
1). At a system-level, a fast-track outpatient respiratory clinic
was developed to redirect flow of low-risk patients from
the ED. When the supply chain for swabs was interrupted,
we preserved testing for those patients being admitted, and
eventually were able to test all admitted patients for cohorting
and infection control while in hospital. As our availability
of swabs increased, we expanded testing for patients being
discharged with moderate to severe risk factors as well as
healthcare workers. We also began to deploy the Cepheid
rapid test in cases where early knowledge of the results could
aid with disposition, such as clearing patients to return to
communal living (nursing homes, shelters, or other close
quarters). We also used the rapid test to send respiratory
patients with negative test results and alternative diagnosis
to the clinical decision unit, and prior to providing positive
pressure ventilation and respiratory treatments in the ED.
Use of the rapid test decreased our ED boarding pending test
results for these certain special populations, and otherwise
admitted patients were usually not held in the ED for results.

Within our practice, we made significant changes in
workflow. We implemented protocols to reduce spread of the
virus and for patient and staff safety, including temporarily
stopping the use of noninvasive positive pressure ventilation
and nebulizers in the ED. We also intubated using video-
assisted laryngoscopy in conjunction with plastic drapes or
shields. We collaborated with ancillary departments to create
more efficient workflow protocols with radiology, laboratory,
and environmental services to conserve PPE, expedite PUIL
exams, and provide more timely diagnostic results. Our CT
scanner decontamination protocol was streamlined to require
that hospital-grade sanitizer be used to wipe it clean after
masked patients.

Many of our colleagues from various specialties assisted
in offloading non-PUI patient volume from the ED, such
as dental pain and orthopedic injuries, which were quickly
rerouted after an appropriate medical screening exam to be
seen by oral surgery and orthopedic surgery off-site. With
encouragement from hospital administration via incident
command working groups, subspecialties were able to shift
their practice to ensure rapid access to care for their patients
to offset the need for ED referral for evaluation, and our
psychiatry program created a mechanism to streamline
psychiatric patient boarding and placement. An anesthesia
team was put together to perform intubations as well as

arterial and central line placement to free emergency
physicians to care for other critically ill patients while
conserving PPE. We also modified the electronic health record
for COVID-19 orders to facilitate ordering of labs, imaging,
and isolation precautions.

Workflow Recommendations

1. Unify and streamline testing strategy across institution,
to prioritize limited testing capacity for those patients for
whom the test result would have the greatest impact on
their care or disposition.

2. Consider implementation of personnel-protective
safeguards, particularly during aerosol-generating
procedures, such as use of evidence-based shields,
video laryngoscopy, and avoidance of positive pressure
ventilation and nebulization.

3. Use other services to streamline and offset workload for
emergency providers, including alternate areas for patient
care, rapid clinic follow-up, and proceduralists to assist as
needed in the ED.

Staffing

This flexible triage and patient care model led to
modifications to our ED staffing. In the pre-pandemic steady
state, we had already implemented a seasonal, influenza-surge
staffing model to include an overnight on-call emergency
physician to care for patients admitted to the intensive care
unit but boarding in the ED. We quickly adapted this existing
surge staffing for increased respiratory patient volume.
When the volume ebbed, presumably due to stay-at-home
precautions, we flexed providers off the schedule while
maintaining pay to increase wellness, morale, and prepare for
future anticipated surges. Additionally, when providers needed
to come off the schedule for illness, our process enabled us to
preserve the on-call system by flexing in providers from the
surge schedule to fill available shifts. Daily needs assessments
of staffing occurred, enabling this flexible model to activate
providers onto the schedule as needed. The development
of telemedicine, discussed further below, enabled us to be
more flexible with rounding in our observation units to
enable the ED providers on shift to focus on higher acuity
care. At the system level, 22 outpatient internal and family
medicine attending physician and APP volunteers were
trained in ED operations and PPE early on in the pandemic.
These colleagues were deployed to the ED to cover lower-
acuity patients in the non-respiratory zone and for aftercare
responsibilities, freeing emergency physicians for higher
acuity cases.

Staffing Recommendations
1. Implement a surge staffing schedule to enable as needed
flexing physicians and APPs on and off the schedule to
address ED surge as well as fill in for providers who need
to come off the schedule for illness.
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2. Consider credentialing family and internal medicine
physicians and APPs, to offload lower-acuity workload
from emergency providers as needed.

Communication - in one place, among all stakeholders

As the pandemic impacts our healthcare system, email
traffic has increased, including communications from many
sources such as the healthcare system, department leads, and
individual hospital sites. Providers and staff reported information
overload from the sheer volume of emails as well as the quickly
changing guidelines and operating procedures in response
to new information on the pandemic as well as supply chain
challenges. We surveyed our providers about how they felt about
communications and found that of the 71 respondents out of 240
physicians and APPs surveyed, 42% felt they were receiving the
right amount of information from the institution, while 46% felt
they were receiving too much information from the institution.
Sixty-four percent of physicians and 68% of APPs surveyed felt
that they were receiving the right amount of information from our
ED and the medical directors of their sites.

The main areas of concern regarding communication
and clinical work included provider safety and frequently
changing protocols. In response to this feedback, we moved
toward developing a living, web-based, SOP document,
which was updated frequently and served as a central source
of up-to-date information. This allowed us to avoid minor
email updates and enable providers and staff to have one
central repository of information for protocols and safety.
The SOP also included a built-in feedback form that provided
feedback directly to the creator. Between March 29 - April
22,2020, the SOP underwent nine iterations. Institutionally,
we moved toward one daily update email. Additionally, the
ED medical directors began holding weekly meetings on a
virtual platform, which served to update the clinical group
regarding operation changes, brainstorming for solutions, and
as formal processing group sessions for debriefing of personal
and professional stressors related to the pandemic. Finally,
for situational awareness, the chair of EM provided a weekly
podcast to keep faculty, staff, and residents up-to-date on the
latest changes and ongoing system-level initiatives.

Early in our response to the pandemic, it was recognized
that physician and nursing communications were occurring
in a siloed fashion, thus resulting in ineffective process
implementation as well as frustrations across both disciplines.
These communications were then coordinated and centralized
to occur within the incident command center (ICC) structure
outlined below as well as with pre-shift huddles between
charge nurse and hand-off physicians to determine real-time
plans for the day. This informed the rapid coordination of
workflows and modification of clinical protocols within
the ED by including all key stakeholders in a daily meeting
where tasks were assigned and coordinated through project
managers. Ultimately, this coordination enabled us to push
forward many of our initiatives.

We also began to improve coordination as a system with
an ICC structure. ED operations was identified as a workgroup
within the ICC structure. This workgroup managed ED
operations with daily meetings between all medical directors
across hospitals as well as separate ICC meetings. These
changes enabled us to be unified as a system and communicate
as one voice at the system level. As our department covers a
number of hospitals with different leadership structures and
policies, these daily meetings across hospitals were important
to ensure that our SOPs functioned appropriately across
each site and that best practices were shared and quickly
disseminated across our EDs.

Communication Recommendations

1. Streamline and standardize multiple levels of
communication between department and institution via an
incident command structure with EM represented in the
ICC structure.

2. Coordinate communication between physician and
nursing leadership.

3. Create a SOP document that is readily accessible and
updated regularly for providers and staff to access
centralized information.

INNOVATION
Working with Industry

Faced with the potential healthcare surge of COVID-19
patients as well as potential for PPE shortages and sick
providers, we worked toward innovative solutions to mitigate
these risks. Our close relationships between other academic
institutions and industries helped with creative solutions to PPE
supply issues, including development of 3-D printed faceshields
and novel intubation plexiglass shields'® in coordination with
the Georgia Institute of Technology. Other PPE solutions
included investigation and trialing of respirator sterilization
and reuse strategies, such as ultraviolet (UV) sterilization.
Finally, many solutions were primarily technology-based,
including a mobile, web-based application, C19check.com, to
provide the general public a source of information to assess
their risk of severe COVID-19 disease and what to do next to
help mitigate a hospital surge." This application, translated into
multiple languages to maximize impact, assisted our general
patient population with decision-making as to when to come to
the ED, and was developed out of an established relationship
between industry and our institution. The application was
promoted through university channels online as well as to
the public through university media relations in order to raise
awareness of the checker and facilitate guidance to the public.
The application also has the capability to expedite ED triage
process by providing an option for patients to self-triage with
the application. Patients can then show the triage provider their
output, as a provider-hands-free option, to help sort the patients
into their triage risk category, thus theoretically facilitating
social distancing even within the ED.
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Industry Recommendations
1. Identify outstanding needs (eg, PPE) and institutional
partners with skillsets to fill these needs.
2. Consider leveraging novel or existing web-based
technology to inform the general public and facilitate
healthcare utilization.

Telemedicine

We also developed an EM telemedicine initiative, which
was identified as a tool that could be deployed to help with
challenges such as access to care, resource optimization,
physician safety, and a mechanism to allow quarantined
but asymptomatic providers to contribute clinically. We
obtained tablets mounted on rolling stands, which could
facilitate easy transition between patients, for a telemedicine
physician located in a central office location outside the
ED. This system included a telemedicine stethoscope so the
physician could virtually examine the patient as needed.
Initially, we sought to deploy the telemedicine physician as
a way to evaluate and treat low-risk respiratory patients in
our tent external to the ED; however, we quickly learned
the physical layout, acoustics, and visual limitations of
the tent made telemedicine use in this way unfeasible. Our
telemedicine program has since been successfully deployed
at multiple different stages along the patient care continuum,
thereby expanding its utility. From a prehospital perspective,
patients who do not require emergent care are seen by
clinic physicians using telemedicine. This has improved the
patient care experience while mitigating ED resource use
and staff exposure. In ED triage, the telemedicine emergency
physician is connected with a triage nurse to provide rapid
medical evaluation and input initial orders. For low-acuity
patients, the nurse in the room assists the telemedicine
emergency physician with a full evaluation, including
facilitating telemedicine stethoscope use, and can complete
the entire work-up and discharge plan.

The telemedicine physician has been used to staff
APPs when needed in the ED, and to round remotely in
each hospital’s ED observation unit. One physician has
been able to simultaneously care for low-acuity patients in
observation units as well as respiratory patient triage areas in
two hospitals at once, thus optimizing workflows, improving
patient flow, and reducing PPE consumption. Finally,
telemedicine has been used for patient follow-up, including
COVID-19 test results sent during an ED visit or high-risk
patients not tested during their index visit. All patients have
follow-up using an algorithm that involves escalation as
indicated from a nurse call, to a physician or APP call, to a
telemedicine visit or to a COVID-19 clinic visit, or finally to
return to the ED. Moving forward, additional opportunities
for telemedicine include pre-emergency medical services for
evaluation by providers to determine need for transport or
for saturated departments as a way to continue management
of stabilized patients.

Telemedicine Recommendations
1. Consider implementation of a telemedicine program
for ease of prehospital triage, to streamline low-acuity
emergency patient care, or for patient follow-up.

Morale

Our department has a strong institutional focus on
wellness during steady state including wellness initiatives and
a funding stream.?*?? This baseline has easily translated into
initiatives during the COVID-19 pandemic including a focus
on health, safety, and wellness of faculty and staff. In terms of
health and safety, before known local community transmission
of SARS-CoV-2, we fast-tracked staff testing through a
systemwide COVID-19 hotline. We had early clarification of
the process of caring for our own, enabling return to work, and
developed strategies to maintain salaries. We also prioritized
learner safety, removing medical students and off-service
rotating residents from the ED early on in the pandemic, and
encouraged EM residents to see only non-PUI patients initially
until our safety procedures solidified. Scribes were also placed
centrally within the department and did not enter PUI rooms.
Masking was mandated for all patients as well as staff in the
ED, and masks were provided for those who did not have
one. We also focused on PPE solutions, such as use of PAPR
for staff comfort. While we had to employ PPE conservation
strategies such as N95 mask reuse with UV sterilization
between uses, the attention to correct PPE use allowed our
staff to remain safe. (As of April 15, 2020, only three of 218
MD/APP/registered nurses tested positive for COVID-19 at
one site.)

In terms of personal wellness, our department was
instrumental in facilitating childcare for providers
by partnering with volunteer medical students given
interruptions in their educational schedule, and with
professional childcare agencies after schools closed. Our
department of EM also funded on-shift food for the EDs
for two weeks at the beginning of increased COVID-19
PUI volume, and then transitioned to fundraising at an
institutional level to continue to provide food for all
ED staff on shift. Faculty also started collating personal
locations to volunteer space (such as unused garage rooms
or carriage houses) for those in need of quarantine or
isolation outside their own homes, in addition to the hotel
housing offered by our institution. Great attention was paid
to the emotional state of providers and staff, with ongoing
discussions normalizing and validating the range of emotions
experienced and offering emotional processing groups
at the end of weekly operations through virtual sessions
led by department leadership. Counseling services were
offered by phone or virtual platform by Emory’s Faculty
and Staff Assistance Program and Emory Psychiatry. Yoga
and meditation classes were offered on a virtual platform
so employees could continue to participate while practicing
social distancing.
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Morale Recommendations

1. Implement PPE strategies that address both supply chain
and staff morale, including universal masking to protect both
patients and staff, offering alternative PPE solutions such as
PAPR for staff comfort, and maintaining a strong PPE supply
chain so that fear of lack of available PPE is reduced.

2. Support staff wellness through programming to address
acute needs, such as childcare, quarantine housing, on-
shift food, and emotional stress.

CONCLUSION

These are just some of the interventions that we found to be
helpful as our department learned to navigate this crisis. We are
continuing to prepare, adapt, and innovate as we are faced with
the changing realities of the COVID-19 pandemic each day and
prepare for the transition between response and recovery, and
back again. As with many healthcare systems around the US, we
noticed an overall decline in ED volumes as well as an increase in
influenza-like illness cases (Figures 2a, 2b) through March—April
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Figure 2. A) Weekly number of presentations, and presentations for
Influenza-like iliness (ILI) to the Emergency Department at Emory
University Hospital during the COVID-19 pandemic in 2020.

B) Broken-stick quadratic regression (95% Cl) of weekly proportion
of visits that were ILI with breakpoint set at the week beginning
February 23 2020 (week of first announced death due to COVID-19
in the state of Washington) OR = 0.90, 95% CI: 0.88 - 0.91, p <.001.

2020. As our percentage of laboratory-confirmed influenza cases
steadily decreased to zero, our laboratory confirmed COVID-19
cases peaked at 25.1% of those tested having a positive result
during our initial surge (March 23-29, 2020). Our test positivity
rate began steadily rising again in June—July 2020, greatly
exceeding our initial surge. We are still struggling with adaptation
to shifting guidelines and the unknowns of what is to come as
individual governors allow stay-at-home orders to expire and
with discordance in public masking recommendations.

While we initially disassembled our tents given reduced
volumes, they remained on site and have been reconstructed
given our new surge in COVID-19 patient volume. We are now
experiencing increased ED boarding as inpatient beds are full
with COVID-19 patients as well as postoperative patients after
restarting elective surgery at our institution. The preparedness
and processes put in place during the initial surge facilitated
our team in adeptly managing patient care and ED flow as
cases drastically increased. Without question, we will continue
to use these lessons and recommendations on preparedness,
adaptability, and innovation in this second surge of COVID-19
and in the future for inevitable additional waves, as well as for
whatever emerging public health emergency comes next.
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Resuscitation of cardiac arrest in coronavirus disease 2019 (COVID-19) patients places the
healthcare staff at higher risk of exposure to severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). Unfortunately, COVID-19 status is unknown in most patients presenting to the
emergency department (ED), and therefore special attention must be given to protect the healthcare
staff along with the other patients. This is particularly true for out-of-hospital cardiac arrest patients
who are transported to the ED. Based on the current data available on transmissibility of SARS-
CoV-2, we have proposed a protocolized approach to out-of-hospital cardiac arrests to limit risk of

transmission. [West J Emerg Med. 2020;21(6)71-77.]

Disclaimer: Due to the rapidly evolving nature of this
outbreak, and in the interests of rapid dissemination of
reliable, actionable information, this paper went through
expedited peer review. Additionally, information should be
considered current only at the time of publication and may
evolve as the science develops.

BACKGROUND

It has been recognized that cardiopulmonary resuscitation
(CPR) is an aerosol-generating procedure (AGP).! In fact, there
is evidence of transmission of severe acute respiratory syndrome
coronavirus and Middle East respiratory syndrome to healthcare
workers involved in CPR despite wearing proper airborne
personal protective equipment (PPE).>* Considering the growing
number of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infections in the United States and around the

world, many healthcare workers will provide direct care to
patients suffering cardiac arrest who are suspected of having
coronavirus disease 2019 (COVID-19). Careful planning and
thorough preparation are required to deliver quality resuscitation
while protecting staff and other patients from potential exposure
to the virus. In addition, mindful deployment of available
resources must be weighed against resuscitative efforts and
patient outcomes.*

Given that the overall survival to discharge of out-of-hospital
cardiac arrest (OHCA) is approximately 8.8%, the benefits of
resuscitation now must be weighed against transmission risk to
providers.’ The emergency physician should assess the likelihood
of neurologically intact survival in each OHCA and decide
whether to continue resuscitation prior to the patient entering
the emergency department (ED).® Placement of an ultrasound
machine in the ambulance bay prior to patient arrival to quickly
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visualize cardiac activity may assist with decision-making.” With
this in mind, the following is a proposed integrative protocol for
OHCA during the COVID-19 pandemic.

TRANSMISSION

With the emergence of the SARS-CoV-2 and its related
disease process (COVID-19), the world faces a pandemic that
has drawn comparison to that of the Spanish influenza outbreak
of 1918.8 At the time of this writing, over 13.3 million cases have
been confirmed and over 580,300 deaths have been associated
with COVID-19. Of these confirmed cases, over 3.4 million were
identified in the United States.’

Viral transmission has been identified by both respiratory
droplet and surface contact. Mitigation of transmission has
become a key strategy. Across the world, measures such as stay-
at-home orders, school closures, travel bans, self-quarantine,
and the implementation of physical distancing have been
recommended.!® The workforce has made rapid, large-scale
adaptations to reduce disease transmission, including a major
shift to working from home and conducting business remotely
with online applications.

In contrast, for first responders and front-line healthcare
workers, contact with confirmed and suspected COVID-19
patients cannot be avoided, and the risk must instead be managed
and mitigated. Moreover, many of these personnel will be
involved in or exposed to AGPs. Examples of these interventions
include endotracheal intubation, open suctioning, manual
ventilation before intubation, and CPR.!" All of these procedures
may be involved in the resuscitation of a patient in cardiac arrest.
Noting that cardiac injury and cardiac arrest are among observed
complications of COVID-19, it is critical to reconsider pre-
pandemic approaches to cardiac arrest patients.'? Our institution,
in partnership with the region’s emergency medical services
(EMS) agencies, has developed a protocolized approach to
managing the EMS-to-ED care transition for OHCA.

Several key assumptions guide this strategy. First, under
pandemic conditions, it is important to devise protocols that
assume risk of COVID-19 infection in all OHCA. Furthermore,
if the cause of cardiac arrest is due to COVID-19 infection,
then the patient is likely to exhibit persistent oropharyngeal
viral shedding.”® This shedding creates a high-risk environment
for resuscitation. Planning and preparation for these patient
encounters and acknowledging available resources is vital to
optimizing care while protecting healthcare workers and other
patients from transmission.

PROTOCOLIZED APPROACH TO SUSPECTED
COVID-19

This protocol was developed at a tertiary, academic
hospital within a large metropolitan area served by multiple
EMS agencies, each with different capabilities, equipment, and
protocols. The intent was to minimize dispersion of aerosolized
viral particles throughout the ED, while maintaining optimal
personnel, equipment, medications, and communication to

facilitate high-quality resuscitation throughout care transfer. To
achieve these goals, the following are required:

a) Ensure that necessary staff have donned appropriate

personal protective equipment (PPE) before they assume

care of the patient

b) Reduce the number of providers in the room to the fewest

possible while still allowing optimal resuscitation

¢) Encourage use of negative pressure rooms, or identify

resuscitation rooms with portable, high efficiency particulate

air (HEPA) filter units

d) Reduce the time during which the patient is receiving CPR

in the ED but outside the negative pressure environment by

minimizing travel distance from the ambulance bay to the
negative pressure room.

e) Minimize staff ingress and egress from the resuscitation

room

) Reduce likelihood of an “open” airway (ie, an airway

without a viral filter in place on an endotracheal tube or

supraglottic device) during chest compressions inside the ED

g) Mitigate the risk of aerosolized viral particle dispersion

outside the negative pressure room.

To achieve these goals, the protocol recommends specific
physical placement of equipment and personnel both prior to and
during a resuscitation. The code team for this protocol includes
an attending physician, a senior emergency medicine resident
physician, three nurses including the code narrator (code nurse),
a respiratory therapist (RT), an ED tech (code tech), and an ED
pharmacist. To minimize infection risk, the code team consists
of two teams: one team inside the room, and the second team
outside (Figure 1). Use of an automated compression device to
replace the code tech, if available, further reduces the number of
the in-room team members.

