
Why do we need an
invasive assessment
of ischemia? In effect,

this question can be further
divided into two questions: 1.
Do we need assessment of
ischemia, and if we do; 2. How is functional information about
ischemia obtained? Why should it be invasive?

Question 1.: Do we need assessment of ischemia?

Let's start with two provocative examples.
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Case No. 1. Figure 1 is from a live
case. It was in a famous course earlier
this year, and shows a female, 58
years old, who had PCI of a severe
left circumflex stenosis. The physi-
cians accidentally found a 50% steno-
sis in the mid-RCA. They measured
fractional flow reserve (FFR) which
was 0.87, and did intravascular ultra-
sound (IVUS), which revealed an area
of about 7 square millimeters.
Ultimately, they chose to place a
Taxus stent. 

Now, why did they do that?
Didn't they know about evidence-
based medicine? Actually, this
physician was a famous interven-
tionalist, but nevertheless, couldn’t
resist placing the stent, probably
based upon the opinion that every
plaque is dangerous. 

If we really adhere to evidence-
based medicine, we should conclude
that this lesion is functionally not sig-
nificant, based upon the fractional
flow reserve of 0.87. The evidence-
based literature shows that if we do
not stent such a stenosis and just treat
it with aspirin and statins, the com-
bined mortality and myocardial
infarction rate due to that plaque is
only 1% per year for the next five
years! (DEFER study).1

In contrast, the TAXUS IV study
demonstrated that if you place a
Taxus stent in that RCA stenosis, the
combined mortality and infarction
rate is more than 4% in the next nine
months.2 Admittedly, the restenosis
rate will be low, but the mortality and
infarction rate is still much higher
than in case of medical treatment.
There was a similar study in
Circulation recently about experience
with the Cypher stent, giving about
the same data.3 So, after all we must
conclude that there was no reason at
all for the physician to place a stent in
the mid-RCA stenosis, and that both
costs and risk of complications were

just increased instead of decreased by
placing the stent.

Case No. 2. Now let’s look to the
other side of the same coin with a sec-
ond patient (Figure 2). This is a 47-
year-old male, a frenetic bike rider,
with typical chest pain and positive
MIBI SPECT. He had a coronary
angiogram, and the physician per-
forming the angiogram concluded
there were no major abnormalities.
There was some long, insignificant
narrowing of the proximal left anteri-
or descending artery (LAD), which is
not very impressive. The patient was
reassured, went home and was
admitted again one week later, after
out-of-hospital resuscitation because
of cardiac arrest during exercise. At
repeated angiography, the fractional
flow reserve was measured and was
0.67, a clear ischemic value. So, this
patient almost died because the

ischemic nature of the
stenosis and need for
subsequent interven-
tional treatment was not
recognized.

Ischemia and CAD
The most important

factor with respect to
both symptoms and out-
come in patients with
coronary artery disease is
the presence and extent
of inducible ischemia.
This is not a new concept,
but is something we’ve known for
twenty years from many studies. 

In a study of 12,000 patients, pub-
lished in 1998, patients with
ischemic lesions had a mortality
and acute myocardial infarction
(AMI) rate 20 times higher than
patients with angiographic stenosis
of identical severity but without
inducible ischemia.4

In a similar way, in the invasive
ACIP study, published by Davies in
Circulation in 1997, it was convincing-
ly demonstrated, in a prospective and
randomized way, that if a particular
coronary stenosis is responsible for
inducible ischemia (functionally sig-
nificant), percutaneous intervention
of such lesion improves outcome, and
that serious events during follow-up
are 6 times lower than in comparable
patients not treated by intervention.

Therefore, there is no doubt that if a
stenosis is functionally significant,
interventional treatment is warranted. 

On the other hand, interventional
treatment of a non-significant steno-
sis without reversible ischemia has
no symptomatic benefit, and neither
does it improve outcome, as we
know from the DEFER study men-
tioned above.1 In that randomized
study, half of the patients with a
non-ischemic lesion got a stent and
half of them did not. In the deferred
group, the mortality and infarction
rate was only 1% per year, the lowest
of all the groups.

Total number of events, including
revascularization, was only about 5%
per year. This event rate compares
favorably to the recent studies on
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What is FFR?
Fractional flow reserve (FFR) has become the gold standard in

physiologic assessement of coronary artery stenosis. This especially
holds true for the functional evaluation of angiographically intermedi-
ate lesions. An FFR value of < 0.75 is considered a reliable physiolog-
ic parameter indicating a functionally significant lesion.

