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Abstract
Purpose This study examined the impact of the COVID-19 pandemic on emergency department CT use for acute nontraumatic
abdominal pain, to better understand why imaging volume so drastically decreased during the COVID-19 pandemic.
Methods This was a retrospective review of emergency imaging volumes from January 5 toMay 30, 2020. Weekly volume data
were collected for total imaging studies, abdominopelvic CT, and abdominopelvic CTs positive for common causes of acute
nontraumatic abdominal pain. Two emergency radiology attendings scored all diverticulitis cases independently, and weekly
volume data for uncomplicated and complicated diverticulitis cases was also collected. Volume data prior to and during the
COVID-19 pandemic was compared, using 2019 volumes as a control.
Results During the COVID-19 pandemic, overall emergency imaging volume decreased 30% compared to 2019 (p = 0.002).
While the number of emergency abdominopelvic CTs positive for appendicitis and small bowel obstruction did not significantly
change during the COVID-19 pandemic, the number of cases of diverticulitis decreased significantly compared to 2019 (p =
0.001). This reduction can be specifically attributed to decreased uncomplicated diverticulitis cases, as the number of uncom-
plicated diverticulitis cases dropped significantly (p = 0.002) while there was no significant difference in the number of compli-
cated diverticulitis cases (p = 0.09).
Conclusions Reduced emergency abdominopelvic CT volume during the COVID-19 pandemic can partially be explained by
decreased imaging of lower acuity patients. This data may help formulate future strategies for imaging resource utilization with
an improved understanding of the relationship between perceived imaging risk and symptom acuity.
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Introduction

Since the first reported case fromWuhan, China, in December
2019, coronavirus disease 2019 (COVID-19) has spread
quickly across the world. To date, there have been over
23,000,000 cases and over 810,000 deaths reported to the
World Health Organization [1]. As of late August, the USA
has been particularly affected, accounting for over 5,600,000
infections and 175,00 deaths [2]. Within this short time frame,
the COVID-19 pandemic has dramatically impacted most

aspects of the US healthcare system. Within radiology, most
nonurgent outpatient imaging was postponed.

Imaging volumes during the initial stages of the COVID-19
pandemic decreased across all patient care settings: inpatient,
outpatient, and emergency [3–6]. Studies have demonstrated
that emergency department (ED) visits have also dramatically
decreased during this time period [7]. Alarmingly, data sug-
gest that some patients with critical conditions such as stroke
or myocardial infarction may have avoided seeking emergen-
cy care [8–10]. Theories for explaining this phenomenon in-
clude patients fearing presentation to the hospital, self-
medication of perceived minor symptoms, or no longer using
the ED for chronic issues. However, there is a paucity of
convincing data to explain this trend.

Massachusetts has been one of several COVID-19 epicenters
within the USA. The first COVID-19 case was reported in
Massachusetts on February 1, 2020 [11]. In response to rising
case numbers, the state enacted a statewide stay at home
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advisory on March 24, 2020 [12]. The first case in Worcester
County (home of the study institution) was reported onMarch 9,
2020 [11]. Afterwards, the county followed a similar trend to the
rest of the state, with cases peaking in late April/earlyMay. After
case numbers had fallen significantly, Massachusetts lifted the
stay at home advisory on May 19, 2020, and a slow, phased
approach to reopening has begun [12].

The purpose of this study was to examine the impact of the
COVID-19 pandemic on the ED use of computed tomography
(CT) for acute nontraumatic abdominal pain by evaluating a
few specific causes of acute nontraumatic abdominal pain,
namely diverticulitis, appendicitis, and small bowel obstruc-
tion, in order to better understand why CT volume in the ED
has been so drastically impacted by the COVID-19 pandemic.