PPE is pre-staged outside of designated negative pressure
rooms to facilitate use and availability. Medications most
commonly used in cardiac arrest resuscitation and a defibrillator
are pre-positioned by the code team on a sheet (referred to as
the dump sheet, Figure 2) while the code cart stays with the out-
of-room team to minimize contamination, ingress, and egress.
To further minimize ingress and egress, multiple modes of
communication are brought into the room, including portable
two-way radios, pre-printed cards with common terminology,
and dry-erase white boards and markers. Moreover, to reduce
the likelihood of an open airway and mitigate viral particle
dispersion, a pre-staged cardiac arrest acrosol mitigation bag
is positioned on the route to the ambulance bay, containing a
bag-valve-mask (BVM), a supraglottic airway device (SGA),

a viral filter, lubricating jelly, and a clear plastic drape (Figures
3-4). In the event that an SGA has not been placed in the OHCA
by EMS personnel, the attending physician places the SGA
while in the ambulance bay. The use of a viral filter on the SGA
and drape placement over the patient’s entire body serve to
mitigate aerosolized viral particle dispersion while outside of

the resuscitation rooms. This protocol reflects the availability of
certain resources and personnel, such as negative pressure rooms,
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..lﬁ n. Don PPE .@ Prepare airwayB Prepare code meds on dump sheet ambulance bay to resuscitation room
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il Run the code, help with intubation and 10 access as needed, communicate with code nurse

Figure 1. lllustrative diagram of code team and responsibilities to mitigate COVID-19 transmission.

portable HEPA filter units, and resident physician providers. This room while the code nurse and the ED pharmacist
protocol can be modified based on available resources. remain outside of the room for the entire duration
of the code. Communication between the attending
EXAMPLE PROTOCOL physician who remains inside the room wearing
EMS report: airborne PPE and the code nurse outside of the room
*  EMS contacts ED to report cardiac arrest with is through multiple means, including a hand-held,
ongoing CPR. portable two-way radio, dry-erase white boards
e Ifairway is not already secured by advanced airway and markers, and pre-printed cards with common
such as endotracheal tube or SGA, ED personnel terminology. For example, the attending physician
requests EMS personnel to place an SGA and meet holds the in-room radio and speaks directly to the
the ED team in the ambulance bay for patient handoft. code nurse who is holding the out-of-room radio.
CODE Team and PPE Prior to Arrival
*  Nursing supervisor identifies and notifies both the e The in-room team has two separate objectives prior
in-room team (an attending physician, a senior to patient arrival. A handoff sub-unit consisting of
emergency medicine resident physician, two in-room the attending physician, the code tech, and one of
nurses, an RT, and a code tech) and the out-of-room the in-room nurses dons airborne PPE upon EMS
support team (a code nurse and an ED pharmacist) at report, obtains the cardiac arrest aerosol mitigation
the time of EMS call-in. bag (Figure 2) and a portable radio, and pre-stages the
*  Members of the in-room team don airborne PPE prior resuscitation room stretcher equipped with an oxygen
to patient arrival and remain inside the resuscitation tank in the ambulance bay to meet EMS.
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Figure 2. “Dump sheet” for cardiac arrest COVID-19 response.
Medications most commonly used in cardiac arrest resuscitation
and a defibrillator are pre-positioned by the code team on a sheet.
Its purpose is to avoid contaminating the crash cart.

Other personnel of the in-room team, the resident
physician and RT, don airborne PPE and prepare for
airway management, including preparing the video
laryngoscope, ensuring the supplies needed to intubate
are present, and confirming that the ventilator is
optimally configured for viral filtration.

Secondary in-room nurse works with the ED pharmacist
to prepare code medications and ensure defibrillator and
intraosseous availability. The code cart remains outside
of the room while commonly administered resuscitation
medication for a typical code duration is placed inside
the resuscitation room (Figure 1).

The code nurse remains outside of the room and
communicates with the attending physician through a
portable two-way radio.

On Arrival to the Ambulance Bay

*  The patient is transferred from the EMS stretcher to
the ED stretcher. The attending physician places an
SGA (if not already in place) and connects the viral
filter between the SGA and BVM. EMS report is
given during this transition.
The attending physician provides ventilation by
bagging the patient and the ED tech provides
compressions. The nurse pushes the stretcher to the
resuscitation room. Ideally the plastic drape is on the
patient during transport from ambulance bay to the
room (Figure 3).

Patient in Room
As the patient enters the room, the door closes to
activate the negative airflow. The attending gives a

short report over the radio to the code nurse outside of
the room regarding the events prior to arrival including
downtime, rhythm, and shocks and medications that
have been delivered as reported by EMS. The code
nurse assumes timekeeping of code events.

The code tech continues compressions until the first
rhythm and pulse check.

Meanwhile, the primary nurse attaches the patient to
the monitor and defibrillator.

The resident physician intubates the patient during first
pulse check*. If a resident physician is not available,
then the attending physician performs the intubation.
The secondary nurse establishes intravenous (IV)
access if not already established by EMS and
administers medications or draws blood as needed.
The attending physician leads the code and
communicates all events in the room to the code nurse
outside. The attending places an 1O if required.

After intubation, the resident physician participates in
providing chest compressions and rotates with the ED
tech and nurse for the duration of the code.
*Ordinarily, an SGA is sufficient for ventilation during CPR.
However, under current pandemic conditions, the assumption
is that a cuffed tube in the trachea is preferred to decrease
expiratory leak and further mitigate contamination.'

Outside the Room

The code nurse radios to the team when it is time

for rhythm checks, pulse checks, and medication
administration.

The ED pharmacist outside the room assists in making
suggestions for medication and fluid administration
related to cardiac arrest resuscitation guidelines

and assists the code nurse in documenting events.
Furthermore, the pharmacist procures and prepares
other necessary medications that are not in the room.

Achieving Return of Spontaneous Circulation (ROSC)

The attending physician gives orders for an electrocar-
diogram, additional labs, arterial line placement, con-
tinuous IV fluids and medications, etc. through the radio.
The out-of-room team prepares and delivers these items.
The team in the room stays in airborne precautions PPE
for 30 minutes post-AGP procedure (intubation) if pro-
viding care inside the room.'

Patient Death

The attending physician announces time of death to
both teams; the out-of-room nurse documents this
finding in the chart.

The patient remains in the negative pressure room

for 30 minutes post-AGP to reduce any aerosols. The
patient is then double-bagged, with “contaminated” and
“biohazard” stickers placed on the outside of the bag.
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Figure 3. Cardiac arrest aerosol mitigation bag for cardiac arrest
COVID-19 response.

This bag includes a supraglottic airway device, bag valve mask,
viral filter, end tidal carbon dioxide monitoring adapter, and a
plastic drape used to cover patient.

CHALLENGES

This protocol is intended to minimize risk of healthcare
exposure to SARS-CoV-2 while delivering quality resuscitation
for cardiac arrest. To date, there is limited evidence to estimate
COVID-19 transmission during care for cardiac arrest.
Development of practice protocols requires a balanced approach:
weighing an unknown transmission risk against known risk to the
patient from treatment delays.'

Several Additional Notes:

The protocol reflects certain institutional-dependent aspects
that may require modification to generalize. For example, certain
team members such as resident physicians and pharmacists may
not be available to fulfill these roles at other institutions.

Regarding airway management, available resources and
provider experience should guide intervention. For example,
in a setting where the clinician is inexperienced in airway
management and a video laryngoscope is not available, an SGA
may be preferred.

The protocol aims to minimize the number of individuals
involved with the resuscitation. Given this recommendation,
there is great utility in an automated compression device,
acknowledging the financial resources required for such a device.

Additionally, early iterations of this protocol used

Figure 4. Plastic drape for cardiac arrest COVID-19 response.
Used to cover patient during transport from ambulance bay to
the resuscitation room. The drape has two vertical slits on top
allowing the operator to access the airway and one horizontal slit
below allowing for chest compressions or for further access as
needed without having to remove the drape.

white boards and preprinted code-communication sheets for
communication. These efforts were subsequently deemphasized
in favor of radio or phone communication, which proved to be
audible despite the background noise and allowed for an easier
conversation between the in-room and out-of-room teams.
However, these options remain available as an alternative and
backup form of communication. As an example, laminated cards
with events such as rhythm check, items such as medications, and
common questions were deployed in the negative pressure rooms.

Another limitation of this protocol is who is using the
communication devices. Designed for an academic institution,
the protocol designates the attending hold the radio in room,
whereas in non-academic settings the physician may or may
not have the capacity to act as the communications liaison
and may have to delegate that role to another individual. All
communication devices should be disinfected with EPA-
approved, low-level disinfection (LLD) between each patient
encounter, in accordance with local institutional biomedical
equipment cleaning guidelines."”

Observations during arrests suggest the plastic drape has
potential to interfere with resuscitation and may need to be
removed after arrival into the resuscitation room. The design
of the drape consists of two vertical slits on top for airway
access and a large horizontal slit on the bottom for direct chest
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compressions. Despite this unique design, the drape may be
associated with technical difficulties, including difficulty in
manipulating airway equipment, and drape movement during
compressions.

Point-of-care ultrasound (POCUS) can provide valuable
information during cardiac arrest, including identification of
interventions outside of the standard Advanced Cardiac Life
Support algorithm. Importantly, it has been demonstrated that
patients in asystole with no cardiac activity on POCUS have
low chance of survival to hospital discharge. In such scenarios,
prolonging CPR is likely unavailing, and under the current
pandemic may further expose the healthcare worker to SARS-
CoV-2. Potentially, an ultrasound check in the ambulance bay
could allow calling the code in appropriate circumstances prior
to bringing patient into the ED. If POCUS is used, a designated
location for the ultrasound machine in the ambulance bay could
reinforce its use. The ultrasound machine should be disinfected
with LLD after every use, in accordance with local institutional
biomedical equipment cleaning guidelines.'

Lastly, advanced discussions with EMS agencies regarding
expectations are vital to implementing this protocol. A challenge
to these discussions is the multitude of EMS agencies that may
respond to a facility, and the potential need to coordinate with
each one independently. Even in jurisdictions with minimal out-
of-hospital practice variation due to statewide EMS protocols,
coordination with EMS agencies is still necessary in order
to anticipate and adjust for specific scenarios such as severe
weather conditions for hospitals without ambulance bays.

CONCLUSION

Cardiac arrest management is always challenging. Cardiac
arrest management during an evolving pandemic poses additional
challenges. These recommendations are intended to assist our
local, regional, national, and global medical colleagues in the care
of cardiac arrest during the pandemic. This protocol is specific to
our institution but may be modified to meet the needs of others.
All efforts aim to safeguard providers while maintaining high
quality of care for our patients.
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Introduction: The use of transparent plastic aerosol boxes as protective barriers during
endotracheal intubation has been advocated during the severe acute respiratory syndrome
coronavirus 2 pandemic. There is evidence of worldwide distribution of such devices, but some
experts have warned of possible negative impacts of their use. The objective of this study was to
measure the effect of an aerosol box on intubation performance across a variety of simulated difficult
airway scenarios in the emergency department.

Methods: This was a randomized, crossover design study. Participants were randomized to
intubate one of five airway scenarios with and without an aerosol box in place, with randomization
of intubation sequence. The primary outcome was time to intubation. Secondary outcomes included
number of intubation attempts, Cormack-Lehane view, percent of glottic opening, and resident
physician perception of intubation difficulty.

Results: Forty-eight residents performed 96 intubations. Time to intubation was significantly
longer with box use than without (mean 17 seconds [range 6-68 seconds] vs mean 10 seconds
[range 5-40 seconds], p <0.001). Participants perceived intubation as being significantly more
difficult with the aerosol box. There were no significant differences in the number of attempts or
quality of view obtained.

Conclusion: Use of an aerosol box during difficult endotracheal intubation increases the time to
intubation and perceived difficulty across a range of simulated ED patients. [West J Emerg Med.
2020;21(6)78-82.]

Disclaimer: Due to the rapidly evolving nature of this INTRODUCTION

outbreak, and in the interests of rapid dissemination of There have been numerous recommendations for

reliable, actionable information, this paper went through enhanced personal protective equipment (PPE) during
expedited peer review. Additionally, information should be endotracheal intubation during the severe acute respiratory
considered current only at the time of publication and may syndrome coronavirus 2 (SARS-CoV-2) pandemic.'

evolve as the science develops. Transparent “aerosol boxes” have been promoted as additional
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barriers to prevent droplet spread during endotracheal
intubation.*® Decreased spread of simulated droplet particles
has been demonstrated with the use of such a box during a
cough simulation.* Although aerosol boxes have received
extensive attention on social media and there is evidence of
worldwide distribution of such devices,” some have cautioned
against widespread implementation without further research
into potential negative effects.®

Initial proponents have since noted restricted
movement with acrosol boxes.*® Begley et al conducted a
simulation study in which they demonstrated an increased
time to intubation with boxes.” To date, most of the studies
regarding these extended protection measures have been
conducted in simulated operating room or intensive
care unit settings and have focused on conventional
airways. The need for reliable protection for physicians
is particularly urgent in the chaotic frontline of the
emergency department (ED), where the frequency of
difficult intubations and the undifferentiated patients could
amplify both the downsides and benefits of aerosol boxes.
The objective of this study was to measure the effect of an
aerosol box on intubation performance across a variety of
simulated difficult airway scenarios in the ED.

METHODS
Study Design and Population

This was a randomized, crossover design study conducted
at a large, university-affiliated simulation center. Study
participants included resident physicians from all years of
a three-year emergency medicine (EM) program (with the
additional inclusion of participants from a five-year combined
EM-pediatrics program). Each participant signed an informed
consent statement. The study was deemed exempt by the
university’s institutional review board.

Study Protocol and Materials

Faculty instructors from our department’s Division
of Simulation developed five patient case scenarios using
Laerdal SimMan 3G (Laerdal Medical, Stavanger, Norway) to
simulate one normal airway and four difficult airways based
on real-life patients seen during the SARS-CoV-2 pandemic.
These included the following: 1) an angioedema patient
simulated using the large tongue function on the mannequin;
2) a morbidly obese patient simulated by adding pillows, ACE
wrap, and skin-colored padding to the torso and neck of the
mannequin (which partially limited neck mobility and also
caused the mannequin’s neck to be slightly flexed while in
the supine position); 3) a trauma patient simulated with the
mannequin on a backboard and wearing a cervical collar; and
4) an upper gastrointestinal (GI) bleed patient using a modified
Laerdal SimMan that has been previously described.’

Participating residents were divided into 21 small groups of
2-4 residents based on assignments for a concurrent procedure lab
that was part of their standard curriculum. Each study group was

Population Health Research Capsule

What do we already know about this issue?
Aerosol boxes may decrease droplet spread of
coronavirus but may increase intubation time
in controlled settings. Effects in emergency
airways are unknown.

What was the research question?

Does use of an aerosol box interfere with
emergency endotracheal intubation in
simulated undifferentiated difficult airways?

What was the major finding of the study?
Aerosol box usage increased perceived
difficulty and time to intubation for simulated
difficult emergency intubations.

How does this improve population health?
Quantifying the increased difficulty of
emergency intubation with intubation boxes
will inform development of airway protocols
for infection control during pandemics.

randomized by an electronic number generator to one of the five
patient types. Each resident performed two intubations on their
patient type, with sequence of control vs intervention randomized
by an electronic number generator. Intubation with the aerosol
box in place served as the intervention; intubation without a
box was the control. Our aerosol box was a 20” x 20” x 16”
Plexiglass structure with 4”°-diameter arm holes, approximately
nine kilograms, manufactured at our institution and based on the
original design from Taiwan' that was studied by Canelli et al.*
A concurrent media access control (C-MAC) video
laryngoscope was used for all intubations (Karl Storz SE
& Co., Tuttlingen, Germany) since this is the standard
practice for all potential SARS-CoV-2 intubations at our
institution. Size 3 and size 4 standard curved blades and a
hyper-angulated blade were available. Endotracheal tubes
(ETT) with both flexible and rigid stylets were provided.
A gum-elastic bougie was available to all upper level
residents; interns were not provided this device given
their lack of previous training with it. To increase resident
familiarity with the box, participants practiced intubating
a normal 3G mannequin through the aerosol box with both
a normal curved blade and a hyper-angulated blade for
five minutes. For subsequent data collection, participants
intubated their randomly assigned patient type in video-
recorded attempts both with and without the box and using
any of the available equipment.
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Data Collection and Outcomes

The primary outcome was time to intubation. For all
recorded attempts, a faculty investigator timed the intubation
on site, from the time the resident picked up the blade until
the ETT passed through the vocal cords per a previously
published protocol.! Faculty recorded this time in seconds
as well as number of attempts (defined as number of times
the blade was placed into the patient’s mouth). Residents
recorded Cormack-Lehane (CL) view, percent of glottic
opening (POGO) score, and their perceived difficulty of
intubation on a 10-point Likert scale. They also provided
open-ended comments about the intubation immediately
after the attempt. See Appendix A for the complete data-
collection instrument.

Time to intubation, CL view, and POGO score were
independently reviewed by one of the faculty investigators not
involved in initial data collection, using recorded video of the
C-MAC screen. Discrepancies from the original recorded data
were reviewed and discussed by the entire study group until
consensus was obtained.

Statistical Analysis

We summarized frequencies and percentages by group for
categorical variables. Continuous variables were summarized
by group using median and range. We used chi-square test,
Fisher’s exact test, and Wilcoxon test to test for differences
between groups. We performed all statistical analysis using
SAS Version 9.4 (SAS Institute, Cary, NC).

RESULTS

Forty-eight residents performed 96 intubations (Table 1).
Time to intubation was significantly longer with the aerosol
box in the full cohort of patients, as well as with the trauma,
obese, and angioedema patient subgroups (Table 2). The point
estimate for time to intubation was also longer with the box
in the normal patient and GI bleed patients but did not reach
statistical significance. Only two intubations required multiple
attempts, both with box use. Participants rated intubation with
the box as being significantly more difficult. There was no
statistically significant difference between groups for number
of attempts, CL view, or POGO score.

Participants volunteered comments on 58 intubations
(40 intubations with the box, 18 without). One of the
study investigators (JT) categorized comments according
to themes. Major themes with representative example
comments are displayed in Table 3. The most common
comments involved restricted movement or difficulty
with equipment when using the box. Thirteen responses
mentioned decreased space or maneuverability in the
box, while seven additional comments specifically noted
equipment issues when using the box (such as cord tangle or
ETT contact with the box). Three comments indicated that
using the box was easier than the participant anticipated.
There were no comments pertaining to the view obtained.

Table 1. Study characteristics (N = 96) of residents and the
simulated intubations they performed with and without a
transparent aerosol box.

No box used Box used P-value*

Postgraduate year 1.00
1 21 (43.7) 21 (43.7)

2 5(10.4) 5(10.4)
3-5 22 (45.8) 22 (45.8)

Blade used 0.6820
Normal 23 (47.9 21 (43.7)
Hyper-angulated 25 (521 27 (56.2)

Patient type 1.00
Normal 11 (22.9) 11(22.9)
Traumal/cervical 10 (20.8) 10 (20.8)
collar
Obese 10 (20.8) 10 (20.8)
Angioedema 10 (20.8) 10 (20.8)
Gastrointestinal 7 (14.6) 7 (14.6)
bleed

Bougie 0.6170
No 47 (97.9) 45 (93.7)

Yes 1(2.1) 3(6.2)

*Estimated using chi-square or Fisher’s exact test.

Table 2. Time to intubation results, median (minimum-maximum).

No box used Box used P-value
Time (in seconds) 10 17.0 <.0001
(5.0-40.0) (6.0-68.0)
Normal 10.0 12.0 0.0746
(6.0-23.0) (9.0-68.0)
Traumal/cervical 7.0 11.0 0.0272
collar (5.0-40.0) (7.0-23.0)
Obese 10.0 18.5 0.0079
(7.0-29.0) (12.0-29.0)
Angioedema 9.5 21.5 0.0113
(7.0-18.0) (6.0-66.0)
Gastrointestinal 15.0 18.0 0.1391
bleed (12.0-21.0) (14.0-25.0)
Number attempts 1.0 1.0 0.1595
(1.0-1.0) (1.0-2.0)
Difficulty 3.0 4.0 0.0008
(1.0-7.0) (1.0-9.0)
Cormack- 1.0 1.0 0.4154
Lehane view (1.0-2.0) (1.0-2.0)
Percent of 100.0 95.0 0.1576
glottic opening (50.0-100.00)  (20.0-100.0)

*Estimated using Wilcoxon test.
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Table 3. Open-ended comments regarding use of transparent aerosol box during intubations.

Theme Decreased space/maneuverability Equipment issues Easier than anticipated
Representative “Hand motions more difficult and  “Got cord tangled once blade “Somewhat limiting but easy to
comments limited due to box” was in box; had to remove blade navigate with a few practice attempts”

and restart”
“Box was difficult to maneuver in” “Still relatively easy”
“Cord length with C-MAC is a
problem depending on which box
hole you thread blade through”
DISCUSSION LIMITATIONS

Time to intubation was longer with aerosol box use in our
simulated difficult airway scenarios. We chose time to intubation
as our primary endpoint because rates of hypoxia are high
during intubation of patients with SARS-CoV-2,"? increasing
the importance of limiting apneic time in this patient population.
Similar to Begley et al,” our study demonstrated a significantly
increased time to intubation with the use of an aerosol box.

We sought to test aerosol boxes across a variety of airway
types commonly encountered in the ED. It is possible that the
magnitude of disadvantage from box use is greater in some
patient types than others, altering the risk-benefit assessment.
Accordingly, we randomized the type of patient that
participants would intubate. Participants also had equipment
that replicated current use in our ED, to include a video
laryngoscope with normal and hyper-angulated blades. These
elements more realistically simulated the variability of ED
practice than previous aerosol-box studies.

Protecting physicians during intubations is critical in the
time of the SARS-CoV-2 pandemic. Aerosol boxes may offer
some protection by reducing pathogen spread.* Initiatives to
quickly develop protective equipment, aided by social media
and 3-D printing technology, have delivered multiple versions
of aerosol boxes to hospitals across the country. However, the
advantages of box use must be balanced against their negative
impacts. In addition to longer intubation times, participants
in our study rated intubation as more difficult with the box.
The increased perceived difficulty correlated with the main
concern voiced by participants, that of difficulty maneuvering
equipment within the box. This is consistent with reports
from other studies.*® Our study was not powered to detect
difference in first-pass success, but both intubations that
required multiple attempts in our study involved box use. This
is also consistent with the findings of Begley et al.”

It is possible that these issues could be mitigated
by improved box design or additional practice. Several
participants in our study noted that intubation with the box
became easier with practice. Future studies could better define
the amount of training required with aerosol boxes to develop
provider proficiency. Until that time, consistent with the
recommendation of other investigators,”® we caution against
widespread adoption of these devices.

