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Supplemental Methods. 

 

Study Design 

The IAEA Noninvasive Cardiology Protocols Study (INCAPS) executive committees, comprised 

of experts in clinical cardiology and cardiac imaging from around the world, have for the past 

decade conducted numerous studies under the auspices of the IAEA Nuclear Medicine and 

Diagnostic Imaging Section, aimed at characterizing and addressing worldwide practice variation 

and use of best practices in cardiovascular disease diagnosis. With the onset of the COVID-19 

pandemic, the INCAPS COVID executive committee was convened and conducted an initial 

study characterizing the impact of the first two months of the pandemic on worldwide 

cardiovascular diagnostic care delivery. To characterize intermediate-term trends in the 

utilization and practice of cardiac diagnostic testing, the executive committee devised and 

conducted a follow-up survey, INCAPS COVID 2, one year after the first study. For purposes of 

this analysis, we included the following testing modalities: transthoracic (TTE) and 

transesophageal echocardiography (TEE), cardiac magnetic resonance (CMR), stress testing 

(stress electrocardiography, echocardiography, single-photon emission computed tomography 

[SPECT], positron emission tomography [PET], and CMR), PET infection studies, coronary 

artery calcium (CAC) scanning, coronary computed tomography angiography (CCTA), and 

invasive coronary angiography (ICA). We designed a questionnaire to capture information on 

four domains: 1) descriptors of participating healthcare facilities and healthcare professionals, 2) 

supplies of materials, practices and protocols, 3) perceptions of psychological stress to 

practitioners, and 4) changes in procedural volume for a range of cardiovascular diagnostic 

procedures. 
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Data were obtained from each participating site at pre-COVID baseline in March 2019, 

and also in April 2020 and April 2021. For those centers which participated in INCAPS COVID 

1, procedure volumes from that initial data collection were utilized for 2019 and 2020, while new 

data were collected for 2021; for centers which had not participated in INCAPS COVID 1, 

procedure volumes were collected for all three years. Additional country-specific data compiled 

within the IAEA on COVID-19 include the number of confirmed cases, deaths, and number of 

recovered cases. Data were aggregated at country-wide, region-specific, and income levels. Data 

from a territory (e.g., Greenland, Puerto Rico) were counted towards that of the country of 

jurisdiction (Denmark and United States, respectively). We used IAEA-standard country coding2 

for 8 world regions: Africa, Eastern Europe, Far East, Latin America, Middle East and South 

Asia, North America (i.e. Canada and United States), South East Asia and the Pacific, and 

Western Europe.  Participating countries in each world region are specified in the Appendix.  We 

categorized countries as low, lower-middle, upper-middle, and high income in accordance with 

the World Bank classification.3 

Data Collection 

In order to improve representativeness of our data, we made all efforts to be inclusive in our site 

selection worldwide.  We enrolled both private and public healthcare organizations, irrespective 

of the size of their practices. Outreach to encourage participation from sites performing cardiac 

imaging was undertaken through a variety of methods. These included emails from the IAEA, 

the executive committee, and national coordinators to potential participants including INCAPS 

COVID 1 participants, those registered in IAEA-compiled databases of healthcare facilities, e.g. 

NUclear Medicine DataBase (NUMDAB; https://www.iaea.org/resources/databases/numdab), 

incorporating sites from other INCAPS studies, and past participants in IAEA cardiac imaging 

https://www.iaea.org/resources/databases/numdab
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research and educational projects. Other outreach included emails from IAEA to cardiology and 

imaging societies, communication from professional societies to their memberships, and a direct 

appeal to international clinicians and imaging practitioners on social media platforms (Twitter, 

LinkedIn, and Facebook) conducted by a dedicated Communications Committee experienced 

with cardiology and imaging social media. Based on the IAEA standardized methodology, a 

web-based data entry system was devised to collect data using a secure software platform, the 

International Research Integration System (IRIS), for questionnaire data collection. In INCAPS 

COVID 2 no patient-specific or confidential data were collected, and all participation by study 

sites was voluntary, therefore it was deemed no external ethics committee review was required; 

the study complies with the Declaration of Helsinki.  Moreover, the Columbia University 

Institutional Review Board determined that the work does not meet the criteria to be considered 

human subjects research under 45 CFR 46, as there is no interaction with subjects, there is no 

intervention, and private, identifiable information is not being collected. 

Throughout enrollment, the Data Coordination Committee reviewed data and reached out 

to survey participants with questions regarding missing or erroneous data and duplicate and/or 

inconsistent entries from the same institution. Participants were given an opportunity to clarify 

details and correct their response as needed. Only one entry from a given center was included in 

the final dataset. Final database cleaning was completed on July 25, 2021. Entries were excluded 

for reasons such as missing or incomplete responses to the questionnaire. 

