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Abstract

Aim The aim of this work was to investigate the sensi-
tivity and utility of CT of the chest in diagnosing active
SARS-Cov-2 (COVID-19) infection, and its potential
application to the surgical setting.

Method A literature review was conducted using Google
Scholar® and MEDLINE®,/PubMed® to identify cur-
rent available evidence regarding the sensitivity of CT
chest compared with RT-PCR for the diagnosis of
COVID-19-positive patients. GRADE criteria and the
QUADAS 2 tool were used to assess the level of evidence.

Results A total of 20 articles were identified that
addressed the question of sensitivity of CT for diagnosis
of symptomatic and asymptomatic COVID-19-positive
patients. Overall sensitivity of CT scan ranged from
57%-100% for symptomatic and 46%-100% for asymp-
tomatic COVID-19 patients, while that of RT-PCR

ranged from 39%-89%. CT chest was a better diagnostic
modality and capable of detecting active infection earlier
in the time course of infection than RT-PCR in symp-
tomatic patients. In asymptomatic patients, disease
prevalence seems to play a role in the positive predictive
value. Minimal evidence exists regarding the sensitivity

of CT in patients who are asymptomatic.

Conclusions In surgical patients, CT chest should be
considered as an important adjunct for detection of
COVID-19 infection in patients who are symptomatic
with negative RT-PCR prior to any operation. For sur-
gical patients who are asymptomatic, there is insufficient
evidence to recommend routine preoperative CT chest
for COVID-19 screening.
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Introduction

Since December 2019, severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) has quickly spread
worldwide, leading to a global pandemic (COVID-19),
and drastically altering everyday life and clinical prac-
tices. Its high rate of transmission, with a basic repro-
duction number (Ry) estimated to be between 2 and 3,
and its resultant rate of global spread are alarming
[1,2]. The overall mortality rate has been quoted to be
between 2.3% and 7.3% [3,4].

Studies have demonstrated that patients who are
older and those with increased comorbidities, including
hypertension, diabetes, coronary artery disease, underly-
ing respiratory conditions and obesity, are at a higher
risk of adverse outcomes and mortality if infected with
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SARS-CoV-2 [5,6]. Estimates show that the in-hospital
intubation rate is close to 20%, with roughly 80% of
intubated patients ultimately dying, demonstrating an
overall in-hospital mortality rate of 16% [5-8]. The
perioperative morbidity and mortality associated with
elective surgery are also higher among COVID-19-posi-
tive patients [5,8-10]. In a recently published interna-
tional study of 1128 COVID-19-positive patients
undergoing emergency (74.0%) and elective (24.8%)
surgery, the overall 30-day mortality was 23.8%, with
51.2% of patients having a pulmonary complication
[10]. Of the patients who had a pulmonary complica-
tion, the mortality rate was 38.0% [10]. Therefore,
identifying COVID-19-positive patients prior to elective
surgery and delaying nonemergent operations until
patients recover from their acute infection will decrease
potential morbidity and mortality in surgical patients.
Adequate testing, early diagnosis, isolation and con-
tact tracing have been the key to containing the spread
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of SARS-CoV-2 [11]. Currently, nasopharyngeal reverse
transcriptase polymerase chain reaction (RT-PCR) is the
most common way of testing for COVID-19. Problem-
atic issues with these tests, however, include an approxi-
mately 30% false-negative rate, with results often taking
many days to be reported, and the lack of availability of
the tests themselves [12,13]. However, characteristic
findings on CT chest scans may also serve as a means of
diagnosis. CT scans typically demonstrate peripheral
and subpleural lesions (96.1%), with ground-glass opaci-
ties and consolidations (96.1%), and disease seen in all
five lobes (74.5%) [14-16]. Importantly, Pan ez al
demonstrated that CT findings can change depending
on the stage of SARS-CoV-2 infection [17]. Initially,
within the first 4 days of symptom onset, 75% of
patients have characteristic findings of ground-glass
opacities, 25% a ’crazy-paving pattern’ and 42% consoli-
dation. As the infection progresses, repeat CT chest
demonstrates further involvement in a bilateral multi-
lobe distribution [5-8], increasingly prominent consoli-
dation (9-13 days) and finally ground-glass opacities
with regression of the crazy-paving pattern initially
observed (> 14 days after initial onset).

