Figure 2 Meta-analysis of the primary composite endpoint (death or any MI) and secondary endpoints at 12-month follow-up. FFR ,>0.80:
N=number of patients with adverse events; T=total number of patients. FFR ,<0.80: n and t=number of patients with adverse events and total
number of patients. Strata with zero events were not included in the analysis. MACE (major adverse cardiac event) was defined as a composite of
death, any Ml or unplanned revascularisation. Unplanned revascularisation was defined as any revascularisation (percutaneous coronary intervention
and/or coronary artery bypass grafting) occurring between 3-month and 12-month follow-up. ADVANCE, Assessing Diagnostic Value of Non-invasive

: ' 19.
FFR,, in Coronary Care’ study "; FFR

cr’

CTA-derived fractional flow reserve; MI, myocardial infarction; NXT, Analysis of Coronary Blood Flow Using CT

Angiography: Next Steps trial”*; PLATFORM, Prospective Longitudinal Trial of FFRCT: Outcome and Resource impacts trial'®; RR, risk ratio.

after exclusion of the ADVANCE registry data. Moreover, when
comparing the frequency of the primary endpoint of ‘ACM or
any MI" in the ADVANCE registry versus the pooled data in
this meta-analysis, the statistical power increased from 0.60 to
0.75 which is above the average observed in meta-analyses of
cardiovascular trials.?® On the other hand, for the prediction of
‘spontaneous MI’ the statistical power increased from 0.20 in
the ADVANCE registry to 0.28 in the pooled analysis which is
still well below the optimum of 0.80-0.90.

The use of a dichotomous FFR . threshold to guide patient
management decisions, namely, to avoid further downstream
testing and revascularisation, remains controversial because of
difficulty in confidence for any binary interpretation of values
close to the threshold and since it is well known from the inva-
sive literature that the highest risk of an unfavourable clinical
outcome and the greatest benefit of revascularisation is obtained
in patients with the lowest FFR value.”” *® The present study
confirms in a large dataset previous findings demonstrating an
FFR_, risk continuum, with lower values being associated with
higher risk.'” ¥ #* The integration of an FFR, continuous inter-
pretation strategy with emerging CTA-derived metrics such as
quantification of high-risk plaques,” haemodynamic plaque
forces® and the ischaemic myocardium®' may potentially allow
for a more individualised CTA ‘one-stop-shop’ platform for

guiding therapeutic decision-making and for predicting clin-
ical outcomes.”” More studies are needed to elucidate the risk/
benefit trade-offs of a continuous versus a dichotomous FFR ..
interpretation strategy in clinical practice.

This meta-analysis confirms the findings in previously
published single-centre and multicentre studies, as well as the
invasive physiology literature, the value of FFR_. testing to
inform clinical outcomes in patients with stable CAD. Impor-
tantly, a normal FFR ., result in this large cohort of symptomatic
patients, where almost three out of four had at least one coro-

QDWLDPHWHORRVLVZDWYVVVRFEZDWKG WDRZ

risk of 12-month death or MI (~0.6%). These findings together
with the high negative predictive value of FFR .. for prediction
of ischaemia support integration of FFR_, in the diagnostic
workup of patients with CAD to safely mitigate the use of addi-
tional downstream testing after CTA.

Limitations

Although this meta-analysis comprised a large and representative
number of patients undergoing CTA-FFR ., testing in clinical
practice, data are based on observational and registry studies,
and as such, may be subject to referral bias. Because downstream
patient management was not mandated or randomised in any
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RR Death or MI

