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ORIGINAL ARTICLE

Yield of Adding chest CT to Abdominal CT to Detect COVID-19
in Patients Presenting With Acute Gastrointestinal Symptoms

Objective: To determine the incremental yield of standardized addition of
chest CT to abdominal CT to detect COVID-19 in patients presenting with
2 primarily acute gastrointestinal symptoms requiring abdominal imaging.
= Summary Background Data: Around 20% of patients with COVID-19
%present with gastrointestinal symptoms. COVID-19 might be neglected in
~ these patients, as the focus could be on finding abdominal pathology.
2 During the COVID-19 pandemic, several centers have routinely added chest
EHCT to abdominal CT to detect possible COVID-19 in patients presenting
S with gastrointestinal symptoms. However, the incremental yield of this
5 strategy is unknown.

< Methods: This multicenter study in 6 Dutch centers included consecutive
tadult patients presenting with acute nontraumatic gastrointestinal
symptoms, who underwent standardized combined abdominal and chest
CT between March 15, 2020 and April 30, 2020. All CT scans were read
» for signs of COVID-19 related pulmonary sequelae using the CO-RADS
& score. The primary outcome was the yield of high COVID-19 suspicion
Z (CO-RADS 4-5) based on chest CT.

Results: A total of 392 patients were included. Radiologic suspicion for
COVID-19 (CO-RADS 4-5) was present in 17 (4.3%) patients, eleven of
which were diagnosed with COVID-19. Only 5 patients with CO-RADS
4-5 presented without any respiratory symptoms and were diagnosed with
COVID-19. No relation with community prevalence could be detected.
Conclusion: The yield of adding chest CT to abdominal CT to detect
COVID-19 in patients presenting with acute gastrointestinal symptoms is
extremely low with an additional detection rate of around 1%.

Keywords: chest CT, CO-RADS, COVID-19, GI-symptoms
(Ann Surg 2022;276:¢758-763)
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(SCOUT-3): Multicenter Study
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Patients with COVID-19 typically present with respiratory
symptoms, fever, and/or fatigue.!> However, there is grow-
ing evidence that SARS-CoV-2 can affect the small intestine,
liver, pancreas, and kidneys as well.®> Hence, patients with
COVID-19 may present with gastrointestinal symptoms,
including abdominal pain, diarrhea, anorexia, or vomiting,2*8
with limited respiratory symptoms. One study found that nearly
20% of COVID-19 patients presented with concomitant gastro-
intestinal symptoms,’ whereas in another study 16% of COVID-
19 patients presented merely with gastrointestinal symptoms.!°
The atypical presentation of this group provides a clinical
challenge, as clinicians might focus on finding abdominal path-
ology. No standardized diagnostic work-up, including the role of
routine chest computed tomography (CT), has been described in
these patients.

The (pre-COVID-19) Dutch guideline recommends a
step-up imaging scheme for patients presenting with acute
abdominal pain, starting with ultrasound and followed by
abdominal CT if needed.'’"'> During the current COVID-19
pandemic, some centers have implemented standard use of
abdominal CT with the standard addition of chest CT to detect
possible SARS-CoV-2 infections in patients presenting with
acute gastrointestinal symptoms, as these symptoms could be
related to COVID-19.

However, the yield of combined CT chest-abdomen for
detection of COVID-19 in patients with acute gastrointestinal
symptoms is unknown. The aim of this study is to evaluate the
incremental yield of high COVID-19 suspicion based on
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COVID-19 Diagnosis in Patients With Acute Gl-symptoms

standard addition of chest CT to abdominal CT in patients
presenting with acute gastrointestinal symptoms.

METHODS

This retrospective, multicenter study was conducted at 3
academic and 3 tedching hospitals in the Netherlands. Centers
2 could participate in the study if the combination of chest and

abdominal CT was part of the standard diagnostic work-up for
 patients who presented during the COVID-19 pandemic with

acute gdstrointestindl symptoms at the emergency department in

whom abdominal imaging was required. Ethical approval was
walved by the institutional review boards because of the obser-

ational nature of the study. Patient data was only used if
atients did not opt-out for participation in this study.

