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Description
Invasive coronary angiography (ICA) is useful in the treatment of stable ischemic heart disease (SIHD) when coronary 
artery obstruction may benefit from revascularization. ICA’s are frequently unnecessary in patients with suspected SIHD 
due to low diagnostic yields (Patel et al., 2010). Noninvasive functional cardiac testing may help rule out coronary artery 
disease (CAD) and avoid ICA, potentially improving health outcomes. Examples of noninvasive tests include coronary 
computed tomography angiography (CCTA), magnetic resonance imaging, single-photon emission computed 
tomography, positron emission tomography (PET), stress echocardiography and more recently, noninvasive 
measurement of fractional flow reserve (FFRCT) using CCTA (combining functional and anatomic information). 

Invasively measured FFR evaluates the severity of ischemia caused by coronary artery obstructions and can predict 
when revascularization may be beneficial. FFR is generally used to evaluate the degree of ischemia (decreased blood 
flow)caused by stenosis (a narrowing or blockage of the vessel). Randomized control trials and observational studies 
have demonstrated that FFR-guided revascularization can improve cardiovascular outcomes (Tonino et al., 2009; 
Fearon et al., 2013). Invasively measured FFR is accomplished by passing a pressure-sensing guidewire across a 
stenosis. Increased blood flow (coronary hyperemia) is then induced and pressure distal and proximal to the stenosis 
is used to calculate the flow across it. FFR is the ratio of flow in the presence of a stenosis to flow in its absence. FFR 
levels less than 0.75 to 0.80 are representative of significant ischemia while those 0.94 to 1.0 are considered normal. 
Measurement has been shown to be valid in the presence of serial stenosis, unaffected by collateral blood flow, and 
reproducibility is high (de Bruyne et al., 1996). Complications include adverse events related to catheter use such as 
vessel wall damage (dissection). It takes less than 10 minutes to obtain FFR during a typical ICA. 

FFR can be modeled noninvasively using images during CCTA called, fractional flow reserve using coronary computed 
tomography angiography (FFRCT; HeartFlow software termed FFRCT; Siemens cFFR). The process generally involves 
the construction of a digital model of coronary anatomy and calculating FFR across the entire vascular tree using 
computational fluid dynamics which allow for the forecasting of fluid behavior like blood flow.  FFRCT may also be used 
for “virtual stenting”, to simulate how stent placement would be predicted to improve vessel flow.

The HeartFlow FFRCT is proposed for use with a standard coronary CT scan from which, imaging data is electronically 
transmitted to HeartFlow Inc. A proprietary software is used by HeartFlow analysts to create a personalized, digital 3D 
model of the coronary arteries. Computer algorithms assess the impact of blockages on blood flow. Non-invasive FFR 
values are subsequently generated for each coronary vessel with results available within 24 hours. The model is then 
interrogated by physicians, who interpret FFRCT results. According to the manufacturer’s website (HeartFlow Inc.), the 
safety and efficacy of HeartFlow FFRCT  Analysis has not been evaluated in the following patient populations: patients 
suspected of acute coronary syndrome (where acute myocardial infarction or unstable angina have not been ruled out); 
patients with a history of myocardial infarction within the last 30 days; Patients with complex congenital heart disease; 
patients with a history of coronary artery bypass graft (CABG) surgery; Patients with a Body Mass Index >35 kg/m2; 
and patients who require emergent procedures or are clinically unstable (e.g., acute/sudden onset chest pain, 
cardiogenic shock, unstable blood pressure).

NOTE: This policy does not address CT angiography (See Cardiac Computed Tomography [CT] and Coronary CT
Angiography [CTA], policy # 6.01.035).

Policy
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The use of noninvasive fractional flow reserve following a positive coronary computed tomography angiography (CPT® 

code 75574) may be considered medically necessary to guide decisions about the use of invasive coronary 
angiography in patients with stable chest pain at intermediate risk of coronary artery disease (i.e., suspected or 
presumed stable ischemic heart disease).  

