Radiology: Cardiothoracic Imaging

Radiological Society of North America Expert Consensus Statement on Reporting
Chest CT Findings Related to COVID-19. Endorsed by the Society of Thoracic
Radiology, the American College of Radiology, and RSNA.

Scott Simpson DO*', Fernando U. Kay MD PhD*?2, Suhny Abbara MD?, Sanjeev Bhalla
MD3, Jonathan H. Chung MD*, Michael Chung MD5, Travis S. Henry MD¢, Jeffrey P. Kanne
MD’, Seth Kligerman MD?8, Jane P. Ko MD?, Harold Litt MD PhD'

1. Department of Radiology, Perelman School of Medicine of the University of
Pennsylvania, 3400 Spruce Street, Philadelphia, PA 19104

2. University of Texas Southwestern Medical Center, 5323 Harry Hines Blvd, Dallas,
TX, 75390

3. Mallinckrodt Institute of Radiology, Washington University School of Medicine,
510 South Kingshighway, St. Louis, MO 63110

4. Department of Radiology, University of Chicago Medicine. 5841 S. Maryland
Avenue; Chicago, IL 60637

5. Department of Diagnostic, Molecular and Interventional Radiology, Icahn School
of Medicine at Mount Sinai, 1468 Madison Avenue, New York, NY 10029

6. Department of Radiology and Biomedical Imaging, University of California San
Francisco, 505 Parnassus Ave, M-396, San Francisco, CA 94143

7. Department of Radiology, University of Wisconsin School of Medicine and Public
Health. 600 Highland Ave MC 3252, Madison WI 53792-3252

8. Department of Radiology, University of California San Diego. 200 W Arbor Dr, San
Diego, CA 92103

9. Department of Radiology, New York University Langone Health, 660 First Avenue,
New York, NY 10016

Published under a CC BY 4.0 license.
*Co-first authors

Corresponding author: Harold Litt, MD, Department of Radiology, Perelman School of
Medicine of the University of Pennsylvania, 3400 Spruce Street, Philadelphia, PA 19104.
E-mail: harold.litt@uphs.upenn.edu

This copy is for personal use only. To order printed copies, contact reprints@rsna.org



Abstract:

Routine screening CT for the identification of COVID-19 pneumonia is currently not
recommended by most radiology societies. However, the number of CTs performed in persons
under investigation (PUI) for COVID-19 has increased. We also anticipate that some patients
will have incidentally detected findings that could be attributable to COVID-19 pneumonia,
requiring radiologists to decide whether or not to mention COVID-19 specifically as a differential
diagnostic possibility. We aim to provide guidance to radiologists in reporting CT findings
potentially attributable to COVID-19 pneumonia, including standardized language to reduce
reporting variability when addressing the possibility of COVID-19. When typical or indeterminate
features of COVID-19 pneumonia are present in endemic areas as an incidental finding, we
recommend contacting the referring providers to discuss the likelihood of viral infection. These
incidental findings do not necessarily need to be reported as COVID-19 pneumonia. In this
setting, using the term “viral pneumonia” can be a reasonable and inclusive alternative.
However, if one opts to use the term "COVID-19" in the incidental setting, consider the provided
standardized reporting language. In addition, practice patterns may vary, and this document is
meant to serve as a guide. Consultation with clinical colleagues at each institution is suggested
to establish a consensus reporting approach. The goal of this expert consensus is to help
radiologists recognize findings of COVID-19 pneumonia and aid  their communication with
other healthcare providers, assisting management of patients during this pandemic.



Introduction:

Coronavirus disease 2019 (COVID-19) (1), caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) (2), has become increasingly prevalent worldwide, reaching a
pandemic stage in March 2020 (3). While most radiology professional organizations and
societies have recommended against performing screening computed tomography (CT) for the
identification of COVID-19 (4,5), the number of CTs performed in persons under investigation
(PUI) for COVID-19 may increase. We also anticipate that patients will have incidental lung
findings on CT obtained for unrelated reasons that could be attributable to COVID-19.

Several recent publications have described CT imaging features of COVID-19, the evolution of
these features over time, and the performance of radiologists in distinguishing COVID-19 from
other viral infections (6-10). These studies have shown that COVID-19 often produces a CT
pattern resembling organizing pneumonia, notably peripheral ground-glass opacities (GGO) and
nodular or mass-like GGO that are often bilateral and multilobar (11). However, additional
imaging findings have also been reported including linear, curvilinear or perilobular opacities,
consolidation, and diffuse GGO, which can mimic several disease processes including other
infections, inhalational exposures, and drug toxicities (12-15).

COVID-19 pneumonia has a high mortality rate in some populations, including the elderly and
those with diabetes, hypertension, and other comorbidities (16-18), and is spreading rapidly and
sustainably in the community (19). As a result, including “COVID-19” in a radiology report could
trigger a cascade of events including infection control measures and anxiety for both the
managing provider and the patient. This potentially can complicate interpretations, as CT
imaging features can overlap significantly with other causes of acute lung injury and organizing
pneumonia (20). Standardized COVID-19 reporting language will improve communication with
referring providers and has the potential to enhance efficiency and aid in management of
patients during this pandemic.