This study was conducted at a single institution with
EM residents trained at a single residency program. While
participants had a broad range of airway experience from
relatively novice interns to upper-level residents with more
than 100 intubations, it is not ear whether clinicians with
additional experience, including attending physicians, would
be similarly affected by use of the box. Although there was
a significant difference in the primary outcome even in our
most experienced intubators, the magnitude of this difference
was smaller than with our less experienced participants
(Appendix B). Additionally, only one brand of video
laryngoscope was used in the assessment, and intubations
were in a simulated setting. These factors may also limit
generalizability. We used an older box design, and it is
possible that newer designs may result in better performance
than the older design.”!>14

To limit confounding variables, residents did not have
to move the box on and off the bed in our study, which
could affect time to the intubation. In addition, we used
a custom perception-of-difficulty scale that has not been
validated in external studies. It was not possible to blind
the residents to the intervention and data collection, so
resident preconceived biases may have affected their
performance. Finally, as with all simulation airway studies,
the movement used to intubate mannequins does not
exactly replicate the movement used in human patients.

It is, therefore, possible that the effects of the box would
be different in the emergency department compared to the
simulation laboratory.

CONCLUSION

Use of an aerosol box during difficult endotracheal
intubation increases the time to intubation across a range of
simulated ED patients.
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on the wellness of emergency physicians (EP).

Emerg Med. 2020;21(6)83-87.]

Introduction: We are currently in the midst of the coronavirus disease 2019 (COVID-19) pandemic.
Research into previous infectious disease outbreaks has shown that healthcare workers are at
increased risk for burnout during these dire times, with those on the front lines at greatest risk. The
purpose of this prospective study was to determine the effect that the COVID-19 pandemic has had

Methods: A survey was sent to 137 EPs in a multi-hospital network in eastern Pennsylvania. We
compared 10 primary and two supplemental questions based on how the physicians had been
feeling in the prior 2-3 weeks (COVID-19 period) to the same questions based on how they were
feeling in the prior 4-6 months (pre-COVID-19 period).

Results: We received 55 responses to the survey (40.1% response rate). The study found that
during the pandemic, EPs felt less in control (p-value = 0.001); felt decreased happiness while at
work (p-value 0.001); had more trouble falling asleep (p-value = 0.001); had an increased sense of
dread when thinking of work needing to be done (p-value = 0.04); felt more stress on days not at
work (p-value <0.0001); and were more concerned about their own health (p-value <0.0001) and the
health of their families and loved ones (p-value <0.0001).

Conclusion: This study showed a statistically significant decrease in EP wellness during the
COVID-19 pandemic when compared to the pre-pandemic period. We need to be aware of
evidence-based recommendations to help mitigate the risks and prevent physician burnout. [West J

Disclaimer: Due to the rapidly evolving nature of this
outbreak, and in the interests of rapid dissemination of
reliable, actionable information, this paper went through
expedited peer review. Additionally, information should be
considered current only at the time of publication and may
evolve as the science develops.

INTRODUCTION

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), a novel coronavirus that appeared in Wuhan,
China, in late 2019, was named a public health emergency

of international concern by the World Health Organization
(WHO) on January 30, 2020.! Less than two months later, on
March 11, 2020, the WHO declared it a global pandemic.'
SARS-CoV-2 and the disease it causes, coronavirus disease
2019 (COVID-19), have now infected millions worldwide,
and the related death toll currently numbers in the hundreds
of thousands.? The pandemic continues to infect tens of
thousands daily as physicians in emergency departments (ED)
relentlessly battle the virus on the front lines.?

From the very initial stages of the outbreak, the United
States’ response has been rightfully focused on the availability
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of personal protective equipment (PPE), ventilators, and

other medical supplies as evidenced by the US government
invoking the Defense Production Act.>* However, this battle,
as outbreaks from the past have shown, comes at a great

cost to physician wellness, and if not given the attention it
appropriately deserves, can subsequently lead to burnout.>”’
Physician wellness includes physical, mental, and social well-
being balanced between personal and work-life domains.® It
has been well established that physician wellness and burnout
have a direct impact on patients in terms of quality of care and
patient safety as well as on the medical providers themselves.’
Burnout is more common in physicians than with other US
workers, and emergency physicians (EP) are among those at
greatest risk.!'”

Research into previous outbreaks of influenza, HIN1,
SARS, and MERS, has shown that burnout is commonly
experienced by healthcare workers.>” Multiple factors are at
play including fear and anxiety over an unknown number of
infected, excessive workload, lack of resources, insomnia, and
isolation.>’ The effect of working in this constantly changing
environment has been shown to be particularly stressful, and
those working in high-risk units experienced greater levels of
distress.” Lin et al found that ED staff faced more demanding
work conditions as well as more physical and psychological
stress than staff in other units.°

The purpose of this prospective study was to determine
the effect that the COVID-19 pandemic has had on the
wellness of EPs. Our primary objective was to compare
physician wellness during the pandemic to physician wellness
pre-pandemic. Our secondary objective was to compare the
time spent using social media and consuming news during the
pandemic to the time spent pre-pandemic.

METHODS

This was a prospective survey study administered to EPs
in an 11-hospital network located in eastern Pennsylvania,
about 80 miles from New York City. The survey was sent
to 137 physicians via a secure hospital email. Fifty-five
physicians responded via e-mail to the research assistant who
then assigned participant numbers to each physician to provide
anonymity. The survey (Figure) was partially derived from
previously validated surveys.! The survey asked 10 primary
questions and two supplemental questions regarding physician
wellness, and participants were asked to answer questions
based on how they have been feeling over the prior 2-3 weeks
(March 27-April 17, 2020), which correlated to the beginning
of the Covid-19 pandemic in our area.

The subjects were asked to answer questions using a
scale for the primary questions ranging from not at all (1)
to completely true (5), and for the supplemental questions
ranging from 0 to 1 hours (1) to greater than 5 hours (4). To
serve as a baseline for comparison, the physicians were then
asked to answer the same primary and supplemental questions
based on how they thought they felt 4-6 months before the

start of the pandemic. Due to the skewed and ordinal nature of
our survey questions, we conducted separate Wilcoxon signed-
rank tests. We analyzed our data using SPSS version 25 (IBM
Corporation, Armonk, NY) and reported medians and ranges
for all survey outcomes, with p <.05 denoting statistical
significance and no adjustment for the multiple comparisons.

RESULTS

A total of 55 subjects (40.15% response rate), 39 male and
16 female, completed the survey. Of the 39 male subjects, 17
were resident physicians and 22 were attending physicians.
The 16 female subjects included six resident physicians and
10 attending physicians. We collected age data in ranges by
decade with a median age range of 30-40 years.

Wilcoxon signed-rank test analysis showed a statistically
significant difference between the five-point scale score
distributions of the pre-COVID-19 period and the COVID-19
period in seven out of the 10 primary questions. There was
no statistically significant difference in three out of the 10
primary questions (Table) Likewise, there was no statistically
significant difference in either of the two supplemental
questions (Table).

The data showed that during the pandemic, EPs felt less in
control (p-value = 0.001) and felt decreased happiness while
at work (p-value = 0.001). Additionally, during the pandemic,
they had more trouble falling asleep (p-value = 0.001) and had
an increased sense of dread when thinking of work needing to
be done (p-value = 0.04). Furthermore, the data revealed that
during the pandemic, EPs felt more stress on days not at work
(p-value <0.0001) and were more concerned about their own
health (p-value <0.0001) as well as the health of their families
and loved ones (p-value <0.0001).

DISCUSSION

The COVID-19 pandemic has forced many healthcare
workers to confront challenges that they have never
experienced before. This unprecedented time is fraught with
fear and anxiety especially for frontline workers providing
direct patient care. A crucial yet often overlooked aspect of the
public health response to the pandemic is physician wellness.
This prospective survey study conducted at an early stage in
the COVID-19 pandemic provides important insight into this
marginalized aspect of the global response.

Our study revealed that there was an overall decrease
in EP wellness during the COVID-19 pandemic when
compared to the pre-pandemic period. The data showed
a statistically significant difference in seven out of the
10 primary wellness survey questions. The difference
indicated a decrease in wellness during the pandemic for all
seven of the questions that showed statistical significance.
These findings are in line with findings regarding physician
wellness from previous infectious disease outbreaks.’”’
Research into past outbreaks also showed that physician
concern for their own health (p-value <0.0001) and concern
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Age:

___20-30___30-40___40-50___50-60___ 60+

Gender: ___male __ female

Are you a resident? __Yes __No

Doyou ___livealone ___live with significant other ___live with significant other and kids

OPTIONAL QUESTION: HOW MANY CLINICAL HOURS DO YOU WORK IN AN AVERAGE MONTH?
__ <60 hours 6580 __ 80-100 _100-120 __120-130 __ 130-145 _ >145

Answer these questions about how you have felt over the past 2-3 weeks

Not at all true Somewhat true Moderately true Very true Completely
true

| feel happy at work

| feel in control when dealing with difficult
problems at work (unknown disease, PPE, etc)
| feel a sense of dread when | think about work |
have to do

| have trouble falling asleep

| have trouble staying asleep

| am concerned about my own health

| am concerned about the health of my family
and loved ones

| am concerned about my financial situation

| feel stress at work

| feel stress on days that | am not working

How much time do you spend on social media (Facebook, Twitter, etc.) in an average day?
___0-1hour ___1-3hours ___3-5hours ___S5+hours

How much time do you spend watching news (local news, CNN, etc.)?
___0-1hour ___1-3hours ___3-5hours __ S5+hours

Answer these questions about how you felt 4-6 months ago?

Not at all true Somewhat true Moderately true Very true Completely
true

| feel happy at work

| feel in control when dealing with difficult
problems at work (unknown disease, PPE, etc)
| feel a sense of dread when | think about work |
have to do

| have trouble falling asleep

| have trouble staying asleep

| am concerned about my own health

| am concerned about the health of my family
and loved ones

| am concerned about my financial situation

| feel stress at work

| feel stress on days that | am not working

How much time do you spend on social media (Facebook, Twitter, etc.) in an average day?
___0-1hour __1-3hours ___3-5hours __ S+hours

How much time do you spend watching news (local news, CNN, etc.)?
__0-1hour ___1-3hours __3-5hours ___S5+hours

Figure. Wellness survey of emergency physicians during the COVID-19 pandemic.

for family and loved ones (p-value <0.0001) was common,  at work. However, feeling stress on days not at work did

which was echoed in this study.>”’ significantly increase during the pandemic (p-value <0.0001).
Additionally, the study showed that there was no This difference is likely multifactorial but may partially be
difference during the pandemic compared to the pre-pandemic  explained by inadequate social support due to increased
period in physicians staying asleep, concern about their isolation as well as mandated school closures affecting work-
financial situation, and, interestingly, feelings of stress life balance. Another intriguing finding of our study was
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Table. Statistical analysis of primary and supplemental survey questions.
Pre-COVID-19 COVID-19
Primary Survey Questions (n = 55) (median, range) (median, range) P-value
| feel happy at work. 4 (1-5) 3 (1-5) 0.001
| feel in control when dealing with difficult problems at work 4 (1-5) 3 (1-5) 0.001
(unknown disease, PPE, etc.).
| feel a sense of dread when | think about work | have to do. 1(1-4) 2 (1-5) 0.04
| have trouble falling asleep. 1(1-5) 2 (1-5) 0.001
I have trouble staying asleep 1(1-5) 1(1-5) N/A
| am concerned about my own health. 1(1-5) 2 (1-5) <.0001
| am concerned about the health of my family and loved ones. 2 (1-5) 4 (1-5) <.0001
| am concerned about my financial situation. 2 (1-5) 2 (1-5) N/A
| feel stress at work 2 (1-5) 2 (1-5) N/A
| feel stress on days that | am not working. 1(1-4) 2 (1-5) <.0001
Supplemental Survey Questions (n = 55)
Social media (hours/day) 1(1-3) 1(1-3) N/A
Watching news (hours/day) 1(1-3) 1(1-2) 0.06

COVID-19, coronavirus 2019; PPE, personal protective equipment.

that, despite the constant media coverage, subjects did not
significantly increase the amount of time spent viewing news
or using social media. The decreased physician wellness
scores during the pandemic were therefore independent of
these activities.

There is a need for larger studies on physician wellness
during the COVID-19 pandemic, but the findings of this
study could inform medical administration about the need
for protective measures, not only in the form of masks and
gowns but also in the form of developing programs to address
physician wellness and burnout. Initial evidence-based
recommendations are emerging to address these concerns at
the organizational, team, and individual levels.'*'® If we do
not take these recommendations seriously and implement the
needed safeguards, we could soon be dealing with another
outbreak — physician burnout.

LIMITATIONS

This study has several limitations. The sample size (n =
55) was relatively small. Our study group originated from a
single hospital network, was a convenience sample, and was
limited by non-response bias. Survey questions were derived
from a previously validated study, but the specific question
that subjects answered might not have covered the broad
range of physician wellness. The survey used physician self-
report of feelings up to six months earlier, which introduced
the potential for recall bias, as well as social-desirability bias.
Even though statistical significance was found in several of
the questions, there may not be a clinical significance given
how similar the medians and/or general distribution of scores
were in some cases. Future studies will attempt to conduct

multivariable modeling to tease out independent predictors
of survey responses, such as gender or level of training of the
physician, provided sample size is sufficient.

CONCLUSION

In keeping with data from past outbreaks, this prospective
survey study showed that there was an overall decrease
in emergency physician wellness during the COVID-19
pandemic when compared to the pre-pandemic period.
Evidence-based recommendations to address this often-
overlooked issue are starting to emerge, and it is crucial that
individual physicians, as well as hospital administrators, be
aware of these safeguards in order to prevent unnecessary
physician burnout.
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Introduction: Emergency clinicians on the frontline of the coronavirus pandemic experience

a range of emotions including anxiety, fear, and grief. Debriefing can help clinicians process
these emotions, but the coronavirus pandemic makes it difficult to create a physically and
psychologically safe space in the emergency department (ED) to perform this intervention. In
response, we piloted a video-based debriefing program to support emergency clinician well-
being. We report the details of our program and results of our evaluation of its acceptability and
perceived value to emergency clinicians during the pandemic.

Methods: ED attending physicians, resident physicians, and non-physician practitioners (NPP)
at our quaternary-care academic medical center were invited to participate in role-based, weekly
one-hour facilitated debriefings using Zoom. ED attendings with experience in debriefing led
each session and used an explorative approach that focused on empathy and normalizing
reactions. At the end of the pilot, we distributed to participants an anonymous 10-point survey
that included multiple-answer questions and visual analogue scales.

Results: We completed 18 debriefings with 68 unique participants (29 attending physicians, 6
resident physicians, and 33 NPPs. A total of 76% of participants responded to our survey and
77% of respondents participated in at least two debriefings. Emergency clinicians reported

that the most common reasons to participate in the debriefings were “to enhance my sense of
community and connection” (81%) followed by “to support colleagues” (75%). Debriefing with
members of the same role group (92%) and the Zoom platform (81%) were considered to be
helpful aspects of the debriefing structure. Although emergency clinicians found these sessions
to be useful (78.8 +/- 17.6) interquartile range: 73-89), NPPs were less comfortable speaking up
(58.5 +/- 23.6) than attending physicians (77.8 +/- 25.0) (p = < 0.008).

Conclusion: Emergency clinicians participating in a video-based debriefing program during the
coronavirus pandemic found it to be an acceptable and useful approach to support emotional
well-being. Our program provided participants with a platform to support each other and
maintain a sense of community and connection. Other EDs should consider implementing a
debriefing program to safeguard the emotional well-being of their emergency clinician workforce.
[West J Emerg Med. 2020;21(6)88-92.]
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Disclaimer: Due to the rapidly evolving nature of this outbreak,
and in the interests of rapid dissemination of reliable, actionable
information, this paper went through expedited peer review.
Additionally, information should be considered current only at the
time of publication and may evolve as the science develops.

INTRODUCTION

The 2019 coronavirus pandemic poses unique systems
and psychological challenges to clinicians in the emergency
department (ED). Clinicians involved in managing public
health crises are prone to experiencing a range of emotions
including anxiety, fear, and grief that can lead to disaster-
related distress.'? This has become increasingly evident as the
pandemic continues, and these reactions impact the resilience
and retention of the ED workforce.*

Critical incident stress debriefing (CISD) is a recommended
practice for processing clinician reactions and may reduce the
incidence of disaster-related distress.*” It is likely most effective
when performed as soon as possible in time and place to an
event.”® However, the coronavirus pandemic demands that
emergency clinicians balance a variety of stressors while on
shift including high acuity, patient surge, and risks to personal
physical safety. In response, we designed and implemented a
video-based ED debriefing program to support the well-being
of our emergency clinicians. Our program had the following
objectives: 1) to facilitate discussion regarding emotional
reactions to coronavirus disease 2019 (COVID-19); 2) to
provide peer-to-peer support in an era of social distancing;
and (3) to identify resources to improve self-care and build
resilience. The objective of this paper was to describe the
details of our program and report the results of our evaluation
of its acceptability and initial impact on emergency clinicians
providing care during the coronavirus pandemic.

METHODS
Design and Participants

Our program was offered to emergency clinicians at our
quaternary-care academic medical center that sees over 110,000
ED annual visits. The staff includes 119 physicians (attendings
and residents) and 50 non-physician practitioners (NPP)
(physician assistants and nurse practitioners). An invitation was
sent to ED attending physicians, resident physicians, and NPPs
by email to participate in voluntary debriefings on well-being
and emotional reactions to COVID-19. To increase psychological
safety, the email stated that each session would be for a single
clinician role group (eg, attending physicians only) and identified
the facilitators (DLM and JKT, both present for all sessions).’ The
email provided a link to the secure, password-protected Zoom
meeting. Our hospital’s institutional review board (IRB) approved
evaluation of this program.

Facilitator Experience
The same two ED faculty (DLM and JKT) with
experience in clinical debriefing, simulation, and clinician

wellness co-facilitated each session. In the year preceding

this debriefing program (2018-2019), these two facilitators
completed >150 hours of debriefings with ED staff in
individual or team-based medical simulations. Both facilitators
have received formal training in group debriefing at the Center
for Medical Simulation (Boston, MA) and through Master of
Science coursework. Finally, JKT has 15 years of experience
in residency leadership (2003-2018), during which time he
focused on resident wellness, mentorship, and professional
development. These experiences informed study design and
debriefing structure.

Debriefing Structure

Two ED attendings with experience in clinical debriefing,
simulation, and clinician wellness co-facilitated each session.
We selected a co-facilitator approach so that facilitators could
support each other in their own emotional reactions to the
debrief and model normalizing statements for participants.
We also employed a “follow the leader” co-debriefing
strategy.!® An advantage of this strategy is that one attending
can primarily lead the debriefing while the other observes
participants for reactions, non-verbal cues, and communicates
with the lead via Zoom’s chat function.!® The facilitators
huddled before each session to identify any particular topics
that the group might benefit from debriefing (eg, a recent
surge in patient volume).

Participants were asked to log in from a non-clinical
environment, use video and headphones, and attest to
confidentiality of participation at the start of each session,
which were divided into three phases (Appendix A):

1. Opening (5 minutes): The facilitators outline the
objectives, describe a confidentiality contract, and
discuss a plan for maintaining a psychologically safe
environment. We informed participants that we would not
record the audio or video of these sessions, and would not
provide a list of participants to departmental leadership.
We reiterated that solving clinical systems or operational
problems is outside the scope of the debriefing, but
with participant permission, we would submit concerns
that came up during the debriefing to departmental
leadership in a de-identified manner. Finally, we informed
participants that Zoom has a “lobby” function, or private
virtual space, in which one can take a break from the call
if distressed without leaving the session altogether.

2. Discussion (45 minutes): The facilitators prompt reflection
on emotional reactions to recent events in the ED or at
home, steering the discussion toward empathic validation,
normalizing reactions instead of problem solving.
Facilitators often modeled these statements at the start of
this phase as an “ice-breaker,” and communicated with
participants using the chat function in addition to the video.

3. Closing (5 minutes): The participants have an opportunity to
share any final burning issues; the group develops 1-2 major
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take-aways from the session; and facilitators share a link to a
list of well-being resources provided by the hospital.

After each session, facilitators debriefed each other on
their own reactions to the session and summarized any specific
systems-based or operational concerns approved by the
participants to be shared with departmental leadership.

Survey Design and Analysis

An anonymous and voluntary 10-point survey was
distributed electronically to all participants at the end of
the pilot (Appendix B). To create this survey, study team
members (DLM, JKT) reviewed previous evaluations of
debriefing and peer-support programs related to well-being
in healthcare, including survey-based studies.!"!* Based
on these results, study team members (DLM, JKT) created
questions that focused on debriefing participants’ experience
with the program. For multiple-answer questions (3, 5, and 8),
we pre-defined a significant result to be a choice that >70%
of respondents included in their answer. We selected these
answer choices based on the results of previous evaluations of
debriefing programs and our program objectives.!"'* Questions
4, 6, and 7 asked participants to rate the relative utility of
these sessions and comfort speaking up during a debriefing
using a visual analogue score (VAS)." Finally, we solicited
feedback from remaining study authors and incorporated
recommendations into the final survey.

The mean and interquartile range (IQR) were determined
for each role group. Remaining questions were single option
or open-ended. We used SurveyMonkey Inc. (San Mateo,
California) to compile survey data and performed our analysis
using Microsoft Excel (Microsoft Corporation, Redmond, WA).

RESULTS

We completed 18 debriefing sessions between March-
April 2020 with 68 emergency clinicians (29 attending
physicians, 6 resident physicians, and 33 NPPs). The mean
number of participants in each session was 8.5 (IQR 6-10) for
attendings, 4 (IQR 3.5-4.5) for residents, and 19 (IQR 14-26)
for NPPs. We received a 76% response rate (52/68) (79% of
attendings, 50% of residents, and 79% of NPPs) and 77% of
respondents participated in at least two debriefings.

