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Aims While the number of patients with stable coronary artery disease (SCAD) is similar across European countries,
Germany has the highest per capita volume of coronary angiographies (CA). This study evaluated the health economic
consequences of guideline-non-adherent use of CA in patients with SCAD.
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Methods and
results

As part of the ENLIGHT-KHK trial, a prospective observational study, this microsimulation model compared the
number of major adverse cardiac events (MACE) and the costs of real-world use of CA with those of (assumed)
complete guideline-adherent use (according to the German National Disease Management Guideline 2019). The model
considered non-invasive testing, CA, revascularization, MACE (30 days after CA), and medical costs. Model inputs were
obtained from the ENLIGHT-KHK trial (i.e. patients’ records, a patient questionnaire, and claims data). Incremental
cost-effectiveness ratios were calculated by comparing the differences in costs and MACE avoided from the perspective of
the Statutory Health Insurance (SHI). Independent on pre-test probability (PTP) of SCAD, complete guideline adherence
for usage of CA would result in a slightly lower rate of MACE (–0.0017) and less cost (€–807) per person compared with
real-world guideline adherence. While cost savings were shown for moderate and low PTP (€901 and €502, respectively),
for a high PTP, a guideline-adherent process results in slightly higher costs (€78) compared with real-world guideline
adherence. Sensitivity analyses confirmed the results.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Conclusion Our analysis indicates that improving guideline adherence in clinical practice by reducing the amount of CAs in patients
with SCAD would lead to cost savings for the German SHI.
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Graphical
Abstract

Analysis of health economic consequences of optimal vs. observed guideline adherence of coronary angiography in
patients with suspected obstructive stable coronary artery in Germany.
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Disease Management 

Guideline 2019
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microsimulation model
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Introduction
The diagnostic work-up of suspected stable coronary artery dis-
ease (SCAD) can be challenging because up to 85% of potentially
attributable symptoms, especially chest pain, are not caused by
myocardial ischemia/obstructive CAD.1 Decision support in clinical
practice is provided by clinical guidelines for the management of
SCAD, such as the German National Disease Management Guideline
2019 (GNDMG), which is adopted from the 2013 ESC guide-
lines on the management of SCAD.2 Based on pre-test probability
(PTP), these recommend an algorithmic use of five non-invasive test-
ing (NIT) options in patients with an intermediate PTP (15–85%)
(i.e. coronary computed tomography angiography (cCTA), stress-
echocardiography (stress-echo), stress cardiac magnetic resonance
imaging (stress-CMR), myocardial perfusion scintigraphy (MPS), ex-
ercise electrocardiogram (eECG)), or a direct coronary angiography
(CA) in patients with a PTP > 85%.3

In 2019, 1053 CAs per 100 000 citizens were performed in
Germany.4 At similar base-line risk, ∼690 per 100 000 CAs
were performed in Austria and 600 per 100 000 in Switzerland.5

For Switzerland, a substantial overuse of inappropriate CAs was
concluded.6 Additionally, for Germany almost 1.5 times more percu-
taneous coronary interventions (PCI) were reported than for Austria
(433 vs. 300 per 100 000),4,5 which corresponds to the highest
number of PCIs across OECD countries.7 In addition, documented
regional differences in the use of PCIs and CAs8,9 have raised the
question whether these findings truly reflect differences in medi-
cal needs in Germany.8–10 However, recent evidence11 indicated an
association of supply factors with utilization. This evidence may in-
dicate a substantial degree of non-adherence to clinical guidelines in
Germany.7,8,12

Although there is a long-standing debate on the number of CAs in
Germany,7,8,11,13 evidence on guideline adherence in the use of CA in
patients with suspected obstructive SCAD in Germany was lacking.14

Therefore, the ENLIGHT-KHK trial was registered in February 2019
to examine prospectively the extent of guideline adherence of CA-use
and the resulting health economic consequences in Germany.15

To estimate the clinical and monetary consequences resulting from
the current use of CA in everyday clinical practice (hereafter ‘real-
world CA-use’), we compared the related number of avoided major
adverse cardiovascular events (MACE) and costs with those of an
assumed complete guideline-adherent use of CA (hereafter ‘adherent
CA-use’). The incremental costs and effectiveness were determined
from the third-party payer perspective, the German Statutory Health
Insurance (SHI).

