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ABSTRACT

Objective: To study the role for preoperative CT chest scans in suspected COVID-19 patients
requiring emergent surgery.

Design: Retrospective — observational.

Participants: A total of 98 patients admitted for emergency surgery with COVID-19 infection
and underwent preoperative CT chest scanning.

Main outcome measurements: Incidence of clinical symptoms of COVID-19 infection upon
presentation, imaging characteristics in chest CT and semi-quantitative CT severity score.
Results: The median age of the study cohorts was 50 years (interquartile range (IQR):
40-60 years) and 52/98 (53.1%) were males. The most common symptoms were fever
(80.6%) and cough (65.3%). 50/98 had positive severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) RT-PCR test prior to CT scan, while 48/98 had positive reverse transcriptase-
polymerase chain reaction (RT-PCR) result returned after imaging. The imaging characteristics
were bilateral infiltrates on CT of 90/98, with 70/98 of infiltrates located peripherally and 28/98
located peripherally and centrally. The most common disease pattern was ground-glass
opacities, observed in 95/98. The median total COVID-19 CT severity score was 7 (IQR: 4-14),
corresponding to 5-25% global lung involvement.

Conclusion: Patients with mild symptomatic COVID-19 in this study displayed CT evidence of
SARS-CoV-2 infection. Preoperative CT imaging should be considered for identifying suspected
active SARS-CoV-2 cases in resource limited environments with high community spread, to aid
in resource allocation and personal protective equipment (PPE) rationing.
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1. Introduction ration limited PPE supplies and ensure the health and
safety of both medical staff and patients, identification
of patients with active SARS-CoV-2, in particular those
who pose higher risk of SARS-CoV-2 transmission, is
essential before emergent surgery.

To-date, nucleic acid amplification tests (NAATs)
remain the gold standard for diagnosing SARS-CoV-2
infection [3]. However, for emergency procedures, the
turnaround time (TAT) of many routinely available
NAATs, requiring between 3-6 hours for a final test
result, may be unacceptable. Waiting for NAAT results
could delay the surgery, which may increase patient’s

The ongoing outbreak of coronavirus disease-2019
(COVID-19), caused by the SARS-CoV-2, has led to an
unprecedented strain on healthcare resources [1].
Although COVID-19 has led to a change in clinical
practice and postponement of many elective surgical
procedures, emergent surgery, in patients with severe
or life-threatening pathologies, has continued despite
the ongoing pandemic and the limited medical sup-
plies [2]. In an ideal setting, proper PPE, including N95
respirators, would be used in all patients requiring

emergent surgery during the outbreak, regardless of
their individual SARS-CoV-2 status. Nonetheless, global
shortages of PPE, in particular N95s, have challenged
medical and surgical practice and are likely to continue
well into 2021, placing physicians, nurses, and other
healthcare professionals at potentially high risk of con-
tagion [2]. As such, in order to properly allocate and

risk of severe morbidity and mortality. Moreover, many
worldwide laboratories are still plagued by inadequate
resources as well as by a shortage of diagnostic kits, or
personnel to perform testing [4]. A recent survey from
the American Association of Clinical Chemistry (AACC)
has revealed that over 60% of worldwide laboratories
are currently reporting to face serious challenges in
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obtaining sufficient amount of reagents and test kits
needed for routine SARS-CoV-2 diagnostics [4]. While
newer rapid antigen assays with TAT as short of
15-30 min are now commercially available, they are
still not routinely used and have variable sensitivity for
detecting SARS-CoV-2 [5]. As such, preoperative CT
imaging has been explored as a potential tool for
screening patients for SARS-CoV-2 infection [6].
Overall, CT imaging has seemed to perform well at
identifying a typical disease pattern of COVID-19 [7],
leading to recommendation by some as a clinical
screening tool in regions with high viral circulation
[6]. However, the limited studies on preoperative CT
reported conflicting findings, and preoperative CT
screening remains controversial [6]. Thus, in this cross-
sectional study, we aimed to further explore the role of
preoperative imaging in patients requiring emergent
surgery.

2. Patients and methods

This study was a retrospective, multi-center, cross-
sectional study performed between March and
July 2020. This study was registered on ClinicalTrials.
gov (NCT04560530). This study was approved by the
Institutional Review Board (IRB) and received a waiver
of informed consent due to no greater than minimal
risk to participants. All examinations were performed
at the Nile Radiology Center at Aswan city, Egypt
(Center 1) and Hurghada Governmental Hospital,
Egypt (center 2).