Material and methods

This was a retrospective review of imaging case volumes in one
large academic healthcare system from January 6 to June 1, 2019,
and January 5 to May 30, 2020. An IRB waiver was obtained
from the University of Massachusetts IRB for this study. The
UMass Memorial Healthcare System is the largest health system
in centralMassachusetts, with an imaging volume of approximate-
ly 1 million studies in 2019. It encompasses five emergency de-
partments in Worcester County, including two urban campuses in
Worcester and three community hospitals in the surrounding re-
gion. CT examinations from all five emergency departments were
included in this study.

mPower Clinical Analytics (Nuance Communications, Inc.,
Burlington,MA)was used to aggregate ED imaging volume data
for January 6 to June 1, 2019 and January 5 to May 30, 2020.
Weekly volume data for total imaging studies, abdominopelvic
CT scans, abdominal radiographs and abdominal ultrasounds
was collected. CT and MRI data included both exams with and
without contrast. For the abdominopelvic CTs, the exam was
required to include both the abdomen and pelvis. Abdominal
ultrasounds included both complete and limited exams.
Aggregateweekly datawas also collected for the number of adult
(patients >18 years old) abdominopelvic CT scans that were
interpreted as positive for several common causes of acute non-
traumatic abdominal pain, including appendicitis, diverticulitis,
and small bowel obstruction, by emergency radiology attendings.
Exams were again required to include both the abdomen and
pelvis. Exams with and without contrast were both included.
This data was collected by manually reading all reports. As long
as an exam was fully reported, no adjustments were made for
suboptimal imaging quality.

Imaging analysis

All ED abdominopelvic CT scans interpreted as positive for
diverticulitis in patients 18 years and older during the defined

study time frame were collected by the method described
above. Age and sex for each case was recorded. These cases
were then scored independently by two emergency radiology
attendings (B.C. with 8 years of experience and H.L. with
9 years of experience), who were blinded to the original CT
interpretation. The scoring system used delineated between
uncomplicated and complicated cases of diverticulitis. For
the complicated cases, the severity of complication was also
graded. Specifically, a score of 1 indicated uncomplicated
diverticulitis; a score of 2 was complicated diverticulitis with
pericolonic air bubbles, a score of 3 indicated complicated
diverticulitis with an abscess, and a score of 4 was complicat-
ed diverticulitis with free air or fluid. A score of 0 was used
when the study was interpreted as not consistent with diver-
ticulitis. This scoring system reflects prior published method-
ology [13]. For discordant scores, a single consensus score
was agreed upon between the reviewers.

Statistical analysis

For all aggregate weekly data, the corresponding weeks in
2019 and 2020 were compared to allow for seasonal variation,
with a week defined as Sunday to Saturday. Data from the
2020 time period prior to the Massachusetts stay at home
advisory, (weeks 1–11), was compared to 2019 data from
the same weeks, which served as a preCOVID control, in
order to identify any differences in imaging utilization that
were present prior to the COVID pandemic. The COVID pan-
demic time period was then defined as the full duration of the
Massachusetts stay at home advisory, weeks 12–19.

All comparisons were performed using the Student t test,
with the exception of the comparison for the diverticulitis case
sex distribution, which was performed using a chi-square test.
A p value of less than 0.05 was considered significant for all
comparisons. The Cohen’s kappa coefficient was calculated to
assess agreement in diverticulitis case interpretation between
the two radiologists. The Cohen’s kappa coefficient was cal-
culated using GraphPad software. All other statistics were
performed using Microsoft Excel (version 14.7.2).

Results

We first evaluated overall ED imaging volume and the vol-
ume of emergency abdominopelvic CT scans, comparing
2019 to 2020. Figure 1 displays the weekly trend for total
ED imaging studies. Table 1 demonstrates the average weekly
number of imaging studies prior to and during the COVID-19
pandemic, compared to the same time period in 2019.

