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Abstract

Objective Frequency of normal chest CT in symptomatic COVID-19 patients as well as the outcome of these patients remains

unknown. The objectives of this work were to assess the incidence of initially normal chest CT in a cohort of consecutive

confirmed COVID-19 patients with respiratory symptoms and to compare their clinical characteristics and their outcome to

matched patients with typical COVID-19 lesions at initial CT.

Methods From March 6™ to April 22", all consecutive adult patients referred to the COVID-19 clinic of our Emergency

Department were retrospectively analyzed. Each patient with a positive SARS-CoV-2 RT-PCR and a normal initial chest CT

after second reading was 1:1 matched based on sex, age and date of CT acquisition to a patient with positive RT-PCR and initial

chest CT with typical COVID-19 lesions. Clinical data, laboratory results and outcomes (major being mechanical ventilation and/

or death) were compared between both groups, using Wilcoxon signed-rank test, McNemar’s chi-squared test and/or exact

McNemar’s test where appropriate.

Results Fifty-seven chest CT out of 1091 (5.2%, 95% CI 4.0-6.7) in symptomatic patients with positive RT-PCR were normal,

with a median onset of symptoms of 4.5 days (IQR [1.25-10.25]). After a median follow-up of 43 days, death and/or mechanical

ventilation occurred in 3 patients (5.3%) in the study group, versus 11 (19.3%) in the control group (p = 0.011).

Conclusions Normal initial chest CT occurred in 5.2% of symptomatic confirmed COVID-19 cases in our cohort. While better

than those with abnormal chest CT, outcome was not entirely benign with 5.3% death and/or mechanical ventilation.

Key Points

* In a cohort of 1091 symptomatic COVID-19 patients, initial chest CT was normal in 5.2% of cases.

» Normal chest CT in confirmed COVID-19 is frequent even when onset of symptoms is greater than 3 days.

* The outcome of COVID-19 patients with initial normal chest CT, while better than those with abnormal CT, was not entirely
benign with 5.3% death and/or mechanical ventilation.
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extension correlates with disease severity and patients’ out-
come [5-7]. Yet, several publications have emphasized that
chest CT could be and remain normal in a fraction of these
symptomatic patients, particularly if acquired in the first 3
days after onset of symptoms, with varying incidence in small
cohorts (20 out of 36 patients in [8], 1 out of 51 patients in [9]
and 17 out of 149 patients in [10]).

Consequently, the exact frequency of normal chest CT in a
homogeneous and large cohort of symptomatic COVID-19
patients as well as the outcome of these patients remains un-
known. As chest CT can be used for triage of symptomatic
patients suspected of COVID-19 [11-13], knowing the fre-
quency and the impact of a normal chest CT at presentation
in this population would be valuable to optimize their man-
agement and care.

The objectives of this work were therefore to assess the
incidence of initially normal chest CT in a cohort of consecu-
tive RT-PCR-confirmed COVID-19 patients with respiratory
symptoms, and to compare their clinical characteristics as well
as their outcome to matched COVID-19 patients with abnor-
mal chest CT.

Patients and methods

The local ethics committee of Strasbourg Hospital approved
this retrospective study and waived the need for informed
consent.

COVID-19 pathway

Starting March 6™, a dedicated pathway [14] for patients with
a clinical suspicion of COVID-19 infection was set up within
the Emergency Department (ED) of our single tertiary care
centre (Nouvel Hopital Civil, Strasbourg University
Hospital, France). Symptomatic patients entering this pathway
systematically underwent chest CT and nasopharyngeal swab
at their arrival, to expedite subsequent triage made by the ED
physician [11].

All patients who were symptomatic at presentation and
went through this COVID-19 pathway from March 6™ to
April 22" were included and were retrospectively analyzed
when they had (a) a chest CT at the time of ED admission (i.e.
initial chest CT present) and (b) at least one positive RT-PCR
for SARS-CoV-2, with a delay between chest CT and first
positive RT-PCR <48 h (i.e. confirmed COVID-19 infection).