Statistical Analysis 

Recovery rates from early-stage COVID-19-related decreases in procedure volumes were 

calculated as 100% * (1 - ((March 2019 volume - April 2021 volume) / (March 2019 volume -

April 2020 volume))). Pearson’s chi-squared and Fisher’s exact tests were performed to compare 
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center characteristics between world regions. Nonparametric statistics using Wilcoxon rank sum 

and Kruskal-Wallis tests with asymptotic two-sided p values were used to compare differences in 

test volumes between timepoints and differences in continuous variables between world regions. 

A robust regression model employing Huber’s M-estimator to minimize the effect of influential 

outliers was used to determine factors associated with procedure volume recovery rate. Variables 

considered in the analysis were country income level (as defined by the World Bank), March 

2019 (i.e. baseline) procedure volume, teaching facility (versus non-teaching facility), hospital 

facility (versus non-hospital facility), and the rate of COVID-19 vaccinations in the country in 

which the facility operates (vaccinations per 100 people of the country population). Numbers of 

vaccinations were compiled from national governments and the World Health Organization, 

while population estimates used to determine rates were based on United Nations World 

Population Prospects, all via Our World in Data.5 Variables with a p-value ≤ 0.25 in univariable 

analyses were included in the full multivariable model. Statistical analysis was performed using 

Stata/SE 16.0 (Stata Corporation, LLC, College Station, Texas), and Excel for Microsoft 365 

(Microsoft, Redmond, WA). Maps were created using rnaturalearth and tmap packages in R 

version 4.0.1 (R Development Core Team, Vienna, Austria). 
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Supplemental Figure 1. 

 

TITLE: Procedure Volumes Compared to 2019 Baseline in Hospital Facilities, by Number of 

Hospital Beds 

 

 

CAPTION: The bar graph demonstrates greater reduction in the number of cardiac diagnostic 

procedures during the early phase of the pandemic in smaller hospitals, and one year later a 

persisting reduction in small hospitals but recovery in larger hospitals. 
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Supplemental Table 1.  Number and Percentage of Responding Centers Performing Each Type of Cardiac Diagnostic Testing  

 

Type of test 

Africa 

n=38 

Eastern 

Europe 

n=53 

Far East 

n=82 

Latin 

America 

n=135 

Middle East 

& South Asia 

n=63 

US & 

Canada 

n=102 

Southeast 

Asia & Pacific 

n=45 

Western 

Europe 

n=151 

Total 

n=669 

Stress ECG 15 (39%) 13 (25%) 30 (37%) 50 (37%) 25 (40%) 60 (59%) 14 (31%) 66 (44%) 273 (41%) 

Stress Echocardiography 7 (18%) 13 (25%) 21 (26%) 34 (25%) 21 (33%) 57 (56%) 15 (33%) 52 (34%) 220 (33%) 

Stress SPECT 17 (45%) 29 (55%) 48 (59%) 86 (64%) 36 (57%) 75 (74%) 34 (76%) 89 (59%) 414 (62%) 

Stress PET 1 (3%) 2 (4%) 3 (4%) 7 (5%) 12 (19%) 26 (25%) 0 (0%) 14 (9%) 65 (10%) 

Stress CMR 1 (3%) 7 (13%) 6 (7%) 32 (24%) 6 (10%) 26 (25%) 3 (7%) 36 (24%) 117 (17%) 

CT coronary calcium 5 (13%) 16 (30%) 14 (17%) 44 (33%) 16 (25%) 48 (47%) 14 (31%) 35 (23%) 192 (29%) 

CT coronary angiography 7 (18%) 22 (42%) 53 (65%) 56 (41%) 24 (38%) 60 (59%) 24 (53%) 77 (51%) 323 (48%) 

TTE 11 (29%) 15 (28%) 38 (46%) 36 (27%) 22 (35%) 64 (63%) 15 (33%) 73 (48%) 274 (41%) 

TEE 7 (18%) 12 (23%) 30 (37%) 26 (19%) 20 (32%) 51 (50%) 14 (31%) 65 (43%) 225 (34%) 

PET infection 0 (0%) 7 (13%) 5 (6%) 13 (10%) 9 (14%) 11 (11%) 2 (4%) 39 (26%) 86 (13%) 

CMR 6 (16%) 18 (34%) 41 (50%) 42 (31%) 15 (24%) 53 (52%) 13 (29%) 69 (46%) 257 (38%) 

Invasive coronary angiography 7 (18%) 14 (26%) 42 (51%) 30 (22%) 22 (35%) 49 (48%) 15 (33%) 52 (34%) 231 (35%) 
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Supplemental Table 2. Percent Changes in Cardiac Diagnostic Testing Procedure Volumes, by Type of Procedure, Region, and 

Type of Facility 
 

 
 

For each procedure type, the left column shows percent change in procedure volume from March 2019 to April 2020, while the right 

column shows percent change in procedure volume from= March 2019 to April 2021. 

