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Key statement  

Research question 

The following 2 questions are part of this report: 

- Question 1: The objective is to assess the benefit of diagnostic strategies using contrast 
enhanced coronary computed tomography angiography (shortened to CCTA) compared with 
diagnostic strategies with the same goal, but without CCTA. 

- Question 2: The objective is to assess the benefit of diagnostic strategies using CCTA with 
the option of subsequent computed tomography (CT)-based functional evaluation compared 
with diagnostic strategies with the same goal, but without the option of CT-based functional 
evaluation. If the benefit of CCTA is at least comparable according to Question 1, the 
diagnostic comparator strategies may also include CCTA. 

The tests to be assessed aim to establish a diagnosis in patients with suspected chronic 
coronary heart disease (CHD) who, after basic diagnostic tests, have a clinical indication for 
further non-invasive diagnostic tests. The assessment focused on selected patient-relevant 
outcomes. 

In addition, the incorporation of both the test and control interventions of the assessed tests 
into the upstream and downstream diagnostic procedures is presented. 

Conclusion 

Question 1 

Depending on the control intervention, the conclusion for Question 1 is divided into: 

CCTA versus FDTs 

To answer the question about the comparison of CCTA vs. functional diagnostic tests (FDTs), 
a total of 11 studies were analysed. 

For the outcome of myocardial infarction, a diagnostic strategy using CCTA was shown to be 
superior to a diagnostic strategy using FDTs in the medium and long term (proof of benefit). 
For the outcome of unnecessary invasive diagnostic tests, it was shown that after CCTA, 
patients in the intervention group were less likely to have undergone invasive diagnostic tests 
with the result “no obstructive CHD” than patients who had undergone FDTs (proof of less 
harm). 

In contrast, the analysis for the outcome of unstable angina pectoris provided an indication of 
less benefit of CCTA compared to FDTs in the long term. 
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For all other outcomes, there were no relevant differences between the diagnostic tests or no 
usable data were available. There were hardly any usable data on adverse events (AEs). 

Since the role of unstable angina pectoris and potential adverse effects in the form of AEs is 
considered to be less important than that of myocardial infarctions and unnecessary invasive 
diagnostic tests, across all outcomes there is proof of a greater benefit of a diagnostic strategy 
using CCTA vs. a diagnostic strategy using FDTs in patients who are suspected of having chronic 
CHD after basic diagnostic tests. 

CCTA versus direct ICA 

To answer Question 1, the comparison between CCTA and invasive coronary angiography 
(ICA), a total of 4 studies were analysed. 

For the outcome of stroke, the analysis showed that in the long term, fewer events occurred 
in the CCTA group than in the direct ICA group (indication of a benefit). In addition, for the 
outcome of unnecessary invasive diagnostic tests, it was shown that a lower proportion of 
patients in the CCTA group underwent invasive diagnostic tests with the result of “no 
obstructive CHD” than in the direct ICA group (proof of less harm). For the outcome of AEs, 
the CCTA group was also shown to have fewer periprocedural AEs (indication of less harm). 

For all other outcomes, there were no relevant differences between the comparisons or no 
usable data were available. 

Overall, based on the outcomes of stroke, unnecessary invasive diagnostic tests and AEs, there 
is proof across outcomes of a greater benefit of the diagnostic strategy using CCTA compared 
with direct ICA in patients suspected of having chronic CHD after basic diagnostic tests. 

Question 2: CCTA with the option of CT-based functional evaluation versus strategies 
without the option of CT-based functional evaluation 

A total of 3 studies were analysed for this question. These studies investigated 2 different 
functional evaluation methods as a possible adjunct to CCTA: CT-based measurement of 
fractional flow reserve (CT-FFR) and CT-based measurement of myocardial perfusion (CTP). 

The study results show that both CT-FFR and CTP, as optional add-ons to CCTA, help to avoid 
unnecessary invasive diagnostic tests (indication of less harm). With the exception of the case 
described below, for all other outcomes there were either no relevant differences between 
the comparisons or no usable data were available. No data were available on AEs. 

The reduction in unnecessary invasive diagnostic tests is contrasted by conspicuous numerical 
trends in the CT-FFR from the included study (as well as from another study reported as 
supplementary information) for the outcome of myocardial infarction, to the disadvantage of 
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the intervention. Because of these numerical group differences, there is concern that harm 
could be associated with a reduction in invasive diagnostic tests.  

In the two studies on CTP, there were no numerically conspicuous group differences, but there 
was also no effect in favour of the intervention for any other outcome. As CTP is associated 
with additional procedural risks due to the injection of drugs and contrast agents, there is no 
advantage of the option of CT-based functional evaluation using CTP. 

Overall, there is no benefit or potential of CCTA with CT-based functional evaluation compared 
with CCTA without CT-based functional evaluation in patients with suspected chronic CHD 
after basic diagnostic tests, because of concerns about potential harm (CT-FFR), or because 
no advantage is apparent after weighing the potential benefits and harms (CTP). 



Extract of final report D22-01 Version 1.1 
CT coronary angiography for CHD diagnosis 20 June 2023 

Institute for Quality and Efficiency in Health Care (IQWiG) - vii - 

Table of contents 

Page 

Key statement .................................................................................................................. iv 

List of tables ..................................................................................................................... ix 

List of abbreviations ..........................................................................................................x 

1 Background ................................................................................................................ 1 

2 Research questions ..................................................................................................... 3 

3 Methods ..................................................................................................................... 4 

4 Results ....................................................................................................................... 6 

4.1 Results of information retrieval ............................................................................ 6 

4.2 Diagnostic strategies using CCTA (Question 1) ....................................................... 8 

4.2.1 Characteristics of studies included in the assessment ........................................... 8 

4.2.2 Overview of patient-relevant outcomes .............................................................. 12 

4.2.3 Assessment of the risk of bias of results .............................................................. 18 

4.2.4 Results on patient-relevant outcomes ................................................................. 19 

4.2.4.1 Results for the outcome of all-cause mortality ............................................. 19 

4.2.4.2 Results on the outcome of cardiovascular mortality .................................... 20 

4.2.4.3 Results on the outcome of major adverse cardiovascular events ................ 22 

4.2.4.4 Results on the outcome of myocardial infarction ......................................... 22 

4.2.4.5 Results on the outcome of stroke .................................................................. 24 

4.2.4.6 Results on the outcome of unstable angina pectoris .................................... 25 

4.2.4.7 Results on the outcome of angina pectoris ................................................... 26 

4.2.4.8 Results on the outcome of health state (EQ-5D VAS) ................................... 27 

4.2.4.9 Results on the outcome of depressive symptoms (PHQ-9) ........................... 27 

4.2.4.10 Results on the outcome of health-related work productivity (SPS) .............. 28 

4.2.4.11 Results on the outcome of unnecessary invasive diagnostic tests ............... 28 

4.2.4.12 Results on the outcome of health-related quality of life (SF-12 and SF-
36) 29 

4.2.4.13 Results on the outcome of disease-specific quality of life (SAQ) .................. 30 

4.2.4.14 Results on the outcome of adverse events ................................................... 31 

4.3 Diagnostic strategies using CCTA with a functional evaluation (Question 2) ......... 32 

4.3.1 Characteristics of the studies included in the assessment .................................. 32 

4.3.2 Overview of patient-relevant outcomes .............................................................. 34 

4.3.3 Assessment of the risk of bias .............................................................................. 36 



Extract of final report D22-01 Version 1.1 
CT coronary angiography for CHD diagnosis 20 June 2023 

Institute for Quality and Efficiency in Health Care (IQWiG) - viii - 

4.3.4 Results on patient-relevant outcomes ................................................................. 36 

4.3.4.1 Results on the outcome of all-cause mortality .............................................. 37 

4.3.4.2 Results on the outcome of cardiovascular mortality .................................... 37 

4.3.4.3 Results on the outcome of major adverse cardiovascular events ................ 37 

4.3.4.4 Results on the outcome of myocardial infarction ......................................... 37 

4.3.4.5 Results on the outcome of stroke .................................................................. 38 

4.3.4.6 Results on the outcome of unstable angina pectoris .................................... 38 

4.3.4.7 Results on the outcome of angina pectoris ................................................... 38 

4.3.4.8 Results on the outcome of unnecessary invasive diagnostic tests ............... 38 

4.3.4.9 Results on the outcome of disease-specific quality of life (SAQ-7) ............... 39 

4.3.4.10 Results on the outcome of adverse events ................................................... 39 

4.4 Summarized assessment of results ..................................................................... 40 

5 Classification of the assessment result ...................................................................... 48 

6 Conclusion ................................................................................................................ 52 

References for English extract ......................................................................................... 54 

Appendix A Search strategies .................................................................................... 63 

A.1 Searches in bibliographic databases .................................................................... 63 

A1.1.1 Search for systematic reviews .............................................................................. 63 

A1.1.2 Search for primary studies ................................................................................... 64 

A.2 Searches in study registries ................................................................................. 72 

 



Extract of final report D22-01 Version 1.1 
CT coronary angiography for CHD diagnosis 20 June 2023 

Institute for Quality and Efficiency in Health Care (IQWiG) - ix - 

List of tables 

Page 

Table 1: Study pool of the benefit assessment .......................................................................... 7 

Table 2: Matrix of patient-relevant outcomes (Question 1: CCTA) ......................................... 13 

Table 3: Matrix of patient-relevant outcomes (Question 2: CCTA with functional 
evaluation) ......................................................................................................................... 35 

Table 4: Evidence map for patient-relevant outcomes ........................................................... 41 

 



Extract of final report D22-01 Version 1.1 
CT coronary angiography for CHD diagnosis 20 June 2023 

Institute for Quality and Efficiency in Health Care (IQWiG) - x - 

List of abbreviations 

Abbreviation Meaning 

ACS acute coronary syndrome(s)  

AE adverse event 

AHRQ Agency for Healthcare Research and Quality 

ASSIGN Assessing cardiovascular risk using SIGN (Scottish Intercollegiate 
Guidelines Network) 

CCS chronic coronary syndrome(s)  

CCTA coronary computed tomography angiography 

CHD coronary heart disease 

CI confidence interval 

CT computed tomography 

CT-FFR computed tomography-based measurement of fractional flow reserve  

CTP computed tomography-based measurement of myocardial perfusion 

ECG electrocardiogram 

EQ-5D European Quality of Life – 5 Dimensions 

ESC European Society of Cardiology 

FDT functional diagnostic test 

FFR fractional flow reserve 

G-BA Gemeinsamer Bundesausschuss (Federal Joint Committee) 

HR hazard ratio 

HTA health technology assessment 

ICA invasive coronary angiography  

IQWiG Institut für Qualität und Wirtschaftlichkeit im Gesundheitswesen  
(Institute for Quality and Efficiency in Health Care) 

ITT intention to treat 

MACE major adverse cardiovascular event  

MCS Mental Component Summary Score  

MD mean difference 

MRI magnetic resonance imaging 

mSv millisievert 

NICE National Institute for Health and Care Excellence 

NVL Nationale VersorgungsLeitlinie (National Care Guideline) 

OR odds ratio 

PCS Physical Component Summary Score  



Extract of final report D22-01 Version 1.1 
CT coronary angiography for CHD diagnosis 20 June 2023 

Institute for Quality and Efficiency in Health Care (IQWiG) - xi - 

Abbreviation Meaning 

PET positron emission tomography  

PHQ-9 Patient Health Questionnaire 

RCT randomized controlled trial  

SAE serious adverse event 

SAQ Seattle Angina Questionnaire 

SF-12 12-Item Short Form Health Survey 

SF-36 36-Item Short Form Health Survey 

SHI statutory health insurance 

SPECT single photon emission computed tomography  

SPS Stanford Presenteeism Scale 

SR systematic review 

VAS Visual Analogue Scale  
 
 
 



Extract of final report D22-01 Version 1.1 
CT coronary angiography for CHD diagnosis 20 June 2023 

Institute for Quality and Efficiency in Health Care (IQWiG) - 1 - 

1 Background 

Coronary heart disease (CHD) is defined as arteriosclerosis in the coronary arteries. In these 
arteries, there are various types of deposits in the vessel walls. Depending on the extent of 
these deposits, CHD is divided into 2 stages. If there is no imbalance between oxygen demand 
and supply in the heart muscle due to the arteriosclerosis, it is called non-stenosing or non-
obstructive CHD, which is asymptomatic. If, on the other hand, the stenosis has already 
progressed so far that there is a reduction in blood flow to the heart muscle, i.e. ischaemia, 
this is stenosing or obstructive CHD, which typically manifests itself in angina pectoris, i.e. 
chest pain with a feeling of tightness [1]. In 2018, as in previous years, chronic CHD was the 
most common cause of death among men and women in Germany [2]. 

The leading clinical symptom of chronic CHD, also known as chronic coronary syndrome (CCS), 
is stable angina pectoris, which occurs in response to physical exertion because the increased 
oxygen demand of the heart muscle triggered by the exertion can no longer be adequately 
met. Stable angina pectoris, in contrast to acute coronary syndrome (ACS), usually subsides at 
rest or after medication. Unstable angina pectoris can be classified as ACS if it manifests as 
pain at rest and for longer than 20 minutes, new onset moderate to severe angina, or angina 
that gradually increases in intensity and severity [3]. However, as people with chronic CHD 
may also be asymptomatic, may periodically present with symptoms of unstable angina 
pectoris or may suffer from dyspnoea without the typical chest pain, a clear diagnosis is 
essential [1]. 

In the case of pectanginal symptoms, if both ACS and other causes can be ruled out by means 
of an electrocardiogram (ECG) and laboratory tests plus medical history and physical 
examination, and if stable obstructive CHD is thus the most likely suspected diagnosis, various 
non-invasive and invasive imaging procedures are available depending on the pre-test 
probability [1]. 

Non-invasive procedures include single photon emission computed tomography (SPECT), 
determination of coronary calcification using calcium scoring (without contrast agents), 
exercise ECG, stress echocardiography, stress magnetic resonance imaging (stress MRI), 
dobutamine stress MRI and positron emission tomography (PET) [1]. In addition, the 
computed tomographic procedures relevant to this report also belong to non-invasive 
diagnostic tests. These include contrast-enhanced computed tomography (CT) coronary 
angiography (CCTA), CT-based measurement of fractional flow reserve (CT-FFR), and CT-based 
measurement of myocardial perfusion (CTP). Both CT-FFR and CTP are downstream of CCTA 
[4,5]. CTP can be divided into static ("snapshot") and dynamic (multiple image sequences) 
measurement of perfusion. In contrast to SPECT, exercise ECG and stress echocardiography, 
CCTA, CT-FFR, CTP as well as calcium scoring, MRI and PET procedures are currently not 
included in the scope of the services reimbursed by the statutory health insurance (SHI). 
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The invasive procedures for the diagnosis or exclusion of CHD include invasive coronary 
angiography (ICA) using a left heart catheter. This can be performed with or without 
measurement of the FFR [6]. 

Depending on the target mechanism, the above procedures can be divided into anatomical 
and functional diagnostic tests (FDTs). While FDTs such as stress echocardiography, exercise 
ECG and SPECT detect the effects of stenosis on myocardial perfusion, anatomical tests such 
as ICA and CCTA are used for direct detection of stenosis [1,3]. ICA is the gold standard for 
diagnosing CHD caused by a stenosis [6]. If the result is unclear, the two procedures can be 
supplemented by a functional evaluation by measuring the FFR (invasive FFR during ICA or CT-
FFR after CCTA) or, in the case of CCTA, also by a functional evaluation using CTP [1]. 

The National Care Guideline (Nationale VersorgungsLeitlinie, NVL) "Chronic CHD" and the 
corresponding guideline of the European Society of Cardiology (ESC) on the diagnosis and 
management of CCS make positive recommendations for all non-invasive procedures 
mentioned so far - with the exception of CTP [1,3]. The choice of non-invasive procedure is 
mainly based on the pre-test probability of obstructive CHD, which is determined according 
to age, sex and type of symptoms. Other factors that influence the choice of procedure are 
the suitability of the patient (e.g. existing intolerances), the risks (e.g. radiation exposure) and 
the equipment and expertise on site [1]. The current guideline of the National Institute for 
Health and Clinical Excellence (NICE) recommends CCTA as the primary diagnostic tool for new 
onset chest pain and suspected CHD [7]. The NVL recommends non-invasive procedures for a 
mean pre-test probability of obstructive CHD of 15% to 85%; CCTA is only recommended for 
a pre-test probability in the low-intermediate range of 15% to 50% and thus primarily for the 
exclusion of chronic CHD [1]. CTP is not mentioned in the corresponding guidelines. In 
contrast, FFR measurement is currently recommended in the ESC guideline only for use in 
combination with ICA. Here, the guideline advocates its use for: 

1) symptomatic patients with a high clinical risk profile; 

2) asymptomatic patients in whom non-invasive risk stratification indicates a high risk of 
cardiovascular mortality (> 3% annually) and revascularisation is being considered to 
improve prognosis; 

3) patients with unclear or conflicting results from non-invasive diagnostic tests [3]. 

Despite a strong negative recommendation in the current NVL against ICA for low and 
intermediate pre-test probability, the number of ICAs in Germany has been steadily increasing 
for years. In 2019, approximately 510,000 ICAs were performed. In about 30% of cases, the 
ICAs showed no pathological results [1,8]. A possible reason for the increase is that CCTA – in 
contrast to ICA (with and without measurement of FFR) – is not included in the scope of 
services reimbursed by SHI [1,3,7]. 
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2 Research questions 

The following 2 questions are part of this report: 

 Question 1: The objective is to assess the benefit of diagnostic strategies using contrast 
enhanced coronary computed tomography angiography (shortened to CCTA) compared 
with diagnostic strategies with the same goal, but without CCTA. 

