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CT–Derived FFR Inﬂuence Management
of Patients With Stable Chest Pain
Compared to CT Angiography Alone?
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ABSTRACT
OBJECTIVES This study sought to determine the effect of adding computed tomography–derived fractional ﬂow
reserve (FFRCT) data to computed tomography angiographic (CTA) data alone for assessment of lesion severity and
patient management in 200 patients with chest pain.
BACKGROUND Invasive and noninvasive tests used in the assessment of patients with angina all have disadvantages.
The ideal screening test for patients presenting for the ﬁrst time with chest pain would describe both coronary anatomy
and the presence of ischemia and would be readily accessible, low cost, and noninvasive.
METHODS Two hundred patients with stable chest pain underwent CTA for clinical reasons, and FFRCT was calculated.
Three experienced interventional cardiologists assessed the CTA result for each patient and by consensus developed a
management plan (optimal medical therapy, percutaneous coronary intervention, coronary artery bypass graft surgery, or
more information required). FFRCT data for each vessel were then revealed, and the interventional cardiologists made a
second plan by consensus, using the same 4 options. The primary endpoint for the study was the difference between the
2 strategies.
RESULTS Overall, after disclosure of FFRCT data there was a change in the allocated management category on the basis
of CTA alone in 72 cases (36%). This difference is explained by a discordance between the CTA- and FFRCT-derived
assessments of lesion severity. For example, FFRCT was >0.80 in 13 of 44 vessels (29.5%) graded as having a stenosis
>90%. In contrast, FFRCT was #0.80 in 17 of 366 vessels (4.6%) graded as having stenosis #50%.
CONCLUSIONS This study demonstrates proof of concept that the availability of FFRCT results has a substantial effect
on the labeling of signiﬁcant coronary artery disease and therefore on the management of patients compared to CTA
alone. Further studies are needed to determine whether FFRCT has potential as a noninvasive diagnostic and management
screening tool for patients with stable chest pain. (J Am Coll Cardiol Img 2016;9:1188–94) © 2016 by the American
College of Cardiology Foundation.
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he optimal pathway for the initial assess-

vessels of stentable diameter changed the

ABBREVIATIONS

ment of patients with stable chest pain of

management originally determined by angi-

AND ACRONYMS

suspected cardiac origin is contentious.

ography alone in 26% of cases (8). This change

Some patients undergo noninvasive tests that seek

was the result of a mismatch in detection of

objective evidence of reversible myocardial ischemia,

vessel “signiﬁcance” between the angio-

whereas others are referred directly for invasive coro-

graphic appearances and FFR #0.8 in 32%.

nary angiography (ICA). The diagnostic yield of a

Unfortunately, limitations to this invasive

dominant invasive strategy has been reported to be

approach include procedural risk, cost, and

low and still carries a degree of clinical risk (1). In

universal access of all such patients to a car-

ﬂow reserve

contrast, a strategy that is initially determined on

diac catheterization laboratory.

ICA = invasive coronary

the basis of noninvasive stress testing is potentially

The development and availability of corocomputed

FFR = fractional ﬂow reserve
FFRCT = computed
tomography–derived fractional

angiography

OMT = optimal medical therapy

those for whom it ultimately leads to referral for diag-

(CTA)

nostic angiography, and has variable diagnostic accu-

assessment of the presence and extent of CAD

racy (2). However, establishing the presence of

as a useful additional option for the investigation of

introduced

this

angiography

CTA = computed tomography
angiography

nary

have

tomography

CAD = coronary artery disease

expensive, results in a delay for patients, particularly

noninvasive

PCI = percutaneous coronary
intervention

coronary artery disease (CAD), even when it is not

patients with suspected stable angina (9,10). For

causing myocardial ischemia, can provide prognostic

example, recent data from the SCOT-HEART (Scottish

information and, in particular, indicate beneﬁt from

COmputed Tomography of the HEART) randomized

disease-modifying therapy such as a statin and

trial highlight the diagnostic value of this technique

aspirin (3).