"CS<

Study Population
Eligible were consecutive adult patients presenting at the
mergency department with primarily acute nontraumatic gas-
) trointestinal symptoms, who underwent combined chest-
abdominal CT between March 15, 2020 to April 30, 2020. This
study perlod represents the period with the highest COVID-19
prevalence in the Netherland at the start of the pandemic.
Patients were excluded if the primary complaint was other
than abdominal (mild respiratory symptoms could be present,
but only if intepreted as secondary to the abdominal complaints),
if a chest CT was incomplete (defined as not including the basal
S lungs up to at least the level of the carina), or if patients were not
able to object to participation in the study.

187ZIMNZIDBPXZOBBAROATIAEIDYIASALLIAIPOOAEIEAHION/AD AUMYTXOMADYO!
('D

IGZEM'ICX'EVN;OV[LU 1032'[/\E>1Hd99;\/\|(]l{8 Kq A1abInsjoseuue/woo’ MMm| sfeuino // d11L| LUOI} pa )PO\LI/\/\OG

Data Collection

Patient demographics, clinical characteristics including
= emergency department presentation and known risk factors for
ICOVID 19, CT reports, and 30-day clinical outcomes were
xcollected from the electronic patient record. For chest CT
imaging, the CO-RADS score for suspicion of COVID-19
diagnosis was used (1, very low suspicion; 2, low suspicion, 3,
equivocal, 4, high suspicion, 5, very high suspicion).!> For
abdominal CT, diagnoses causative for the GI-symptoms were
collected. Abbreviated postal codes were collected to analyze
regional differences in the primary outcome.

EZOZ/VZ/O'[ uo

Study Outcomes

Our primary outcome was the yield of high COVID-19
suspicion based on abdominal CT combined with chest CT (CO-
RADS 4-5) in patients presenting with primary acute non-
traumatic gastrointestinal symptoms.

Patients were diagnosed with COVID-19 if reverse-tran-
scriptase polymerase chain reaction (RT-PCR) results were
positive. Alternatively, in patients with CO-RADS 4-5 and
negative RT-PCR, the treating physician evaluated the COVID-
19 diagnosis based on clinical presentation, CT findings, and lab
results, as sensitivity of RT-PCR is limited. All RT-PCR’s were
performed within 24 hours after presentation at the emergency
department.

Secondary outcomes were the total number of patients
diagnosed with of COVID-19, the yield of COVID-19 suspicion
based on chest CT stratified according to the presence of
COVID-19 respiratory symptoms and the relationship between
COVID-19 community prevalence and positive yield of chest-
abdomen CT screening.

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.

Relationship to Community Prevalence

Patients were stratified by their province of residence and
date of presentation at the emergency department to investigate
the relationship between the primary outcome and community
prevalence of COVID-19. Publicly available prevalence data was
obtained from the Dutch National Institute for Public Health
and the Environment.!# The number of inhabitants per province
in 2020 were obtained from the Central Agency of Statistics in
the Netherlands.'> The positive yield of COVID-19 diagnoses
based on combined chestabdomen CT and RT-PCR was com-
pared to the mean daily COVID-19 admissions per 100,000
inhabitants within a 7-day window around each patient’s pre-
sentation at the emergency department.

Statistical Analysis

Clinical characteristics were described using frequency
tables. Continuous data were presented as mean with standard
deviation, unless stated otherwise. Categorical variables were
presented as frequencies and percentages. Categorical variables
were compared using the y? test or Fisher exact test. All P values
were based on 2-sided tests and P < 0.05 was considered stat-
istically significant. Data were analyzed using SPSS version 26
(IBM, Armonk, New York, USA)

RESULTS

Patient Characteristics

Between March 15, 2020 and April 30, 2020, a total of 392
consecutive patients, who presented at the emergency depart-
ments of the 6 participating centers with primary acute non-
traumatic gastrointestinal symptoms and underwent combined
chest-abdomen CT were included, see Figure 1 and Table 1
summarizes the characteristics of all patients.

