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What are the appearances of COVID-19 on thoracic

imaging?




Initial CT Images of COVID-19

Huang, et al. Clinical features of patients infected with 2019 novel coronavirus in Wuhan, China J Chan, et al. A familial cluster of pneumonia associated with the 2019 novel
The Lancet 2020 coronavirus indicating person-to-person transmission: a study of a family cluster
The Lancet 2020



Characteristic Appearances

= 21 Patients

Hong Kong Shenzhen



Characteristic Appearances

No Pleural Effusion

No lymphadenopathy

MY Ng, et al. Radiology: Cardiothoracic Imaging 2020



COVID-19 vs other pathogens

COVID-19 SARS H1N1

1. MY Ng, et al. Radiology: Cardiothoracic Imaging 2020; 2. S Altmayer, et al. European Radiology 2020



CT - Temporal Changes

Ground-glass opacities evolve into consolidation

New ground glass changes

MY Ng, et al. Radiology: Cardiothoracic Imaging 2020



CXR - Temporal Changes

14
Consolidation/ ground glass worsens then improves

MY Ng, et al. Radiology: Cardiothoracic Imaging 2020



Systematic Review of Papers

21 patients

56 years
(IQR 37-65years old)

CT & CXR

60%

Median 3 days (IQR 1-7 days)

62%

86%

Peripheral (86%)
Lower Zone (38%)
Similar Upper & Lower Zone (38%)

0%

99 patients

Mean 55.5 years (SD:13.1)

CT & CXR

100%

N/A

N/A

100%

14%

Bilateral (75%)

N/A

41 patients

Median 49 years
(IQR: 41-58)

CT only

8 days

Typically present

Typically present

Bilateral (98%)

N/A

21 patients

Mean 51 years

(range: 29-77years)

CT only

N/A

29%

86%

Peripheral (33%)
Bilateral (76%)

0%

51 patients

Mean 49
(range 16-76 years)

CT only

Classified as (i) <4 days or (ii) >4days

59%

77%
Peripheral (86%)

Bilateral (86%)
Lower lobes (90%)

6%



Subsequent Publications



CT Temporal Change

Agricola, et al. JACC Imaging 2020



Less Common Features

Crazy-Paving Pattern Halo Sign

Kwee & Kwee. Radiographics 2020



Confirmatory Publications

- 01-27-2020

Ai et al. Radiology 2020 Bernheim et al. Radiology 2020



Chest X-rays

HYF Wong, et al. Radiology 2020



CXR Paper in Radiology

Patients diagnosed with COVID-19 by RT-PCR, identified from admission records to 4
hospitals in Hong Kong from Jan 1 — Mar 5, 2020
(n=64)

|

All patients had baseline CXRs & RT-

PCR
(n=64)
28 CTs performed 191 Follow-up CXRs performed | | 140 Subsequent RT-PCR

examinations

HYF Wong, et al. Radiology 2020



CXR Paper in Radiology

HYF Wong, et al. Radiology 2020



CXR Severity Score

CXR Paper in Radiology

p=0.01

BB ]

0-3
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Days since symptom onset

CXR Severity Score

p=0.62

Positive
(n=158)

RTPCR

HYF Wong, et al

Negative
(n=6)

. Radiology 2020



What is the Diagnhostic Accuracy of CT?




COVID-19 Scoring System



COVID-19 Reporting System

15t Study (n=105 CTs) 24 Study (n=1070 CTs)
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M. Prokop, et al. Radiology 2020 Schalekamp, et al. Radiology 2020



COVID-19 Reporting System

CT performed better with symptom
duration of 248 hrs of symptoms

Schalekamp, et al. Radiology 2020



COVID-19 Reporting System

1. Kwee & Kwee. Radiographics 2020
2. S.Simpson, et al. Radiology Cardiothoracic Imaging 2020



Why do some centres prefer CXR or CT?




Using CXR or CT — Infection Control

* Cleaning of the scanners

* Room cannot be used for
~30 minutes (dependent
on air-exchange rate)

* Impacts on regular CT
lists

 Availability of scanners



Obtaining CXR - Portable

* Room cleaning not
required

e CXR less sensitive
than CT

* Less impact on
radiology work-flow

M. Mossa-Basha, et al. RSNA COVID-19 Task Force: Best Practices for Radiology Departments during COVID-19. 2020



CTPA for Pulmonary Embolism

- 22%-37% of COVID-19 patients had PE
- Both studies showed that D-dimer was significant
for differentiating patients with and without PE

Figure 2: A, B, Axial and, C, D, coronal pulmonary CT angiography images in a 76-year-old African American man with body mass index of 37
kg/m? who required admission to medical intensive care unit for acute respiratory failure secondary to coronavirus disease 2019 confirmed with re-

verse transcriptase polymerase chain reaction. Pulmonary CT angiography was obtained 4 days after admission and demonstrates acute pulmonary
embolism in right lower lobar pulmonary artery (white arrows), bilateral ground glass opacities (black arrows), and consolidation (arrowheads).