The aim of this review was to examine available evi-
dence that exists for evaluating CT chest as a diagnostic
tool compared with the current standard of care, RT-
PCR, for COVID-19 diagnosis for all symptomatic and
asymptomatic patients. Clarifying the role and utility of
CT chest will be important, as screening asymptomatic
patients may lead to changes in the current screening
algorithms for presurgical patients. Due to the high
perioperative morbidity and mortality in COVID-19-
positive patients, identifying COVID-19 patients accu-
rately and quickly will be an important consideration
prior to surgery.

Method

A PRISMA-compliant systematic review of the literature
was conducted to evaluate available evidence regarding
the sensitivity and general utility of CT chest compared
with RT-PCR in COVID-19 diagnosis [18]. A PRISM
flowchart of the selection of relevant studies can be
found in Fig. 1. The PICO (Population, Intervention,
Comparison and Outcomes) question formulated was:
what is the sensitivity of CT chest compared with RT-
PCR for diagnosis of COVID-19 asymptomatic and
symptomatic patients?

Search strategy and study selection

Google Scholar® and MEDLINE®/PubMed® were
used to search for primary articles evaluating the use of

CT chest for evaluation, screening and diagnosis of
COVID-19. Due to the limited data available and the
acceptance of fast-tracked publications on COVID-19,
some studies included are unpublished manuscripts or
manuscripts submitted for publication. Studies from 1
December 2019 until 7 June 2020 were included. The
MEDLINE® /PubMed® database was queried for the
terms ‘CT chest’, ‘RT-PCR’ and ‘COVID 19°. Addi-
tionally, Google Scholar® was queried with the terms
‘CT chest” and ‘RT-PCR’ and ‘COVID 19’ and ‘sensi-
tivity’. All 90 results from MEDLINE® /PubMed® and
the top 200 results from the Google Scholar® search
were examined and studies that met the inclusion crite-
ria were included in the analysis.

Inclusion criteria

The inclusion criteria for analysis of studies are as fol-
lows: (1) study population of any patient (symptomatic
or asymptomatic) undergoing testing for COVID-19
infection consisting of more than five patients; (2)
studies primarily using RT-PCR as a standard
method of detecting COVID-19 infection; (3) studies
in which diagnostic CT chest was performed in addi-
tion to RT-PCR; (4) studies in which sensitivity and/
or specificity of either study was recorded. Exclusion
criteria  consisted of eliminating case reports or
series of five or fewer patients and studies dealing with
other aspects of CT chest in diagnosis of COVID-19
that did not specifically address comparison with RT-

PCR.

Data assessment and determination of quality

The authors reviewed data from the studies with type of
study, total patient population and sensitivities. The
main outcome assessed in this review was an examina-
tion of the sensitivity of CT chest imaging in diagnos-
ing COVID-19 infection in both symptomatic and
asymptomatic COVID-19-positive patients compared
with RT-PCR. Quality of the studies was judged based
on the GRADE Working Group guidelines [19] and
QUADAS 2 for diagnostic studies [20].

Results

Figure 1 shows a PRISMA flow chart demonstrating
study selection and the studies that were ultimately
included in our review [18]. A total of 20 studies were
identified that fitted the inclusion criteria (Tables 1 and
2). The studies examined were grouped by patient
symptoms in relation to diagnostic testing with RT-
PCR and CT chest.

994 © 2020 The Association of Coloproctology of Great Britain and Ireland. 22, 993—-1001



J. M. Shao et al. Using CT for Diagnosis of COVID-19 in Surgery
‘o
Records identified through Google Additional records identified
-§ Scholar through PubMed
8 (n = 200) (n = 90)
=
(]
o
\ 4 \ 4
P Records after duplicates removed
(n=267)
(o]
£
C
5 v
G
2 Records screened - Records excluded
(n =267) - (n=225)
—
A
Full-text articles assessed Full-text articles
= for eligibility > excluded, with reasons
= (n=42) (n=22)
=2
w
A
—_ Studies included in
qualitative synthesis
(n=20)
- A
[}
s
S Studies included in
- quantitative synthesis
(n=20)
—

Figure | PRISMA flowchart.

COVID-19 symptomatic patients

There were 17 primary studies found in the literature
that assessed the sensitivity of CT chest compared with
RT-PCR in symptomatic COVID-19-positive patients
with sensitivities ranging from 57% to 100% depending
on the study (Table 1). An examination of these studies
demonstrated that 15 studies were retrospective analyses
with only two prospective studies identified.

