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Fractional Flow Reserve (FFR) guided Percutaneous
Coronary Intervention (PCI) to Avoid Inappropriate Stenting
in Patient with Angiographically Significant Stenotic
Coronary Artery Lesion—Our Experiences at Apollo Hospitals
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Abstract:

Background: Importance of Physiological study by
Fractional Flow Reserve (FFR) in the management of
patient with coronary artery disease (CAD is well
established.

Objective: Angiographic-guided percutaneous coronary
intervention (PCIl) is a common practice in Bangladeshi
interventional era. Data on Pre-PCIl physiological study
by Fractional Flow Reserve (FFR) in our patient is not
available. Therefore, our primary aim was to perform
pre-PCl FFR to assess the angiographically significant
coronary stenosis and thus to avoid inappropriate
stenting.

Methods: Total 22 patients (Male 20, Female 2) were
enrolled in this observational non-randomized
prospective cohort. Patient who had angiographically
significant lesion, planned for physiological study by
pre-PCl FFR. Cut off value for FFR were clinically

significant only if Pd/Pa ratio <0.75 and differed stenting
if > 0.76-0.80 or above.

Results: In the studied patient population, FFR done in
total 27 vessels of 22 patients. Among the vessel wise
FFR distribution were in LAD 67%(18), LCX 14.8%(4), RCA
14.8%(4) and Ramus Intermedius 3.7% (1). FFR was non-
significant (<0.75) in 59% (13) patients and significant
(>0.75) were in 41%(9) patients.

Conclusion: In this single center, very preliminary
observational prospective cohort of non-randomized study,
we found, that FFR is an important aid to perform PCI in
patient with angiographically significant coronary lesion,
and to avoid inappropriate stenting of insignificant
stenosis by physiological study. Thus, to reduce cost and
untoward effects of inappropriate stenting.
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Introduction;

Myocardial ischemia is a predictor for clinical outcomes in
patient with CAD. The presence of myocardial ischemia
symptoms is an important determinant or risk factors for

(Bangladesh Heart Journal 2019; 34(1): 37-43)

adverse clinical outcome.’ Angiography is the established
invasive approach for assessing coronary artery disease,
but its ability to evaluate the functional significance of
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stenosis is limited and lesion can be underestimated or
overestimated. This can lead the patient having PCl that is
unnecessary. Currently, the hemodynamic significance
of a coronary lesion includes noninvasive functional testing
like stress echocardiography or stress perfusion scan
and invasive testing, fractional flow reserve (FFR) and IFR.
Percutaneous coronary intervention (PCIl) is an
established mode of treatment modality to open
angiographically significant coronary stenosis.
Revascularization of stenotic coronary artery lesion which
induce ischemia can improve patient’'s symptoms and
outcomes.?3

Fractional Flow Reserve (FFR) is generally known as
index to assess the physiological significance of coronary
stenosis and defined as the ratio of the distal coronary
pressure to the proximal pressure during maximum
hyperemia using a pressure wire during maximal
vasodilatations by using intracoronary or IV adenosine.*
It has been shown to be an effective method for guiding
revascularization.57 FFR value of <0.75 identifies
ischemia-causing coronary stenosis with an accuracy of
more than 90%.8 FFR’s clinical effectiveness first
demonstrated by FAME trial® which compared
angiography guided PCI with FFR guided PCI in patients
with Multivessel diseases has showed favorable
outcome in FFR-guided PCI.

Recent Guideline on myocardial revascularization
recommend revascularization for ischemia related
stenosis and medical therapy for non-ischemia
stenosis.? Current guideline recommendation for FFR
guided PCl is class 1Afor ESC and class IIA from American
College of Cardiology.

In our hospital patient population, data on FFR guided
PCI were not available. Therefore, we carried out this
very preliminary observational cohort study to see the
clinical significance of FFR guided PCI in patients with
angiographically significant lesion, thus to avoid
inappropriate stenting and cost to patients.