The American College of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines for 
the use of noninvasive fractional flow reserve following a positive coronary computed tomography angiography defines 
intermediate risk as “acute chest pain and no known CAD, with a coronary artery stenosis of 40% to 90% in a proximal 
or middle coronary artery on CCTA.”  (Gulati, et l (2021)

The use of noninvasive fractional flow reserve not meeting the criteria outlined above is considered 
experimental/investigational.

Policy Guidelines
Fractional flow reserve using coronary computed tomography angiography requires at least a 64-slice coronary 
computed tomography and cannot be calculated when images lack sufficient quality (e.g., in individuals with BMI > 35 
kg/m2). 

Additionally, the presence of dense arterial calcification or an intracoronary stent can produce significant beam-
hardening artifacts and may preclude satisfactory imaging. Furthermore, the presence of uncontrolled rapid heart rate 
or arrhythmia hinders the ability to obtain diagnostically satisfactory images. Evaluation of the distal coronary arteries 
is generally more difficult than visualization of the proximal and mid-segment coronary arteries due to greater cardiac 
motion and the smaller caliber of coronary vessels in distal locations.

Experimental/Investigational
The term "experimental/investigational" describes services or supplies that are in the developmental stage and are in 
the process of human or animal testing. Services or supplies that do not meet all 5 of the criteria listed below adopted 
by the BlueCross BlueShield Association Technology Evaluation Center (TEC) are deemed to be 
experimental/investigational:

1. The technology* must have final approval from the appropriate U.S. government regulatory bodies; and
2. The scientific evidence must permit conclusions concerning the effect of the technology on health outcomes; and
3. The technology must improve the net health outcome; and
4. The technology must be as beneficial as any established alternatives; and
5. The improvement must be attainable outside the investigational settings. 

* Technology includes drugs, devices, processes, systems, or techniques

Rationale:

1. The technology must have final approval from the appropriate U.S. government regulatory bodies:

Fractional flow reserve determined via computed tomography (FFRCT) is a procedure and, therefore, not subject to 
FDA regulation. However, any medical devices, drugs, biologics, or tests used as part of this procedure may be subject 
to FDA regulation and can be found under Product Code PJA.  

Per FDA, the FFRCT analysis is specific to supporting the functional evaluation of coronary artery disease. No other 
indications have been approved.

In November 2014, the FFRCT simulation software by HeartFlow was cleared for marketing by the FDA through the de 
novo 510(k) process. In January 2016, the FFRCT v2.0 (HeartFlow) device was cleared through a subsequent 510(k) 
process. 

According to the FDA, the HeartFlow FFRCT post procedure software is cleared “for the clinical quantitative and 
qualitative analysis of previously acquired Computed Tomography [CT] DICOM [Digital Imaging and Communications 
in Medicine] data for clinically stable symptomatic patients with coronary artery disease. It provides FFRCT [fractional 
flow reserve using coronary computed tomography angiography], a mathematically derived quantity, computed from 
simulated pressure, velocity and blood flow information obtained from a 3D computer model generated from static 
coronary CT images. FFRCT  analysis is intended to support the functional evaluation of coronary artery disease. The 
results of this analysis [FFRCT are provided to support qualified clinicians to aid in the evaluation and assessment of 
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coronary arteries. The results of HeartFlow FFRCT  are intended to be used by qualified clinicians in conjunction with 
the patient’s clinical history, symptoms, and other diagnostic tests, as well as the clinician’s professional judgment.”

2. The scientific evidence must permit conclusions concerning the effect on health outcomes:

Assessment of diagnostic technology is focused on technical performance (test-retest reliability or interrater reliability); 
diagnostic accuracy (sensitivity, specificity, and positive and negative predictive values) in relevant patient populations; 
and clinical utility, demonstrating that the diagnostic information can be used to improve patient outcomes. 