Emergency clinicians were primarily motivated to
participate in these sessions to enhance their sense of
community and connection (81%), support colleagues (75%),
and better understand the emotional reactions of peers (71%).
No other choices met our predefined threshold of >70% to
be a significant factor and only 4% of emergency clinicians
reported participating in order to process a specific clinical
encounter. The clinicians reported four aspects specific to the
debriefing process to be helpful: facilitators created a safe
environment (98%); debriefing with members of the same
role group (92%); facilitators were trusted colleagues (87%);
and the Zoom platform was easy to use (81%). Among the

surveyed programmatic aspects that respondents may have
found unhelpful, none met our predefined threshold.

The average perceived value of these sessions for emergency
clinicians was 78.8 +/- 17.6 (IQR 73-89). There was no statistical
difference in mean rating between attending physicians (81.9 +/-
15.7) and NPPs (74.8 +/- 19.5) (p = 0.16) (Figure 1).

Emergency clinicians rated their comfort with speaking up
during these debriefings to be 69.1 +/- 25.9 (IQR 52-93), and
there was a statistical difference between attending physicians
(77.8 +/- 25.0) and NPPs (58.5 +/- 23.6) (p = < 0.008) (Figure
2). Finally, emergency clinicians reported that debriefings
contributed to a sense of connection with colleagues with an
average 80.8 +/- 19.5 (IQR 69-96).

100 4
|
8o |
|
& 60
§ l =NPPs
% | = Attendings
T 40 |
20 4 p0.16

o
Figure 1. Comparative perceived value of debriefings between
non-physician providers and attending physicians.

NPP, non-physician provider; VAS, visual analogue scale.

100 -
BO
g
= *NPPs
c:gc? =Attendings
= 4
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0
Figure 2. Comparative comfort speaking up during debriefings
between non-physician providers and attending physicians.
NPP, non-physician provider; VAS, visual analogue scale.

DISCUSSION

We present a program to support the well-being of
emergency clinicians during the coronavirus pandemic
through video-based, emotion-oriented debriefings. Our
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results suggest that emergency clinicians are most interested
in participating in this type of program to enhance their
sense of community and connection with colleagues and
understand emotional reactions of their peers, in comparison
to less commonly identified reasons such as processing grief
or a specific clinical encounter. Emergency clinicians sought
opportunities to understand their peers’ emotional reactions
to COVID-19 and support the range of emotional responses
to the uncertainties and risks pervading both work and home
environments. Debriefing also provided emergency clinicians
with a platform to discuss unmet needs to improve self-care
and build resilience.

Unlike critical-event debriefing and debriefing in
simulation, there is less of a consensus around the best approach
to debriefing clinicians on the emotional impact of a long-term
public health crisis and occupational risk.*'>1” We therefore
employed an explorative approach to debriefing, focusing on
empathy, compassion, and normalizing reactions. However,
as the pandemic continues, debriefing specific emotions such
as anxiety, guilt, isolation, and grief may become increasingly
important at different phases of the crisis.>?

Seventy-seven percent of respondents participated in
two or more sessions. However, the voluntary nature of these
debriefings may predispose our population to represent a
subgroup of emergency clinicians who are more comfortable
with sharing their emotional reactions with peers and
showing vulnerability. This may influence our survey results
and suggests that debriefing with peers may be a strategy
to safeguard well-being for some but not all emergency
clinicians. Recognizing this variability, we recommend that
EDs interested in implementing a peer-based debriefing
program incorporate it into a comprehensive approach to
clinician wellness.

Finally, our finding that NPPs reported less comfort
speaking up in a debriefing than attending physicians was
unexpected. It is possible that low staff turnover of our
attending group contributes to increased comfort with
vulnerability. There may be less heterogeneity in professional
experience for attendings than NPPs, influencing their perceived
comfort with speaking up in these sessions. Hierarchy in clinical
experience may also contribute to this finding. The attending
leadership role may make speaking up easier, whereas NPPs
are a clinically supervised group. Finally, the mean number of
participants per session was higher for NPPs than attending
physicians; this may also have contributed to the psychological
safety of the debriefing environment. Further investigation is
warranted as we grow the program to include other frontline
emergency providers (eg, nurses and pharmacists). In the
meantime, we plan to mitigate this potential factor by using
Zoom’s breakout- room function.

LIMITATIONS
Because it was a single-center study, the results of
this intervention may have limited external validity. The

process itself may have been influenced, either positively
or negatively, by the facilitators’ relationship with the
participants and previous interpersonal experiences, leading
to a halo or millstone effect. Our survey did not account for
external factors such as the level of ED preparedness and other
wellness interventions by our administration that predate the
pandemic. These may influence the way emergency clinicians
experienced our debriefings. Further, our survey did not define
“speaking up,” and this term may have been understood
differently by participants, limiting interpretation of the results
of this specific question.

Finally, our methodology did not allow us to investigate
why few resident physicians volunteered to participate in
our debriefings. Interventions implemented by the residency
before the pandemic to support resident well-being, such as
dedicated resident-only debriefing sessions during residency
conference and a peer mentorship program, may have been
effective and residents therefore did not elect to participate in
our intervention.

CONCLUSION

Emergency clinicians at our hospital reported that a video-
based debriefing program was an acceptable and valuable
intervention for supporting their emotional well-being during
the initial phase of the coronavirus pandemic. The program
provided participants with a platform to support each other
and maintain a sense of community and connection despite
social distancing. EDs should consider implementing a similar
program to safeguard the emotional well-being of its clinician
workforce as we move into subsequent phases of the pandemic.
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The COVID-19 pandemic has strained the healthcare system. It has led to the use of temporary
isolation systems and less-then-optimum patient placement configurations because of
inadequate number of isolation rooms, both of which can compromise provider safety. Three key
elements require special attention to reduce the maximum and average aerosolized contaminant
concentration exposure to a healthcare worker in any isolation system: flow rate; air changes per
hour; and patient placement. This is important because concentration exposures of aerosolized
contaminants to healthcare workers in hospitals using temporary isolation systems can reach
levels 21-30 times greater than a properly engineered negative pressure isolation room. A
working knowledge of these three elements can help create a safer environment for healthcare
workers when isolation rooms are not available. [West J Emerg Med. 2020;21(6)93-98.]

BACKGROUND

Controlling both the droplet component and the aerosol
component of an infectious process is critical to stopping the
spread of an infection. Droplets can generally be controlled
by a barrier be it gloves, masks, gowns, goggles and splash
shields, tents, or isolation (intubation) boxes. The interior of
some common barrier devices can create unsafe, contaminated
air 21-30 times higher than inside a standard negative pressure
isolation room (NPIR) when an aerosol is present. For
example, the isolation box presented in Canelli et al' presents
an effective method for reducing the droplet component of
an infection. If an aerosol component is present, it can be
determined that the air contaminant concentration level inside
this device will reach 21 times that of a standard NPIR in
six minutes and its steady state value of 30 times that of a
standard NPIR in 23 minutes.

Healthcare providers need to be aware of two potentially
dangerous situations when using temporary isolation devices
by considering not only the role of the droplet component
but also the role the aerosol component plays in the potential
to spread infections. First, consider if prior to intubation,

a provider needed to attend to a patient inside a portable
isolation box to access their central line for example.
Assuming the provider is not wearing a powered air purifying

respirator (PAPR), if their face is near or inside the opening
of the isolation device their N-95 mask now has to filter air
21-30 times more contaminated then when wearing the N-95
mask in a standard NPIR. Therefore, the inhaled contaminants
are 21-30 times greater than when the patient is in a NPIR
without an isolation box. Second, when the isolation box is
removed after intubation there is a release of air 21-30 times
more contaminated than that of a patient in a NPIR without
an isolation box into the local environment exposing nearby
healthcare providers to these higher contamination levels.?
Furthermore, the use of an isolation box in a hallway could
expose this highly contaminated air to other patients or
visitors in the hallway.

Understanding the information and analysis presented in
this paper will give healthcare providers the basic knowledge
required to calculate the maximum exposure of an isolation
system compared to a standard NPIR. It will also give the
necessary skills to determine configuration options for
patients that will minimize a healthcare worker’s average
exposure to contaminants from overflow patients waiting for
placement into an appropriate NPIR. This should be shared
with your building engineers to determine how to minimize
the concentration of contaminated air outside of the standard
NPIR. This analysis only applies to an aerosolized component
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of contamination and does not include the effect of the droplet

component, which can be reduced by local barriers.

ANALYSIS

A reference volume, V,_, could refer to a room, isolation
box, or even a protective hood. The ratio of the contaminant
concentration in any reference volume compared to the
contaminant concentration of a source, i.e., patient’s exhaled
breath, is the contaminant concentration ratio (CCR).

(1) cone = e (awen) 1 - o ncnc

The appendix shows the derivation of this equation and
other equations presented. The definition of terms is in Table
1. Equation (1) holds true if the contaminated source were
placed in a negative, positive or equal pressure room because
each type of pressure differential room can create the same
Q,,, (Q = flow rate) and air changes per hour (ACH) values.
We know it makes sense to place a contaminated source
patient in a NPIR because it helps keep those outside of this
room safe.

The basic assumption is that the contaminant is fully
aerosolized and mixes evenly throughout the reference volume,
V.- The volume flow rate leaving the reference volume, Q_, is
typically controlled by a high-efficiency particulate air filtration
system to create the desired ACH. The volume flow rate of a
single (n = 1) patient’s contaminated breath is determined from
the patient’s tidal volume and respiratory rate.

(2) 9preath = TV * RR (m3/hour)

Because the exponential portion of Equation (1) approaches
zero as time (t) progresses, the CCR approaches a steady state
value given by Equation (3) and is shown in Figure 1.

(3) CCR(DO) — [C{o0 )y rer] — (n"qbreath)

[Cbrearh] Qout

Table 1. Definitions of terms used to measure air contamination
caused by aerosolized components.

ACH — Air changes/hour

[C] — Concentration of contaminant (particles/m?)
CCR — Contaminant concentration ratio
O, — Oxygen supply to patient

n — number of patients in V_,

P — # Contaminant particles

Q, q — Flow rate (m3/hour)

Qout= ACH * Vref

RR — Respiratory rate (1/hour)

t —time (hours)

TV - Tidal volume (m?)

V__— Reference volume (m?)

ref

(e.g., isolation box or room)

The time to reach 99% of this steady state value (T,,,)
can also be determined from Equation (1). This result can be
written as Equation (4) and is shown in Figure 2.

4)  Togo, = —ﬁln(l —0.99) (hours)

It is vital to understand that Equation (3) tells us that the
final, steady state CCR value depends on the main controllable
variable Q_ . Therefore, any two isolation systems with similar-
source patients will have identical CCRs only if Q__ is identical
in both systems. This is true even when the volumes are different.
Equation (4) shows that any two different isolation systems
regardless of their volumes will reach their individual steady
state CCR values at the same time only if their ACH values are
identical. So, Q_ determines the steady state CCR value and
ACH determines the time to reach this steady state value.

DISCUSSION

One goal of an isolation system is to achieve the lowest
steady state CCR possible to create a safer environment for
healthcare workers and other patients nearby. Equation (3)
shows this is achieved by having the highest flow rate, Q_,
possible. The CCR will be identical for any given number, n, of
patients in any two isolation systems as long as Q_ is identical
in each system. For this reason, Q_ is a key element to pay
attention to when assessing an isolation system. Equation (4)
shows the role of ACH in determining the time it takes to reach
T, A larger ACH shortens this time.

A 12 ACHNPIR witha 'V of 30 m’ has a Q_, of 360 m’/
hour. Single patients are assumed to have a tidal volume (TV)

See Equation (3)
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Figure 1. Steady state contaminant concentration ratio for various
number of contaminated patients (n) for any reference volume
where q breath = 1.2 m3¥hour.
CCR, contaminant concentration ratio.
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See Equation (4)

—T99%
===T97%

--=T80%

0 5

10
ACH (1/hour)
Figure 2. Time to reach T_ _ % of the steady state contamination
concentration ratio for any reference volume.

ACH, air change per hour.

of 0.5 liter and respiratory rate (RR) of 40/minute oraq,
of 1.2 m*/hour. Therefore, this standard NPIR will reach 99%
of its steady state aerosolized CCR of 0.33% in 0.4 hours (24
minutes). Simply put, the final room contaminant concentration
will be 0.33% of the single patient-source contaminant
concentration. The source contaminant concentration could be
the patient’s exhaled breath directly, the breath exhaled after
passing through a mask, or even nebulized contaminants. As
previously stated, standard NPIRs require an ACH =12. For
comparison ACHs for operating rooms (OR), general medicine
rooms, and hospital hallways are 15, 6 and 2, respectively. An
OR is kept at positive pressure while rooms and hallways are
kept at equal pressure with respect to the surrounding areas.’
The maximum and average CCR exposures for steady
state conditions, assuming equal exposure time and identical
patients, are given for three configurations of an overwhelmed
healthcare environment without an adequate number of NPIRs
(shown in Figures 3, 4, and 5). The appendix shows the average
CCR at steady state for equal time with equal patients is the

Vref ACH Qout |SSCCR |CCRIRCCR T99%
(m*3)  {1/hn) (m3fr)] (%) (hours) Isolation Room (NPIR) Medicine Room Temporary
Isolation Room (NPIR) 30 1 360 | 0.33% 1:1 0.4 Isolation Room
Medicine Room 30 6 180 |067% | 2:1 08 380 0.67% 17 30%
Hallway 30 2 60 2.0% 6:1 2.3
Temporary Isolation Raom 15 08 12 10% 30:1 58 Single Patient Single Patiant Single Patient
~ s s
Small Portable isolation 1 12 12 10% 30:1 0.4 \‘\, /’ //
Small Portable lsolation
S
Based on Single Patient 12:10% | Single Patient
q breath of Single Patient 50- 2%
Hallway
CCR(t)
10%
Steady State CCR
:-' B Average = 4.6%
r" = = Maximum = 10%
8% et
6% ~ P = --=-Isolation Box
z - # = Temporary IR
5 H -
L i # Hallway
a% | i 5
” 4 == Medicine Room
H Pl
§ g —Standard NPIR
g |k £
2% H 7
H ’
H
e e e e e b e
)t S
0%
o 0.5 1 15 2 25 3
Time (hrs)

Figure 3. Configuration and CCR(t) of steady state average and maximum CCR exposures of 4.6% and 10% for equal time with all
patients (average is 14 times the exposure of a standard isolation room CCR of 0.33%).
NPIR, negative pressure isolation room; SS, steady state; CCR, contaminant concentration ratio.
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average of the individual CCRs at steady state. The techniques
described in this paper are for emergency situations only. They
are not intended to be used for an aerosolized infectious disease
environment when there are a sufficient number of properly
engineered NPIRs available to meet patient demand.

Figure 3 shows an overwhelmed system without a sufficient
number of NPIRs where all five patients require isolation.
Note the inverse relationship between the Q_ values and the
corresponding steady state CCR. Looking at the temporary
isolation room (IR) and small portable isolation devices, for
example, this same relationship does not hold for the ACH
values. ACH does have an inverse relationship with the T,
values. The small portable system in the hallway could represent
a tent or isolation box and is assumed to have a passive air
exchange of 12 ACH in this setting. Realize that 360 ACH would
be required to achieve a standard NPIR Q_ of 360 m*/hour.
This won’t directly affect the hallway until the 10% CCR small
portable container, which is not actively ventilated, is opened
when a provider needs access to the patient or is removed after
the patient is intubated. The temporary IR is capable of 0.8 ACH,
and the CCR will also reach a 10% CCR. Twenty-four ACH
would be required to achieve a standard NPIR Q_  of 360 m*/

hour. The maximum CCR exposure of 10% to the healthcare
worker occurs in the portable and temporary isolation systems
and is 30 times the standard NPIR level. The average CCR
exposure to the healthcare worker who spends equal time with
each patient would be (0.33% + 0.67% + 2% + 10% + 10%)/5 =
4.6%, or 14 times the standard NPIR. These results assume each
compartment’s ventilation is separate from the others. The graph
of CCR(t) in the figure is obtained from Equation (1).

In Figure 4 we assume improvements were made to the
ventilation system of the temporary IR that led to an improved
ACH of 6 and the portable isolation system in the hallway
is removed. Accounting for n = 2 in the hallway, Q_ still
determines the CCR and ACH determines T,,, . The maximum
CCR exposure of 4% to the healthcare worker occurs in the
hallway and is now 12 times the standard NPIR. The average
CCR exposure to the healthcare worker who spends equal time
with equal patients would be reduced to 0.33% + 0.67% +
1.33% + 2*4%)/5 = 2.1%, or six times the standard NPIR.

In Figure 5 one hallway patient is then moved into the NPIR.
The maximum CCR exposure of 2% to a healthcare worker still
occurs in the hallway but is only six times the NPIR standard.
The average CCR exposure for equal time with equal patients is

Vrel ACH Qout |SSCCR |CCR:RCCR T9%%
(m*3) (k) (mA3fhe)| (%) (hours) Isolation Room (NPIR) Medicine Room Temporary
Isolation Room (NPIR) 30 12 360 | 0.33% 1:1 0.4 Isolation Room
Medicine Room 30 ] 180 0.67% 2;:1 0.8
Hallway [n=2) 30 2 60 4.0% 12:1 2.3
emporary Isclation Room 15 & 90 1.33% 4:1 0.8 Sloglafationt P gl Patinny
Small Portable Isolation n/a nfa nfa nfa nfa nfa \"\ //

Based on

q breath of Single Patient 1.2 mA3/hr

10%
8%

6%

CCR(t)

4%

Mo Port

Two Patients

B0 4%

Hallway

CCR(t)

Steady State CCR
Aversge = 1.1%
Maximum = 45

— Temporary IR
Hallway
-= Medicine Room

—5tandard NPIR

o 05 1 15
Time {hrs}

Figure 4. Configuration and CCR(t) of steady state average and maximum CCR exposures of 2.1% and 4% for equal time with all
patients (average is 6 times the exposure of a standard isolation room CCR of 0.33%).
NPIR, negative pressure isolation room; SS, steady state; CCR, contaminant concentration ratio.
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Vref ACH Qout | S5CCR [CCRIRCCR T99%
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Y s rd
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Madmum = 2%
8%
= Temporary IR
6%
L Hallway
=
S == Medicine R
o eqicine Room
4% —5tandard NPIR
%
e
P
0%
i) 0.5 1 15 2 25 3

Time (hrs)

Figure 5. Configuration and CCR(t) of steady state average and maximum CCR exposures of 1.1% and 2% for equal time with all
patients (average is three times the exposure of a standard isolation room CCR of 0.33%).
NPIR, negative pressure isolation room; SS, steady state; CCR, contaminant concentration ratio.

further reduced to (2*0.67% + 0.67% + 1.33% + 2%)/5 = 1.1%,
or three times the standard NPIR. The tradeoff is that in the
NPIR, the CCR is 0.67%, or double the “allowable” level.

Each of these three configurations offers advantages and
disadvantages depending on patient diagnosis, gender, and the
availability of space, equipment, and staff. These considerations
are all important when deciding how to optimize patient care
and healthcare safety. The patient configurations presented
here demonstrate how an overwhelmed hospital environment
might lead to a 3-, 6-, or even 14-fold increase in average
contamination exposure to healthcare workers. Configurations
different than those presented would require a separate analysis.

SUMMARY

There are three key physical elements to understand when
working with isolation systems. They are flow rate (Q_ ), air
changes per hour (ACH), and patient placement, which affects
the maximum and average contaminant concentration ratio
exposure. Q_ determines the magnitude of the CCR. A larger

Q,,, will result in a smaller CCR.* Matching the flow rate of
any two isolation systems, regardless of their size, will give
equal CCRs when the source contaminant concentrations are
identical. The magnitude of the ACH determines the time

the isolation system will reach 99% of its steady state value
(T,,,). Alarger ACH will result in a smaller T, . Matching
the ACH of any two isolation systems, regardless of their size,
will ensure the T, are equal in both systems. Understanding
these different effects of Q_ and ACH are important to avoid
maximum CCR exposures that can reach 21-30 times that of a
standard NPIR as was shown with the small volume portable
isolation box. The third key element (patient placement)
becomes important when a hospital system is overwhelmed

and it is not possible to place a patient requiring isolation into a
standard NPIR. It then becomes important to realize that patient
placement can be varied to reduce the maximum and average
CCR a healthcare worker is exposed to. Based on criteria set in
a specific example, it was demonstrated that optimum patient
placement reduced the average CCR exposure from 14 to only 3
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times that of a standard NPIR.

It is beyond the scope of this article to discuss details
of other purposes for using these equations. It may not be
obvious to the reader at this point, but these equations could be
used as first order calculations to determine basic thresholds
of ventilation required to maintain a specified safe level of
contaminant concentration of aerosols in hospitals, schools,
places of worship, theaters, government buildings and the like.
This article should be shared with your engineering department
to improve collaboration and maximize their task of optimizing
ventilation to minimize exposure to infectious particles in the
care of COVID-19 patients.
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Introduction: The coronavirus disease 2019 (COVID-19) pandemic presents unique challenges to
frontline healthcare workers. In order to safely care for patients new processes, such as a plan for
the airway management of a patient with COVID-19, must be implemented and disseminated in a
rapid fashion. The use of in-situ simulation has been used to assist in latent problem identification as
part of a Plan-Do-Study-Act cycle. Additionally, simulation is an effective means for training teams

to perform high-risk procedures before engaging in the actual procedure. This educational advance
seeks to use and study in-situ simulation as a means to rapidly implement a process for airway
management in patients with COVID-19.

Methods: Using an airway algorithm developed by the authors, we designed an in-situ simulation
scenario to train physicians, nurses, and respiratory therapists in best practices for airway
management of patients with COVID-19. Physician participants were surveyed using a five-point
Likert scale with regard to their comfort level with various aspects of the airway algorithm both
before and after the simulation in a retrospective fashion. Additionally, we obtained feedback from all
participants and used it to refine the airway algorithm.

