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CTCA according to the 2019 ESC
guidelines on chronic coronary syndromes:
a survey and projection of CTCA services

in the Netherlands

T.P.W.van den Boogert'? B.E. P.M. Claessen'#, S. M. Boekholdt', T. Leiner’, R. Vliegenthart®, S. F. Schuiling’,
J.R.Timmer®, S. C. A. M. Bekkers®, M. Voskuil'®, H. J. Siebelink!", W. van Es'? H. J. Lamb'?, M. Prokop'#,
P.Damman'?, J. Stoker®'®, H. C. Willems'”, J. P. Henriques' and R. N. Planken®*"

Abstract

Background: The 2019 ESC-guidelines on chronic coronary syndromes (ESC-CCS) recommend computed tomo-
graphic coronary angiography (CTCA) or non-invasive functional imaging instead of exercise ECG as initial test to
diagnose obstructive coronary artery disease. Since impact and challenges of these guidelines are unknown, we
studied the current utilisation of CTCA-services, status of CTCA-protocols and modeled the expected impact of these
guidelines in the Netherlands.

Methods and results: A survey on current practice and CTCA utilisation was disseminated to every Dutch hospital
organisation providing outpatient cardiology care and modeled the required CTCA capacity for implementation of
the ESC guideline, based on these national figures and expert consensus. Survey response rate was 100% (68/68
hospital organisations). In 2019, 63 hospital organisations provided CTCA-services (93%), CTCA was performed on 99
CTCA-capable CT-scanners, and 37,283 CTCA-examinations were performed. Between the hospital organisations, we
found substantial variation considering CTCA indications, CTCA equipment and acquisition and reporting standards.
To fully implement the new ESC guideline, our model suggests that 70,000 additional CTCA-examinations would have
to be performed in the Netherlands.

Conclusions: Despite high national CTCA-services coverage in the Netherlands, a substantial increase in CTCA
capacity is expected to be able to implement the 2019 ESC-CCS recommendations on the use of CTCA. Furthermore,
the results of this survey highlight the importance to address variations in image acquisition and to standardise

the interpretation and reporting of CTCA, as well as to establish interdisciplinary collaboration and organisational
alignment.
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Key points

+ Significant increase in CTCA-examinations is
required to fully facilitate current European guide-
lines.

+ Guidelines how to perform CTCA should be updated
to set higher standards for CTCA equipment, acqui-
sition protocols and image quality.

« CTCA interpretation and reporting should be stand-
ardised.

Introduction

The European Society of Cardiology (ESC) updated
guidelines for diagnosis and management of chronic
coronary syndromes (ESC-CCS) in coronary artery dis-
ease (CAD) [1]. Computed tomography coronary angi-
ography (CTCA) and non-invasive functional imaging
for myocardial ischaemia are recommended (Class 1)
as initial test for diagnosing CAD instead of exercise
electrocardiography [1, 2]. The choice of initial non-
invasive imaging test primarily depends on the patient’s
pre-test probability of obstructive CAD: CTCA is rec-
ommended for those with a lower range pre-test prob-
ability, while functional imaging is recommended for
those with a higher range pre-test probability. Con-
sidering that the majority of patients have a pre-test
probability in the lower range, these new guideline rec-
ommendations may pose challenges for the availability
of CTCA-services [3, 4]. For example, in the Nether-
lands, the prevalence of CAD is around 800,000 [5]. The
prevalence of patients with chest pain and suspected
CAD is higher, but the exact number remains unknown.
However, we know that 252,449 patients visited a car-
diologist for chest pain in 2012. Of the new patients
with suspected CAD 61% underwent an exercise ECG
[6]. Even if a small proportion of exercise ECGs and

Table 1 Guidelines recommendations for the use of CTCA

Page 2 of 11

invasive coronary angiography (ICA) were to be sub-
stituted by CTCA, the demand for CTCA-services is
expected to increase substantially. Such a shift would
require sufficient numbers of CTCA-capable scan-
ners and competent cardiovascular imaging experts to
guarantee national coverage. Moreover, variations in
clinical practice need to be addressed to ensure high
image quality as well as standardised interpretation and
reporting of CTCA findings.