The Yield of COVID-19 Suspicion

Table 2 describes the yield of COVID-19 suspicion based
on combined chest-abdomen CT and primary RT-PCR testing
results. In 17 of 392 (4.3%) patients, chest CT was scored as CO-
RADS 4 or 5. All of these 17 patients underwent RT-PCR
testing for SARS-CoV-2; 8 tested positive, 8 tested negative, and
1 test was inconclusive. Overall, 11 of 17 patients with CO-
RADS 4-5 were diagnosed with COVID-19; 3 of which were
diagnosed with COVID-19 based on CO-RADS 5 and clinical
presentation without RT-PCR confirmation.

In 25 (6.4%) patients, chest CT was read as CO-RADS 3.
Twenty-two of these 25 patients underwent RT-PCR testing; 3
patients tested positive, whereas 19 patients tested negative. In
total, 4 patients with a CO-RADS 3 were diagnosed with
COVID-19, one based on clinical presentation and chest CT
findings.

Of the 350 patients with a CO-RADS 1-2, 156 had RT-
PCR testing. Three patients tested positive, 152 patients tested
negative, and 1 test was inconclusive. Overall, 2 patients with a
CO-RADS 1 (no signs of pulmonary infection) and 1 patient
with a CO-RADS 2 (signs of infection, but judged as not caused
by COVID-19) were diagnosed with COVID-19.

Overall, 23 patients with an initial negative RT-PCR
received a repeat RT-PCR test within 4 days after presentation
at the emergency department, however, none of these patients
tested positive. Therefore, 18 patients (4.6%) were diagnosed
with COVID-19: 11 patients with CO-RADS 4-5 and 7 patients
with CO-RADS 1-3 plus a positive RT-PCR.

www.annalsofsurgery.com | €759
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455 consecutive adult patients who
underwent combined CT chest-abdomen
between March 15, 2020 — April 30, 2020

e 9 no acute gastrointestinal

symptoms

e 48 incomplete chest CT
e 4 opted out for data usage

392 patients included in this study

350 CO-RADS 1-2
Low suspicion

25 CO-RADS 3
Equivocal

17 CO-RADS 4-5
High suspicion

FIGURE 1. Flowchart of patients undergoing combined CT chest-abdomen for gastrointestinal symptoms.

TABLE 1. Baseline Characteristics of Patients With Acute
Gastrointestinal Symptoms Who Underwent Combined CT

Chest-abdomen

Characteristics N =392
Age, median (IQR), yrs 59 (43-73)
Age, range, yrs 18-95

Female sex, no./total no. (%)
Body-mass index, median (IQR), kg/m?
Body-mass index > 30, no./total no. (%)
Smoking history, no./total no. (%)
Never smoked
Former smoker
Current smoker
Unknown
Comorbidities, no./total no. (%)
Chronic obstructive pulmonary disease
Diabetes
Hypertension
Coronary heart disease
Heart failure
Cerebrovascular disease
ASA classification, no./total no. (%)

214/392 (54.6)
21.8 (19.3-25.7)
24392 (6.1)

95/392 (24.2)
41/392 (10.5)
61/392 (15.6)
195/392 (49.7)

26/392 (6.6)
53/392 (13.5)
118/392 (30.1)
37/392 (9.4)
17/392 (4.3)
29/392 (7.4)

1 40/392 (10.2)
2 46/392 (11.7)
3 44/392 (11.3)
4 6/392 (1.5)

Unknown 256/392 (65.3)

ASA indicates American Society of Anesthesiologists; CT, computed tomog-
raphy; IQR, interquartile range.