Chest CT

Examinations were acquired on an 80-row scanner (Aquilion
Prime SP, Canon Medical Systems), with parameters adjusted
to the patient’s morphotype (tension 100—135 kV and maxi-
mum mAs 2-50). Images were reconstructed with a slice-

thickness of 1 mm in mediastinal and parenchymal windows
using an iterative reconstruction algorithm (AIDR-3D, Canon
Medical Systems) and read on dedicated workstations
with multiplanar and maximum intensity projection
reconstructions.

Ten consultant radiologists (four specialized in chest imag-
ing) with 5 to 30 years of experience were involved in the
reading during the inclusion period. National Standards of
reporting adapted from ESR and ESTI guidelines [1] were
used and examinations were classified into one of 3 categories
regarding the lung parenchyma findings:

» Category 1: highly suggestive of COVID-19 (bilateral and
predominantly peripheral and subpleural ground glass
opacities and/or alveolar consolidations);

+ Category 2: indeterminate (bronchiolitis, centrilobular
nodules, lobar consolidation);

* Category 3: normal examinations.

RT-PCR

Nasopharyngeal swab (Puritan Medical Products) was sys-
tematically performed at ED admission, concomitant to chest
CT. Some patients had multiple sampling with either nasopha-
ryngeal swab, sputum or bronchoalveolar lavage during their
hospital stay. RT-PCR for SARS-CoV-2 was chosen as the
reference standard and any positive result within 48 h of the
initial chest CT was adjudicated as a confirmed COVID-19
infection.

Study and control groups

All patients with positive RT-PCR and normal chest CT (cat-
egory 3) had their examinations reread independently by 2
thoracic radiologists to confirm the normality of the lung pa-
renchyma; examinations with subtle parenchymal lesions in
non-gravitational-dependent territories and consistent with
minimal COVID-19 infection were excluded. The remaining
patients constituted the study group, with strictly normal chest
CT and RT-PCR-confirmed COVID-19.

Each patient of the study group was matched following a 1
to 1 fashion to a patient with a positive RT-PCR and a chest
CT with typical COVID-19 lesions (category 1), to constitute
the control group. Matching was based on sex, age (+ 1 year)
and date of CT acquisition; if more than one control matched
the characteristics of a patient from the study group, the con-
trol was randomly selected.

Sex, age, comorbidities, onset of initial symptoms and de-
lay to CT, oxygenotherapy at ED admission, fever, lympho-
cyte rate, CRP, D-dimer, delay between CT scan to RT-PCR
and follow-up CT (and delay between symptoms and FU-CT)
were recorded for both groups.
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Clinical outcomes were obtained using electronic health
records. Major events were of the need for mechanical venti-
lation and/or death; minor events were being hospitalized in a
medicine ward and the length of hospital stay until discharge.

Statistics

Continuous variables are presented as medians with interquar-
tile ranges (IQR) and were compared between both groups
using the Wilcoxon signed-rank test. Categorical variables
are presented as counts with percentages and were compared
between both groups using McNemar’s chi-squared test or
exact McNemar’s test where appropriate. The McNemar test
was chosen since groups were not independent in this matched
case-control study, and the statistical analysis of matched-pair
studies must make allowance for the dependency in the data
introduced by the matching, as underlined by Fagerland et al
[15].

A p value < 0.05 was considered statistically significant.

All the analyses were performed using R software version
3.6.0. R Core Team (2019). R: A language and environment
for statistical computing. R Foundation for Statistical
Computing. URL https://www.R-project.org/.

Results

A flowchart of the study is shown in Fig. 1. All patients from
the study group were matched to a control.

Ultimately, 57 chest CT out of 1091 (5.2%, 95% CI 4.0~
6.7) in symptomatic patients with positive RT-PCR were nor-
mal, with a median onset of symptoms of 4.5 days (IQR
[1.25-10.25]). Of note, 31 patients (54.4%) had an onset of
symptoms greater than 3 days and 13 (17.5%) greater than 10
days. The median onset of symptoms was non-significantly
higher in the control group, at 7 days (IQR [4-10]) (p =
0.115).