It is currently unknown, what percentage of hospital
organisations in Europe provide CTCA-services and
how many CTCA-capable scanners are available. There
is no overview about indications for which CTCA is
deployed, and variations in clinical practice across a
country are unknown. The goal of our study is to track
these issues in the Netherlands, a country with an
advanced healthcare system, as an example. We per-
formed a national survey among members of the Dutch
Societies of Radiology (NVVR) and Cardiology (NVVC)
in every hospital organisation in the Netherlands to
study the current utilisation of CTCA-services and
status of CTCA-protocols, and modeled the expected
effect of these guidelines on CTCA capacity in the
Netherlands. Accordingly, the survey is endorsed by the
NVVR and NVVC.

Methods

Guideline recommendations considering the use of CTCA
The current ESC-CCS guidelines recommend CTCA
for various indications that are listed in Table 1 [1, 7]. In
addition, in patients with new onset of heart failure or
reduced left ventricular function, ICA or CTCA could
be performed to establish the presence and extent of
CAD. In accordance with the cited guidelines, this sur-
vey did not include patients with suspected acute coro-
nary syndrome.

Recommendations 2019 ESC Guidelines for the diagnosis and management of chronic coronary syndromes Class Level
Risk stratification, preferably using stress imaging or CTCA (if permitted by local expertise and availability), or alternatively exercise stress | B
ECG (if significant exercise can be performed and the ECG is amenable to the identification of ischaemic changes), is recommended in

patients with suspected or newly diagnosed CAD

Non-invasive functional imaging for myocardial ischaemia or CTCA is recommended as the initial test to diagnose CAD in symptomatic | B
patients in whom obstructive CAD cannot be excluded by clinical assessment alone

ICA or CTCA is recommended in patients with characteristic episodic resting angina and ST-segment changes, which resolve with I C
nitrates and/or calcium antagonists, to determine the extent of underlying coronary disease

Coronary CTA should be considered as an alternative to coronary angiography before valve intervention in patients with severe valvular  lla C

heart disease and low probability of CAD

The mentioned ESC guideline recommendations are class | (recommended or indicated) and class lla (should be considered). The level of evidence is: A, derived from
multiple randomised clinical trials or meta-analyses, B, derived from a single randomised clinical trial or large non-randomised studies, C, is a consensus of opinion of

the experts and/or small studies, retrospective studies, registries
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The Dutch health-care setting

Outpatient cardiology care was provided by 68 hospi-
tal organisations (107 hospital locations) in the Neth-
erlands in 2019 [8]. There are 16 hospital organisations
that perform cardiac surgery and percutaneous coro-
nary interventions (PCI) (eight university hospitals and
eight large non-university hospitals). Beside these 16
cardiothoracic surgical centres, 14 other hospitals per-
form PCI (off-site PCI centres). The other hospitals do
not perform PCI (non-PCI centres). Of these 38 non-
PCI centres, 36 do perform diagnostic ICA.

Survey design

An electronic survey was designed (LimeSurvey, Ham-
burg, Germany) and reviewed afterwards by the car-
diac-imaging sections of the NVVR and NVVC and
send to cardiac imaging specialist of all 68 hospital
organisations in December 2019. Non-responders were
reminded and eventually contacted personally to fill in
the survey.

With the survey, we aimed to answer four principal
questions: 1) what is the current provision and utili-
sation of CTCA services within the Dutch health care
system? 2) For which indications is CTCA used and
practiced and what are the differences between hospi-
tals? 3) What is the current status of CTCA-protocols
regarding patient preparation, image acquisition pro-
tocols and standard operating procedures (SOPs) for
CTCA acquisition, interpretation and CTCA report-
ing? 4) What is the modeled necessity for CTCA in
the Netherlands when implementing 2019 ESC-CCS
guidelines?