1. Poyiadji et al. Radiology 2020; 2. Kaminetzky et al. Radiology: Cardiothoracic Imaging 2020



Role of CT Pre-Screening in Surgery

V. Agrawal, et al. British Journal of Surgery 2020



Issues withs CT Pre-Screening

Safety of Radiology Staff

Delays Surgery Increased Treatment Cost

Decontamination of Scanner

Radiation Hazard




Lung Ultrasound



Lung Ultrasound

Normal Lung

G Volpicelli. J Ultrasound Med 2013



Lung Ultrasound

G Volpicelli. J Ultrasound Med 2013



Lung Ultrasound

Zhang et al. AJR 2020



Lung Ultrasound

Zhang et al. AJR 2020



Lung Ultrasound

A. Nouvenne, et al. Respiration 2020



COVID-19: Cardiac Imaging




What’s the excitement?




CMR in COVID-19



What is LGE?

HYPERENHANCEMENT PATTERNS

Ischemic Nonischemic

A. Subendocardial Infarct A. Mid-wall HE

« Idiopathic Dilated <+ Hypertrophic « Sarcoidosis
(ardlomyc-);?alhy Cantdnonlyop?llly « Myocarditis
* Myocarditis * Right ventricular

pressure overload (e.g.  * Anderson-Fabry
congenital heart disease, « Chagas Discase
pulmonary HTN)

B. Epicardial HE

B. Transmural Infarct

%ﬁ—/

L
2 ] . « Sarcoidosis, Myocarditis, Anderson-Fabry, Chagas Discase

C. Global Endocardial HE

Infarct

» Amyloidosis, Systemic Sclerosis, Post cardiac transplantation

Dilated Ca rdiomyopathy Mahrholdt, H., et al. (2005). European Heart Journal




What is T1 and T2 Mapping?

T1 Mapping

* Two types — native T1 and extracellular
volume

* Native T1 quantifies tissue characteristics

* Does not rely on subjective
interpretation

* Infers presence of fibrosis, oedema and/
or infiltration

T2 Mapping
* Quantifies T2 values and not subjective
* Measures water/ oedema

Multiple Tl images
acquired at
different times T1 Map




CMR in COVID-19

V Puntmann, et al. JAMA Cardiology 2020



CMR in COVID-19
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Intracellular oedema and acute lymphocytic infiltration was present
V Puntmann, et al. JAMA Cardiology 2020



Corrections




CMR in COVID-19 — 1st Paper

Conventional CMR Findings

TABLE 2 Left and Right Ventricular Cardiac CMR Parameters of Patients Recovered From COVID-19 and Controls

Positive (n = 15) Negative (n = 11) Controls (n = 20) Adjusted p Valuet Adjusted p Value# Adjusted p Values p Value*
Age (yrs) 39 (29-49) 37 (34-39) 40 (29-50) 0.83 0.99 0.69 0.78
Male 4 (27) 6 (55) 7 (35) 0.30 0.50 0.88 0.34
CMR parameters
Left ventricle
EF (%) 60.7 £ 64 643158 63.0+ 89 0.30 0.65 0.86 0.40
EF<50% 1(7) 0 (0) 0(0) NA NA NA NA
EDV (ml) 71.6 (61.4-86.4) 78.2 (64.0-92.1) 86.1 (70.8-92.8) 0.59 0.30 0.91 0.31
ESV (ml) 287+ 86 282+79 303 +103 0.98 0.89 0.81 0.80
SV (ml) 4354+ 8.0 4994 8.7 50.2 £ 121 0.16 013 >0.99 0.10
CO (l/min) 3.0 (2.6-3.7) 3.7 (3.5-4.5) 3.5 (2.8-43) 0.05 0.88 0.32 0.05
Myo mass (g) 571 +12.4 69.1 £17.2 63.9 +14.7 0.15 031 0.68 0.14
EDV/BSA (ml/m?) 43.9 +10.7 441+ 6.7 473 £10.1 >0.99 >0.99 0.93 0.49
ESV/BSA (ml/m?) 175 + 5.6 15.9 + 4.1 18.0 + 6.8 0.68 0.96 0.52 058
SV/BSA (ml/m?) 26.4 £ 6.2 282 +40 293 +£55 0.64 0.34 0.81 029
Cl (/min/m?) 1.9+ 05 23+ 04 20+ 05 0.5 0.84 0.30 0.19
| Myo mass/BSA (a/m?) 34371 33766 32471 026 Q.41 087 02
Global T1 (ms) 1,271 (1,243-1,298) 1,237 (1,216-1,262) 1,224 (1,217-1,245) 0.03 0.002 >0.99 0.002
Global T2 (ms) 427 + 31 381+24 391+ 31 <0.001 0.005 0.57 <0.001
Global ECV (%) 28.2 (24.8-36.2) 24 8 (23.1-25.4) 237 (22.2-25.2) 0.12 0.001 0.84 0.002