Results: Over a two-week period, 93 physicians participated in the simulation. We received 81
responses to the survey (87%), which showed that the average level of comfort with personal
protective equipment procedures increased significantly from 2.94 (95% confidence interval,
2.71-3.17) to 4.36 (4.24-4.48), a difference of 1.42 (1.20-1.63, p < 0.001). There was a significant
increase in average comfort level in understanding the physician role with scores increasing from
3.51 (3.26-3.77) to 4.55 (2.71-3.17), a difference of 1.04 (0.82-1.25, p < 0.001). There was also
increased comfort in performing procedural tasks such as intubation, from 3.08 (2.80-3.35) to 4.38
(4.23-4.52) after the simulation, a difference of 1.30 points (1.06-1.54, p < 0.001). Feedback from the
participants also led to refinement of the airway algorithm.

Conclusion: We successfully implemented a new airway management guideline for patients with
suspected COVID-19. In-situ simulation is an essential tool for both dissemination and onboarding,
as well as process improvement, in the context of an epidemic or pandemic. [West J Emerg Med.
2020;21(6)99-106.]
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Disclaimer: Due to the rapidly evolving nature of this
outbreak, and in the interests of rapid dissemination of
reliable, actionable information, this paper went through
expedited peer review. Additionally, information should be
considered current only at the time of publication and may
evolve as the science develops.

INTRODUCTION

Epidemics and pandemics present numerous challenges
to frontline healthcare workers. These providers must not
only take care of patients during a period of uncertainty but
must also ensure they protect themselves from exposure.

The coronavirus disease 2019 (COVID-19) pandemic has

led to the need for new management protocols to be created
and implemented rapidly, including clinical guidelines
related to the safety of healthcare workers.! In the emergency
department (ED), aerosol-generating procedures (AGP),

such as endotracheal intubation of patients with presumed/
confirmed COVID-19, represent the highest risk to healthcare
providers due to the aerosolization of viral particles.>® These
new guidelines must be quickly tested and disseminated in
order to provide safe care.

The process of implementing a new management
guideline can take significant time and buy-in from key
stakeholders. New protocols typically develop through an
iterative process, often in the form of a rapid Plan-Do-Study-
Act (PDSA) cycle.*® Through a PDSA process, an educational,
operational, or other need is identified and a process designed
to fix it. After this initial implementation, feedback is obtained
and studied. The initial process is then refined, restarting the
cycle. In-situ simulation has previously been shown to be
a powerful tool for identifying and correcting latent safety
threats as well as process improvements in new hospital units
and protocols.®® By using simulation within the space where
that process occurs, new guidelines can be tested by those
most affected, and comments can be fed back to revise the
current workflow.’

Simulation is useful not only for process improvement
but also to prepare teams for critical events. Prior work has
shown that care teams have a better understanding of job
responsibilities and improved communication during trauma
activations after participating in an in-situ simulation.'®
Surgeons use “simulation-based clinical rehearsals” to practice
high-risk procedures prior to performing them on actual
patients.!!? Similarly, the use of “just-in-time” simulation
training, which refers to the opportunity to practice a skill
immediately prior to use in the clinical environment, has
been shown to be effective in teaching skills and providing
refreshers to avoid skill decay.!*!3

The COVID-19 pandemic provides unique circumstances
surrounding the implementation of new management
guidelines and methods for teaching a large cohort of
providers the skills necessary to deliver care in a safe manner.
Due to state and federal executive orders prohibiting large

gatherings, effectively leading to the cessation of typical
in-person learning opportunities for providers, alternative
methods for teaching are required.'®!” This brief innovation
details our model for implementing an algorithm for managing
the high-risk AGP in patients with presumed COVID-19
diagnosis and highlights our method for both rapidly refining
our algorithm through a PDSA process and onboarding our
providers to this new management protocol while following
social distancing guidelines.

METHODS
Simulation Scenario

Our airway algorithm was developed by this
authorship group (BSB and CHH) in coordination with
hospital leadership and the Department of Anesthesiology
(Supplemental File).! To facilitate rapid PDSA cycling
of this protocol and to onboard attending and resident
physicians to new airway management guidelines, we
developed an in-situ simulation scenario featuring a
decompensating patient with COVID-19 requiring
definitive airway management with intubation. The scenario
was designed to fulfill the following primary objectives:

1) demonstrate and adhere to donning and doffing of
personal protective equipment (PPE) for high-risk AGPs in
suspected COVID-19 patients; 2) perform an AGP while
maintaining precautions, including pre-brief, intubation,
and post-intubation management; and 3) demonstrate
closed-loop communication with an interprofessional
team with PPE in place and ongoing infection control
procedures. The scenario design process as well as the
case itself are further detailed and available for use
through the Association of American Medical Colleges
iCollaborative.!” We developed and reviewed the scenario
prior to implementation by educational leadership within
the physician, nursing, and respiratory therapy groups.

In anticipation of a surge in critically ill patients requiring
AGP, we conducted in-situ simulation sessions three times
daily, prior to the start of clinical shifts. After one week,
sessions were reduced to twice daily. These sessions occurred
at the Michigan Medicine Adult Emergency Department,
using a resuscitation room that was similar to rooms where
patients would be intubated. Exact room was determined
at the time of the session, based on room availabilities.
Through announcements via email as well as during virtual
departmental meetings, we invited all physicians, nurses, and
respiratory therapists to participate in order to delineate roles
and promote team communication. To comply with guidelines
to minimize large gatherings, sessions were limited to the
providers who were going to be working in the resuscitation
area during the oncoming shift. Simulations were limited to
six participants in their typical roles, reflecting the number
of providers caring for a patient who requires an AGP in our
protocol (two physician providers, two nurses inside the room,
one respiratory therapist, and one additional nurse outside
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the room). If additional providers working that day showed
up to the session, they were allowed to observe, following
recommended social distancing guidelines.
Initial sessions were taught by two authors (BWM and CHH).
Additional faculty and residents were subsequently recruited
on a volunteer basis to teach these sessions and were provided
instruction on teaching methods and observed for a session,
following a train-the-trainers framework. To minimize
additional infectious risk, teachers were encouraged to sign up
to teach sessions that were to occur immediately prior to their
own shifts.

Prior to deployment of the simulation sessions,
the airway management algorithm was provided to all
providers through a link in an online repository Box
(Redwood City, CA), although it was not mandatory
for providers to review prior to attending the session.?
Simulation sessions focused on introduction of the concepts
of appropriate donning of PPE; preparation and planning
for intubation; the intubation procedure; post-intubation
management; and appropriate doffing of PPE. Following a
pre-brief that reviewed the airway management algorithm
and demonstration of key elements, the participants
engaged in the simulation scenario as a team, using a
deliberate practice framework to correct errors in real
time, noted by a critical action checklist. Due to national
shortages of PPE, simulated equipment, such as Styrofoam
masks replicating N95s, were used to practice donning
and doffing techniques. Following the session, participants
underwent debriefing that reinforced the critical actions.

Airway Algorithm Refinement

The simulation sessions also informed the change process
for the airway algorithm, following a PDSA cycle (Figure 1).
After the initial implementation of the simulation, we sought
feedback on the airway algorithm from participants and any
observers present in real time regarding what worked well and
how the algorithm could be improved. Additionally, providers
were encouraged to email us with any additional feedback
based upon their experiences in the clinical environment. This
feedback was shared with the entire authorship group, who
reviewed the information and used it to inform subsequent
iterations of the airway algorithm. As new knowledge
regarding best practices became available, this was also
incorporated into new versions of the algorithm. We provided
updated guidelines in Box for learners to review and refer to
as needed.

Following participation in the simulation, the physician
participants were asked to complete a retrospective pre/
post survey using a five-point Likert scale (1 being
extremely uncomfortable, 3 being neither comfortable nor
uncomfortable, and 5 being extremely comfortable) regarding
their comfort with aspects of the management of AGPs in
COVID-19 patients before and after the simulation. Questions
included physician level of comfort both before and after

ACT | PLAN

Identified need for new

Incorporated feedback . :
airway algorithm.

into subsequent .
iterations of airway Devglopsd algor!]thl;rll by
algorithm. using est avai able
evidence and adapting to
local practices.

Feedback on algorithm
obtained from both
simulated and clinical

experiences.

In-situ simulations
performed utilizing the
airway algorithm.

Figure 1. Plan Do Study Act cycle for refinement of the institutional
airway algorithm for patients with suspected COVID-19.

the simulation in the following domains: 1) PPE donning
and doffing procedures; 2) understanding their role in AGPs;
and 3) performing aerosol-generating procedural tasks such
as intubation. We determined the mean and 95% confidence
intervals (CI) of the survey results, and evaluated the pre-
and post-simulation results using two-sided paired t-tests.
All statistical computations were performed in SAS v9.2
(SAS Institute; Cary, NC). P value < 0.05 was considered
statistically significant. We measured onboarding and reach
through attendance at sessions by ED residents and faculty
compared to those currently working in the department.
Residents who were on off-service rotations and faculty who
did not work shifts during the months of March and April
were excluded. This study was exempted from institutional
review board review by the University of Michigan Medical
School Office of Research.

RESULTS

Between March 16-April 1, 2020, 93 physicians
completed the simulation training through a total of 37
simulation sessions. Of these physicians, 91.4% (85) were
emergency physicians, while 8.6% (eight) were intensivists
or anesthesiologists who attended sessions for the purpose of
training their own departments in this algorithm. Of the ED
providers, 45.9% (39) were residents or fellows and 54.1%
(46) were attending physicians. This represented 86.7% (39
of 45) residents and 83.6% (46 of 55) of faculty who worked
shifts in the ED during this time.

We received 81 responses from the 93 participants (87%
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response rate). Thirty (37%) of the providers had participated
in an AGP on a suspected or confirmed COVID-19 patient
prior to participating in the simulation. The average level of
comfort with PPE procedures increased significantly from
2.94 (95% CI, 2.71-3.17) to 4.36 (4.24-4.48), a difterence of
1.42 (1.20-1.63, p <0.001). The providers again showed a
significant increase in average comfort level in understanding
their role with scores increasing from 3.51 (3.26-3.77) to 4.55
(2.71-3.17), a difference of 1.04 (0.82-1.25, p <0.001). In
addition, providers showed significantly increased comfort

in performing procedural tasks such as intubation. Their
comfort level increased from 3.08 (2.80-3.35) before to 4.38
(4.23-4.52) after the simulation, a difference of 1.30 points
(1.06-1.54, p < 0.001) (Table 1). There was no significant
difference in the above scores between the providers who had
participated in AGPs in suspected or confirmed COVID-19

patients, and those who had not (p-values 0.33, 0.41, and 0.45,
respectively) (Table 2).

During the study period, we created a total of 12 versions
of the COVID-19 airway algorithm. Changes occurred in
response to several avenues of feedback, as described in the
methods. Ever-changing consensus recommendations related
to airway management in a new disease required maximal
flexibility and adaptability. New knowledge regarding best
practices were adapted as they became available. Additionally,
all participants were offered the opportunity to provide
suggestions for change after participating in the simulation.
The airway algorithm was also used by many participants on
clinical shift immediately following completion of simulation,
leading to the discovery of areas needing refinement. To
track modifications to the algorithm we created a descriptive
“Change Log,” which is represented in Table 3.

Table 1. Survey questions and results with means and pre/post intervention differences.

Pre-Intervention  Post-intervention Difference
Question Mean (95% Cl) Mean (95% Cl) (95% ClI) P-value
How comfortable did you feel in appropriately donning and 294 (2.71-317) 4.36 (4.24-4.48) 1.42(1.20-1.63) <0.001
doffing PPE in an AGP in a suspected COVID-19 patient?
How comfortable did you feel in knowing your role in the 3.51(3.26-3.77) 4.55(4.42-4.68) 1.04(0.82-1.25) <0.001
management of an AGP in a suspected COVID-19 patient?
How comfortable did you feel in performing your responsibilities  3.08 (2.80 - 3.35) 4.38 (4.23-4.52) 1.3 (1.06-1.54)  <0.001
(intubating, giving medications, transitioning patient to vent, etc)
without violating PPE precautions during the management of an
AGP in a suspected COVID-19 patient?
AGP, aerosol-generating procedure; PPE, personal protective equipment; C/, confidence interval.
Table 2. Provider comfort with the following after simulation based on whether had performed procedure in patient.
Donning and doffing PPE mean (95% Cl) Difference (95% Cl) P-value
Had performed procedure prior 443 (4.25 - 4.62) 0.12 (-0.16 - 0.44) 0.33
(n=30)
Had not performed procedure 4.31(4.15-4.48)
prior (n = 51)
Knowing role in management of AGP mean (95% Cl) Difference (95% Cl) P-value
Had performed procedure prior 4.62 (4.41 -4.83) 0.11 (-0.13 - 0.40) 0.42
(n=30)
Had not performed procedure 451 (4.34 - 4.68)
prior (n = 51)
Performing AGP and maintaining PPE mean (95% CI) Difference (95% CI) P-value
Had performed procedure prior 4.45 (4.21 - 4.69) 0.12 (-0.12 - 0.37) 0.45
(n=30)
Had not performed procedure 4.33 (4.14 - 4.53)
prior (n = 51)
AGP, aerosol-generating procedure; PPE, personal protective equipment; C/, confidence interval.
Western Journal of Emergency Medicine 102 Volume 21, No. 6: November 2020
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Table 3. COVID-19 airway algorithm change log.

Preparation Pre-brief Procedure Post-procedure Equipment
Move patient to * Discuss plan, Avoid providing BVM < Confirm ETT Glidescope
negative pressure including pre- oxygenation unless placement with BVM with ETCO?
room oxygenation, RSI life threatening ETCO? adapter and viral filter

Identify the team: 2
airway operators, 2
nurses, 1 respiratory
tech, 1 runner, 1 PPE
monitor

Check equipment in

medications and
post-intubation
sedation plan

hypoxemia

Intubate with RSI and
VL

Use an iGel with a
viral filter if need for
re-oxygenation

» Transfer to ventilator
by clamping ETT to
connect to circuit

» Discard equipment
and wipe down
Glidescope

for preoxygenation and
rescue breathing
Airway bag containing
airway equipment,
nursing supplies, and
respiratory therapist

airway bag Avoid ventilation until « Doff PPE with the supplies
Don PPE ETT cuff inflation assistance of the
PPE monitor
Updated PPE * Expanded RSI * Clarified doffing Added two way

guidelines to remove
shoe covers due

to concern for self-
contamination and to
include goggles
Identified specific
Glidescope for AGP

recommended

procedure to specify
hand hygiene
between each step

communication device

between team in room

and outside

Changed airway bag to
preset airway table

Clarified that post-
sedation medications
should be primed prior
to entering room

Specified that heated
high flow nasal
cannula should be
turned off prior to
intubation
Emphasized that cuff
should be inflated
prior to positive
pressure ventilation

+ Clarified appropriate
doffing order

Updated airway table to
include labels for ease
of use and restocking
Updated ventilator
circuit to remove
extraneous viral filter

Clarified order of
donning PPE

» Updated guidelines to
wipe down unopened
equipment for reuse

Updated order of
donning PPE

Changed tube clamps
to plastic due to metal
clamps cracking ETT

Adjusted pre-
oxygenation

method with BVM to
accommodate lack of
bidirectional flow of
oxygen.

Removed disposable
stethoscope from airway
table

Added cover to table to
signify that it was ready
for use

Added sterile cover to
two way communication
device for ease of
cleaning

Clarified the process
for attaching the BVM
to the ETT

» Added clarification on
process for cleaning
equipment and order
for doffing PPE
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Table 3. Continued.

10 - Face shield added to » Expanded » Changed pre- » Changed airway table
donning procedure recommendations oxygenation option to modular airway
for post-intubation from 6L nasal cannula packs
sedation to 15L green nasal
cannula
+ Clarified order
and speed of RSI
medications
11« Clarified role » Added code

starter pack for
medications

responsibilities in
obtaining airway packs

* Removed role stickers
from bags

» Added additional
changing of gloves
during donning of PPE
to accommodate reuse
of N95 mask

12 + Clarified
medication plan
for hemodynamic

optimization

» Added rescue cart
available outside of room

+ Clarified procedure
for cleaning
equipment in and
out of room as well
as restocking of
airway packs

AGP, aerosol-generating procedure; BVM, bag valve mask; ETCO?, end tidal carbon dioxide; ETT, endotracheal tube; PPE, personal
protective equipment; RS/, rapid sequence intubation; VL, video laryngoscopy.

DISCUSSION

The COVID-19 pandemic presents a unique scenario in
which new management guidelines must be implemented
in a rapid manner to provide healthcare workers the tools
necessary to safely perform patient care. The use of in-
situ simulation allowed for the simultaneous training and
refinement of our airway algorithm. Provider comfort in
multiple domains improved significantly following the
simulation, independent of whether the providers had
participated in an AGP in a suspected or confirmed COVID-19
patient prior to participating in the simulation training. These
domains included PPE donning and doffing; knowing one’s
role in AGPs; and performing AGPs such as intubations.

During this time, multiple changes took place to the
airway algorithm and several themes were noted throughout
the revision process. The importance of proper PPE donning/
doffing was recognized during initial algorithm development;
however, defining the order and type of PPE were continually
assessed and modified. Communication barriers were
uncovered including need for two-way communication
devices. Layout of airway equipment was redesigned from
an initial airway bag to a preset airway table and, finally, to
separate, modular airway packs.

This study highlights the importance of in-situ
simulation training, particularly its impact on provider
confidence with high-risk AGPs such as intubation, as well
as team roles and PPE donning and doffing. Additionally, it

shows that an airway algorithm can be developed and refined
in real time based on user feedback and rapidly disseminated
to ED providers. Future work will look at the impact of the
training on provider outcomes such as adherence to PPE
donning and doffing standards, as well as patient outcomes
such as success of airway interventions. Additionally, further
analysis of data will look at any differences between the
original trainers and the secondary teachers to evaluate the
quality and consistency of the sessions.

LIMITATIONS

The need to follow social distancing guidelines
presented a significant limitation in the number of
providers we were able to train at one time. In the setting
of a pandemic, access to supplies and equipment was
unpredictable. One limitation was the need to adapt to what
was available and in stock. Although other hospitals may
not be able to reproduce exactly our airway algorithm, the
process for implementation is generalizable. Additionally,
the recommendations we provided to our learners were best
practice recommendations as there was limited evidence
supporting a definitive management algorithm in the context
of the COVID-19 pandemic.

We did not ask the participants to review the airway
algorithm prior to attending the session, although some
may have done so. Given that we did not collect data on
whether or not participants were familiar with the algorithm
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prior to the simulation, our results may underestimate the
utility of the simulation training. Additionally, as this was a
retrospective survey, there is the possibility of recall bias as
it relates to participant comfort with the procedure. Although
future work will assess whether or not different instructors
were more effective teachers, it was not a part of this study
and therefore is a potential limitation in understanding the
dissemination of content.

CONCLUSION

We successfully implemented a new airway
management guideline for patients with suspected
COVID-19. The use of in-situ simulation helped providers
learn these new guidelines and become familiar with
new equipment and protocols over a short time period.
Additionally, the feedback obtained through the simulation
was useful in refining our algorithm. In-situ simulation
is an essential tool for both rapid dissemination and
onboarding, as well as process improvement in the context
of an epidemic or pandemic.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), the novel coronavirus that was first detected in China,
was declared a public health emergency of international concern
on January 30, 2020. By March 11, 2020, the World Health
Organization (WHO) characterized it as a global pandemic. The
United States reported its first cases of coronavirus disease 2019
(COVID-19), the illness caused by SARS-CoV-2, on January
20, 2020. As of September 2, 2020, there have been over 6.26
million confirmed cases of COVID-19 in the United States with
over 13,000 confirmed cases in the city of Detroit, Michigan.'
SARS-CoV-2 is a highly transmissible virus. The disease it
causes, COVID-19, is a predominantly respiratory illness with
varying symptom severity contributing to the potential for
significant critical illness.

The Setting

Henry Ford Hospital (HFH) is an urban, academic,
quaternary referral center in Detroit. The hospital houses
five distinct intensive care units (ICU) with 156 ICU beds;
up to 68 of these beds can be used for medical intensive care
unit (MICU) needs. In August 2016, the HFH emergency
department (ED) established a Division of Emergency
Medicine-Critical Care Medicine (EM-CCM) comprised
of five specialty physicians with board certification in both
EM and critical care medicine. The division has seen steady

growth and faculty accrual each year. As the COVID-19
pandemic began in Detroit, the division of EM-CCM
consisted of eight faculty who divide their clinical and non-
clinical duties between the ED and the ICU. Additionally,
these physicians form the early intervention team (EIT),
working as critical care consultants in the ED and assisting
with the delivery of focused management for critically ill
patients. This includes post-resuscitative care, advanced
ventilator management, adherence to ICU-bundled care, and
selection and titration of vasoactive medications. As Michigan
identified its first cases on March 10, 2020, the EM-CCM
group at HFH found itself at the center of this overwhelming
pandemic response.

The Surge Response
Identifying the ED-ICU Needs

HFH ED includes a category 1 area: a hybrid ED-ICU
zone that includes 16 beds and two resuscitation bays with the
ability to care for and adapt to the management of incoming
patients as well as ICU boarders. In early March, we learnt of
the Italian experience with the surge of critical illness during
COVID-19. It became clear that we would need to prepare to
deliver early and prolonged critical care. Additionally, there
was the consideration of isolation and protection of both
patients and healthcare workers (HCW) from the transmission
of SARS-CoV-2.** This meant working with our ED and
nursing leadership to adapt an area of category 1 into a
COVID-19 ED-ICU where our ED nurses transitioned to
essentially serve as both ED and ICU nurses.