– Brosh D, Higano ST, Slepian MJ, et al. The Effect of Lesion Length on the Functional
Significance of Coronary Lesions. European Heart Journal Aug 2002;4(abstr. suppl.):12.

FFR = hyperemic Pd/Pa, where Pa is mean aortic pressure and Pd mean
distal coronary pressure. See ISCHEMIA ASSESSEMENT page 14
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drug-eluting stents.2,3 Drug-eluting
stents are a blessing for humanity.
However, we should use them in a
right way.

The DEFER Study: PCI of Culprit vs.
Non-culprit Lesions

Figure 3 shows the event-free sur-
vival rate in the DEFER study. The
blue line represents deferred patients
with a stenosis that was not function-
ally significant. The red lines are the
patients with functionally non-signif-
icant stenosis treated by stenting. The
black line is the control group,
patients who had ischemia and who
had an ischemic FFR below 0.75. Of
course, at the time that the study was
performed, restenosis rate was about
20% in the latter group, but this was
counterbalanced by the fact that these
patients previously had symptoms
which were relieved by PCI. 

Figure 4 shows the data from the
ACIP study, indicating that if a steno-
sis is functionally significant, the best
treatment is by coronary intervention
(lower line), resulting in a serious
event rate of only 1% per year - ver-
sus 6% per year if patients are
untreated and 4% per year if medical
treatment is instituted.

The conclusion at this point is that
percutaneous coronary intervention of
culprit  stenosis — i.e., stenosis associ-
ated with inducible ischemia — makes
sense. It improves symptoms and
prognosis. However, PCI of non-cul-
prit lesions has no benefit; neither is it
supported by evidence-based medi-
cine. It is either potentially harmful or
unnecessarily expensive. Therefore, it
is paramount to know if  a stenosis is
responsible for ischemia or not and to
treat those stenoses which are.

Therefore, our first question,
whether we need functional informa-
tion about ischemia, can be answered
unequivocally with “yes.” 

Question two: How is 
functional information about
ischemia obtained? 
Why should it be invasive?

Traditionally, we know we should
obtain objective signs of ischemia
before having the patient in the cath
lab, by exercise testing, MIBI SPECT,
stress echo, etc. We also know that in
true life, this is performed in only a
minority of patients. Figure 5 shows
that only 30% of the patients have a
non-invasive test before they enter

the cath lab. This is not different for
the big centers in the U.S. nor in
Europe.6 Only 25-30% of patients
have non-invasive testing before
arriving in the cath lab. Why is it such
a low number of patients? The reason
is that for many patients, non-inva-
sive testing has a number of concep-
tual, practical and logistical limita-
tions. This is even more the case in
today’s population, with its many
multi-vessel disease patients. 

Limitations of Non-invasive Testing
Let’s first look at some conceptual

limitations of noninvasive testing. In
the first place, the diagnostic accura-
cy is not optimal. In a paper we pub-
lished in The New England Journal of
Medicine in 1996,7 we performed exer-

cise testing, a pharmacological MIBI
scan, and dobutamine stress testing,
all within 24 hours. We found that
the reliability of an individual nonin-
vasive test in patients with an inter-
mediate lesion to be only in the range
of 60-70%. 

Secondly, the MIBI SPECT has a
limited spatial resolution, especially
in patients with more complex dis-
ease, which is the prominent type of
patient today. Let’s look at a patient
with advanced three-vessel disease.
Figures 6 and 7 show a male who is
53 years old, with typical class-3 angi-
na but negative MIBI testing. This
patient came to the clinic several
times and was reassured several
times. A MIBI was even repeated a
few times. However, with what is

usually the case in these patients, he
ultimately received an angiogram.
Figure 6 is the MIBI SPECT of this
patient. There is no difference
between the resting images and the
stress images. Yet when we looked at
the angiogram, we were surprised to
find about a 70% stenosis in all three
major coronary arteries (Figure 7).
This is typical of three-vessel disease. 

When we measured the FFR in the
LAD, we found a value of 0.54,
severely depressed, and then we
measured it in the circumflex (0.56)
and then we measured it in the right,
(0.66). In this patient, we have three
areas which are ischemic, but
ischemic to about a similar degree.