in such a population (11). However, in the PROMISE
(PROspective Multicenter Imaging Study for Evalua-

SEE PAGE 1195

tion of Chest Pain) trial, which randomized 10,003

Increasing evidence suggests that it is predomi-

patients with symptoms suggestive of CAD to stress

reversible

testing or CTA, almost 50% more ICAs were per-

myocardial ischemia that determine clinical event

formed in the CTA group without any difference in

nantly
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the

presence

and

extent

of

rates in patients with CAD, rather than the anatomy

clinical

itself. Consequently, revascularization is most effec-

vascularizations in the CTA group were performed in

tive, in terms of symptoms and prognosis, in patients

patients who had no objective evidence of myocardial

with the highest ischemia burden (4,5). The detection

ischemia. This ﬁnding highlights the potential limi-

of ischemia and its extent can be achieved by some

tation of anatomy-based screening in patients with

noninvasive tests and by invasive pressure wire

symptoms thought to be due to myocardial ischemia.

assessment via fractional ﬂow reserve (FFR). Invasive

outcome

(12).

Importantly,

most

re-

Recently, using sophisticated image assessment,
ﬂuid

FFR has been shown to accurately predict clinical

computational

outcome in patients identiﬁed as being candidates

modeling, it has become possible to model FFR from

dynamics,

for percutaneous coronary intervention (PCI), and as

the data obtained from CTA, a technique known as

a result use of FFR-directed therapy in this popula-

computed

tion is dominant compared to angiogram-directed

reserve (FFR CT ) (13). A series of validation studies have

therapy (6,7).

assessed the diagnostic accuracy of this technique

tomography–derived

and

computer

fractional

ﬂow

Given this evidence, the ideal screening test for

(14,15), including most recently the NXT (Analysis of

patients presenting for the ﬁrst time with possible

Coronary Blood Flow Using CT Angiography: Next

angina would be noninvasive and would deﬁne both

Steps) trial, which demonstrated the superior accuracy

the existence of CAD and myocardial ischemia.

of CTA plus FFR CT versus CTA alone, using an invasive

Currently, ICA with FFR is the only test that can ach-

FFR #0.8 as the reference (16).

ieve combined anatomic and physiological assess-

The primary aim of this study was to test the hy-

ment. The simultaneous availability of FFR with

pothesis that the routine availability of (noninvasive)

coronary anatomy can reﬁne interpretation of the

FFR CT data in 200 consecutive cases from the NXT

signiﬁcance of any coronary lesions identiﬁed and

trial would change the management strategy derived

thus management of the patient. In the RIPCORD (Does

solely from assessment of the CTA data. Two hundred

Routine Pressure Wire Assessment Inﬂuence Man-

cases were chosen to reproduce the methodology of

agement Strategy at Coronary Angiography for Diag-

the invasive RIPCORD study. The secondary aim was

nosis of Chest Pain?) study of 200 patients with stable

to assess whether the ﬁndings from the original

chest pain undergoing clinically indicated diagnostic

invasive RIPCORD study could be reproduced using

angiography, the routine measurement of FFR in all

noninvasive angiography and FFR CT .
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F I G U R E 1 Schematic Diagram Demonstrating Study Methodology

the FFR CT result (cutoff value #0.80) also were
recorded.
The primary endpoint for this study was the dif-

Patient Being Investigated
for Chest Pain

ference between management on the basis of interpretation of the CTA alone compared to management
incorporating FFR CT data. Secondary endpoints were:

Treatment Plan 1
Medical / PCI / CABG / more info

Treatment Plan 2
Medical / PCI / CABG / more info

CT Coronary Angiogram
Reviewed by IC

1) correlation between vessels labeled as “signiﬁcant”
on the basis of interpretation of the CT angiogram
alone versus interpretation with FFR CT data available; and 2) comparison between individual coronary

FFRCT Data
Reviewed by IC

arteries labeled as targets for revascularization on the
basis of the CTA alone versus those arteries labeled as
targets with FFR CT data available.
STATISTICAL CONSIDERATIONS. A sample size of

The primary endpoint for the study was the difference between treatment plans 1 and 2.