Colors and shading of individual cells were performed in Excel using a continuous 3-color scale with minimum value -100 colored 

red, midpoint 0 colored yellow, and maximum 100 colored green; thus darkest red denotes -100% change in procedure volume i.e. 

number of procedures decreased to 0, light yellow denotes no change, and darkest green denotes +100% or greater change. 

*Percent changes are not displayed when baseline (2019) procedure volumes < 25, since a small change in absolute number can result 

in oversized percent changes (e.g. 1 CMR in 2019 to 10 in 2021 would have been shown as a 1000% increase) 

Number of beds only includes hospital facilities.  
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Supplemental Table 3.  COVID-19 Testing policies 

    Africa 

Eastern 

Europe Far East 

Latin 

America 

Middle East 

& South Asia 

United States 

and Canada 

S.E. Asia & 

the Pacific 

Western 

Europe Worldwide 

Prior to stress testing          

 All patients 7 (19%) 12 (24%) 16 (20%) 14 (11%) 17 (27%) 31 (31%) 4 (9%) 30 (20%) 131 (20%) 

 Non-vaccinated only 4 (11%) 4 (8%) 3 (4%) 11 (8%) 7 (11%) 17 (17%) 1 (2%) 12 (8%) 59 (9%) 

 No patients 25 (69%) 35 (69%) 61 (76%) 108 (81%) 38 (61%) 53 (52%) 38 (88%) 105 (71%) 463 (71%) 
           

Prior to noninvasive cardiac imaging         

 All patients 8 (23%) 13 (25%) 14 (18%) 13 (10%) 14 (23%) 17 (17%) 2 (5%) 22 (15%) 103 (16%) 

 Non-vaccinated only 3 (9%) 4 (8%) 6 (8%) 6 (5%) 8 (13%) 9 (9%) 1 (2%) 10 (7%) 47 (7%) 

 No patients 24 (69%) 35 (67%) 59 (75%) 113 (86%) 38 (63%) 75 (74%) 39 (93%) 115 (78%) 498 (77%) 
           

Prior to transesophageal echocardiography        

 All patients 12 (41%) 24 (53%) 32 (42%) 38 (32%) 26 (51%) 73 (74%) 7 (18%) 74 (59%) 286 (49%) 

 Non-vaccinated only 2 (7%) 4 (9%) 2 (3%) 6 (5%) 8 (16%) 10 (10%) 1 (3%) 8 (6%) 41 (7%) 

 No patients 15 (52%) 17 (38%) 43 (56%) 73 (62%) 17 (33%) 16 (16%) 32 (80%) 43 (34%) 256 (44%) 
           

Prior to diagnostic cardiac catheterization        

 All patients 16 (55%) 35 (74%) 47 (60%) 41 (36%) 34 (64%) 71 (71%) 9 (23%) 84 (65%) 337 (57%) 

 Non-vaccinated only 0 (0%) 4 (9%) 2 (3%) 6 (5%) 4 (8%) 11 (11%) 0 (0%) 9 (7%) 36 (6%) 

  No patients 13 (45%) 8 (17%) 29 (37%) 67 (59%) 15 (28%) 18 (18%) 31 (78%) 37 (28%) 218 (37%) 

 

Percentages in columns may not sum to 100% due to rounding.
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Supplemental Table 4. Impact of Healthcare Worker Stress on Patient Care in Facilities Performing and Not Performing 

Advanced Imaging 

 

 

 

 Performs CT, MRI, or PET 

Impact of psychological stress on patient care 

No 

n=194 

Yes 

n=467 

Total 

n=661 

None 45 (23%) 98 (21%) 143 (22%) 

Mild 80 (41%) 235 (50%) 315 (48%) 

Moderate 46 (24%) 103 (22%) 149 (23%) 

Profound 23 (12%) 31 (7%) 54 (8%) 

 

P-value for Pearson chi-square = 0.060 
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Supplemental Table 5: Impact of Staff Furloughs and Layoffs on Procedure Volumes and Psychological Stress by World 

Region 

 

  

Procedure volume change from  

March 2019 to April 2021 (%)  

Clinical staff with excess psychological stress related 

to pandemic (%)* 

  Staffing changes 

No staffing 

changes P   Staffing changes No staffing changes P 

Africa 20 (11.8, 26.2) 20.6 (-69.5, 39.2) 0.73  20 (10, 50) 30 (10, 60) 0.53 

Eastern Europe 8.9 (-54.5, 26.7) -2.9 (-105.3, 17.5) 0.49  13 (8, 50) 25 (10, 70) 0.50 

