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Introduction

2019 ESC Guidelines for the diagnosis and management of chronic coronary syndromes. Eur Heart J. 2019

Myocardial perfusion imaging (MPI) is 
recommended as first-line diagnostic 
test in stable coronary artery disease 
(CAD) in patients with moderate-to-
high pre-test probability
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2019 ESC Guidelines for the diagnosis and management of chronic coronary syndromes. Eur Heart J. 2019

Yang K et al. A meta-analysis. Int J Cardiol. 2019

Myocardial perfusion imaging (MPI) is 
recommended as first-line diagnostic 
test in stable coronary artery disease 
(CAD) in patients with moderate-to-
high pre-test probability
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Randomized studies have showed similarly prognosis when patients are evaluated with magnetic 
resonance (MR) or invasive coronary angiography (ICA) as first-line test

Buckert Det al, JACC Cardiovasc Imaging. 2018 Nagel E et al, N Engl J Med. 2019
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Coronary computed tomography 
angiogram (CTA) is also recommended 
as first-line diagnostic test in stable 
CAD in patients with low-to-moderate 
pre-test probability

2019 ESC Guidelines for the diagnosis and management of chronic coronary syndromes. Eur Heart J. 2019
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Coronary computed tomography 
angiogram (CTA) is also recommended 
as first-line diagnostic test in stable 
CAD in patients with low-to-moderate 
pre-test probability

2019 ESC Guidelines for the diagnosis and management of chronic coronary syndromes. Eur Heart J. 2019

Due to moderate positive predictive 
value of coronary CTA, selective MPI is 
recommended after coronary CTA 
  - to avoid unnecessary ICA
  - to potential guide revascularization
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2019 ESC Guidelines for the diagnosis and management of chronic coronary syndromes. Eur Heart J. 2019
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Patients with obstructive CAD by coronary CTA were 
randomized 1:1 to CMR or MPS and subsequent ICA 
with FFR analysis
N=292 

Diagnostic accuracy of selective 
MPI after coronary CTA  
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Patients with obstructive CAD by coronary CTA 
underwent FFRct, MPS and ICA with FFR analysis.
N=143

Diagnostic accuracy of selective 
MPI after coronary CTA  
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No large studies have investigated the prognostic value of selective MPI after coronary CTA 
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Objective 

To investigate the prognosis for patients completing coronary CTA with stratification for post-CTA 
diagnostic work-up. 

This was performed by comparing 4 groups of patients:

    A)   No CAD     → deferral after CTA

    B)   CAD           → medically treated after CTA

    C)   CAD           → referral to MPI after CTA

    D)   CAD           → referral to ICA after CTA



Winther S, MD, PhD

Study design

This cohort study was conducted using a regional 
Danish population-based clinical quality database, 
The Western Denmark Heart Registry. 

We identified all patients who underwent 
first-time coronary CTA from 2008 to 2017 
at all hospitals in the Western part of Denmark .

The Danish national healthcare service 
is publicly financed and allows for linkage 
of all administrative healthcare registries.

Uptake area 3.3 million; 55% of the total Danish population

Schmidt M et al, The Western Denmark Heart Registry: Its Influence on 
Cardiovascular Patient Care. J Am Coll Cardiol. 2018
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Study design

The cohort of interest were adult patients 
without previously documented CAD but 
with symptoms suggestive of stable CAD 



Time

CCTA

120 days0 days

Myocardial perfusion imaging
Invasive coronary angiography
Revascularization
Medication

Winther S, MD, PhD

Study design



Time

CCTA

120 days0 days

Follow-up: Up to 10 years (median 3.7)

Mortality
Myocardial infarction
Revascularization

Winther S, MD, PhD

Study design

Myocardial perfusion imaging
Invasive coronary angiography
Revascularization
Medication



Time

CCTA

120 days0 days

Follow-up: Up to 10 years (median 3.7)

Mortality
Myocardial infarction
Revascularization

2) Adjusted analysis including:
     - Baseline characteristic
     - Post test use of lipid and blood pressure lowering medicine

3) Stratified analysis according to disease severity at the coronary CTA

1) Unadjusted analysis 
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Study design