200 was calculated to be the minimum number of

CABG ¼ coronary artery bypass graft; CT ¼ computed tomography; FFRCT ¼ computed

patients required to give a conﬁdence level of 95%

tomography–derived fractional ﬂow reserve; IC ¼ interventional cardiologist; PCI ¼

with a 0% margin of error and a response distribution

percutaneous coronary intervention.

of 50%. This was the same sample size evaluated
in the RIPCORD study. All categorical data are pre-

METHODS

sented as n (%). For comparison of categorical variables (change in management plan after FFR CT ), the
percentage change and exact 95% conﬁdence in-

This study involved the assessment of CTA and FFR CT

tervals are presented. All data were collected and

data from 200 consecutive cases from the NXT trial. A

analyzed on SPSS for MAC version 21 (IBM, Armonk,

total of 200 patients were selected to match the

New York).

numbers in the original RIPCORD study. The NXT
population consisted of elective patients with stable

RESULTS

chest pain. All of these patients underwent invasive
angiography for clinical reasons, and FFR was per-

DISCREPANCY BETWEEN CTA AND ICA. In this

formed in at least 1 vessel with diameter $2 mm and

study population, a stenosis was considered “signiﬁ-

diameter stenosis $30%. All patients also underwent

cant” if it had diameter narrowing $50%. From the

CTA within 60 days before invasive angiography, and

site-read cases, 8 (4%) reported as having no signiﬁ-

FFR CT data were derived from the dataset using a

cant obstructive disease on CTA had obstructive dis-

methodology previously described (13–16).

ease on quantitative coronary angiography on the

In each case, 3 experienced interventional cardi-

invasive catheterization. Of these 8 cases, 7 (87.5%)

ologists (N.C., J.N., A.Z.) who had access to the expert

had a negative FFR CT , and 1 (12.5%) had a positive

report generated for clinical reasons, assessed the CT

FFR CT. From the site-read cases, 94 (47%) reported as

angiogram. They then recorded the location and

having signiﬁcant obstructive coronary disease on

severity of any coronary stenosis, speciﬁcally taking

coronary CTA were later found to have no obstructive

into account whether the lesion was anatomically

disease on quantitative coronary angiography on the

“signiﬁcant,” by consensus on the basis of visual

invasive catheterization. Of these 94 cases, 57

assessment and the standard expert report (Figure 1).

(60.6%) had a negative FFRCT , and 37 (39.4%) had a

Then, assuming that each patient was suitable for any

positive FFR CT .

1 of 4 management options: 1) optimal medical ther-

EFFECT OF FFR C T ON MANAGEMENT. After FFR CT

apy (OMT) alone; 2) PCI þ OMT; 3) coronary artery

data became available, a change in the allocated

bypass graft þ OMT; or 4) more information about

management category on the basis of CTA alone was

ischemia required—they committed to 1 option by

seen in 72 cases (36%) (Table 1). A detailed breakdown

consensus. Once this decision was made, the FFRCT

demonstrating the nature of the changes in manage-

data were revealed for the case, and the 3 cardiolo-

ment category is shown in Figure 2. Of the 38 patients
“more

gists were again asked to decide, by consensus, on a

originally

management plan, choosing from 1 of 4 options. The

required” category on the basis of CTA alone, 10 (26%)

vessels that were considered to be “signiﬁcant”

were

according to whether they were ischemic by virtue of

remaining 28 (74%) to OMT. Of the 67 cases originally

allocated

reallocated

to

to

the

information

revascularization

and

the
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allocated to OMT on the basis of CTA alone, 8 (12%)
were reallocated after FFR CT to revascularization (PCI
in 7). Of the 87 cases originally thought to require PCI
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T A B L E 1 Summary of Overall Changes to Management in Patients According to