€760 | www.annalsofsurgery.com

Table 1 S1, http://links.lww.com/SLA/C812 describes the
yield of COVID-19 suspicion based on combined chest-abdomen
CT and RT-PCR results for each of the participating centers.
Table S2, http:// links.lww.com/SLA/C812 summarizes the fol-
low-up information of the 18 proven COVID-19 patients. Eleven
patients were admitted to the hospital, no patients were admitted
to the intensive care unit, and 2 patients were deceased. Of the 4
COVID-19 patients without RTPCR confirmation, none
received additional RT-PCR testing. One patient was recovering
from a previous SARS-CoV-2 infection. One patient was
admitted to the hospital for 1 day and none of thesepatients were
readmitted to the hospital or deceased. Table S3,http:// links.
Iww.com/SLA/C812provides an overview of all definitivediag-
noses established within seven days after initial presentationat
the emergency department.

CO-RADS Stratified for Respiratory Symptoms

Table 3 summarizes the CO-RADS classification strati-
fied according to the presence of typical COVID-19 respiratory
symptoms. According to history taking and physical exami-
nation, significantly more patients with a CO-RADS 4-5 were
coughing compared to those with CO-RADS 1-2 or CO-RADS
3 (29.4% vs 9.4% and 12.0%, respectively; P = 0.032) and/or
had fever (70.6% vs 28.5% and 26.6%, respectively; P <
0.001). In each group (CO-RADS 1-2, 3, or 4-5), one of the
patients had been in close contact with a known COVID-19
patient and none of the patients traveled to a foreign country
within 14 days before presentation at the emergency depart-
ment. Overall, 5 of the 11 patients with CO-RADS 4-5, who

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. COVID-19 Suspicion Based on Combined Chest-abdomen CT Findings, With or Without RT-PCR Confirmation

Chest CT CO- No./Total RT-PCR Performedi No./ Positive No./ Negative No./ Inconclusive No./  COVID-19 Diagnosisi No./
RADS* No. (%) Total No. (%) Total No. (%) Total No. (%) Total No. (%) Total No. (%)
CO-RADS 1 325/392 136/325 (41.8) 2/136 (1.5) 133/136 (97.8) 1/136 (0.7) 2/325 (0.6)
(82.9)

CO-RADS 2 25/392 (6.4) 20/25 (80.0) 1/20 (5.0) 19/20 (95.0) 0/0 (0.0) 1/25 (4.0)
CO-RADS 3 25/392 (6.4) 22/25 (88.0) 3/25 (13.6) 19/25 (86.4) 0/0 (0.0) 4/25 (16.0)

2 CO-RADS 4 7/392 (1.6) 717 (100.0) 3/7 (42.9) 4/7 (57.1) 0/0 (0.0) 3/7 (42.9)

CO RADS 5 10/392 (2.6) 10/10 (100.0) 5/10 (50.0) 4/10 (40.0) 1/1 (10.0) 8/10 (80.0)

*Positive chest CT result was defined as a CO-RADS 4-5.

TPerformed at the emergency department or within 24hours after presentation at the emergency department.
iDefinitive COVID-19 diagnosis based on combined CT chest-abdomen, history taking, and physical examination; with or without RT-PCR confirmation.CT indicates
computed tomography; RT-PCR, reverse-transcriptase polymerase chain reaction.

were diagnosed with COVID-19, presented without any respi-
ratory symptoms.

Relationship With Community Prevalence

To assess the relationship between the yield of combined
S chest-abdomen CT (CO-RADS 4-5) and COVID-19 community
- prevalence in the Netherlands, the cohort of patients studied was
stratified according to their date of diagnosis and province of
residence. Aggregating the data in a sliding window of 7 days, the
combined positive yield was plotted against the mean number of
daily COVID-19 admissions per 100,000 inhabitants within the
same time period in their respective province (Fig. 2 and Table
S1, http://links.lww.com/SLA/C812). There was no discernible
2 correlation between the yield of high COVID-19 suspicion based
on chest-abdomen CT and community prevalence of COVID-19.

