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Effect of COVID-19 on computed tomography usage
and critical test results in the emergency department:
an observational study
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Background: The effect of the coronavirus disease 2019 (COVID-19) pandemic on new or unexpected radiologic findings in the
emergency department (ED) is unclear. The aim of this study was to determine the effect of the COVID-19 pandemic on the number
of computed tomography (CT) critical test results in the ED.

Methods: We performed a retrospective observational study of ED CT usage at 4 Ontario hospitals (1 urban academic, 1 northern
academic, 1 urban community and 1 rural community) over 1 month during the COVID-19 pandemic (April 2020) and over the same
month 1 year earlier (April 2019; before the pandemic). The CT findings from 1 of the 4 hospitals, Hamilton Health Sciences, were
reviewed to determine the number of critical test results by body region. Total CT numbers were compared using Poisson regression
and CT yields were compared using the y? test.

Results: The median number of ED CT examinations per day was markedly lower during the COVID-19 pandemic than before the
pandemic (82 v. 133, p < 0.01), with variation across hospitals (p = 0.001). On review of 1717 CT reports from Hamilton Health
Sciences, fewer critical test results were demonstrated on CT pulmonary angiograms (43 v. 88, p < 0.001) and CT examinations of
the head (82 v. 112, p < 0.03) during the pandemic than before the pandemic; however, the yield of these examinations did not
change. Although the absolute number of all CT examinations with critical test results decreased, the number of CT examinations
without critical results decreased more, resulting in a higher yield of CT for critical test results during the pandemic (46% [322/696] v.
37% [379/1021], p < 0.01).

Interpretation: Emergency department CT volumes markedly decreased during the COVID-19 pandemic, predominantly because
there were fewer examinations with new or unexpected findings. This suggests that COVID-19 public information campaigns influ-
enced the behaviours of patients presenting to the ED.

oronavirus disease 2019 (COVID-19) has had a

major impact on the delivery of health care world-

wide.! To prepare for a potential surge of patients
with COVID-19 and to reduce the risk of COVID-19 trans-
mission, many medical societies recommended that non-
urgent medical procedures such as colonoscopy,
Papanicolaou smears and mammography for cancer screen-
ing be delayed or rescheduled.”* Preliminary data suggest
that the volume of nonurgent procedures markedly
decreased during the initial phase of the COVID-19 pan-
demic in North America.>® Many governments issued poli-
cies for the provision of care; for example, the Ontario pro-
vincial government issued Directive 2 on Mar. 19, 2020,
stating that all nonessential and elective health care services
be stopped or reduced to minimal levels.”
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In addition to the COVID-19 pandemic’s effects on the
delivery of elective and nonurgent health care, there is evi-
dence of a reduction in delivery of care for diseases requiring
urgent management. Garcia and colleagues found a 38%
reduction in cardiac catheterizations for ST-elevation myo-
cardial infarction at the beginning of the pandemic in the
United States.® They hypothesized that this may have been
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due to avoidance of medical care, among other possibilities.® In
Italy, pediatric emergency department (ED) visits plummeted
during the pandemic as parents reported avoiding hospitals
because of fear of contracting severe acute respiratory syn-
drome coronavirus 2, the virus that causes COVID-19.° Many
physicians and hospitals have reported a reduction in ED visits
and hospital admissions for acute illness since the onset of the
COVID-19 pandemic.!*" There are, however, few to no data
comparing the effects of COVID-19 on the diagnosis of ill-
nesses of different urgency on imaging. Furthermore, the
effects of the COVID-19 pandemic on the diagnosis of many
acute illnesses have not been independently assessed.

Although the COVID-19 pandemic has undoubtedly
affected ED workflow, the extent of its effect on disease diag-
nosis and specifically on the diagnosis of illness not related to
COVID-19 in the ED is unclear as is the variation among
hospitals in different practice settings. It is unknown if fewer
patients are being diagnosed with illnesses requiring urgent
treatment and if patients with diseases requiring urgent care
are delaying presentation to the ED. Many illnesses requiring
urgent treatment are diagnosed on computed tomography
(CT); CT test results are categorized as critical if they are new
or unexpected radiologic findings that could result in mortal-
ity or substantial morbidity if appropriate diagnostic or thera-
peutic follow-up steps are not undertaken.!®!” The purpose of
this study was to determine the effect of the COVID-19 pan-
demic on CT critical test results in the ED.