Methods and materials:

Total 22 patients (Male 20, Female 2), were enrolled in
this non randomized prospective cohort study of patients.
Who had CAG done at our center and found to have
approximately >70-80% lesion were planned for pre-PCl
FFR study. Subsequent PCI based on FFR study. Study
period were November 2017 to December 2018. Patients
were only selected as cases when they were still on
aspirin and clopidogrel. Patient were routinely loaded
with pre-procedural Ticagrelor 180mg or Clopidogrel
300mg and Aspirin 300mg with post procedural
maintenance doses Ticagrelor 180mg bid Clopidogrel
150mg and Aspirin 150mg. Common exclusion criteria
were ST elevated acute MI, NSTEMI, Heart Failure, referral
for CABG.
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Coronary angiogram:

Diagnostic CAG were performed using 5-6 French
Terumo Radial catheter through radial approaches. To
avoid spasm and to achieve maximal epicardial
vasodilatation, intracoronary (0.1-0.3mg) nitroglycerine
and mild sedation with 1 mg IV midazolam was commonly
given to enrolled patient with prior written consent for the
procedures in detail. All stenosis was assessed visually.
Patient with approximately >70%-80% lesion were
enrolled for pre-PCl FFR study.

FFR:

FFR was defined as the ratio between mean distal coronary
pressure and mean aortic pressure at maximal hyperemia.
Intracoronary pressure wire 0.014-inch was introduced via
a 6F guiding catheter, calibrated, advanced into the coronary
artery and placed >3cm distal to the assessed stenosis as
described previously.* FFR was assessed after the
administration of 200mcgm adenosine to achieve maximal
hyperemia. FFR was calculated as the ratio of the mean
distal (trans-stenotic) coronary pressure measure by the
pressure wire to the aortic pressure measured by the
guiding catheter at maximal hyperemia. Generally, PCl was
performed in patients with FFR <0.75 and deferred in those
with FFR >0.80. For FFR value between> 0.75 to <0.80, kept
on medical management.

Results:

Figure 1. shows the distribution of patient. Total 22 patients
(Male 20, Female 2) were enrolled in this observational
non-randomized prospective cohort. Patient who had
angiographically significant lesion, planned for pre-PCI
physiological study by FFR. Cut off value for FFR were
clinically significant only if Pd/Pa ratio <0.75 and deferred
stenting if > 0.76. Fig 2. Shows the distribution of CAD risk
factors. Fig 3. Shows the percentage distribution of
coronaries in which FFR was done. Among the vessel
wise FFR distribution; in LAD 67%(18), LCX 14.8%(4),
RCA 14.8%(4) and Ramus Intermedius 3.7%(1). Fig 4.
Shows the percentage distribution Significant FFR and
non-significant FFR. Non-significant were found in
59%(13) patient and significant i.e.,> 0.75 were in 41%(9)
patient. <Pl add figure 1-4 here >
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Fig.-1: Shows the distribution of Male and Female in the
studied group
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Fig.-4: Percentage distribution of Significant and non-significant Coronary lesion by FFR guided physiological study

Fig 5. Coronary Angiogram and FFR in a patient with
angiographically significant Proximal OM lesion on left
panel and physiological study by FFR of 0.95, insignificant
and left for medical management. Fig 6. Coronary
Angiogram and FFR in a patient with angiographically
significant Proximal LAD lesion on left panel and
physiological study by FFR of 0.75 borderline and kept on

medical management. Fig 7. Coronary Angiogram and
FFR in a patient with angiographically significant Proximal
LAD lesion on left panel and physiological study by FFR of
0.81 and kept on medical management. Fig 8. Coronary
Angiogram and FFR in a patient with angiographically
significant Proximal LAD lesion on left panel and
physiological study by FFR of <0.72 and stenting was done.

<pl add figure 5-8 here>

Fig.-5: Coronary Angiogram and FFR in a patient with angiographically significant Proximal OM lesion on left panel
and physiological study by FFR of 0.95, insignificant and left for medical management
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Fig.-6: Coronary Angiogram and FFR in a patient with angiographically significant Proximal LAD lesion on left panel
and physiological study by FFR of 0.75 borderline and kept on medical management

Fig.-7: Coronary Angiogram and FFR in a patient with angiographically significant Proximal LAD lesion on left panel
and physiological study by FFR of 0.81 and kept on medical management

Fig.-8: Coronary Angiogram and FFR in a patient with angiographically significant Proximal LAD lesion on left panel
and physiological study by FFR of <0.72
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Discussion:

The presence of myocardial ischemia is a major
prognostic factor in patients with symptomatic coronary
artery disease and the decision to perform
revascularization should be guided on the presence of
myocardial ischemia.! Fractional flow reserve (FFR) is a
reliable physiological parameter to determine the
functional significance of coronary stenosis. FFR guided
PCI reported to be safe and effective in patients with
various lesions subset.8 In addition, to coronary
angiographic abnormalities, the presence and extent of
inducible myocardial ischemia is an important
prognostic factor in coronary artery disease.!® The
absence of inducible myocardial ischemia is associated
with excellent outcome during medical treatment.
Therefore, revascularization of non-ischemic stenosis
is usually not indicated. However, ischemia-inducing
stenosis improves symptoms and outcomes.

The benefit of PCI as an initial treatment strategy in
patients with stable CAD remains controversial.'’ De
Bruyne et al has shown that that FFR guided PCI plus
best available medical therapy reduces urgent
revascularization. The potential results from
revascularization depends on the extent and degree of
myocardial ischemia.?

In the Bangladeshi interventional era, PCl is a common
mode of treatment to open angiographically significant
coronary artery stenosis. Although, Pre-PCl FFR is deem
necessitate or mandated to assess physiological
significance and thus, to the benefit of PCI by stenting.
We are lacking of doing routine FFR due to poor socio-
economic status in Government or public hospitals.
Recently, we performed some the FFR on those patient
who were convinced to have it done before PCI and thus
to avoid inappropriate stenting and its hazards.

Fractional flow reserve is generally known as an index to
assess the physiological significances of coronary
stenosis. A fractional flow reserve value of 0.80 or less
(i.e. adrop in maximal blood flow of 20% or more caused
by stenosis) as measured by coronary pressure wire
during catheterization, indicating the potential of a
stenosis to induce myocardial ischemia with an accuracy
of more than 90%.13

In the current, non-randomized prospective observational
study of 22 patients (male 20 and Female 2) in whom the
coronary stenosis was angiographically significant, were
enrolled for Pre-PCl FFR. FFR less than <0.75 were
considered significant and >0.75 were non-significant.
Thus, PCl were performed only on FFR<0.75 and for
FFR>0.75, were kept on medical management. We found
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that 59%(13) patient had non-significant FFR and thus,
defer PCI, while 41% (9) had significant FFR and PCI
done by stenting with a Drug Eluting Stent(DES). The
total number of patients are quite small in this present
study. The total percentage distribution of non-significant
FFR, is more among this studied group of patients, who
has eye ball estimated coronary lesion about
approximately >70%-80%. FFR was done to validate or
justify the needs of PCI, thus to reduce ischemic
symptoms. Therefore, it is very primitive to conclude the
exact scenario in our Bangladeshi patient population.
That's why we recommend more patient inclusion and if
possible to include multicenter in Bangladesh.

Many studies® 14 have proved that deferring PCl is safe,
based on FFR in coronary intermediate stenosis and
FFR guided PCI compared with CAG-guided PCI get
much benefit to CAD patients.

Several author has favored FFR guided revascularization,
as compared to angiography alone guided
revascularization.®1516 De Bruyne et al demonstrated
that patient with stable CAD, FFR guided PCl as compared
with medical therapy alone improved the outcome.2

In the FFR versus angiography for Multivessel evaluation
(FAME) trial,2 the rate of death, myocardial infarction and
urgent repeat revascularization at 2 years with
contemporary DES was less than half the rate among
patients who received medical therapy alone. It is well
known, that the benefits of PCI are mainly attributable to
reduction of myocardial ischemia.’”-18 Therefore, clinical
practice guidelines currently recommended PCI only
when symptoms of myocardial ischemia are identified.®

These important studies increased physician’s
awareness on the benefits of FFR-guided PCI and in the
current guidelines on coronary revascularization of the
ESC, FFR has been upgraded to a class 1A classification
in Multivessel PCI.®

Moreover, the FAME |l trial, subsequently reported that
combination of an FFR-guided treatments strategy and
the best available medical therapy, improved outcomes
in patients with stable coronary disease compared to
best available medical therapy. De Bruyne et al?%
demonstrated that more than 25% of patients with stable
coronary artery disease who were scheduled to undergo
PCI on the basis of clinical and angiographic data, had
no significant stenosis with an FFR value of 0.80 or less
and were thus unlikely to have had ischemia. Also
demonstrated that this patient had favorable clinical
outcome at 2year medical therapy alone, a finding that is
similar to results in patients with at least one clinically
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significant stenosis who were treated with PCI plus
medical therapy.