This document aims to provide guidance to radiologists reporting CT findings potentially
attributable to COVID-19 pneumonia in both PUI and when discovered incidentally. The
potential role of CT in COVID-19; parameters for structured reporting; and the pros, cons, and
limitations of adopting this strategy are discussed. In addition, practice patterns may vary by
institution, and this document is meant to serve as a guide. If a radiologist, in accordance with
one’s respective institutional procedures, chooses to mention COVID-19 specifically in CT
reports, this standard framework can be adopted accordingly. Consultation with clinical
colleagues at each institution is suggested to establish an agreed upon approach, which may
evolve over time and be dependent upon the prevalence of the disease in the local population
and other factors.

Chest CT in COVID-19 infection:



CT Imaging Features:

Several papers have found that COVID-19 typically presents with GGO with or without
consolidation in a peripheral, posterior, and diffuse or lower lung zone distribution (6-11). GGO
has also been frequently reported to have round morphology or a “crazy paving” pattern (6,8).
However, a significant portion of cases have opacities without a clear or specific distribution (8).
A predominant perihilar pattern was not reported (8). Bronchial wall thickening, = mucoid
impactions, and nodules (“tree-in-bud” and centrilobular) seen commonly in infections, are not
typically observed (8). Lymphadenopathy and pleural effusion have been rarely reported (6, 21).

The frequency of imaging findings also depends on when infected patients are imaged. A slight
majority of patients had a negative CT during the first two days after symptom onset with GGO
usually developing between day 0 and 4 after symptom onset and peaking at 6-13 days (8,9,22-
24). Therefore, a negative CT should not be used to exclude the possibility of COVID-19,
particularly early in the disease. Later in the course of the disease, the frequency of
consolidation increases as does the likelihood of seeing a reverse halo or atoll sign, typically
absent near the time of symptom onset (8). Available evidence regarding these CT findings is
limited, and new patterns of pulmonary involvement may eventually be reported (25).

Diagnostic CT Performance and Screening:

Chest CT findings can precede positivity on reverse transcriptase polymerase chain reaction
testing (RT-PCR). Early reports of RT-PCR sensitivity vary considerably, ranging from 42% to
71% (26, 27), and an initially negative RT-PCR may take up to 4 days to convert in a patient
with COVID-19 (26). The reported sensitivities and specificities of CT for COVID-19 vary widely
(60 to 98% and 25% to 53%, respectively) (26-29), likely due to the retrospective nature of the
currently published studies, including lack of strict diagnostic criteria for imaging and procedural
differences for confirming infection. The positive and negative predictive value of chest CT for
COVID-19 are estimated at 92% and 42%, respectively, in a population with high pretest
probability for the disease (e.g., 85% prevalence by RT-PCR) (27). The relatively low negative
predictive value suggests that CT may not be valuable as a screening test for COVID-19 at least
in earlier stages of the disease.

Literature comparing individual CT features of COVID-19 or radiologists’ performance in
correctly choosing COVID-19 as a first choice diagnosis on imaging is limited. In one study, six
of seven radiologists demonstrated 93-100% specificity in correctly distinguishing CT features of
COVID-19 from other viral infections (10). A peripheral distribution of GGO was found to
correctly distinguish COVID-19 from other viral causes 63-80% of the time. However, the
authors did not include high numbers of influenza-A or any noninfectious causes such as drug
reaction, which could degrade radiologists’ performance.

Viral Testing- Implications for CT:
In reviewing CT publications on COVID-19, it is important to consider the accuracy of the

laboratory viral testing used. This applies both to the collection method and the laboratory
testing method (30), as many articles published on chest CT do not specify the sample



collection or RT-PCR method used (31). With respect to collection method, bronchoalveolar
lavage fluid (BALF) testing is the most sensitive, but not for general use given the invasive
nature of fluid collection, and because it is an aerosol generating procedure that could place
health care workers at greater risk . Sputum and nasopharyngeal swab collection are
considered equivalent in sensitivity, while throat swab testing is less sensitive. As viral
pneumonias typically do not result in production of purulent sputum, nasopharyngeal swab is
the preferred method for sample collection (31). As an example, in a recently published series of
1070 patients, the majority of samples collected were throat swabs, and throat swabs detected
only approximately half of the positive cases that were detected by nasal swabs (32).

Rapid antigen tests are fast, but have poor sensitivity. While RT-PCR is the most accurate, not
all tests are equivalent. Eleven different RT-PCR tests were approved for use in China between
January 26 and March 12, 2020, with varying levels of sensitivity. In a report of CT findings in
1014 patients (26), with 59% having a positive RT-PCR and 88% having a positive chest CT,
the method of swab collection was not described. Two different RT-PCR tests were used, one of
which does not appear on the list of approved tests, and the other approved for use in nasal,
throat and sputum collection. The sensitivity of tests approved for use in the USA is high, with
emergency use authorizations available on the website of the US Food & Drug Administration
(33).

