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 EDITORIAL

“...relatively little attention is paid to what should be the very first step of  
a patient-centered decision-making process: the precise diagnosis. The debate 

rages on how to treat prior to defining what exactly should be treated.”
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The left main coronary artery deserves 
more than a quick look

undergone any stress testing, not to speak of 
their results [8]. Even in stable patients it appears 
that only a minority are submitted to a noninva-
sive stress test [9]. Ironically, it appears that the 
older the physician and the larger his case load, 
the lower the likelihood of asking for noninva-
sive stress testing. Noninvasive testing – and in 
particular myocardial perfusion imaging (MPI) 
– has proven to be highly sensitive and specific 
in detecting and localizing ischemia in patients 
with one-vessel disease and normal left ventricu-
lar function [10]. Yet, the presence of a LMCA 
stenosis is one of the numerous clinical situa-
tions in which the usefulness of MPI is less well 
established. The assessment of ‘ischemia’ at MPI 
is based on the difference in myocardial perfu-
sion between ‘normal’ and ‘abnormal’ territories. 
Differences of approximately 20% are required 
to result in a positive perfusion imaging modal-
ity [11]. The balanced reduction in perfusion 
during stress in the presence of LMCA stenosis 
might be responsible for false-negative findings. 
In addition, since LMCA stenoses are rarely iso-
lated, MPI will be of little help for guiding revas-
cularization owing to its limited spatial accuracy. 
In a recently published study with 508 patients, 
the combination of a three-vessel pattern on 
single-photon emission computed tomography 
(SPECT) together with lung uptake of radio-
tracers, resulted in sensitivity of only 52% in the 
detection of LMCA disease [12]. In another study 
that included 101 patients with angiographically 
significant LMCA disease, quantitative SPECT 
assessment of perfusion data on top of qualita-
tive assessment showed high-risk defects in only 
59% of the total patient population [13]. Yet, the 
problem with all of these studies on the accu-
racy of noninvasive imaging for the detection of 
‘signifi cant coronary artery disease’ is that angio-
graphy is considered the gold standard. This is 
even more problematic in the case of stenosis of 
the LMCA. 

Significant left main coronary artery (LMCA) 
stenosis is generally defined as the presence of 
a more than 50% stenosis at angiography. It is 
found in approximately 4% of patients under-
going diagnostic coronary angiography [1]. It is 
widely accepted that a significant narrowing of 
the LMCA puts a patient at high risk, as the 
stenosis jeopardizes almost the entire left ven-
tricle. The current guidelines categorize the use 
of coronary artery bypass graft (CABG) for 
revascularization of patients with unprotected 
LMCA disease as a class IA recommendation, 
while they categorize the use of percutaneous 
coronary interventions (PCIs) as a class IIb or 
III recommendation [2,3]. Moreover, according 
to the existing guidelines, any stenosis of the 
LMCA of more than 50% should be treated 
surgically, regardless of the presence of symp-
toms or objective signs of ischemia [4]. These 
recommendations are based on studies con-
ducted several decades ago when medical and 
surgical treatment practices were markedly 
different from current practice [5–7]. In addi-
tion, PCI has emerged as an alternative form of 
revascularization and its role in the treatment of 
LMCA stenoses is currently being investigated 
in prospective randomized trials. Yet, relatively 
little attention is paid to what should be the very 
first step of a patient-centered decision-making 
process: the precise diagnosis. The debate rages 
on how to treat prior to defining what exactly 
should be treated. 

LMCA & noninvasive testing
We have been taught at medical school that a 
stable patient with suspected coronary artery 
disease should first undergo noninvasive testing 
to ascertain the presence of reversible ischemia 
prior to submitting the patient to a coronary 
angiogram. In reality, even though novel non-
invasive testing is proposed every day, the vast 
majority of patients undergoing PCI have never 
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LMCA & angiography
In the ‘real world’, decisions regarding revascu-
larization in individual patients are often taken 
merely on the basis of the angiogram using 
the battered gold standard of 50% diameter 
stenosis as assessed by eyeballing. While it is 
common place to state that the angiogram is 
a poor predictor of the actual stenosis severity, 
this is particularly true in the case of LMCA 
stenosis. The investigators of the Coronary 
Artery Surgery Study (CASS) – a study that is 
still today, is considered the cornerstone of the 
treatment strategy in patients with LMCA dis-
ease – acknowledged an enormous intra- and 
inter-observer variability in the evaluation of 
LMCA stenoses [14,15]. In a recently published 
study, 213 patients with equivocal LMCA 
disease were estimated angiographically both 
visually by two independent observers and by 
quantitative coronary angio graphy (QCA) [16]. 
Fractional flow reserve (FFR) was measured in 
all patients to assess the actual severity of the 
LMCA lesion. Angiographic assessment of the 
lesions, either by QCA or by visual estimation 
failed to correctly identify the stenosis signifi-
cance in almost a third of the total patient popu-
lation (Figure 1). Moreover, interobserver concor-
dance was only 52%. Of the patients, 23% had 
a LMCA stenosis less than or equal to 50% at 
angiography while the FFR was less than 0.80. 
If the decision concerning revascularization had 
been taken solely on the angiogram, the latter 
patients might have been denied CABG despite 
the presence of a hemodynamically significant 

stenosis. It should be observed that in the large 
trials (CASS, VA trial and European trial on 
CABG) on LMCA stenosis, patients were only 
included (and random ized) if they had a ste-
nosis of more than 50%. It is very likely that 
many patients have been denied revasculariza-
tion on the basis of a stenosis that was considered 
a ngiographically nonsignificant. 