Selective noninvasive fractional flow reserve using coronary computed tomography angiography (FFRCT) is 
recommended for use in patients with stable chest pain, suspected for stable ischemic heart disease (SIHD) and being 
considered for invasive coronary angiography (ICA).  FFRCT may identify patients who may forego ICA and instead, 
safely managed with observation only.

Technical Performance

Data supporting technical performance derive from the test-retest reliability of  FFRCT and invasively measured FFR 
(reference standard). Reported results have indicated that the test-retest reliability is acceptable and other known 
factors can impact variability of  FFRCT results (Johnson et al., 2015; Hulten & Di Carli, 2015; Gaur et al., 2014). 

Johnson et al. (2015) reported on the repeatability of invasive FFR using data from 190 paired assessments (patients 
measured twice over 2 minutes). A test-retest coefficient of variation of 2.5% (r2 =98.2%) was reported. Hulten and Di 
Carli (2015) found that an FFR of 0.8 would have a 95% confidence interval (CI) of 0.76 to 0.84 based on the results 
from Johnson et al. (2015). Coefficients of variation of 3.4% (95% CI, 1.5%-4.6%) for  FFRCT and 2.7% (95% CI, 1.8%-
3.3%) for invasive FFR were reported by Gaur et al. (2014) using data from 28 patients (58 vessels) with repeated FFR 
and invasive FFR measurements. 

FFRCT measurements are dependent on imaging data of good quality and values are not calculated for small vessels 
(<1.8 mm). Nitrate administration (standard practice unless contraindicated) is recommended for vasodilation. 
Consequently, lack of nitrates can negatively impact  FFRCT results. The FDA de novo summary lists other factors that 
may adversely impact  FFRCT results and they include incorrect brachial pressure, myocardial dysfunction and 
hypertrophy, and abnormal physiology (e.g., congenital heart disease). Coronary calcium might also impact 
measurements.  

Diagnostic Accuracy

The diagnostic performance of FFRCT against invasive FFR was evaluated in a series of studies. The DISCOVER-
FLOW trial (Koo et al., 2011) aimed to determine the diagnostic performance of FFRCT data in patients with suspected 
or known coronary artery disease (CAD) at 4 sites, between 2009 and 2011. Patients with a coronary CTA stenosis 
severity of  ≥ 50% in a major coronary artery > 2mm in diameter, undergoing clinically indicated ICA and FFR, were 
included in the study. FFRCT was computed on 159 vessels in 103 patients. Ischemia was defined by an FFRCT and 
FFR ≤ 0.80. Most patients (56%) had ≥ 1 vessel with FFR ≤ 0.80. Accuracy, sensitivity, specificity, positive predictive 
value, and negative predictive value (on a per-vessel basis) were 84.3% (95% CI, 77.7-90.0), 87.9% (95% CI, 76.7-
95.0), 82.2% (95% CI, 73.3-89.1), 73.9% (95% CI, 61.9-83.7), 92.2% (95% CI, 84.6-96.8) respectively for FFRCT  ≤ 0.80 
; and for CCTA stenosis ≥ 50%, 58.5% (95% CI, 50.4-66.2), 91.4% (95% CI, 81.0-97.1), 39.6% (95% CI, 30.0-49.8), 
46.5% (95% CI, 37.1-56.1), 88.9% (95% CI, 75.9-96.3) respectively. FFRCT outperformed CCTA with an area under 
the receiver operator characteristics curve of 0.90 compared to 0.75 (p=0.001). FFRCT and FFR were significantly 
correlated (r=0.717, p < 0.001) with a slight underestimation by FFRCT (0.022 ± 0.116, p=0.016).  