DISCUSSION

This study has evaluated the yield of standardized addi-
= tion of chest CT to abdominal CT for COVID-19 suspicion in
pdtlents presenting with prlmarlly acute nontraumatic gastro-
% intestinal symptoms requiring abdominal imaging. The number
of chest CT scans suspicious for COVID-19 was 17 (4.3%), of
which 11 were diagnosed with COVID-19. Five of the 11
patients with CO-RADS 4-5 and COVID-19 diagnosis presented
without any respiratory symptoms.

Hossain et al investigated the number of COVID-19 diag-
noses based on unexpected findings in the included lung zones at
CT abdomen/pelvis or cervical spine/neck in patients with non-
respiratory symptoms presenting at the emergency department.!®
Out of 2815 included patients, 299 (10.6%) had positive CT lung
base/ apical findings suggesting COVID-19 pneumonia. All 299
patients underwent RT-PCR testing, of which 44 (14.7%) tested

positive for SARS-CoV-2. Siegel et al reported 3 patients presenting
at the emergency department with abdominal pain, without respi-
ratory symptoms suggesting COVID-19, who underwent abdomi-
nal CT and in whom the radiologist was the first to suggest
COVID-19 infection because of findings in the lung bases.!” The
authors concluded that COVID-19 may present primarily with
abdominal symptoms, and that lung base findings on abdominal
CT can provide the first signs of a possible SARS-CoV-2 infection.

One other study investigated the yield of adding routine
chest CT to abdominal CT to identify COVID-19 in emergency
general surgical admissions.!® In a research letter, the authors
report a total of 212 patients, identifying 12 (5.6%) patients as
radiologically suspected for COVID-19, which is in line with our
results (4.3%). The reported sensitivity was 60.0%. Overall, the
authors concluded that standard inclusion of chest CT, together
with abdominal CT, did not contribute to the identification of
COVID-19 in emergency general surgical admissions. However,
they did not describe the clinical presentation of patients in the
emergency department. Therefore, it is unknown how many
patients also had pulmonary symptoms, which would initiate
diagnostic work-up for COVID-19 independent of the clinical
workup for their abdominal complaints. Additionally, the
authors did not provide information on RT-PCR results, which
are essential to confirm COVID-19 diagnoses.

RT-PCR is the reference standard to establish a SARS-
CoV-2 infection.'” However, although being highly specific,
sensitivity is considered to be moderate.?%2? Therefore, several
studies have suggested addition of chest CT to RT-PCR, in
patients suspected of COVID-19 to ensure an accurate diag-
nosis.?>>* A recent study investigated the added value of chest
CT in suspected COVID-19 patients.?> The primary outcome
was the proportion of patients with an initially negative RT-
PCR, who had a positive chest CT result (CO-RADS 4-5). In 38

TABLE 3. CO-RADS Classification in 392 Patients Presenting With Acute Gastrointestinal Symptoms, Stratified According to the

Presence Of Typical COVID-19 Respiratory Symptoms

Clinical symptoms, no./total no. (%)* Total: CO-RADS 1-2 CO-RADS 3 CO-RADS 4-5 P-value
Cough 38/360 (10.6) 30/318 (9.4) 3/25 (12.0) 5/17 (29.4) 0.032F
Dyspnea 40/352 (11.4) 35/310 (11.3) 3/25 (12.0) 2/17 (11.8) 0.993
Fever (> 38.0) 103/361 (28.5) 85/320 (26.6) 6/24 (25.0) 12/17 (70.6) <0.001%
Cold-like symptoms 18/265 (6.8) 13/230 (5.7) 3/20 (15.0) 2/15 (13.3) 0.164
Malaise 99/295 (33.6) 86/260 (33.1) 5/21 (23.8) 8/14 (57.1) 0.110
Exposure to COVID-19, no./total no. (%)

Travelled to a foreign country within past 14 d 0/204 (0.0) 0/177 (0.0) 0/15 (0.0) 0/12 (0.0) —

Contact with a known COVID-19 patient 3/207 (1.4) 1/181 1/15 (6.7) 1/11 (9.1) 0.015F

*Clinical symptom presented if at least 75% of all included patients were questioned for this symptom during emergency presentation.