Patients were eligible for inclusion in the study if (1)
they required an emergent surgical procedure, (2)
received a standard-of-care chest CT, (3) had confirmed
SARS-CoV-2 infection by RT-PCR on nasopharyngeal
swabs collected before CT examination, and (4) had
symptoms suggestive for COVID-19 with mild severity
(ambulatory COVID-19 not requiring hospitalization for
therapy) at time of diagnostic imaging. The exclusion
criteria were age <18 years, pregnancy, past medical
history pulmonary diseases or connective tissue dis-
eases, severe or critical COVID-19 at time of imaging,
and poor quality of CT images. The study was per-
formed under a waiver of informed consent and in
compliance with the Healthcare Information
Portability and Accountability Act. All procedures and
practices were in accordance with the Declaration of
Helsinki.

All examinations were performed at 2 radiology
centers (Center 1) and (center 2). At Center 1, CT
scans were performed a 64 x 2-slices CT scanner
(Aquilion CXL, Toshiba/Canon Medical Systems,
Otawara, Japan). At Center 2, scans were performed
on a 16-slices CT scanner (LightSpeed RT 16, General
Electric Healthcare, Chalfont St. Giles, UK). No contrast
agents were employed. Two radiologists, each with
over 10-year experience, independently evaluated the
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images. Both radiologists were blinded to the aim of
the study and its protocol.

3. Measurements

COVID-19 pulmonary involvement was assessed
using semi-quantitative CT severity score proposed
by Pan et al. [8], which has shown to be predictive
of outcome, and was found to be positively corre-
lated with age, inflammatory biomarkers, severity of
clinical categories, and disease phases [9]. In short,
each of the five lung lobes was assessed on a scale
of 0 to 5, with 0 indicating no involvement; 1, less
than 5% involvement; 2, 5-25% involvement; 3,
26-49% involvement; 4, 50-75% involvement; and
5, more than 75% involvement (Figure 1). The indi-
vidual lobar scores were then summed to calculate
the total CT score, which ranged from 0 (no invol-
vement) to 25 (maximum involvement) [8].
Statistical analysis was performed using Prism 8.4.3
(GraphPad Software, San Diego, CA, USA).

4. Results

A total of 120 patients were enrolled, 22 of whom were
excluded for presence of emphysema, pulmonary
tuberculosis, pre-existing interstitial lung disease, or
pregnancy, leaving a final sample of 98 SARS-CoV-2
positive patients. The median age was 50 years (inter-
quartile range (IQR): 40-60 years) and 52/98 (53.1%)
were males. The most common symptoms were fever
(80.6%), cough (65.3%), dyspnea (35.7%), headache
(25.5%), and anosmia (13.3%). The type of emergency
surgery was abdominal in 44/98 (44.9%), orthopedic in
26/98 (26.5%), and abscess drainage in 28/98 (28.6%).
Abdominal surgeries were exploratory laparotomy in
15/44 (34%), appendicectomy in 20/44 (45%) and
intestinal obstruction in 5/40 (13%). Orthopedic sur-
geries were 20/26 (77%) closed reduction of Colles’
fractures and 6/26 (23%) open reduction and internal
fixation of femur fractures. Among the cohort, 50/98
(51.0%) had positive SARS-CoV-2 RT-PCR test prior to
CT scan, while 48/98 (49.0%) had positive RT-PCR result
returned after imaging. All patients displayed radiolo-
gic evidence of SARS-CoV-2 involvement, thus equat-
ing to a 100% positive percent agreement between the
CT scan and RT-PCR. The imaging characteristics of the
cohort are summarized in Table 1. All but 8/98 (8.2%)
patients displayed bilateral infiltrated on CT (90/98,
91.8%), with 70/98 (71.4%) of infiltrates located periph-
erally and 28/98 (28.6%) located peripherally and cen-
trally. The most common disease pattern was ground-
glass opacities, observed in 95/98 (96.9%) (Figure 2).
The median total COVID-19 CT severity score was 7
(IQR: 4-14), corresponding to 5-25% global lung
involvement.
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Figure 1. COVID-19 CT scoring of individual lobes on sagittal, coronal, and axial views.

Table 1. CT Imaging characteristics of the cohort (n = 98).