Huang, et al. JACC Imaging 2020




CMR & Athletes with COVID-19




CMR in COVID-19



CMR in COVID-19

* Preliminary reports had indicated that a number of patients had elevated troponin during COVID-19
infection

e Study Aim:

* To use CMR assess for evidence of myocardial involvement or ongoing myocarditis in patients who have recovered from
COVID-19

* Inclusion Criteria:
* Recovered COVID-19 patients with 4* troponin or ECG changes during the acute illness.
e Exclusion Criteria:
* Poor quality images which prevented ventricular function assessment or assessment of the LGE images.

* Images were assessed by 3 radiologists

MY Ng, et al. JACC Cardiovascular Imaging 2020



CMR in COVID-19

MY Ng, et al. JACC Cardiovascular Imaging 2020



CMR in COVID-19

* 69% (11 of 16) of recovered patients were asymptomatic
* 56% (9 of 16) had abnormal CMR findings
* In asymptomatic patients, 45% (5 of 11) had abnormal CMR findings

* 27% (3 of 11) of asymptomatic patients had serological evidence of
inflammation

* In symptomatic patients, 80% (4 of 5) had abnormal CMR findings
* 75% (3 of 4) had corroborating serological evidence of ongoing inflammation.

* Overall, 6 of 16 (38%) patients had both imaging and serological
evidence of myocardial inflammation

MY Ng, et al. JACC Cardiovascular Imaging 2020



CMR in COVID-19

E Cardiac Magnetic Resonance (CMR)
LV End-Diastolic Volume Indexed (ml/m?2) 79 (IQR: 70-84)
LV Ejection Fraction (%) 59 (IQR 56-65)
RV End-Diastolic Volume Indexed (ml/m?2) 88 (IQR 76-94)1
RV Ejection Fraction (%) 53 (IQR 48-57)
Global mid-ventricular native T1 (ms) 1209 (IQR 1164-1219)%
Global mid-ventricular native T2 (ms) 52 (IQR 50-56)#
High global native T1 only (>1208 ms) (n, % cases) 4 (25%)
High global native T2 only (>54.8 ms) (n, % cases) 1(5%)
High native T1 and T2 (n, % cases) 4 (25%)
Notes:

IQR= Interquartile range; LV= Left ventricle; RV = Right ventricle

9=0ne patient had borderline dilated right ventricle and dilated main pulmonary artery (37mm), with no initial suspicion of
pulmonary embolus, and a VQ scan post-CMR was normal.

#p<0.02 when compared to 15 healthy volunteers with a mean T1 of 1158+25ms (2SD range 1109 - 1208 ms)

##p<0.01 when compared to 15 healthy volunteers with a mean T2 of 48.24+3.4ms (2SD range 41.5 - 54.8 ms)

MY Ng, et al. JACC Cardiovascular Imaging 2020



CMR & Children with MSIS

4 patients, CMR done after intravenous immunoglobulin therapy

3 out of 4 patients had diffuse high T2 abnormalities and elevated native T1

Blondiaux, et al. Radiology 2020



CMR & Children with MSIS

 All 5 children did not
show any signs of

myocardial oedema
or LGE

* T1& T2 mapping
was not performed



SCMR Guidelines for COVID-19

Conclusion:

According to the clinical indication, standard or rapid protocols should be used for
COVID-19 patients. Especially short and dedicated CMR examinations that focus
on the evaluation of cardiac morphology and function, as well as myocardial
tissue characterization are recommended.