Study design

A retrospective observational study was performed. Data on
CT examination usage were collected from 4 hospitals during
a l-month period of the COVID-19 pandemic (Apr. 1-30,
2020) and compared with data from the same month 1 year
earlier (Apr. 1-30, 2019; before the pandemic). The findings
of CT examinations were reviewed at 1 hospital. Computed
tomography examinations were identified by searching each
institution’s picture archiving and communication system or
dictation software or both.

Setting

Data for consecutive CT scans were collected from 4 Ontario
hospitals: an urban academic hospital (Hamilton Health
Sciences), a northern Ontario academic hospital (Thunder
Bay Regional Health Sciences Centre), an urban community
hospital (Mackenzie Health) and a rural community hospital
(Orillia Soldiers’ Memorial Hospital). The findings from each
CT scan performed at 1 hospital, Hamilton Health Sciences,
during the 2 study periods were reviewed. We chose Apr. 1,
2020, as the start date for data collection for the pandemic
period because a spike in cases was observed and locally
reported in Hamilton during the last week of March 2020."8

Data collection and extraction
Aggregate data on ED CT volumes from each hospital were
collected by investigators at each site (MLA., A.U., A A, RR,
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D.L., D.G., KM., C.V.P.) and pooled on a daily basis for
assessment of interhospital differences in the total number of
CT examinations performed.

Following this, consecutive radiology reports from Hamil-
ton Health Sciences were reviewed individually, including all
ED CT examinations of the head, CT angiograms of the head
and neck (CTA-HN), CT pulmonary angiograms (CTPA)
and CT examinations of the abdomen and pelvis during the
2019 and 2020 study periods, as these constitute most of the
CT examinations performed in the ED at Hamilton Health
Sciences. Reports were independently reviewed by 2 investi-
gators (MLA., A.U.) blinded to study date; a third investigator
(C.V.P.) was available for questions regarding categorization.
To minimize confounding effects of CT examinations of the
chest for the investigation of COVID-19, a potential source
of bias, non-CTPA CT examinations of the chest were
excluded from the analysis (50 examinations in total)."

The number of CT examinations with critical test results
was documented on a per-day basis. Critical test results
included any finding that was previously unknown and
required new specific management (e.g., new malignancy),
any new finding explaining an acute presentation (e.g., ovarian
torsion) and any pre-existing condition with an acute compli-
cation (e.g., Crohn disease with active inflammation) or inter-
val worsening (e.g., worsening metastatic disease).

In addition, a list of site-specific common and acute condi-
tions on CT was established a priori for each body region.?
"This list was not collectively exhaustive for each body region
but rather was used to assess several more common and urgent
conditions. For CT examinations of the head, these included
acute intracranial hemorrhage and acute cerebral infarction; for
CTA-HN, these included intracranial arterial thrombosis,
occlusion or high-grade stenosis (> 70%) of the carotid or ver-
tebral arteries,”' and dural venous sinus thrombosis; for CTPA,
these included pulmonary artery emboli; and for CT examina-
tions of the abdomen and pelvis, these included acute appendi-
citis, diverticulitis, bowel obstructions, ureteric calculi and acute
aortic syndrome.?””?* Findings that were incidental and of
doubtful clinical significance were not considered as new find-
ings (e.g., brain atrophy and microangiopathic ischemic change
typical for age on CT examinations of the head, mild carotid
stenosis [< 30%] on CTA-HN, dependent subsegmental atelec-
tasis and incidental pulmonary nodules < 6 mm on CTPA, and
cholelithiasis, diverticulosis and small fat-containing hernias on
CT examinations of the abdomen and pelvis).

To establish if patients presented later in the course of
acute illness during the COVID-19 pandemic than before the
pandemic, the following complications of acute conditions
were documented: for patients with appendicitis or diverticu-
litis, the presence of a phlegmon, a well-formed abscess or
pneumoperitoneum, and for patients with bowel obstruction,
the presence of pneumoperitoneum.

Trends in ED CT volumes were assessed at Hamilton
Health Sciences over the time period April 2015 to April
2020. In addition, the total numbers of ED visits at
Hamilton Health Sciences were compared between April
2019 and April 2020.
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Statistical analysis

We compared ED CT volumes during the COVID-19 pan-
demic and before the pandemic using a Poisson regression
model including the percentage reduction at all 4 hospitals.
Total CT examination volumes at Hamilton Health
Sciences were compared for each body region during the
COVID-19 pandemic and before the pandemic, as were the
number of critical test results and prespecified pathology
types using Poisson regression to estimate the ratio of the
means. The yield (or proportion) of CT examinations with
critical test results was compared before and during the pan-
demic using the %’ test. Smooth curve fitting for figures of
total count data was computed using local polynomial
regression (locally estimated scatterplot smoothing;
LOESS). Interobserver agreement was calculated using
Cohen’s x for approximately 10% of cases. A p value less
than 0.05 defined statistical significance. All statistical analy-
sis was performed using R (version 3.6.3, R Foundation for
Statistical Computing).