In 2020, during the months prior to the COVID-19 pan-
demic, the total emergency imaging volume was significantly
increased compared to the same time period in 2019. 2019
average weekly study volume was 2544.2, and 2020 average
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weekly study volume was 2797.8 (p = 0.04). During the
COVID-19 pandemic, the number of emergency imaging
studies decreased by over 30% compared to the same time
period in 2019, with a 2019 average weekly case volume of
2390.8 and a 2020 average weekly case volume of 1660.3
(p = 0.002). This drop affected both our urban and community
hospitals, as there was no difference in the proportion of
exams originating from the community hospitals during this
decrease. The number of emergency abdominopelvic CTs
followed a similar trend. There was no significant difference

in the number of emergency abdominopelvic CTs performed
during the months prior to the COVID-19 pandemic com-
pared to the same time period in 2019. There was greater than
40% decrease in emergency abdominopelvic CTs during the
COVID-19 pandemic compared to the same time period in
2019, with an average weekly volume of 319.8 CTs in 2019
and 191.4 CTs in 2020 (p < 0.001). Despite this drop, case
demographics (specifically age and sex) for abdominopelvic
CTs remained similar. The average age for patients receiving
an abdominopelvic CT in the ED was 52.5 years in 2020
during the preCOVID period with 57.7% female patients,
and during the pandemic, the average age was 53.3 years with
51.4% female patients. In line with this data, the number of
emergency abdominal radiographs and abdominal ultrasounds
also decreased significantly during the COVID-19 pandemic,
with a 57.6% drop in abdominal radiographs and a 49.7%
drop in abdominal ultrasounds (Table 4).

To better understand the drastic reduction in ED imaging
volume during the COVID-19 pandemic, we determined the
weekly number of CT scans that were interpreted as positive
for several common causes of acute nontraumatic abdominal
pain: appendicitis, diverticulitis, and small bowel obstruction.
These diagnoses were tracked for several months prior to and
during the COVID-19 pandemic and compared to volumes
from the same time period in 2019. Figure 2 shows the trend

Fig. 1 The trend over time in a
total ED imaging volume and b
ED abdomen/pelvis CTs by week
during the preCOVID-19 and
COVID-19 pandemic weeks in
2020, compared to the same time
period in 2019. The first vertical
gray line denotes the beginning of
the Massachusetts stay at home
advisory and the second vertical
gray line denotes the end of the
stay at home advisory

Table 1 Mean weekly ED volumes ± standard deviation for the
preCOVID-19 (weeks 1–11) and COVID-19 pandemic weeks (weeks
12–19) in 2020, compared to the same time period in 2019. Percent
change compares 2020 to 2019 volumes

2019 2020 % change p value

Total ED volume

PreCOVID-19 2544.2 ± 406.8 2797.7 ± 325.0 10.0% 0.04

COVID-19 2390.8 ± 522.0 1660.3 ± 261.8 − 30.6% 0.002

ED abdominopelvic CTs

PreCOVID-19 330.1 ± 38.2 357.1 ± 35.8 8.2% 0.08

COVID-19 319.8 ± 70.4 191.4 ± 23.1 − 40.1% <0.001

Significant p values are italicized. COVID-19 coronavirus disease 2019
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over time for those diagnoses, and Table 2 displays the aver-
age weekly number of diagnoses prior to and during the
COVID-19 pandemic, compared to the same time period in
2019.

There were no significant differences in the number of
cases of appendicitis or small bowel obstruction, when com-
paring 2019 and 2020, either prior to or during the COVID-19
pandemic. However, the average weekly number of positive
diverticulitis cases dramatically decreased during the COVID-
19 weeks. In the months prior to the pandemic, the average
weekly number of diverticulitis cases was not significantly
different between 2019 and 2020, 13.8 in 2019 and 12.6 in
2020 (p = 0.43). However, during the COVID-19 pandemic,
the average weekly number of positive diverticulitis cases
decreased to 5.1, compared to 13.5 during the same time pe-
riod in 2019 (p = 0.001). The weekly number of diverticulitis
cases began to increase at the end of the pandemic “first wave”
and became equivalent to the same period in 2019 by the end
of the study period, suggesting that this was a transient
reduction.