Patients in the study group required less oxygenotherapy
support than in the control group (p < 0.001). Only 21% (n =
12) of patients with normal initial chest CT were febrile, com-
pared to 65% of those with abnormal imaging (n = 37; p <
0.001). CRP values were also significantly lower (median =
15 pg/L versus 51 pg/L; p < 0.001), while D-dimer and lym-
phocyte median rates were similar in both groups.

A follow-up chest CT was performed only in 6 cases and
remained normal in all but one patient.

Clinical data and outcomes of both groups are reported in
Table 1.

After a median follow-up of 43 days, a major endpoint
occurred in 3 patients in the study group (death secondary to
respiratory insufficiency in 2 patients, mechanical ventilation
in 1 patient), versus 11 patients in the control group (death
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secondary to respiratory insufficiency in 4 patients, mechani-
cal ventilation in 7 patients) (p = 0.011).

Discussion

In a large cohort of consecutive symptomatic patients with
positive RT-PCR, we found that initial chest CT was strictly
normal in 5.2% of cases. Interestingly, normal chest CT was
encountered in patients with variable onset of symptoms—
more than 10 days in 17.5% of them. We also found that the
outcome of these symptomatic patients, despite being signif-
icantly better than those with abnormal chest CT, is not en-
tirely benign, with hospitalization needed in 16 patients
(28.1%) and death and/or mechanical ventilation occurring
in 3 (5.3%).

These results are complementary to the initial studies done
on smaller cohorts [8—10], which however diverge on three
significant points.

First, they reported an overall higher incidence of normal
initial chest CT—up to 55% in [8] in patients with early onset
of symptoms. The use of a second independent reading by 2
chest radiologists in our work could partly explain this, since it
enables to rule out 20 chest CT initially read as normal, by
finding subtle subpleural ground glass opacities consistent
with minimal COVID-19 infection.

Second, these studies suggested that most of the normal
initial chest CT were encountered in the early phase of the
disease, i.e. up to 3 days after the onset of symptoms. Our
findings support that a negative chest CT can be encountered
at all phases of the disease, and not only in the early one.
Conversely, a negative chest CT in a patient symptomatic
for more than 3 days cannot definitely rule out COVID-19.

Third, none of these studies reported the outcome of these
patients. Since several studies have reported that patients with
extensive lesions on chest CT had a worse prognosis [5, 6,
16], one might have thought that a normal chest could be a
marker of a “benign” form of COVID-19. We found that the
outcome of COVID-19 patients with an initially normal chest
CT, while better than those with abnormal CT, was not entire-
ly benign with 28.1% of hospitalization with a median length
of stay of 10 days, and 5.3% death and/or mechanical venti-
lation. Interestingly, while the rate of hospitalization was low-
er in these patients, the length of stay was not inferior to the
one in the control group (8 days, p = 0.399).

The frequency of strictly normal chest imaging in asymp-
tomatic patients with confirmed COVID-19 also varies
strongly in the literature, yet appears higher than what is re-
ported in symptomatic patients. In 58 asymptomatic patients
with RT-PCR-confirmed COVID-19, Meng et al found chest
CT abnormalities in all patients, with no CT remaining normal
[17]. These findings are counterbalanced by the report of 76
asymptomatic patients from the Diamond Princess, where Inui
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admissions to the ED “Covid-19” clinic
from March 6%, 2020 to April 22", 2020
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Fig. 1 Flowchart of the study. CT thumbnails are provided to illustrate subtle subpleural lesions that were missed at the first reading

etal found chest CT lesions in 41 of them, with 35 (46%) chest
CT remaining normal [18]. This range of normal examinations
is also confirmed by Bandirali et al in 170 chest radiographs in
asymptomatic patients, with 70 (41%) remaining normal [19].
However, the outcome of these asymptomatic patients with
normal imaging is not reported in these studies.