Study N 1 n t <<FFRcr>0.80 worse) FFRcr=0.80 worse>> RR (95% CI) Weight%
>0.90 vs. 0.81-0.90
Aarhus 0 56 3 315 1.26(0.07,24.12) 48.01
NXT 0 19 0 78 i (Excluded)
ADVANCE 0 118 10 1318 ¢- 1.89(0.11,32.13) 51.99
Vancouver 0 46 0 68 (Excluded)
PLATFORM 0 24 0 84 (Excluded)
Subgroup heterogeneity: ’=0.0%p=0.84 1.59(0.21,12.26) 100.00
>0.90vs. 0.71-0.80
Aarhus 0 56 3151 —4- 2.62(0.14,50.03) 26.58
NXT 0 19 1 46 o 1.28(0.05,30.02) 25.64
ADVANCE 0 118 18 1483 " 2.97(0.18,48.93) 33.84
Vancouver 0 46 1 28 n g 4.86(0.20,115.40) 13.95
PLATFORM 0 N 24 0 41 1 (Excluded)
Subgroup heterogeneity: I'=0.0%p=0.95 o ——— 2.71(0.61,12.09) 100.00
=0.90vs. 0.61-0.70 .
Aarhus 0 56 2 41 — 6.79(0.33,137.68) 33.49
NXT 0 19 0 32 - (Excluded)
ADVANCE 0 118 7 636 —— 2.80(0.16,48.74) 66.51
Vancouver 0 46 0 14 - (Excluded)
PLATFORM 0o 24 0 19 L (Excluded)
Subgroup heterogeneity: I =0.0%p=0.67 4.14(0.54,31.42) 100.00
20.90vs. <0.61
Aarhus 0 56 0 21 L (Excluded)
NXT 0 19 0 31 Py ! (Exclude%)
ADVANCE 0 118 13 773 = 4.15(0.25,69.37) 83.17
Vancouver 0 46 2 9 . + 23.50(1.22,452.9) 16.83
PLATFORM 0o 24 0 9 ' (Excluded)
Subgroup heterogeneity: I'=0.0% p=0.38 e — 7.41(1.04,52.85) 100.00
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Figure 3  Relationship between the primary endpoint (death or MI) and the pooled numerical FFR ; value. FFR | >0.90: N=number of patients
with adverse events; T=total number of patients. FFR . 0.10-unit reduction strata: n and t=number of patients with adverse events and total number
patients. Strata with zero events were not included in the analysis. Each 0.10-unit FFR ; reduction was associated with a higher frequency of the
primary endpoint, RR 1.67 (95% Cl 1.47 to 1.87), p<0.001. FFR, fractional flow reserve; MI, myocardial infarction; RR, relative risk.

of the studies, individual CT operators may have integrated
different ‘thresholds’ for prescribing FFR ., testing potentially
affecting the ratio between negative and positive FFR . results
and patient risk. Moreover, post-CTA-FFR . patient and clini-
cian decisions on downstream medical therapy, referral to ICA
or revascularisation may have been influenced by the FFR_,
result, and thus to a varying degree affected the estimated risk
estimate (‘confounding by indication’). Accordingly, the present
data do not inform any treatment guidance. Another poten-
tial source of bias was the fact that not all patients from the
original studies were included in the meta-analysis and that the
number of adverse events were relatively low. Similar to CTA
testing, FFR . analysis cannot be performed in all patients. In
selected real-world data, CT image quality was inadequate for
FFR_, computation in up to 5% of the cases.'” ** Preliminary
data indicate that patients in whom CTA or FFR ., cannot be
performed may represent a high-risk group requiring special
management attention.’? Outcome data in this patient category
were not available for meta-analysis. We were not able, from
the present dataset, to perform individual or adjusted data anal-
ysis. Patients in this meta-analysis were at relatively low risk
of an unfavourable clinical outcome, thus the present findings
may not be generalisable to higher risk cohorts. Information on
the temporal distribution of adverse events was not available.
Information on post-test medication was not available for this
analysis. Although the lowest per-patient value was registered
in the vast majority of patients (~94% of the total cohort), it
cannot be excluded that a similar interpretation strategy in those
patients where a lesion-specific reading strategy was applied
would have reclassified some to lower FFR_, values.*> More
studies are needed to assess the clinical implications of lesion-
specific versus distal segment only FFR .. positivity. The added
prognostic information of FFR_ relative to CTA determined
stenosis severity or coronary plaque burden cannot be assessed
from the present dataset. An important limitation is the lack of

information related to post-test angina. However, the overall
rate of unplanned revascularisation among patients with a
normal FFR ., result was low (1.3% at 1year). As specific causes

Key messages
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What is already known about the subject?

» CT angiography (CTA) has emerged as a guideline-directed
first- line test in patients with suspected stable coronary
artery disease (CAD).

» In coronary stenosis of uncertain functional significance, FFR
correlate to measured fractional flow reserve (FFR), and FFR ;
is of value to guide clinical decision-making in patients with
stable CAD, for example, by reducing the number of referrals
to ICA after CTA, and by identification of patients most likely
to require revascularisation.

» Existing knowledge on the prognostic value of FFR  is
based on studies with different definitions of adverse events,
different length of follow-up periods and overall low adverse
event rates.

What might this study add?

» By applying a uniform outcome measure across studies,
this meta-analysis may provide more powerful and reliable
assessment of the prognostic value of FFR, testing in clinical
practice.

How might this impact on clinical practice?

» The findings in this study, together with the high negative
predictive value of FFR . for prediction of ischaemia, may
support integration of FFR ; in the diagnostic workup of
patients with CAD to safely mitigate the use of additional
downstream testing after CTA.
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of mortality were not available in all studies, the overall rate
of mortality being attributable to cardiovascular events is not
known. However, ACM is of unparalleled relevance and is the
most unbiased method to report death.’* Importantly, partici-
pating authors of the included studies collaborated on data
extraction, which resulted in homogenised datasets minimising
biases that otherwise can significantly influence data combina-
tion. The comprehensive systematic literature review, as well
as the awareness of the participating expert authors of ongoing
studies and published literature in this field, has substantially
reduced risk of publication bias. Studies with longer follow-up
are needed to confirm the present findings.