Methods
Our analysis was based on the ENLIGHT-KHK trial, a multicentre,
prospective observational study which recruited 901 patients with sus-
pected SCAD who presented to one of nine hospitals (2019–2021) in
Germany.15 Because the harming potential of CA is considered to be
low,16 a cost-minimization analysis (i.e. analysing only costs while assuming
same effects) would have been an obvious option. However, because
the underlying ENLIGHT-KHK trial was not designed as a non-inferiority
trial—which is a precondition of cost-minimization analyses17–we con-
ducted a full cost-effectiveness analysis.15 The analysis was reported
according to the Consolidated Health Economic Evaluation Reporting
Standards 2022 (CHEERS 2022)18 (see checklist in the Supplementary
material, Table S1).

An incremental cost-effectiveness ratio (ICER) was calculated by di-
viding the differences in costs and avoided MACE (e.g. as done in the
BASKET trial19,20) between ‘adherent CA-use’ and ‘real-world CA-use’.21

With respect to the study perspective (i.e. the German SHI), only direct
medical costs were included.22,23 Because both clinical and monetary
consequences resulting from CA beyond a period of 1 year are unlikely,24

for the analysis, a 1-year time horizon was applied.

Patient population and comparators
Patient data were obtained from the ENLIGHT-KHK trial, considering
different PTP of SCAD. Among all 901 patients, 34 (3.8%) had a low PTP
(<15%), 773 (85.8%) a moderate (15–85%), and 48 (5.3%) a high PTP
(>85%) of SCAD. Patients were at mean 64.9 (SD 11.8) years old, and
524 (58.2%) of them were male. Supplementary material, Table S2, gives
an overview of patients’ characteristics.

Patients in the model underwent a decision-making process for receiv-
ing a CA in order to confirm or exclude an obstructive SCAD either
based on (i) ‘adherent CA-use’ (i.e. assumed guideline adherence of 100%
for receiving CA) or (ii) ‘real-world CA’. ‘Adherent CA-use’ was simulated
based on recommendations for using CA according to the GNDMG,3

while ‘real-world CA-use’ was estimated based on the observed use of
CA in ENLIGHT-KHK (i.e. reflecting guideline adherence in current clinical
practice).

Model description
We developed a microsimulation model25 to capture the costs and MACE
of the ‘real-world CA-use’ and the ‘adherent CA-use’. Patients with sus-
pected obstructive SCAD underwent a process outlined in Figure 1 (either
based on ‘adherent CA-use’ or on ‘real-world CA’). Patients with clinical
suspicion for SCAD, in which CAD could not be ruled out a priori,
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Figure 1 Model overview representing the decision-making process in the diagnostic work-up of patients with suspected SCAD. In the
microsimulation model the ‘real-world coronary angiography use’ is compared with an ‘adherent coronary angiography use’. *Same structure as
the ‘first-line CA’ pathway. CA, coronary angiography; CABG, coronary artery bypass graft; CAD, coronary artery disease; SCAD, stable coronary
artery disease; and MACE, major adverse cardiovascular events.

received initial diagnostic management (including e.g. an electrocardiogram
or an echocardiography at rest). Based on this first assessment, patients
were then assigned either to a first-line CA (i.e. direct CA without prior
NIT) or they received a NIT: (i) cCTA, (ii) stress-echo, (iii) stress-CMR,
(iv) MPS, or (v) eECG. In patients with a negative NIT-result, a SCAD
was ruled out, while in those with a positive or an inconclusive NIT result,
patients could receive a CA. Patients with a CA (first-line or following NIT)
who have abnormal results (i.e. one- to three-vessel disease and coronary
sclerosis without >50% stenosis) could be revascularized. Revasculariza-
tion was performed either via percutaneous coronary intervention (PCI)
or via coronary artery bypass grafting (CABG). The model was performed
with TreeAge Pro 2019© (Williamstown, MA).

Model inputs
Data on clinical parameters and costs was obtained from (i) a priori
defined evaluating rules according to the GNDMG,3 (ii) patients’ records,
(iii) a standardized questionnaire-based survey, and (iv) claims data of the
health insurances AOK Rheinland/Hamburg and NORDWEST, which are
obtained from each participant.15

Guideline adherence
Guideline adherence of CA-use in clinical practice was the primary out-
come measure in the ENLIGHT-KHK trial.15 It was determined according

to the GNDMG,3 which is adopted from the 2013 ESC guidelines on
the management of SCAD2 (without being updated for the 2019 ESC
guidelines26). Guideline adherence was evaluated by using a priori de-
fined evaluating rules based on data from patients’ records and patients’
questionnaire. These data included the patient’s PTP1,27 for having an
obstructive SCAD and the results of the prior NIT (see Supplementary
material, Table S3 for rationale for evaluating guideline adherence). As a
result, in all patients undergoing CA, the observed guideline adherence
was 25.6% (n = 169), i.e. 24 patients (5.7%) with first-line CA, and
145 patients (61.2%) with prior NIT were treated guideline adherent
(see Table 1).