Structured Reporting:

Rationale and Use:

The goal of structured reporting in the setting of COVID-19 pneumonia is to help radiologists
recognize the findings seen, decrease reporting variability, reduce uncertainty in reporting
findings potentially attributable to this infection, and enhance the referring provider’s
understanding of those radiological findings, thereby allowing better integration into clinical
decision making. While we do not currently recommend the use of CT screening for COVID-19
pneumonia , we suggest using a standardized language when specifically asked to address
whether or not findings of COVID-19 pneumonia may be present on CT and propose language
that could be placed in the impression of the report.

How to report incidentally discovered features potentially attributable to COVID-19 pneumonia is
more complex. When typical features of COVID-19 pneumonia are present in an endemic area
as an incidental finding, we recommend direct communication with the referring provider to
discuss the likelihood of viral infection and to try to reach consensus. As always, radiologists
should follow the ACR Practice Parameter for Communication of Diagnostic Imaging Findings
(34). These incidental findings do not necessarily need to be reported as COVID-19 pneumonia,
with “viral pneumonia” as a reasonable and inclusive alternative. However, if consensus is
reached, and COVID-19 is mentioned as a potential diagnosis in the radiology report, we
suggest using the provided standardized reporting language. Additionally, staff at the site
performing the exam should be notified to initiate standard operating procedures (SOP) for
potential exposure.



It should be noted that viral pneumonias have a wide variety of imaging manifestations, some of
which are atypical or less common in COVID-19 such as tree-in-bud opacities and other small
nodules, bronchial wall thickening, and bronchial mucus plugs (12). Thus, the term “viral
pneumonia” encompasses a range of imaging findings some of which are not typical for COVID-
19. ltis also important to describe other lung abnormalities that may be associated with
increased morbidity in the setting of COVID-19 such as emphysema and diffuse parenchymal
lung disease.

Categories:

We propose four categories for reporting CT imaging findings potentially attributable to COVID-
19, each with suggested standardized language (Table 1). The reporting language does not
offer an exact likelihood for COVID-19 pneumonia, which depends on several factors including
prevalence in a community, exposure, risk factors, and clinical presentation. Rather, the
reporting language focuses on CT findings reported in the literature and the typicality of these
features in COVID-19 pneumonia rather than other diseases. Included in the reporting language
are unique coding identifiers in brackets that can then be used for future data mining.

Typical features are those that are reported in the literature to be frequently and more
specifically seen in COVID-19 pneumonia in the current pandemic (10, 11). (Figures 1-4). The
principal differential diagnosis includes some viral pneumonias, especially influenza, and acute
lung injury patterns, particularly organizing pneumonia, either secondary, such as from drug
toxicity and connective tissue disease, or idiopathic.

Indeterminate features are those that have been reported in COVID-19 pneumonia but are not
specific enough to arrive at a relatively confident radiological diagnosis. An example would be
diffuse GGO without a clear distribution (Figures 5,6). This finding is common in COVID-19
pneumonia but occurs in a wide variety of diseases such as acute hypersensitivity pneumonitis,
Pneumocystis infection, and diffuse alveolar hemorrhage, which are difficult to distinguish by
imaging alone.

Atypical features are those that are reported to be uncommon or not occurring in COVID-19
pneumonia and are more typical of other diseases such as lobar or segmental consolidation in
the setting of a bacterial pneumonia, cavitation from necrotizing pneumonia, and tree-in-bud
opacities with centrilobular nodules, as can occur with a variety of community acquired
infections and aspiration (Figures 7-9).

Negative for pneumonia implies that there are no parenchymal abnormalities that could be
attributable to infection. Specifically, GGO and consolidation are absent. Importantly, there may
be no findings on CT early in COVID-19. Conversely, CT has been reported to be more
sensitive than RT-PCR earlier in the course of the disease (29), although this result may change
with local RT-PCR test characteristics.

Pros, Cons, and Limitations of Standardized Reporting:



There are compelling arguments both for and against the use of standardized reporting
language in describing CT findings potentially attributable to COVID-19 (Table 2). This project
largely stemmed from the expectation that despite most current professional guidelines
recommending against the routine use of screening CT for COVID-19, CT may be requested for
potential assistance in diagnosis and management, particularly if RT-PCR is not readily
available.

Pros:

Without expert consensus, radiologists may be left with uncertainty as to how to convey the
presence, absence, or likelihood of COVID-19 when confronted with this as a specific indication
or as an incidental finding. Standardized reporting can provide guidance and confidence to
radiologists as well as increased clarity to providers through reduced reporting variability.
Providing unique identifiers for each category facilitates mining data for future educational,
research, and quality improvement. In addition, standardized radiology reports combined with
clinical assessment may enable future care pathways to determine which patients may
preferentially undergo RT-PCR should testing capacity be exceeded. Initial RT-PCR testing may
also be negative, and typical imaging findings may encourage repeat testing.