Ethics approval

This retrospective cohort study was approved by the
Hamilton Integrated Research Ethics Board. The need to
obtain informed consent was waived. Aggregate data on ED
CT volume from multiple institutions were pooled without
sharing of individual patient data.

A total of 6474 CT examinations were identified: 1717 from
Hamilton Health Sciences, 1170 from Thunder Bay Regional
Health Sciences Centre, 3056 from Mackenzie Health and
531 from Orillia Soldiers’ Memorial Hospital. A total of 2495
ED CT examinations were performed during the pandemic
study period and 3979 studies were performed during the
same month 1 year earlier.

All study hospitals

The median number of ED CT examinations per day was
markedly lower during the COVID-19 pandemic than
before the pandemic (82 v. 133, p < 0.001) at all 4 hospitals

(Table 1, Figure 1). There was a significant difference in the
percentage decrease in ED CT volumes during the
pandemic versus before the pandemic between the

4 hospitals (p = 0.001).

Hamilton Health Sciences

At Hamilton Health Sciences, the number of ED CT exami-
nations in the month of April trended upward from 2015 to
2019 then decreased sharply in 2020 (during the pandemic);
there was a 31.8% decrease between 2019 and 2020 (p <
0.001) (Figure 2). Volumes of CT examinations of the head,
CTPA and CTA-HN were significantly lower in April 2020
than in April 2019; volumes of CT examinations of the abdo-
men and pelvis did not differ significantly in the 2 periods
(Table 2, Figure 3). During the same period, the total num-
ber of ED visits decreased by 51.9%.

The number of critical test results for ED CTPA and CT
examinations of the head was significantly lower during the
COVID-19 pandemic than before the pandemic (Table 3,
Figure 4). However, the yield for critical test results for
CTPA and CT examinations of the head did not change.
There was no significant change for CTA-HN and CT
examinations of the abdomen and pelvis (Table 3). The
number of CT examinations producing no critical test
results decreased to a greater extent than the number of CT
examinations producing critical test results, resulting in a net
increased yield of all types of ED CT examinations with
critical test results during the pandemic (46.2% v. 37.1%,
p < 0.001). The number of critical test results for most of the
prespecified conditions was not significantly different in
April 2019 and April 2020 (Table 4), with the exception of
acute sinusitis, mastoiditis or orbital cellulitis, which was less
common during the pandemic (p < 0.001). The number of
critical test results indicating appendicitis and diverticulitis
complicated by abscess, phlegmon or pneumoperitoneum
was similar before and during the pandemic; these potential
adverse outcomes of delayed presentation did not increase.
No patients were observed with a perforated bowel obstruc-
tion before or during the pandemic. Substantial interob-
server agreement was observed for classification of CT
examinations with and without critical test results (k = 0.65).

Table 1: Emergency department CT volumes by hospital*

Volume of CT examinations, no. (95% ClI);

study period Poisson

reduction
Hospital Before pandemic During pandemic in means, % p value
Hamilton Health Sciences, n = 1717 1021 (959-1086) 696 (645-750) 31.8 < 0.001
Thunder Bay Regional Health Sciences Centre, n = 1170 697 (646-751) 473 (431-518) 32.1 < 0.001
Mackenzie Health, n = 3056 1955 (1869-2044) 1101 (1037-1168) 43.7 < 0.001
Orillia Soldiers' Memorial Hospital, n = 531 306 (273-342) 225 (197-256) 26.5 < 0.001
Total, n = 6474 3979 (3856—4105) 2495 (2398-2595) 373 < 0.001

Note: Cl = confidence interval, CT = computed tomography.
*Data are presented as total counts.
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Figure 1: Emergency department CT volumes in April 2019 (before the coronavirus disease 2019 pandemic) and in April
2020 (during the pandemic). Smooth curve fitting was performed using local polynomial regression (locally estimated scat-
terplot smoothing; LOESS). The less smooth curves for the smaller hospitals (OSMH and TBRHSC) may be attributable to
random error from smaller sample sizes. CT = computed tomography, HHS = Hamilton Health Sciences, MH = Mackenzie
Health, OSMH = Orrillia Soldiers’ Memorial Hospital, TBRHSC = Thunder Bay Regional Health Sciences Centre.