FFR assess the significance of a coronary artery lesion
during maximal vasodilation through the use of
vasodilators such as adenosine. FFR value (<0.75 have
high sensitivity 88% and specificity100%, positive
predictive value 100%with an overall accuracy of 93%.
For detecting a reduction in coronary blood flow in patients
with stable coronary artery disease. In ACS patients,
FFR is limited, not reliable in STEMI patients, whom
microvascular dysfunction as embolization of plaque
occurs distally as well as inflammation and
vasoconstriction.2! In NSTEMI there is less microvascular
dysfunction and FFR may not be significant i.e., <0.80.
This is because the clot may dissolve with the initiation
of medical therapy resulting lesion to be less of a
pressure gradient. Although FFR <0.75 has been shown
to be significant in patient with stable coronary disease,
this value may not be appropriate in patients with NSTEMI
due to physiological differences.

Besides a very high sensitivity and specificity for the
detection of inducible myocardial ischemia related to a
coronary artery stenosis, FFR has some additional
advantages and specific features that make it an easy
and convenient practical index to be used in
catheterization laboratory, particularly for the assessment
of Multivessel disease.

Although, our present patient population number was
very small and we found 59% patient angiographically
significant stenotic lesions has non-significant FFR and
thus defer PCI. Hence, it is very early to say, whether this
number reflects the reality in our population in-terms of
appropriateness of stenting. Also, we need to study FFR
in more patients with ACS, stable coronary diseases and
Multivessel disease.

In addition, FAME study showed that the FFR-guided PCI
resulted in significant cost-saving by reducing stent use,
re-hospitalizations and MACE. Thus, the FFR guided
treatment could have been more economical in daily
practice if decision making for PCI relies more strictly on
FFR value.22

Baptista et al?®> demonstrated that routine assessment
of coronary lesions by FFR, safely changes patient
management strategy in half of the patients with a low
likelihood of events in deferred revascularization. In
addition, our present study is very much consistent with
Baptista et al, where we deferred PCI in more than 50%
of patient based on FFR value <0.75 and waiting to
observe an events in future if any.
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Conclusion:

Fractional flow reserve measurements were first
introduced at the Mayo clinic in 1999, now is considered
as the gold standard for the detection of myocardial
ischemia. The safety of functional evaluation is attributed
to identification of ischemia-causing coronary stenosis,
and its contribution to judicious decision making
revascularization.®18 Although, some of the patient with
FFR 0.75-0.76 had PCI based on his clinical significant
angina. FAME study showed that FFR guided PCl resulted
in significant cost saving by reducing stent use of
inappropriate stenting, avoidance hospitalization and
MACE.22

Our present study, supported the rationale for the use of
FFR in routine practice. In this present non-randomized
observational study, we were able to justify that
approximately >70%-80% angiographically significant
coronary stenosis by eye ball estimation, were not
significant by FFR for PCI| and thus, to prevent
inappropriate stenting,

Limitation:

We already documented in our center, that FFR is an
important tool to evaluate the clinical significance of
ischemia, especially in a patient with angiographically
significant stenosis. Thus, proved that not all coronary
stenosis needs to be stented unless it is proved by FFR.
Maijor limitation is the cost of FFR, if it is significant that is
<0.75, then stenting of the coronary artery is mandated
and it will increase the total cost of PCI. On the contrary, if
not significant, then it will help patient of not to have
inappropriate stenting, repeat hospitalization due to stent
induced ischemia.

Future perspective

FFR is a cost effective tool to determine the hemodynamic
significance of coronary lesion, and can be used to guide
appropriate PCI in the cost-conscious setting. Based on
our observation, we recommend to make a national data
base with mandatory FFR prior to any PCl except STEMI
or NSTEMI and compare the benefits of FFR with
multicenter involvement.
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