To determine if the severity of diverticulitis cases present-
ing to the ED for care during the COVID-19 pandemic had
changed, all ED CT scans positive for diverticulitis during the
study period were scored independently by two emergency
radiology attendings for disease severity at the time of presen-
tation. A total of 511 cases were scored. Ten (1.95%) cases
had scores that differed between the two reviewers, demon-
strating high concordance (kappa coefficient = 0.95). Of the

511 total cases, 300 were from the 2019 study period, and 211
were from the 2020 study period. Case demographics (specif-
ically age and sex) were comparable between the included
time periods. The average age for 2020 cases was 60.0 years
for the preCOVID time period and 59.3 years during the pan-
demic (p = 0.41). 55.4% of the cases were in female patients
for the preCOVID time period and 48.7% during the pandem-
ic (p = 0.46). Figure 3 demonstrates the weekly number of
cases of uncomplicated and complicated diverticulitis over
time. Table 3 shows the average weekly number of cases that
were positive for uncomplicated and complicated

Table 2 Mean weekly ED CT cases positive for specific abdominal
pathology ± standard deviation in the preCOVID-19 (weeks 1–11) and
COVID-19 pandemic weeks (weeks 12–19) in 2020, compared to the
same time period in 2019

2019 2020 p value

Appendicitis

PreCOVID-19 7.6 ± 1.7 6.4 ± 2.6 0.16

COVID-19 7.8 ± 2.5 4.9 ± 2.2 0.07

Diverticulitis

PreCOVID-19 13.8 ± 3.2 12.6 ± 3.3 0.43

COVID-19 13.5 ± 3.3 5.1 ± 1.9 0.001

Small bowel obstruction

PreCOVID-19 9.2 ± 3.3 8.2 ± 2.5 0.40

COVID-19 9.5 ± 2.9 7.4 ± 3.5 0.24

Significant p values are italicized. COVID-19 coronavirus disease 2019

Fig. 2 The trend over time in ED CT cases positive for specific
abdominal pathology by week during the preCOVID-19 and COVID-
19 pandemic weeks in 2020, compared to the same time period in

2019. The first vertical gray line denotes the beginning of the
Massachusetts stay at home advisory and the second vertical gray line
denotes the end of the stay at home advisory
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diverticulitis prior to and during the COVID-19 pandemic,
compared to the same time period in 2019.

We found that the dramatic reduction in overall ED diver-
ticulitis cases during the COVID-19 pandemic can be attrib-
uted specifically to a large decrease in the number of uncom-
plicated diverticulitis cases. In the months prior to the pan-
demic, the average weekly number of uncomplicated divertic-
ulitis cases was comparable to the same time period in 2019,
10.6 in 2019 and 9.6 in 2020 (p = 0.41). The average weekly

number of complicated diverticulitis cases in the months prior
to the pandemic was also comparable to the same time period
in 2019, 3.0 in 2019 and 2.3 in 2020 (p = 0.26). However,
during the COVID-19 pandemic, the average weekly number
of uncomplicated diverticulitis cases plunged to 3.6, com-
pared to 10.8 during the same time period in 2019 (p =
0.002). In contrast, the average weekly number of complicated
diverticulitis cases was not significantly different from the
same time period in 2019, 1.5 during the COVID-19 pandem-
ic, compared to 2.4 in 2019 (p = 0.09).