Treatment Plan on the Basis of CT Angiography Alone and of FFR CT Data in Addition to
CT Angiography

on the basis of CTA alone, 26 (30%) were reallocated

CT Angiography
Alone

to OMT on the basis of no ischemic lesion detected by

CT Angiography
With FFRCT

Strategy
Change

FFRCT , and in 16 (18%) the target vessel(s) for PCI was

More data required

38 (19.0)

0

—

changed on the basis of FFR CT . Thus, the availability

Optimal medical therapy

67 (33.5)

113 (56.5)

23 (18 to 29)

of FFR data resulted in an overall change in the de-

Percutaneous coronary intervention

87 (43.5)

78 (39.0)

cision for treatment (combining change in manage-

Coronary artery bypass graft surgery

8 (4.0)

9 (4.5)

ment category plus change in PCI target vessel) in
44% of the study population compared to CTA alone.
These changes resulted from a discordance be-

–5 (–2 to –8)
0.5 (0.1 to 3)

Values are n (%) or % (95% conﬁdence interval). n ¼ 200 patients; p < 0.001 for between group change, angio
alone versus FFRCT.
CT ¼ computed tomography; FFRCT ¼ computer tomography–derived fractional ﬂow reserve.

tween the CT angiographic and FFRCT assessments of
lesion severity, as illustrated in Figure 3. Speciﬁcally,
of a total of 577 vessels, FFRCT was #0.8 in 118

systematically available as part of the evaluation of

(20.5%). In 366 vessels (63.4% of the total) catego-

all management options (OMT and revascularization),

rized as having CT angiographic severity #50%

in contrast to the trials in which FFR was used in

diameter stenosis, FFR CT was #0.80 in 17 (4.6%). In

patients already committed to PCI of 1 or more ves-

contrast, FFR CT was negative for ischemia (i.e.,

sels, such as FAME and FAME 2 (21,22).

>0.80) in 13 of 44 cases (29.5%) graded as having

The value of the invasive strategy combining ICA

diameter stenosis >90% and in 38 of 83 cases (45.8%)

and routine FFR of all vessels for comprehensive

graded as having diameter stenosis of 71% to 90%.

simultaneous assessment of anatomy and physiology
as a diagnostic tool will be tested in the randomized

DISCUSSION

RIPCORD 2 trial. However, the routine use of ICA
alone to assess patients with stable chest pain has

This study proved the hypothesis that the manage-

important limitations. First, the procedure carries a

ment of patients with stable chest pain on the basis of

degree of clinical risk and requires catheter laboratory

CTA results alone would be signiﬁcantly different if
FFRCT data were available. This change in management is explained by a discordance between the
assessment of lesion signiﬁcance by CTA and FFR CT.

F I G U R E 2 Detailed Breakdown of Management Allocations by CT Angiography Data

Alone (Angio Only) and After FFR CT Available (Final Decision)

With respect to the secondary aim, it is interesting to
note that these data mimic those seen in the original
RIPCORD study of ICA and invasive FFR.

Initial Decision
(Angio Only)

Change Post-FFRct

Final Decision

OMT
(N = 28)

The data from this study should be considered as
proof of concept. In invasive studies, the mismatch
between angiographic assessment of lesion signiﬁcance and FFR is well described and consistent across

More Information
(N = 38) 19.0%

a large number of datasets, as illustrated by RIPCORD
(8), FAME (Fractional Flow Reserve Versus Angiography for Multivessel Evaluation) (17), FAMOUS
(Fractional Flow Reserve vs. Angiography in Guiding

OMT
(N = 67) 33.5%

Management to Optimize Outcomes in Non–ST-

PCI
(N = 10)

More Information
(N = 0)

OMT
(N = 59)

OMT
(N = 113) 56.5%

PCI
(N = 7)
CABG
(N = 1)

Segment Elevation Myocardial Infarction) (18), the
French Registry (19), and a large series by Toth et al.
(20). This mismatch inevitably leads to important

PCI
(N = 87) 43.5%

changes in patient management, given the well-

OMT
(N = 26)

PCI
(N = 78) 39.0%

PCI
(N = 61)

documented superiority of an FFR-directed strategy
over an angiogram-directed strategy in predicting
clinical outcome. The importance of RIPCORD is that

CABG
(N = 8) 4.0%

CABG
(N = 8)

it used FFR as a routine part of the initial invasive
diagnostic assessment of patients by evaluating all
vessels with a lesion diameter stenosis $30% at the
time of ICA. Therefore, the physiological data were

OMT ¼ optimal medical therapy; other abbreviations as in Figure 1.