CT Features
Distribution of Infiltrates
Peripheral, n (%)
Peripheral and Central, n (%)
Laterality of Infiltrates
Unilateral, n (%)
Bilateral, n (%)
Lung Area of Infiltrates
Anterior only, n (%)
Posterior only, n (%)
Anterior and Posterior, n (%)
Disease Pattern
Ground-glass opacities, n (%)
Crazy-paving pattern, n (%)
Peripheral consolidation, n (%)
Related Features 15 (
Subpleural Lines, n (%) 6 (
Fibrosis, n (%) 4 (4.1%)
1(
0(

70 (71.4%)
28 (28.6%)

8 (8.2%)
90 (91.8%)

1(1.0%)
53 (54.1%)
44 (44.9%)

95 (96.9%)
40 (40.8%)
29 (29.6%)

Pleural Effusion, n (%)

Lymphadenopathy, n (%)

Dilated Peripheral Vessels, n (%)
COVID-19 CT Severity Score by Lobe
Lobe Median (IQR)
Right Upper Lobe 1(1-2)
Middle Lobe
Right Lower Lobe 2
Left Upper Lobe 1
Left Lower Lobe 2 (1-4)
Global Score 7

5. Discussion

In this study, we found that all SARS-CoV-2 infected
patients with mild COVID-19 and requiring emergent
surgery demonstrated clear radiologic evidence of
SARS-CoV-2 infection. Most patients had bilateral
lung infiltrates with ground-glass opacities. These

findings suggest that CT imaging may be useful in
patients with mild COVID-19 and no preexisting pul-
monary disease, who require emergency surgery and
cannot wait to receive the results of a NAAT.

Agrawal et al. [6] recently reported in a mini-review
of 6 studies that CT imaging has variable sensitivity,
and positive predictive value that decreases in parallel
as disease prevalence declines. We agree that screen-
ing patients with asymptomatic disease, in which only
half may have CT findings [10], may have limited utility.
However, in one study with emphasis on emergency
surgery, CT was identified as the most accurate diag-
nostic test [11]. Moreover, as observed in our study, if
imaging is restricted to mildly symptomatic cases
(regardless of NAAT result at time of investigation),
CT imaging identified pulmonary infiltrates in 100%
of cases.

A couple of points should be considered for inter-
preting these results. First, imaging has been
reported to correlate with disease severity [9], while
disease severity seems to correlate with viral load
[12], and in consequence, the ability to effectively
transmit the virus [13]. As such, patients with asymp-
tomatic or pre-symptomatic disease, while capable of
transmitting the virus [14], appear at significantly less
risk to do so [15]. As these patients are also likely to
have more limited CT involvement, patients without
active symptoms are probably poor candidates for CT
screening. Nonetheless, while imaging may exclude
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Figure 2. Disease pattern of COVID-19 lesions in on CT axial images: ground glass opacities (GGO) (A); crazy-paving pattern (GGO
with superimposed inter and intra-lobular septal thickening) (B); consolidation (C).

those without clear signs of significant disease bur-
den, it cannot rule out all cases of COVID-19 [10]. As
CT negative patients with undiagnosed SARS-CoV-2
infection are still potentially capable (though at much
lower risk) of transmitting the virus, we would sug-
gest that in patients with negative CT, anesthesiolo-
gists performing airway procedures (i.e. intubation)
should always use optimal PPE, in a negative pressure
room, with only the absolute necessary support staff.
Notably, although PPE (including N95) should hence
be used whenever possible in regions of high com-
munity transmission, in resource limited environ-
ments, where N95s are of restricted supply, CT
screening of potentially symptomatic patients may
help in effective resource allocation and PPE ration-
ing. We also recommend diagnostic imaging only be
used as a screening method in patients with mild
symptoms and in whom a NAAT cannot be rapidly
obtained, or such that waiting for a NAAT would
delay an emergent procedure, thus placing the
patients at unacceptable risk of morbidity or death.
A few negatives and safety hazards of CT screening
should also be considered. First, CT screening may
expose radiologic staff to high-risk contagion. In the
event of suspect findings, shutdown of CT until prop-
erly decontamination would be highly advisable, in
such way that the safety of subsequent patients is
guaranteed [6]. In addition, CT may further stretch
hospital resources (especially radiology departments),
exposes patients to potentially unnecessary radiation,
could delay surgery, and increase the overall health
care costs [6]. As such, CT screening of potential SARS-
CoV-2 infected patients only seems reasonable in
regions of high transmission and low PPE availability.

6. Conclusion

All patients with mild symptomatic COVID-19 in this
study displayed CT evidence of SARS-CoV-2 infection.
Preoperative CT imaging should be considered for

identifying suspected active SARS-CoV-2 cases in
resource limited environments with high community
spread, to aid in resource allocation and PPE rationing.
More sensitive and rapid diagnostics tests would be
urgently welcomed to enable rapid identification and
safe triage of patients with suspected COVID-19 [5].
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