Discussion

The COVID-19 pandemic has had a rapidly evolving impact
on the US healthcare system. Several studies have shown that
ED imaging volume decreased substantially during the
COVID-19 pandemic [3, 4, 6]. This contrasts with the
prepandemic trend in ED imaging, particularly CT, which
had been increasing for the past decade [14–16], as convinc-
ing data has shown that early CT diagnosis of certain condi-
tions, such as appendicitis and uncomplicated diverticulitis,
reduces hospital resource use and improves patient outcomes
[17, 18]. There are several potential reasons why ED CT

Table 3 Mean weekly ED CT cases positive for uncomplicated and
complicated diverticulitis in the preCOVID-19 (weeks 1–11) and
COVID-19 pandemic weeks (weeks 12–19) in 2020, compared to the
same time period in 2019

2019 2020 p value

Uncomplicated

PreCOVID-19 10.6 ± 2.0 9.6 ± 3.4 0.41

COVID-19 10.8 ± 3.5 3.6 ± 1.8 0.002

Complicated

PreCOVID-19 3.0 ± 1.9 2.3 ± 1.4 0.26

COVID-19 2.4 ± 1.1 1.5 ± 0.9 0.09

Significant p values are italicized. COVID-19 coronavirus disease 2019

Fig. 3 The trend over time in ED
CT cases positive for A.
uncomplicated and B.
complicated diverticulitis by
week during the preCOVID-19
and COVID-19 pandemic weeks
in 2020, compared to the same
time period in 2019. The first
vertical gray line denotes the be-
ginning of the Massachusetts stay
at home advisory and the second
vertical gray line denotes the end
of the stay at home advisory
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volume decreased during the COVID-19 pandemic, as one
would expect the incidence of diseases requiring an
abdominopelvic CT in the ED should remain constant or in-
creased. Our data demonstrates that patients with higher acuity
conditions usually requiring surgery and/or hospitalization
(e.g., appendicitis, small bowel obstruction, complicated di-
verticulitis) were still being diagnosed by CT at the same rate
as before COVID-19. However, patients with uncomplicated
diverticulitis, a lower acuity disease that can often be treated as
an outpatient, were no longer presenting to the ED for CT
scanning. Our data is supported by the recent publication by
Zintsmaster and Myers [19], which also showed that during
the COVID-19 pandemic in a different state the number of
complicated diverticulitis cases that presented to the ED was
comparable to the same time period in 2019, while the overall
number of diverticulitis cases dropped significantly.

This paradigm may be explained by understanding the his-
tory of abdominal CT utilization in the ED to diagnose diver-
ticulitis. In 1984, Hulnick et al. [20] published a series of 43
consecutive patients imaged with CT at New York University
(NYU) Medical Center between 1979 and 1983, which dem-
onstrated that CT was preferable to contrast enema for the
evaluation of diverticulitis, as CT better demonstrated the ex-
tent of pericolonic inflammation as well as possible associated
complications. However, following this publication, Ferris
Hall, writing in an editorial in Radiology stated “ ... no evi-
dence is provided showing that CT scans alter treatment, ex-
pedited or obviated surgery, shortened hospital stay or re-
duced complication” [21]. Almost 30 years later,
Pandharipande et al. [22] documented that CT changed the
diagnosis of 67% of patients who underwent CT in the ED
for suspected diverticulitis.

Over this 30-year time frame, the speed, availability, and
resolution of CT increased and barriers to performing a CT in
the ED steadily decreased. The number of patients scanned
increased, and the “emergency” barium enema was eliminated
from our diagnostic algorithms. However, with the onset of
COVID-19, a new barrier to CT scanning was abruptly
inserted into the risk/benefit calculation. Now, patients and

clinicians had to factor the risk of COVID-19 exposure in
the ED, and clinicians had to factor in the diversion of CT
resources away from other COVID-19–related triage.