Adapting our Setting
The number of cases presenting from the community
rose rapidly in Detroit, requiring a shift in practice to
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presume that every patient with respiratory distress had
COVID-19. This also meant a transition in ED workflow

as we assumed many of our critical resuscitations would
require aerosol-generating procedures (AGP) and performing
AGPs in our positive-pressure airflow resuscitation bays
would contribute to unnecessary HCW exposure. Thus, all
resuscitations and AGPs were moved to negative pressure
rooms and all resuscitation team members used personal
protective equipment (PPE) for every resuscitation, including
N95 masks. Moving resuscitation bays to negative pressure
bays was disruptive; the transition required immense
collaborative efforts between leadership, trauma services,
nursing, ED technicians, and our ED pharmacists. Closed loop
communication was essential as team members in PPE had to
communicate needs to those outside the rooms. Fortunately,
our hospital engineering facility team was able to convert the
original resuscitation bays to negative air-flow spaces.

Expanding Early Intervention Team Coverage

Recognizing the potential for a surge of critically ill
patients, the EIT identified the need for expanded coverage
from five days a week (2 pv—10 Pm), to seven days a week (2
pM—10 pm) and 24-hour on call availability. EIT performed
“virtual rounds” and daily morning communications with
the primary ED team. We also evaluated all ICU boarders
for daily ICU rounding needs such as medication review,
ventilator adjustments, and preventative care bundles. These
virtual rounds allowed for enhanced communication with
in-house ICU triage teams, prioritizing throughput based on
severity of illness.

Guidelines and Procedures Evolving to Accommodate COVID-19

Developing guidelines during any pandemic response
requires adaptability and rapid adjustment to changing
standards of care. Responding to this particular pandemic,
caused by a respiratory virus that had already resulted in a
significant amount of critical illness and ventilator dependence
worldwide, required prioritization in the protection of HCWs
from accidental exposure and guidelines for decision-making
when multiple, critically ill hypoxic patients arrive to the ED
in tandem. As such, the EIT was critical in the development of
ED-based guidelines that outlined and highlighted many of the
necessary steps for protecting HCWs. Guidelines for patients
undergoing AGPs stratified the risk of individual AGPs such
as intubation, noninvasive positive-pressure ventilation
(NIPPV), nebulizer treatments, and high-flow oxygen therapy,
and recommended cohorting any patients suspected of having
COVID-19 and undergoing an AGP into negative pressure
rooms, followed by closed door rooms.

Ultimately, as the number of patients requiring AGPs
grew, the ED heating, ventilation and air conditioning
systems were re-engineered to support negative flow in
larger areas allowing for safer cohorting of large groups
of patients. Intubation guidelines focused on protection of

HCWs by minimizing the use of bag valve mask (BVM)
unless necessary, and the use of high efficiency particulate

air (HEPA) filters if BVMs were needed. HEPA filters were
also recommended for use on all NIPPV machines and
ventilators. Cardiac arrest guidelines discussed details such

as new positions for pharmacists outside resuscitations rooms
to minimize exposure and use of PPE, the utilization of
“runners” who acted as intermediaries between donned, code
team members and the external ED team, communication
recommendations using two-way radios, and avoiding patient
disconnection from the vent during arrests to minimize
acrosolization and HCW exposure.’ Lastly, EM-CCM
physicians recognized that with rising numbers, community
spread, and increasingly severe hypoxic presentations,
resource limitations were inevitable.® Thus, EIT advocated for
management principles that would preserve access to invasive
ventilation. This included the optimization of noninvasive
oxygenation devices in appropriately ventilated rooms and, in
some cases, participation in goals of care conversations with
patients and their families while in the ED.

The novel nature of the virus meant that many of these
guidelines relied heavily on experiences of healthcare
systems in Europe and on the West Coast of the US, as well
as prior experiences with severe acute respiratory syndrome
and Middle East respiratory syndrome outbreaks; thus, the
guidelines were updated and redistributed frequently. These
ED guidelines, although originating for the ED from the
Division of EM-CCM, were often translated hospital-wide
via collaborative relationships of EM-CCM physicians with
hospital committees and leadership.

Reflections on the Pandemic Response

EM-CCM is a growing specialty with a unique
perspective in the management of critically ill patients from
the doors of the ED through the duration of their ICU stay.
This perspective creates predictive insight into bottlenecks
for admissions and discharges from ICUs, as well as a unique
understanding of the adaptability and limitations of EDs
during surges.

During the peak of the COVID-19 pandemic, HFH
expanded its ICU capacities to eight ICUs primarily caring
for COVID-19 patients. Despite this expansion, ED hold
times were as long as 45 hours with daily averages between
6-12 hours. Prior to the pandemic, ICU boarding was not
uncommon, but COVID-19 patients proved to be an additional
challenge as they often required more advanced ventilator
management strategies, higher doses of sedative medications,
utilization of paralytics, and increased nursing monitoring and
interaction. EIT physicians spent most of their time in full PPE
moving from bedside to bedside, adjusting ventilator settings
and reviewing medications to improve ventilator synchrony
and oxygenation.

As the number of patients continued to rise, internal
regulations for ICU requirements were adjusted to allow
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patients with high oxygen requirements, but not yet
requiring high-flow nasal cannula or NIPPV, to be placed
in general patient units (GPU). This conserved ICU beds,
but meant more patients were being boarded in the lower
acuity area of the ED while awaiting a GPU bed. As a
result, EIT, already expanded in hours, expanded further
into lower acuity areas of the ED to assess and monitor
patients at risk for decompensation and ensure AGP and
intubation guidelines were followed. The hybrid ED-CCM
model at HFH proved ideal for this kind of adjustment, as
the EIT physicians were able to expand beyond the physical
ED-ICU space and assist in the wide spectrum of care of
COVID-19 patients.

EM-CCM physicians leveraged their roles in surge
committees and resuscitation councils to highlight the
toll of COVID-ICU type care on the ED environment.
Administrative leadership responded by halting all incoming
transfers from outside hospitals and encouraging residents
and fellows from other specialties to pick up ED shifts and
to assist with screening and nasal swabs in a temporary
tent facility. Critical care fellows were re-assigned from
traditional electives to the EIT service in the ED to
assist with critical care consultations and management.

EIT physicians were involved in the development of a
multidisciplinary proning team that was used both in the ED
and the inpatient hospital setting to assist with the logistics
of early proning. Finally, EIT used their relationship with
anesthesia critical care physicians to set up an anesthesia
procedure team to assist with ED intubations and procedures
as we quickly realized that simultaneously managing the
abundance of procedures while assessing newly arriving
critically ill was an insurmountable task.

Outside of the ED, EIT’s presence in the ED and
involvement in the care of nearly all patients who traveled
through our ED into our ICUs, allowed the ICU to focus
entirely on the patients within their units. This reduced the
strain on ICU physicians for staffing, allowing more rest
between COVID-19 ICU rotations. EIT physicians’ dual
roles within the ED and the ICUs maintained clear lines of
communication regarding ED and ICU needs during daily
departmental town halls, allowing for early identification
of resource scarcities within the hospital, and focused, bed-
management discussions.

The HFH Division of EM-CCM continues to be included
in the hospital ICU collaborative responses. The guidelines
that were written initially for internal use were shared both
systemwide and then with external ED leaders who reached
out for assistance. During the COVID-19 pandemic response
emergency physicians across the world stepped up to develop
safe guidelines and protocols for the care of COVID-19
patients. At HFH, EM-CCM is a growing division that
leveraged its position in both the EM and CCM worlds to
help plan, prepare for, and support the surge of critically ill
COVID-19 ICU boarders.
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Introduction: Coronavirus disease 2019 (COVID-19) has substantially impacted the healthcare
delivery system in Tehran, Iran. The country’s first confirmed positive test for severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2) was on February 18, 2020. Since then, the number of cases
has steadily increased in Iran and worldwide. Emergency medical services (EMS) quickly adapted

its operations to accommodate a greater number of patients, and it worked to decrease the risk of
COVID-19 spread among EMS personnel, given the disease’s high transmissibility.

Methods: We evaluated the chief complaint as well as the pattern and number of EMS calls
and dispatches during the 28-day intervals before and after the February 18, 2020, COVID-19
outbreak in Iran.

Results: EMS calls increased from 355,241 in the pre-outbreak period to 1,589,346 in the post-
outbreak period, a 347% increase (p<0.001). EMS dispatches rose more modestly from 82,282
to 99,926, a 21% increase (p<0.001). The average time on telephone hold decreased from 10.6
+ 12.7 seconds pre-outbreak to 9.8 + 11.8 seconds post-outbreak, a 7% decrease (p<0.001).
The average length of call also decreased from 1.32 + 1.42 minutes pre-outbreak to 1.06 + 1.28
minutes post-outbreak, a 20% decrease (p<0.001). The highest number of daily dispatches
occurred during the second and third weeks of the four-week post-outbreak period, peaking

at 4557 dispatches/day. After the first reported case of SARS-CoV-2, there were significant
increases in chief complaints of fever (211% increase, p<0.001) and respiratory symptoms
(245% increase, p<0.001).

Conclusion: The number of EMS calls and dispatches in Tehran increased 347% and 20%, respectively,
after the outbreak of COVID-19. Despite this, the time on hold for EMS response decreased. The Tehran
EMS system accomplished this by increasing personnel hours, expanding call-center resources, and
implementing COVID-19-specific training. [West J Emerg Med. 2020;21(6)110-116.]
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Disclaimer: Due to the rapidly evolving nature of this
outbreak, and in the interests of rapid dissemination of
reliable, actionable information, this paper went through
expedited peer review. Additionally, information should be
considered current only at the time of publication and may
evolve as the science develops.

INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2), was
first discovered in humans in Wuhan China, late last year." It has
presented a unique challenge to a healthcare delivery system not
prepared for major healthcare catastrophes. Without prior crisis
management plans in place, many hospitals have faced a lack
of medical supplies, increased patient load, and an exhausted
medical staff. The current pandemic highlights these deficits
in disaster preparedness and the importance of developing a
systematic approach to deal with future healthcare crises.

On February 18, 2020, Iran’s first positive test for SARS-
CoV-2 was reported. One day later, Iran’s Ministry of Health
confirmed the beginning of the outbreak. The number of cases of
COVID-19 in Iran has since increased substantially. On March
11, 2020, the World Health Organization (WHO) designated
COVID-19 a pandemic. Globally, as of September 27, 2020,
there were over 32.7 million confirmed cases of COVID-19 with
991,224 deaths reported to WHO. In Iran there were 443,086
confirmed cases of COVID-19 and a death toll of 25,3942

Prehospital and hospital services were at first overwhelmed
by fever and respiratory complaints in patients suspected of
having COVID-19, which required the emergency medical
services (EMS) to change its operating procedures. The EMS
Organization in Tehran (EMS Tehran) created the Advanced
Surveillance System of Coronavirus Committee. EMS
Tehran increased the number of personnel working in order
to adequately respond to the increase in patient numbers, and
gave formal training to its employees to screen for and diagnose
COVID-19. Employees were given more personal protective
equipment (PPE) and essential supplies so that they could
adequately care for patients. EMS Tehran also greatly extended
its operations, limited the amount of time off for its employees,
and added coronavirus-consulting phone lines to answer patient
questions. The goal of this study was to determine the effects of
COVID-19 on the workload of EMS Tehran and the associated
changes to patient presentation on EMS arrival.

METHODS

We collected EMS data including the number of calls and
dispatches, patient complaints, and vital signs before and after
the beginning of the COVID-19 outbreak in Tehran, a city with
a population of 8.7 million. We divided our study into two 28-
day periods, defining the pre-outbreak period as January 21—
February 17, 2020, and the post-outbreak period as February
18-March 16, 2020. This study was approved by the ethics
committee of Tehran University of Medical Sciences.

Population Health Research Capsule

What do we already know about this issue?
Emergency medical services (EMS) has been
forced to change protocols to maximize employee
work hours and minimize waste of personal
protective equipment.

What was the research question?

We sought to determine the effects of the
COVID-19 pandemic on patient presentation and
the workload of EMS Tehran.

What was the major finding of the study?

The number of dispatches, calls, and patients with
fever and respiratory complaints increased after
the outbreak in Tehran.

How does this improve population health?

By understanding the effects of the COVID-19
pandemic on EMS workload, we can optimize
our policies to improve our response to future
pandemics.

EMS in Iran

EMS Iran is an affiliate of Iran’s Ministry of Health.?

It oversees multiple departments including operations,
administrative, financial, medical emergency communications,
dispatch, quality control, method improvement, education, and
research. Patients call “115” and speak with the emergency
medical dispatcher (EMD) who takes a history and the caller’s
address. The EMD gives this information to a nearby unit if a
dispatch is deemed necessary. Emergency medical technicians
(EMTs) evaluate the patient at the scene and may consult

a physician in the dispatch center to determine whether

the patient needs transport to a hospital. The EMTs then
coordinate with the hospitals prior to arrival. There are 216
ambulance bases in Tehran, most with one ambulance and one
motorcycle ambulance. The motorcycle ambulance is driven
by one EMT to scenes where transport is not predicted to be
necessary based on the dispatch call. The EMT may perform
limited medical care. A few bases have two ambulances,

and a few bases have an ambulance bus, which is used for
multiple casualties when air transport is limited. All stations
are managed by one dispatch center. There are 118 hospitals
in Tehran, including 49 publicly run, 55 privately run, and 14
government run for the armed forces.

All EMDs are nurses with bachelor degrees, and EMTs
have degrees in nursing, anesthesiology, or medical emergency.
EMTs have different ranks including basic, intermediate, and
paramedic, and the EMD takes this into account for a tiered
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response to calls. EMS personnel receive 60-200 hours of
general training, and there are additional monthly in-service
trainings. Since the COVID-19 outbreak, EMS Iran has also
used virtual trainings including lectures and webinars.

Changes to EMS workflow in Tehran

Changes to EMS workflow included adding “distance
shifts” for EMDs working for the emergency communication
(dispatch) center. These distance shifts occurred from employee
homes to promote social distancing. Supervisors also began to
answer dispatch calls. The number of dispatchers receiving calls
at any time increased 140% from 20-24 to 36-48. We added 50
ambulances to the existing fleet, a 20% increase, to respond to
calls. These added missions were staffed by base officials who
did not routinely go on missions.

The EMS communication center and operating units began
to ask COVID-19 screening questions to all patients, to identify
patients with COVID-19 associated symptoms or a recent travel
history to China. All employees were given formal training in
recognizing and diagnosing COVID-19. EMS Tehran increased
the amounts of PPE and essential medical supplies available
for dispatches and reduced the number of personnel involved in
each dispatch. These measures led to an adequate supply of PPE
throughout the outbreak.

Volunteers ran PPE donation drives, and we received
international donations as well. For dispatches involving
patients suspected or confirmed to have COVID-19, all
EMTs directly interacting with the patient wore “full” PPE
including a gown, face shield, surgical mask, and gloves. This
usually involved only one EMT to help conserve PPE. The
other EMTs involved in the dispatch wore surgical masks and
gloves. All PPE was thrown away after every dispatch, and the
entire ambulance was subsequently washed and cleaned with
disinfectants. Given the shortage of N95 masks, we disinfected
and reused elastomeric masks.

Volunteer physicians and nurses with emergency medicine
experience answered the general public’s questions on a
different phone line. If they deemed medical attention was
needed, they would connect the call to the dispatch center. This

Table 1. Emergency medical services dispatches and calls before

line received an average of 18,000 calls per day.

There was no change to the number of personnel
performing dispatches. However, they did have increased
overtime hours, reduced break time during shifts, and reduced
number of hours between shifts. Before the COVID-19
outbreak, EMS personnel routinely worked 24-hour shifts
and had 48 hours off between shifts. Time off between shifts
decreased to 24 hours during the outbreak, resulting in an
effective 50% increase in staff-hours.

At the beginning of the outbreak, Iran’s Ministry of Health
designated 10 hospitals to treat COVID-19 patients. These
hospitals saw the majority of suspected cases and also received
transfers after coordination with the central operations guidance
headquarters. EMS worked to transport patients with or
suspected to have COVID-19 to these hospitals. Three to four
percent of all dispatches were inter-hospital transfers.

Data Analysis

We analyzed data using SPSS V.22 software (IBM
Corporation, Armonk, NY). We verified normality with the
Kolmogorov—Smirnov test. Data are presented as the mean +
SD or median with interquartile ranges as suitable. We used
chi-square and Fisher’s exact tests to compare proportions of
qualitative variables. Student’s t-test was used for parametric
quantitative variables, and the Mann-Whitney U test was
used for nonparametric quantitative variables. The level of
significance was <0.05.

RESULTS

During the 56 days of the study, there were 182,208 EMS
dispatches. The average number of daily dispatches in the pre-
and post-outbreak periods was 2939 and 3569, respectively, a
21% increase (Table 1). The highest number of daily dispatches
occurred on March 4, 2020, with 4557 dispatches (Figure 1). The
number of daily dispatches during the second and third weeks of
the post-outbreak period was consistently near 4000.

There was a substantially higher number of EMS phone calls
during the post-outbreak period compared to the pre-outbreak
period (Figure 2). We received 1,944,587 EMS calls, with a daily

and after the beginning of the COVID-19 outbreak.

Study variable Pre-outbreak Post-outbreak Percent change P-value

EMS calls N (% of total) 355,241 (18.2) 1,589,346 (81.8) 347 <0.001
EMS missions N (% of total) 82,282 (45.1) 99,926 (54.9) 21 <0.001
Time of call (min)

Median (Q1, Q3) 0.7 (0.3, 2.1) 0.50 (0.32, 1.3) -29 <0.001

MeantSD 1.3+14 1.1+£13 -15 <0.001
Time waiting on hold (sec)

Median (Q1, Q3) 7.0 (7.0, 7.0) 7.0 (7.0, 7.0) 0 1.00

MeantSD 10.6 +12.7 9.8+11.8 -8 <0.001

*EMS, emergency medical services; Q1, 25th percentile; Q3, 75th

percentile; SD, standard deviation.
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average of 12,687 EMS calls during the pre-outbreak period pre-outbreak period but at 10 pm in the post-outbreak period.
and 56,762 during the post-outbreak period (Table 1), a 347% Despite this trend, the peak time of day for dispatches occurred
increase (p<0.001). Phone call duration decreased from 1.3 + from 8 pm to 11 pm, which did not change between the pre- and
1.4 minutes (mean + standard deviation) to 1.1 + 1.3 minutes, post-outbreak periods.

a20% decrease (p<0.001). The time waiting on hold decreased We evaluated patient complaints and initial diagnoses as
from 10.6 =+ 12.7 seconds in the pre-outbreak period to 9.8 £ 11.8  registered by EMTSs. Fever and respiratory complaints were
seconds in the post-outbreak period, an 8% decrease (p<0.001). significantly more prevalent in the post-outbreak period, with a

Peak time of day for phone calls to EMS occurred at 2 pminthe  211% and 245% increase, respectively.
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Figure 1. The number of emergency medical services dispatches before and after the beginning of the COVID-19 outbreak.
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Figure 2. The number of emergency medical services phone calls before and after the beginning of the COVID-19 outbreak.
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DISCUSSION

EMS is a crucial component of the healthcare delivery
system and benefits from adapting its protocols during periods
of high call volumes.*¢ Importantly, improving outpatient care
can reduce the emergency department (ED) patient census
and reduce the risk of overwhelming hospitals with limited
resources and staff. Having fewer patients in the hospital further
helps to avoid unnecessary transmission of SARS-CoV-2.

To improve EMS response during pandemics, the United
States National EMS Advisory Council proposed having more
fully developed prehospital triage algorithms, an auto-answer
and caller deferral system for non-emergency situations, and
alternate shift structures.”® Additionally, the council advocated
for transporting patients to the closest hospital during high call
periods and for minimizing the number of staff participating
in each mission. During a pandemic, it is especially important
to divert non-emergent patients to maximize EMS and
hospital resources as well as to decrease the rate of disease
transmission.”!" Applying a triage and classification system
can reduce the number of EMS responses, transports, and ED
visits without adversely affecting patient outcomes.'>!* We
used these advisories to our EMS response in Tehran.

We found that the number of calls to EMS and the
number of EMS dispatches were both significantly increased
during the post-outbreak period (Table 1). Chief complaints
associated with COVID-19 were more prevalent during the
post-outbreak period (Table 2). The increase in total EMS
calls and EMS dispatches (Table 1), largely resulting from
the increase in prevalence of chief complaints associated with
COVID-19 (Table 2), demonstrates the significant impact

COVID-19 had on the EMS system in Tehran. The number
of traumas and motor vehicle accidents decreased during the
outbreak period, which correlates with people staying home
during the outbreak with quarantine precautions.

EMS increased the number of personnel responding to
these calls and shortened their conversation times, which
likely caused the call waiting time to decrease in the post-
outbreak period, despite handling 4.5 times the number of
EMS calls.

The EMS management center approved specific crisis
management plans during the outbreak. The number of
dispatch personnel receiving calls during each shift increased
from 20-24 to 36-48 people, up to a 140% increase. A team
of volunteer physicians and nurses responded to a different
phone line to answer the general public’s questions regarding
COVID-19, which helped to limit the number of calls to the
dispatch phone line. This hotline had an average of 18,000
calls per day.

EMS personnel wore gowns, overalls, face shields,
surgical masks and gloves (Figure 3). Out of 118 total
hospitals in Tehran, 10 were designated to take care of
COVID-19 patients. Transferring patients to these hospitals
was a priority. All employees of EMS Tehran used “How to
Deal with COVID-19” guidelines created by Iran’s Ministry of
Health, which outlined standard operating procedures during
the outbreak.

EMS was able to respond appropriately to the increase in
the number of calls and the increase in the number of patients
with COVID-19 symptoms. By increasing staff hours and
changing EMS protocol, Tehran became better suited to deliver

Table 2. Comparison of chief complaints and vital signs in emergency medical services dispatches before and after the start of the

COVID-19 outbreak.