Cons:

The true sensitivity and specificity of CT for COVID-19 remains relatively unknown. One study
showed that radiologists identified COVID-19 versus other viral pneumonias correctly 60-83% of
the time based on typical CT imaging features (10). However, the results of this study must be
evaluated cautiously  as all of the COVID-19 cases came from one country (China) and most
of the control cases from a single institution in another country (USA). Additionally, this
moderate level of distinction may be reduced in clinical practice as the control cases included a
low proportion of influenza-A, which is the major viral pneumonia that must be differentiated
from COVID-19 during the winter and spring months across the northern hemisphere. Reporting
“atypical features” may result in false negative cases, and the risk of missing COVID-19 can
have broad implications. Ordering providers may also feel that having "COVID-19" or
"coronavirus" documented in a radiology report constrains their clinical decision making and
treatment options. This concern is less relevant in PUls, as clinical suspicion already exists.
However, difficulties may arise in patients with findings suggestive of COVID-19 that are
incidentally detected. Direct communication with the referring provider about the likelihood of
COVID-19 is recommended to avoid surprising providers and patients. We again emphasize
that as an incidental finding, particularly with indeterminate or atypical features, “viral
pneumonia” may be preferable to “COVID-19” or “coronavirus”.

Limitations:

We anticipate cases with mixed imaging findings, that is, those that have both typical and
atypical imaging features for COVID-19. Recent analysis suggests that over 20% of patients
with COVID-19 may have coexistent infections complicating the categorization of imaging
observations (35). The radiologist will have to determine whether or not these findings are part
of the same process or are unrelated. For example, a hospitalized patient undergoing chest CT
for fever could have lower lobe tree-in-bud opacities as well as peripheral GGO, which could
reflect aspiration superimposed on  viral pneumonia. It is also possible that atypical features



such as lobar consolidation may reflect a secondary bacterial pneumonia even in patients who
test positive for COVID-19. Available evidence is still limited concerning the appearance of
COVID-19 in the presence of secondary disease processes such as coexistent infections and
aspiration. In scenarios such as these, discussion with the treating team would be prudent.

Imaging appearances in the standardized reporting language are based upon available
literature at the time of writing in March 2020, noting the retrospective nature of many reports,
including biases related to patient selection in cohort studies, examination timing, and other
potential confounders. As radiologists’ experience with COVID-19 increases, our categorization
of these findings as typical, indeterminate, or atypical may evolve.

Conclusions

We propose four categories for the suggested standardized CT reporting language of COVID-19
based on current literature and expert consensus. We acknowledge that for patients with
unexpected findings that could be attributed to COVID-19, the matter is complex and that “viral
pneumonia” is a reasonable alternative. As always, radiologists should follow the ACR Practice
Parameters for Communication of Diagnostic Imaging Findings. If COVID-19 is a potential
incidental diagnosis, staff at the site performing the exam should be notified to initiate SOP for
potential exposure. We also acknowledge that practice patterns vary and this document is
intended to provide guidance. If a radiologist chooses to mention COVID-19 in CT reports, this
is a standard framework that can be adopted. Consensus between local imaging and clinical
providers is essential to establish an agreed-upon approach.

At this time, CT screening for the detection of COVID-19 is not recommended by most
radiological societies. However, we anticipate that the use of CT in clinical management as well
as incidental findings potentially attributable to COVID-19 will evolve. We believe it important to
provide radiologists and referring providers guidance and confidence in reporting these findings
and a more consistent framework to improve clarity. Clear and frequent communication among
health care providers, including radiologists, is imperative to improving patient care during this
pandemic.

Acknowledgements
We gratefully acknowledge colleagues who contributed to the development of these guidelines.

University of Pennsylvania: Ana Kolansky MD, Maya Galperin-Aizenberg MD, Eduardo Barbosa
MD

University of Texas Southwestern Medical Center: Neil M. Rofsky MD, Cecelia Brewington MD,
Travis Browning MD, Eric Zeikus MD.

Washington University: Constantine Raptis, MD, Andrew Bierhals, MD



University of Chicago: Steven M. Montner, MD
Mount Sinai: Corey Eber MD, Bradley N. Delman MD, Adam Bernheim MD, Adam Jacobi MD

University of California San Francisco: Brett Elicker MD, Michael Hope MD, Kimberly Kallianos
MD, Karen Ordovas MD, Brian Haas MD, Thienkhai Vu MD

University of Wisconsin School of Medicine and Public Health: M. Daniela Martin, M.D.
NYU Langone Health: William Moore, MD

University of Michigan: Ella Kazerooni, MD



References

1.

10.

11.

Naming the coronavirus disease (COVID-19) and the virus that causes it.
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-
guidance/naming-the-coronavirus-disease-(covid-2019)-and-the-virus-that-causes-it
(Accessed 03/22/2020).