“There are several reasons for the 
discrepancy between angiographic and 

hemodynamic assessment, especially in the 
case of left main coronary artery lesions...”

There are several reasons for the discrepancy 
between angiographic and hemodynamic assess-
ment, especially in the case of LMCA lesions: 
overlapping of the catheter with the LMCA, 
spillover of contrast medium and incomplete 
mixing of blood and contrast medium in the 
proximal part of the LMCA may render the 
evaluation of an ostial lesion difficult; the 
LMCA is generally short and, when present, 
athero sclerosis is often diffusely distributed so 
that a normal segment is lacking. This leads to 
an underestimation of the ‘reference’ segment 
and, thus, to an underestimation of LMCA ste-
noses by both visual estimation and QCA; the 
myocardial mass that depends on the LMCA is 
large and, thus, the amount of blood that flows 
through it is great. Substantial trans-stenotic 
flow, in turn, induces large pressure gradients, 
especially during hyperemia. This explains why 
the relationship between angiography and FFR 
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Figure 1. Correlation between fractional flow reserve and diameter stenosis of the left main stem. (A) The diameter stenosis 
was obtained by QCA. (B) The diameter stenosis was obtained by ‘eyeballing’. In both cases there was only a very moderate correlation 
between diameter stenosis and FFR, suggesting that QCA and subjective evaluation of the degree of stenosis are poor means by which 
to evaluate the actual severity of the narrowing. 
FFR: Fractional flow reserve; QCA: Quantitative coronary angiography.
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is different in LMCA stenoses as compared with 
most other segments of the coronary tree in 
which the angiogram often tends to over estimate 
the actual lesion severity. Accordingly, revascu-
larization strategies based solely on the angio-
gram are likely to be inappropriate in patients 
with a LMCA stenosis. 

LMCA & intravascular ultrasound
Intravascular ultrasound (IVUS), another mor-
phologic approach, is often advocated to evaluate 
the LMCA stenosis. A minimal cross-sectional 
area (CSA) of 6–8 mm² is often proposed as 
the threshold to identify a significant LMCA 
stenosis. Theoretically, IVUS should share the 
same limitation as angiography in gauging the 
physiologic repercussions of a LMCA stenosis. It 
is important to remember that the physiologic 
severity of a stenosis depends on the metrics of 
the stenotic segments, and also on the mass of 
myocardium perfused (and hence the trans-
stenotic flow) by that given segment. For this 
reason, a given CSA will have a completely dif-
ferent physio logic meaning in the LMCA and in 
the second obtuse marginal branch. For the same 
reason, a minimal CSA of 6 mm² in the LMCA 
will have a completely different significance in 
a 30-year-old American football player than in 
an 80-year-old frail lady. Nevertheless, IVUS 
has two immense advantages over angiography: 
its accuracy (and hence its reproducibility) in 
measuring not only the lumen but also plaque 
size and the capability to assess the composi-
tion of the vessel wall. This makes IVUS a very 
appreciable help when evaluating LMCA steno-
sis when PCI is considered. The currently avail-
able data come from four relatively small studies, 
from which three have correlated their IVUS 
findings with clinical events at follow-up [17–20]. 

“A substantial change in our general
beliefs concerning left main coronary  

artery stenoses is needed.”

Abizaid et al. demonstrated that minimal 
CSA was the most important predictor of c ardiac 
events at 1-year in 122 patients with moderate 
LMCA disease [17]. Jasti et al. found a rela-
tively good correlation between morpholo gical 
evaluation by IVUS and physiological assess-
ment with FFR of ambiguous LMCA lesions 
in 55 selected patients [18]. In 214 patients with 
angio graphically indeterminate LMCA stenosis, 
Fassa et al. reported that an IVUS-guided treat-
ment strategy may help to safely defer revascular-
ization in patients with a nonsignificant LMCA 

stenosis [19]. Accordingly, these authors reported 
no benefit of revascularization in patients with 
a minimum lumen area (MLA) of 7.5 mm² or 
greater while deferral of revascularization for 
patients with an MLA of less than 7.5 mm² was 
associated with a very poor prognosis, empha-
sizing the need for an accurate assessment of 
LMCA stenosis severity. 