Data analysis

Statistical analyses were performed by using R soft-
ware version 3.5.1 (R Foundation for Statistical Com-
puting, Vienna, Austria) [9]. Counts were presented as
numbers and continuous variables as means with cor-
responding standard deviations or medians with inter-
quartile ranges. Categorical variables were presented as
frequencies and percentages. Hospitals were divided by
type (cardiothoracic surgical centres, PCI centres and
non-PCI centres).

For modeling the necessity of CTCA-services, we
based the expected change in diagnostic tests on the
recommendations in the 2019 ESC-CCS guidelines [1].
Numbers and figures were based on historical trend
data of patients with suspected CAD in the Nether-
lands, as published by the Dutch National Health Care
Institute in 2017 [6]. We projected the historical trend
data to approach current numbers, using linear curve
fitting. Based on Dutch literature, the conversion factor
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to approach the number of patients for 2020 was 1.15
[6]. We modeled potential scenarios with a 50%, 75%
and 100% implementation rate of the recommended
diagnostic algorithm.

Results

Survey responses and CTCA providing hospitals

All 68 (100%) hospital organisations in the Netherlands
responded to the survey, of which five (7.4%) responded
not to perform CTCA. Of these five non-CTCA hospitals
are two are PCl-centres and three non-PCI centres, all
five perform ICA. Most hospitals providing CTCA-ser-
vices are located in highly populated provinces (Fig. 1a,
Table 2).

What is the current provision and utilisation

of CTCA-services within the Dutch health care system?

A total of 99 CTCA-capable CT-scanners are available
in 63 hospitals ranging from 1 to 4 scanners per hospi-
tal, with 36 using 1 CT-scanner, 19 hospitals using 2 CT-
scanners, 7 hospitals using 3 CT-scanners and 1 hospital
using 4 scanners. Per million inhabitants, the mean num-
ber of CTCA-capable CT-scanners is 5.4 with a stand-
ard deviation of 1.6 and a range of 2.4—8.1 per province
(Fig. 1b).

Across the Netherlands, 37,283 CTCA-examinations
were performed in 2019, with an average of 2,085 per
million inhabitants, ranging from 600 to 3,253 per prov-
ince (Fig. 1c). An average of 391 (181-633) CTCA-exam-
inations were performed per CT-scanner (Fig. 1d) and
an average of 512 (150-1900) per hospital (Fig. 2). The
cardiothoracic surgical centres had the highest mean
number of CTCA-examinations per year (981 per cen-
tre, 15,700 total), followed by PCI centres (552 per cen-
tre, 7,730 total) and the non-PCI centres (355 per centre,
13,853 total).

Most CT-scanners are not dedicated CTCA-scanners
and also used for non-CTCA indications (i.e., chest,
abdominal, musculoskeletal, neuro, paediatric and inter-
vention). Therefore, this number indicates only a propor-
tion of the total scan time per scanner.

For which indications is CTCA used and practiced
in the hospitals in the Netherlands and what are
the differences between types of hospitals?
All 63 CTCA performing hospital organisations apply
CTCA in patients with suspected CAD (Fig. 3) of which
13 (20.6%) only perform CTCA in patients with low
probability of CAD, 44 (69.9%) in patients with low or
intermediate probability, and 6 (9.5%) in patients with
low, intermediate or high probability.

Besides chest pain indications, CTCA is used to
exclude CAD in patients awaiting non-coronary cardiac
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CTCA provision: Hospitals, CT scanners, cardio-imagers and CTCA scans
A) CTCA hospitals (n)
13

B) CT scanners per million inhabitants

C) CTCA scans per million inhabitants D) CTCA scans per CT-scanner

Fig. 1 (a) The number of hospitals that perform CTCA, (b) the number of CTCA-capable CT-scanners per million inhabitants, (c) the number of
CTCA-examinations per million inhabitants, (d) the number of CTCA-examinations per CT-scanner. The black coloured areas represent densely
populated urban areas
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Table 2 CTCA provision and utilisation