The fact that CT for uncomplicated diverticulitis de-
creased during COVID-19, but the use of CT for complicat-
ed diverticulitis, appendicitis, and small bowel obstruction
was unchanged suggests an interaction between symptom
acuity and perceived risks/barriers to imaging that patients
and/or clinicians balance when deciding if imaging is nec-
essary. The American Academy of Family Physicians
(AAFP) recommendations for diagnosis and management
of acute diverticulitis from 2013 state that “imaging is not
necessary in most patients with mild symptoms” [23]. The
ACR appropriateness criteria from 2019 agree [24]. It may
be that provider willingness to recommend a CT scan for
mild symptoms dropped in the face of higher perceived
imaging risk. It is also possible that health care providers
were more comfortable empirically treating patients with a
prior history of diverticulitis without imaging rather than
risking COVID-19 exposure during an ED visit. And of
course one must consider that patients with mild symptoms
may have chosen not to seek care at all.

It is also important to note that while the number of
abdominopelvic CTs positive for uncomplicated diverticulitis
dropped significantly, there was not a corresponding increase
in abdominopelvic CTs positive for complicated diverticulitis.
This suggests that while patients with diverticulitis may have
delayed presentation to the ED in the face of risks associated
with COVID-19 exposure, this possible delay did not result in
a change in disease severity at the time of presentation.

This study has several limitations. One is its retrospective
design, allowing for correlational analysis only. A second
limitation is the size of the study, which uses data from a
single health system. Romero et al. [25] recently reported that
during the COVID-19 pandemic, fewer patients presented
with acute appendicitis to the ED, and those who did present-
ed at a more severe stage. Our data did not corroborate this
conclusion. Possible explanations include small sample size,
disparate patient populations and different clinical courses for
appendicitis versus diverticulitis.

An additional limitation is that our timeframe for analysis
starts with presentation to the ED.We do not know howmany
patients were triaged towards or away from the ED based on
recommendations from their primary care providers or other
providers. We also do not know if patients may have felt safer
being imaged at private outpatient only radiology centers.
While difficult to evaluate, it is possible that patients dispro-
portionately received imaging outside our institution. As
discussed above, this may have had a large impact on the
number and severity of cases that did present to our EDs.
Finally, this study was designed assuming no interaction be-
tween diverticulitis incidence and COVID-19 infection.While
there has been no data to suggest a causative relationship,

Table 4 Mean weekly ED volumes ± standard deviation for the pre-
COVID-19 (weeks 1–11) and COVID-19 pandemic weeks (weeks 12–
19) in 2020, compared to the same time period in 2019. Percent change
compares 2020 to 2019 volumes

2019 2020 % change p value

ED abdominal radiographs

PreCOVID-19 38.2 ± 8.0 34.5 ± 9.8 − 9.8% 0.17

COVID-19 41.0 ± 7.7 17 ± 5.9 − 57.6% < 0.001

ED abdominal ultrasounds

PreCOVID-19 22.1 ± 5.8 19.8 ± 6.9 − 10.3% 0.21

COVID-19 18.1 ± 5.5 9.1 ± 4.2 − 49.7% 0.001

Significant p values are italicized. COVID-19 coronavirus disease 2019
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COVID-19 is known to affect the gastrointestinal system as
many patients do present with gastrointestinal symptoms such
as nausea, vomiting, or diarrhea [26].

In conclusion, our data suggest that the decrease in
abdominopelvic CT scans during the COVID-19 pandemic
can be at least partially attributed to a decrease in imaging of
lower acuity patients. Our data support the claim that patients
with higher acuity abdominal pain did eventually undergo CT
in the ED and that possible delayed presentation, at least for
patients with diverticulitis, did not result in an increase in
disease severity at the time of presentation. These results help
explain the marked reduction in the use of CT in the ED
during the COVID-19 pandemic and may help define future
strategies for imaging utilization. For example, as health care
systems have rapidly expanded their use of telemedicine, it
may be useful to consider ED telemedicine consults prior to
ED presentation for patients with specific complaints, in order
to help triage lower risk patients. In addition, health care pro-
viders’ experience with reduced reliance on imaging during
COVID may prompt renewed discussions about the most ap-
propriate use of CT in the ED and may lead to increased
empiric treatment of patients with suspected uncomplicated
diverticulitis.
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