Summary of CMR Data

* CMR examination should be performed

based on clinical need L 5P
o T COUIRAK
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* More research needs to be done to - Gettheifacts right,

determine if the findings are significant
* Long term follow-up

e Comparison with CMR findings in other
respiratory viral illnesses
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Cardiac CT Use in COVID-19




SCCT Guidelines



Role of Cardiac CT — Chest Pain

e Cardiac CT has been increasingly used for assessment of patients with
acute chest pain rather than invasive catheter coronary angiography

* Triple rule-out CT scan.... became quintuple rule-out

e "

Aortic Dissection Pulmonary embolus Coronary Disease Pericardial effusion COVID Pneumonia



SCAl Recommendations

SCAI

Society for Cardiovascular
Angiography & Interventions

Mahmud, et al. Catheter Cardiovasc Intervention 2020



Role of Cardiac CT — LA Appendage

Echocardiogram

Left Atrial Appendage

Hean

Ventricles — \u

Atrium ., 5 &
\\\

Kirkpatrick, et al. JASE 2020



Prediction Models




COVID-19 Prediction Model

INTERNATIONAL JOURNAL
OF INFECTIOUS DISEASES

@
PDF [2 MB]

Development and Validation of Risk Prediction Models
for COVID-19 Positivity in a Hospital Setting

FULL LENGTH ARTICLE | ARTICLES IN PRESS

Ming-Yen Ng 2 ' = « Eric Yuk Fai Wan ' « Ho Yuen Frank Wong « ... Chak Sing Lau = Michael D. Kuo - ‘

Mary Sau-Man Ip = Show all authors « Show footnotes

Open Access = Published: September 15, 2020 « DOI: hitps://doi.org/10.1016/j.ijid.2020.09.022




COVID-19 Prediction Model

 RT-PCR is the standard for
confirming COVID-19 in patients

* Some countries did not have
easy access to RT-PCR or results
could not be provided rapidly

MY Ng, et al. International Journal of Infectious Diseases 2020



Lack of RT-PCR... and more!

THE LANCET
Respiratory Medicine

CORRESPONDENCE | VOLUME 8, ISSUE 4, E22, APRIL 01, 2020

Adoption of COVID-19 triage strategies for low-income
settings

Rodgers R Ayebare = . Robert Flick - Solome Okware - Bongomin Bodo = Mohammed Lamorde

Published: March 11,2020 - DOI: https://doi.org/10.1016/52213-2600(20)30114-4

“This approach is simple and uses readily available technology. The
most advanced tool required is a thermometer.”




COVID-19 Prediction Model

e Study Aim:

* Develop two validated risk
prediction models for COVID-19
positivity using readily available
parameters in a general hospital
setting

* Develop nomograms and
probabilities to allow clinical
utilisation.

MY Ng, et al. International Journal of Infectious Diseases 2020



COVID-19 Prediction Model

312 COVID-19 positive cases identified via the electronic patient record system of Queen
Mary Hospital, Queen Elizabeth Hospital, Pamela Nethersole Eastern Hospital and
Ruttonjee Hospital from 1% January to 1% April 2020

1133 cases tested for COVID-19 and found to be negative from Queen Mary Hospital and

Pamela Youde Nethersole Eastern Hospital from 1% January 2020 to 1% April 2020. O bta i n e d I R B a p p rova I a C ro S S 4
HK hospitals

1445 patients’ records were searched for clinical data,
blood test results and radiological data

Patients were excluded for incomplete data:

- 1 patient could not be ascertained if they
had previous contact history

- 88 patients without WCC, Neutrophil or
lymphocyte count, renal or liver function
tests

- 21 patients without CXR examination were
excluded

- 5 patients with no symptoms recorded

1330 patients remaining were used to create prediction
models for COVID-19 positivity

MY Ng, et al. International Journal of Infectious Diseases 2020



CXR Assessment

* Baseline CXR images were reviewed by
radiologists blinded to patient’s COVID-
19 status.

* Binary assessment (present or absent)
for:
* Consolidation or ground glass opacity
* Absence of pleural effusion

MY Ng, et al. International Journal of Infectious Diseases 2020



COVID-19 Prediction Model

 Variables included in the models were:

Randomly split whole database 2:1

Model Development Database Validation Cohort

Symptoms (ie. fever, cough, shortness of
breath, vomiting and diarrhoea)

« WCC

* Neutrophil count
Lymphocyte count
Neutrophil: lymphocyte cell ratio
Albumin

 Bilirubin

+ Alanine aminotransferase

+ Estimated glomerular filtration rate

CXR consolidation/ ground glass opacity
(GGO)

CXR absence of pleural effusion

CXR combination of consolidation/GGO with
absence of pleural effusion

COVID (n=212)

MY Ng, et al. International Journal of Infectious Diseases 2020



Calibration Plots

MY Ng, et al. International Journal of Infectious Diseases 2020



COVID-19 Prediction Model

Probability

0.1

0.18 (Optimal
cut-off)