See ISCHEMIA ASSESSEMENT page 16
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MIBI did not identify the reversible
defects because the areas were bal-
anced. We know that this is a pitfall,
but it has never been demonstrated
so well, and we can do that with coro-
nary pressure measurements. A
group from Virginia8 performed MIBI
SPECT in patients with severe angio-
graphic three-vessel disease and had
a correct diagnosis in all three areas in
only 10% of patients. In 18% of
patients with three-vessel disease,
you wouldn’t see any reversible
defect at all, and in about one-third of
the patients, one ischemic area was
detected and in another third, two
ischemic areas. 

There is also the problem that one
ischemic area can be masked by
another. Let’s look at a patient: 69

years old, clear angina, and a positive
exercise test with a reversible defect in
the inferior wall at the MIBI SPECT.
Figure 8 shows a tight stenosis in the
right coronary artery, so you can imag-
ine why the MIBI SPECT was positive
in the inferior wall. Figure 9 is the
MIBI of this patient, which shows a
reversible defect in the inferior wall. 

If you would place a stent in that
stenosis, nobody would blame you.
It would probably be a good clinical
decision. However, if you look care-
fully at the angiogram, there is also a
problem somewhere in the origin of
the LAD, or at the end of the left
main stem.

We decided to do pressure meas-
urements and of course, in the right
coronary artery, there was a very low
FFR. This was not surprising. You
didn't need to do pressure measure-
ments to conclude that the stenosis in

the right coronary artery is signifi-
cant. But we also looked at the left
main and LAD, and found a signifi-
cant gradient with further increases
at hyperemia, with an FFR of 0.66
(Figure 10). This means there is a
severe problem somewhere in the
LAD or in the left main. 

If you're not convinced yet, you
could put a PressureWire® (Radi
Medical Systems, Reading, MA) in
the intermediate branch, and see the
same low FFR. You then make the
pullback and see a sudden pressure
increase at the moment that the wire
is crossing the end of the left main,
proving unequivocally that there is a
severe left main indeed (Figure 10). 

In this patient, the FFR in the right
coronary artery area was 0.39, and the
left main 0.66, so a MIBI SPECT only
revealed the ischemia in the most
severe area because it is a relative
measure of perfusion. The ischemia
due to the left main stenosis was
masked by the ischemia due to the
RCA stenosis. If you would have just
stented the RCA, of course the patient
would have come back to your lab a
couple of weeks later, telling you that
he still had angina pectoris. Probably
you would have thought of in-stent
restenosis, done another angiogram,
and there would have been intimal
hyperplasia in the stent. Worst case,
you would first have done

brachytherapy or placed another
stent. Only after a while would you
have come to the conclusion that
indeed, there was something else in
the coronary tree going on, and there
was also a left main problem. 

Another drawback of the MIBI
SPECT is the uncertainty about the
exact perfusion territory. Figure 11 is
a male, 64 years old, who got a stent
in the RCA three years earlier. He
developed angina again during the
past several months. He was, in fact,
referred to us for brachytherapy, of
the so-called “in-stent restenosis”
(long-arrow). The MIBI SPECT
showed reversible ischemia at the
apex. If you compare the stress and
the resting images, there is indeed a
reversible defect at the apex. But in
this patient, if you look carefully at
the angiogram, you cannot tell if the
positive MIBI in the apex was due to
the right coronary artery or maybe to
the LAD, which also has several
plaques indicated by the bold arrows.
FFR in the right coronary artery was
0.89, indicating that the stent in the
RCA was in good shape, whereas
both plaques in the LAD were signif-
icant (FFR of 0.65) and had to be
stented. Such decision could never
have been taken correctly without
pressure measurement.

A further limitation of the MIBI
SPECT is that it doesn’t discriminate
between epicardial and microvascu-
lar disease. Neither does it discrimi-
nate between a local stenosis and dif-
fuse epicardial disease or between
several stenosis within the same coro-
nary artery. In many patients today,
we have multiple abnormalities or
diffuse disease in one artery, with a
number of superimposed lesions. We
can also have a combination of epi-
cardial and microvascular disease.
Figure 12 is an RCA which has
numerous abnormalities. This patient
has a positive MIBI in the inferior
wall, but a MIBI doesn’t help very
much because you don’t know if it's
one or more of these plaques causing
the positive MIBI, or whether it’s the
diffuse disease. The hyperemic pres-
sure pullback recording, however,
unequivocally answered all ques-
tions with respect to the multiple
abnormalities in this vessel (Figure
13). During sustained maximum
hyperemia, the pressure sensor is
pulled back slowly while observing
both the fluoroscopic screen and the
pressure tracing. In this way, spots

Figure 12 Figure 13

Figure
16
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responsible for the ischemia can be
identified elegantly.9 Stenting these
spots, instead of the whole artery, led
to a beautiful result with normaliza-
tion of FFR (Figure 14). There is no
other invasive or non-invasive
methodology which is so accurate in
terms of spatial resolution.