CABG
(N = 9) 4.5%
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F I G U R E 3 Distribution of Lesion Severity of Individual Coronary Vessels According to

Visual Assessment of CT Angiogram Alone and Distribution of FFR CT Graded as

suspected angina is illustrated by the recent SCOTHEART trial (11). In this trial, 4,146 patients with
suspected angina were randomly assigned to stan-

Positive or Negative According to Cutoff Value #0.8 or >0.8, Respectively

dard assessment or standard assessment plus CTA. At
6 weeks, CTA reclassiﬁed the diagnosis of coronary

200

93.6%

heart disease in 27%, and after 1.7 years CTA was

FFRct
> 0.8

associated with a 38% reduction in fatal and nonfatal

< 0.8

myocardial

infarction,

although

the

latter

was

nonsigniﬁcant.

97.5%

In the assessment of patients with chest pain sus-

150

pected to be caused by CAD, physicians have several
possible

diagnostic

options,

which

search

for

Number

anatomic evidence of coronary disease, evidence of
myocardial ischemia, or both. Although deﬁning the
presence of CAD is valuable in terms of delivery of

100

191

disease-modifying therapy, it is increasingly clear
from both observational and randomized data that

158

determining the presence and extent of myocardial

77.4%

ischemia is dominant as a tool to predicting adverse

50

clinical events. Thus, in DEFER (A Multicenter

54.2%

Randomized Study to Compare Deferral Versus Per-

45.7%
70.4%

65
22.6%

38

2.5%

6.3%

4

13

19

1-29%

30-50%

51-70%

0

45

29.5%

71-90%

formance of PCI of Non-Ischemia-Producing Stenoses), invasive FFR demonstrated that implanting

31

stents in coronary lesions that are not ischemic has no

13

beneﬁt compared to OMT, regardless of lesion

> 90%

severity on ICA (23). Furthermore, in FAME, patients
identiﬁed as having multivessel CAD were random-

Coronary CTA Stenosis Severity

ized to have FFR- or angiogram-guided PCI, and the
former strategy was associated with fewer vessels

n ¼ 577 vessels. CTA ¼ computed tomography angiography; other abbreviations as in

treated, fewer stents inserted, lower cost, and better

Figure 1.

clinical outcomes. In addition, in FAME 2 there was
prognostic beneﬁt in a group randomized to PCI
compared to medical therapy alone when the revasaccess for all patients. Second, it is recognized that

cularization was guided by a positive FFR (21,22).

the diagnostic yield of a strategy on the basis of a low

Observational studies including RIPCORD and the

threshold for ICA is limited. For example, in 398,978

French Registry have demonstrated the substantial

patients in 1 large U.S. registry undergoing diagnostic

additional effect on diagnosis and management of

coronary angiography, only 37.6% had obstructive

patients with chest pain when invasive FFR data are

CAD (deﬁned as $50% of the diameter of the left main

available at the diagnostic stage in addition to the ICA

coronary artery or $70% of the diameter of a major

dataset alone.