0.2

0.4

0.6

Overall Cohort Model — Validation Cohort

Sensitivity
(95% ClI)

91.7
(83.6,96.6)
88.1
(79.2,94.1)
86.9
(77.8,93.3)
66.7
(55.5,76.6)
47.6
(36.6,58.8)

Specificity
(95% ClI)

69.4
(64.3,74.2)
77.9
(73.2,82.1)
79.9
(75.3,83.9)
90.9
(87.4,93.7)
95.5
(92.7,97.4)

Positive
predictive
value (95%
Cl)
41.6
(34.4,49.1)
48.7
(40.5,56.9)
50.7
(42.2,59.1)
63.6
(52.7,73.6)
71.4
(57.8,82.7)

Negative
predictive
value (95%
Cl)
97.2
(94.4,98.9)
96.5
(93.6,98.3)
96.2
(93.4,98.1)
92.0
(88.6,94.6)
88.5
(84.8,91.5)

MY Ng, et al. International Journal of Infectious Diseases 2020



COVID-19 Prediction Model

Probability

0.1

0.18 (Optimal cut-off)

0.2

0.4

0.6

Sensitivity
(95% Cl)

90.5
(82.1,95.8)
84.5
(75.0,91.5)
82.1
(72.3,89.6)
66.7
(55.5,76.6)
41.7
(31.0,52.9)

Specificity
(95% Cl)

65.2
(59.9,70.1)
73.4
(68.4,77.9)
74.5
(69.6,79.0)
88.4
(84.6,91.5)
96.6
(94.1,98.2)

Unknown Contact History Model — Validation Cohort

Positive
predictive
value (95%
cl)
38.2
(31.4,45.3)
43.0
(35.4,51.0)
43.4
(35.6,51.5)
57.7
(47.3,67.7)
74.5
(59.7,86.1)

Negative
predictive
value (95%
cl)
96.6
(93.5,98.5)
95.2
(92.0,97.4)
94.6
(91.3,96.9)
91.8
(88.3,94.5)
87.4
(83.7,90.6)

MY Ng, et al. International Journal of Infectious Diseases 2020



Artificial Intelligence (Al) in COVID-19 Imaging




Al for Clinic Triage — Al Training

» Al was trained/ developed, internally and externally validated

N=1097

N=820

N=203
N=2447 N=639

Wang, et al. Lancet Digital Health. 2020



Al for Clinic Triage — Al Training

» Al was trained/ developed, internally and externally validated

Wang, et al. Lancet Digital Health. 2020



Al for Clinic Triage

Wang, et al. Lancet Digital Health. 2020



Artificial Intelligence for COVID-19




Conclusion

* Reviewed CXR, CT and ultrasound imaging features of COVID-19

* Explained CT scoring systems for confidence of diagnosing COVID-19
* CMR findings in COVID-19 and requirement for further research

* Role of cardiac CT in the COVID-19 era

* Predictive models for diagnosis

* Artificial intelligence assisting with image interpretation



Thank you for listening!

Cardiac MRI Course will launch in May 2021
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	Preliminary reports had indicated that a number of patients had elevated troponin during COVID
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	Study Aim:
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	More research 
	Span
	needs to be done to 
	determine if the findings are significant
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	Long term follow
	-
	up


	•
	•
	•
	Comparison with CMR findings in other 
	respiratory viral illnesses
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	•
	•
	•
	•
	•
	Cardiac CT has been increasingly used for assessment of patients with 
	acute chest pain rather than invasive catheter coronary angiography


	•
	•
	•
	Triple rule
	-
	out CT scan…. 
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	•
	•
	•
	•
	•
	RT
	-
	PCR is the standard for 
	confirming COVID
	-
	19 in patients


	•
	•
	•
	Some countries did not have 
	easy access to RT
	-
	PCR or results 
	could not be provided rapidly
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	This approach is simple and uses readily available technology. The 
	most advanced tool required is a 
	thermometer
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	•
	Study Aim:


	•
	•
	•
	•
	Develop two validated risk 
	prediction models for COVID
	-
	19 
	positivity using readily available 
	parameters in a general hospital 
	setting


	•
	•
	•
	Develop nomograms and 
	probabilities to allow clinical 
	utilisation.
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	•
	•
	•
	•
	•
	Baseline
	Span
	CXR images were reviewed by 
	radiologists blinded to patient’s COVID
	-
	19 status. 
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	•
	•
	Binary assessment (present or absent) 
	for: 
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	•
	•
	•
	Consolidation or ground glass opacity


	•
	•
	•
	Absence of pleural effusion 
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	Variables included in the models were:
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	Age
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	. fever, cough, shortness of 
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