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COVID-19 diagnostic testing and

the psychology of precautions fatigue

65-YEAR-OLD MAN is hospitalized with mild

dyspnea and myalgias. After an initial na-
sopharyngeal swab is negative for SARS-CoV-2,
the hospital staff requests that special respiratory
precautions be discontinued without a second test.
They cite a low observed vield of repeated testing
and the burden of precautions on workflow.

Hospital policies regarding the necessity of a
confirmatory second negative test are based
on the chances of an initial false negative in
a population with an estimated probability
of disease. However, staff perception of re-
sidual disease risk is based on the chances of
a patient’s having COVID-19 despite having
tested negative. Psychological fatigue arises
from incessant gowning, gloving, and masking
among patients extremely unlikely to have
COVID-19. This fatigue leads to a reduced
vigilance that degrades the value of precau-
tions across all patients in isolation.

I PRECAUTIONS FATIGUE IS ANALOGOUS
TO ALARM FATIGUE

The COVID-19 crisis is an opportunity to
reframe clinical decision-making. Despite
decades of teaching clinical reasoning, pro-
mulgating practice guidelines, and advocating
shared decision-making to allocate scarce re-
sources, excessive testing and monitoring per-
sist. One consequence is alarm fatigue,' caused
by false-positive (clinically insignificant) no-
tifications of status changes—when alarms
persistently sound with little purpose, people
stop paying attention.

A generation ago, analogous concerns
generated surgeons’ desire for human immu-
nodeficiency virus screening to enable selec-
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tive implementation of special precautions
rather than universally applied intensive
measures. The large number of COVID-19
patients and hospitalized “patients under in-
vestigation” (PUIs) for whom special respira-
tory precautions are ordered is creating a pre-
viously unseen degree of “precautions fatigue.”
The current practice environment represents
an opportunity for experiential cognizance
of well-intentioned efforts at error avoidance
that become diluted through overly broad ap-
plication.

With the increased incidence of disease in
the community, more readily available test-
ing, recognition of nosocomial transmission,
and fewer admissions for diseases other than
COVID-19, the proportion of hospitalized pa-
tients being evaluated for COVID-19 is mark-
edly higher than it was earlier in the pandemic.
When testing was scarce, costly, and time-con-
suming, patients were tested only if they had
multiple COVID-19 symptoms and a known
exposure or relevant travel history. With in-
creasing incidence, populations being tested
have broadened, escalating the number of pa-
tients considered at risk and creating anxiety
among healthcare workers through both the
presence of true disease and the ubiquitous re-
spiratory precautions signs on isolation rooms.

I CONSEQUENCES
OF PRECAUTIONS FATIGUE

Unless incremental increases in testing are
specifically targeted at high-prevalence groups,
higher testing rates generally result in both a
lower proportion of positive test results (lower
diagnostic yield due to reduced average pretest
probability) and less-severe disease, on average,
among those who test positive.’ Since hospital-

VOLUME 88 ¢ NUMBER 1

Downloaded from www.ccjm.org on July 15, 2025. For personal use only. All other uses require permission.

The COVID-19

crisis is an

opportunity

to reframe
clinical
decision-
making

JANUARY 2021

19


http://www.ccjm.org/

False-omission
rates are more
dependent
on prevalence
than false-
negative rates

20 CLEVELAND CLINIC JOURNAL OF MEDICINE VOLUME 88 e NUMBER 1

COVID-19 TESTING

ized PUIs affect behavior of hospital staff and
deplete personal protective equipment, it is
important to understand their effect on the psy-
chology of inpatient healthcare workers and on
disease transmission.

Precautions fatigue has become evident in
hospitals, reducing the average effectiveness
of precautions the same way that alarm fatigue
desensitizes staff, reducing the average clinical
benefit of each alarm triggered.! Precautions
fatigue results in guideline-discordant reuse
of personal protective equipment, reduced at-
tention to facial protection (given barriers to
its access), less-vigorous encouragement of pa-
tient mask-donning, and dramatic reductions
in direct patient contact.

Early in the pandemic, a substantial pro-
portion of hospitalized PUIs were eventually
diagnosed with COVID-19, for several rea-
sons. Testing had a relatively high yield be-
cause protocols restricted testing to high-risk
populations, as understanding of the clinical
spectrum of disease was poor and testing ca-
pability and availability were limited. Testing
had higher sensitivity due to policies (inad-
vertently) restricting testing to patients with
greater viral shedding and substantial nasal se-
cretions.* Also, there was a time lag between
sending the sample and getting the result, so
that for PUlIs, initial results of nasopharyngeal
swabs were not available for 2 to 3 days, leav-
ing them at a higher instantaneous probability
of disease, ie, probably at one point in time.