Conclusions

In patients with stable CAD, this meta-analysis demonstrates
that a negative FFR | result is associated with a low incidence
of adverse events at 12 months, with significantly lower risk of
death or MI compared with those with a positive FFR . result.
The FFR_ numerical value was inversely related to clinical
outcomes. The present study confirms the intermediate-term
safety of deferring additional downstream testing in patients
with a negative FFR . result. Large-scale studies assessing the
safety of FFR _, testing in patients with higher risk CAD anatomy
and with long-term follow-up are warranted.
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Prognostic Value of FFRcr: A Systematic Review and Meta-analysis

Ngrgaard BL, Gaur S, Fairbairn TA, Douglas PS, Jensen JM, Patel MR, Thdayhid
AR, Ko B, Sellers SL, Weir-McCall JR, Matsuo H, Sand NP, @vrehus KA, Rogers

C, Mullen S, Nieman K , Parner E, Leipsic J, and Abdulla J

STable 1. Search strategy in individual databases and reference screening of included and relevant review papers

STable 2. Meta-Analysis Newcastle-Ottawa Quality Scale

SFigure 1. Meta-analysis of the primary composite endpoint (death or any MI) and secondary endpoints at 12 months follow-up
after exclusion of the ADVANCE registry data

SFigure 2. Meta-analysis of the occurrence of revascularization between 3 and 12 months of follow-up

STable 1. Search Strategy in Individual Databases and Reference Screening of Included and Relevant Review Papers

Database Search strategy and syntaxes Number of
retrieved articles

Pubmed (("computed tomography angiography"[MeSH Terms] OR ("computed"[All Fields] AND 162

(Medline) "tomography"[All Fields] AND "angiography"[All Fields]) OR "computed tomography

angiography"[All Fields]) AND ("heart"[MeSH Terms] OR "heart"[All Fields] OR
"coronary"[All Fields]) AND fractional[All Fields] AND flow[All Fields] AND reserve[All
Fields] AND ("prognosis"[MeSH Terms] OR "prognosis"[All Fields])) AND ("loattrfull
text"[sb] AND ("2010/01/01"[PDAT] : "2020/12//31"[PDAT]) AND English[lang])

(("computed tomography angiography"[MeSH Terms] OR ("computed"[All Fields] AND 46
"tomography"[All Fields] AND "angiography"[All Fields]) OR "computed tomography
angiography"[All Fields]) AND ("heart"[MeSH Terms] OR "heart"[All Fields] OR
"coronary"[All Fields]) AND fractional[All Fields] AND flow[All Fields] AND reserve[ All
Fields] AND ("death"[MeSH Terms] OR "death"[All Fields])) AND ("loattrfull text"[sb]
AND ("2010/01/01"[PDAT] : "2020/12/31"[PDAT]) AND English[lang])

(("computed tomography angiography"[MeSH Terms] OR ("computed"[All Fields] AND 62
"tomography"[All Fields] AND "angiography"[All Fields]) OR "computed tomography
angiography"[All Fields]) AND ("heart"[MeSH Terms] OR "heart"[All Fields] OR
"coronary"[All Fields]) AND fractional[All Fields] AND flow[All Fields] AND reserve[ All
Fields] AND ("myocardial infarction"[MeSH Terms] OR ("myocardial"[All Fields] AND
"infarction"[All Fields]) OR "myocardial infarction"[All Fields])) AND ("loattrfull text"[sb]
AND ("2010/01/01"[PDAT] : "2020/12/31"[PDAT]) AND English[lang])

(("computed tomography angiography"[MeSH Terms] OR ("computed"[All Fields] AND 100
"tomography"[All Fields] AND "angiography"[All Fields]) OR "computed tomography
angiography"[All Fields]) AND ("heart"[MeSH Terms] OR "heart"[All Fields] OR
"coronary"[All Fields]) AND fractional[All Fields] AND flow[All Fields] AND reserve[All
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SFigure 1. Meta-analysis of the primary composite endpoint (death or any MI) and secondary endpoints
at 12 months follow-up after exclusion of the ADVANCE registry data
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FFRcr >0.80: N = number of patients with adverse events; T= total number of patients. FFRcr <0.80: n and t
=number of patients with adverse events and total number of patients. Strata with zero events were not included
in the analysis. MACE (major adverse cardiac events) was defined as a composite of death, any MI or unplanned
revascularization. Abbreviations and acronyms: CI, confidence interval; FFRcr, CTA derived fractional flow
reserve; MI, myocardial infarction; NXT, “Analysis of Coronary Blood Flow Using CT Angiography: Next
Steps” trial; PLATFORM, “Prospective Longitudinal Trial of FFRCT: Outcome and Resource impacts” trial; RR,

