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MEASUREMENT OF FRACTIONAL FLOW RESERVE TO ASSESS THE FUNCTIONAL SEVERITY 
OF CORONARY-ARTERY STENOSES
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Abstract

 

Background.

 

The clinical significance of cor-
onary-artery stenoses of moderate severity can be diffi-
cult to determine. Myocardial fractional flow reserve (FFR)
is a new index of the functional severity of coronary ste-
noses that is calculated from pressure measurements
made during coronary arteriography. We compared this
index with the results of noninvasive tests commonly
used to detect myocardial ischemia, to determine the
usefulness of the index.

 

Methods.

 

In 45 consecutive patients with moderate
coronary stenosis and chest pain of uncertain origin, we
performed bicycle exercise testing, thallium scintigraphy,
stress echocardiography with dobutamine, and quantita-
tive coronary arteriography and compared the results
with measurements of FFR.

 

Results.

 

In all 21 patients with an FFR of less than
0.75, reversible myocardial ischemia was demonstrated

unequivocally on at least one noninvasive test. After cor-
onary angioplasty or bypass surgery was performed, all
the positive test results reverted to normal. In contrast,
21 of the 24 patients with an FFR of 0.75 or higher tested
negative for reversible myocardial ischemia on all the
noninvasive tests. No revascularization procedures were
performed in these patients, and none were required dur-
ing 14 months of follow-up. The sensitivity of FFR in the
identification of reversible ischemia was 88 percent, the
specificity 100 percent, the positive predictive value 100
percent, the negative predictive value 88 percent, and
the accuracy 93 percent.

 

Conclusions.

 

In patients with coronary stenosis of
moderate severity, FFR appears to be a useful index of the
functional severity of the stenoses and the need for coro-
nary revascularization. (N Engl J Med 1996;334:1703-8.)
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I

 

N patients with chest pain and stenosis of moderate
severity as assessed by coronary angiography, eval-

uation and treatment are challenging. Often, many di-
agnostic tests are performed and no clear diagnosis of
the cause of the chest pain results. In a considerable
number of patients, coronary revascularization is per-
formed without definite evidence that the coronary ste-
nosis is causing the symptoms.
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On the basis of pressure–flow analysis of coronary

stenoses during maximal flow,

 

3,4

 

 the concept of myocar-
dial fractional flow reserve (FFR) has been developed
as an invasively determined index of the functional se-
verity of coronary stenoses.
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 FFR is defined as the
maximal blood flow to the myocardium in the presence
of a stenosis in the supplying coronary artery, divided
by the theoretical normal maximal flow in the same
distribution. This index represents the fraction of the
normal maximal myocardial flow that can be achieved
despite the coronary stenosis. 

FFR can be derived easily from the ratio of the mean
distal coronary-artery pressure to the aortic pressure
during maximal vasodilatation.

 

5,6

 

 This index is inde-
pendent of changes in systemic blood pressure and
heart rate and is unaffected by conditions known to in-
crease the base-line myocardial flow.
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 In addition, FFR
takes into account the contribution of the collateral
blood supply to maximal myocardial perfusion.

 

5,8

 

 The
normal value of the index is 1.0, regardless of the pa-
tient or the specific vessel studied.
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 Furthermore, in se-
lected patients undergoing percutaneous transluminal

coronary angioplasty an FFR of less than approximate-
ly 0.75 identified functionally important stenoses —
that is, stenoses associated with inducible myocardial
ischemia.
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We investigated the usefulness of FFR in making

clinical decisions concerning patients with ambiguous
clinical symptoms, contradictory or inconclusive results
of noninvasive testing, and moderate stenosis in one
large coronary artery as determined angiographically.

 

M

 

ETHODS

 

Study Patients

 

The study population consisted of 45 consecutive patients (28 men
and 17 women) with a mean (

 

�

 

SD) age of 54

 

�

 

8 years (range, 36 to
74). To be eligible for the study, each patient was required to have
chest pain; an angiographically detectable stenosis of moderate sever-
ity (defined as approximately 50 percent by visual examination) in the
proximal part of one major coronary artery; normal left ventricular
function; and uncertainty about whether the chest pain was related to
reversible ischemia caused by the moderate stenosis. The study pro-
tocol was approved by the institutional review board, and informed
consent for all tests was obtained from all the participants.

 

Study Protocol

 

All medications were stopped for seven days, except that patients
were allowed to take 80 mg of aspirin daily. Within 48 hours after the
end of the seven-day period, bicycle exercise testing, thallium scintig-
raphy, stress echocardiography with dobutamine, and coronary arte-
riography with intracoronary-pressure measurements and the calcu-
lation of FFR were performed in all patients. The clinical decision to
perform myocardial revascularization (percutaneous transluminal
coronary angioplasty or bypass surgery) was made when the FFR was
less than 0.75, a value selected on the basis of the results of earlier
studies.
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 In the patients in whom revascularization procedures were
performed, all the noninvasive tests that had yielded positive results
were repeated within six weeks after the procedure. None of the pa-
tients had previously undergone any form of revascularization.

 

Exercise Testing and Thallium Scintigraphy

 

Bicycle exercise testing was performed at an initial workload of
20 W, which was increased by 20 W every minute. A 12-lead electro-

 

Copyright © 1996 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on December 5, 2008 . For personal use only. No other uses without permission. 