 Question 2: The objective is to assess the benefit of diagnostic strategies using CCTA 
with the option of subsequent computed tomography (CT)-based functional evaluation 
compared with diagnostic strategies with the same goal, but without the option of CT-
based functional evaluation. If the benefit of CCTA is at least comparable according to 
Question 1, the diagnostic comparator strategies may also include CCTA. 

The tests to be assessed aim to establish a diagnosis in patients with suspected chronic heart 
disease (CHD) who, after basic diagnostic tests, have a clinical indication for further non-
invasive diagnostic tests. The assessment focused on selected patient-relevant outcomes. 

In addition, the incorporation of both the test and control interventions of the assessed tests 
into the upstream and downstream diagnostic procedures is presented. 
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3 Methods 

For both questions, patients with suspected chronic CHD who, after basic diagnostic tests, had 
a clinical indication for further non-invasive diagnostic tests were the target population for 
the benefit assessment. The test intervention was diagnostic strategies using CCTA (Question 
1) and diagnostic strategies using CCTA with the option of an additional CT-based functional 
evaluation (Question 2). Diagnostic strategies of the same objective without CCTA (Question 
1) or without the option of a CT-based functional evaluation (Question 2) were considered as 
control interventions. The procedures used as control interventions are part of the scope of 
services reimbursed by SHI. In the case of at least comparable benefit of CCTA according to 
Question 1, the diagnostic comparator strategies for Question 2 could also include CCTA (see 
Section A2 of the full report).  

The following patient-relevant outcomes were considered for the investigation: 

 Mortality 

 Morbidity 

 Health-related quality of life 

 Adverse effects 

Only randomized controlled trials (RCTs) were included in the benefit assessment for both 
questions. There were no restrictions regarding the study duration of the RCTs. If necessary, 
according to the commission of the Federal Joint Committee (G-BA), diagnostic accuracy was 
also to be assessed. 

In parallel to the preparation of the protocol (“report plan”), a search for systematic reviews 
(SRs) was conducted in the MEDLINE database (also includes the Cochrane Database of 
Systematic Reviews) and the Health Technology Assessment (HTA) Database, as well as on the 
websites of NICE and the Agency for Healthcare Research and Quality (AHRQ). The working 
paper GA20-01 by the Institute for Quality and Efficiency in Health Care (IQWiG) was also 
reviewed for relevant SRs based on RCTs [9]. 

It was examined whether at least 1 high-quality and current SR was available for each research 
question whose information retrieval could be used as the basis for the assessment 
(hereinafter: basic SR). 

If such a basic SR was available, a supplementary search for studies for the period not covered 
by the basic SR was carried out in a second step. Otherwise, the search for studies was carried 
out without restricting the search period. 
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The systematic literature search for studies was conducted in the databases MEDLINE, Embase 
and Cochrane Central Register of Controlled Trials. 

In addition, the following information sources and search techniques were considered: study 
registries, manufacturer enquiries, documents submitted by the G-BA, review of reference 
lists, author enquiries, and documents provided from hearing procedures.  

The selection of relevant studies was carried out by 2 persons independently of each other. 
Discrepancies were resolved by discussion. Data were extracted into standardized tables. 
Across-outcome and outcome-specific risk-of-bias criteria were assessed to assess the 
qualitative certainty of results (shortened to “certainty of results” in the following text), and 
the risk of bias was rated as low or high in each case. The results of the individual studies were 
described according to outcomes. 

In addition to the comparison of the results of the individual studies, metaanalyses and 
sensitivity analyses were performed and effect modifiers examined, provided that the 
methodological requirements were met. 

For each outcome, a conclusion on evidence of (greater) benefit and (greater) harm was made 
in 4 grades regarding the respective certainty of conclusions: either proof (highest certainty 
of conclusions), an indication (medium certainty of conclusions), a hint (weakest certainty of 
conclusions), or none of these 3 situations was present. The latter case occurred when no data 
were available or the available data did not allow any of the other 3 conclusions. In this case, 
the conclusion “There is no hint of (greater) benefit or (greater) harm” was drawn. 

Finally, an assessment of benefit and harm across outcomes was performed. 
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4 Results 

4.1 Results of information retrieval  

For Question 1, 1 SR was considered as a basic SR for the purpose of identifying primary 
studies. For Question 2, no basic SRs were identified. 

The information retrieval identified 15 relevant RCTs for Question 1 (11 studies comparing 
CCTA vs. FDTs and 4 studies comparing CCTA vs. direct ICA) and 3 relevant and 2 
supplementary RCTs for Question 2. For 1 of the 2 RCTs presented as supplementary 
information, the PRECISE study, unpublished data were submitted by the manufacturer.  

For Question 1, 3 planned and 3 ongoing studies were identified. Furthermore, 3 studies with 
unclear status were identified for this question. For Question 2, there were 2 ongoing studies. 
In addition, 1 study with unclear status was identified. 

The last search took place on 20 September 2022 (Question 1) and on 30 June 2022 (Question 
2). 
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Table 1: Study pool of the benefit assessment 
Study Full publication (in 

scientific journals) 
Available documents 

Registry entry / 
results report from 
study registry 

Documents from 
manufacturer (not 
publicly accessible) 

Other 
documents 

Question 1: CCTA 

CCTA vs. FDTs 

CAPP yes [10,11] yes [12] / no no no 

CARE-CCTA yes [13] yes [14] / no no no 

CATCH yes [15,16] yes [17] / no no no 

CT-STAT yes [18] yes [19] / no no no 

Goldstein 2007 yes [20] yes [21] / no no no 

IAEA-SPECT/CTA yes [22] yes [23,24] / no no no 

Min 2012 yes [25] no / no no no 

Nabi 2016 yes [26] no / no no no 

PERFECT yes [27] yes [28] / no no no 

PROMISE yes [29-39] yes [40] / yes no no 

SCOT-HEART yes [41-48] yes [49] / no no no 

CCTA vs. direct ICA 

CAD-MAN yes [50,51] yes [52] / no no no 

CONSERVE yes [53,54] yes [55] / no no no 

DISCHARGE yes [56,57] yes [58] / no no no 

Reis 2022 yes [59] no / no no no 

Question 2: CCTA with functional evaluation 

CATCH-2 (CTP) yes [60,61] yes [62] / no no no 

FORECAST (CT-FFR) yes [63,64] yes [65] / no no no 

PRECISE (CT-FFR)a  yes [66]b yes [67] / no Study protocol [68] 
Presentation 
(scientific meeting) 
[69] 
Full-text manuscript 
[70] 

no 

TARGET (CT-FFR)a  yes [71,72] yes [73] / no no no 

Yu 2020 (CTP) yes [74] no / no no no 
a. This study does not sufficiently meet the inclusion criteria of this assessment. Therefore, the information 

on this study is only reported in as supplementary information. 
b. The full-text publication is a publication on methods, not results. 
 
CCTA: coronary computed tomography angiography; CT-FFR: computed tomography-based measurement of 
fractional flow reserve; CTP: computed tomography-based measurement of myocardial perfusion; ICA: 
invasive coronary angiography 
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4.2 Diagnostic strategies using CCTA (Question 1) 

The assessment of Question 1 included studies that compared CCTA with FDTs, but also 
studies whose control treatment consisted of direct ICA, i.e. without further upstream 
diagnostic tests after randomization. For all patients from studies comparing CCTA with direct 
ICA, there is a clinical indication for invasive diagnostic tests, but based on the existing 
symptoms or the results of non-invasive FDTs, it is probably not urgent. For such patients, 
there is therefore also a clinical indication for a further non-invasive diagnostic test, in this 
case the CCTA applied in the intervention arm. Therefore, studies comparing CCTA with direct 
ICA also meet the inclusion criteria of the report. In the following text, the characteristics and 
results of the studies for Question 1 are thus presented separately for each control 
intervention. 

4.2.1 Characteristics of studies included in the assessment 

Of the 15 included studies related to Question 1, 11 referred to the comparison with non-
invasive FDTs (CAPP [11], CARE-CCTA [13], CATCH [16], CT-STAT [18], Goldstein 2007 [20], 
IAEA-SPECT/CTA [22], Min 2012 [25], Nabi 2016 [26], PERFECT [27], PROMISE [38] and SCOT-
HEART [45]) and 4 studies referred to the comparison with direct ICA (CAD-MAN [51], 
CONSERVE [53], DISCHARGE [57] and Reis 2022 [59]) (see Section A3.2.1.1 of the full report).  

Comparison of CCTA vs. FDTs 

The CAPP study is a multicentre RCT from Northern Ireland and was conducted in two 
specialist chest pain clinics between 2010 and 2011. It included 500 patients aged over 40 
years with stable chest pain. Patients with known CHD or suspected unstable angina pectoris 
were explicitly excluded. After randomization (1 : 1), CCTA was preceded by calcium scoring 
in the intervention arm. An exercise ECG was performed in the control arm. Further diagnostic 
tests, based on the results of the CCTA or the exercise ECG, were carried out according to the 
judgement of the treating physician. The possible further diagnostic tests included an ICA and 
a SPECT. The follow-up period of the study was 12 months. 

The CARE-CCTA study is a multicentre RCT from South Korea and was conducted in three 
outpatient clinics between 2011 and 2014. A total of 965 patients between 30 and 80 years of 
age with stable chest pain were enrolled in the study. Patients with known CHD or suspected 
ACS were excluded. After randomization (1 : 1), CCTA was performed in the intervention arm 
and SPECT was performed in the control arm. In case of unclear results, the test from the other 
study arm followed in a few cases. Further diagnostic tests in case of positive results of CCTA 
or SPECT consisted of ICA. The follow-up period of the study was 12 months. 

The CATCH study is a single-centre RCT from Denmark and was conducted between 2010 and 
2013. It included 600 patients over 18 years of age with suspected ACS, but with two normal 
troponin values and a normal resting ECG, and who could be discharged from hospital after 
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24 hours without recurrence of chest pain. Patients with known CHD were also included, but 
accounted for less than 15% of the total population. After randomization (1 : 1), CCTA with 
upstream calcium scoring was performed in the intervention arm. An exercise ECG was 
performed in the control arm. If the ECG result was unclear or physical fitness was low, a SPECT 
was performed. To conceal group allocation, both interventions were performed in all 
patients. CCTA results were not available in the control arm and ECG/SPECT results were not 
considered for clinical decision-making in the intervention arm. Further diagnostic tests in 
both arms in case of unclear or positive results usually consisted of ICA. The median follow-up 
period of the study was 18.7 months. 

The CT-STAT and Goldstein 2007 studies differ mainly in the number of study centres. CT-STAT 
is a multicentre RCT from the USA and was conducted between 2007 and 2008. Goldstein 
2007 is a single-centre RCT from the USA, conducted in 2005. 749 (CT-STAT) and 203 
(Goldstein 2007) inpatients over 25 years of age with acute chest pain, but normal troponin 
values and a normal resting ECG, were included. Patients with known CHD were excluded. 
After randomization (1 : 1), CCTA with upstream calcium scoring was performed in the 
intervention arm. SPECT was performed in the control arm. SPECT was also performed in the 
intervention arm if the CCTA results were unclear. Further diagnostic tests in both arms in case 
of unclear or positive results usually consisted of ICA. The follow-up period of the studies was 
6 months. 

The IAEA-SPECT/CTA study is a multicentre RCT and was conducted between 2011 and 2014 
in Brazil, India, Mexico, Slovenia and the Czech Republic as well as in Turkey. A total of 303 
patients over 21 years of age with stable chest pain or an asymptomatic course, but with an 
intermediate to high pre-test probability, were included. Patients with known CHD were 
explicitly excluded. After randomization (1 : 1), CCTA with upstream calcium scoring was 
performed in the intervention arm. SPECT was performed in the control arm. In the 
intervention arm, SPECT was usually performed if the CCTA findings were unclear. Otherwise, 
ICA was usually performed in both arms in case of unclear or positive results. The follow-up 
period of the study was 12 months. 

The Min 2012 study is a multicentre RCT from the USA and was conducted between 2008 and 
2009 in two outpatient cardiology clinics. It included 180 patients over 40 years of age with 
stable chest pain and suspected CHD. Patients with known CHD or suspected ACS were not 
allowed to participate. After randomization (1 : 1), CCTA was performed in the intervention 
arm and SPECT was performed in the control arm. Subsequently, in case of positive or unclear 
results of CCTA or SPECT, ICA was usually performed. The mean follow-up period of the study 
was 1.8 months. 

The Nabi 2016 study is a single-centre RCT from the USA and was conducted between 2009 
and 2011. It included 598 patients over 18 years of age with acute chest pain, but with a 
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normal troponin level. Patients with known CHD were excluded. After randomization (1 : 1), 
CCTA with upstream calcium scoring was performed in the intervention arm. SPECT was 
performed in the control arm. In case of positive or unclear results of CCTA or SPECT, ICA was 
usually performed. The median follow-up period of the study was 6.5 months. 

The PERFECT study is a single-centre RCT from the USA and was conducted between 2011 and 
2013. A total of 411 patients over 45 years of age with acute chest pain, but normal troponin 
values and resting ECG results, were included. Patients with known CHD were excluded. After 
randomization (1 : 1), CCTA with upstream calcium scoring was performed in the intervention 
arm. Further diagnostic tests in the intervention arm, based on unclear results of CCTA, usually 
included stress echocardiography or SPECT. In the control arm, stress echocardiography or 
SPECT was performed, depending on the judgement of the treating physician. If the results 
were positive or unclear, ICA was usually performed in both arms. The follow-up period of the 
study was 12 months. 

The PROMISE study is a multicentre RCT from the USA and was conducted between 2010 and 
2013. It included 10,003 patients (female patients over 65 years of age and male patients over 
55 years of age) with stable chest pain. This makes PROMISE the largest study included in the 
study pool. Patients with known CHD or suspected ACS were explicitly excluded. After 
randomization (1 : 1), CCTA with upstream calcium scoring was performed in the intervention 
arm. Stress echocardiography, exercise ECG or SPECT was performed in the control arm. The 
choice of FDT in the control arm was determined by the treating physician before 
randomization. Apart from that, ICA was usually performed in both arms in case of unclear or 
positive results. The median follow-up period of the study was 25 months. 

The SCOT-HEART study is a multicentre RCT from Scotland and was conducted between 2010 
and 2014. A total of 4146 patients between 18 and 75 years of age with stable chest pain were 
included in the study. Patients with known CHD were included, but accounted for less than 
10% of the total population. Patients with an ACS within the last 3 months were excluded. 
Before randomization, all patients had received the standard of care according to the NICE 
guideline, consisting of an exercise ECG and, depending on the result, further functional or 
invasive tests. After randomization (1 : 1), a CCTA with upstream calcium scoring was 
performed in the intervention arm. The ASSIGN (Assessing cardiovascular Risk using SIGN 
[Scottish Intercollegiate Guidelines Network]) score was calculated in the control arm. 
Calculation of the ASSIGN score in the intervention arm was possible at the request of the 
treating physician, but was not regularly provided for. In contrast to other pre-test 
probabilities, the ASSIGN score also includes socioeconomic status by documenting place of 
residence and family history. In case of unclear or positive results, ICA was usually performed 
in both arms. The median follow-up period of the study was 4.8 years. 



Extract of final report D22-01 Version 1.1 
CT coronary angiography for CHD diagnosis 20 June 2023 

Institute for Quality and Efficiency in Health Care (IQWiG) - 11 - 

Comparison CCTA vs. direct ICA 

The CAD-MAN study is a single-centre RCT from Germany and was conducted between 2009 
and 2015. It included 340 patients over 30 years of age with suspected CHD and a clinical 
indication for ICA due to atypical symptoms. Overall, 12% (intervention arm) and 18% (control 
arm) of patients showed no reduction in chest pain with medication or rest and thus had 
suspected ACS. In the 6 months prior to randomization, 50% (intervention arm) and 57% 
(control arm) of patients had undergone at least 1 FDT. Patients with known CHD were 
explicitly excluded. After randomization (1 : 1), CCTA with upstream calcium scoring was 
performed in the intervention arm and ICA was performed in the control arm. Subsequently, 
if the CCTA results were positive, an ICA was performed in the intervention arm. The median 
follow-up period of the study was 3.3 years. 

The CONSERVE study is a multicentre RCT from North America, East Asia, Europe and India 
and was conducted between 2012 and 2015 in hospitals and cardiology practices. It included 
1631 patients over 18 years of age with stable chest pain, suspected CHD and a clinical 
indication for ICA. Prior to inclusion in the study, 28% (control arm) and 29% (intervention 
arm) of patients had undergone at least 1 FDT. Patients with known CHD or known ACS were 
excluded. In the intervention arm, CCTA with prior calcium scoring was performed after 
randomization (1 : 1). In the control arm, ICA was performed. Subsequently, in case of unclear 
or positive results of CCTA or ICA, (further) ICA, exercise ECG or resting echocardiography was 
usually performed, depending on the judgement of the treating physician. The median follow-
up period of the study was 12.3 months. 

The DISCHARGE study is a multicentre RCT from Germany, Austria, Czech Republic, Denmark, 
Hungary, United Kingdom, Ireland, Italy, Latvia, Lithuania, Poland, Portugal, Romania, Serbia, 
Spain and Finland and was conducted between 2015 and 2019. It included 3667 patients over 
30 years of age with stable chest pain, suspected CHD and a clinical indication for ICA. Prior to 
inclusion in the study, 35% (control arm) and 33% (intervention arm) of patients had 
undergone at least 1 FDT. After randomization (1 : 1), CCTA with upstream calcium scoring 
was performed in the intervention arm. ICA was performed in the control arm. In the 
intervention arm, if the CCTA results were positive, further diagnostic tests (FDTs and / or ICA) 
were decided on by a local heart team consisting of cardiologists, heart surgeons and 
radiologists. The median follow-up period of the study was 3.5 years. 