Province Inhabitants (x million)  Hospitals all (CTCA) CT-scanners n (per CTCA examinations CTCA per

million) scanner

Groningen 0.58 3(3) 3(5.1) 1900 633
Friesland 0.65 4 (4) 4(6.2) 2100 525
Drenthe 0.49 2(2) 4(8.1) 725 104
Overijssel 1.16 4(3) 7(6.1) 2508 177
Flevoland 042 1(1) 1(2.4) 250 250
Gelderland 207 9(9) 13(6.3) 4650 341
Utrecht 134 4(3) 7(5.2) 3550 507
Noord-Holland 2.85 12 (10) 16 (5.6) 6525 343
Zuid-Holland 3.67 14 (13) 24(6.5) 7751 271
Zeeland 038 2(1) 1(2.6) 400 400
Noord-Brabant 254 9(9) 13(5.1) 4474 352
Limburg 1.12 5(5) 6 (54) 2450 408
Netherlands 173 69 (63) 99 37,283 364

CTCA provision and utilisation, listed per province and for the entire country. n number, CT computed tomography, CTCA computed tomography coronary

angiography

Number of CTCA scans per year

8000

6000

4000

2000

0-

Hospital type
Cardiothoracic Heart Centre

. PCl centre
. non-PCl centre

Fig. 2 The number of CTCA-examinations per hospital type. The number of CTCA scans is plotted on the y-axis per hospital, as coloured boxes.

The stacked boxes correspond with the cumulative number of CTCA-examinations per province (x-axis). The provinces are grouped, according to
the number of inhabitants: < 1 million inhabitants (left frame), 1-2 million inhabitants (middle frame) and > 2 million inhabitants (right frame). The
colour of the boxes correspond with the type of hospital, as listed in the legend
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M Yes H No

Cardiothoracic heart centres ll PCl centres M non-PCl centres
Fig. 3 First row Pie charts showing the number of hospitals that perform CTCA for the indications: Chest pain, non-coronary cardiac surgery,
ventricular tachycardia (VT) or heart failure and known CAD. Second row Differentiation in hospitals type of the hospitals that perform CTCA for the
corresponding indication. The number of hospitals is shown in the pie slices

surgery (34 hospitals 54.0%), in patients with ventricular
tachycardia or heart failure (38 hospitals, 60.3%), and in
patients with known CAD (30 hospitals, 47.6%) (Fig. 3).

What is the current status of CTCA-protocols (Patient
preparation, image acquisition protocols and SOP’s

for CTCA interpretation and CTCA reporting)

in the hospitals in the Netherlands?

CT-scanners and Image acquisition

For image acquisition, all hospitals perform CTCA on
CT-scanners with 64 or more slices, meeting the mini-
mum detector requirement set by the Society of Cardio-
vascular Computed Tomography (SCCT) [10]. A total
of 45 hospitals (71.4%) perform CTCA on a CT-scanner
with 256 slices or more, of which 15 hospitals (23.8%)
perform CTCA on high-end scanners with 320 or more
slices. The other 18 hospitals perform CTCA on CT-
scanners with 128 slices (n=7, 11.1%) or 64—128 slices
(n=11, 17.5%). Sublingual nitro-glycerine is adminis-
tered in 56 (88.9%) of hospitals. For image acquisition,
22 hospital organisations used a high pitch spiral pro-
tocol, 39 hospital organisations used a prospective ECG

gated protocol, and 2 hospitals used a retrospective gated
protocol. Beta-blocker medication is administered in all
hospitals, either in tablet form before or intravenously
during CTCA-examination.

CTCA reporting, interpretation and communication

For CTCA reporting, interpretation and communica-
tion, there are large differences between the Dutch
hospitals. Firstly, the majority of, but not all, hospitals
use a standard report for CTCA reporting. Of the 48
hospitals (76.2% of all hospitals that provide CTCA)
that do use a standard report, 9 hospitals (18.8%) use
the Coronary Artery Disease Reporting And Data
System (CAD-RADS), of which 6 (66.7%) also use
CAD-RADS in their clinical protocol to guide fur-
ther patient management [11]. Secondly, there is sub-
stantial variation in interpretation of CTCA-findings.
Cardiac imagers in 27 hospitals (42.9%) use a cut-off
value of >50% diameter stenosis to indicate a clini-
cally relevant lesion, whereas in 31 (49.2%) us a cut-
off value of > 70%. In the remaining 5 hospitals (7.9%),
both cut-off values are used. These cut-off values are
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Cardiothoracic heart centres [l PClcentres Il non-PCI CAG centres
Fig. 4 Downstream diagnostic tests after CTCA with significant stenosis, differentiated between hospital types. The number of hospitals is shown in
the pie slices. * There was one hospital that only performed non-invasive diagnostics, which was a non-PCl centre