Clinical data
To reflect the clinical pathway of patients with suspected obstructive
SCAD, data were collected from patient’ records.15 For the model, con-
ditional probabilities were calculated from rates of occurrence.28

Because the observed guideline adherence was 25.6%, the ‘adherent
CA-use’ would reduce CAs overall by 74%. To calculate the parameters
for ‘adherent CA-use’ the observed rates of CAs (first-line and with prior
NIT) were multiplied with the degree of guideline adherence and then
converted to probabilities. As a result, in the ‘adherent CA-use’ arm,
the reductions of CAs lead to an increase of NIT. Other variables were
assumed not to differ between the alternatives.
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Table 1 Degree of observed guideline adherence in
the clinical practice in the ENLIGHT-KHK trial

Clinical practice (observed) Rate (%)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Overall guideline adherence (n = 659) 169 (25.6)

First-line CA (n = 422) 24 (5.7)
Low PTP (<15%) 0/10 (0)
Moderate PTP (15–85%) 0/388 (0)
High PTP (>85%) 24/24 (1)

CA with prior NIT (n = 237) 145 (61.2)
Low PTP (<15%) 3/4 (0.75)
Moderate PTP (15–85%) 121/212 (0.57)
High PTP (>85%) 21/21 (1)

CA, coronary angiography; NIT, non-invasive testing; and PTP, pre-test
probability.

Because the appropriate diagnostic strategy depends on the PTP,1,29

different probabilities for first-line CA and CA with prior NIT were
considered in the model. For example, while in the ENLIGHT-KHK trial,
24 patients with a high PTP (5.7%), ten patients (2.4%) with a low PTP, and
388 (91.9%) with a moderate PTP underwent a first-line CA, in the ‘ad-
herent CA-use’, only those with a high PTP 24 (5.7%) were recommended
to receive a first-line CA (in line with GNDMG3). Table 2 lists the clinical
input data.

The probabilities of catheter-associated MACE included all-cause death,
myocardial infarction, and stroke for a period of 30 days after CA
(see Table 2). Data on in-hospital MACE were obtained from patients’
records (documented by the treating physicians). Post-discharge MACE
were based on claims data provided by the two participating SHIs15 (see
Supplementary material, Text S5 for a detailed breakdown of MACE).

In the case of missing values, an imputation was not performed
because the highest value did not exceed 5% (see Supplementary
material, Table S4).

Resource utilization and costs
According to the perspective of the German SHI,22,23 we included costs
due to (i) diagnostic CA, (ii) NIT, (iii) revascularization, and (iv) treatment
of CA-associated MACE (Figure 1). Parameters on resource use and
costs were based on claims data from two German insurances (AOK
Rheinland/Hamburg and AOK NORDWEST) and patients’ records.15 We
estimated average costs per procedure and event, respectively.

Costs of diagnostic CA (€2431) considered CAs without subsequent
revascularization and were estimated with regard to the proportion of
CAs with fractional flow reserve (FFR). We differentiated between in-
and outpatient procedures by valuing the costs according to the German
reimbursement rules (i.e. DRG,30 EBM,31 and GOP32).

Costs of NIT were estimated as weighted average costs according to
the resource use of each NIT (i.e. eECG = 35.9%, stress-CMR = 27.2%,
cCTA = 20.4%, MPS = 12.8%, and stress-echo = 3.7%). For valuing
costs, German unit prices were applied. In the ‘adherent CA-use’ arm the
increased number of NIT (as a result of lesser CAs) was accounted for.
Further, in line with the GNDMG,3 only non-invasive image-guided testing,
i.e. cCTA, stress-CMR, stress-echo, or MPS (NIT w/o eECG) was assumed
to be included in the ‘adherent CA-use’. Costs of outpatient NIT were
valued according to the corresponding German reimbursement rules (i.e.
EBM31 and GOP32). In the case of CA and subsequent revascularization,
the costs of inpatient NIT were assumed to be covered by the assigned
DRG for the inpatient treatment.