Min et al. (DeFACTO trial, 2012), assessed the diagnostic performance of FFRCT  plus CT (coronary computed 
tomographic (CT) angiography) for the diagnosis of hemodynamically significant coronary stenosis. The multicenter 
study (17 centers in 5 countries) included 252 stable patients with suspected or known CAD who underwent CT, 
invasive coronary angiography (ICA), FFR and FFRCT between 2010 and 2011. Results (CT, ICA, FFR and FFRCT) 
were interpreted in a blinded fashion by independent core laboratories. The accuracy of FFRCT plus CT for diagnosis 
of ischemia was compared with an invasive FFR (reference standard). Ischemia was defined as an FFR and FFRCT of 
≤ 0.80, and anatomically obstructed CAD was defined by stenosis of ≥ 50% on CT and ICA. Over half (54.4%) of the 
study participants had an abnormal FFR determined by ICA. Diagnostic accuracy, sensitivity, specificity, positive 
predictive value, and negative predictive value of FFRCT plus CT on a per-patient basis were, 73% (95% CI, 67%-78%), 
90% (95% CI, 84%-95%), 54% (95% CI, 46%-83%), 67% (95% CI, 60%-74%), and 84% (95% CI, 74%-90%), 
respectively. FFRCT was associated with improved discrimination (AUC, 0.81; 95% CI, 0.75-0.86, p < 0.001) compared 
to obstructive CAD diagnosed by CT alone (AUC, 0.68; 95% CI, 0.62-0.74). The authors concluded that the use of 
noninvasive FFRCT plus CT among stable patients with suspected or known CAD was associated with improved 
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diagnostic accuracy and discrimination versus CT alone when diagnosing hemodynamically significant CAD (using 
FFR at the time of ICA as the reference standard). 

The NXT trial (Norgaard et al., 2014), aimed to determine the diagnostic performance of FFRCT (noninvasive fractional 
flow reserve (FFR) derived from standard coronary computed tomography angiography (CTA) datasets) for the 
diagnosis of myocardial ischemia in patients with suspected stable CAD. This multicenter trial prospectively evaluated 
254 patients schedule to undergo clinically indicated CTA for suspected CAD. FFRCT results were compared with 
invasively measured FFR, with ischemia defined as FFRCT or FFR ≤ 0.8. The AUC for FFRCT was 0.90 (95% CI, 0.87-
0.94) versus 0.81(95% CI, 0.76-0.87) for coronary CTA (P=0.0008). Per-patient sensitivity and specificity to identify 
myocardial ischemia were 86% (95%CI, 77%-92%) and 79% (95% CI, 72%-84%) for FFRCT versus 94% (95% CI, 86%-
97%), and 34% (95% CI, 27%-41%) for coronary CTA, and 64% (95% CI, 53%-74%) and 83% (95% CI, 77%-88%) for 
ICA, respectively. 

Clinical Utility

Curzen et al. (2016) examined 200 individuals selected from the NXT trial population to determine the effect of adding 
computed tomography-derived fractional flow reserve (FFRCT) data to computed tomographic angiography (CTA) data 
alone. FFRCT was calculated on patients with stable chest pain who underwent CTA. The CTA result (initially without 
the FFRCT results) for each patient was assessed by three experienced interventional cardiologists and by consensus, 
developed a managed plan with four options (optimal medical therapy, percutaneous coronary intervention, coronary 
artery bypass graft, or more information required). Following the initial decision, results from the FFRCT data for each 
vessel were used by the same interventional cardiologists to make a second plan by consensus, using the same four 
options. A cutoff of 0.80 or less was considered significant on FFRCT. Stenosis of 50% or more diameter narrowing was 
considered significant on CCTA or ICA. The primary end points of the study were a change in management between 
the first decision based on CCTA only and the second decision based on CCTA plus FFRCT. A change in the allocated 
management strategy occurred in 36% of the cases (n=72) after FFRCT results were disclosed. Individuals (n=87) 
initially assigned to PCI based on CCTA alone, the addition of FFRCT results changed management in 26 of 87 patients 
(30%) to optimal medical therapy (i.e., no ischemic lesion on FFRCT) and an additional 16 (18%) individuals remained 
in the PCI category but FFRCT identified a different target vessel for PCI. The findings provided supportive information 
that the improved accuracy of FFRCT compared to CCTA alone would likely lead to changes in management that would 
be expected to improve health outcomes. 