The Reis 2022 study is a single-centre RCT from Portugal and was conducted between 2015 
and 2018. It included 220 patients over 18 years of age with suspected stable CHD and a 
clinical indication for ICA. All patients had undergone at least 1 FDT prior to inclusion in the 
study. Patients with known CHD or known ACS were explicitly excluded. After randomization 
(1 : 1), CCTA with upstream calcium scoring was performed in the intervention arm. ICA was 
performed in the control arm. Subsequently, if the CCTA results were unclear or positive, an 
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ICA was performed in the intervention arm. The follow-up period of the study was at least 12 
months. 

4.2.2 Overview of patient-relevant outcomes 



Extract of final report D22-01 Version 1.1 
CT coronary angiography for CHD diagnosis 20 June 2023 

Institute for Quality and Efficiency in Health Care (IQWiG) - 13 - 

Table 2: Matrix of patient-relevant outcomes (Question 1: CCTA) (multi-page table) 
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CCTA vs. FDTs 

CAPP ● ─ ○b  ● ○c  ● ●d  ─ ─ ─ ─ ─ ─ ─ ─ ● ●e 

CARE-CCTA ● ─ ─ ● ● ● ─ ● ─ ─ ● ─ ─ ─ ─ ─ ─ 

CATCH ● ● ○b  ● ─ ● ─ ─ ─ ─ ● ● ● ─ ─ ─ ─ 

CT-STAT ● ● ○b  ● ─ ● ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ 

Goldstein 
2007 

● ● ● ● ─ ● ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ●e 

IAEA-
SPECT/CTA 

● ─ ○b  ○f  ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ 

Min 2012 ● ● ─ ● ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ● ─ 

Nabi 2016 ─ ● ─ ○f  ─ ○f  ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ 

PERFECT ● ●g  ─ ●g  ─ ●g  ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ 

PROMISE ● ─ ● ● ● ● ─ ● ● ● ● ─ ─ ○h  ○h  ●i  ●j  

SCOT-HEART ● ● ● ● ● ─ ●d  ─ ─ ─ ● ─ ─ ● ● ●k  ● 

CCTA vs. direct ICA 

CAD-MAN ●l  ● ○b  ● ● ● ─ ─ ─ ─ ● ─ ─ × × ─ ●e  

CONSERVE ● ─ ○b  ● ● ● ─ × ─ ─ ● ─ ─ ─ ─ ─ ●e  
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Table 2: Matrix of patient-relevant outcomes (Question 1: CCTA) (multi-page table) 
Study Outcomes 
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DISCHARGE ● ● ●m  ● ● ─ ● ● ─ ─ ● ─ ─ ●n  ─ ─ ●g  

Reis 2022 ● ● ○b  ● ● ● ● ─ ─ ─ ● ─ ─ ─ ─ ─ ─ 
●: Data were reported and were usable. 
○: Data were reported but were not usable for the benefit assessment. 
x: Data were not reported despite planned collection. 
-: No data were reported (no further information) / the outcome was not recorded. 
a. Proportion of patients without obstructive CHD diagnosed by ICA. 
b. Data not usable because individual components are not of comparable clinical severity. 
c. It is not clear from the publication whether events occurred. 
d. Only hospitalized cases, i.e. primarily serious events, were recorded. 
e. Only a defined catalogue of AEs was recorded that were assessed as a "complication" of the interventions. 
f. Data not usable, as results not shown per group. 
g. No results reported at the planned time of analysis of 30 days after discharge. 
h. Data not usable as not all subscales were recorded and therefore no summary score could be formed. 
i. No results reported at the planned time of analysis of 24 months. 
j. Only the number of events was documented, but not the number of patients with an event. 
k. The outcome is assigned to morbidity because only the response threshold used for the subscales "angina stability" and "disease perception" is at least 15% of the scale range of 

the data collection instrument used. 
l. No results reported at the planned time of analysis of 3.3 years (median). 
m. MACE includes results for single components reported at 3.5 years. Results for single components at the periprocedural time of analysis of 48 hours were assigned to AEs.  
n. The outcome is assigned to the morbidity category, as only the PCS subscale was recorded. 
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Table 2: Matrix of patient-relevant outcomes (Question 1: CCTA) (multi-page table) 
Study Outcomes 
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AE: adverse event; CCTA: coronary computed tomography angiography; CHD: coronary heart disease; EQ-5D: European Quality of Life – 5 Dimensions, 3 Level 
Version; QoL: quality of life; ICA: invasive coronary angiography; MACE: major adverse cardiovascular events; PCS: Physical Component Scale; PHQ-9: Patient Health 
Questionnaire-9; SAQ: Seattle Angina Questionnaire; SF-36: 36-Item Short Form Health Survey; SF-12: 12-Item Short Form Health Survey; SPS: Stanford 
Presenteeism Scale; VAS: Visual Analogue Scale 
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Data on patient-relevant outcomes could be extracted from all 15 included studies. Table 2 
shows an overview of the available data on patient-relevant outcomes from the included 
studies. 

For the comparison CCTA vs. FDTs, usable data on all-cause mortality were available from all 
studies except the Nabi 2016 study. 

For the comparison of CCTA vs. direct ICA, usable data on all-cause mortality were available 
from all 4 studies. In the CAD-MAN study, data collection at a long-term time of analysis was 
planned, but no results were reported. 

Results for the outcome of cardiovascular mortality were available for the comparison CCTA 
vs. FDTs from 7 studies. In the PERFECT study, no results were reported at the planned 
periprocedural time of analysis. 

For the comparison CCTA vs. direct ICA, cardiovascular mortality data were available from 3 
studies. For the Reis 2022 and DISCHARGE studies, the result on cardiovascular mortality could 
be derived at the periprocedural time of analysis, as no events occurred for the outcome of 
all-cause mortality. 

Composite outcomes that were composed of patient-relevant individual components were 
assigned to the outcome of major adverse cardiovascular events (MACE); these were assessed 
as usable if the individual components did not differ considerably in their severity and 
relevance for patients. Since effects were already evident at the level of the individual 
components, the MACE outcome was not used to answer Question 1. 

Results on the outcome of myocardial infarction were available from all 9 included studies 
comparing CCTA vs. FDTs. However, data on myocardial infarction from the Nabi 2016 study 
were not usable, as they were not reported per group. Likewise, the results of the IAEA-
SPECT/CTA study were not usable because myocardial infarction was only reported as a sub-
event of a composite outcome, but not separately. In the PERFECT study, results were not 
reported at the planned periprocedural time of analysis. For the comparison CCTA vs. direct 
ICA, usable data on myocardial infarction were available in all 4 studies. 

For the outcome of stroke, results were available from 3 of the included studies for the 
comparison CCTA vs. FDTs. Data from the CAPP study were not usable because it was not clear 
from the publication whether no strokes occurred or whether the outcome was not reported 
at the planned time of analysis. For the comparison of CCTA vs. direct ICA, usable data were 
available for the outcome of stroke in all 4 studies. 

For the outcome of unstable angina pectoris, data from 7 studies were available for the 
comparison CCTA vs. FDTs. The results of the Nabi 2016 study were not usable as they were 
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not reported per group. Data on unstable angina pectoris were not reported in the PERFECT 
study at the planned periprocedural time of analysis. For the comparison CCTA vs. direct ICA, 
data were usable from all 3 studies in which the outcome was reported. 

For the outcome of angina pectoris, usable data for the comparison CCTA vs. FDTs were 
available from the two studies CAPP and SCOT-HEART, in which only hospitalized cases, i.e. 
primarily serious events, were recorded. For the comparison of CCTA vs. direct ICA, usable 
results on angina pectoris were available from the DISCHARGE and Reis 2022 studies. 

For health state, measured by the European Quality of Life - 5 Dimensions Visual Analogue 
Scale (EQ-5D VAS), usable data were available from the CARE-CCTA and PROMISE studies for 
the CCTA vs. FDTs comparison. For the comparison CCTA vs. direct ICA, results on health state 
were reported in the DISCHARGE study, which could be used for the present analysis. Even 
though data collection was planned, no results on health state were reported in the 
CONSERVE study. Results on depressive symptoms using the Patient Health Questionnaire 
(PHQ-9) were only available for the PROMISE study for the comparison CCTA vs. FDTs. Data 
on health-related work productivity, measured by the Stanford Presenteeism Scale (SPS), 
were only available from the PROMISE study for the comparison of CCTA vs. FDTs, whose 
results were usable. 

Usable results on unnecessary invasive diagnostic tests could be calculated for 4 of the 11 
included studies comparing CCTA vs. FDTs and for all 4 studies comparing CCTA vs. direct ICA. 

Quality of life, measured by the two subscales physical (PCS) and mental (MCS) component 
summary scores of the 36-item Short Form Health Survey (SF-36), was recorded for the 
comparison CCTA vs. FDTs only in the CATCH study, whose results were usable. Results on 
quality of life, measured by the two subscales PCS and MCS of the 12-item Short Form Health 
Survey (SF-12), were available from the PROMISE study, but could not be used because not all 
subscale data were collected and thus no analysis of the summary scores was possible. In 
contrast, results for the two subscales of the SF-12 in the SCOT-HEART study were reported as 
planned and could be used. 

For the comparison CCTA vs. direct ICA, no results on the SF-12 were reported in the CAD-
MAN study even though data collection was planned. In the DISCHARGE study, only the PCS 
of the SF-12 was recorded, which, considered alone, was only usable under the category of 
morbidity. Usable results for the outcome of disease-specific quality of life, measured by the 
Seattle Angina Questionnaire (SAQ), were available from 4 of 11 included studies comparing 
CCTA vs. FDTs. Of these, however, only the subscales “angina stability” and “disease 
perception” (called quality of life in the publication) in the SCOT-HEART study used a suitable 
response threshold and were therefore usable; individually, these subscales are assigned to 
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the morbidity category. For the comparison of CCTA vs. direct ICA,  no measurement of 
disease-specific quality of life was performed using the SAQ in any study. 

Few data on adverse events (AEs) were available in the studies. If such data were available, 
mostly only a defined catalogue of AEs was recorded, which were assessed as "complications" 
of the interventions. 

4.2.3 Assessment of the risk of bias of results 

The risk of bias (see Section A3.2.1.2 of the full report) for the CCTA vs. FDTs comparison was 
rated as low across outcomes for 4 studies (CATCH, IAEA-SPECT/CTA, PROMISE and SCOT-
HEART) and as high for the remaining 7 studies (CAPP, CARE-CCTA, CT-STAT, Goldstein 2007, 
Min 2012, Nabi 2016 and PERFECT). In the CT-STAT and Goldstein 2007 studies, concealment 
of group allocation was unclear. In addition, the remaining studies with a high risk of bias 
(CAPP, CARE-CCTA, Min 2012, Nabi 2016 and PERFECT) showed unclear generation of the 
randomization sequence. 

For the 7 studies (CAPP, CARE-CCTA, CT-STAT, Goldstein 2007, Min 2012, Nabi 2016 and 
PERFECT), for which the risk of bias across outcomes had already been rated as high, there 
was consequently a high outcome-specific risk of bias for all assessed outcomes, so that no 
further outcome-specific assessment was performed for these studies. For the IAEA-
SPECT/CTA study, only one outcome was considered, which had been rated as having a low 
outcome-specific risk of bias. For the 3 other studies with a low risk of bias across outcomes, 
some of the assessed outcomes were rated as having a high outcome-specific risk of bias: 
CATCH (health-related quality of life), PROMISE (health state, depressive symptoms, disease-
specific quality of life, health-related work productivity) and SCOT-HEART (unnecessary 
invasive diagnostic tests, health-related quality of life, disease-specific quality of life). The 
reasons for this classification were an inadequate implementation of the intention-to-treat 
(ITT) principle and / or the lack of blinding of the outcome assessors for subjective outcomes. 

The risk of bias for the comparison of CCTA vs. direct ICA was assessed as low for 3 studies 
(CAD-MAN, DISCHARGE and CONSERVE) across outcomes. A high risk of bias was found for 
the Rice 2022 study due to unclear concealment of group allocation. 

For the Rice 2022 study, for which the risk of bias across outcomes had already been rated as 
high, a high outcome-specific risk of bias was consequently found for all assessed outcomes, 
so that no further outcome-specific assessment was performed for this study. For the CAD-
MAN study, all assessed outcomes were rated as having a low outcome-specific risk of bias. 
For the 2 other studies with a low risk of bias across outcomes, the outcomes under 
assessment were rated as having a high outcome-specific risk of bias: CONSERVE (all 
outcomes) and DISCHARGE (angina pectoris, health state, health-related quality of life). The 
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reasons for this rating were an inadequate implementation of the ITT principle and / or the 
lack of blinding of the outcome assessors for subjective outcomes. 

4.2.4 Results on patient-relevant outcomes 

For the analysis of the data in this report, 3 analysis periods were defined to which the results 
were assigned. The times of analysis were assigned to the periprocedural (up to 30 days after 
the intervention), medium-term (6 to 24 months) and long-term (2 to 5 years) analysis period. 
Accordingly, the usable data for the derivation of effects were presented grouped according 
to the 3 analysis periods, but a conclusion on benefit across times of analysis was drawn for 
each outcome. If data were available in a study at several times of analysis within the medium-
term analysis period, only 1 time of analysis, preferably after 12 months, was considered. If a 
study had data at several times of analysis within the long-term analysis period, only the last 
time of analysis was considered. Results at times of analysis outside the pre-specified periods 
were not considered if data were already available at a periprocedural, medium-term or long-
term time of analysis. The results of the Min 2012 study were reported as supplementary 
information, as these data were evaluated exclusively at times of analysis outside the periods 
defined above (1.8 months). 

4.2.4.1 Results for the outcome of all-cause mortality 

Comparison CCTA vs. FDTs 

For the comparison of CCTA vs. FDTs, data on the outcome of all-cause mortality were 
available from 10 studies with a moderate and high certainty of results. Only the Nabi 2016 
study did not assess all-cause mortality. Results were available for periprocedural, medium- 
and long-term times of analysis (see Table 23 of the full report). 

For the periprocedural analysis period, usable data were available from 3 studies (CT-STAT, 
Goldstein 2007 and PERFECT) with a moderate certainty of results. As no deaths had occurred 
in either treatment group in all 3 studies, neither the calculation of an effect nor a meta-
analytical summary of the results was performed. 

For the medium-term analysis period, usable data from 4 studies with a high certainty of 
results (CATCH, IAEA-SPECT/CTA, PROMISE and SCOT-HEART) were available, which could be 
summarized meta-analytically. No statistically significant difference was found in the meta-
analysis (odds ratio [OR]: 0.77; 95% confidence interval [CI]: [0.40; 1.50]; p = 0.303). The meta-
analytic summary of the studies with a high certainty of results and the studies with a 
moderate certainty of results (CAPP, CARE-CCTA, CT-STAT, Goldstein 2007 and PERFECT) 
showed no statistically significant difference (OR: 0.75; 95 % CI: [0.45; 1.27]; p = 0.226). As no 
deaths occurred in the CT-STAT, Goldstein 2007 and PERFECT studies, an analysis using a beta-
binomial model was calculated to take these studies into account. Again, no statistically 
significant difference was found (OR: 0.79; 95 % CI: [0.44; 1.40]; p = 0.411). 
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For the long-term analysis period, usable data were available from the SCOT-HEART and 
PROMISE studies, each with a high certainty of results. The meta-analytical summary showed 
no statistically significant difference (OR: 0.99; 95% CI: [0.77; 1.28]; p = 0.956). 

No analysis period could be assigned to the results of the Min 2012 study with a moderate 
certainty of results after 55 ± 34 days, in which no deaths had occurred and thus no difference 
between the groups was detectable. 

Overall, no hint of a benefit or harm from CCTA vs. FDTs was derived for the outcome of all-
cause mortality at any of the 3 analysis periods (periprocedural, medium-term or long-term). 

Comparison CCTA vs. direct ICA 

For the comparison of CCTA vs. direct ICA, data from all 4 studies with a moderate and high 
certainty of results were available for the outcome of all-cause mortality. Results were 
available for the periprocedural and medium-term analysis period (see Table 23 of the full 
report). It was planned to collect data on the long-term analysis period in the CAD-MAN study. 
However, these were not reported. 

For the periprocedural analysis period, usable data were available from the CAD-MAN and 
DISCHARGE studies with a high certainty of results. As no deaths occurred in either treatment 
group, no common effect estimate was calculated. 

For the medium-term analysis period, data from the two studies CONSERVE and Rice 2022 
with a moderate certainty of results were available. Since no deaths occurred in the Rice 2022 
study and only 3 (2 vs. 1) occurred in the CONSERVE study, no common effect estimate was 
calculated here either. 

Overall, no hint of a benefit or harm from CCTA vs. direct ICA was derived with regard to the 
outcome of all-cause mortality for any of the analysis periods. 

4.2.4.2 Results on the outcome of cardiovascular mortality 

Comparison CCTA vs. FDTs 

For the comparison of CCTA vs. FDTs, usable data on the outcome of cardiovascular mortality 
were available from 7 studies with a moderate and high certainty of results. Results were 
available at periprocedural, medium-term and long-term times of analysis (see Table 25 of the 
full report). 

For the periprocedural period, usable data were available from the two studies CT-STAT and 
Goldstein 2007 with a moderate certainty of results. As no cardiovascular deaths occurred in 
either study, no common effect estimate was calculated. 
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For the medium-term period, data from 6 studies with a high and moderate certainty of results 
were available and could be summarized meta-analytically. Since no events occurred in the 
CT-STAT, Goldstein 2007, Nabi 2016 and PERFECT studies (with a moderate certainty of 
results), only the results of the studies CATCH and SCOT-HEART (with a high certainty of 
results) were included in the common effect estimate. The meta-analysis showed no 
statistically significant difference (OR: 0.53; 95% CI: [0.17; 1.66]; p = 0.277). In order to take 
into account the studies in which no cardiovascular deaths had occurred (CT-STAT, Goldstein 
2007, Nabi, 2016 and PERFECT), a beta-binomial model was calculated for all studies. Again, 
there was no statistically significant difference (OR: 0.50; 95% CI: [0.15; 1.68]; p = 0.261). 