Our findings show that shortly after the COVID-19 outbreak
was declared a pandemic and a province-wide emergency
was announced in Ontario, critical test results on CTPA and
head CT examinations were less likely, either because the
associated conditions were less common or because they
were less commonly diagnosed. When we compared data for
April 2020 with data for the same month in 2019, we found a
37% reduction in ED CT examinations performed for body
regions not typically affected by COVID-19. The magnitude
of change in ED CT volumes differed significantly across
the 4 hospitals, which suggests these findings vary by geo-
graphic region.

A recent study in the US showed a decline of 45% and
38% in the weekly incidence of acute myocardial infarction
and stroke, respectively, during the COVID-19 pandemic.'
Similar trends have been observed with other pandemics; for
example, in Ontario, 20%-40% reductions in ED visits were
seen during the severe acute respiratory syndrome (SARS)
outbreak in 2003.25-%7

Investigators have previously raised concern regarding
patients potentially avoiding the ED during pandemics
because of fear of contracting infectious disease.!!"1>6-2% Para-
doxically, the opposite effect has been observed with other
epidemics of respiratory infectious diseases including the 1993
hantavirus epidemic (in New Mexico, Arizona and Colorado)
and the 2009 HINI influenza pandemic in which ED visits
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Figure 2: Trends in emergency department computed tomography (CT) examinations at Hamilton Health Sciences in the month of April from

2015 to 2020.

Table 2: Patient characteristics and volumes of emergency department CT examinations performed at Hamilton
Health Sciences*
Variable Before pandemic During pandemic p value
Patient age, yr, median (range) 67 (0-103) 65 (0-98) 0.06
Patient sex, % male (male to female ratio) 45.4 (464:557) 47.4 (330:366)
CT examinations, no. (95% ClI)
CT examination of the head, n = 944 587 (540-636) 357 (321-396) < 0.001
CT angiogram of the head and neck, n = 76 47 (35-63) 29 (19-42) 0.04
CT pulmonary angiogram, n = 222 146 (123-172) 76 (60-95) < 0.001
CT examination of the abdomen and pelvis, n = 475 241 (212-273) 234 (205-266) 0.7
Total, n = 1717 1021 (959-1086) 696 (645—-750) < 0.001
Note: Cl = confidence interval, CT = computed tomography.
*Data are presented as total counts unless otherwise indicated.

increased.’®3! The reason for this variation is unclear, but it
seems likely that widespread dissemination of information
about the contagiousness and potential severity of COVID-19
and SARS to the public may have played a role in the public’s
perception of these diseases.*

We found that the largest reduction in ED CT
examinations occurred for patients with CT examinations
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without critical test results and that CT examination yield for
critical test results increased during the COVID-19
pandemic. This could be due to patients with less debilitating
symptoms avoiding the ED or undergoing less imaging.
Further investigation of this phenomenon would be beneficial.

Prior studies had shown an upward trend of ED CT
volumes over the years leading up to the COVID-19
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Table 3: Critical test results for emergency department CT examinations performed at Hamilton Health Sciences*

CT examinations with critical test results,

no. (95% Cl); study period Critical test result yield, %; study period

CT type Before pandemic ~ During pandemic p value Before pandemic ~ During pandemic p value
CT examination of the head 112 (92-135) 82 (65-102) 0.03 19.1 (112/587) 23.0 (82/357) 0.2
CT angiogram of the head 16 (9-26) 14 (8-23) 0.7 34.0 (16/47) 48.3 (14/29) 0.3
and neck
CT pulmonary angiogram 88 (71-108) 43 (31-58) < 0.001 60.3 (88/146) 56.6 (43/76) 0.7
CT examination of the 163 (139-190) 183 (157-212) 0.3 67.6 (163/241) 78.2 (183/234) 0.01
abdomen and pelvis
Total 379 (342-419) 322 (288-359) 0.03 37.1 (379/1021) 46.3 (322/696) < 0.001
Note: Cl = confidence interval, CT = computed tomography.
*All values are presented as total counts or as a percentage of the total.
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Figure 3: Emergency department computed tomography (CT) volumes by examination type at Hamilton Health Sciences.
Smooth curve fitting was performed using local polynomial regression (locally estimated scatterplot smoothing; LOESS).
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Figure 4: Comparison of the number of emergency department computed tomography (CT) examinations performed per day before and during
the coronavirus disease 2019 pandemic at Hamilton Health Sciences. All of the boxplots presented in this figure demonstrate data that signifi-
cantly differed during and before the pandemic. Each box indicates the IQR and contains a horizontal line indicating the median value. The
whiskers indicate the minimum value (first quartile — 1.5 x IQR) and maximum value (third quartile + 1.5 x IQR). The points indicate outliers.