In the case of revascularization, the costs of CABG or PCI were consid-
ered. To estimate the costs of CA-associated MACE (€6429), the costs of

treatment for myocardial infarction (e.g. PCI) and stroke were considered
according to the incidence of these events [reflected by diagnosis codes
for myocardial infarction (I21) and stroke (I63)]. Because these treatments
were all performed in an inpatient setting, we valued these costs based on
DRGs.30

Costs were based on data from 2019 to 2021 and provided in 2022
euros. In line with national guidance,23 we adjusted costs for inflation21

with respect to the German harmonised index of consumer prices33

for both inpatient care (e.g. CABG) and outpatient care services (e.g.
outpatient CA). Because costs and effects relate to a period of 1 year,
they were not discounted.23 In the case of missing values, we imputed
these by using the mean (corrected for outliers) of the corresponding
reimbursement rules (e.g. DRG, EBM). Table 3 presents the parameters
on resource utilization and costs.

Sensitivity analyses
To identify the parameters with the largest impact on the results, we
ran univariate deterministic sensitivity analyses for all input parameters.28

Confidence intervals (95%) were used for the variation of clinical data,
resource utilization, and costs (Tables 2–3). In addition, a probabilistic
sensitivity analysis using a Monte Carlo simulation with 10 000 iterations
was performed to model a simultaneous change of all model parameters
except the proportions of inpatient and outpatient CA (Tables 2–3). We
defined beta distributions for probabilities and proportions of resource
use, and gamma distributions for costs.28 In addition, to examine an
only improved use of CA (i.e. 70–90%) and the impact of real-world
CA-use according to the current 2019 ESC Guidelines,26 several sensitivity
analyses were performed (see Supplementary material, Tables S6-S7 for
details).

Model validation
To ensure that our model (e.g. structure, inputs) corresponds to current
clinical practice, published evidence, and conditions of the decision setting
(e.g. perspective and corresponding costs), we iteratively consulted clinical
experts and experts from the SHI (face-validity). Further, we compared
model inputs obtained from the trial or the SHI (e.g. costs of CA) and
model outcomes (i.e. costs of the ‘real-world CA-use’) with publicly
available sources (external validity). Additionally, we compared the model
structure and model inputs to those of evaluations examining similar ques-
tions34,35 (cross-validation) (see Supplementary material, Questionnaire S8,
for validation efforts36).

Results
Base-case analysis
Overall, ‘adherent CA-use’ reduced the costs of care by €807 per
procedure and was associated with a marginal reduction of MACE
(–0.0017) compared with ‘real-world CA-use’. Limited to patients
with low or moderate PTPs, ‘adherent CA-use’ reduced the costs by
€502 and €901, respectively, while for those with a high PTP, ‘adherent
CA-use’ was slightly more expensive than ‘real-world CA-use’ (plus
€78, see Table 4 for detailed results).

Sensitivity analyses
The results of the deterministic sensitivity analysis are shown in
Figure 2. Among different variables assessed, the probability of a CA
with prior NIT for patients with moderate PTP in ‘adherent CA-
use’ has the largest influence (+12/–11%) on the incremental costs,
followed by the corresponding probability (–6/+5%) in ‘real-world
CA-use’. The costs of cCTA and CABG had the highest impact on
incremental costs (4–5%). The results responded least (≤1%) to
changes in the remaining values, including probabilities of CA (first-line
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Table 2 Clinical input data on clinical pathways and MACE for both ‘real-world CA-use’ and ‘adherent CA-use’
included in the model

Clinical pathways Estimatea (95% CI) Source
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

‘Real-world CA-use’ (26% observed guideline
adherence)
Initial diagnostic management 0.623 [0.619, 0.627] Patients’ records from nine

participating hospitals
First-line CAb

ppt < 15% (0.024) 0.292 [0.158, 0.404]
ppt 15–85% (0.919) 0.401 [0.380, 0.422]
ppt > 85% (0.057) 0.393 [0.301, 0.473]

SCAD Rule-out after first-line CA 0.234 [0.202, 0.265]
Revascularization after abnormal first-line CA 0.396 [0.362, 0.428]
PCI by first-line CA 0.599 [0.581, 0.616]
CA with prior NIT

ppt < 15% (0.02) 0.231 [0.063, 0.369]
ppt 15–85% (0.896) 0.457 [0.429, 0.484]
ppt > 85% (0.084) 0.583 [0.524, 0.635]