For the long-term period, data from the SCOT-HEART study with a high certainty of results 
were available. There was no statistically significant difference (hazard ratio [HR]: 0.43; 95% 
CI: [0.15; 1.22]). 

The data of the Min 2012 study with a moderate certainty of results after 55 ± 34 days could 
not be assigned to any of the 3 analysis periods. In this study, no cardiovascular deaths had 
occurred in either treatment group and thus there was no difference between the groups. 

Overall, no hint of benefit or harm from CCTA vs. FDTs was derived with regard to the outcome 
of cardiovascular mortality for any of the 3 analysis periods (periprocedural, medium-term or 
long-term). 

Comparison CCTA vs. direct ICA 

For the comparison of CCTA vs. direct ICA, usable data on the outcome of cardiovascular 
mortality were available from the CAD-MAN, DISCHARGE and Reis 2022 studies with a 
moderate and high certainty of results. Results were available at periprocedural, medium-
term and long-term times of analysis (see Table 25 of the full report). 

For the periprocedural analysis period, data from the CAD-MAN and DISCHARGE studies with 
a high certainty of results were available. Since no cardiovascular deaths occurred in either 
treatment group, no common effect estimate was calculated. 

For the medium-term analysis period, data from the Reis 2022 study with a moderate 
certainty of results were available. As no cardiovascular deaths occurred in either treatment 
group in this study, there was no difference between the groups. 

For the long-term analysis period, usable data were available from the CAD-MAN and 
DISCHARGE studies with a high certainty of results, which could be summarized meta-
analytically. The results showed no statistically significant difference (OR: 0.47; 95% CI: [0.19; 
1.12]; p = 0.088). 
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Overall, no hint of a benefit or harm from CCTA vs. direct ICA was derived with regard to the 
outcome of cardiovascular mortality for any of the 3 analysis periods (periprocedural, 
medium-term or long-term). 

4.2.4.3 Results on the outcome of major adverse cardiovascular events 

The composite outcome MACE was collected in many studies and operationalized very 
differently. In this assessment, outcomes were only to be considered if MACE was composed 
of two or more of the following individual components: death (all-cause or cardiovascular), 
myocardial infarction, stroke, unstable angina pectoris. The outcome MACE was not to be 
used if it included measures (e.g. revascularisation or hospitalization) whose causes differed 
considerably from those mentioned above in their severity and relevance for patients. The 
criteria for the consideration of MACE were fulfilled for the comparison CCTA vs. FDTs in the 
Goldstein 2007, PROMISE and SCOT-HEART studies and for the comparison CCTA vs. direct ICA 
in the DISCHARGE study (see Table 27 of the full report). 

However, statistically significant effects were already shown in this assessment at the level of 
individual outcomes, namely for the outcomes of myocardial infarction (CCTA vs. FDTs) and 
stroke (CCTA vs. ICA), primarily due to the results of the large PROMISE and SCOT-HEART 
studies and the DISCHARGE study. Since it can be assumed that the differences found in the 
individual outcomes are also evident in combination with other individual outcomes, an 
analysis of the composite outcome was not performed. 

4.2.4.4 Results on the outcome of myocardial infarction 

Comparison CCTA vs. FDTs 

For the comparison of CCTA vs. FDTs, usable data were available for the outcome of 
myocardial infarction from 9 studies with a moderate and high certainty of results. Results 
were available at the periprocedural, medium-term and long-term times of analysis (see Table 
29 of the full report). 

For the periprocedural analysis period, data from the CT-STAT and Goldstein 2007 studies with 
a moderate certainty of results were available. As no myocardial infarctions occurred in either 
treatment group in the Goldstein 2007 study, no meta-analytical summary of the data from 
the two studies was performed. The results of the CT-STAT study showed no statistically 
significant difference (OR: 0.19; 95% CI: [0.02; 1.59]; p = 0.095). 

Data from 3 studies with a high certainty of results (CATCH, PROMISE and SCOT-HEART) were 
available for the medium-term analysis period, for which a common effect estimate was not 
calculated. The estimate using Knapp and Hartung was not statistically significant. It was 
therefore examined whether the estimate according to DerSimonian and Laird yielded a 
statistically significant result; this was not the case. Therefore, a qualitative assessment was 
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made. The effects were not conclusive. Furthermore, a meta-analysis of all 8 studies with a 
moderate and high certainty of results showed a statistically significant difference (OR: 0.61; 
95% CI: [0.41; 0.89]; p = 0.021) in favour of CCTA. Since no myocardial infarctions occurred in 
the CARE-CCTA and Goldstein 2007 studies, a beta-binomial model was calculated to take 
these studies into account. There was no statistically significant difference between CCTA and 
FDTs (OR: 0.58; 95% CI: [0.26; 1.33]; p = 0.199). Overall, a hint of an effect in favour of CCTA 
at the medium-term point was derived, as the conclusions on statistical significance differed. 

For the long-term analysis period, usable data were available from the SCOT-HEART and 
PROMISE studies with a high certainty of results, which could be summarized meta-
analytically. There was a statistically significant difference (OR: 0.65; 95% CI: [0.48; 0.87]; p = 
0.004) in favour of CCTA. 

The results of the Min 2012 study with a moderate certainty of results after 55 ± 34 days 
(during which no myocardial infarctions had occurred in either treatment group) could not be 
assigned to any of the 3 analysis periods and were not analysed for any other period. 

Overall, proof of a benefit of CCTA vs. FDTs was derived with regard to the outcome of 
myocardial infarction. 

Comparison CCTA vs. direct ICA 

For the comparison of CCTA vs. direct ICA, data from all 4 studies with a high and moderate 
certainty of results were available for the outcome of myocardial infarction. Results were 
available at periprocedural, medium-term and long-term times of analysis (see Table 29 of the 
full report). 

For the periprocedural analysis period, data from the two studies CAD-MAN and DISCHARGE 
with a high certainty of results were available, which could be summarized meta-analytically. 
The results showed no statistically significant difference (OR: 0.41; 95% CI: [0.14; 1.25]; p = 
0.119). 

For the medium-term analysis period, the results of the CONSERVE and Rice 2022 studies with 
a moderate certainty of results could be summarized meta-analytically. The results showed 
no significant difference (OR: 0.66; 95% CI: [0.13; 3.38]; p = 0.622). 

For the long-term analysis period, data from the CAD-MAN and DISCHARGE studies with a high 
certainty of results were available, and their meta-analytical summary showed no statistically 
significant difference (OR: 1.16; 95% CI: [0.64; 2.09]; p = 0.620). 

Overall, no hint of a benefit or harm from CCTA vs. direct ICA was derived with regard to the 
outcome of myocardial infarction. 
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4.2.4.5 Results on the outcome of stroke 

Comparison CCTA vs. FDTs 

For the comparison of CCTA vs. FDTs, usable data from 3 studies with a moderate and high 
certainty were available for the outcome of stroke. Results were available for the 
periprocedural, medium-term and long-term times of analysis (see Table 31 of the full report). 

For the periprocedural analysis period, only data from the PROMISE study with a high certainty 
of results were available. The results showed no statistically significant difference (Peto-OR: 
0.51; 95% CI: [0.05; 4.95]; p = 0.681). 

For the medium-term analysis period, data were available from the CARE-CCTA studies with a 
moderate certainty of results and the SCOT-HEART study with a high certainty of results. At 
the level of the SCOT-HEART study, there was no statistically significant difference (HR: 0.73; 
95% CI: [0.23; 2.32]; p = 0.590). The results of the meta-analytical summary of the data from 
the CARE-CCTA studies and the SCOT-HEART study showed no statistically significant 
difference (OR: 0.72; 95% CI: [0.29; 1.78]; p = 0.473). 

For the long-term analysis period, data were available from the SCOT-HEART study with a high 
certainty of results. The results of this study did not show a statistically significant difference 
(HR: 0.74; 95% CI: [0.38; 1.44]). 

Overall, no hint of a benefit or harm from CCTA vs. FDTs was derived with regard to the 
outcome of stroke. 

Comparison CCTA vs. direct ICA 

For the comparison of CCTA vs. direct ICA, usable data were available for the outcome of 
stroke from all 4 studies with a moderate and high certainty of results. Results were available 
for the periprocedural, medium-term and long-term times of analysis (see Table 31 of the full 
report). 

For the periprocedural analysis period, data from the CAD-MAN and DISCHARGE studies with 
a high certainty of results were available. As no strokes had occurred in either treatment group 
of the CAD-MAN study, a common effect was not calculated. The results of the DISCHARGE 
study showed no statistically significant difference (HR: 0.32; 95% CI: [0.01; 7.93]; p = 0.369). 

For the medium-term analysis period, data from the CONSERVE and Reis 2022 studies with a 
moderate certainty of results were available, which could be summarized meta-analytically. 
The results showed no statistically significant difference (OR: 0.65; 95 % CI: [0.13; 3.32]; p = 
0.608). 
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For the long-term analysis period, data from the CAD-MAN and DISCHARGE studies with a high 
certainty of results were available, which could be summarized meta-analytically. The pooled 
results showed a statistically significant difference in favour of CCTA (OR: 0.47; 95% CI: [0.22; 
0.99]; p = 0.046). 

Overall, an indication of a benefit of CCTA vs. direct ICA was derived with regard to the 
outcome of stroke. Although the result is based on 2 RCTs with a high certainty of results, no 
proof can be derived here for the following reason: The result is almost completely dominated 
by the DISCHARGE study, which included more than 10 times as many patients as the CAD-
MAN study. Only 1 of the 31 stroke events in the two groups that were included in the meta-
analysis came from the CAD-MAN study. 

4.2.4.6 Results on the outcome of unstable angina pectoris 

Comparison CCTA vs. FDTs 

For the comparison of CCTA vs. FDTs, data from 7 studies with a moderate and high quality 
certainty of results were available for the outcome of unstable angina pectoris. Results were 
available at periprocedural, medium-term and long-term times of analysis (see Table 33 of the 
full report). 

For the periprocedural analysis period, only data from the CT-STAT study with a moderate 
certainty of results were available. The results showed no statistically significant difference 
(Peto OR: 0.94; 95% CI: [0.19; 4.67]; p = 0.997). 

Data from all 7 studies were available for the medium-term analysis period. The meta-analytic 
summary of data from the CATCH and PROMISE studies with a high certainty of results showed 
no statistically significant difference (OR: 1.34; 95% CI: [0.88; 2.04]; p = 0.167). The meta-
analytic summary of the data from the studies with a high (CATCH and PROMISE) and 
moderate (CAPP, CARE-CCTA, CT-STAT, Goldstein 2007 and PERFECT) certainty of results also 
showed no statistically significant difference (OR: 1.35; 95% CI: [0.87; 2.08]; p = 0.139). As no 
events had occurred in either treatment group in the Goldstein 2007 study, an analysis was 
conducted using the beta-binomial model to consider this study. Again, there was no 
statistically significant difference (OR: 1.34; 95% CI: [0.92; 1.95]; p = 0.128). 

For the long-term analysis period, only data from the PROMISE study with a high certainty of 
results were available. The results of the study at the long-term time of analysis showed a 
statistically significant difference to the disadvantage of CCTA compared to FDTs (OR: 1.50; 
95% CI: [1.01; 2.23]; p = 0.046). 

Overall, an indication of a lower benefit of CCTA vs. FDTs was derived with regard to the 
outcome of unstable angina pectoris. 
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Comparison CCTA vs. direct ICA 

For the comparison of CCTA vs. direct ICA, data from 3 studies with a moderate and high 
certainty of results were available for the outcome of unstable angina pectoris. Results were 
available for the medium-term and long-term times of analysis (see Table 33 of the full report). 

For the medium-term analysis period, data from the CONSERVE and Rice 2022 studies with a 
moderate certainty of results could be meta-analysed. The results showed no statistically 
significant difference (OR: 1.13; 95% CI: [0.47; 2.74]; p = 0.786). 

For the long-term analysis period, data from the CAD-MAN study with a high certainty of 
results were available. The results of this study also showed no statistically significant 
difference (OR: 4.91; 95% CI: [0.23; 103.05]; p = 0.211). 

Overall, no hint of a benefit or harm from CCTA vs. direct ICA was derived for the outcome of 
unstable angina pectoris. 

4.2.4.7 Results on the outcome of angina pectoris 

Comparison CCTA vs. FDTs 

For the comparison of CCTA vs. FDTs, usable data were available from the CAPP and SCOT-
HEART studies. Data were available at the medium-term time of analysis. 

At the level of the single SCOT-HEART study with a high certainty of results, there was no 
statistically significant difference (HR: 1.12; 95% CI: [0.81; 1.55]; p = 0.513). The meta-
analytical summary of the two studies (SCOT-HEART with a high and CAPP with a moderate 
certainty of results) showed significant heterogeneity (p < 0.001; see Figure 17 of the full 
report), which is why no pooled effect was calculated. The qualitative summary showed that 
the effects of the 2 studies were non-conclusive. 

Overall, no hint of a benefit or harm from CCTA vs. direct ICA was derived with regard to the 
outcome of angina pectoris. 

Comparison CCTA vs. direct ICA 

For the comparison of CCTA vs. direct ICA, data on the outcome of angina pectoris were 
available from 2 studies with a moderate certainty of results. Results were available for the 
medium-term and long-term times of analysis (see Table 35 of the full report). 

For the medium-term analysis period, results from the studies DISCHARGE and Rice 2022 with 
a moderate certainty of results were usable and could be summarized meta-analytically. The 
results showed no statistically significant difference (OR: 1.21: 95% CI: [0.98; 1.50]; p = 0.077). 
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For the long-term analysis period, only data from the DISCHARGE study with a moderate 
certainty of results were available. The results of this study also showed no statistically 
significant difference (OR: 1.17; 95% CI: [0.92; 1.48]). 

Overall, no hint of a benefit or harm from CCTA vs. direct ICA was derived for the outcome of 
angina pectoris. 

4.2.4.8 Results on the outcome of health state (EQ-5D VAS) 

Comparison CCTA vs. FDTs 

For the outcome of health state, data for the comparison CCTA vs. FDTs were available from 
the studies CARE-CCTA and PROMISE with a moderate certainty of results. Results were 
available for the medium-term time of analysis (see Table 37 of the full report). The meta-
analytic summary showed no statistically significant difference (mean difference [MD]: -0.70 
[95% CI]: [-1.50; 0.10]; p = 0.086). 

Overall, no hint of a benefit or harm from CCTA vs. FDTs was derived with regard to health 
state as measured by the EQ-5D VAS. 

Comparison CCTA vs. direct ICA 

For the comparison of CCTA vs. direct ICA, data from one study (DISCHARGE) with a moderate 
certainty of results were available for the outcome of health state for the medium-term and 
long-term times of analysis (see Table 37 of the full report). 

For the medium-term analysis period, the results of the DISCHARGE study showed no 
statistically significant difference (OR: -0.20; 95% CI: [-1.25; 0.87]). The same applied to the 
long-term analysis period (OR: 0.31; 95% CI: [-0.76; 1.38]). 

Overall, no hint of a benefit or harm from CCTA vs. direct ICA was derived with regard to the 
outcome of health state measured by the EQ-5D VAS. 

4.2.4.9 Results on the outcome of depressive symptoms (PHQ-9) 

Comparison CCTA vs. FDTs 

For the outcome of depressive symptoms, data for the comparison CCTA vs. FDTs were 
available from the PROMISE study with a moderate certainty of results. Results were available 
for the medium-term analysis period (see Table 39 of the full report). 

The results of this study showed no statistically significant difference at 12 months (OR: 1.15; 
95% CI: [0.97; 1.36]; p = 0.110). 

Overall, no hint of a benefit or harm from CCTA vs. FDTs was derived with regard to the 
outcome of depressive symptoms. 
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Comparison CCTA vs. direct ICA 

For the comparison CCTA vs. direct ICA, no data were available for the outcome of depressive 
symptoms. 

4.2.4.10 Results on the outcome of health-related work productivity (SPS) 

Comparison CCTA vs. FDTs 

For the outcome of health-related work productivity, measured by SPS, data for the 
comparison CCTA vs. FDTs were available from the PROMISE study with a moderate certainty 
of results. Data were available for the medium-term analysis period (see Table 41 of the full 
report). The results showed no statistically significant difference (MD: 0.10; 95% CI: [-0.24; 
0.44]; p = 0.568). 

Overall, no hint of a benefit or harm from CCTA vs. FDTs was derived with regard to health-
related work productivity. 

Comparison CCTA vs. direct ICA 

For the comparison CCTA vs. direct ICA, no data were available for the outcome of health-
related work productivity. 

4.2.4.11 Results on the outcome of unnecessary invasive diagnostic tests  

The outcome of unnecessary invasive diagnostic tests in this report was the proportion of 
patients in whom no obstructive CHD was detected by ICA. If such an analysis was not available 
in the studies themselves, the proportion of ICAs performed and the number of patients 
without obstructive CHD were calculated. Since no time of analysis was reported for the 
majority of ICAs, this outcome was not assigned to an analysis period. 

Comparison CCTA vs. FDTs 

For the comparison CCTA vs. FDTs, data from 4 studies with a high and moderate certainty of 
results were available for the outcome of unnecessary invasive diagnostic tests (see Table 43 
of the full report). 

The meta-analytical summary of the data from the studies with a high certainty of results 
(CATCH and PROMISE) showed a statistically significant difference (OR: 0.77; 95% CI: [0.64; 
0.94]; p = 0.011) in favour of CCTA. In the meta-analytic summary of the data from the studies 
with a high (CATCH and PROMISE) and moderate (CARE-CCTA and SCOT-HEART) certainty of 
results, no common effect was calculated due to relevant heterogeneity of the results. The 
two studies with a high certainty of results had already shown proof of an effect, so that 
overall proof of an effect was derived. 
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Overall, proof of less harm from CCTA vs. FDTs was derived with regard to the outcome of 
unnecessary invasive diagnostic tests. 