Gorbalenya AE, Baker SC, Baric RS, et al. Severe acute respiratory syndrome-related
coronavirus: The species and its viruses — a statement of the Coronavirus Study Group.
https://doi.org/10.1101/2020.02.07.937862 doi: bioRxiv preprint

WHO Director-General's opening remarks at the media briefing on COVID-19 - 11 March
2020. https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-
at-the-media-briefing-on-covid-19---11-march-2020 (Accessed on 03/22/2020)

ACR Recommendations for the use of Chest Radiography and Computed Tomography
(CT) for Suspected COVID-19 Infection. https://www.acr.org/Advocacy-and-
Economics/ACR-Position-Statements/Recommendations-for-Chest-Radiography-and-
CT-for-Suspected-COVID19-Infection (Accessed on 03/22/2020).

Society of Thoracic Radiology/American Society of Emergency Radiology COVID-19
Position Statement, March 11, 2020. https://www.acr.org/Advocacy-and-
Economics/ACR-Position-Statements/Recommendations-for-Chest-Radiography-and-
CT-for-Suspected-COVID19-Infection (Accessed on 03/22/2020).

Chung M, Bernheim A, Mei X, Zhang N, Huang M, Zeng X, Cui J, Xu W, Yang Y, Fayad
ZA, Jacobi A, Li K, Li S, Shan H. CT Imaging Features of 2019 Novel Coronavirus
(2019-nCoV). Radiology. 2020 Apr;295(1):202-207. Doi: 10.1148/radiol.2020200230.
Epub 2020 Feb 4. PubMed PMID: 32017661.

Kong W. and Agarwal P. Chest Imaging Appearance of COVID-19 Infection. Radiology
Cardiothoracic Imaging 2020 February 13 (published online), doi:
10.1148/ryct.2020200028.

Bernheim A, Mei X, Huang M, Yang Y, Fayad ZA, Zhang N, Diao K, Lin B, Zhu X, Li K,
Li S, Shan H, Jacobi A, Chung M. Chest CT Findings in Coronavirus Disease-19
(COVID-19): Relationship to Duration of Infection. Radiology. 2020 Feb 20:200463. doi:
10.1148/radiol.2020200463. [Epub ahead of print] PubMed PMID: 32077789.

Pan F, Ye T, Sun P, Gui S, Liang B, Li L, Zheng D, Wang J, Hesketh RL, Yang L, Zheng
C. Time Course of Lung Changes On Chest CT During Recovery From 2019 Novel
Coronavirus (COVID-19) Pneumonia. Radiology. 2020 Feb 13:200370. Doi:
10.1148/radiol.2020200370. [Epub ahead of print] PubMed PMID: 32053470.

Bai HX, Hsieh B, Xiong Z, Halsey K, Choi JW, Tran TML, Pan I, Shi LB, Wang DC, Mei
J, Jiang XL, Zeng QH, Egglin TK, Hu PF, Agarwal S, Xie F, Li S, Healey T, Atalay MK,
Liao WH. Performance of radiologists in differentiating COVID-19 from viral pneumonia
on chest CT. Radiology. 2020 Mar 10:200823. Doi: 10.1148/radiol.2020200823. [Epub
ahead of print] PubMed PMID: 32155105.

Salehi S, Abedi A, Balakrishnan S, Gholamrezanezhad A. Coronavirus Disease 2019
(COVID-19): A Systematic Review of Imaging Findings in 919 Patients. ADJR Am J
Roentgenol. 2020 Mar 14:1-7. doi: 10.2214/AJR.20.23034. [Epub ahead of print]
PubMed PMID: 32174129.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Franquet T. Imaging of pulmonary viral pneumonia. Radiology. 2011 Jul;260(1):18-39.
doi: 10.1148/radiol.11092149. PubMed PMID: 21697307.

Kligerman S, Raptis C, Larsen B, Henry TS, Caporale A, Tazelaar H, Schiebler ML,
Wehrli FW, Klein JS, Kanne J. Radiologic, Pathologic, Clinical, and Physiologic Findings
of Electronic Cigarette or Vaping Product Use-associated Lung Injury (EVALI): Evolving
Knowledge and Remaining Questions. Radiology. 2020 Mar;294(3):491-505. doi:
10.1148/radiol.2020192585. Epub 2020 Jan 28. PubMed PMID: 31990264.

Ellis SJ, Cleverley JR, Miller NL. Drug-induced lung disease: high-resolution CT
findings. AJR Am J Roentgenol. 2000 Oct;175(4):1019-24. PubMed PMID: 11000156.
Nishino M, Hatabu H, Hodi FS. Imaging of Cancer Immunotherapy: Current Approaches
and Future Directions. Radiology. 2019 Jan;290(1):9-22. Doi:
10.1148/radiol.2018181349. Epub 2018 Nov 20. Review. PubMed PMID: 30457485;
PubMed Central PMCID: PMC6312436.

Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, Qiu Y, Wang J, Liu Y, Wei Y, Xia J, Yu
T, Zhang X, Zhang L. Epidemiological and clinical characteristics of 99 cases of 2019
novel coronavirus pneumonia in Wuhan, China: a descriptive study. Lancet. 2020 Jan
30. pii: S0140-6736(20)30211-7. doi: 10.1016/S0140-6736(20)30211-7. [Epub ahead of
print] PubMed PMID: 32007143.

Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, Wang B, Xiang H, Cheng Z, Xiong Y, Zhao
Y, Li Y, Wang X, Peng Z. Clinical Characteristics of 138 Hospitalized Patients With 2019
Novel Coronavirus-Infected Pneumonia in Wuhan, China. JAMA. 2020 Feb 7. doi:
10.1001/jama.2020.1585. [Epub ahead of print] PubMed PMID: 32031570

Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, Liu L, Shan H, Lei CL, Hui DSC, Du
B, Li LJ, Zeng G, Yuen KY, Chen RC, Tang CL, Wang T, Chen PY, Xiang J, Li SY,
Wang JL, Liang ZJ, Peng YX, Wei L, Liu Y, Hu YH, Peng P, Wang JM, Liu JY, Chen Z,
Li G, Zheng ZJ, Qiu SQ, Luo J, Ye CJ, Zhu SY, Zhong NS. Clinical Characteristics of
Coronavirus Disease 2019 in China. N Engl J Med 2020. doi: 10.1056/NEJM0a2002032
Coronavirus Disease 2019 (COVID-19): How It Spreads.
https://www.cdc.gov/coronavirus/2019-ncov/prepare/transmission.html (Accessed on
03/23/2020).

Obadina ET, Torrealba JM, Kanne JP. Acute pulmonary injury: high-resolution CT and
histopathological spectrum. Br J Radiol. 2013 Jul;86(1027):20120614. Doi:
10.1259/bjr.20120614. Epub 2013 May 9. Review. PubMed PMID: 23659926; PubMed
Central PMCID: PMC3922179.

Ng M, Lee E, Yang J et al. Imaging profile of the COVID-19 infection: radiologic findings
and literature review. Radiology Cardiothoracic Imaging 2020 February 13 (Epub ahead
of print), doi: 10.1148/ryct.2020200034

Wang Y, Dong C, Hu Y, Li C, Ren Q, Zhang X, Shi H, Zhou M. Temporal Changes of CT
Findings in 90 Patients with COVID-19 Pneumonia: A Longitudinal Study. Radiology.
2020 Mar 19:200843. doi: 10.1148/radiol.2020200843. [Epub ahead of print] PubMed
PMID: 32191587.

Huang L, Han R, Ai T, Yu P, Kang H, Tao Q, Xia L. Serial Quantitative Chest CT
Assessment of COVID-19: Deep-Learning Approach. RYCT-20-0075 in press



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Song F, Shi N, Shan F, Zhang Z, Shen J, Lu H, Ling Y, Jiang Y, Shi Y. Emerging 2019
Novel Coronavirus (2019-nCoV) Pneumonia. Radiology. 2020 Apr;295(1):210-217. doi:
10.1148/radiol.2020200274. Epub 2020 Feb 6. PubMed PMID: 32027573.

Ye Z, Zhang Y, Wang Y, Huang Z, Song B. Chest CT manifestations of new coronavirus
disease 2019 (COVID-19): a pictorial review. Eur Radiol 2020. doi: 10.1007/s00330-020-
06801-0

Ai T, Yang Z, Hou H, Zhan C, Chen C, Lv W, Tao Q, Sun Z, Xia L. Correlation of Chest
CT and RT-PCR Testing in Coronavirus Disease 2019 (COVID-19) in China: A Report of
1014 Cases. Radiology. 2020 Feb 26:200642. Doi: 10.1148/radiol.2020200642. [Epub
ahead of print] PubMed PMID: 32101510.

Wen Z, Chi Y, Zhang L, Liu H, Du K, Li Z, Chen J, Cheng L, Wang D. Coronavirus
Disease 2019: Initial Detection on Chest CT in a Retrospective Multicenter Study of 103
Chinese Subjects. RYCT-20-0092, in press

Inui S, Fujikawa A, Jitsu M, Kunishima N, Watanabe S, Suzuki Y, Umeda S, Uwabe Y.
Chest CT Findings in Cases from the Cruise Ship “Diamond Princess” with Coronavirus
Disease 2019 (COVID-19). Radiology Cardiothoracic Imaging 2020 Mar 17. doi:
10.1148/ryct.2020200110

Fang Y, Zhang H, Xie J, Lin M, Ying L, Pang P, Ji W. Sensitivity of Chest CT for COVID-
19: Comparison to RT-PCR. Radiology. 2020 Feb 19:200432. doi:
10.1148/radiol.2020200432. [Epub ahead of print] PubMed PMID: 32073353.
Loeffelholz MJ, Tang YW. Laboratory Diagnosis of Emerging Human Coronavirus
Infections - The State of the Art. A Emerg Microbes Infect 2020 Mar 20:1-26. doi:
10.1080/22221751.2020.1745095. [Epub ahead of print] Pubmed PMID:32196430