Time-to-event analysis

Myocardial perfusion imaging
Invasive coronary angiography
Revascularization
Medication
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No CAD
CAD medically 

treated

CAD referred 
for MPI

CAD referred 
for ICA

Patient demographics 
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Clinical consequence of coronary CTA
           CAD referred for ICA    (n =   9,113)          

CAD referred for MPI   (n =   3,547) 
CAD medically treated (n = 15,665) 
No CAD                           (n = 25,026) 

0.5% (CI: 0.5-0.5)

1.2% (CI: 1.2-1.2)

Annual events rates
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Clinical consequence of coronary CTA
           CAD referred for ICA    (n =   9,113)          

CAD referred for MPI   (n =   3,547) 
CAD medically treated (n = 15,665) 
No CAD                           (n = 25,026) 

1.3% (CI: 1.1-1.5)

0.5% (CI: 0.5-0.5)

1.9% (CI: 1.8-2.1)

1.2% (CI: 1.1-1.2)

Annual events rates
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No CAD

CAD medically 
treated

CAD referred 
for MPI

CAD referred 
for ICA

Hazard ratios, unadjusted  Ref. 2.4 (2.1-2.7) 2.8 (2.4-3.4) 3.9 (3.5-4.3)

Hazard ratios, adjusted #  Ref. 1.4 (1.2-1.6) 1.7 (1.4-2.0) 1.9 (1.7-2.2)
# Hazard ratios are adjusted for age, gender, smoking status and comorbidity at baseline together with post-test use 

of antihypertensive and lipid-lowering therapy. 
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# Hazard ratios are adjusted for age, gender, smoking status and comorbidity at baseline together with post-test use 

of antihypertensive and lipid-lowering therapy. 
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# Hazard ratios are adjusted for age, gender, smoking status and comorbidity at baseline together with post-test use 

of antihypertensive and lipid-lowering therapy. 
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0.9% (CI: 0.7-1.1)

0.1% (CI: 0.1-0.1)

1.6% (CI: 1.5-1.7)

0.3% (CI: 0.3-0.4)

Annual events rates

Clinical consequence of coronary CTA
           CAD referred for ICA    (n =   9,113)          

CAD referred for MPI   (n =   3,547) 
CAD medically treated (n = 15,665) 
No CAD                           (n = 25,026) 
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No CAD CAD medically 

treated
CAD referred 

for MPI
CAD referred 

for ICA

Hazard ratios, unadjusted  Ref. 3.45 (2.70-4.43) 8.90 (6.73-11.77) 16.63 (13.39-20.65)
Hazard ratios, adjusted #  Ref. 2.50 (1.93-3.23) 6.13 (4.58-8.21) 9.18 (7.16-11.78)

# Hazard ratios are adjusted for age, gender, smoking status and comorbidity at baseline together with post-test use of 

antihypertensive and lipid-lowering therapy. 
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Objective 

This was performed by comparing 4 groups of patients:
    A) No CAD at CTA and were deferral 
    B) CAD at CTA and were medically treated 
    C) CAD at CTA and referral to MPI
    D) CAD at CTA and referral to ICA 

The secondary aim was to investigate the prognosis of the subgroup completing MPI after CTA who did 
not undergo ICA.

To investigate the prognosis for patients completing coronary CTA with stratification for post-CTA 
diagnostic work-up. 
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CAD referred for MPI 
- No ICA or revascularization:   n = 2,830 (80 %)
- ICA but no revascularization:  n =    477 (13 %)    
- ICA and revascularization:      n =    239 (  7 %) 
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CAD referred for ICA
- No ICA or revascularization:   n = NA
- ICA but no revascularization:  n =  5.947 (65 %)    
- ICA and revascularization:      n =  3.188 (35 %) 



Medically treated after MPI
Medically treated after CTA

Medically treated after ICA

1.2% (CI: 1.1-1.2)

Annual events rates

1.3% (CI: 1.1-1.5)

1.8% (CI: 1.6-1.9)
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  Medically treated
after CTA

Medically treated
after MPI

Medically treated
after ICA

Hazard ratios, unadjusted  0.9 (0.7-1.1) Ref 1.3 (1.1-1.6)