Comparison CCTA vs. direct ICA 

For the comparison of CCTA vs. direct ICA, data were available from 4 studies with a moderate 
(CONSERVE and Rice 2022) and a high (CAD-MAN and DISCHARGE) certainty of results for the 
outcome of unnecessary invasive diagnostic tests (see Table 43 of the full report). For the two 
studies with a high certainty of results (CAD-MAN and DISCHARGE), no pooled effect was 
calculated due to relevant heterogeneity of the results. Here, the qualitative summary of the 
results showed that the effects are clearly conclusive in favour of CCTA. A pooled analysis of 
all studies with a moderate and high certainty of results also showed relevant heterogeneity; 
the effects are conclusive. All 4 studies show strikingly large effects in favour of CCTA with OR 
effect estimates in the range of 0.01 to 0.03. 

Overall, proof of less harm from CCTA vs. direct ICA was derived with regard to the outcome 
of unnecessary invasive diagnostic tests. 

4.2.4.12 Results on the outcome of health-related quality of life (SF-12 and SF-36) 

Comparison CCTA vs. FDTs 

For the comparison of CCTA vs. FDTs, data were available for the outcome of quality of life, 
measured by the SF-12 or SF-36 questionnaires on PCS and MCS. Results from the 2 studies 
CATCH (SF-36) and SCOT-HEART (SF-12) with a moderate certainty of results were available 
for the medium-term time of analysis (see Table 45 of the full report). 

The data from the two studies CATCH and SCOT-HEART were combined meta-analytically. For 
the outcome of health-related quality of life, measured by the PCS of the SF-12 or SF-36, there 
was no statistically significant difference (Hedges' g: -0.07; 95% CI: [-0.13; 0.00]; p = 0.054). 
Likewise, there was no statistically significant difference for this outcome measured by the 
MCS of the SF-12 or SF-36 (Hedges' g: -0.05; 95% CI: [-0.12; 0.02]; p = 0.150). 

Overall, no hint of a benefit or harm from CCTA vs. FDTs was derived with regard to the 
outcome of health-related quality of life, measured by PCS and MCS. 

Comparison CCTA vs. direct ICA 

For the comparison of CCTA vs. direct ICA, usable data from the DISCHARGE study with a 
moderate certainty of results were available for the medium- and long-term analysis periods 
(see Table 45 of the full report). The results did not show a statistically significant difference 
either for the medium-term (MD: 0.12; 95% CI: [-0.37; 0.61]) or long-term time of analysis 
(MD: 0.26; 95% CI: [-0.27; 0.78]). Since only the PCS and thus not the data on the entire SF-12 
had been recorded in this study, the results were assigned to the domain of morbidity. 
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Overall, no hint of a benefit or harm from CCTA vs. direct ICA was derived with regard to the 
PCS recorded with the SF-12. 

4.2.4.13 Results on the outcome of disease-specific quality of life (SAQ) 

Comparison CCTA vs. FDTs 

For the outcome of disease-specific quality of life measured using the SAQ, data from the CAPP 
and PROMISE studies with a moderate certainty of results were usable for the comparison of 
CCTA vs. FDTs for the medium-term time of analysis. Furthermore, data from the Min 2012 
study with a moderate certainty of results were available, but their time of analysis of 55 ± 34 
days could not be assigned to any of the defined analysis periods (see Table 47 of the full 
report). 

The results of the CAPP and PROMISE studies with a moderate certainty of results could be 
summarized meta-analytically for the medium-term analysis period. The meta-analytical 
summary of the data from both studies for the subscale “physical limitation” (OR: -0.77; 95% 
CI: [-1.56; 0.02]; p = 0.056) showed no statistically significant difference. For the subscale 
“angina stability”, the meta-analytical summary showed a statistically significant difference 
(OR: -0.80; 95% CI: [-1.60; -0.01]; p = 0.047) to the disadvantage of CCTA. In order to check the 
clinical relevance of the result, the standardized MD was calculated in the form of Hedges' g. 
The 95% CI is not completely above or below the irrelevance threshold of 0.2 and -0.2, 
respectively (Hedges' g: -0.05; 95% CI: [-0.11; -0.0003]) [75]. Thus, it cannot be deduced that 
this effect is relevant. For the subscale “angina frequency”, the meta-analytical summary of 
the data from both studies showed no statistically significant difference (OR: -0.14; 95% CI: [-
0.73; 0.46]; p = 0.649). Likewise, no statistically significant difference was found for the 
subscales “treatment satisfaction” (OR: 0.81; 95% CI: [-0.25; 1.87]; p = 0.133) and “disease 
perception” (called quality of life in the publications) of the SAQ based on the meta-analytical 
summary of the results of both studies (OR: -0.71; 95% CI: [-1.73; 0.32]; p = 0.175). 

The results of the Min 2012 study with a moderate certainty of results were reported using a 
model adjusted for clinical risk factors. There was no statistically significant difference for the 
subscale “physical limitation” (p = 0.58). There was also no statistically significant difference 
for the subscale “angina stability” (p = 0.11), as well as for the subscales “angina frequency” 
(p = 0.31), “treatment satisfaction” (p = 0.26) and “disease perception” (called quality of life 
in the publication) (p = 0.80). 

In addition, a responder analysis of the SCOT-HEART study was available with usable data on 
the subscales “angina stability” and “disease perception” (called quality of life in the 
publication). Only for these 2 dimensions does the response threshold used correspond to at 
least 15% of the scale range. Since not all domains of the SAQ were usable in this study, the 
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results are assigned to the morbidity domain. Results were available for the medium-term 
analysis period. 

The results of the SCOT-HEART study with a moderate certainty of results showed no 
statistically significant difference for the subscale “angina stability” for the medium-term 
analysis period (OR: 1.12; 95% CI: [0.98; 1.28]; p = 0.086). Likewise, for the subscale “disease 
perception”, the results of the SCOT-HEART study showed no statistically significant difference 
(OR: 0.95; 95% CI: [0.84; 1.08]; p = 0.431). 

Overall, no hint of a benefit or harm was derived for CCTA vs. FDTs with regard to the outcome 
of health-related quality of life,  

Comparison CCTA vs. direct ICA 

No data were available for the outcome of health-related quality of life for the comparison 
CCTA vs. direct ICA. 

4.2.4.14 Results on the outcome of adverse events 

AEs (often referred to as "complications" in the publications) that were recorded on the basis 
of a predefined catalogue bear the risk of selective data collection. Since it can be assumed 
that only such a selective choice of AEs was recorded in all included studies, these data were 
considered as supplementary information in this assessment and limited to serious and severe 
events. A quantitative analysis was not performed as only isolated events occurred. 
Periprocedural mortality and morbidity outcomes (all-cause mortality, myocardial infarction, 
stroke) are considered in the respective sections of this report. 

Comparison CCTA vs. FDTs 

For the comparison CCTA vs. FDTs, results from the Goldstein 2007 study with a moderate 
certainty of results and the PROMISE study with a high certainty of results were available for 
the periprocedural analysis period (see Table 50 of the full report). In the Goldstein 2007 
study, AEs had not occurred in either treatment group after the intervention. In the PROMISE 
study, severe bleeding occurred in 3 patients in both treatment groups. In the control group, 
9 additional serious AEs (SAEs) had occurred, including 5 ventricular tachycardias and 4 
hospital admissions due to symptoms such as chest pain and nausea, for which it was not 
stated how many patients were affected. 

Data on AEs were available from the CAPP and Goldstein 2007 studies with a moderate 
certainty of results and from the SCOT-HEART study with a high certainty of results for the 
medium-term analysis period. In each of the 3 studies, no SAEs occurred in either treatment 
group after the intervention. 
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Overall, the data on AEs provided no hint of a benefit or harm from CCTA vs. FDTs with regard 
to this outcome. 

Comparison CCTA vs. direct ICA 

For the comparison of CCTA vs. direct ICA, data were available from 3 studies with a high and 
moderate certainty of results. Results were available for the periprocedural and medium-term 
analysis period (see Table 50 of the full report). 

For the periprocedural analysis period, data from the CAD-MAN and DISCHARGE studies  with 
a high certainty of results were available. In the CAD-MAN study, no SAEs occurred in either 
treatment group. In the DISCHARGE study, SAEs occurred in 6 patients in the intervention 
group (4 patients with prolonged hospitalization and 2 patients with a dissection) and in 22 
patients in the control group (6 patients with cardiac arrhythmia, 11 patients with prolonged 
hospitalization, 2 patients with a dissection, 2 patients with cardiac arrest, and 1 patient with 
a cardiac tamponade). Thus, there was a statistically significant difference in favour of CCTA 
for the outcome of AEs (OR: 0.26; 95% CI: [0.11; 0.64]; p = 0.002). 

Data from the CONSERVE study with a moderate certainty of results were available for the 
medium-term analysis period. No SAEs had occurred in the intervention group and 2 patients 
in the control group had experienced serious bleeding, of which 1 patient required a 
transfusion. 

Overall, the data on AEs provide an indication of less harm from CCTA vs. direct ICA. 

4.3 Diagnostic strategies using CCTA with a functional evaluation (Question 2) 

4.3.1 Characteristics of the studies included in the assessment 

Of the 5 studies identified for Question 2, the CATCH-2 [61] and Yu 2020 [74] studies 
investigated functional evaluation using CTP and the FORECAST [63], PRECISE [76] and TARGET 
[71] studies investigated functional evaluation using CT-FFR. The PRECISE and TARGET studies 
did not sufficiently meet the inclusion criteria of this assessment and were therefore not 
included. However, they are presented below as supplementary information. The 
characteristics of the studies are described below (see Section A3.3.1.1 of the full report). 

The CATCH-2 study [61] is a multicentre RCT from Denmark and was conducted between 2013 
and 2017. It included 600 patients over 50 years of age with acute chest pain, but normal 
troponin values and a normal resting ECG. After randomization (1 : 1), CCTA with upstream 
calcium scoring was performed in the intervention arm and in the control arm. Initially, a 
diagnostic decision was made in all randomized patients without knowledge of the group 
allocation on the basis of CCTA alone. Only then did the treating physicians in the intervention 
group additionally receive the results of a static CTP. Further diagnostic tests in both arms in 
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case of positive results consisted of an ICA. The median follow-up period of the study was 18 
months. 

The FORECAST study [63] is a multicentre RCT from the UK and was conducted in several 
specialist chest pain clinics between 2017 and 2019. It included 1400 patients over 18 years 
of age with stable chest pain. Patients with an ACS were excluded. After randomization (1 : 1), 
only CCTA with upstream calcium scoring was performed in the intervention arm. 
Subsequently, if CCTA was positive, computerized analysis of CT images was performed to 
measure FFR. This affected 31% of the patients. For CT-FFR, a US CE-certified software was 
used, based on a "computational fluid dynamics" simulation, cloud-based, involving a 
mainframe computer (offsite) [77]. In the case of a positive CT-FFR finding, ICA was usually 
performed. In the control arm, the standard of care according to the NICE guideline [7] 
applied, consisting of CCTA with upstream calcium scoring (but without measurement of FFR), 
stress echocardiography, exercise ECG, SPECT, exercise MRI and direct ICA. Although this NICE 
guideline calls for CCTA as the primary diagnostic test, only a total of 63% of patients in the 
control group received CCTA as the first diagnostic test. According to the study authors, this 
was due to the still developing equipment and capacities of the participating study centres. 
The follow-up period of the study was 9 months. 

The PRECISE study [66] is a multicentre RCT from North America and Europe conducted 
between 2018 and 2021. It included 2103 patients over 18 years of age with stable chest pain. 
Patients with an ACS and acute chest pain were excluded. After randomization (1:1), low-risk 
patients in the intervention arm were selected and deferred using the PROMISE Minimal Risk 
Tool [78]. Thus, no further tests were performed in 16% of the patients. With 79% of patients, 
the majority of all participants in the intervention arm underwent CCTA. If the result of the 
CCTA was positive, the CT images were then analysed by computer to measure the FFR. This 
affected 31% of the patients. The CT-FFR used the same US software as in the FORECAST study. 
In the control arm, a standard treatment consisting of stress echocardiography, exercise ECG, 
SPECT, PET, exercise MRI and direct ICA was used; 12% received a treatment not reimbursable 
by the SHI (stress MRI, PET). The median follow-up period of the study was 11.8 months. Since 
in the PRECISE study the CCTA was explicitly not allowed to be included in the diagnostic 
strategy of the control arm and the PROMISE Risk Tool  was used exclusively in the 
intervention arm to select patients, no reliable conclusion on the benefit of CT-FFR is possible 
on the basis of the comparison of this study, since the study arms differ considerably in the 
diagnostic tests used in addition. Therefore, this study is only reported as supplementary 
information. 

The TARGET study [71] is a multicentre RCT from China conducted between 2019 and 2022. It 
included 1216 patients without age restriction with stable chest pain and a stenosis in at least 
one main coronary artery (diameter > 2.5 mm) between 30% and 90%, based on upstream 
CCTA, and intermediate to high pre-test probability assessed by the CAD Consortium Score. 
Patients with ACS were explicitly excluded. After randomization (1 : 1), the FFR was 



Extract of final report D22-01 Version 1.1 
CT coronary angiography for CHD diagnosis 20 June 2023 

Institute for Quality and Efficiency in Health Care (IQWiG) - 34 - 

determined in the intervention arm based on the images of the CCTA by computer-controlled 
analysis with the CE-certified software DEEPVESSEL FFR. This is an on-site product from China 
based on a machine learning algorithm [77]. Patients in the control arm underwent an FDT 
(stress echocardiography, exercise ECG or SPECT). Further diagnostics in both arms in case of 
positive results consisted of ICA. The median follow-up period of the study was 12.2 months. 
Since 41% of the patients in the intervention arm and 37% in the control arm had a stenosis 
grade of 70% to 90%, combined with the high pre-test probability of the study population, 
which was on average 74.6% in the entire study population (see Table 54 of the full report), 
too large a proportion did not correspond to the population relevant for this report, i.e. a 
clinical indication for further non-invasive diagnostic testing. The fact that this part of the 
study population has no clinical indication for further non-invasive diagnostic tests is also 
shown by the fact that in this study, 69% of patients in the intervention arm and 79% in the 
control arm ultimately received invasive diagnostics. In contrast, this rate in the other studies 
was between 14% (CATCH 2) and 33% (Yu, 2020) in the intervention arm and between 25% 
(FORECAST) and 48% (Yu, 2020) in the control arm. While the CCTA was thus used in other 
studies to exclude a CHD diagnosis (rule-out) in a population with a low to intermediate pre-
test probability, in the TARGET study the CCTA was used more for rule-in with a considerably 
higher pre-test probability, which in turn is shown by the high rate of invasive diagnostic tests. 
Thus, the diagnostic strategy of TARGET falls short of the use of CCTA as a rule-out diagnostic 
test recommended in the ESC and NVL guidelines. Thus, the results of the study, i.e. the 
investigation of an additional CT-FFR, which would have been dispensable here, cannot be 
transferred to the approach in Germany. An enquiry to authors for a subgroup analysis 
according to stenosis grade (see Table 13 of the full report) remained unanswered, which is 
why this study is only reported as supplementary information. 

The Yu 2020 study [74] is a single-centre RCT from China conducted between 2016 and 2018. 
It included 250 patients with stable chest pain or angina-like symptoms with no stated age 
restriction. Patients with an ACS were explicitly excluded. After randomization (1 : 1), CCTA 
with upstream calcium scoring was performed in the intervention arm and the control arm. In 
contrast to the CATCH-2 study, in the Yu 2020 study a dynamic CTP was performed between 
calcium scoring and CCTA in all patients in the intervention arm. Further diagnostic tests in 
both arms in case of positive results consisted of ICA. The follow-up period of the study was 
12 months. 

4.3.2 Overview of patient-relevant outcomes 

Data on patient-relevant outcomes could be extracted from all 5 identified studies. Table 3 
shows the overview of the available data on patient-relevant outcomes. 
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Table 3: Matrix of patient-relevant outcomes (Question 2: CCTA with functional evaluation) 
Study Outcomes 
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CATCH-2 ● ● ○a  ● ─ ● ●b  ─ ● ─ ─ 

FORECAST ● ─ ○a  ● ● ─ ─ ○c  ● ●d,e  × 

PRECISE ●f  ●f  ●f  ●f ─ ●f  ─ × ●f  ○g  ─ 

TARGET ─ ●f, h  ○a  ●f  ─ ●f  ─ ─ ●f  ●d,f × 

Yu 2020 ● ● ○a  ● ─ ─ ─ ─ ─ ─ ─ 

●: Data were reported and were usable. 
○: Data were reported but were not usable for the benefit assessment. 
x: Data were not reported despite planned collection. 
-: No data were reported (no further information) / the outcome was not recorded. 
a. Outcome not usable because individual components are not of comparable clinical severity. 
b. Only hospitalized cases, i.e. primarily serious events, were recorded. 
c. The present analysis of the utility values is assessed as not relevant to patients, as the underlying tariff 

was not generated on the basis of a patient population suitable for the question. 
d. It is a short version of the SAQ, the SAQ-7, which contains 7 items instead of 19. 
e. Only the total score was reported in the publication. 
f. The results of this study are reported only as supplementary information. 
g. Outcome not usable as not all domains of the SAQ were presented separately. 
h. In the study, deaths due to unknown causes and unobserved deaths were counted towards the outcome 

of cardiovascular mortality. 
 
EQ-5D: European Quality of Life – 5 Dimensions, 3 Level Version; QoL: quality of life: MACE: major adverse 
cardiovascular events; SAQ: Seattle Angina Questionnaire; VAS: Visual Analogue Scale 

 

As the PRECISE and TARGET studies did not sufficiently meet the inclusion criteria of this 
assessment (see Section 4.3.1), these two studies are only reported as supplementary 
information in this report. Therefore, the presentation of the assessment of the risk of bias 
and of the results on outcomes of these studies was omitted in the following Sections 4.3.3 
and 4.3.4. The corresponding data can be found in Sections A3.3.1.2 and A3.3.2 of the full 
report. 