determined by visual estimation of the lesion (eyeball-
ing) in 19 hospitals (30.2%) and by electronic meas-
urements in 44 hospitals (69.8%). Thirdly, there is
no standard procedure for the communication and
discussion of CTCA-findings. In 7 hospitals (11.1%),
findings are discussed in a heart team (consisting of
a cardiologist, cardio-thoracic surgeon and in three
hospitals a radiologist), and 21 (33.3%) hospitals use
another form of multidisciplinary consultation. In 24
hospitals, there is some form of case discussion and in
11 hospitals (17.5%), there is no further communica-
tion of CTCA-findings apart from the CTCA-report.

Downstream diagnostic testing

If a clinically relevant stenosis is reported, hospitals
use a variety of diagnostic tests for further evaluation.
Of the 63 hospital organisations that perform CTCA,
30 (47.6%) use ICA or non-invasive functional testing
such as perfusion MRI or nuclear testing (Fig. 4). In 33
hospitals (52.4%), only ICA is used after CTCA. The
majority of these latter hospitals are non-PCI centres
(Fig. 4). In these hospitals, an additional revasculari-
sation procedure cannot be performed if indicated.
However, from the results of our survey, it is not clear
if these non-PCI centres will refer patients to a PCI-
centre for ICA, or that these patients will undergo
diagnostic ICA in non-PCI centre followed by ICA
and revascularisation in a PCI centre.

Future perspective: modeled necessity for CTCA-services

A total of 252,449 patients visited a cardiologist for chest
pain in the Netherlands in 2012, which is modeled to be
290,000 in 2020 (using the conversion factor of 1.15) [6].
This number includes~50% patients with acute coronary
syndrome or patients with known (obstructive) CAD and
50% new patients with suspected CAD. Based on the 2019
ESC-CCS recommendations, only the patients with low
to intermediate pre-test probability would require initial
CTCA (75% of total). Therefore, the total population that
would require CTCA is projected to be 106,450 patients
per year in the Netherlands [1]. Currently, a total of 37,283
CTCA-examinations are performed in the Netherlands.
Accordingly, to reach a 50% implementation rate of the
current clinical guidelines, the total number of CTCA-
examinations that need to be performed annually is 53,225
(50.0% of 106,450). Therefore, the expected increase in
annual CTCA-examinations will be approximately 16,000
(53,225 minus 37,283). Across the provinces, this number
ranges from O to 3,550 (Fig. 5a). To reach a 75% imple-
mentation rate, the expected increase in annual CTCA-
examinations will be ~42,500 (79,838 minus 37,283), with
a range from 872 to 9,201 across the provinces (Fig. 5b).
The maximum increase in annual CTCA-examinations is
projected to be ~70,000 (106,450 minus 37,283) at a 100%
implementation rate, with a range of 1796—14,852 exami-
nations across the provinces (Fig. 5¢).
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A) 50% implementation rate
.

CTCA X 1000
[ o2
[ EX
s

CTCA X 1000
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and 100% (c)

Modelled CTCA necessity: Absolute increase in the number of CTCA scans
B) 75% implementation rate

C) 100% implementation rate

CTCA X 1000
[ o2
B 25
| U

Fig. 5 Absolute number increase in annual CTCA scans per province for an implementation rate of the current ESC guidelines of 50% (a), 75% (b)

Discussion

This national CTCA-survey in the Netherlands provides
an overview of the current and modeled CTCA provi-
sion and utilisation. Sixty-three Dutch hospital organi-
sations (92.6% of all hospital organisations) provide
CTCA-services on a total of 99 CTCA-capable CT-scan-
ners with a total of 37,283 CTCA-examinations per year.
There is substantial variation between hospitals consid-
ering CTCA indications, available CTCA equipment
and applied CTCA-protocols. Implementation of the
2019 ESC-CCS guideline will substantially increase the
demand for high quality CTCA-examinations with a high
impact on healthcare systems.