TSignificant difference.

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved.
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out of 127 (29.9%) patients with a negative or intermediate RT-
PCR, chest CT showed a high suspicion for COVID-19. Thirty-
one (81.6%) of those patients were diagnosed with COVID-19

after repeated RT-PCR testing or clinical follow-up. In line with
Z these findings, we found a discrepancy between percentage of
;COVID-19 suspicion based on chest CT (4.3%) and RT-PCR
= confirmed SARS-CoV-2 infections (2.0%). However, our patient
group was not suspected of COVID-19.

In a previous study, we evaluated the yield of preoperative
screening for COVID-19 with the use of chest CT and RT-PCR
in patients without COVID-19 symptoms.?® We found that
screening with RT-PCR detected SARS-CoV-2 in at least 1 in
every 100 asymptomatic patients before elective or emergency
surgery. The yield increased up to 6% when the daily COVID-19
daily hospital admissions rate exceeded 1.5 per 100,000 inhab-
itants and was therefore in conjunction with community preva-
lence of COVID-19. This study was performed during the same
period as the current study. Hence, the percentage of COVID-19
patients without respiratory symptoms in the general population
was around 6% in our study period. The yield of chest CT in the
current study did not increase with community prevalence and
did not correlate with the percentage of asymptomatic SARS-
CoV-2 positive patients in the general population.

Previous studies found that around 20% of COVID-19
patients present with gastrointestinal symptoms next to respira-
tory symptoms. Moreover, around 5% to 16% of patients might
present with gastrointestinal symptoms only, without any res-
piratory complaints.”!® In our study, significantly more patients
with high suspicion of COVID-19 based on chest CT presented
with a cough or fever, identified after careful history taking and
physical examination. Only 5 patients with CO-RADS 4-5 and
who were diagnosed with COVID-19 presented without any
respiratory symptoms.
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Mean daily COVID-19 admissions
per 100,000 inhabitants

Our study has limitations. First, patients were included retro-
spectively. The clinical symptoms at presentation were not
assessed using a standardized questionnaire. Therefore, some
patients with primarily respiratory symptoms or without evident
gastrointestinal symptoms might have been unknowingly
included. Second, we found that the yield of suspected COVID-
19 based on additional CT chest did not correlate with COVID-
19 community prevalence. One might have expected that the
number of patients with suspected COVID-19 based on chest CT
would have increased with higher community prevalence of
COVID-19. 1t is possible that selection bias could have influ-
enced the yield of chest CT. Physicians were more aware of
possible SARS-CoV-2 infection as the general COVID-19
knowledge and community prevalence increased in the Nether-
lands. Therefore, the number of patients who were primarily
suspected for COVID-19, with or without respiratory symptoms,
during presentation at the emergency department could have
been higher in our study period. Hence, yield of the chest CT
could have been higher if all patients with solely gastrointestinal
symptoms would have been included in this study. Third, 197
(52.5%) patients with CO-RADS 1-3 did not undergo RT-PCR
testing. Therefore, it is unknown in how many of these patients
without suspicion for COVID-19 based on chest CT findings,
acute gastrointestinal symptoms could have been caused by a
SARS-CoV-2 infection.

In conclusion, the yield of adding chest CT to abdominal
CT to detect COVID-19 in patients presenting with acute gas-
trointestinal symptoms is extremely low with an additional
detection rate of around 1%.
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