risk ratio
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RR (95% CI)
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| | | T
1 501 5 20 50 100
FFRcr >0.80: N =number of patients in whom unplanned revascularization was performed; T= total number of
patients. FFRcr <0.80: n and t = number of patients in whom unplanned revascularization was performed and
total number of patients. Strata with zero events were not included in the analysis. Unplanned revascularization
was defined as a procedure performed >3 months from the time of the CTA investigation. Abbreviations and
acronyms: ADVANCE, “Assessing Diagnostic Value of Non-invasive FFRcr in Coronary Care” study; CABG,
coronary artery by-pass grafting; CI, confidence interval; FFRcr, CTA derived fractional flow reserve; NXT,
“Analysis of Coronary Blood Flow Using CT Angiography: Next Steps” trial; PCI, percutaneous coronary
intervention; PLATFORM, “Prospective Longitudinal Trial of FFRCT: Outcome and Resource impacts” trial;
RR, risk ratio
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"coronary"[All Fields]) AND fractional[All Fields] AND flow[All Fields] AND reserve[All
Fields] AND ("prognosis"[MeSH Terms] OR "prognosis"[All Fields])) AND ("loattrfull
text"[sb] AND ("2010/01/01"[PDAT] : "2020/12//31"[PDAT]) AND English[lang])

(("computed tomography angiography"[MeSH Terms] OR ("computed"[All Fields] AND 46
"tomography"[All Fields] AND "angiography"[All Fields]) OR "computed tomography
angiography"[All Fields]) AND ("heart"[MeSH Terms] OR "heart"[All Fields] OR
"coronary"[All Fields]) AND fractional[All Fields] AND flow[All Fields] AND reserve[ All
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(("computed tomography angiography"[MeSH Terms] OR ("computed"[All Fields] AND 62
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"infarction"[All Fields]) OR "myocardial infarction"[All Fields])) AND ("loattrfull text"[sb]
AND ("2010/01/01"[PDAT] : "2020/12/31"[PDAT]) AND English[lang])

(("computed tomography angiography"[MeSH Terms] OR ("computed"[All Fields] AND 100
"tomography"[All Fields] AND "angiography"[All Fields]) OR "computed tomography
angiography"[All Fields]) AND ("heart"[MeSH Terms] OR "heart"[All Fields] OR
"coronary"[All Fields]) AND fractional[All Fields] AND flow[All Fields] AND reserve[All
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"infarction"[ All Fields]) OR "outcome"[All Fields])) AND ("loattrfull text"[sb] AND
("2010/01/01"[PDAT] : "2019/12/31"[PDAT]) AND English[lang]) AND ("loattrfull text"[sb]
AND ("2010/01/01"[PDAT] : "2020/12/31"[PDAT]) AND English[lang])
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FFRcr >0.80: N = number of patients with adverse events; T= total number of patients. FFRcr <0.80: n and t
=number of patients with adverse events and total number of patients. Strata with zero events were not included
in the analysis. MACE (major adverse cardiac events) was defined as a composite of death, any MI or unplanned
revascularization. Abbreviations and acronyms: CI, confidence interval; FFRcr, CTA derived fractional flow
reserve; MI, myocardial infarction; NXT, “Analysis of Coronary Blood Flow Using CT Angiography: Next
Steps” trial; PLATFORM, “Prospective Longitudinal Trial of FFRCT: Outcome and Resource impacts” trial; RR,

risk ratio
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SFigure 2. Meta-analysis of the occurrence of revascularization between 3 and 12 months of follow-up
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FFRcr >0.80: N =number of patients in whom unplanned revascularization was performed; T= total number of
patients. FFRcr <0.80: n and t = number of patients in whom unplanned revascularization was performed and
total number of patients. Strata with zero events were not included in the analysis. Unplanned revascularization
was defined as a procedure performed >3 months from the time of the CTA investigation. Abbreviations and
acronyms: ADVANCE, “Assessing Diagnostic Value of Non-invasive FFRcr in Coronary Care” study; CABG,
coronary artery by-pass grafting; CI, confidence interval; FFRcr, CTA derived fractional flow reserve; NXT,
“Analysis of Coronary Blood Flow Using CT Angiography: Next Steps” trial; PCI, percutaneous coronary
intervention; PLATFORM, “Prospective Longitudinal Trial of FFRCT: Outcome and Resource impacts” trial;
RR, risk ratio
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