epicardial coronary artery) (1). Nevertheless, there is

These data strongly suggest that there is beneﬁt to

clinical value in diagnosing the presence of non-

establishing the presence of both anatomic CAD and

obstructive CAD in order to offer disease-modifying

myocardial ischemia in patients who present with

pharmacological treatment. Therefore, the ability to

angina. The ideal screening test for such patients

assess for the presence of CAD using noninvasive

would be able to deliver both components non-

CTA is attractive, and its diagnostic utility is well

invasively. FFR CT is a novel diagnostic technique that

established (9). Advances in the technology related to

allows derivation of FFR from CTA images without

CTA have been associated with lower radiation

the need for additional radiation exposure or medi-

exposure and higher resolution, although diagnostic

cation (13). Previous studies in patients with stable

quality remains compromised in certain patient

chest pain have demonstrated promising diagnostic

groups, including those with arrhythmias, patients

accuracy for the technique, which is signiﬁcantly su-

with high levels of coronary artery calciﬁcation, and

perior to that of CTA alone, presumably because CTA

the obese. The ability of CTA alone to aid in the

cannot accurately predict whether a lesion is associ-

diagnosis

ated with ischemia.

and

management

of

patients

with
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Speciﬁcally, in the NXT trial the area under the

proportion of patients if this process were to be used

receiver-operating characteristic curve was 0.9 for

in routine clinical practice. Finally, these speciﬁca-

FFRCT versus 0.81 for CTA alone (p ¼ 0.008), using

tions will inevitably have implications with regard to

invasive FFR #0.8 as the reference (16). Given these

access and cost.

promising diagnostic data, this study was designed to
address the concept that FFR CT would reﬁne diag-

CONCLUSIONS

nosis, and therefore management, in a cohort of
patients with stable chest pain in a manner similar to

This study demonstrates a proof of concept that the

that

in

availability of noninvasive FFR CT has a substantial

The results from this study conﬁrmed that FFR CT

therefore on the management of patients with stable

we

previously

demonstrated invasively

effect on the ability to identify signiﬁcant CAD and

RIPCORD.
is associated with a mismatch, compared to the

chest pain compared to CTA alone. This ﬁnding

anatomic dataset derived from CTA alone, in the

mimics the observation seen using invasive ICA and

assessment of lesion severity (“signiﬁcance”) similar

FFR in the RIPCORD study. Further studies are

to that seen in RIPCORD and other populations us-

required to assess whether FFRCT may represent a

ing invasive assessment. As a consequence of this

candidate as a noninvasive diagnostic and manage-

mismatch, the availability of FFR CT in this study

ment screening test for patients with stable chest

translated into a substantial change in the manage-

pain.

ment of these patients. It should be noted that the
change in management includes both the predict-
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able reduction in cases in which clinicians required
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more

were
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physiologically signiﬁcant as well as the unpredict-

information

about

whether

lesions
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able changes arising from the discrepancy between
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the anatomic and physiological assessments of
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lesion signiﬁcance. This study represents a proof of
concept, and further larger-scale trials are required
to fully assess the potential of using FFR CT as a

PERSPECTIVES

diagnostic and management screening tool in patients with stable chest pain. The technique has

COMPETENCY IN MEDICAL KNOWLEDGE: CTA is increas-

many of the requisite features for such a screening

ingly being established as a noninvasive method for assessment

test: it is noninvasive; it provides anatomic and

of patients with chest pain. The addition of FFRCT (as a novel

physiological

computer-derived estimate of vessel-speciﬁc physiology) to CTA

data;

the

test

can

be

performed

quickly; and acquisition of the standard CTA data is

data alone in a 200-patient dataset resulted in a signiﬁcant

straightforward.

change in decisions regarding lesion severity and patient

STUDY LIMITATIONS. First, we used an existing

management. This represents proof of principle and mimics

dataset from another trial in order to test our current
hypothesis. Second, not all patients with chest pain
are suitable for CTA and therefore for FFR CT . Third,
derivation of FFR CT results currently requires high
degrees of computational capacity, which involves
transfer of the CTA dataset for offsite analysis via a
supercomputer; as a result, the turnover is 24 h.
Such

a

delay

may

become

impractical

for

the results of the invasive RIPCORD study.
TRANSLATIONAL OUTLOOK: This novel ﬁnding now
demands further investigation of the potential for FFRCT to be
used as a frontline diagnostic and management tool for patients
presenting with chest pain. Randomized trials are now being
designed to test this hypothesis.

a
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