Rule-out of SCAD after CA with prior NIT 0.193 [0.151, 0.232]
Revascularization after abnormal CA with prior NIT 0.420 [0.379, 0.458]
PCI with prior NIT 0.593 [0.570, 0.616]

CA-associated MACEc

Diagnostic CA
Therapeutic CA (PCI, CABG)

0.007 [0.001, 0.013]
0.011 [0.003, 0.019]

Patients’ records from nine
participating hospitals and
claims data from AOK
Rheinland/Hamburg and
AOK NORDWEST

‘Adherent CA-use’ (100% guideline adherence)
First-line CA
ppt < 15% (0)
ppt 15–85% (0)
ppt > 85% (1)

0
0

0.393 [0.301, 0.473]

Patients’ records from nine
participating hospitals

CA with prior NIT
ppt < 15% (0.013) 0.179 [0.018, 0.313]
ppt 15–85% (0.511) 0.295 [0.259, 0.328]
ppt > 85% (0.089) 0.583 [0.524, 0.635]

CA, coronary angiography; CI, confidence interval; CABG, coronary artery bypass grafting; NIT, non-invasive testing; SCAD, stable coronary artery disease; PCI, percutaneous
coronary intervention; and PTP, pre-test probability.
a For details on clinical data, see Supplementary material, Table S4.
b First-line CA means CA without preceding NIT.
c For a detailed breakdown of MACE, please see Supplementary material, Text S5.

and after prior NIT) for patients with low PTP in both arms, the
probability of a high PTP in the ‘real-world CA-use’, and the probabil-
ities for MACE and the associated treatment costs.
In the probabilistic sensitivity analysis, ‘adherent CA-use’ dominates

the ‘real-world CA-use’ in 99% of the iterations (Supplementary
material, Figure S9).
By increasing the guideline adherence to 70, 80, or 90%, the

costs would be reduced on average by €440, €555, or €669, re-
spectively, compared to ‘real-world CA-use’ (26%). The difference in
MACE would be the lowest (0.0011) for 70% guideline adherence
(Supplementary material, Table S10).
By examining the guideline adherence according to the 2019 ESC26

for the overall population, the costs would reduce by €866 (compared
to ‘real-world CA-use’ (21.3%)). For the different PTP-groups (low,
moderate, and high), the costs would decrease by €497, €901, and
€837, respectively (Supplementary material, Table S11).

Model validation
The external validation showed that ENLIGHT-KHK data were com-
parable to data available from public sources. In terms of effectiveness,
the marginal incremental effect between ‘adherent CA-use’ and ‘real-
world CA-use’ (–0.0017) confirms the ex-ante assumptions of CA
as a safe and well-established procedure.16,24 Similarly, the estimated
total costs of the ‘real-world CA-use’ (€2206) were considered to be
realistic because these were similar to the reimbursed costs of CA in
Germany (F49G, €253437).

Discussion
This is the first analysis which examined the economic consequences
of guideline adherence in patients with presumed obstructive SCAD
who presented for potential admission for CA in Germany. It showed
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Table 3 Resource utilization and costs for both ‘real-world CA-use’ and ‘adherent CA-use’ included in the model

Cost category Estimate Source
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Resource utilization Proportion (95% CI)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

‘Real-world CA-use’ (26% observed guideline adherence)
CA inpatienta

CA outpatienta
0.765 [0.723, 0.807]
0.235 [0.193, 0.277]

Claims data from the AOK
Rheinland/Hamburg and
AOK NORDWEST

CA with FFRb

CA without FFRb
0.079 [0.059, 0.099]
0.921 [0.901, 0.941]

Patients’ records from nine
participating hospitals

NITb

cCTA 0.204 [0.169, 0.239]
Stress-echo 0.037 [0.021, 0.053]
Stress-CMR 0.272 [0.233, 0.310]
MPS 0.128 [0.099, 0.157]
eECG 0.359 [0.318, 0.401]

‘Adherent CA-use’ (100% guideline adherence)
Non-invasive image-guided testingb

cCTA 0.4 [0.358, 0.442]
Stress-echo 0.05 [0.031, 0.069]
Stress-CMR 0.40 [0.358, 0.442]
MPS 0.15 [0.119, 0.181]
eECG 0.0

Costs (both comparators) Mean in € (95% CI)
Diagnostic CAa

CA with FFRc

CA without FFRd

2431 [2325, 2558]
3471 [3100, 3823]
2342 [2222, 2459]