For the comparison of CCTA with functional evaluation vs. CCTA without functional evaluation, 
usable results were available for the outcome of all-cause mortality from all included studies. 



Extract of final report D22-01 Version 1.1 
CT coronary angiography for CHD diagnosis 20 June 2023 

Institute for Quality and Efficiency in Health Care (IQWiG) - 36 - 

Usable data for the outcome of cardiovascular mortality were available from the CATCH-2 
study and could be calculated for the Yu 2020 study based on the results for all-cause 
mortality, in which no events had occurred. The data for the outcome MACE from the studies 
for Question 2 could not be used, as the individual components differed considerably in their 
severity and in their relevance for the patients. 

For the outcome of myocardial infarction, usable results were available from all included 
studies. For the outcome of stroke, data were only available from the FORECAST study. Results 
for the outcome of unstable angina pectoris were available from the CATCH-2 study and could 
be used. Usable results for the outcome of angina pectoris were also available from the 
CATCH-2 study. In this study, only hospitalized cases of angina pectoris were recorded, i.e. 
mainly serious events. Results on health state, measured by the EQ-5D VAS, were only 
available from the FORECAST study, but were not usable because the results on the VAS had 
not been reported. Usable data on the outcome of unnecessary invasive diagnostic tests could 
be calculated from the number of patients diagnosed with obstructive CHD by ICA for the 
CATCH-2 and FORECAST studies. Data on disease-specific quality of life were available from 
the FORECAST study. No data on AEs were available in any of the 3 studies relevant to 
answering Question 2. 

4.3.3 Assessment of the risk of bias 

The risk of bias (see Section A3.3.1.2 of the full report) for Question 2 on CCTA with the option 
of functional evaluation was rated as low across outcomes for the CATCH-2 and FORECAST 
studies and high for the Yu 2020 study. In the Yu 2020 study, both the adequate generation of 
the randomization sequence and the concealment of group allocation were partly unclear.  

For the Yu 2020 study, in which the risk of bias across outcomes had already been rated as 
high, there was consequently a high outcome-specific risk of bias for all assessed outcomes, 
so that no further outcome-specific assessment was carried out for this study. For the CATCH-
2 and FORECAST studies, all assessed outcomes were rated as having a low outcome-specific 
risk of bias. Only the outcome of disease-specific quality of life (SAQ-7) of the FORECAST study 
was rated as having a high risk of bias due to the lack of blinding in the recording of subjective 
outcomes. 

4.3.4 Results on patient-relevant outcomes 

As for Question 1, usable data were classified according to their time of analysis as 
periprocedural, medium-term or long-term. Thus, the results of the studies for Question 2 
were also assigned to the periprocedural (up to 30 days after the procedure), medium-term 
(6 to 24 months), and long-term (2 to 5 years) analysis period. For Question 2, only data on 
the medium-term period were available. The two functional evaluation methods investigated 
in the studies, CT-FFR and CTP, are not technically comparable. Therefore, a meta-analytical 
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summary across all outcomes of the FORECAST study on CT-FFR and the CATCH-2 and Yu 2020 
studies on CTP was not meaningful. 

4.3.4.1 Results on the outcome of all-cause mortality 

For the comparison of CCTA without functional evaluation vs. CCTA with functional evaluation, 
data were available from 3 included studies with a high (CATCH-2 and FORECAST) and 
moderate (Yu 2020) certainty of results. Only results for the medium-term analysis time of 
analysis were available (see Table 57 of the full report). 

For the CATCH-2 (Peto OR: 1.00; 95% CI: [0.20; 4.99]; p > 0.999) and FORECAST (OR: 5.02; 95% 
CI: [0.24; 104.78]; p = 0.171) studies with a high certainty of results, there was no statistically 
significant difference between the treatment groups. In the Yu 2020 study with a moderate 
certainty of results, no deaths had occurred in either treatment group. A meta-analytical 
summary of the results of the CATCH-2 and Yu 2020 studies was therefore not performed. 

Overall, no hint of a benefit or harm from CCTA with functional evaluation vs. CCTA without 
functional evaluation was derived with regard to the outcome of all-cause mortality. 

4.3.4.2 Results on the outcome of cardiovascular mortality 

For the outcome of cardiovascular mortality, data from 2 studies with a high (CATCH-2) and 
moderate certainty of results (Yu 2020) were available for the medium-term time of analysis 
(see Table 58 of the full report). 

No cardiovascular deaths had occurred in either study. A meta-analytical summary of the 
results of the CATCH-2 and Yu 2020 studies was therefore not performed.  

Overall, no hint of a benefit or harm from CCTA with functional evaluation vs. CCTA without 
functional evaluation was derived with regard to the outcome of cardiovascular mortality. 

4.3.4.3 Results on the outcome of major adverse cardiovascular events 

The results for the outcome MACE were only considered if it consisted of 2 or more of the 
following individual components: death (all-cause or cardiovascular), myocardial infarction, 
stroke, unstable angina pectoris. The latter 3 outcomes did not differ considerably in their 
severity and in their relevance for the patients. For the outcome MACE, no usable data were 
available from any of the included studies. 

4.3.4.4 Results on the outcome of myocardial infarction 

For the outcome of myocardial infarction, results from all 3 included studies with a high 
(CATCH-2 and FORECAST) and moderate (Yu 2020) certainty of results were available. Only 
results for the medium-term time of analysis were available (see Table 60 of the full report). 
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In the CATCH-2 (Peto OR: 0.51; 95% CI: [0.05; 4.94]; p = 0.683) and FORECAST (OR: 3.03; 95% 
CI: [0.82; 11.24]; p = 0.084) studies with a high certainty of results, there was no statistically 
significant difference. However, the FORECAST study showed a numerically striking difference 
to the disadvantage of CCTA with functional evaluation. In the Yu 2020 study with a moderate 
certainty of results, no myocardial infarctions had occurred. Therefore, a meta-analytical 
summary of the results of the CATCH-2 and Yu 2020 studies was not performed. 

Overall, no hint of a benefit or harm from CCTA with functional evaluation vs. CCTA without 
functional evaluation was derived with regard to the outcome of myocardial infarction. 

4.3.4.5 Results on the outcome of stroke 

For the outcome of stroke, data from the FORECAST study with a high certainty of results were 
available for the medium-term time of analysis (see Table 61 of the full report). There was no 
statistically significant difference in the results (OR: 0.33; 95% CI: [0.01; 8.20]; p = 0.530). 

Overall, no hint of a benefit or harm from CCTA with functional evaluation vs. CCTA without 
functional evaluation was derived with regard to the outcome of stroke. 

4.3.4.6 Results on the outcome of unstable angina pectoris 

For the outcome of unstable angina pectoris, data from the CATCH-2 study  with a high 
certainty of results were available for the medium-term time of analysis (see Table 62 of the 
full report). The results showed no statistically significant difference (Peto OR: 1.00; 95% CI: 
[0.06; 16.02]; p > 0.999). 

Overall, no hint of a benefit or harm from CCTA with functional evaluation vs. CCTA without 
functional evaluation was derived with regard to the outcome of unstable angina. 

4.3.4.7 Results on the outcome of angina pectoris 

For the outcome of angina pectoris, data from the CATCH-2 study  with a high certainty of 
results were available. Data were available for the medium-term time of analysis (see Table 
63 of the full report). The results showed no statistically significant difference (OR: 0.73; 95% 
CI: [0.39; 1.38]; p = 0.530). 

Overall, no hint of a benefit or harm from CCTA with functional evaluation vs. CCTA without 
functional evaluation was derived with regard to the outcome of angina pectoris. 

4.3.4.8 Results on the outcome of unnecessary invasive diagnostic tests 

The outcome of unnecessary invasive diagnostic tests in this report was the proportion of 
patients who were not diagnosed with obstructive CHD using ICA. Since no time of analysis 
was reported for the majority of ICAs, this outcome was not assigned to an analysis period. 
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For the outcome of unnecessary invasive diagnostic tests (proportion of patients without 
obstructive CHD, diagnosed by ICA), results from the CATCH-2 and FORECAST studies  with a 
high certainty of results were available (see Table 64 of the full report). 

For the outcome of unnecessary invasive diagnostic tests, the CATCH-2 study showed a 
statistically significant difference in favour of CCTA with functional evaluation using CTP (OR: 
0.34; 95% CI: [0.18; 0.66]; p < 0.001). 

In the FORECAST study, for the comparison of CCTA with the option of functional evaluation 
using CT-FFR vs. standard treatment, there was a statistically significant difference (OR: 0.46; 
95% CI: [0.29; 0.72]; p < 0.001) in favour of CCTA with the option of CT-FFR. However, in the 
control group (standard treatment), 27% of patients did not undergo a CCTA, but an FDT. For 
Question 1, there was a statistically significant result in favour of CCTA vs. FDTs for the 
outcome of unnecessary invasive diagnostic tests. Therefore, a sensitivity analysis was 
performed with the aim of excluding the possibility that the difference determined between 
the treatment groups of the FORECAST study was exclusively due to the patients who had 
been diagnosed in the control group by means of an FDT. The effects on the outcome of 
unnecessary invasive diagnostic tests in Question 1 (CCTA vs. FDTs) of the CATCH and PROMISE 
studies were taken into account - 2 RCTs with a high certainty of results that can be most easily 
transferred to the German health care context. The sensitivity analysis showed that the effect 
measured in the FORECAST study was not solely attributable to the proportion of patients in 
the control arm who had undergone FDTs. 

Overall, for the outcome of unnecessary invasive diagnostic tests, an indication was derived 
of less harm from CCTA with functional evaluation vs. CCTA without functional evaluation. 

4.3.4.9 Results on the outcome of disease-specific quality of life (SAQ-7) 

For the outcome of disease-specific quality of life, measured by the short version of the SAQ 
(SAQ-7), data from the FORECAST study with a moderate certainty of results were usable for 
the medium-term time of analysis (see Table 65 of the full report). Usable data were available 
for the total score of the SAQ-7. 

There was no statistically significant difference for the total score (MD: -1.9; 95% CI: [-4.93; 
1.13]; p = 0.22). 

Overall, no hint of a benefit or harm from CCTA with functional evaluation vs. CCTA without 
functional evaluation was derived with regard to the outcome of disease-specific quality of 
life. 

4.3.4.10 Results on the outcome of adverse events 

Data on AEs were not available from any of the included studies. 
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4.4 Summarized assessment of results 

Evidence map 

The following Table 4 shows the evidence map for patient-relevant outcomes. 
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Table 4: Evidence map for patient-relevant outcomes (multi-page table)  
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Question 1: CCTA vs. FDTs 

Periprocedural ↔ ↔ – ↔ ↔ ↔ – – – – 

↑↑b  

– – ↔ 

Medium term ↔ ↔ – ↗ ↔ ↔ ↔ ↔ ↔ ↔ ↔ ↔ ↔ 

Long term ↔ ↔ – ↑↑ ↔ ↓ – – – – – – – 

Total periods ⇔ ⇔ – ⇑⇑ ⇔ ⇓ ⇑⇓ ⇔ ⇔ ⇔ ⇑⇑ ⇔ ⇔ (⇔) 
Question 1: CCTA vs. direct ICA 

Periprocedural ↔ ↔ – ↔ ↔ – – – – – 

↑↑b  

– – ↑ 

Medium term ↔ ↔ – ↔ ↔ ↔ ↔ ↔ – – ↔c  – ↔ 

Long term – ↔ – ↔ ↑ ↔ ↔ ↔ – – ↔c  – – 

Total periods ⇔ ⇔ – ⇔ ⇑ ⇔ ⇔ ⇔ – – ⇑⇑ ⇔ – ⇑ 

Question 2: CCTA with option of CT-based functional evaluation 

Periprocedural – – – – – – – – – – 

↑b  

– – – 

Medium term ↔ ↔ ↔ ↔d ↔ ↔ ↔ – – – – ↔ – 

Long term – – – – – – – – – – – – – 

Total periods ⇔ ⇔ ⇔ ⇔d ⇔ ⇔ ⇔ – – – ⇑ – ⇔ – 
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Table 4: Evidence map for patient-relevant outcomes (multi-page table)  
Comparison 
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↑↑: proof of an effect in favour of intervention 
↑: indication of an effect in favour of intervention 
↗: hint of an effect in favour of intervention 
↓: indication of an effect to the disadvantage of the intervention 
↔: no statistically significant difference 
⇑⇑: proof of greater benefit or less harm 
⇑: indication of greater benefit or less harm 
⇓: indication of less benefit or greater harm 
⇔: no hint, indication or proof, homogeneous result. 
(⇔): no hint, indication or proof, homogeneous result; outcome based on few data, which were not collected systematically 
⇑⇓: no hint, indication or proof, heterogeneous result. 
-: no (usable) data reported or used. 
a. The composite outcome MACE was not evaluated for Question 1 in order to avoid a multiple analysis of the same data. Statistically significant effects were 

already shown in this analysis at the level of the corresponding individual outcomes. 
b. As no time of analysis is reported for the majority of ICAs, this outcome was not assigned to an analysis period. 
c. Only the physical component of the SF-12 is presented. Since only part of the results of the SF-12 are presented, the results are assigned to the outcome 

category of morbidity in terms of content. 
d. Striking numerical group difference to the disadvantage of the CT-FFR intervention. 
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Table 4: Evidence map for patient-relevant outcomes (multi-page table)  
Comparison 
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CCTA: coronary computed tomography angiography; CT: computed tomography; CT-FFR: computed tomography-based measurement of fractional flow reserve; EQ-
5D: European Quality of Life – 5 Dimensions, 3 Level Version; QoL: quality of life; ICA: invasive coronary angiography; MACE: major adverse cardiovascular event; 
PHQ-9: Patient Health Questionnaire; SAQ: Seattle Angina Questionnaire; SF-12: Health Survey Short Form 12; SPS: Stanford Presenteeism Scale; VAS: Visual 
Analogue Scale 

 

 



Extract of final report D22-01 Version 1.1 
CT coronary angiography for CHD diagnosis 20 June 2023 

Institute for Quality and Efficiency in Health Care (IQWiG) - 44 - 

Assessment of the extent of unpublished data 

For Question 1, 3 studies [79-81] were identified via study registries; their status is unclear. 
The planned sample sizes of these 3 studies make up less than 5% of the total number of 
patients included in the present benefit assessment, so that biased results due to publication 
bias is unlikely. They therefore do not represent a limitation of the conclusion regarding 
Question 1. 

Regarding Question 2, 1 study for which no results are available was identified via study 
registries and other search steps. The study with unclear status is the CTP-PRO study [82,83], 
in which CTP was used for functional evaluation, the estimated end of the study is reported 
as 1 October 2022, and 2000 patients were to be randomized as planned. The inclusion 
criterion is that patients must have known or suspected CHD. Since only patients with 
suspected CHD meet the inclusion criteria of the present report, it is unclear at this point in 
time whether the study would be relevant for the benefit assessment if results were available. 
In view of this limitation, the probability that the results of this study could have a relevant 
influence on the conclusion of this assessment is rated as low. 

Weighing of benefits and harms  

Question 1: CCTA versus FDTs 

For the comparison of CCTA with the FDTs of Question 1, CCTA was shown to be superior to 
the FDTs with respect to the morbidity outcomes of myocardial infarction and unnecessary 
invasive diagnostic tests. For myocardial infarction, the proof of benefit is based on a hint of 
an effect for the medium-term time of analysis and proof of an effect for the long-term time 
of analysis in favour of CCTA. In contrast, the results for the morbidity outcome of unstable 
angina pectoris show an indication of an effect in the long term to the disadvantage of CCTA. 
Myocardial infarction is generally a life-threatening and clearly defined event, whereas 
unstable angina pectoris is more vaguely defined and not necessarily life-threatening. For the 
other usable morbidity outcomes, there was no statistically significant difference between 
CCTA and the FDTs. Since invasive diagnostic tests are associated with direct risks (see Section 
A4.3 of the full report), the proof of a reduction in unnecessary invasive diagnostic tests in 
favour of CCTA suggests an advantage of CCTA in comparison to FDTs. The results of the other 
outcomes - apart from the outcome of unstable angina pectoris - do not suggest that this 
reduction in diagnostic tests by means of ICA is accompanied by a deterioration elsewhere. 
For instance, with regard to all-cause mortality in the medium term and the outcomes of 
cardiovascular mortality and stroke in the medium and long term, the results show numerical 
trends without statistical significance in favour of CCTA. With regard to direct adverse effects 
in the form of AEs, there was no hint of a benefit or harm from CCTA, but only few usable data 
were available. CCTA is a non-invasive procedure whose direct risks can be considered as 
acceptable on the basis of experience with other CT-based procedures (with regard to contrast 
agent application and radiation exposure). Therefore, the missing or unsystematic recording 
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of AEs, which is to be criticized in all studies, was classified in such a way that this does not call 
into question the positive effects shown. 

In summary, the observed benefits outweigh the potential harms of CCTA. Therefore, across 
all outcomes proof of a benefit in favour of CCTA was derived for Question 1 (CCTA versus 
FDTs). 

Question 1: CCTA versus direct ICA 

For the comparison CCTA vs. direct ICA of Question 1, CCTA was shown to be superior to direct 
ICA for the morbidity outcomes of stroke and unnecessary invasive diagnostic tests. For the 
outcome of stroke, the benefit results from an indication of an effect for the long-term time 
of analysis in favour of CCTA. For the other usable morbidity outcomes, there was no 
statistically significant difference between CCTA and FDTs. As invasive diagnostic tests are 
associated with direct risks (see Section A4.3 of the full report), the proof of a reduction in 
unnecessary invasive diagnostic tests in favour of CCTA suggests an advantage of CCTA. The 
results of the other outcomes do not suggest that this reduction in diagnostic tests by means 
of ICA is accompanied by a deterioration elsewhere. For instance, although the results on 
myocardial infarctions for the long-term analysis period show numerical tendencies to the 
disadvantage of CCTA, the results on cardiovascular mortality point numerically in the 
opposite direction. With regard to AEs, there was an indication of less harm from CCTA. As 
this result is mainly based on periprocedural events, the reduction in these AEs is probably 
also due to the proven reduction in unnecessary invasive diagnostic tests by CCTA. 

