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To the Editor,

Evaluation of chest pain remains a frequent clinical challenge, with
ongoing debate surrounding the optimal diagnostic strategy. Among
the available modalities, coronary computed tomography angiog-
raphy (CCTA) has emerged as a reliable diagnostic imaging
modality because of its high sensitivity and negative predictive
value. However, its positive predictive value remains moderate
(60%-70%) vs invasive coronary angiography (ICA) and stress
imaging modalities. This limitation often results in increased down-
stream testing, as demonstrated by the PROMISE trial.! Recent
technological advancements have enabled non-invasive assessment
of the hemodynamic significance of coronary lesions, allowing
fractional flow reserve derived from computed tomography (FFR-
CT) to be calculated directly from CCTA images without the need
for pharmacological stress agents or additional radiation exposure.
Previous prospective trials have demonstrated a significant
enhancement in the diagnostic accuracy of FFR-CT vs CCTA alone.
As a result, the United States, the United Kingdom and European
clinical practice guidelines currently endorse the use of FFR-CT.
However, uncertainties remain regarding its clinical effectiveness
and cost-efficiency across different health care systems and clinical
settings.

We evaluated the potential clinical and economic impact of inte-
grating FFR-CT into the routine practice in Spain vs standard care
in patients with moderate stenosis on coronary computed tomog-
raphy angiography (CCTA). We conducted a retrospective, obser-
vational, single-center intervention simulation study including
outpatients with stable chest pain who underwent CCTA from July
2021 through December 2022 at a Spanish university hospital.
Eligible patients had lesions classified as CAD-RADS 2.0 grade 3
(50%-69% stenosis) in vessels > 1.5 mm,”> body mass index
(BMI < 35 kg/m?) and coronary artery calcium score < 1000 Agat-
ston Units (AU). Patients were identified through administrative
databases, and electronic health records were reviewed to collect
baseline clinical and imaging data. CCTA reports were inde-
pendently reviewed by 5 clinical cardiologists, who recommended
additional tests or treatments according to their clinical judgment.
The same process was repeated after incorporation of FFR-CT to
determine how functional information influenced decision-making.
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For each scenario, cardiologists answered questions, both before
and after FFR-CT analysis: a) What additional diagnostic tests
would you request? b) Would you recommend hospital admission,
outpatient management, or discharge? ¢/ What treatment strategy
would you propose? d) Was the FFR-CT information useful? (figure 1).
This structure enabled direct comparison of anatomical-only deci-
sions vs those incorporating functional data. Significant FFR was
defined as at least 1 vessel with FFR < 80%.

CCTA images were acquired using a dual-source scanner (Somatom
Drive, Siemens Healthineers, Germany) and interpreted by cardi-
ologists and cardiovascular radiologists. FFR-CT analysis was
performed by experts blinded to the original CCTA findings using
DEEPVESSEL-FFR (Keya Medical Technology Inc; China), a new
machine learning-based software platform that uses artificial intel-
ligence and deep learning algorithms to generate FFR-CT values
directly from CCTA datasets.?

The primary endpoint was total cost generated or saved after incor-
porating FFR-CT. Secondary endpoints included changes in tests
utilization, hospitalizations decisions, adjustments in optimal
medical therapy and physician-perceived satisfaction after FFR-CT
analysis.

Baseline characteristics are expressed as frequencies and percent-
ages for categorical data, and as mean + standard deviation for
continuous data. A cost analysis assessed the financial impact of
the clinical decisions made in the intervention simulation, calcu-
lating total costs generated or avoided accordingly. Reference prices
were obtained from our regional health care system and updated
to 2024 using the Consumer Price Index.* The company-reported
cost of each FFR-CT analysis was €400. All statistical analyses were
performed using Stata 16.1; P values < .05 were considered statis-
tically significant.

Among 631 outpatients who underwent CCTA, 43 (6.8%) met the
inclusion criteria. Most were men, with a mean age of 64.7 +
8.6 years. The mean Agatston score was 355.7 AU, reflecting a high
coronary calcium burden. Dyslipidemia and hypertension were
present in fewer than one-half of patients, and diabetes was docu-
mented in 11 (25.6%). The mean body mass index was 27.6 +
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FFR-CT guided decision making in patients with moderate coronary artery disease: clinical
and economic outcomes from a single-center intervention simulation study
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Figure 1. Study design and outcomes. CAD-RADS, coronary artery disease-reporting and data system; CT, computed tomography; FFR, fractional flow reserve;

ICA, invasive coronary angiography; MRI, magnetic resonance imaging.