Claims data from AOK
Rheinland/Hamburg and
AOK NORDWEST

cCTAe 622 [375, 894]
Stress-echof 142 [124, 169]
Stress-CMRg 653 [548, 766]
MPSh 444 [332, 590]
eECGi 37 [33, 39]
PCIj 4128 [3992, 4256]
CABGk 18 506 [17 233,

20 174]
MACE 6569 [5115, 7745]

CA, coronary angiography; CI, confidence interval; CABG, coronary artery bypass grafting; cCTA, coronary computed tomography angiography; CMR, cardiac magnetic
resonance; MACE, major adverse cardiovascular event; MPS, myocardial perfusion scintigraphy; NIT, non-invasive testing; PCI, percutaneous coronary intervention; eECG,
exercise electrocardiogram; and FFR, fractional flow reserve.
a n = 387.
b Supplementary material Table S4.
c n = 34.
d n = 353.
e n = 38.
f n = 202.
g n = 140.
h n = 63.
i n = 55.
j n = 251.
k n = 26

that ‘adherent CA-use’ is less expensive and associated with a slightly
lower MACE compared with ‘real-world CA-use’. The marginal clinical
difference (–0.0017) would correspond to a number of 588 patients
to be managed guideline-adherent to avoid one MACE. Our findings
are in line with the clinical literature, disclosing CA is an established
and safe method in cardiology.16,24

With regard to costs, the model estimated an overall cost difference
of €807 between ‘adherent CA-use’ and ‘real-world CA-use’. This

difference approximately corresponds to half of the reimbursement
for an outpatient CA (about €40031), one-third of an inpatient CA
(€253437), or is even higher than the costs for any NIT w/o eECG
(e.g. cCTA32). Based on the current number of 600 000 CAs annually
in German SCAD-patients,7 treating at least 10 or 20% of non-
adherently managed patients (ca. 444 000) in line with the guideline
would result in annual cost savings from €35.8 or €71.7 million for the
SHI.
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Table 4 Results from the base-case cost-effectiveness analysis of guideline adherence by use of CA in patients
with suspected SCAD in Germany

Costs (€)
per person
and process

Cost difference (€)
per person and

process

MACE per
person and
process

Effect difference
(averted MACE
per person)

ICER (€ per
averted MACE)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Overall population
‘Adherent CA-use’ (assumed) 1398 –807 0.0019 –0.0017 dominatesa

‘Real-world CA-use’ (observed) 2206 0.0036
PTP < 15%

‘Adherent CA-use’ (assumed) 388 –502 0 0 undefined
‘Real-world CA-use’ (observed) 890 0

PTP 15–85%
‘Adherent CA-use’ (assumed) 1295 –901 0.0017 –0.0018 dominatesa

‘Real-world CA-use’ (observed) 2196 0.0035
PTP > 85%

‘Adherent CA-use’ (assumed) 2534 78 0.0044 0 undefined
‘Real-world CA-use’ (observed) 2456 0.0044

ICER, incremental cost-effectiveness ratio; MACE, major adverse cardiovascular event; and PTP, pre-test probability.
a ‘Adherent CA-use’ is less costly and more effective in averting MACE compared with ‘real-world CA-use’.

Figure 2 Tornado-diagram presenting the results of the univariate deterministic sensitivity analysis (i.e. parameters with the greatest impact
on incremental costs). CA, coronary angiography; CABG, coronary artery bypass grafting; cCTA, coronary computed tomography angiography;
CI, confidence interval; CMR, cardiac magnetic resonance; FFR, fractional flow reserve; NIT, non-invasive testing; PCI, percutaneous coronary
intervention; PTP, pre-test probability; and SCAD, stable coronary artery disease.

The incremental costs between ‘adherent CA-use’ and ‘real-world
CA-use’ depend on the PTP of SCAD in the target population. For the
majority of patients, i.e. those with a moderate PTP (15–85%), a CA is
only recommended for those with a positive3 or at least inconclusive
result of a NIT w/o eECG. Because many patients did not receive
a NIT w/o eECG in this subgroup, ‘adherent CA-use’ had the most