In summary, across all outcomes proof of a benefit in favour of CCTA was derived for this 
question (CCTA versus direct ICA). 

Question 2 

For Question 2, CCTA with the option of CT-based functional evaluation was shown to be 
superior to CCTA without functional evaluation for the outcome of unnecessary invasive 
diagnostic tests. This advantage is based on an indication of an effect in favour of CCTA with 
functional evaluation using CT-FFR and CTP for the outcome of unnecessary invasive 
diagnostic tests. As invasive diagnostic tests are associated with direct risks (see Section A4.3 
of the full report), the indication of a reduction in unnecessary invasive diagnostic tests 
suggests an advantage in favour of CCTA with functional evaluation. 

With regard to the studies on CT-FFR, no differences can be identified for almost all outcomes 
that would suggest that this reduction in invasive diagnostic tests could be accompanied by a 
deterioration elsewhere. However, this does not apply to the outcome of myocardial 
infarction. For example, the FORECAST study shows a numerical trend to the disadvantage of 
CCTA with the option of functional evaluation through CT-FFR for the outcome of myocardial 
infarction at the medium-term time of analysis. Using the estimates for the proportion of 
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avoided unnecessary invasive diagnostic tests from the FORECAST study and for the 
proportion of persons with SAEs in connection with invasive diagnostic tests from the 
comparison of CCTA with direct ICA of the DISCHARGE study, it is possible to roughly estimate 
the reduction in the absolute risk of an SAE through the additional use of CT-FFR. Using the 
numerical group difference of the FORECAST study for the proportion of persons with 
myocardial infarction, the corresponding absolute risk increase for the occurrence of a 
myocardial infarction can be determined. Comparing the resulting values, the following 
picture emerges: Using CCTA with the option of functional evaluation through CT-FFR 
compared to CCTA without this option is estimated to save less than 1 person in 1000 from an 
SAE associated with invasive diagnostic tests, whereas an additional 9 people in 1000 are 
estimated to suffer a myocardial infarction. This comparison highlights that a strategy 
including CT-FFR does not sufficiently reduce the procedural risks of the overall diagnostic 
procedure to address the concerns raised by the non-statistically significant, but relatively 
large, between-group difference in myocardial infarction in the FORECAST study.  

In line with the results of the FORECAST study, the PRECISE study, which was reported as 
supplementary information for Question 2 and investigated CCTA with the option of CT-FFR 
vs. FDTs, also showed a numerical tendency to the disadvantage of CCTA with the option of 
CT-FFR for the outcome of myocardial infarction. That this finding could be due to the addition 
of CT-based functional evaluation through CT-FFR in the intervention arm can be deduced on 
the basis of the results from Question 1. Here, a statistically significant effect in favour of CCTA 
alone (without the option of CT-FFR) compared to FDTs, i.e. a numerical reversal of the 
direction of the effect, was shown for the outcome of myocardial infarction at the mid- and 
long-term times of analysis. In the TARGET study, which was reported as a supplement to 
Question 2 and also investigated CT-FFR, no corresponding group differences occurred. 
However, due to the population not meeting the inclusion criteria (see Section 4.3.1), the 
study is unsuitable to address the concerns formulated above. 

In the two studies on CT-based functional evaluation using CTP, no differences can be 
identified that suggest that the reduction in invasive diagnostic tests could be associated with 
a deterioration elsewhere. However, additional procedure-related, i.e. direct, risks are 
associated with diagnostic tests using CTP. For example, the administration of vasodilator 
medication such as adenosine for pharmacological stress simulation leads to the possibility of 
adverse effects. This outcome was not reported in the two included studies on CTP. 
Furthermore, dynamic CTP in particular is associated with an additional application of contrast 
agent as well as with additional radiation exposure, which, with 10-12 mSv, is markedly 
increased compared to CCTA with 2-4 mSv. Although static CTP can be calculated on the basis 
of CCTA data sets, it requires a higher radiation intensity and thus, with 5-7 mSv, also increases 
radiation exposure [84].  
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In the studies, apart from the reduction in unnecessary invasive diagnostic tests, there is no 
advantage of the additional application of the intervention for any other outcome. No data on 
adverse effects were reported in either of the two studies. Considering the absolute risks 
derived by means of the studies, the following picture emerges: In order to spare about 1 
person in 1000 persons an intervention-related SAE (calculated from the estimate for the 
proportion of unnecessary invasive diagnostic tests from the CATCH-2 study and from the 
estimate for the proportion of persons with SAEs in connection with invasive diagnostic tests 
from the DISCHARGE study), all 1000 persons are exposed to the risks outlined above through 
injection of drugs and contrast agents. Thus, the diagnostic test to be examined (CTP) replaces 
the more invasive diagnostic test (replacement) for only a smaller proportion of patients, 
while for the majority it represents an additional diagnostic test ("add-on") associated with 
radiation exposure and potential drug adverse effects. 

In summary, for CCTA with CT-based functional evaluation using the currently available 
techniques, there is no benefit and no potential in comparison to CCTA without functional 
evaluation. 
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5 Classification of the assessment result 

Embedding the interventions within the diagnostic strategy 

As a diagnostic test for establishing the diagnosis “chronic CHD”, the test interventions CCTA 
and CCTA with the option of a CT-based functional evaluation have a different role within the 
diagnostic strategy, depending on the time of use. In the following text, the role of the test 
interventions within the included studies is explained in more detail, depending on the (sub-) 
question. 

Question 1: CCTA versus FDTs 

In the studies identified and included for Question 1 comparing CCTA and non-invasive FDTs, 
the intention was usually that either CCTA or (in the control arm) non-invasive FDTs should be 
used as diagnostic tests. 

In all studies, despite this intention, additional FDTs were used in some of the patients in the 
CCTA study arm. In 2 studies, this was planned a priori for unclear CCTA findings or patients 
with intermediate lesions in the CCTA and affected 14% (CT-STAT) and 24% (Goldstein 2007) 
of the included patients. In the IAEA-SPECT/CTA study, it was explicitly discouraged to perform 
additional tests. Only in special cases was this to be done, which ultimately applied to 16% of 
the patients. In the PERFECT study, 14% of patients in the CCTA study arm received additional 
FDTs without this being prespecified. In all other studies on the question of CCTA versus FDTs, 
the proportion of additional FDTs in the CCTA study arm was between 1% and 10%. Although 
additional FDTs were not explicitly planned in all studies, it can be noted that the FDTs were 
consistently used in such a way that they were applied as an additional test in the case of 
unclear CCTA findings. This approach of using several non-invasive procedures in sequence 
corresponds to the recommendations of the current ESC guideline [3]. The proportion of 
patients in all studies in whom supplementary FDTs were performed in addition to CCTA in 
the intervention arm was less than 20% (with the exception of the small Goldstein 2007 study). 
This means that in each of the studies, CCTA completely replaced the alternative non-invasive 
FDTs ("replacement") in at least 80% of the patients. In two studies, however, it is doubtful 
whether this is a pure replacement approach due to insufficient description. In the SCOT-
HEART study, it is unclear to what extent the data on the ASSIGN score were also taken into 
account in the intervention arm. In the CATCH study, it cannot be assessed whether the 
exercise ECG data were also taken into account in the intervention arm for further clinical 
decision-making. In both cases, it therefore cannot be excluded that CCTA was at least partially 
used as an additional subsequent diagnostic option ("add-on"). 

The subsequent use of ICA – planned and reported in all studies – was performed in case of 
unclear and positive results from non-invasive diagnostic tests. Therefore, CCTA or pure FDTs 
in the control arm had the function of supporting the decision to use invasive diagnostic tests. 
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In summary, the studies investigated the question of how well CCTA can largely replace other 
non-invasive FDTs as an alternative diagnostic test ("replacement") and for deciding whether 
to use invasive diagnostic tests ("triage"). 

Question 1: CCTA versus direct ICA 

In the 4 studies included for the comparison of CCTA and ICA, a CCTA in the intervention arm 
was preceded by an ICA in order to decide on the use of this invasive procedure in the 
intervention arm, while ICA was always used in the control arm. The studies in this sub-
question thus examine the question of how well the use of a CCTA in the sense of a "triage" is 
suitable for reducing the use of ICA. 

Question 2: CCTA with functional evaluation  

In the studies identified for Question 2, CCTA with functional evaluation was used in different 
roles within the diagnostic strategy. 

In 2 of the studies, CT-based functional evaluation was performed in addition to CCTA in all 
patients in the intervention arm, while in the control arm only CCTA was used. In the CATCH-
2 study, the functional evaluation (static CTP) was used after the CCTA, while in the Yu 2020 
study it was used before the CCTA (dynamic CTP). Thus, in both studies, it is an "add-on" use 
of CTP in a study population fully examined with CCTA compared to CCTA alone. 

In the FORECAST study included for Question 2, CCTA was performed almost universally in the 
intervention group (96%), followed by optional FDT (CT-FFR). The latter was performed in 31% 
of the patients. In the control arm, on the other hand, the standard treatment was according 
to the NICE guideline [7]. This standard treatment could include CCTA, which 63% of patients 
received. This study thus investigated the effect of a CT-based functional evaluation as an as-
needed "add-on" to CCTA as a standard compared to a diagnostic strategy with a high 
proportion of CCTA. With the help of a sensitivity analysis, it could be shown in this analysis 
that the existing effect (reduction in unnecessary invasive diagnostic tests) would also have 
been shown under certain assumptions if CCTA had been used primarily (rather than only in 
63% of cases) in the control arm (see Section 4.3.4.8). 

In the PRECISE study, the PROMISE Minimal Risk Tool was initially used in the intervention 
group to defer further diagnostic tests in patients with low risk. In 16%, no test was 
subsequently performed. In the control arm, only 7% did not undergo further diagnostic tests. 
Thus, the PRECISE study is not only testing CCTA, but also the use of an improved risk score. 
The majority received CCTA (79%) followed by optional FDT (CT-FFR; 31%). The control arm 
used a standard treatment that included non-invasive tests such as exercise ECG, stress 
echocardiography, SPECT, PET and stress MRI, as well as ICA, but was not allowed to include 
CCTA. Thus, in this study, the use of CCTA followed by optional CT-FFR was a "replacement" 
strategy compared to a diagnostic strategy without CCTA. As no reliable conclusion on the 
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benefit of CT-FFR compared to a strategy without this option is possible on the basis of the 
comparison of the study (see Section 4.3.1), this study is only reported as supplementary 
information in this report.  

In the TARGET study, CCTA was performed before randomization and CT-FFR was used in 100% 
of patients in the intervention arm. In the control arm of the TARGET study, 94% of patients 
underwent a non-invasive FDT (exercise ECG, stress echo or SPECT). This is therefore a 
"replacement" strategy of confirming results of CCTA using CT-FFR versus confirming results 
of CCTA using other FDTs that are not CT-based. As the study does not sufficiently meet the 
inclusion criteria of this assessment (see Section 4.3.1), this study is only reported as 
supplementary information. 

Value of a diagnosis of non-obstructive CHD 

The outcome of unnecessary invasive diagnostic tests, i.e. the proportion of ICAs with the 
result that no obstructive CHD is present, was assessed as patient-relevant in this benefit 
assessment. The proportion of patients who underwent an unnecessary ICA consists of 
patients who do not have CHD and those who have non-obstructive CHD (< 50% stenosis). The 
diagnosis of non-obstructive CHD could provide prognostic information and thus prompt 
further drug therapy to slow down progression. The DISCHARGE and Rice 2022 studies showed 
that a greater proportion of non-obstructive CHD was diagnosed by CCTA compared with 
direct ICA (36% vs. 22% DISCHARGE; 35% vs. 13% Rice 2022). CCTA, in contrast to direct ICA, 
thus allows a better differentiation between cases in which obstructive CHD is present and 
those in which CHD can be excluded. The thesis put forward in the commenting procedure on 
the preliminary report that the diagnosis of non-obstructive CHD by means of CCTA could be 
advantageous was discussed in the oral debate on the preliminary report. There is a higher 
risk of complications for patients with chest pain and non-obstructive CHD compared to the 
general population [3]. However, no RCTs are available that examine the impact of the 
diagnosis of non-obstructive CHD by CCTA (and subsequent adjustment or initiation of 
treatment) on patient-relevant outcomes. In the debate, it also remained unclear whether this 
thesis potentially only applies to people with a certain degree of hypercholesterolaemia. In 
the DISCHARGE study, the reason for the reduction in strokes and AEs in the CCTA arm 
compared to the control arm (direct ICA) could be an improved diagnosis of non-obstructive 
CHD, but this connection remains speculative without corresponding studies. 

Calcium scoring  

In the majority of the included studies, CCTA was preceded by calcium scoring, which is 
currently not part of the scope of services provided by SHI. Calcium scoring was primarily used 
to calculate the required radiation dose or (in the case of a CHD diagnosis) to estimate the 
prognosis. This was not considered a reason for exclusion in the present benefit assessment 
as long as CCTA (or its combination with subsequent CT-based functional evaluation) 
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represented the central intervention in the corresponding study arm. If, on the other hand, 
calcium scoring was used as a triage test upstream in studies and CCTA (or its combination 
with subsequent CT-based functional evaluation) was only used selectively, this did not cover 
the inclusion criteria of the question in the present report. In the CRESCENT study [85], for 
example, only just under half of the patients in the corresponding study arm received CCTA 
after calcium scoring, so that this comparison cannot contribute to answering the questions 
of the present report. Likewise, studies in which calcium scoring was used in other areas of 
application, such as prognosis and patient adherence, were irrelevant for this assessment. 
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6 Conclusion 

Question 1 

Depending on the control intervention, the conclusion for Question 1 is divided into: 

CCTA versus FDTs 

To answer the question about the comparison of CCTA vs. FDTs, a total of 11 studies were 
analysed. 

For the outcome of myocardial infarction, a diagnostic strategy using CCTA was shown to be 
superior to a diagnostic strategy using FDTs in the medium and long term (proof of benefit). 
For the outcome of unnecessary invasive diagnostic tests, it was shown that after CCTA, 
patients in the intervention group were less likely to have undergone invasive diagnostic tests 
with the result “no obstructive CHD” than patients who had undergone FDTs (proof of less 
harm). 

In contrast, the analysis for the outcome of unstable angina pectoris provided an indication of 
less benefit of CCTA compared to FDTs in the long term. 

For all other outcomes, there were no relevant differences between the diagnostic tests or no 
usable data were available. There were hardly any usable data on AEs. 

Since the role of unstable angina pectoris and potential adverse effects in the form of AEs is 
considered to be less important than that of myocardial infarctions and unnecessary invasive 
diagnostic tests, across all outcomes there is proof of a greater benefit of a diagnostic strategy 
using CCTA vs. a diagnostic strategy using FDTs in patients who are suspected of having chronic 
CHD after basic diagnostic tests. 

CCTA versus direct ICA 

To answer Question 1, the comparison between CCTA and invasive coronary angiography 
(ICA), a total of 4 studies were analysed. 

For the outcome of stroke, the analysis showed that in the long term, fewer events occurred 
in the CCTA group than in the direct ICA group (indication of a benefit). In addition, for the 
outcome of unnecessary invasive diagnostic tests, it was shown that a lower proportion of 
patients in the CCTA group underwent invasive diagnostic tests with the result of “no 
obstructive CHD” than in the direct ICA group (proof of less harm). For the outcome of AEs, 
the CCTA group was also shown to have fewer periprocedural AEs (indication of less harm). 

For all other outcomes, there were no relevant differences between the comparisons or no 
usable data were available. 
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Overall, based on the outcomes of stroke, unnecessary invasive diagnostic tests and AEs, there 
is proof across outcomes of a greater benefit of the diagnostic strategy using CCTA compared 
with direct ICA in patients suspected of having chronic CHD after basic diagnostic tests. 

Question 2: CCTA with the option of CT-based functional evaluation versus strategies 
without the option of CT-based functional evaluation 

A total of 3 studies were analysed for this question. These studies investigated 2 different 
functional evaluation methods as a possible adjunct to CCTA: CT-based measurement of 
fractional flow reserve (CT-FFR) and CT-based measurement of myocardial perfusion (CTP). 

The study results show that both CT-FFR and CTP, as optional add-ons to CCTA, help to avoid 
unnecessary invasive diagnostic tests (indication of less harm). With the exception of the case 
described below, for all other outcomes there were either no relevant differences between 
the comparisons or no usable data were available. No data were available on AEs. 

The reduction in unnecessary invasive diagnostic tests is contrasted by conspicuous numerical 
trends in the CT-FFR from the included study (as well as from another study reported as 
supplementary information) for the outcome of myocardial infarction, to the disadvantage of 
the intervention. Because of these numerical group differences, there is concern that harm 
could be associated with a reduction in invasive diagnostic tests.  

In the two studies on CTP, there were no numerically conspicuous group differences, but there 
was also no effect in favour of the intervention for any other outcome. As CTP is associated 
with additional procedural risks due to the injection of drugs and contrast agents, there is no 
advantage of the option of CT-based functional evaluation using CTP. 

Overall, there is no benefit or potential of CCTA with CT-based functional evaluation compared 
with CCTA without CT-based functional evaluation in patients with suspected chronic CHD 
after basic diagnostic tests, because of concerns about potential harm (CT-FFR), or because 
no advantage is apparent after weighing the potential benefits and harms (CTP). 
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Appendix A Search strategies 

A.1 Searches in bibliographic databases 

A1.1.1  Search for systematic reviews 

1. MEDLINE 

Search interface: Ovid 

 Ovid MEDLINE(R) ALL 1946 to April 28, 2022 

The following filter was adopted: 

 Systematic review: Wong [86] – High specificity strategy 

# Searches 

1 Coronary Artery Disease/ 

2 Angina Stable/ 

3 (coronary* adj1 artery* adj1 disease*).ti,ab. 