Study variable Pre-outbreak Post-outbreak Percent change P-value
Chief complaint
Trauma 6993 (11.4) 3282 (4.3) -53 <0.001
Motor vehicle accident 5358 (8.7) 3699 (4.8) -31 <0.001
Fever 578 (0.9) 1796 (2.3) 21 <0.001
Respiratory complaints 3299 (5.4) 11,371 (14.7) 245 <0.001
Cardiopulmonary arrest 1257 (2.1) 1492 (1.9) 19 0.128
Cardiovascular complaints 9122 (14.9) 9530 (12.3) 5 <0.001
Gynecologic emergencies 145 (0.2) 135 (0.2) -7 0.012
Gastrointestinal complaints 3987 (6.5) 4371 (5.7) 10 <0.001
Neurologic complaints 8316 (13.5) 8147 (10.6) -2 <0.001
Psychiatric complaints 5545 (9.0) 4057 (5.3) -27 <0.001
Diabetic emergencies 14,064 (22.9) 20,295 (26.3) 44 <0.001
Toxicity 1252 (2.0) 614 (0.8) -51 <0.001
Others 1524 (2.5) 8470 (11.0) 456 <0.001
TOTAL 61,440 (100) 77,259 (100) 26 <0.001

*EMS, emergency medical services.
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Figure 3. Iranian emergency medical services personnel during
the COVID-19 epidemic.

medical care to a larger number of patients while minimizing
unnecessary exposure to COVID-19. The healthcare system in
Iran must continue surveillance of its crisis plans for prehospital
and hospital services in order to continue optimizing its
response. Because the pandemic continues, all hospitals need to
estimate their capacity and predict the amount of resources and
number of staff required to fight this pandemic. Lessons learned
from this pandemic will help us to guide specific management
and disaster planning for future healthcare crises.

LIMITATIONS

This study is limited in its scope as it focuses on the
EMS response in Tehran, Iran. While COVID-19 is causing a
worldwide health crisis, these data are not, per se, generalizable.
It is likely that other health systems have faced similar
challenges with an increase in the number of EMS dispatches
and calls. This study can provide guidance for other EMS units
fighting this pandemic. We did not collect any outcome data
regarding the EMS dispatches.

CONCLUSION

Tehran’s medical system saw an increase in the number of
patients with COVID-19 symptoms soon after the beginning
of the outbreak. We found a 347% increase in EMS calls and a
21% increase in EMS dispatches. We increased the number of
EMS personnel in dispatch by up to 140%, but did not change
the number of first responders. The EMS in Tehran changed the
way it delivered care by increasing the number of personnel,
reducing time off between shifts, and increasing overtime hours,
which helped to ease the burden of the pandemic. There has been
continued in-service education during this outbreak. We hope
that the COVID-19 pandemic is limited, but we should continue
to consider better approaches that our patients and providers
deserve. Working to mitigate this crisis will help us better prepare
for future inevitable pandemics.
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Introduction: Hospitals commonly use Press Ganey (PG) patient satisfaction surveys for
benchmarking physician performance. PG scores range from 1 to 5, with 5 being the highest,
which is known as the “topbox” score. Our objective was to identify patient and physician factors
associated with topbox PG scores in the emergency department (ED).

Methods: We looked at PG surveys from January 2015—-December 2017 at an academic, urban
hospital with 78,000 ED visits each year. Outcomes were topbox scores for the questions:
“Likelihood of your recommending our ED to others”; and “Courtesy of the doctor.” We analyzed
topbox scores using generalized estimating equation models clustered by physician and adjusted
for patient and physician factors. Patient factors included age, gender, race, ethnicity, and ED area
where patient was seen. The ED has four areas based on patient acuity: emergent; urgent; vertical
(urgent but able to sit in a recliner rather than a gurney); and fast track (non-urgent). Physician
factors included age, gender, race, ethnicity, and number of years at current institution.

Results: We analyzed a total of 3,038 surveys. For “Likelihood of your recommending our ED to
others,” topbox scores were more likely with increasing patient age (odds ratio [OR] 1.07; 95%
confidence interval [Cl], 1.03-1.12); less likely among female compared to male patients (OR 0.81;
95% Cl, 0.70-0.93); less likely among Asian compared to White patients (OR 0.71; 95% CI, 0.60-
0.83); and less likely in the urgent (OR 0.71; 95% ClI, 0.54-0.93) and vertical areas (OR 0.71; 95% CI
0.53-0.95) compared to fast track. For “Courtesy of the doctor,” topbox scores were more likely with
increasing patient age (OR 1.1; Cl, 1.06-1.14); less likely among Asian (OR 0.70; 95% Cl, 0.58-0.84),
Black (OR 0.66; 95% CI ,0.45-0.96), and Hispanic patients (OR 0.68; 95% CI ,0.55-0.83) compared to
White patients; and less likely in urgent area (OR 0.69; 95% CI ,0.50-0.95) compared to fast track.

Conclusion: Increasing patient age was associated with increased likelihood of topbox scores,
while Asian patients, and urgent and vertical areas had decreased likelihood of topbox scores. We
encourage hospitals that use PG topbox scores as financial incentives to understand the contribution
of non-service factors to these scores. [West J Emerg Med. 2020;21(6)117-124.]
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INTRODUCTION

In 2008, the Institute for Healthcare Improvement
developed the Triple Aim framework to optimize health
system performance by focusing on the following:
improving the patient experience of care; improving the
health of populations; and reducing the cost of healthcare.'?
Patient experience is often measured by patient satisfaction.
Patient satisfaction is positively associated with improved
physician-patient communication, medication compliance,
provider job satisfaction, reductions in malpractice claims,
and hospital profitability.’-® Hospitals have used financial
incentives to link physicians’ professional and financial
success to their patient satisfaction scores. Some surveys
demonstrated that up to 43% of physicians have some
portion of their financial compensation linked to patient
satisfaction measures.’

Press Ganey Associates Inc. (South Bend, IN) first
developed patient satisfaction surveys in 1985, and have
become the industry standard for measuring patient
experience in the outpatient setting.!*'> Hospitals typically
distribute Press Ganey (PG) standardized surveys to a
random sample of patients to solicit feedback regarding
providers, staff, and clinical environments. PG uses a
five-point Likert scale for patient responses. A score of 5,
the most favorable, is known as the “topbox” score.!*1¢
Topbox scoring is the standard for customer satisfaction and
consumer research.!”

Despite widespread adoption of patient satisfaction
measurement systems and associated incentives, concern
was raised about the validity of these tools since current
literature does not consistently demonstrate key predictors of
higher or lower scores.'® Only a few studies have examined
PG surveys specific to the emergency department (ED);
some studies have found that ED PG scores are positively
associated with employee satisfaction and retention, and
negatively associated with ED crowding and wait times.%!%
There is evidence that acuity of a patient’s illness and the
patient care setting affect PG scores. Critical, emergent
patients were more likely to give higher scores than
non-urgent patients.?! Bendensky et al showed the same
physicians had higher “courtesy of the doctor” scores from
the urgent care setting than in the ED."

Gender also influences the perceptions, behavior, and
communication of patients and their providers.”>* Patients
have different expectations from male and female physicians.*
The ED setting is unique in that patients have unscheduled
visits and cannot choose their healthcare provider in the
ED. The influence of patient or physician factors specific to
ED PG scores has been limited to a few studies.?'** We
hypothesized that patient factors (age, gender, race, and/or
ED area where patient was seen) and physician factors (age,
gender, race, years at institution) influence topbox scores for
two ED PG survey questions: “Likelihood to recommend
ED,” and “Courtesy of the doctor.”

Population Health Research Capsule

What do we already know about this issue?
Press Ganey scores are often used to
benchmark physicians. The relationship
between patient and physician factors with the
highest (topbox) score is unclear.

What was the research question?
Are patient and physician factors associated
with topbox scores on Press Ganey surveys?

What was the major finding of the study?
Patient factors were associated with topbox
scores, but physician factors were not
associated with topbox scores.

How does this improve population health?
Physicians and administrators will be informed
about the contribution of non-service factors
associated with Press Ganey topbox scores.

METHODS
Study Design and Setting

This was an observational, population-based study at
an urban, academic, tertiary care hospital. The hospital is a
designated Level I adult and Level I pediatric trauma center
and a comprehensive stroke center. The annual ED volume
is approximately 78,000 visits a year. The ED has a separate
pediatric ED and adult ED. The adult ED is divided into
different care areas based on age and patient acuity: emergent;
urgent; vertical (urgent but able to sit in a recliner rather than
a gurney); and fast track (non-urgent). The emergent area
is for adult patients 18 years and older who require acute
resuscitations, require trauma assessments, or are otherwise
clinically high-risk patients. The urgent and vertical areas were
designed for patients who do not require emergent intervention
or assessment. The fast-track area was designed for patients
over six months old who are triaged as non-urgent with an
estimated discharge within 90 minutes. Approximately, eight
ED attendings worked only during the overnight shift. The
overnight physicians only worked in the emergent and urgent
areas since these two areas were the only open areas on the
adult overnight shifts. All other general emergency physicians
worked in the different areas of the adult ED.

Study Population
We collected PG survey data from January 2015—
December 2017 for adult patients (age >18 years) who were
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evaluated, treated, and discharged from the ED. All patients
enrolled in the online patient portal received a PG survey after
their ED visits. For patients without the online portal access,
five unique patients per physician per month were randomly
selected to receive a paper survey. If patients had multiple
visits with several physicians within 21 days, only one visit
was randomly chosen for evaluation. Patients did not receive
a PG survey from the ED if they had received a PG survey
from the hospital within one week of the ED visit. This study
was approved by the Stanford University School of Medicine
Institutional Review Board.

Measurements
Patient Factors

Self-reported patient demographic information obtained
from PG surveys included age, gender, race, and ethnicity.
Patients age 18-29 were grouped into age less than 30 years
due to the small sample size. Patient age greater than 30
years was divided into 10-year intervals. Race and ethnicity
were categorized as White, Asian, Black/African-American,
Hispanic, Native American or Alaskan Native, and Native
Hawaiian or other Pacific Islander. Surveys that reported
race as “other” or “more than two racial backgrounds” were
excluded from data analysis given low sample size in each
category. We also excluded from the analysis surveys that
reported race as “unknown”. The ED area where patients
were seen and treated was provided for each PG survey.

Physician Factors

Physician demographic data included age, gender,
race, ethnicity, and years at the current institution. Age,
race, and ethnicity data were categorized into the same
groups as the patients.

Outcome

Two PG questions that are often used to inform hospital-
related incentives for physicians were chosen for the
outcomes. The two primary outcomes were topbox scores
for “Likelihood of your recommending our emergency
department to others,” and “Courtesy of the doctor.”

Statistical Analysis

We used chi-squared tests of independence (y* tests)
to assess the associations between patient and physician
factors and impact of ED area on “Likelihood of your
recommending our ED to others” and “Courtesy of the
doctor” PG scores. Two generalized estimating equation
(GEE) models were performed, one using topbox
“Likelihood of your recommending our ED to others™ as
the outcome variable and the other using “Courtesy of
the doctor.” Models controlled for patient and physician
factors, and the ED area where the patient was seen. We
used GEE models to cluster surveys by physician, using an
exchangeable correlation structure to account for possible

correlations within survey responses for the same physician.
Models were performed using surveys with complete patient
and physician demographic information. A P value <0.05
was considered statistically significant for all tests, and 95%
confidence intervals were reported. We performed analysis in
SAS 9.4 (SAS Institute, Cary, NC).

RESULTS

The response rate for ED PG surveys was 10%. Of
the returned 5,325 surveys, 3,524 surveys answered both
“Likelihood of your recommending our ED to others” and
“Courtesy of the doctor” questions. From the 3,524 surveys
with both outcomes questions answered, 3,038 surveys had
complete patient demographic information including age,
gender, race, and ethnicity. See Figure 1 for study design. Out
of the 3,038 surveys, 2,400 were paper surveys, and 638 were
online surveys. Most of the online responses 389 (61%) were
in 2017. For each year of the study (2015-2017) the mean
topbox scores “Likelihood of your recommending our ED to
others” were 69%, 70%, and 66%. For each year, the mean
topbox scores for “Courtesy of the doctor” were similar: 73%,
74%, and 72%.

5,325 surveys

3,524 surveys with responses to: “Likelihood of
your recommending our ED to others” and
“Courtesy of the doctor"

M

3,038 surveys with all patient
demographic data

486 surveys with
missing patient
demographic data
(excluded)

Figure 1. Study design of patients who completed Press Ganey
surveys in the emergency department.
ED, emergency department.
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Patient Characteristics Table 1. Physicians’ and patients’ demographics for Press
Patients who responded to the PG survey did not mirror ~ Ganey surveys.
the demographics of the patients discharged from the ED. Demographic data
Women patients were 58% of the PG study population but . n=3,038
only 53% of the ED discharge population. Patients over the Variable n (%)
age of 60 were 51% of PG study population, while patients Survey year
over 60 years made up only 25% of the ED discharge 2015 798 (26)
population. White patients were 63% of the PG study 2016 991 (33)
population, but only 32% of the ED discharge population. 2017 1,249 (41)
Asian pa‘Fients were 16% pf the .PG p.opula.tion and 14% in Patient age, in decades
the ED discharge population. Hispanic patients were only 18— 30 274 (9)
15% of the PG population, in contrast to 36% in the ED
discharge population. Most patients were assigned to the 31-39 381 (12)
urgent area (43%), and the next largest group was assigned 40 -49 320 (11)
to the vertical area (23%). Patient demographics are shown 50 - 59 512 (17)
in Table 1. 60 — 69 548 (18)
Phvsician Ch teristi 70-79 571 (19)
ysician Characteristics
Most of the PG surveys were completed for male 80 -89 334 (1)
physicians (64%). Physicians were younger than patients, with 90+ % (3)
76% of ED visits with physicians younger than 50 years old. Patient gender
Physician race was similar to that of the patient population, Male 1,275 (42)
and most visits were with White physicians (75%). The mean Female 1,763 (58)
number of years that a physician worked in the Stanford Patient race/ethnicity
ED was elght years, standgrd deviation 9.1. Physician White 1,907 (63)
demographics are shown in Table 1. Asian 489 (16)
Chi-squared Tests Results Black 149 (5)
The proportion of topbox scores for “Likelihood of Hispanic 443 (15)
your recommending our ED to others” and “Courtesy of Native Hawaiian or Pacific 43 (1)
the doctor” by patient and physician gender, race, and Islander
ED area are summarized in Table 2. Female patients gave American Indian or 7(0.2)
significantly fewer topbox scores than male patients for Alaskan Native
“Likelihood of your recommending our ED to others” Emergency department zone
and “Courtesy of the doctor” (P =0.0023 and P = 0.027, Emergent 664 (22)
respectively). Asian patients gave significantly fewer Urgent 1,312 (43)
topbox scores than White patients for “Likelihood of your .
recommending our ED to others” and “Courtesy of the Vertical 706 (23)
doctor” (P =10.0018 and P <0.0001, respectively). Patients Fast Track 356 (12)
seen in urgent and vertical areas gave significantly lower Physician age, in decades
topbox scores for “Likelihood of your recommending our <30 13 (1)
ED to others” (P <0.0001) and “Courtesy of the doctor” (P 31-39 1,170 (39)
=0.00Q8) than compared to fast track. Phys.ician gender and 40 — 49 1,100 (36)
physician race were ngt significantly associated with topbox 50 — 59 367 (12)
scores for either question. 60 — 69 388 (12)
Chi-squared tests showed that gender concordance
may influence “Likelihood of your recommending our Physician gender
ED to others” and “Courtesy of the doctor” (Table 3). Male 1,956 (64)
After stratifying data by physician gender, female patients Female 1,082 (36)
were shown to give significantly fewer topbox scores for Physician race/ethnicity
“Likelihood of your recommending our ED to others” if White 2,290 (75)
the physician was also female (P = 0.01). Male patients Asian 742 (24)
did not show significant difference for topbox scores with
Black 6 (<1)

physician gender.
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Table 2. Topbox, or highest scoring, surveys by physician and patient demographics.

Topbox likelihood to recommend emergency department

Topbox courtesy of the doctor

n = 3038 n = 3038
Variable n (%) P-value n (%) P-value

Patient gender

Men 905 (71) 955 (75)

Women 1,161 (66) 0.0023 1,259 (71) 0.027
Patient race and
ethnicity

White 1,338 (70) 1,452 (76)

Asian 300 (61) 333 (68)

Black 97 (66) 99 (67)

Hispanic 293 (66) 0.0018 290 (65) <0.0001
Emergency
department zone

Emergent 506 (76) 517 (78)

Urgent 856 (65) 923 (70)

Vertical 451 (64) 503 (71)

Fast track 253 (71) <0.0001 271 (76) 0.0008
Physician gender

Male 1327 (68) 1,430 (73)

Female 739 (68) 0.76 784 (72) 0.76
Physician race and
ethnicity

White 1,555 (68) 1,682 (73)

Asian 509 (69) 0.69 531 (72) 0.38

Generalized Estimating Equation Modeling Results for
“Likelihood of Your Recommending Our ED to Others”

After controlling for patient and physician factors, we
observed that patient age, patient gender and race, and ED
area where they were seen were significantly associated with
odds of a topbox score for “Likelihood of your recommending
our ED to others” (Table 4). Each 10-year increase in patient
age was associated with an increase in the odds of a topbox
score (odds ratio [OR] = 1.07; 95% CI, 1.03 - 1.12, P =
0.001). Female patients had decreased odds of giving a topbox
score when compared to male patients (OR = 0.81; 95% ClI,
0.7—-0.93, P=0.003). Asian patients had lower odds of giving
a topbox score when compared to White patients (OR = 0.71;
95% CI, 0.6 - 0.83, P <0.0001). Patients seen in the urgent
area had lower odds of giving a topbox score when compared
to patients seen in fast track (OR = 0.71; 95% CI, 0.54 — 0.93,
P =0.01), as did patients seen in the vertical area (OR =0.71;
95% CI, 0.53 — 0.95, P =0.02).

Generalized Estimating Equation Modeling Results for
“Courtesy of the Doctor “
After controlling for patient and physician factors, we

observed that patient age, patient race, and ED zone were
significantly associated with odds of receiving a topbox score
(Table 4). Each 10-year increase in patient age was associated
with increased odds of a topbox score (OR = 1.1; 95% CI, 1.06
—1.14, P <0.0001). Asian (OR = 0.70; 95% CI, 0.58 — 0.84, P =
0.0001), Black (OR = 0.66; 95% CI, 0.45 — 0.96, P = 0.03), and
Hispanic (OR = 0.68; 95% CI, 0.55 — 0.83, P = 0.0001) patients
all had lower odds of giving a topbox score when compared to
White patients. Patients seen in the urgent area had a significantly
lower odds of giving a topbox score when compared to patients
seen in fast track, (OR = 0.69; 95% CI, 0.50 — 0.95, P =0.02).

DISCUSSION

Our study found that patient factors were associated
with topbox scores for PG questions while physician factors
did not influence topbox scoring. As patients’ ages increased
by decade, they were more likely to give topbox scores for
“Likelihood of your recommending our ED to others” and
“Courtesy of the doctor.” Asian patients and patients seen in
the urgent and vertical zones of the ED were less likely to
give topbox scores for “Likelihood to recommend emergency
room” and “Courtesy of the doctor.”
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Table 3. Topbox scores by patient and physician gender.

Topbox likelihood to recommend emergency department

Topbox courtesy of the doctor

Patient-physician gender N (%) P-value % P-value
Male physicians
Male patients 589 (70) 626 (75)
Female patients 738 (66) 0.06 802 (72) 0.22
Female physician
Male patients 316 (73) 329 (76)
Female patients 423 (65) 0.01 455 (70) 0.06

Table 4. Odds of “likelihood to recommend emergency department” and “courtesy of the doctor” topbox scores by physician and

patient demographics.

Likelihood to recommend emergency department

Courtesy of the doctor

Variable OR (95% Cl) P-value OR (95% Cl) P-value

Patient age, by decade 1.07 (1.03 - 1.12) 0.001 1.10 (1.06 — 1.14) <0.0001
Patient gender

Men Reference Reference

Women 0.81 (0.7 - 0.93) 0.003 0.86 (0.73 — 1.02) 0.08
Patient race and ethnicity

White Reference

Asian 0.71 (0.60 — 0.83) <0.0001 0.70 (0.58 — 0.84) 0.0001

Black 0.87 (0.62 — 1.22) 0.43 0.66 (0.45 - 0.96) 0.03

Hispanic 0.95 (0.74 — 1.21) 0.67 0.68 (0.55 - 0.83) 0.0001
Emergency department zones

Fast track Reference Reference

Emergent 1.18 (0.87 — 1.59) 0.29 0.97 (0.67 — 1.40) 0.87

Urgent 0.71 (0.54 — 0.93) 0.01 0.69 (0.50 — 0.95) 0.02

Vertical 0.71 (0.53 - 0.95) 0.02 0.76 (0.54 — 1.06) 0.1
Physician age, by decade 1.02 (0.91 - 1.15) 0.69 0.99 (0.86 — 1.14) 0.9
Physician gender

Men Reference Reference

Women 1.07 (0.9 -1.27) 0.45 1.03 (0.83 - 1.29) 0.76
Physician race/ethnicity

White Reference Reference

Asian 1.05 (0.87 — 1.27) 0.62 0.89 (0.71-1.13) 0.34
Physician years at institution 1.01 (0.99 - 1.03) 0.14 1.01 (0.99 - 1.02) 0.44

OR, odds ratio; CI, confidence interval.

Our study has multiple strengths that led to new results,
which have not been previously published on PG surveys
in the ED. First, our study detected a difference in race and
topbox scores due to a diverse patient population. Boudreaux
et al shows that ED patient demographics (age, gender, race)
were unrelated to patient satisfaction scores but categorized
patient race/ethnicity as “Black™ or “other.”* Due to our
distinct patient population, we were able to demonstrate for
the first time that Asian patients in the ED are less likely to

give a topbox score compared to White patients. Second, our
large study adds new information about patient satisfaction
in the ED using topbox scoring. Topbox scoring is a more
accurate measure for customer satisfaction in consumer
research and is associated with predicting growth.!”-2

A meta-analysis examined multiple PG studies in
all specialties and found female physicians were slightly
favored when the physician had less experience, when it was
the first visit, and the survey was administered right after

Western Journal of Emergency Medicine

122

Volume 21, No. 6: November 2020



Lee et al.