The retrospective studies examined demonstrated a
high sensitivity rate for CT chest compared with RT-
PCR in symptomatic COVID-19 patients [15-17,21—
32]. The largest study to date, by Ai et al, is a

retrospective analysis which included 1014 patients who
were being tested for COVID-19 in Wuhan, China
[26]. The study directly compared the efficacy of CT
chest with RT-PCR for diagnosis of suspected COVID-
19 patients presenting with clinical symptoms such as
fever and cough [26]. RT-PCR identified 59% of
COVID-19 patients while CT chest detected 88% of
positive patients [26]. The sensitivity of CT chest was
97% (95% CI 95-98%) based on positive RT-PCR
results [26]. In patients who were RT-PCR-negative,
75% of these patients had CT scan findings consistent
with positive COVID-19 results. For RT-PCR-negative
patients, patients were classified into highly likely,
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Table | Primary studies: COVID-19 symptomatic patients.

Table 2 Primary studies: COVID-19 asymptomatic patients.

probable or uncertain based on follow-up CT scans.
The mean result time for RT-PCR to turn from nega-
tive to positive was 5.1 + 1.5 days, while CT scan
results were more immediate with a higher sensitivity
than RT-PCR [26]. Specificity, however, was quoted to
be 25% (95% CI 22-30%) in this study [26].

The importance of early timing of CT chest along
with RT-PCR was continually emphasized in the studies
reviewed as CT chest had a higher sensitivity in symp-
tomatic COVID-19 patients with negative RT-PCR
carly on in the infection course [27,28]. Fang et al
found a similar lead time to Ai ez al in a retrospective
review of 51 patients [26,27]. In this study, patients
were included who had either travelled to high-risk
areas and had contact with those with symptoms or
were themselves symptomatic [27]. Ninety-cight per
cent (95% CI 90-100%) of patients with COVID-19
had evidence of abnormal CT findings at an average of
3 + 3 days from initial onset of disease, while RT-PCR

testing has been demonstrated to be only 71% (95% CI
56-83%) sensitive at 3 + 3 days (P < 0.001) [27]. Sen-
sitivity of RT-PCR increased as sequential tests were
done after initial testing — with 23.5% of patients requir-
ing a second test, 3.9% requiring a third test and 2.0%
requiring a fourth test [27]. Pan et al [17] demon-
strated that more than 75% of RT-PCR-positive patients
displayed characteristic findings on CT within the first
4 days; in this study, however, they found the peak of
findings on CT chest to occur 10 days after the onset
of symptoms.

The two prospective studies included in this review
were by Caruso et al. and Gietema et al [33,34]. Car-
uso et al. enrolled 158 consecutive patients suspected
to have COVID-19 infection based on symptoms of
fever, cough and dyspnoea [33]. All patients underwent
RT-PCR and CT chest to assess for infection, with 39%
of patients being positive for RT-PCR and 64% of
patients having positive CT findings. These included
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ground-glass opacities (100%), multilobe involvement
(93%) and bilateral pneumonia (91%) [33]. Overall sen-
sitivity, specificity and accuracy of CT scan for COVID-
19 pneumonia were 97% (95% CI 88-99%), 56% (95%
CI 45-66%) and 72% (95% CI 64-78%), respectively
[33]. Gietema et al. enrolled patients who presented to
the Emergency Department over a 10-day period with
symptoms characteristic of COVID-19 [34]. Patients
were tested with both RT-PCR and CT. CT was shown
to have a sensitivity of 89.2% and was more likely to be
predictive in those who were at high risk for pneumonia
and with sepsis [34].

Specificity was examined by some, but not all, of the
studies that were included in this analysis. The speci-
ficity reported varied widely by study and ranged from
24-100% [26,29]. In Bai et al. [29], seven radiologists
blindly reviewed the scans of 219 patients with a diag-
nosis of ’pneumonia’, with the following results: a med-
fan specificity of 93%, with three of the radiologists
demonstrating 100% specificity; the sensitivity in the
same study ranged from 67-97%. Another study from
Japan by Himoto et al. [30] of clinically symptomatic
patients reported a specificity of 93% (95% CI 67-98%)
when taking more specific CT scan characteristics into
account, such as bilateral ground-glass opacities and
peripheral predominant lesions without airway abnor-
malities, nodules, mediastinal lymphadenopathy or pleu-
ral effusions.