However, it should be noted that according to 2019
ESC-CSS guidelines, no type of cardiac imaging should
take place before appropriate cardiological assessment,
as chest complaints may develop in various clinical
contexts. However, if diagnostic work-up is indicated,
CTCA or non-invasive functional imaging for myocar-
dial ischaemia is recommended as the initial tests [1].
Clinical implementation of these recommendations will
affect a substantial proportion of cardiac healthcare and
is likely to lead to a shift away from exercise ECG and
the other traditional tests for CAD assessment. This
may pose challenges in organisation of CAD-related
healthcare and impose an extra burden on CT capacity
and cardiac imagers. However, the initial deployment of
CTCA or non-invasive functional imaging for myocar-
dial ischaemia may improve the prognosis of patients.
The use of CTCA as initial test in patients with sus-
pected CAD has been shown to better guide preventive

medical therapy, which subsequently led to a reduction
in cardiovascular death or non-fatal myocardial infarc-
tion in the SCOT-HEART trial [1, 12, 13]. Additionally,
the improved diagnostic accuracy may result in early
diagnosis and selective treatment of CAD that may
prove more cost-effective compared to traditional diag-
nostic algorithms, thereby considering the direct costs
of the procedure and potential downstream cost reduc-
tion through preventive medical therapy. However,
additional randomised and sufficiently powered studies
are needed to make solid statements about cost-effec-
tiveness and improved prognosis.

Challenges for CTCA implementation that need to
be taken into account comprise general factors such as
organisational culture, networks, communication, leader-
ship, evaluation and feedback, as well as scarce resources
such as time, financial resources and education and train-
ing of staff [14, 15]. Moreover, there are specific barriers
for the implementation of CTCA, consisting of availabil-
ity of CTCA-services to provide national coverage with
sufficient CTCA-capable CT-scanners and competent
cardiovascular imaging experts to facilitate the number
of required CTCA-examinations. Almost all hospital
organisations in the Netherlands provide CTCA-services
and have performed 37,283 examinations last year. How-
ever, the projected increase in CTCA-services will call
for additional investments in CTCA-capable CT-scan-
ners, cardiovascular imaging experts and CT techni-
cians. Secondly, there are challenges on a level of national
health care system organisation and health care reim-
bursements. Accordingly, as implementation of initial
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CTCA for patients with CCS will divert patient flows
away from traditional testing, intensified collaboration
between the departments of cardiology and radiology is
recommended.

Another challenge, specific for CTCA is the difference
in image quality and the absence of standard operation
procedures for CTCA-examinations across hospitals. To
address this problem, the SCCT has reported guidelines
for the performance and acquisition of coronary com-
puted tomographic angiography [10]. Although all hos-
pital organisations perform CTCA on CT-scanners that
meet minimum standards (64 slice detector width), vari-
ation in acquisition protocols among hospitals remains
substantial, and this is inextricably linked to differences
in image quality and clinical utility. For example, recom-
mended beta-blocker medication is administered in all
hospitals whereas recommended nitro-glycerine is not
administered in a substantial percentage of hospitals
(11.1%) [10]. Adequate CTCA equipment and protocols
will increase the accuracy of stenosis evaluation, thereby
reducing the number of a false positive CTCA-examina-
tions [16—19]. These factors also will affect the accuracy
of new frontiers in CTCA such as CT-FFR and CT myo-
cardial perfusion [20, 21]. Besides image quality, CTCA
equipment and protocols have major effects on radiation
dose of CTCA which should also be taken into account
[22]. In the Netherlands, national coverage of modern
CT-scanners is already high, with 71.4% CT-scanner that
have 256 slices or more.