4.3 kg/m? and mean radiation exposure was low (1.9 +
1.1 millisievert). A total of 83.7% of patients underwent single-beat
acquisition (Flash); 7%, prospective ('step-and-shoot’) acquisition;
and 9%, retrospective acquisition. FFR-CT analysis was not feasible
in 3 cases (7%) due to motion artifacts. Among successful analyses,
5 patients (11.6%) had a positive FFR-CT result.

In the clinical simulation analysis, 215 clinical scenarios were
finally evaluated, corresponding to the individual assessment of all
43 cases by each of the 5 participating cardiologists. Prior to
FFR-CT, additional testing was recommended in 89.9%, based
solely on CCTA findings. The most frequently requested imaging

54.8%), and ICA (n = 46; 21%). After FFR-CT, the need for further
testing dropped down to 28% (P < .01), with marked reductions in
stress CMR (to 12%, -78%; P < .01) and ICA (to 15%, -26%;
P < .01), respectively (table 1). This shift resulted in notable cost
savings: total diagnostic costs decreased from €301 690 to €255 720,
yielding savings of €45 976.64 (€213.84 per case). Discharge recom-
mendations increased from 11% to 48% after FFR-CT (P < .01).
Clinicians found FFR-CT helpful in 81% of scenarios. There were
no significant changes in decisions regarding medical therapy.

This intervention simulation study provides several clinically rele-
vant insights. First, FFR-CT was associated with lower health care

modalities were stress cardiac magnetic resonance (CMR) (n = 118; spending and fewer downstream testing. Second, it enabled
Table 1. Cost analysis based on clinical simulation analysis
Complementary tests Before CT-FFR Total cost After CT-FFR Total cost (CT + CT-FFR +  P-value Balance (€)
(CT + additional tests?) additional tests™")
(€ (€)
ICA-no. (%) 46 (21%) 80 865.99 32 (15%) 69 024.64 <.01
SPECT-no. (%) 9 (4%) 9180.98 1(0.5%) 1420.11 01
Stress MRI-no. (%) 118 (55%) 183 383.24 25 (12%) 48 850.50 <.01
Stress echo-no. (%) 19 (8%) 17 601.98 2(0.9%) 2652.04 <.01
No test-no. (%) 23 (10%) 10 649.92 155 (72%) 133 768.1 <.01
Total 301 692.04 255 715.4 45 976.64

CT, computed tomography; FFR, fractional flow reserve; ICA, invasive coronary angiography; MRI, magnetic resonance imaging; SPECT, single photon emission computed

tomography.

@ Cost Regional Healthcare system December 2024 (updated to 2024 values based on the Consumer Price Index) (€): ICA = 1294.95; SPECT = 557.09; Stress MRI = 1091.16; CTA =

463.02; Stress echo = 463.40
b The cost of CT-FFR was estimated at € 400 per study.
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completion of the diagnostic process in a high proportion of patients
and was judged clinically useful in most cases. As the first study
in Spain evaluating an FFR-CT-guided strategy, it suggests that
routine implementation could decrease downstream investigations
and associated costs in patients with stable chest pain.

Most cost-efficiency data comes from the United States and the
United Kingdom, where FFR-CT adoption is higher. While in the
United States, the PLATFORM study demonstrated cost reductions,
primarily driven by decreased use of ICA,° evidence from the
United Kingdom is more heterogeneous. While the latest NICE
update projected £391 savings per patient, Mittal et al. reported
higher costs vs stress imaging, although these findings have been
questioned because most patients had stenoses outside the 50%-69%
range—where additional testing and interobserver variability are
more frequent—and the observed cost increase was largely attrib-
utable to higher ICA rates, findings that contradict earlier reports.®
In our cohort, stress CMR (54.8%) and ICA (21%) decreased
substantially after incorporation of FFR-CT (to 12% and 15%),
resulting in savings of €213.84 per case.

In addition, FFR-CT effectively concluded the diagnostic process,
increasing the discharge rate from 11% to 48% after FFR-CT
(P < .01). This notable finding introduces an important dimension
of organizational efficiency, as it may help optimize imaging
resources and reduce waiting times for advanced diagnostic tests.
Notably, previous cost evaluations have primarily focused on avoid-
ance of unnecessary testing, and have not fully captured this
potential management benefit. Furthermore, clinicians participating
in the study considered FFR-CT highly useful in 87% of cases.

The main limitation of our study is its simulation-based design.
Economic outcomes were influenced by local test utilization
patterns and regional pricing structures, which may limit external
validity and generalizability. Therefore, the results should be
considered hypothesis-generating.

In conclusion, in this simulation study, incorporation of FFR-CT in
patients with stable chest pain and moderate coronary stenosis on
coronary CCTA was associated with reduced downstream testing,
lower health care costs, and higher discharge rates within the
Spanish National Health System.
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