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Abstract

IInnttrroodduuccttiioonn:: Reliable assessment of clinical significance of borderline angiographic lesions found within the left main
coronary artery (LM) is often impossible. Measurement of fractional flow reserve (FFR) is commonly used to verify borderline
stenoses of the coronary arteries. However, the usefulness of FFR measurements has been validated only for arteries other
than the LM. 

AAiimm:: Evaluation of the measured FFR value in determination of the indications for myocardial revascularisation in
borderline LM stenosis. 

MMeetthhooddss:: The study involved 38 patients aged 55±9 years (range 41-74 years) with isolated borderline LM stenosis. Each
patient had the measurement of FFR performed during intravenous adenosine infusion at a dose of 140 µg/kg/min. Patients
were referred for revascularisation if FFR was <0.75. 

RReessuullttss:: The mean LM stenosis in quantitative coronary angiography (QCA) was 45±10%. FFR<0.75 was found in 18 (47%)
patients, whereas 20 (53%) subjects had FFR ≥0.75. In subjects with FFR <0.75 QCA showed significantly lower minimal lumen
diameters (MLD) at the site of stenosis (1.84±0.45 vs 2.24±0.49, p=0.014). Additionally, a significant correlation was found between
FFR and MLD (r=0.59, p<0.001). The mean clinical follow-up was 2 years (range 1-3 years). There were two (11%) fatal events in
patients with FFR ≤0.75 who underwent CABG. One (5%) patient with FFR >0.75 underwent elective CABG due to progression of
LMN stenosis. Moreover, one (5%) patient experienced myocardial infarction not related to borderline stenosis of the LM. 

CCoonncclluussiioonnss:: The measurement of FFR confirms the clinical significance of stenosis only in half of the patients with
borderline isolated lesion of the left main coronary artery. Withdrawal from intervention in patients with FFR ≥0.75 is safe and
is associated with favourable clinical outcomes in two-year follow-up. 

KKeeyy  wwoorrddss:: fractional flow reserve, revascularisation, coronary heart disease
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Introduction
Critical stenosis of the left main coronary artery (LM)

is a major indication for myocardial revascularisation
due to bad prognosis in patients with the lesion if
treated with pharmacotherapy alone [1]. Surgical
revascularisation improves clinical outcomes by reducing
long-term mortality [2]. Percutaneous coronary

intervention (PCI) has been shown in the last few years
to be a potential alternative for surgical revascularisation
[3, 4] in selected subjects with critical LM stenosis. 

Reliable assessment of the severity of LM stenosis
based on angiography alone is often impossible, even
for very experienced operators. Not uncommonly in
patients diagnosed as having critical LM stenosis on
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coronary angiography, only mild atherosclerotic lesions
are found in post-mortem examinations and on
intracoronary ultrasonography (ICUS) [5]. Importantly,
however, an accurate assessment of LM stenosis
severity plays a key role in making important
therapeutic decisions. Therefore, more reliable methods
of clinical significance determination of borderline LM
stenoses are being sought. 

Measurement of fractional flow reserve (FFR) using
an angioplasty guide wire with poststenotic pressure
transducer is commonly applied for evaluation of the
clinical significance of coronary artery stenosis
excluding the LM [6]. It has been proven that
abandoning the intervention at FFR ≥0.75 is safe and is
associated with a lack of considerable clinical
complaints and good long-term prognosis [7]. The aim
of the study was the evaluation of measured FFR value
in determination of the indications for myocardial
revascularisation in borderline LM stenosis. 

Methods
Patients
The study involved patients with stable coronary

heart disease and isolated, borderline stenosis of the
LM on angiography. Stenosis of the LM was considered
borderline if the degree of lumen diameter reduction at
the site of stenosis compared with the reference artery
diameter (DS) ranged from 30% to 60% on visual
assessment. Patients with concomitant critical stenosis
of the left anterior descending coronary artery (LAD) or
the circumflex branch (CX) of the left coronary artery,
with prior myocardial infarction (MI) within the area
supplied by the left coronary artery, left ventricular
hypertrophy on echocardiography or with
contraindications to intravenous adenosine infusion
were excluded from the study. 

Angiography
All patients received aspirin 75 mg daily prior to the

procedure. Procedures were performed via the Seldinger
approach through puncture of the left or right femoral
artery. After insertion of the 7F sheath into the femoral
artery and the 6F sheath into the femoral vein,
unfractionated heparin was given at a dose of 5,000 U.
Routinely, 7F guiding catheters were used. Coronary
angiography of the LM was performed using several
opposite projections and the low-osmolar contrast agent.
Prior to contrast agent injection, nitroglycerine was
administered intracoronarily at a dose of 250-500 µg, in
order to produce maximum artery dilation and prevent
possible spasms. 

The analysis of quantitative coronary angiography
(QCA) was performed by an independent angiography

analysis lab (KCRI, Kraków), using dedicated specialist
computer software (New Quant 32, QCA Plus, Sanders
Data Systems, Palo Alto, CA, USA). Calibration of the
calculation system was carried out with the 7F guiding
catheter. After manual marking of proximal and distal
reference segments on the outline of the LM, computer
software automatically drew contours of the artery
lumen and atherosclerotic plaque. The principle of
minimising the manual corrections in the automatic
vessel tracing was implemented and this was applied
only when obvious errors occurred due to the
overlapping of vessel shade and chest anatomy. The
baseline QCA was performed in several reciprocal views
and the artery was analysed at the end-diastolic phase
of the heart cycle. The view including the lowest
minimum lumen diameter (MLD) at stenosis was
chosen. The following parameters were assessed with
QCA: MLD (mm), DS (%), averaged reference diameter
of the vessel (Ref. D, mm) and lesion length (LL, mm). 