Far East 0 (-452.4, 25.3) -8.3 (-43.5, 8.9) 0.83  15 (10, 70) 25 (10, 60) 0.86 

Latin America 21.6 (-16.7, 45.2) 18.8 (-19.6, 46.7) 0.92  50 (20, 80) 30 (20, 60) 0.21 

Middle East and 43.7 (7.9, 50) 41.6 (16.4, 62.1) 0.73  25 (15, 50) 30 (10, 60) 0.55 

North America -8.9 (-19.8, 2.9) 0 (-14.1, 14.3) 0.11  30 (10, 50) 30 (20, 80) 0.46 

South East Asia 8 (-4.6, 10.2) 6.9 (-8.6, 33.3) 0.75  26 (0, 50) 10 (0, 50) 0.93 

Western Europe -5.1 (-25.3, 13) -1 (-21.2, 19.7) 0.77  18 (8, 55) 20 (5, 50) 0.84 

Worldwide 7.2 (-16.7, 35.7) 2.6 (-21.4, 29.0) 0.40  30 (10, 60) 30 (10, 50) 0.25 

 

Values shown as median (interquartile range) 

*Physician staff 
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Supplemental Table 6: Association of Country and Facility Factors with Procedure Volume Recovery Rate 

 

 

            Univariable analysis   Multivariable analysis 

   95% CI    95% CI  

Variables 

Mean 

volume 

change* 

Lower Upper P   

Mean 

volume 

change* 

Lower Upper P 

Low- or low-middle-income country -36.4 -53.1 -19.7 <0.001  -28.1 -45.4 -10.8 0.002 

Pandemic-related psychological stress** -0.25 -0.42 -0.09 0.002  -0.2 -0.4 -0.1 0.004 

Hospital facility -11.1 -28.2 5.9 0.200  -10.4 -26.4 5.6 0.202 

Baseline procedure volume -0.17 -0.44 0.11 0.240  -0.15 -0.41 0.11 0.253 

Vaccination rate 0.49 0.30 0.68 <0.001  0.39 0.20 0.59 <0.001 

Teaching facility*** -2.9 -14.8 8.9 0.629           

 

*Percentage change that can be expected in the mean volume recovery. For example, in multivariable analysis, mean volume recovery 

is 30.9% lower in low- or lower-middle income countries than in upper-middle- or high-income countries, and every increase in 1% of 

estimated physicians in cardiac diagnostic testing with excess psychological stress is expected to decrease mean volume recovery of a 

facility by an additional 0.24%. 

**Reported estimate of the percentage of physicians in cardiac diagnostic testing with excess psychological stress related to pandemic 

***Independent variables with p-value > 0.25 in univariable analysis were excluded from the full multivariable model. 
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Country Participation 

 

We used IAEA-specific coding for world regions. Specifically, region participation included the 

following countries: 

• Africa (n=14 countries): Algeria, Burkina Faso, Egypt, Ghana, Kenya, Mali, Mauritania, Mauritius, 

Morocco, Niger, Nigeria, South Africa, Sudan, Uganda 

 

• Eastern Europe (n=21 countries): Albania, Armenia, Belarus, Bosnia - Herzegovina, Bulgaria, 

Croatia, Czech Republic, Estonia, Hungary, Kazakhstan, Latvia, Lithuania, Poland, Republic of North 

Macedonia, Republic of Slovenia, Romania, Russian Federation, Serbia, Slovak Republic, Ukraine, 

Uzbekistan 

 

• Far East (n=7 countries): Cambodia, Japan, Mongolia, People's Republic of China, Philippines, 

Republic of Korea, Vietnam 

 

• Latin America (n=19 countries): Argentina, Bolivia, Brazil, Chile, Colombia, Costa Rica, Cuba, 

Dominican Republic, Ecuador, El Salvador, Guatemala, Honduras, Jamaica, Mexico, Panama, 

Paraguay, Peru, Uruguay, Venezuela 

 

• Middle East and South Asia (n=15): India, Iraq, Islamic Republic of Iran, Israel, Jordan, Kuwait, 

Lebanon, Nepal, Oman, Pakistan, People's Republic of Bangladesh, Qatar, Saudi Arabia, Sri Lanka, 

Yemen 

 

• North America (n=2 countries): Canada, United States of America 

 

• South East Asia and the Pacific (n=9 countries): Australia, Brunei Darussalam, Indonesia, Malaysia, 

Myanmar, New Zealand, Papua New Guinea, Singapore, Thailand 

 

• Western Europe (n=20 countries): Austria, Belgium, Cyprus, Denmark, Finland, France, Germany, 

Greece, Italy, Malta, Monaco, Netherlands, Norway, Portugal, Republic of Ireland, Spain, Sweden, 

Switzerland, Turkey, United Kingdom 
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