COVID-19 asymptomatic patients

Our systematic review identified three articles that met
our inclusion criteria and compared the sensitivity of
CT chest with RT-PCR in asymptomatic COVID-19-
positive patients (Table 2) [35-37]. The largest cohort
of asymptomatic patients in this review comes from Inui
et al. [35]. These authors looked at 104 confirmed RT-
PCR cases from the Diamond Princess cruise ship [35].
In this study, 76 of the patients were asymptomatic and
[35].

patients were less likely than the symptomatic patients

41 patients symptomatic The asymptomatic
to have abnormal findings on CT scan, with 54% having
characteristic CT findings in the asymptomatic group
and 79% having CT findings in the symptomatic group
[35]. Another retrospective analysis identified 63
asymptomatic, RT-PCR confirmed, COVID-19-positive
patients through contact tracing with COVID-19-posi-
tive individuals [36]. Of the asymptomatic patients who
underwent CT chest, 46% had abnormal CT chest find-
ings [36]. In contrast, Shi ez 4l found that 15 of 15
asymptomatic, but RT-PCR-positive, patients in
Wuhan, China displayed ground-glass opacities on CT
chest [37].

Discussion

Knowledge of diagnosis and treatment modalities of
COVID-19 is a rapidly evolving landscape as new infor-
mation is obtained about the infection on a weekly
basis. The advantage of CT scan for detecting COVID-
19 in symptomatic patients with a higher sensitivity and
at an earlier time period of infection is important and
should be further clarified in prospective studies
[17,27,38,39]. The potential implications of using CT
scan as an adjunct for diagnosis and assessment of dis-
ease progression in symptomatic patients can be impor-
tant in the diagnosis of RT-PCR-negative patients with
COVID-19
urgent surgery. Based on current evidence, CT scans

symptoms who require emergency or

have been shown to have a higher sensitivity early in
the infection time course for symptomatic patients com-
pared with conventional RT-PCR, but its utility contin-
ues to remain uncertain in asymptomatic patients,
especially regarding preoperative surgical patients. Iden-
tifying the role of CT imaging in diagnosis of COVID-
19 in symptomatic and asymptomatic patients can be
important as it is a readily available tool in nearly all
healthcare facilities in the world, and the results are
immediately reported.

There appears to be a role for CT imaging beyond
simply that of a resource-constrained environment, as
recently suggested by a multinational consensus from
the Fleischner Society [40]. Given the high periopera-
tive morbidity and mortality seen in several reviews of
COVID-19 patients undergoing surgery, even elective
surgery [5,8-10], and the increased rate of transmission
to healthcare providers during aerosolized procedures,
CT chest can be a useful preprocedural diagnostic
adjunct to surgeons, endoscopists, anaesthetists and
other procedural personnel prior to any aerosolizing
procedures [16,41—44]. With this information, it may
be recommended that a patient with any clinical symp-
toms of COVID-19 should potentially undergo a CT
chest in addition to RT-PCR and typical CT abdomen/
pelvis required prior to certain procedures (cancer,
urgent or emergent abdominal operation, endoscopy,
etc.). This will lead to the operations being performed
in a timely fashion for those without findings on CT
chest and decrease the overall hospital stay and cost.
This rationale appears consistent with The Royal Col-
lege of Radiologists’ recent recommendations that
patients who are suspected to have an abdominal emer-
gency should undergo concurrent CT chest at the time
of CT abdomen/pelvis [45].

CT chest protocols are varied between studies, but
intravenous contrast medium is not necessary to make a
diagnosis [27,33]. The radiation doses needed for
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Table 3 Assessment of quality of evidence using GRADE and QUADAS 2 tools.

*Oxman et al. [19] British Medical Journal. BMJ Publishing Group, 2004. pp. 1490-4.
TQUADAS 2: Bristol Medical School, Population Health Sciences [20].

adequate detection of COVID-19 were not recorded in
many studies [16,26,27,33], but the average CT dose
index (CTDIvol) was 8.4 + 2.0 mGy (range 5.2—
12.6 mGy) for examining COVID-19 patients [17] It
has been suggested that reducing a patient’s radiation
dose to one-eighth or one-ninth of the standard dose
(0.203 mSv) will stll allow for adequate imaging of
lung parenchyma to identify SARS-CoV-2 infection
[42]. Each standard-dose CT scan (4-7 mSv) confers
an oncological risk of 0.05-0.7%; by further decreasing
that risk eight- to nine-fold, the potential benefits far
outweigh the potential adverse effect to patients
[42,46,47].