More recently, when the clinical presenta-
tion suggests the disease, most hospitalized PUlIs
have received negative results on their first
test before being admitted, which reduces the
probability of disease to the false-negative rate.
The exceptions are those with a positive first
test (who would be admitted to a COVID-19
unit and would no longer be considered under
investigation) and those with a pretest prob-
ability sufficiently low for liberation from PUI
status after a single negative test.

I FALSE-NEGATIVE RATES
VS FALSE-OMISSION RATES

Diagnostic tests have known or imperfectly
estimated sensitivities and specificities, which
depend on the tests themselves and factors
such as sample quality, body habitus, and tim-

ing of sampling relative to the natural history
of disease. Although the sensitivity of poly-
merase chain reaction testing of a nasopha-
ryngeal swab for SARS-CoV-2 has not been
established, many hospitals have been using
an estimate of 70%, based on early studies.’

As a test characteristic, sensitivity does not
generally depend on disease prevalence in the
population tested. However, if less-symptom-
atic populations and asymptomatic preproce-
dure inpatients are tested, lower levels of viral
shedding and lower volume of nasal secretions
among those tested may decrease the sensitiv-
ity, as studies of influenza have demonstrated.*
Therefore, while we assume the sensitivity is
70%, a lower value would increase both the
false-negative rate and the false-omission rate
(ie, 1 minus the negative predictive value).

A relatively low positive predictive value
and high false-discovery rate (1 minus the
positive predictive value) have been implicat-
ed in the poor response times associated with
alarm fatigue.! However, reductions over time
in attentiveness to precautions among staff
caring for COVID-19 PUIs is due to the ag-
gregate of both true and perceived lower prev-
alence of disease, considering all those tested
as the denominator. The true prevalence of
disease is decreased due to increased testing
rates and the fact that most PUIs have had a
negative test result. The latter leads to a prob-
ability of disease given as:

P (negative test | COVID +)
ie, the probability that a diseased patient
would test negative, which is equal to the
false-negative rate times the true prevalence
within the tested population. However, staff
perceptions of residual disease prevalence will
be based on the false-omission rate, given as:
P (COVID + | negative test)
ie, the probability that a patient who tests
negative has COVID, rather than the false-
negative rate.

Two relevant considerations arise from
the distinction between precautions policies
among those with a first negative test, which
are often based on the false-negative rate.
First, the false-omission rate varies much more
with prevalence than the false-negative rate.
For example, assuming the sensitivity is 70%
and the prevalence is 10%, the false-negative
rate and false-omission rate are nearly identi-
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cal at 0.03 and 0.0326, respectively. However,
if the prevalence is 50%, the false-negative
rate and false-omission rate diverge to 0.15
and 0.233, respectively, creating clinically sig-
nificant relative and absolute differences.
Moreover, let us assume the specificity is
99%. Based on Fagan’s nomogram and a calcu-
lated negative likelihood ratio of 0.30, the post-
test probability of disease at prevalence rates of
10% and 50% would be 0.03 and 0.23, nearly
indistinguishable from the false-omission rates.
Second, precautions-laden inpatient units
reduce the perceived COVID-19 prevalence
among isolation precautions hospital rooms,
caused by true diminishing marginal returns to
incremental increases in testing that occur as
aresult of surveillance bias. There is a substan-
tial literature on the psychology of false posi-
tives,® but little empirical evidence regarding
cognitive processes surrounding false nega-
tives. Despite this, previous literature shows
that everyday human cognitive judgments
follow the statistical principles of perception
and reveal a close correspondence between
implicit human probabilistic models and em-
piric statistical models.” Cognitive heuristics
are operationalized based on predictive values
and their complements, such that, in the same
way that false-discovery rates drive alarm fa-
tigue, false-omission rates are likely the prin-
cipal psychological driver of precautions fa-
tigue. The commonality of empiric statistics
and psychologic processes is a rationale for
using decrements in the false-omission rate as
a quantitative measure of the contribution of
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incremental testing to diagnostic yield.

I RETURN TO THE CASE SCENARIO

Since false-omission rates are more dependent
on prevalence than false-negative rates, they
should be considered in COVID-19 liberation
pathways. Practically, this means that, in ad-
dition to the well-recognized adverse effects
of precautions,® decisions about liberating
patients from COVID-19 precautions should
consider the reduced clinical benefit of isola-
tion if precautions fatigue causes noncompli-
ance as an unintended consequence. Medical
literature suggests that contact precautions
are used more often than evidence warrants,
which creates more harm than benefit® A
learning healthcare system should use the
COVID-19 experience to incorporate the real
impact of precautions fatigue into decision al-
gorithms and clinical pathways.

Protection of hospital staff and limiting
nosocomial transmission of COVID-19 are
critical. However, overuse of special precau-
tions in patients unlikely to have true disease
can lead to precautions fatigue that diminish-
es vigilance among staff, thereby vitiating the
value of isolation. Hospital leadership should
assertively select patients for testing and re-
testing, considering that precautions fatigue
markedly reduces the average effectiveness of
precautions for all isolation rooms.
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