The PLATFORM study (Douglas et al., 2015; Douglas et al. 2016) compared diagnostic strategies with or without FFRCT 
in patients with suspected stable angina but without known CAD at 11 EU sites. Patients were divided into 2 strata, 
according to whether the test planned prior to study enrollment was either noninvasive or ICA. Patients were enrolled 
in consecutive cohorts, with the first cohort undergoing a usual care strategy followed by a second cohort provided 
CCTA with FFRCT. Follow-up was scheduled at 90days, 6 and 12 months after entry with 99.5% of the patients 
accounting for the 1-year follow-up data. ICA without obstructive disease at 90 days was the primary endpoint in 
patients with planned invasive testing- “no stenosis ≥ 50% by core laboratory quantitative analysis or invasive FFR < 
0.80.” Secondary end points included ICA without obstructive disease following planned noninvasive testing, and (1) 
major adverse cardiovascular events (MACE) at 1 year defined as a composite of all-cause mortality, myocardial 
infarction (MI), and urgent revascularization, and (2) MACE and vascular events within 14 days. ICA was planned in 
380 patients of whom, 193 (50.8%) had undergone prior noninvasive testing. FFRCT was requested in 134 patients and 
successfully obtained in 117 of 134 (87.3%). At 90 days, 73.3% of those in the usual care group had no obstructive 
findings on ICA compared with 12.4% in the FFRCT group. Prior noninvasive testing did not appear associated with 
nonobstructive findings. MACE rates were low and did not differ between strategies. Mean radiation exposure levels 
were similar between both groups (usual care versus planned ICA). Additionally, no significant differences in quality of 
life (as measured by the Seattle Angina Questionnaire and EQ-5D visual analogue scale) was found between both 
groups. Results from the PLATFORM study suggest that, in patients with planned ICA, FFRCT can decrease the rate of 
ICAs and unnecessary procedures (finding no significant obstructive disease) and may provide clinically useful 
information to physicians and patients. 

Møller Jensen et al. (2017) reported on a single-institution study of 774 individuals with suspicion of CAD referred for 
nonemergent management of ICA or CCTA. Subjects were dichotomized into low-intermediate-risk group and high-risk 
group for analysis. Among 745 subjects who received CCTA, FFRCT was selectively ordered in 28% of subjects overall 
(23% in the low-intermediate-risk group, 41% in the high-risk group). FFRCT yielded few inconclusive results (less than 
3% of cases). The combined strategy of FFRCT following CCTA resulted in the avoidance of ICA in 91% of low-
intermediate-risk and 75% of high-risk individuals. None of the patients who avoided ICA based on CCTA with selective 
FFRCT were associated with serious clinical adverse events over an average of 157 days of follow-up. 

Nøgaard et al. (2017), retrospectively performed diagnostic evaluation on data obtained from medical records and 
registries in Denmark from May 2014 to April 2015. Among 1248 patients referred for computed tomography 
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angiography,189 patients were referred for FFRCT. Conclusive FFRCT results were available on 185 patients whose 
FFRCT values were 0.80 or less in 1 or more vessels which accounted for 31% (n=57) of patients, from which 86% (49) 
went on to ICA. Only 4% (n=5) of patients with higher FFRCT values (n=128) went on to ICA. While the study findings 
suggest that FFRCT may decrease the rate of ICA, the study is limited by its retrospective design, performance at a 
single center, and lack of a comparison group including one for CCTA alone. 

Lu et al. (2017) retrospectively examined a subgroup (181 of 550 patients meeting inclusion criteria) referred to ICA 
within 90 days from the completed PROspective Multicenter Imaging Study for Evaluation of Chest Pain (PROMISE) 
trial. The authors suggested that when CCTA is used as the initial evaluation for patients with suspected SIHD, adding 
FFR-CT could have decreased the referral rate to ICA in PROMISE from 12.2% to 9.5%. Trial results further suggest 
that FFRCT (after CCTA as the initial noninvasive test to evaluate SIHD) prior to ICA has the potential to reduce 
unnecessary ICAs and increase diagnostic yields. 