cost saving potential in patients with a moderate PTP (€901). For
patients with a low PTP (<15%), the cost savings are lower than for
the moderate PTP (€502). For this subgroup, the GNDMG recom-
mends neither NIT nor CA but suggests investigating other potential
causes (e.g. gastrointestinal or pulmonary) of symptoms.3 Since in the
‘adherent CA-use’ arm the guideline adherence of NIT w/o eECG was
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not assessed, costs of NIT w/o eECG were accumulated, which may
have led to an underestimation of the cost saving potential in this
PTP-group.
In contrast to patients with a moderate or low PTP, for those

with a high PTP (>85%), ‘adherent CA-use’ would result in slightly
higher costs than ‘real-world CA-use’ (€2534 vs. €2456). According
to GNDMG, patients with a high PTP should directly undergo a CA
without a prior NIT w/o eECG.3 Since in ‘adherent CA-use’ it was
not considered whether the NIT w/o eECG were performed in line
with the GNDMG,3 the costs of these tests were also accumulated,
and this slightly favoured the ‘real-world CA-use’ arm.
Since the proportions of different NIT w/o eECG options and their

costs are based on German hospital data, which participated in the
ENLIGHT-KHK trial, this should be considered when generalizing the
results. However, the deterministic sensitivity analysis showed that
varying the amount and costs of NIT w/o eECG has only a small
impact on incremental costs.
To ensure a guideline-adherent diagnostic work-up in patients with

presumed obstructive SCAD in Germany, an increase of NIT w/o
eECG is essential. Although there is a lack of data on capacity of
NIT w/o eECG in Germany4 and the number of additionally re-
quired tests cannot be estimated yet, the current reimbursement
rules indicate a rather low capacity (especially when compared with
CA laboratories). For example, the outpatient cCTA and stress-CMR
(which are favoured by the GNDMG) are not reimbursed by the
SHI and stress-echo is reimbursed separately since 2020. These re-
imbursement rules may have impeded a sufficient capacity building
of NIT w/o eECG in Germany. As long as constraints with regard
to capacities or reimbursement of NIT w/o eECG are existing,13

improving guideline adherence may remain challenging in Germany.
Further, it should be considered which degree of guideline adher-

ence is appropriate and realistic to be achieved by improved guideline
adherence. Although the outcome guideline adherence was evaluated
as a binary measure (i.e. adherent or non-adherent classification),15 it
represents a complex construct.3 This included varying populations
as well as NIT and their results, which determined whether a CA was
performed in line with the GNDMG.
Moreover, guideline adherence is influenced by various hindering or

facilitating factors. Independent on disease area, several reviews38–40

showed that facilitators and/or barriers refer to (i) different contexts,
such as the political and social (e.g. opinion of colleges), (ii) the health
organizational system (e.g. resources and equipment), (iii) guideline-
related factors (e.g. applicability), (iv) guideline users (e.g. attitudes
and behaviour), and (v) the patient (e.g. his or her preferences).40 A
review in cardiology identified factors related to patients, physicians,
or organization, particularly a large proportion of female and elderly
patients, physicians without cardiologic specialization as providers, and
a setting of primary care centres.41 Factors potentially hindering the
guideline adherence for CA-use in stable CAD-patients in Germany,
include e.g. patients’ preferences for specific diagnostic procedures,42

or the local capacity for NIT. In addition, hindering or facilitating
factors can be reinforced by interactions between each other. For
example, in our study, the insufficient local capacity for NIT w/o eECG
might result in prolonged waiting times for NIT w/o eECG, which
might foster the utilization of CA as a diagnostic tool only. Similarly,
even if the local capacity for NIT w/o eECG is sufficient, patients’
preference for CA over a NIT w/o eECG (e.g. due to a persuasion of
diagnostic certainty) might also foster the immediate use of CA.
The ENLIGHT-KHK study sample was recruited in nine non-

university hospitals providing elective CA capacities as well as 24/7
services for patients with acute myocardial infarctions. In Germany,
CAs are conducted by 1078 health care providers in general, and
770 non-university hospitals in specific, with a median annual volume
of 1000–1499 CA per health care provider.4,12 With 830–4500 (in
median 1330) CA per year, the participating study centres reflected a

representative spectrum of health care providers. From a patients’
side, with a mean age of 64.9 years and a body mass index of
29.5 kg/m²,the ENLIGHTK-KHK population seems comparable to the
German national quality assurance cohort (68.5 years, 28.2 kg/m²)
(although the rate of women who underwent CA was higher in the
study, i.e. 41.8% vs. 36.1%).12