4 (angina* adj1 (stable* or pectoris*)).ti,ab. 

5 (angina* adj3 (coronary* adj1 heart* adj1 disease*)).ti,ab. 

6 or/1-5 

7 Computed Tomography Angiography/ 

8 Coronary Angiography/ 

9 ((coronary* or CT) adj3 angiography*).ti,ab. 

10 or/7-9 

11 and/6,10 

12 ..l/ 11 yr=2020-Current 

13 Fractional Flow Reserve, Myocardial/ 

14 fractional flow reserve*.ti,ab. 

15 or/13-14 

16 and/6,15 

17 Myocardial Perfusion Imaging/ 

18 perfusion*.ti,ab. 

19 or/17-18 

20 and/6,19 

21 or/16,20 

22 ..l/ 21 yr=2017-Current 

23 or/12,22 

24 Cochrane database of systematic reviews.jn. 

25 (search or MEDLINE or systematic review).tw. 

26 meta analysis.pt. 

27 or/24-26 
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# Searches 

28 27 not (exp animals/ not humans.sh.) 

29 and/23,28 

30 29 and (english or german or multilingual or undetermined).lg. 

 

2. International HTA Database 

Search interface: INAHTA 

# Searches 

1 coronary disease 

 

A1.1.2 Search for primary studies 

Question 1 (diagnostic strategies using CCTA) 

1. MEDLINE 

Search interface: Ovid 

 Ovid MEDLINE(R) 1946 to June 02, 2022 

The following filter was adopted: 

 Cochrane HSSS: sensitivity-maximizing version (2008 revision) Lefebvre [87] – Cochrane 
Highly Sensitive Search Strategy for identifying randomized trials in MEDLINE: sensitivity-
maximizing version (2008 revision) 

# Searches 

1 exp Coronary Stenosis/ 

2 Coronary Artery Disease/ 

3 Angina, Stable/ 

4 (coronary* adj1 artery* adj1 disease*).ti,ab. 

5 (coronary* adj3 stenos*).ti,ab. 

6 (angina* adj1 (stable* or pectoris*)).ti,ab. 

7 (angina* adj3 (coronary* adj1 heart* adj1 disease*)).ti,ab. 

8 or/1-7 

9 Computed Tomography Angiography/ 

10 Coronary Angiography/ 

11 ((coronary* or CT* or (computed adj1 tomograph*)) adj3 angiography*).ti,ab. 

12 or/9-11 

13 and/8,12 

14 Randomized Controlled Trial.pt. 

15 Controlled Clinical Trial.pt. 
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# Searches 

16 (randomized or placebo or randomly or trial or groups).ab. 

17 drug therapy.fs. 

18 or/14-17 

19 exp animals/ not humans/ 

20 18 not 19  

21 and/13,20 

22 (animals/ not humans/) or comment/ or editorial/ or exp review/ or meta analysis/ or consensus/ or 
exp guideline/ 

23 hi.fs. or case report.mp. 

24 or/22-23 

25 21 not 24 

26 25 and (english or german or multilingual or undetermined).lg. 

27 26 and 201511:3000.(dt). 

 

Search interface: Ovid 

 Ovid MEDLINE(R) Epub Ahead of Print and In-Process, In-Data-Review & Other Non-
Indexed Citations June 02, 2022 

# Searches 

1 (coronary* adj3 artery* adj3 disease*).ti,ab. 

2 (coronary* adj5 stenos*).ti,ab. 

3 (angina* adj3 (stable* or pectoris*)).ti,ab. 

4 (angina* and (coronary* adj3 heart* adj3 disease*)).ti,ab. 

5 or/1-4 

6 ((coronary* or CT* or (computed adj3 tomograph*)) and angiography*).ti,ab. 

7 and/5-6 

8 (clinical trial* or random* or placebo).ti,ab. 

9 trial.ti. 

10 or/8-9 

11 (animals/ not humans/) or comment/ or editorial/ or exp review/ or meta analysis/ or consensus/ or 
exp guideline/ 

12 hi.fs. or case report.mp. 

13 or/11-12 

14 10 not 13 

15 and/7,14 

16 15 and (english or german or multilingual or undetermined).lg. 

17 16 and 201511:3000.(dt). 
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2. Embase 

Search interface: Ovid 

 Embase 1974 to 2022 June 02 

The following filter was adopted: 

 RCT: Wong [86] – Strategy minimizing difference between sensitivity and specificity 

# Searches 

1 exp Coronary artery disease/ 

2 angina pectoris/ 

3 stable angina pectoris/ 

4 *ischemic heart disease/ 

5 (coronary* adj1 artery* adj1 disease*).ti,ab. 

6 (coronary* adj3 stenos*).ti,ab. 

7 (angina* adj1 (stable* or pectoris*)).ti,ab. 

8 (angina* adj3 (coronary* adj1 heart* adj1 disease*)).ti,ab. 

9 or/1-8 

10 computed tomographic angiography/ 

11 coronary angiography/ 

12 *computer assisted tomography/ 

13 ((coronary* or CT* or (computed adj1 tomograph*)) adj3 angiography*).ti,ab. 

14 or/10-13 

15 and/9,14 

16 (random* or double-blind*).tw. 

17 placebo*.mp. 

18 or/16-17 

19 and/15,18 

20 19 not medline.cr. 

21 20 not (exp animal/ not exp human/) 

22 21 not (Conference Abstract or Conference Review or Editorial).pt. 

23 22 not ((afrikaans or albanian or arabic or armenian or azerbaijani or basque or belorussian or bosnian 
or bulgarian or catalan or chinese or croatian or czech or danish or dutch or english or esperanto or 
estonian or finnish or french or gallegan or georgian or german or greek or hebrew or hindi or 
hungarian or icelandic or indonesian or irish gaelic or italian or japanese or korean or latvian or 
lithuanian or macedonian or malay or norwegian or persian or polish or polyglot or portuguese or 
pushto or romanian or russian or scottish gaelic or serbian or slovak or slovene or spanish or swedish 
or thai or turkish or ukrainian or urdu or uzbek or vietnamese) not (english or german)).lg. 

24 23 and 201511:3000.(dc). 
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3. The Cochrane Library 

Search interface: Wiley 

4) Cochrane Central Registry of Controlled Trials, Issue 5 of 12, May 2022 

# Searches 

1 [mh "Coronary Stenosis"] 

2 [mh ^"Coronary Artery Disease"] 

3 [mh ^"Angina, Stable"] 

4 (coronary* NEAR/1 artery* NEAR/1 disease*):ti,ab 

5 (coronary* NEAR/3 stenos*):ti,ab 

6 (angina* NEAR/1 (stable* or pectoris*)):ti,ab 

7 (angina* NEAR/3 (coronary* NEAR/1 heart* NEAR/1 disease*)):ti,ab 

8 #1 or #2 or #3 or #4 or #5 or #6 or #7 

9 [mh ^"Computed Tomography Angiography"] 

10 [mh ^"Coronary Angiography"] 

11 ((coronary* or CT* or (computed NEAR/1 tomograph*)) NEAR/3 angiography*):ti,ab 

12 #9 or #10 or #11 

13 #8 and #12 

14 #13 not (*clinicaltrial*gov* or *trialsearch*who* or *clinicaltrialsregistry*eu* or *anzctr*org*au* or 
*trialregistry*nl* or *irct*ir* or *isrctn* or *controlled*trials*com* or *drks*de*):so 

15 #14 not ((language next (afr or ara or aze or bos or bul or car or cat or chi or cze or dan or dut or es or 
est or fin or fre or gre or heb or hrv or hun or ice or ira or ita or jpn or ko or kor or lit or nor or peo or 
per or pol or por or pt or rom or rum or rus or slo or slv or spa or srp or swe or tha or tur or ukr or urd 
or uzb)) not (language near/2 (en or eng or english or ger or german or mul or unknown))) 

16 #15 with Cochrane Library publication date Between Nov 2015 and Dec 2022, in Trials 
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Question 2 (diagnostic strategies using CCTA with functional evaluation) 

1. MEDLINE 

Search interface: Ovid 

 Ovid MEDLINE(R) 1946 to June 24, 2022 

The following filter was adopted: 

 Cochrane HSSS: sensitivity-maximizing version (2008 revision) Lefebvre [87] – Cochrane 
Highly Sensitive Search Strategy for identifying randomized trials in MEDLINE: sensitivity-
maximizing version (2008 revision) 

# Searches 

1 exp Coronary Stenosis/ 

2 Coronary Artery Disease/ 

3 Angina, Stable/ 

4 (coronary* adj1 artery* adj1 disease*).ti,ab. 

5 (coronary* adj3 stenos*).ti,ab. 

6 (angina* adj1 (stable* or pectoris*)).ti,ab. 

7 (angina* adj3 (coronary* adj1 heart* adj1 disease*)).ti,ab. 

8 or/1-7 

9 Computed Tomography Angiography/ 

10 Coronary Angiography/ 

11 ((coronary* or CT* or (computed adj1 tomograph*)) adj3 angiography*).ti,ab. 

12 or/9-11 

13 exp Perfusion Imaging/ 

14 ((myocardial* or tomograph*) adj3 perfusion*).ti,ab. 

15 or/13-14 

16 and/8,12,15 

17 Fractional Flow Reserve, Myocardial/ 

18 fractional flow reserve*.ti,ab. 

19 FFR*.ti,ab. 

20 or/17-19 

21 and/12,20 

22 or/16,21 

23 Randomized Controlled Trial.pt. 

24 Controlled Clinical Trial.pt. 

25 (randomized or placebo or randomly or trial or groups).ab. 

26 drug therapy.fs. 

27 or/23-26 
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# Searches 

28 (animals/ not humans/) or comment/ or editorial/ or exp review/ or meta analysis/ or consensus/ or 
exp guideline/ 

29 hi.fs. or case report.mp. 

30 or/28-29 

31 27 not 30 

32 and/22,31 

33 32 and (english or german or multilingual or undetermined).lg. 

 

Search interface: Ovid 

 Ovid MEDLINE(R) Epub Ahead of Print and In-Process, In-Data-Review & Other Non-
Indexed Citations June 24, 2022 

# Searches 

1 (coronary* adj3 artery* adj3 disease*).ti,ab. 

2 (coronary* adj5 stenos*).ti,ab. 

3 (angina* adj3 (stable* or pectoris*)).ti,ab. 

4 (angina* and (coronary* adj3 heart* adj3 disease*)).ti,ab. 

5 or/1-4 

6 ((coronary* or CT* or (computed adj3 tomograph*)) and angiography*).ti,ab. 

7 ((myocardial* or tomograph*) and perfusion*).ti,ab. 

8 and/5-7 

9 fractional flow reserve*.ti,ab. 

10 FFR*.ti,ab. 

11 or/9-10 

12 and/6,11 

13 or/8,12 

14 (clinical trial* or random* or placebo).ti,ab. 

15 trial.ti. 

16 or/14-15 

17 and/13,16 

18 (animals/ not humans/) or comment/ or editorial/ or exp review/ or meta analysis/ or consensus/ or 
exp guideline/ 

19 hi.fs. or case report.mp. 

20 or/18-19 

21 17 not 20 

22 21 and (english or german or multilingual or undetermined).lg. 
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2. Embase 

Search interface: Ovid 

 Embase 1974 to 2022 June 24 

The following filter was adopted: 

 RCT: Wong [86] – Strategy minimizing difference between sensitivity and specificity 

# Searches 

1 exp Coronary artery disease/ 

2 angina pectoris/ 

3 stable angina pectoris/ 

4 *ischemic heart disease/ 

5 (coronary* adj1 artery* adj1 disease*).ti,ab. 

6 (coronary* adj3 stenos*).ti,ab. 

7 (angina* adj1 (stable* or pectoris*)).ti,ab. 

8 (angina* adj3 (coronary* adj1 heart* adj1 disease*)).ti,ab. 

9 or/1-8 

10 computed tomographic angiography/ 

11 coronary angiography/ 

12 *computer assisted tomography/ 

13 ((coronary* or CT* or (computed adj1 tomograph*)) adj3 angiography*).ti,ab. 

14 or/10-13 

15 Myocardial Perfusion Imaging/ 

16 heart muscle perfusion/ 

17 ((myocardial* or tomograph*) adj3 perfusion*).ti,ab. 

18 or/15-17 

19 and/9,14,18 

20 fractional flow reserve/ 

21 fractional flow reserve*.ti,ab. 

22 FFR*.ti,ab. 

23 or/20-22 

24 and/14,23 

25 or/19,24 

26 (random* or double-blind*).tw. 

27 placebo*.mp. 

28 or/26-27 

29 and/25,28 

30 29 not medline.cr. 

31 30 not (exp animal/ not exp human/) 
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# Searches 

32 31 not (Conference Abstract or Conference Review or Editorial).pt. 

33 32 not ((afrikaans or albanian or arabic or armenian or azerbaijani or basque or belorussian or bosnian 
or bulgarian or catalan or chinese or croatian or czech or danish or dutch or english or esperanto or 
estonian or finnish or french or gallegan or georgian or german or greek or hebrew or hindi or 
hungarian or icelandic or indonesian or irish gaelic or italian or japanese or korean or latvian or 
lithuanian or macedonian or malay or norwegian or persian or polish or polyglot or portuguese or 
pushto or romanian or russian or scottish gaelic or serbian or slovak or slovene or spanish or swedish 
or thai or turkish or ukrainian or urdu or uzbek or vietnamese) not (english or german)).lg. 

 

3. The Cochrane Library  

Search interface: Wiley 

 Cochrane Central Registry of Controlled Trials Issue 6 of 12, June 2022 

# Searches 

#1 [mh "Coronary Stenosis"] 

#2 [mh ^"Coronary Artery Disease"] 

#3 [mh ^"Angina, Stable"] 

#4 (coronary* NEAR/1 artery* NEAR/1 disease*):ti,ab 

#5 (coronary* NEAR/3 stenos*):ti,ab 

#6 (angina* NEAR/1 (stable* or pectoris*)):ti,ab 

#7 (angina* NEAR/3 (coronary* NEAR/1 heart* NEAR/1 disease*)):ti,ab 

#8 #1 or #2 or #3 or #4 or #5 or #6 or #7 

#9 [mh ^"Computed Tomography Angiography"] 

#10 [mh ^"Coronary Angiography"] 

#11 ((coronary* or CT* or (computed NEAR/1 tomograph*)) NEAR/3 angiography*):ti,ab 

#12 #9 or #10 or #11 

#13 [mh "Perfusion Imaging"] 

#14 ((myocardial* or tomograph*) NEAR/3 perfusion*):ti,ab 

#15 #13 or #14 

#16 #8 and #12 and #15 

#17 [mh ^"Fractional Flow Reserve, Myocardial"] 

#18 fractional flow reserve*:ti,ab 

#19 FFR*:ti,ab 

#20 #17 or #18 or #19 

#21 #12 and #20 

#22 #16 or #21 

#23 #22 not (*clinicaltrial*gov* or *trialsearch*who* or *clinicaltrialsregistry*eu* or *anzctr*org*au* or 
*trialregistry*nl* or *irct*ir* or *isrctn* or *controlled*trials*com* or *drks*de*):so 
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# Searches 

#24 #23 not ((language next (afr or ara or aze or bos or bul or car or cat or chi or cze or dan or dut or es or 
est or fin or fre or gre or heb or hrv or hun or ice or ira or ita or jpn or ko or kor or lit or nor or peo or 
per or pol or por or pt or rom or rum or rus or slo or slv or spa or srp or swe or tha or tur or ukr or urd 
or uzb)) not (language near/2 (en or eng or english or ger or german or mul or unknown))) 

#25 #24 in Trials 

 

A.2 Searches in study registries 

Question 1 (diagnostic strategies using CCTA) 

1. ClinicalTrials.gov 

Provider: U.S. National Institutes of Health 

 URL: http://www.clinicaltrials.gov 

 Type of search: Expert Search 

Search strategy 

AREA[ConditionSearch] ( coronary artery disease OR angina stable OR angina pectoris OR coronary stenosis ) 
AND AREA[InterventionSearch] (coronary angiography OR cardiac computed tomography) 

 

2. International Clinical Trials Registry Platform Search Portal 

Provider: World Health Organization 

 URL: https://trialsearch.who.int 

 Type of search: Standard Search  

Search strategy 

(coronary artery disease OR angina stable OR angina pectoris OR coronary stenosis) AND (coronary 
angiography OR CT angiography OR cardiac CT OR cardiac computed tomography) 

 

Question 2 (diagnostic strategies using CCTA with functional evaluation) 

http://www.clinicaltrials.gov/
https://trialsearch.who.int/
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1. ClinicalTrials.gov 

Provider: U.S. National Institutes of Health 

 URL: http://www.clinicaltrials.gov 

 Type of search: Expert Search 

Search strategy 

(AREA[ConditionSearch] ( coronary artery disease OR angina stable OR angina pectoris OR coronary stenosis ) 
AND AREA[InterventionSearch] ( perfusion OR CTP )) OR ((( computed tomography OR CT ) AND ( FFR OR 
fractional flow reserve )) OR FFRCT) 

 

2. International Clinical Trials Registry Platform Search Portal 

Provider: World Health Organization 

 URL: https://trialsearch.who.int 

 Type of search: Standard Search 

Search strategy 

((coronary artery disease OR angina stable OR angina pectoris OR coronary stenosis) AND (perfusion OR CTP)) 
OR ((( computed tomography OR CT ) AND ( FFR OR fractional flow reserve )) OR FFRCT) 

 

 

http://www.clinicaltrials.gov/
https://trialsearch.who.int/
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