Lastly, there is increasing demand for standardised
reporting of CTCA findings. The CAD-RADS or ESCR
smart reporting tool are standardised communication
and reporting methods that link CTCA findings to fur-
ther management recommendations and provide addi-
tional prognostic information of future CAD events [11,
23, 24]. Although the majority of hospital organisations
(76.2%) use a standard report, only a minority (14.3%)
used the CAD-RADS reporting system. Furthermore,
different hospitals use different cut-off values for a clini-
cally relevant coronary stenosis by either stenosis meas-
urement or visual assessment. This variation in clinical
practice is already recognised by the NVvR and NVVC
and resulted in a national initiative that aims to optimise
the quality of CTCA and reduce the variation in clinical
practice by developing uniform image acquisition, post-
processing, interpretation and reporting protocols.

The British Society of Cardiovascular Imaging assessed
the provision and capability of CTCA within the UK
in 2016 and described similar findings with modeled
increase in CTCA production of ~700% [25]. We, how-
ever, report a lower modeled increase in CTCA produc-
tion of ~300%. These differences might be explained by
the different recommendations by the NICE for the UK
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and the ESC for the Netherlands. The 2016 British NICE
guidelines recommend CTCA for all chest pain patients,
whereas the current ESC 2019 recommend either CTCA
or non-invasive functional imaging for myocardial
ischaemia as initial tests and only recommend diagnostic
testing in patients with a pre-test probability of >15% [1,
26]. Besides, the UK performed a mean number of 592.5
CTCA-examinations per million inhabitants in 2016
which is substantially lower compared with 2085 CTCA-
examinations per million inhabitants in the Netherlands
in 2019. Compared to the British model, we also included
patients in our prediction model with an indication for
coronary evaluation in the diagnostic work-up for ven-
tricular tachycardia, cardiomyopathy and heart failure
and in the work-up for non-coronary cardiac surgical and
transcatheter procedures. This group represents a signifi-
cant number of patients in which CTCA is able to safely
exclude obstructive CAD [16, 17].

Limitations
The current survey explored the provision and utilisation
of CTCA-services in the Netherlands. With this survey,
we cannot evaluate how hospitals use diagnostic modali-
ties for individual patients and to what extent the recent
guidelines are already followed. A patient specific assess-
ment is necessary to decide which diagnostic work-up is
indicated for each individual patient, depending on spe-
cific characteristics such as heart rhythm and frequency,
kidney function, implanted cardiac devices, obesity.
Secondly, the results of this survey only comprised the
total annual number of performed CTCA-examinations.
Consequently, we are not able to differentiate between
the numbers of performed CTCA-examinations per indi-
cation and are unable to report numbers for different
pre test probability categories, numbers of (preceding)
coronary artery calcium score scans or presence of risk-
modifiers. Thirdly, we did not include information on the
number of non-invasive and invasive downstream diag-
nostic tests after CTCA (i.e., perfusion MRI, Single-pho-
ton emission computed tomography, ICA). Adding this
information would have been valuable to better capture
the current use of CTCA in clinical practice and inter-
play with other tests (coronary artery calcium score, non-
invasive functional test and invasive test). Furthermore,
this information would be valuable to better understand
differences in diagnostic approaches between hospitals.
Lastly, we did not inquire CTCA radiation exposure.
Despite a substantial reduction in radiation exposure
(78% from 2007 to 2017), a large inter-site variation in
radiation exposure persists (factor 37, 57-2090 mGy*cm)
[22]. Information about CTCA radiation exposures in
The Netherlands in 2018 would add valuable information
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about the potential of protocol optimization for further
radiation exposure reduction in the future.

Conclusions

Despite high national CTCA-services coverage in the
Netherlands, a substantial increase in CTCA capacity
is expected to be able to implement the 2019 ESC-CCS
recommendations on the use of CTCA. Furthermore, the
results of this survey highlight the importance to address
variations in image quality and to standardise the inter-
pretation and reporting of CTCA, as well as to estab-
lish interdisciplinary collaboration and organisational
alignment.
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