In the same way, if you have a
patient like in Figure 15, you can do a
pullback curve to tell whether you
can help the patient or not. This
patient also had a positive exercise
test, and was sent to us with a letter
and an angiogram from another hos-
pital asking us to do a PCI of the
proximal LAD. You can imagine there
is something wrong in the proximal
LAD, but there are at least five other

spots in the LAD where you could
consider placing a stent. When you
do the pressure measurement, the
FFR is 0.76, so it is possible that this
vessel contributed to ischemia.
However, when you make the pull-
back, there is no sudden pressure
drop (Figure 16). It is a completely
diseased coronary artery. There is
actually a very gradual increase in
pressure when you make the pullback,

so fundamentally, you cannot help this
patient by placing stents. You cannot
stent a complete LAD —you are
destroying all the septal branches and
that doesn’t make much sense.

Finally, there are some practical rea-
sons why non-invasive testing is often
not performed. It needs to be per-
formed in another department. Often
the patient has to wait a couple of
days, the hospital stay will be pro-

longed, treatment becomes more
expensive. As we have seen, many
patients are encountered in the
cath lab today with typical or atyp-
ical chest pain, but without objec-
tive proof of ischemia or with
uncertainty about the arteries or
lesions where the chest pain origi-
nates. If the complaints are typical,
and there is just one focal severe
stenosis, of course you do not have
a problem. You can go on and stent.
But frequently today, we have com-
plex and multiple abnormalities.
What to do then? Well, you could
say: I send the patient back to the
ward, do a MIBI SPECT and  wait
for the results. It means repeating
an invasive procedure, with associ-
ated inconvenience and risk of
costs, and that is not very attractive
or practical. It often also means a
prolonged hospital stay. And more-
over, as we have seen, the MIBI in
these patients often cannot truly
identify the culprit lesions. 

What options do you have in
the cath lab if you want to avoid
these long paths? You can say, I’m
a very practical physician, I just
put in a number of stents in the
patient at every abnormal spot,
without bothering about evi-
dence-based medicine. If you put
in one stent too many at a place
where it is not necessary and man-
made restenosis occurs or compli-
cations occur, it doesn't matter,
because nobody blames you or
knows that it wasn't necessary to
stent that spot. The patient doesn't
realize it and the physician often
doesn't realize it either. The
patient will even say, wow, this
was a truly severe lesion because
it came back, and insurance is
paying for it anyway. Similarly, if
you forget to stent a particular
spot because you overlook it on
the angiogram, the patient will
still have complaints, and will
come back to your clinic. You will
treat him again. Of course it is an

ISCHEMIA: INVASIVE ASSESSMENT
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inconvenience and risk for the
patient, but nobody is blamed for it
and it is financially rewarding. 

On the other hand, it is clear that if
you take such a non-evidence-based
approach, the advantages of drug-elut-
ing stenting will be completely amelio-
rated by such oversimplified multi-

stenting. Of course, the restenosis rate
per lesion is very low. But if you put in
five stents in one vessel, the total
restenosis rate of the patient will not
decrease. As we can conclude from the
TAXUS study and the RESEARCH
study,2,3 the mortality and the infarction
rate will most likely increase with such
approach, and the costs will increase
dramatically. So this is not an attractive
option either. 

Therefore, if you have such a
case, demonstrate presence and
severity of ischemia invasively,
measure it on the table, and then
decide what to do. If you have a
patient where you make the pres-
sure pullback curve, you can easily
see some stenoses are significant
and instead of stenting the entire
coronary artery, one or several drug-
eluting stents can help your patient. 

In conclusion, we can say that
functional assessment of ischemia is
mandatory because it determines if a
patient will profit from PCI or not.
The easiest way to do so is in the
catheterization laboratory by coro-
nary pressure measurement. That is
the most accurate, quickest, and
probably cheapest way to go. It pro-
vides you with an immediate and
accurate identification of the culprit

spots or segments. In the case of
complex disease, it enables a
rapid, easy, complete and effec-
tive diagnosis and treatment, all
in one. It shortens hospital stay,
saves money, and is beneficial for
the patient.
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