Interestingly, CT scans can accurately predict not
only a positive COVID-19 infection in symptomatic
patients, but also potentially assess the stage of infection
and the time point and duration of infection [15,17].
While RT-PCR provides a qualitative answer, CT scans
may allow clinicians a glimpse of the duration of infec-
tion with different findings at cach stage [17]. While
more information regarding the patterns of CT scans
during the time course of infection is needed, this pro-
vides a context for a positive COVID-19 test. CT chest

can actually help clinicians to delineate the progression
of the infective process in a patient, which could pro-
vide an optimal time frame for when an operation or
procedure can safely be performed in patients requiring
emergent or urgent operations. Given the high periop-
erative morbidity and mortality known thus far in
COVID-19-positive patients, elective operations should
be deferred in such patients regardless of symptoms
[5,8-10].

The role of a preoperative CT scan is certainly less
clear in asymptomatic patients [35,37,38,48]. The evi-
dence suggests that there is less utility for CT scan in
asymptomatic patients than in symptomatic patients
[35,37,38,48]. There is also relatively little evidence
available specifically addressing management in asymp-
tomatic presurgical patients. A meta-analysis performed
by Kim et al. demonstrated that the prevalence of dis-
case also seemed to play a role in the positive predictive
value (PPV), with a PPV of only 14.2% at a prevalence
of 10%, compared with a PPV of 90.8% for RT-PCR
[39]. Additionally, they found that sensitivity is affected
by the proportion of asymptomatic patients included
and that in low-prevalence countries the PPV of CT
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scan was ten times lower than that of RT-PCR [39].
Whether or not CT chest will have any further value in
addition to RT-PCR in asymptomatic patients in preop-
erative (abdominal surgery) patients specifically is yet to
be determined, and we should be cautious in extrapolat-
ing data from symptomatic patients to asymptomatic
patients.

Clinical trials evaluating the role of CT chest in
asymptomatic patients are under way in the Netherlands
with formal results still pending [48]. Preliminary
results of this prospective study from the Netherlands
screening asymptomatic patients preoperatively using
both CT chest and RT-PCR prior to elective proce-
dures demonstrated a total of 1.5-2.0% COVID-19-
positive patients [48]. In this study, CT chest afforded
an additional value of 0.1% in identifying patients that
RT-PCR potentially missed [48]. Final results from this
study will be helpful in identifying if preoperative
screening of asymptomatic patients with CT chest is
necessary. Until more evidence is available in this
rapidly changing landscape, it will remain unclear what
the role of CT chest will be as a general screening tool
for COVID-19 infection in preoperative (abdominal
surgery) patients.

The main limitation of this study is the quality of the
evidence currently available. At this time, because of the
retrospective nature of most of the studies regarding
CT chest and RT-PCR, there is a high selection bias.
Almost all of the studies conducted thus far have been
conducted in symptomatic patients with a few studies
examining only asymptomatic patients. The overall
grade of the recommendations of the papers reviewed is
low, as most of the studies in this review consist of ret-
rospective analyses [19]. Additional use of the QUA-
DAS 2 assessment further demonstrates that there is a
high risk for potential bias due to study design and

100% 60% 80% 100%

Proportion of studies with low, high or unclear
CONCERNS regarding APPLICABILITY

patient selection. The concern regarding applicability of
the evidence available thus far is low (Table 3 and
Fig. 2). Further investigation regarding perioperative
screening protocols in asymptomatic and symptomatic
patients, along with better-defined radiological criteria
for detecting COVID-19 and its progression, is still
needed.

Conclusion

CT chest can be a highly sensitive diagnostic test for
any symptomatic COVID-19-positive patients and is
capable of detecting COVID-19 infection earlier in the
infectious course than RT-PCR. Based on preliminary
findings, CT chest should be considered along with CT
abdomen and pelvis in symptomatic presurgical patients
who require accurate and fast diagnosis in clinical set-
tings where RT-PCR is not readily available or has a
long turnaround time (i.e. those who may need emer-
gency laparotomy for an acute intra-abdominal process).
In asymptomatic presurgical patients (i.e. eclective
abdominal surgery patients), there is currently insuffi-
cient evidence to recommend routine preoperative CT
chest. Further study is needed before definitive recom-
mendations can be made.
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