Hayes Health Technology Assessment Annual Review (2021) does not address any indications for non-invasive CTA-
FFr other than coronary artery disease (CAD).  Additionally, Gulati, M., et al (2021) do not provide guidelines for 
indications other than stable chest pain at intermediate risk of coronary artery disease in the 2021 
AHA/ACC/ASE/CHEST/SAEM/SCCT/SCMR Guideline for the Evaluation and Diagnosis of Chest Pain: A Report of the 
American College of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. The 
available research on indications except for CAD is lacking and therefore scientific evidence does not permit 
conclusions concerning the effect of non-invasive CTA-FFr on health outcomes except for CAD.

3. The technology must improve the net health outcome:

The available evidence provides support that use of CCTA with selective FFRCT is likely to reduce the use of ICA in 
individuals with stable chest pain who are unlikely to benefit from revascularization by demonstrating the absence of 
functionally significant obstructive CAD. Additionally, the benefits are likely to outweigh potential harms because rates 
of revascularization for functionally significant obstructive CAD appear to be similar and treatment-related adverse 
events do not appear to increase following CCTA with a selective FFRCT strategy. Major adverse cardiac event rates 
of less than 0.5% were reported in the PLATFORM trial for FFRCT-guided strategy group at the 1year follow-up, versus 
0.5 to 1% in the usual care strategy group and quality of life scores were comparable to usual care patients While 
individual studies are noted to have specific methodologic limitations and some variation has been noted in the 
magnitude of benefit across studies, in aggregate the evidence provides reasonable support that the selective addition 
of F FFRCT  following CCTA results in a meaningful improvement in the net health outcome.

The available evidence suggests that the use of CCTA with selective FFRCT is likely to reduce the use of ICA in 
individuals with stable chest pain, who are unlikely to benefit from revascularization, by demonstrating the absence of 
functionally significant CAD. 

Evidence is insufficient for indications other than stable chest pain at intermediate risk of coronary artery disease, 
therefore improvement net health outcomes for other indications has not been established.

4. The technology must be as effective as any established alternatives

The available evidence establishes that CCTA alone has been used to select patients to avoid ICA. Studies have shown 
that FFR-CT has a higher specificity and lower negative likelihood ratio compared to CCTA alone and could be used 
to build a chain of evidence that CCTA with selective FFRCT guided strategy would likely lead to changes in 
management that would be expected to improve health outcomes by further limiting unnecessary ICA testing.  The 
available evidence for FFRCT for indications other than to guide decisions about the use of invasive coronary 
angiography in patients with stable chest pain at intermediate risk of coronary artery disease is insufficient.  Therefore, 
it is not known if the technology is as effective as established alternatives except as indicated in the policy statement.

5. The improvement must be attainable outside the investigational settings

The evidence has not established a net improvement outside of the investigational settings. Therefore, it is not known 
if an improvement in the net health outcomes is attainable outside the investigational settings.

Update 2022:
A search of the peer-reviewed literature was performed for the period of January 2020 through April 2022.  Findings in 
the recent literature do not change the conclusions regarding the medically necessary indication for Coronary 
Computed Tomography Angiography and Selective Noninvasive Fractional Flow Reserve in the policy statement. 
Therefore, the policy statements are unchanged.
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Update 2020:
A search of the peer-reviewed literature was performed for the period of April 2018 through January 2020.  Findings in 
the recent literature do not change the conclusions regarding the medically necessary indication in the policy statement. 
Therefore, the policy statements are unchanged.

Benefit Applications
Check the member's contract for benefits.

Provider Guidelines
Codes should be reported if noninvasive FFR is estimated from CCTA data.

Cross References to Related Policies and Procedures
6.01.035 Cardiac Computed Tomography (CT) and Coronary CT Angiography (CTA), Policy
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