Hazard ratios, adjusted #  0.8 (0.7-1.0) Ref 1.1 (0.9-1.3)

# Hazard ratios are adjusted for age, gender, smoking status and comorbidity at baseline together with 

post-test use of antihypertensive and lipid-lowering therapy. 
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Stratified analysis of coronary disease severity according to the baseline coronary CTA



Hazard ratios, adjusted # 
Medically treated

after CTA
Medically treated

after MPI
Medically treated

after ICA

All patients 0.81 (0.67-0.98) Ref 1.08 (0.89-1.33)

Coronary artery calcium score <400 0.97 (0.76-1.25) Ref 1.13 (0.85-1.50)

Coronary artery calcium score ≥400 0.83 (0.59-1.18) Ref 0.68 (0.49-0.94)

No or non-obstructive CAD at coronary CTA 0.80 (0.60-1.06) Ref 1.25 (0.91-1.71)

1-vessel disease at coronary CTA 1.62 (1.04-2.51) Ref 1.39 (0.92-2.08)

2-or 3-vessel disease at coronary CTA 1.08 (0.56-2.07) Ref 0.79 (0.44-1.44)
# Hazard ratios are adjusted for age, gender, smoking status and comorbidity at baseline together with 

post-test use of antihypertensive and lipid-lowering therapy. 
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Limitations

Referral/selection bias might have impacted the results due to the retrospective design.

The extent of perfusion defects on MPI were not available.

The external validity in unknown, due to these data reflect referral practice after CTA 
over the last 10 year in Denmark
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Conclusion

This study confirms the overall effectiveness (80% were medically treated after MPI) and safety (low event rates) 
of a diagnostic strategy with selective MPI after coronary CTA. 
This indicates that MPI can be used to safely defer patient from ICA. 

Using real-world data of patients who underwent coronary CTA, we demonstrated low long-term event rates 
(<2% annual event)  for revascularization and for combined death and myocardial infarction regardless 
of post-CTA diagnostic work-up.

Nonetheless, selective ICA seem to be a better strategy in patients with high disease burden.
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Supplementum 
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No CAD

CAD medically treated

0.49% (CI: 0.45-0.53)

1.15% (CI: 1.07-1.24)

Annual events rates
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MPI: No ICA and no revascularization

MPI: ICA and revascularization

MPI: ICA but no revascularization

No CAD

CAD medically treated

0.49% (CI: 0.45-0.53)

1.15% (CI: 1.07-1.24)

Annual events rates

1.28% (CI: 1.08-1.52)
1.16% (CI: 0.71-1.89)

2.07% (CI: 1.20-3.55)
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MPI: No ICA and no revascularization

MPI: ICA and revascularization

MPI: ICA but no revascularization

No CAD

CAD medically treated

ICA: Revascularization

ICA: No revascularization

0.49% (CI: 0.45-0.53)

1.15% (CI: 1.07-1.24)

Annual events rates

1.28% (CI: 1.08-1.52)
1.16% (CI: 0.71-1.89)

2.07% (CI: 1.20-3.55)

1.76% (CI: 1.60-1.93)

2.20% (CI: 1.95-2.48)



Winther S, MD, PhD

Stratified analysis of MPI modality
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Myocardial perfusion imaging types:
        Single-photon emission computed tomography
        Positron emission tomography
        Cardiac magnetic resonance

n = 2,153
n =    760
n =    634

Clinical consequence of coronary CTA
CAD referred for MPI

Stratified analysis of MPI modality



Winther S, MD, PhD

Myocardial perfusion imaging types:
        Single-photon emission computed tomography
        Positron emission tomography
        Cardiac magnetic resonance

n = 2,153
n =    760
n =    634

Clinical consequence of coronary CTA
CAD referred for MPI

Stratified analysis of MPI modality



Winther S, MD, PhD

Stratified analysis of MPI modality

Myocardial perfusion imaging types:
        Single-photon emission computed tomography
        Positron emission tomography
        Cardiac magnetic resonance

n = 2,153
n =    760
n =    634

Clinical consequence of coronary CTA
CAD referred for MPI