Patient Age, Race and ED Area Associated with “Topbox” Press Ganey Scores

a visit.”” A subsequent study in 2017 by Chen et al found
physician gender, ethnicity, and race were not associated
with topbox scores, but the scores were associated with
specialty; obstetrics and surgery had higher scores compared
to medicine, but they did not examine emergency physicians.?
Milano et al examined PG surveys in the ED and in a small
study of 398 surveys showed that the median score for
“Courtesy of the doctor” of male emergency physicians and
female emergency physicians did not significantly differ.® Our
study examined PG surveys over a three-year period with a
large number of completed surveys, (n = 3,038) with topbox
scores as our outcome.

A third strength of our study is that it is one of the
few studies to have demonstrated significant association
between the area of the ED where patients are seen and
PG topbox scores. A prior study by Bendensky et al
demonstrated that the mean score for “Courtesy of the
doctor” was higher in the urgent care setting compared to
the ED setting with the same physicians working in both
locations.!' Boudreaux et al found “emergent” patients
were more satisfied than “urgent” and “routine” patients
with the ED visits. This study was based on the initial ED
Emergency Services Index, which was determined at triage,
and “routine” patients were seen in a rapid care area with
a mean ED length of stay of 136 minutes.?! In contrast, our
study demonstrated that patients seen in fast track were
more likely to give topbox scores. In our fast track, patients
were typically seen and discharged within 90 minutes of
arrival to the ED. The second area of the ED associated
with topbox scores was the “emergent” zone in which the
most critical patients are seen, which is consistent with
prior studies. Patients were least likely to give topbox
scoring in the “vertical” zone where patients are classified
as urgent, but able to sit in a recliner rather than a gurney.

Fourth, our study is the first to examine PG topbox scores
in the ED and consider patient factors, physician factors,
and the ED area where patients are seen. Prior studies of PG
surveys in the ED focused only on physician gender and did
not take into account patient gender or the area in the ED
where the patient was seen.”® By accounting for all of these
factors, we found that age of the patient, Asian patient race,
and ED area were associated with topbox scores.

LIMITATIONS

Our study has several limitations to consider. Our study is
limited by the use of self-reported survey data that we cannot
link with patient outcomes. Our response rate was 10%, which
may have led to sampling bias. Patients who returned the
survey may be different than those who did not respond. We
did not have the response rate for each area of the ED, which
may have led to sampling bias. Additionally, our study was
conducted at one academic institution with a diverse patient
population and may not be generalizable to other geographic
areas of the country.

CONCLUSION

Many hospitals use Press Ganey surveys as a measure of
quality of care and provide financial incentives to physicians
based on their scores. Our study demonstrates that patient race,
patient age, and location where patients are seen in the ED are
associated with PG topbox scores. We encourage hospitals that
use PG topbox scores as financial incentives to understand the
contribution of non-service factors to these scores.
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Emergency physicians (EP) make clinical decisions multiple times daily. In some instances,

medical errors occur due to flaws in the complex process of clinical reasoning and decision-making.
Cognitive error can be difficult to identify and is equally difficult to prevent. To reduce the risk of
patient harm resulting from errors in critical thinking, it has been proposed that we train physicians
to understand and maintain awareness of their thought process, to identify error-prone clinical
situations, to recognize predictable vulnerabilities in thinking, and to employ strategies to avert
cognitive errors. The first step to this approach is to gain an understanding of how physicians make
decisions and what conditions may predispose to faulty decision-making. We review the dual-
process theory, which offers a framework to understand both intuitive and analytical reasoning,

and to identify the necessary conditions to support optimal cognitive processing. We also discuss
systematic deviations from normative reasoning known as cognitive biases, which were first
described in cognitive psychology and have been identified as a contributing factor to errors in
medicine. Training physicians in common biases and strategies to mitigate their effect is known as
debiasing. A variety of debiasing techniques have been proposed for use by clinicians. We sought
to review the current evidence supporting the effectiveness of these strategies in the clinical setting.
This discussion of improving clinical reasoning is relevant to medical educators as well as practicing
EPs engaged in continuing medical education. [West J Emerg Med. 2020;21(6)125-131.]

INTRODUCTION

Medical errors are a significant source of harm to patients
and distress to physicians. Despite our desire to provide
patients with the highest quality of care, rates of medical error
remain high with some sources suggesting that diagnostic
errors impact about 1 in 20 US adults.!? Several cognitive
debiasing strategies have been proposed for reducing
diagnostic error.* Many of these techniques focus on how the
individual can gain an awareness of their reasoning processes
and train their mind to mitigate error from bias. There is
real debate as to whether cognitive debiasing is effective.
This article will review the existing evidence for using these
strategies in the clinical environment, particularly in the
emergency department (ED). We will also review theories of

cognition and error as well as the research on methods to help
decrease rates of medical error related to faulty reasoning.

Understanding How We Think

To understand how decision-making can lead to medical
error, we must first understand how we make decisions. Our
current understanding of higher cognitive processes relies
on the “dual process theory,” which is a universal model that
originated from cognitive psychology and has been applied
to the health professions. The theory distinguishes between
two systems of thought. System 1 is rapid and intuitive while
system 2 is slower and deliberative. Both cognitive systems
are critical to decision-making, and each has unique strengths
and weaknesses.*’ (Table 1).
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In most situations, the unconscious, faster, and reflexive
system 1 is our default cognitive pathway. This process
makes associations between current events and similar past
experiences using heuristics, which are cognitive shortcuts
or maxims that save time and effort.® System 1 is especially
useful in fast-paced, clinical settings like the ED, where it can
ease cognitive load and facilitate efficient throughput while
reserving working memory.”8 A qualitative study of emergency
physicians (EP) supported this observation, by demonstrating
that most of their diagnostic hypotheses were generated
without conscious effort and either prior to or within the first
five minutes of an initial patient evaluation.’

By contrast, system 2 is deliberative, measured, and
analytical. This system uses our working memory to make
decisions that require complex problem-solving and greater
cognitive effort.!® In practice, a physician is not confined to
one type of thinking, but instead may alternate between the
systems. Expertise develops from repeated use of system 2
thinking, allowing the development of pattern recognition and
a subsequent default to system 1 thinking.

Understanding How We Make Mistakes

Systems 1 and 2 each have potential drawbacks when
applied in the clinical setting. Consider the typical process for
an EP assessing a new patient. He or she will gather relevant
information through history and physical exam, generate
differential diagnoses, and use additional testing to narrow the
list of possible diagnoses. If the EP uses system 1 thinking,
he or she may reach a working diagnosis efficiently using
heuristics based on prior experience. For example, a patient
with obesity and poorly-controlled diabetes presenting with
left leg pain, warmth, and erythema may fit a known pattern
of cellulitis. But, the pattern may be applied inappropriately
if the EP is inexperienced, key information is missed, or data
is misinterpreted.!! For example, in the case above, a careful
history that details recent surgery and immobilization plus a
medication list that includes oral contraceptives may lead the
physician to include deep vein thrombosis on the differential.
In a review of closed malpractice claims related to a missed
or delayed diagnosis in the ED, cognitive factors such as
mistakes in judgment were identified in 96% of cases.'?

System 1 processing is also more prone to error if the
patient presentation is complex, evolving, or uncommon.'
Greater experience does allow for increased accuracy of
system 1 thinking.'*'® However, more experienced physicians
are also more likely to commit to a diagnosis earlier,
predisposing them to premature closure and an increased risk
of being overconfident in an incorrect diagnosis. This can
make it difficult to recognize the need to engage the slower,
more deliberate approach of system 2 processing.!”"’

When using system 1, a physician may unconsciously
place a higher weight on personal or patient-specific factors.
They may over- or underemphasize the significance of a
data point to “fit” or exclude a given diagnosis (eg, the lack

Table 1. Comparison of the dual-process theory of thought:
system 1 (intuition) and system 2 (analytic)>"8

Intuition (system 1) Analytic (system 2)

Familiar situations Uncertain, unfamiliar, or

undifferentiated situations

Relies on prior experience/
training

Relies on pursuit of new

knowledge/information
Relatively fast Relatively slow
Efficient, time-sparing Rigorous, time-consuming
Unconscious, automatic Deliberate, controlled

Pattern recognition, heuristics,
associations

Logical, analytical, rule-based,
hypotheticodeductive method

Default system Activated when needed (eg,
high-stakes situations or
complex presentations) or

when time permits

Decontextualized,
depersonalized

Requires context, personalized

Interactional intelligence Analytic intelligence

of pleuritic chest pain means that the shortness of breath is
not due to an acute pulmonary embolism). A small study of
EPs found that residents were more likely than experienced
attendings to reach a diagnosis quickly by discounting or
explaining away data that did not “fit” their initial diagnosis."
Likewise, the physician may be influenced by patient-specific
biases such as mental illness, obesity, or personality (eg, chest
pain in a patient with a psychiatric history is due to anxiety
rather than acute coronary syndrome). Additionally, physicians
may anchor on a diagnosis due to availability (recently seeing
a similar case) or triage bias (going on the diagnosis suggested
in triage note). These may also impact the decision to pursue
further evaluation or the selection of treatment options.
Despite system 2 being more methodical and systematic,
it is not able to detect or correct all the potential cognitive
errors of system 1. Furthermore, system 2 has its own
vulnerabilities and limitations.” In this deliberate and
analytical process, physicians may override their own sound
judgments and defer to a physician with more seniority or
external resources to guide their decision-making."' When
using this system, physicians often generate a broader list
of differential diagnoses and employ probability-based
approaches to select next steps. Using such an approach will
inevitability result in error in the small number of cases where
the disease presentation is rare and therefore less likely than
a similar but more common diagnosis.'” When using system
2, overconfidence can also lead to error. Previous work
has shown that lower performers greatly overestimate their
abilities. Additionally, they fail to correct their self-assessment
even after exposure to the performance of others, resulting in
an inability to detect or correct their own errors. Therefore,
the ability to engage in self-reflection and recognize one’s
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own limitations is crucial within this system. '*?!>* Further,
multitasking and taskswitching can lead to errors.

These thought processes are also susceptible to cognitive
biases, which are systematic errors that affect decision-
making. Bias is relevant to practitioners in emergency
medicine who must account for deviations from ideal
cognitive processing to arrive at the accurate diagnosis
for their patient. Over 100 different cognitive biases have
been identified in the literature with nearly 40 described
in medicine.*?"* For example, availability bias denotes
the interpretation of clinical information in the framework
of patients seen recently. If a physician recently missed a
subarchnoid hemorrhage, he or she may be more likely to
think about that diagnosis in the future, whether or not it
is relevant to the future case. Bias can also impact other
physicians at the time of transition of care. The initial
evaluation started in the ED may need to be transitioned to
the inpatient setting for ongoing care. The “framing effect” or
description of the presentation and current working diagnosis
may lead to cognitive bias in the receiving provider and can

increase the risk for medical error in the care of these patients.

What Can We Do to Reduce Cognitive Error?

Strategies to reduce cognitive error in medicine are a
growing area of research. Perhaps the most widely accepted
approach is to increase expertise through improvement in
clinical knowledge and experience.?*?” This is the essence of
training and continuing medical education, but given ongoing
rates of error, additional strategies are required.” Various
additional approaches have been proposed to decrease errors,
but not all have shown benefit in the clinical setting.

Cognitive Debiasing

One potential solution is debiasing, which targets
situations that predispose to bias and offers techniques to
avoid errors in clinical reasoning. According to Croskerry,
debiasing involves having “the appropriate knowledge of
solutions and strategic rules to substitute for a heuristic
response” and the ability to override system 1 processing.®
For a physician to successfully apply debiasing tactics,
he or she must first be aware of common biases and their
impact on cognitive error. Then the physician must detect the
bias, decide to intervene, and successfully apply strategies
to mitigate risk, all the while not becoming paralyzed in
decision- making.” Cognitive debiasing offers context-
specific rules that substitute for flawed intuitive reasoning
while technological debiasing uses external aids to deliver
information and reduce cognitive burden.’® An example to
prevent premature closure might be to review the differential
before admitting a patient, or to look for a second fracture
when reviewing a hand radiograph, rather than anchoring
on the first noted fracture. However, in a study of EM
residents, internal medicine residents, and cardiology
fellows, a tool to help identify and address cognitive biases

in electrocardiogram interpretation had no overall effect in
reducing diagnostic errors.’!

Increase Clinical Expertise

Effective system 1, non-analytical reasoning relies on
both formal and experiential knowledge. With increasing
expertise comes the development of exemplars, pattern
recognition, or a complex pattern of clinical features
representing a diagnosis. These exemplars are stored in
a network of associations and connections that facilitate
nonanalytic knowledge.* Retrieval of these past associations
from memory is less effective in novices who have not yet
obtained sufficient experience. Effective training programs
and continuing professional development may contribute
to the development of a physician’s expertise. Simulation
and feedback offer targeted strategies for improving clinical
knowledge and experience.**** The success of these strategies
relies on the physician’s dedication to the time-intensive
practice of identifying and closing gaps in knowledge.

Awareness of Cognitive Processes and Error Theory
Another strategy to reduce cognitive error is to develop
an understanding of the clinical reasoning process and
its inherent flaws. This includes knowledge of the major
heuristics and biases and an understanding of how they may
lead to cognitive error.*> Education in these theories has
been shown to increase knowledge about cognitive errors.
For example, Reilly found that a longitudinal curriculum
in diagnostic error and cognitive bias improved recognition
and knowledge of cognitive biases by internal medicine
residents.*® Authors did not explore whether patient errors
were reduced. ED faculty who participated in a workshop
about biases and debiasing strategies reported improvement
in their self-assessed ability to identify common biases
encountered in the ED and apply cognitive debiasing
strategies to improve diagnostic reasoning.’’

Slow-down Strategies

One general error reduction strategy is to encourage
physicians to “slow down and be thorough” to allow time for
analytical reasoning. The recommendation is that physicians
“slow down” when there is something unexpected (cognitive
dissonance) or high risk. It is the recognition that the case
requires full attention and focus. Multiple studies of this
technique have shown little benefit in improving cognitive
performance.®® As demonstrated by Norman, encouraging
residents to slow down during clinical reasoning increased
time spent on the task, but had no effect on diagnostic
accuracy.” In a trial of EPs and residents, slow conditions and
the absence of interruptions also did not improve diagnostic
accuracy.* In a randomized controlled trial of trainees and
faculty, use of a slow-down strategy while solving bias-
inducing clinical vignettes did not improve diagnostic
accuracy.*! Thus, while it may seem prudent to slow down
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when the physician does not know an answer, this strategy has
not yet proven to be effective.

Consider Alternatives

The hindsight bias describes how knowledge of an
outcome may influence the perception of what actually
occurred.” When the outcome of an event is reported, its
perceived likelihood increases. “Consider-the-opposite” is
a tactic that has been studied in other fields. Considering
what other outcomes may have occurred and #ow they may
have occurred may neutralize the overconfidence that led
to the biased judgment.** Considering alternatives may be
used as part of slowing down. Hirt and Markman found that
asking people to consider any alternative outcome, not only
the opposite, had similar benefits.** Evidence for using this
strategy to improve clinical reasoning is limited. One study
used a novel presentation format to help medical students
express their diagnostic reasoning. Students using this
technique to present clinical cases offered broader differential
diagnosis and provided more justification for their decisions
than those using a typical presentation style.* Further
investigation is needed to determine the impact of this strategy
on diagnostic accuracy.

Heuristic-based Strategies

Another approach to mitigating bias is to bring attention
to the decision-making process and deliberately choose
analytic reasoning in situations where the intuitive approach
may lead to error. This debiasing technique is known as a
cognitive forcing strategy. This strategy can be designed for
generic error-prone situations or tailored to a specific clinical
context where clinical biases are frequently seen.* There
has been mixed success with this approach in the cognitive
laboratory setting. EM residents who experienced a simulation
of cognitive error traps followed by didactics on cognitive
forcing strategies self-reported increased knowledge about
cognitive strategies and heuristic techniques.* Additionally,
the use of a mnemonic checklist to facilitate metacognition
and cognitive debiasing improved diagnostic decision-making
by medical students in case scenarios.*’

Jenkins performed a randomized trial to improve diagnosis
in pediatric bipolar disorder. Mental health professionals
trained in cognitive errors and debiasing strategies made
fewer diagnostic errors and demonstrated higher diagnostic
accuracy in clinical vignettes designed to test for specific
cognitive errors.*s But Sherbino found that training in the use
of cognitive forcing strategies did not reduce diagnostic errors
by medical students in computer-based cases.* Smith and Slack
designed a workshop that introduced family medicine residents
to cognitive error and debiasing techniques. Trained faculty
helped learners apply these concepts to patients in clinic visits
involving a new diagnosis. The intervention did not increase the
residents’ ability to recognize their risk of cognitive bias in the
clinical setting.>

While there is evidence that physicians can gain
knowledge of clinical biases, there is less evidence that they
can recognize biases in practice. Recognizing and mitigating
biases is a challenge given that they occur during decision-
making at the subconscious level.*? It is uncertain whether
debiasing approaches can be effective at reducing cognitive
error in the clinical setting.**

Reflective Practice

Reflective practice, also known as a diagnostic “time
out,” is a strategy to promote metacognition. The practice
involves re-evaluating experience and considering alternatives
to produce insights with the potential to change behavior in
future practice.®® In one study using this strategy, medical
students were asked to review case-based scenarios and offer
an initial diagnosis. Next, they were asked to reflect on and
revise their initial diagnoses, resulting in minimal incremental
benefits to diagnostic accuracy.’! Mamede et al had medical
students and residents diagnose clinical cases under conditions
that promoted unconscious and conscious deliberation. With
residents, this strategy led to improved diagnostic accuracy
on complex cases. However, medical students demonstrated
worse diagnostic accuracy under the same conditions.*? It is
unclear whether the benefits seen with residents were due to
reducing bias, or just allowing additional time for assessment.

In another study by the same author, reflective reasoning
counteracted diagnostic error due to the availability bias
in internal medicine residents.’®* Hospitalists who used a
guided reflective-practice tool to review patient readmissions
changed their discharge planning behaviors and experienced
a sustained reduction in 30-day readmissions.>* Given that
the benefits of reflective practice were demonstrated with
residents and physicians, but not students, it is possible that
adequate background knowledge is a prerequisite for success
of this strategy. Further study is needed to determine whether
this strategy can be successful for junior learners, or if it is a
more advanced strategy that should be reserved for those with
more clinical expertise.

Second Opinions

One method to address errors is to obtain additional
expertise through consultation. While the contribution of
others may be helpful it is important to not be over-reliant
on an authoritative consult. Obtaining a second opinion had
a variable impact on identifying errors in studies involving
interpretation of pathology specimens and radiographic
images.” In one successful study, Duijm demonstrated that
additional independent readings of screening mammograms
resulted in a modest increase in breast cancer detection rates.>
Other related strategies include consulting and learning from
experts and relying on the collective wisdom gained through
group decision-making.** For example, in a recent study of
EPs, use of systematic cross-checks was associated with a
decreased risk of adverse events.*®
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Checklists, Guidelines and Algorithms

When physicians experience high levels of stress
and fatigue, cognitive function can suffer. Checklists are
effective tools for reducing error in these environments by
reducing reliance on memory, but can also help minimize
cognitive errors. Checklists may serve a variety of purposes,
including assisting with diagnosis, ensuring standardization,
and providing reminders of evidence-based practice.
Evidence shows that checklists not only reduce error but also
improve outcomes.’ For example, Haynes demonstrated
that implementation of a surgical safety checklist reduced
complications and in-hospital mortality.*® In EM, there are
mental checklists for intubation, central line insertion, and
other domains. Similarly, clinical guidelines and algorithms
may support decision-making in situations prone to error.* For
example “MUDPILES” as the mnemonic for anion- gap acid-
base disorders helps to ensure considering a broad differential.

Clinical Decision Support

Clinical decision support systems (CDSS) analyze
data to provide physicians with recommendations that aid
clinical decision-making. For example, CDSS can detect
early evidence of clinical deterioration or give alerts about
potentially dangerous drug interactions. These systems
have been shown to reduce medication errors and improve
adherence to best practice.”* However, systematic
reviews of these systems suggest that not all CDSS are
successful. Features of the most effective CDSS include the
following: the system is computer-based; it offers actionable
recommendations; it gives support at the time and location of
decision- making; and it functions automatically within the
physician workflow.%

LIMITATIONS

There are limitations to our understanding of clinical
reasoning and cognitive debiasing. Many of the suggested
strategies for reducing cognitive error in medicine are drawn
from evidence in other fields. The evidence on reducing errors
in clinical reasoning is drawn from mostly single-center
studies with small sample sizes and lack of randomization.
Most studies enrolled medical students or residents, leaving
gaps in knowledge regarding effectiveness of these strategies
for practicing physicians. Intervention studies mainly involved
laboratory settings, raising questions about the potential
impact of these techniques in the clinical environment.

CONCLUSION

Mistakes in diagnosis are a considerable source of error
in medicine. The clinical reasoning process includes dual-
process theory, which includes both intuitive and analytical
reasoning. A broad array of interventions has been proposed
to reduce cognitive error in medicine, but evidence regarding
the effectiveness of these strategies in the healthcare setting
is limited.®!-*? In particular, there is not yet strong evidence to

support a reduction in cognitive errors by bringing attention
to error-prone clinical situations and offering tools to mitigate
bias. Techniques that reduce cognitive burden through
technological or other external means offer some promise and
warrant further investigation. Strategies to reduce cognitive
error are a growing area of research.
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