Our work has various limitations. First, matching was
based only on age, sex and date of CT, and other confounding
factors such as comorbidities or body mass index were not
taken into account. Yet, older age and male sex were—by
far—the two most prominent covariates associated with

COVID-19 death in a large scale UK study [20]. Second, only
a fraction (10.5%) of our population had a follow-up chest
CT; therefore, we cannot confirm that the initially normal
chest CT remained normal in all patients during the course
of the disease. Follow-up was ordered only in case of wors-
ening symptoms, and yet it remained negative in 83% of
cases. Third, our study is retrospective, even though we in-
cluded all consecutive RT-PCR-positive cases with concomi-
tant chest CT, and therefore subject to some inclusion bias.
Finally, this work was monocentric, from a hospital localized
in an intense SARS-CoV-2 cluster and, as is, cannot be
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Table 1 Demographics, clinical data and outcome in the control and the study groups
CT-scan negative CT-scan positive

Patients (n) 57 57

Male (n) 33 58% 33 58%

Age—median IQR (years old) 41 [29 ; 67] 41129 67] p=0971

Mean follow-up—median IQR (day) 43126 ; 50] 43 [37 ; 48] p=0225

Comorbidity 32 56% 27 47% p =0.340

Cardiopathy , high blood pressure, atrial fibrillation 9 16% 3 5%

Neurodegenerative disease 6 11% 3 5%

Arteriopathy, stroke 5 9% 4 7%

Diabetes or dysthyroidism 2 4% 2 4%

Chronic obstructive pulmonary disease 3 5% 1 2%

Asthma 1 2% 2 4%

Morbid Obesity (BMI > 40 kg/m?) 1 2% 4 7%

Dialysis or renal transplantation 0 4 7%

Pregnancy 0 1 2%

Other 4 7% 4 7%

Respiratory symptoms 57 100% 57 100%

Oxygenotherapy at CT scan 6 11% 31 54% p <0.001

Digestive symptoms 9 16% 15 26%

Neurological symptoms 16 28% 10 18%

Fever 12 21% 37 65% p <0.001

Lymphocyte rate—median IQR (G/L) 1.46 [1.00 ; 1.89] 1.23 [0.87; 1.74] p=0.112

CRP—median IQR (pg/L) : normal range < 4 ug/L n =156 (98%) n =55 (96%) »<0.001
15 [2.00; 0.25] 51 [21.00 ; 88.00]

D-dimer—median IQR (g/L) : normal range < 500 ug/L n =22 39%) n =20 (35%) p=0.014
665 [83.5; 435.00] 1275 [510.00 ; 1952.00]

Delay between symptom > CT scan (days) 4.5 [1.25;10.25] 7 [4;10] p=0.115

Delay between CT scan > RT-PCR (days) 0 0

Follow-up CT scan (n) 6 11% 7 12% p=0.340

Delay between symptom > F-U CT scan (days) 7 21

Positive FU CT scan (n) 1 17% 7 100%

Major endpoint 3 5% 11 19% p=0.011

Death 2 4% 10 18%

Mechanical ventilation 1 2% 8 14%

Hospitalized in a COVID-19 ward 16 28% 40 70%

Hospitalization length—median IQR (in days) 10 [6.5; 15] 8 [6; 14] p=0.399

Discharged home 52 91% 46 81% p =0.508

generalizable to other places with lesser prevalence of the
disease, different populations or other medical systems.
Particularly, hospital space was scarce during these times,
and only severe or clinically concerning patients were admit-
ted to medicine wards. Therefore, the rate of hospitalization in
the present study might not reflect the usual standard of care.

To conclude, strictly normal chest CT occurred in 5.2% of
symptomatic confirmed COVID-19 cases in our cohort, and
while better than patients with abnormal chest CT, their out-
come was not entirely benign. Close clinical follow-up of
these patients is therefore to consider.
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