CTPA = CT pulmonary angiogram, IQR = interquartile range.
pandemic that had increased disproportionately more than
the growth in ED visits.?*3¢ It is possible that this increase
had been due in part to overtesting before the pandemic.
Understanding why this trend reversed during the
COVID-19 pandemic, and specifically why the largest
reduction occurred for patients without critical test results
on CT, may help guide development of clinical decision
support tools for the appropriateness of medical imaging
examinations.’’’

It is unclear why volumes of CT examinations of the
abdomen and pelvis slightly decreased during the pandemic;
however, the number of patients with critical test results
increased, resulting in a net higher yield for these examinations.
Future research may help clarify this observation.

The COVID-19 pandemic has had a massive societal
impact, the likes of which have not been seen since the advent
of the information age. This provides investigators with a
unique opportunity to improve our understanding of the
influence of rapid and massive information dissemination,
along with government directives, on individual behaviours.
Future research exploring perceptions and the psychological
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effect of the COVID-19 pandemic is required. Additionally,
more analysis of the effect of COVID-19 on illnesses not
related to COVID-19 is desperately needed, including how
our governments’ and societies’ response to COVID-19 has
affected patients with other diseases.

Limitations

Limitations of this study include the lack of individual-level
data from all 4 hospitals. A prolonged follow-up period may
have provided more clarity on patient outcomes. We limited
many of the outcomes assessed to 1 hospital, Hamilton
Health Sciences, to optimize study expediency. We investi-
gated a limited number of imaging examination techniques
and our findings may not apply to other imaging modalities
and body regions. There are many variables that could poten-
tially lead to a reduction in ED visits during the pandemic
including reduced motor vehicle transportation during the
lockdown, lack of elective surgeries with subsequent post-
operative complications and others that could not be controlled
for in our analysis. Another limitation is that we did not analyze
the pattern of CT examinations before and during the pandemic
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Table 4: Critical test results for emergency department CT examinations performed at Hamilton Health Sciences, by diagnosis
No. of results (95% CI); study period
Before pandemic During pandemic
CT type Critical test result (95% Cl) (95% ClI) p value
CT examination of the head Brain infarction 20 (12-31) 17 (10-27) 0.6
Intracranial hemorrhage 27 (18-39) 18 (11-28) 0.2
Sinusitis, mastoiditis or 22 (14-33) 4 (1-10) 0.002
orbital cellulitis
CT angiogram of the head and Carotid or vertebral 8 (3-16) 7 (3-14) 0.8
neck occlusion or
> 70% stenosis
Intracranial arterial 1(0-6) 5 (2-12) 0.1
thromboembolism
Dural venous sinus thrombus 2 (0-7) 0 (0-4) 1.0
CT pulmonary angiogram Pulmonary embolism 21 (13-32) 12 (6-21) 0.1
CT examination of the abdomen Appendicitis 8* (3-16) 111 (5-20) 0.5
and pelvis Diverticulitis 241 (15-36) 20§ (14-33) 0.8
Bowel obstruction 8 (3-16) 13 (7-22) 0.3
Ureteric calculi 2 (0-7) 11 (5-20) 0.03
Acute aortic syndrome 0 (0-4) 0 (0—-4) NA
Note: Cl = confidence interval, CT = computed tomography, NA = not applicable.
*Two complicated by pneumoperitoneum and 1 by abscess.
1Two complicated by pneumoperitoneum and 1 by pneumoperitoneum with phlegmon.
1Two complicated by abscess, 2 by phlegmon and 2 by pneumoperitoneum.
§Four complicated by abscess and 1 by pneumoperitoneum.

in relation to the pattern of ED visits and other patient data; we
analyzed only ED CT critical test results. Emergency depart-
ment diagnoses made without CT were not captured in our
analysis. We used Apr. 1, 2020, as the start date for data collec-
tion for local reasons; data collection beginning in mid-March
2020 may have provided additional information.

Conclusion

Emergency department CT volumes substantially decreased
at 4 Ontario hospitals during the COVID-19 pandemic, and
although this was mostly due to fewer patients receiving CT
examinations without critical test results, there were signifi-
cantly fewer critical test results identified on CTPA and CT
examinations of the head during the pandemic. Minimization
of nonurgent health care has been an important component of
the pandemic response; however, policy-makers and public
health leaders must emphasize that patients with illness not
typical of COVID-19 should seek medical attention.
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