Limitations
Our findings need to be interpreted with caution with respect to
some limitations. First, the observed degree of guideline adherence
in clinical practice (26%) was based on an observational and non-
comparative study design (i.e. the ENLIGHT-KHK trial). Hence, we
cannot exclude shortcomings inherent to non-comparative effective-
ness research (e.g. risk of selection bias). However, the multicentre,
prospective ENLIGHT-KHK trial allowed the linkage of primary (i.e.
clinical and patient survey-data) and secondary (i.e. claims data) data
for assessing guideline adherence of CA. Moreover, transparent re-
porting, model validation, and various sensitivity analyses underpinned
the results of this analysis.
Second, because validated and standardized approaches for as-

sessing guideline adherence are not available, we evaluated guideline
adherence based on a priori (self-) defined evaluating rules. Although
these definitions are comprehensive and allow for standardized assess-
ment, they are unlikely to exhaustively present the complex reality
of the clinical practice. For instance, for some patients cCTA might
be contraindicated due to obesity43 or a stress-CMR due to phar-
macological stressors and contrast agents.44 However, our sensitivity
analyses showed that even a smaller increase in guideline adherence
(e.g. 70% guideline adherence) would still result in cost savings.
Third, in the ‘adherent CA-use’ arm the model did not distin-

guish between guideline-adherent and guideline non-adherent PCIs.
This may have resulted in an unknown number of CAs which were
classified as non-adherent, followed by a PCI (and thus overesti-
mating the degree of guideline adherence in this arm). However,
in a sensitivity analysis, a smaller increase in the level of guideline
adherence (e.g. 70% only) would also result in lower costs and
MACE per person compared to current practice (€1766 vs. €2206).
Moreover, a meta-analysis of randomized-controlled trials showed
that, for patients with SCAD, an initial revascularization strategy is
not superior compared with an initial strategy without revascular-
ization (regarding the risk of death, cardiac death, and myocardial
infarction).45

Fourth, our analysis reflects a short time horizon (<1 year), thereby
excluding future costs of diagnosis, potential revascularization, and
cardiovascular events. However, evidence from other trials showed
no differences in ischemic cardiovascular events or deaths from any
cause between initial PCI plus medical therapy and medical therapy
alone over a median of 3.2 years,46 and no difference in survival
in a follow-up up to 15 years,47 respectively. Therefore, the cor-
rect diagnosis with potential subsequent conservative therapy might
be the focus for SCAD patients48 and subject for future analy-
ses when the long-term outcome data on diagnostic work-up are
available.
Fifth, outpatient costs following a revascularization or no revascu-

larization such as prescriptions or follow-up were excluded because
1-year costs have shown to be negligible (e.g. €21 for ASS49 or
€45-€80 for statins (e.g. atorvastatin)50) compared with other testing
modalities or invasive procedures. Sensitivity analyses strengthened
this assumption.
Finally, the model did not stratify for specific NIT, which would

have required input data for clinical pathways (e.g. CA with prior
NIT) conditional on the PTP-group and the applied NIT. However, this
would have resulted in too small subgroups with increased uncertainty
on cost-effectiveness.
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Even though the beforehand mentioned limitations might limit
our results to some extent, the recommendations of the current
European Guidelines on the diagnosis and management of Chronic
Coronary Syndrome 2019 (ESC)26 rather support our conclusions.
The current ESC includes updated PTP-values, which were reduced
by approximately one-third compared to the previous version from
2013.2 Based on these updated PTP-values, the ESC recommends an
initial NIT w/o eECG for almost all patients (instead of a first-line
CA for patients with a PTP of > 85% as in the prior version). Since
the GNDMG is based on PTP-values from ESC 2013, the updated
PTP-values according to ESC 2019 are lower than those from the ESC
2013. In ENLIGHT-KHK, guideline adherence according to the 2019
ESC guidelines was estimated at 21.3%. Sensitivity analyses showed
that adopting the 2019 ESC guidelines would result in an even larger
potential of improvement and cost savings (€866), and opposed to
analyses based on GNDMG, also lead to costs savings for patients
with a high PTP (€837).

Conclusion
The economic analysis in ENLIGHT-KHK indicates that improv-
ing guideline adherence for CA in patients with suspected SCAD
would result in cost savings for the SHI in Germany. These find-
ings can contribute to the design of incentive-based contract
and reimbursement models that may stimulate and strengthen a
guideline-oriented and resource-efficient care in German healthcare
setting.

Supplementary Material
Supplementary material is available at
European Heart Journal—Quality of Care and Clinical Outcomes
online.
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