Xie X, Zhong Z, Zhao W, Zheng C, Wang F, Liu J. Chest CT for Typical 2019-nCoV
Pneumonia: Relationship to Negative RT-PCR Testing. Radiology. Epub: Feb 12 2020
doi: 10.1148/radiol.2020200343

Wang W, Xu Y, Gao R, Lu R, Han K, Wu G, Tan W. Detection of SARS-CoV-2 in
Different Types of Clinical Specimens. JAMA Epub: 2020 Mar 11. doi:
10.1001/jama.2020.378

Coronavirus Disease 2019 (COVID-19) Emergency Use Authorizations for Medical
Devices, United States Food & Drug Adminstration https://www.fda.gov/medical-
devices/emergency-situations-medical-devices/emergency-use-authorizations.
(Accessed on March 23, 2020)

ACR Practice Parameter for Communication of Diagnostic Imaging Findings.
https://www.acr.org/-/media/ACR/Files/Practice-
Parameters/CommunicationDiag.pdf?la=en. (Accessed on 03/22/2020).

Shah N. Higher co-infection rates in COVID19. https://medium.com/p/higher-co-
infection-rates-in-covid19-

b249650883337_referrer=twitter& _branch_match_id=768988605686242021. (Accessed
on 03/22/2020).

Hansell DM, Bankier AA, MacMahon H, McLoud TC, Mdller NL, and Remy J. Fleischner
Society: Glossary of Terms for Thoracic Imaging. Radiology 2008 246:3, 697-722




TABLES:

Proposed Reporting Language for CT Findings Related to COVID-19

Routine screening CT for diagnosis or exclusion of COVID-19 is currently not recommended by most
professional organizations or the US Centers for Disease Control and Prevention

COVID-19
pneumonia
imaging
classification

Rationale (6-11)

CT Findings*

Suggested Reporting Language

Typical
appearance

Commonly
reported imaging
features of
greater specificity

Peripheral, bilateral , GGO* with or
without consolidation or visible intralobular
lines (“crazy-paving”)

“Commonly reported imaging features of
(COVID-19) pneumonia are present.
Other processes such as influenza
pneumonia and organizing pneumonia,

for COVID-19 Multifocal GGO of rounded morphology with | as can be seen with drug toxicity and
pneumonia. or without consolidation or visible intralobular | connective tissue disease, can cause a
lines (“crazy-paving”) similar imaging pattern.” [Cov19Typ]*
Reverse halo sign or other findings of
organizing pneumonia (seen later in the
disease)
Indeterminate Nonspecific Absence of typical features AND “Imaging features can be seen with
appearance imaging features (COVID-19) pneumonia, though are
of COVID-19 Presence of: nonspecific and can occur with a variety
pneumonia. Multifocal, diffuse, perihilar, or unilateral of infectious and noninfectious

GGO with or without consolidation lacking a
specific distribution and are non-rounded or
non-peripheral.

Few very small GGO with a non-rounded
and non-peripheral distribution

processes.” [Cov19Ind]*




Atypical

appearance

Uncommonly or
not reported
features of
COVID-19
pneumonia.

Absence of typical or indeterminate
features AND

Presence of:

Isolated lobar or segmental consolidation
without GGO

Discrete small nodules (centrilobular, “tree-
in-bud”)

Lung cavitation

Smooth interlobular septal thickening with
pleural effusion

“Imaging features are atypical or
uncommonly reported for (COVID-19)
pneumonia. Alternative diagnoses should
be considered.” [Cov19Aty]*

Negative for

No features of

No CT features to suggest pneumonia.

“No CT findings present to indicate

pneumonia pneumonia pneumonia. (Note: CT may be negative
in the early stages of COVID-19.)
[Cov19Neg]*
Notes:
1. Inclusion in a report of items noted in parenthesis in the Suggested Reporting Language column may

depend upon clinical suspicion, local prevalence, patient status as a PUI, and local procedures

regarding reporting.

CT is not a substitute for RT-PCR, consider testing according to local recommendations and
procedures for and availability of RT-PCR

*Please see (36) for specific definitions of CT findings
*GGO = ground glass opacity.
ASuggested coding for future data mining

Table 1: Proposed reporting language for CT findings related to COVID-19, including rationale,
CT findings and suggested reporting language for each category. Suggested reporting
language includes coding of CT findings for data mining. Associated CT findings for each
category are based upon available literature at the time of writing in March 2020, noting the
retrospective nature of many reports, including biases related to patient selection in cohort
studies, examination timing, and other potential confounders.