“...revascularization strategies based 
solely on the angiogram are likely  

to be inappropriate in patients with  
a left main coronary artery stenosis.” 

LMCA & fractional flow reserve
The pressure-derived FFR provides the physician 
with exactly the same information as myocar-
dial perfusion imaging except FFR is quantified 
as percentage of normal maximal flow, is more 
accurate in intermediate stenoses, has a much 
better spatial resolution, and – most importantly 
– is available in the catheterization laboratory, the 
very place where the treatment can be applied. 
Recent data indicate that the additional doses of 
radiation, time and contrast medium required to 
obtain FFR after a diagnostic angiogram are so 
low that an ‘all-in-one’ approach can reasonably 
be contemplated in patients with suspected coro-
nary artery disease (i.e., the combination a full 
anatomic [angiography] and functional [FFR] 
diagnostic work-up and – only when needed – 
ad hoc revascularization [PCI]) [21]. A recently 
published study demonstrated that a FFR-guided 
revascularization strategy can safely be applied in 
patients with LMCA stenosis: after a mean fol-
low-up of 5 years, the mortality was surprisingly 
low in patients with a LMCA stenosis at angio-
graphy but in whom no CABG was performed 
on the basis of an FFR 0.80 or greater across the 
LMCA stenosis [16]. There was no difference in 
clinical outcome (mortality and major adverse 
cardiac events) in patients with an isolated 
LMCA stenosis who were treated medically or 
by CABG based on FFR measurements (Figure 2). 
A number of caveats of FFR measurements in 
LMCA should be kept in mind when perform-
ing these measurements, which can have major 
implications for the patient: isolated LMCA 
stenoses are relatively rare. Coexisting stenoses 
in the left anterior descending (LAD) artery or 
in the left circumflex artery (LCx) will tend to 
increase the FFR measured across the LMCA ste-
nosis. The influence of a LAD and/or LCx lesion 
on the FFR value of the LMCA will depend on 
the severity of this distal stenosis but, even more, 
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on the size of the vascular territory supplied by 
this vessel. To partially overcome this, a pull-
back curve should always be obtained in the case 
of lesions in the LAD or LCx in order to allow 
complete functional mapping of the epicardial 
coronary vasculature. The hyperemic stimulus 
should preferably be given intravenously and, 
in any case, the guiding catheter should be dis-
engaged from the ostium when performing the 
measurements. In case of associated occlusion of 
the right coronary artery with collaterals from 
the left coronary artery, FFR will tend to be lower 
than if these collaterals were absent. This is not a 
pitfall or an erroneous measurement. It is simply 
the expression that FFR takes into account the 
total mass of perfused myocardium (in this case 
the territory normally supplied by the LMCA 
and that supplied by the right c oronary artery). 

Conclusion
Discussions regarding LMCA stenoses have 
focused on the question ‘how to revascularize?’ 
The essential question (i.e., should we revascu-
larize?) is amazingly rarely discussed. This relates 
to the conviction that all angio graphically visible 
stenoses of more than 50% should be revascular-
ized while all stenoses of less than 50% should 
not. Recent data, however, indicate that:

 � Unlike other segments of the coronary tree, 
angiography is highly inaccurate in evaluating 
the severity of LMCA stenoses; 

 � In contrast to all other segments of the c oronary 
tree, this inaccuracy at the level of the LMCA 
mainly translates into an u nderestimation of 
lesion severity;

 � Medium- to long-term clinical outcome is 
excellent in patients with a LMCA stenosis at 
angiography and in whom CABG is not 
p erformed on the basis of an FFR value larger 
than 0.80. 

A substantial change in our general beliefs 
concerning LMCA stenoses is needed. A large 
randomized trial is about to start to compare 
the optimal revascularization modality (CABG 
vs drug-eluting stents) in patients with LMCA 
stenoses. Proper identification of patients who 
are likely to benefit from these treatments is 
indispensable so as not to cloud the results by 
including patients in whom nothing can be 
expected from revascularization.

Financial & competing interests disclosure
This work was supported by the Meijer Lavino Foundation 
for Cardiac Research. The authors have no other relevant 
affiliations or financial involvement with any organization 
or entity with a financial interest in or financial conflict 
with the subject matter or materials discussed in the manu-
script apart from those disclosed. No writing assistance was 
utilized in the production of this manuscript.

S
u

rv
iv

al
 (

%
)

Months

p = 0.19

100

80

60

40

20

0
0 12 24 36 48 60

FFR > 0.80
FFR < 0.80 

No. at risk

FFR ≥0.80
FFR <0.80

52 41 32 25 19 13
19 17 15 12 10 7

Figure 2. Kaplan–Meier mortality curves showing percentage survival in 
patients with an isolated stenosis in the left main stem treated with a 
fractional flow reserve-guided strategy. Patients were treated medically when 
their FFR value was greater than or equal to 0.80 or surgically when they had an 
FFR of less than 0.80. 
FFR: Fractional flow reserve.
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