Pros and Cons of Standardized Reporting for Chest CT Findings Related to COVID-19

Routine screening CT for diagnosis or exclusion of COVID-19 is currently not recommended by most
professional organizations or the US Centers for Disease Control and Prevention

Pros

Cons

Clinicians may be unsuspecting of COVID-
19 in atypical presentations

Initial RT-PCR may be negative, and
typical features may encourage repeat
confirmatory testing

Standardized reporting language can
improve report quality and clarity by
ensuring consistent terminology
Reporting data can be used for future
teaching, research, clinical quality
improvement, and future management
pathways

The true sensitivity and specificity of chest CT
are unknown. Even patients with a normal chest
CT or only atypical features may have COVID-
19

Clinicians may feel that having “COVID-19” in a
report boxes them in and limits their options for
patient management

Patients may be apprehensive about having
terminology like "COVID-19" or "coronavirus" in
their reports and medical records

Table 2: Pros and Cons of Standardized Reporting for Chest CT findings Related to COVID-

19.




FIGURES:

COVID-19

Figure 1: Typical CT imaging features for COVID-19. Unenhanced, thin-section axial
images of the lungs in a 52-year-old man with a positive RT-PCR (A-D) show bilateral,
multifocal rounded (asterisks) and peripheral GGO (arrows) with superimposed
interlobular septal thickening and visible intralobular lines (“crazy-paving”).

Routine screening CT for diagnosis or exclusion of COVID-19 is currently not
recommended by most professional organizations or the US Centers for Disease
Control and Prevention
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Figure 2: Typical CT imaging features for COVID-19. Unenhanced, thin-section axial (A-
C) and coronal multiplanar reformatted (MPR) images (D) of the lungs in a 77-year-old
man with a positive RT-PCR show bilateral, multifocal rounded and peripheral GGO.

¢

-

Routine screening CT for diagnosis or exclusion of COVID-19 is currently not
recommended by most professional organizations or the US Centers for Disease
Control and Prevention
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Figure 3: Typical CT imaging features for COVID-19. Unenhanced axial (A-C) and
sagittal MPR (D) images of the lungs in a 29-year-old man with a positive RT-PCR show
multiple bilateral, rounded consolidations with surrounding GGO.

Routine screening CT for diagnosis or exclusion of COVID-19 is currently not
recommended by most professional organizations or the US Centers for Disease
Control and Prevention.
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Influenza A pneumonia

-

Figure 4: Typical CT imaging features for COVID-19 and other diseases with similar
findings . Posterior, peripheral, and rounded GGO and consolidation in axial images
of four patients; COVID-19 (A,B), organizing pneumonia secondary to dermatomyositis
(C) and influenza A pneumonia (D). Organizing pneumonia and influenza pneumonia
can be indistinguishable from COVID-19 by CT.

Routine screening CT for diagnosis or exclusion of COVID-19 is currently not
recommended by most professional organizations or the US Centers for Disease
Control and Prevention.



COVID-19

Figure 5: Indeterminate CT imaging features for COVID-19. Unenhanced axial images
in two patients showing patchy GGO with nonrounded morphology and no specific
distribution, in a case of COVID-19 pneumonia (A,B) and acute lung injury from
presumed drug toxicity (C,D).

Routine screening CT for diagnosis or exclusion of COVID-19 is currently not
recommended by most professional organizations or the US Centers for Disease
Control and Prevention.



ocystis pneumonia

Figure 6: Indeterminate CT imaging features for COVID-19. Widespread GGO with
nonrounded morphology and no specific distribution in unenhanced axial images from
two different patients secondary to acute lung injury from presumed drug toxicity (A) and
Pneumocystis pneumonia (B).

Routine screening CT for diagnosis or exclusion of COVID-19 is currently not

recommended by most professional organizations or the US Centers for Disease
Control and Prevention.



Figure 7: Atypical CT imaging features for COVID-19. Contrast-enhanced axial CT
image (A) and frontal chest radiograph (B) showing segmental consolidation without
significant GGO. Although this patient tested positive for COVID-19, the imaging
features are not typical and could represent pneumonia related to COVID-19 or a
secondary infectious process.

Routine screening CT for diagnosis or exclusion of COVID-19 is currently not
recommended by most professional organizations or the US Centers for Disease
Control and Prevention.



Klebsiella pneumonia ‘ Atypical mycobacterial infection
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Figure 8: Atypical CT imaging features for COVID-19. Axial images of the lungs of two
patients showing cavitation (arrow) in Klebsiella pneumonia (A) and tree and bud
opacities (circle) and a cavity (arrow) in nontuberculous mycobacterial infection (B).

Routine screening CT for diagnosis or exclusion of COVID-19 is currently not
recommended by most professional organizations or the US Centers for Disease
Control and Prevention.



Respiratory syncytial virus infection

N\

Figure 9: Atypical CT imaging features for COVID-19. Axial CT images from two
different patients showing tree-in-bud opacities and centrilobular nodules, caused by
respiratory syncytial virus A) and active tuberculosis (B). A small cavity (arrow) is also
present in (B)

Routine screening CT for diagnosis or exclusion of COVID-19 is currently not
recommended by most professional organizations or the US Centers for Disease
Control and Prevention.
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