Measurement of fractional flow reserve
FFR was measured using angioplasty guide wires with

the WaveWire intracoronary pressure transducer (Volcano
Therapeutics) and WaveMap system (Volcano
Therapeutics). After automatic system callibration the
guide wire was introduced into the middle segment of the
left anterior descending coronary artery to measure the
mean poststenotic pressure (Pd). The mean prestenotic
pressure (Pa) was measured with the guiding catheter
removed from the ostium of the LM trunk during
measurement to obtain maximum accuracy. The
measurement of FFR (Pd/Pa) was performed at rest and at
maximum hyperaemia induced by intravenous infusion of
adenosine at a dose of 140 µg/kg/min over 5 min via the
femoral vein sheath. Stenosis was recognised clinically
significant at FFR<0.75. Such patients were referred to
surgical or percutaneous myocardial revascularisation.
The remaining patients with FFR ≥0.75 were referred for
further pharmacological treatment (Figure 1). 

All patients were regularly followed for the
assessment of clinical symptoms, recording of deaths,
MI and need for CABG or PCI procedures. 

Statistical analysis
Constant variables were presented as a mean ±

standard deviation. The differences in parameters MLD,
Ref. D, DS and LL between patient groups divided with
respect to FFR values (≥0.75 or <0.75) were compared
using Student's t-test for nonparametric variables.
Categorical variables were compared using the chi-square
test, and Fisher's test was used for comparison of
incidence of coronary events over long-term follow-up.
Analysis of the correlation matrix between FFR and
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FFiigguurree  11..  A patient with borderline stenosis in the left main coronary artery (A). Quantitative coronary
angiography (QCA) showed stenosis of 51% (B). The fractional flow reserve was measured with
a WaveWire guide wire (C) during intravenous adenosine infusion at a dose of 140 µq/kg/min (D) and
FFR=0.74 was obtained (E). The patient underwent PCI and stent implantation within the LM (F)

individual QCA parameters was performed. The
cumulative risk of major cardiac events was estimated
with the Kaplan-Meier method and the differences
between the treated groups were evaluated with the log-
rank test. The results were found statistically significant
when the p value was less than 0.05. 

Results
The study involved 38 patients aged 55±9 years

(ranging from 41 to 74 years) enrolled into the study
between 5.10.2001 and 31.12.2003. The group included
29 (76%) males and 9 (24%) females. On QCA, the
mean stenosis (DS) of LM was 45±10%, the minimal
lumen diameter (MLD) of the LM was 2.05±0.51 mm,
the reference lumen diameter (Ref. D) of the LM was
3.73±0.67 mm, and the mean lesion length (LL) in the
LM was 9.0±4.1 mm. The location of the stenosis was
the proximal segment of the LM in 14 (37%) patients,
the middle segment of the LM in 4 (11%) patients and
the distal segment of the LM in 15 (39%) patients.
Moreover, in 5 (13%) cases the entire LM was involved. 

During intravenous adenosine infusion at 140
mg/kg/min FFR <0.75 (critical stenosis) was found in 18

(47%) patients, whereas in 20 (53%) of them FFR was
≥0.75 (borderline stenosis). The comparison of clinical
characteristics between the groups of patients with
FFR ≥0.75 and FFR <0.75 is shown in Table I. 

In patients with FFR <0.75 (critical stenosis), 12
(67%) were referred for surgical treatment, PCI with
stent implantation was performed in 5 (28%) patients,
and 1 (5%) female patient who refused CABG was
qualified for pharmacotherapy alone. Patients with FFR
≥0.75 were selected for pharmacotherapy. 

The comparison of localisation of stenosis and the
results of QCA between the groups of patients with FFR
<0.75 and FFR ≥0.75 is shown in Table II. No significant
differences between the groups were found with
respect to DS, LL and Ref. D. However, MLDs were
significantly lower in patients with FFR <0.75.
Moreover, a significant correlation between FFR and
MLD was observed (Figure 2) and poor correlations
between FFR and Ref. D (r=0.34, p<0.05) and between
FFR and DS were found (r=0.37, p<0.05). 

The mean long-term follow-up was 2 years (ranging
from 1 to 3 years). There were two deaths in the group
with FFR ≤0.75 (patients referred for CABG). No deaths
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occurred in the group with FFR >0.75; one patient
underwent elective CABG due to significant progression
of LM stenosis, and one patient experienced MI of the
inferolateral wall. Kaplan-Meier curves of freedom from
coronary events are shown in Figures 3 and 4. Detailed
data on ischaemic events are presented in Table III.

Discussion
The present study has shown that in patients with

angiographically isolated borderline LM stenosis, the
clinical significance of this stenosis is confirmed in only
half of them. Very good clinical outcomes in the
long-term follow-up of patients disqualified from
revascularisation following the FFR measurements
suggest that such a strategy is safe and allows
unnecessary cardiac surgery or PCI to be avoided. 

The evaluation of LM stenosis severity with coronary
angiography alone is often difficult, even for experienced
interventional cardiologists and cardiac surgeons.
According to the results of the CASS study, assessment of
the severity of LM stenosis, even using QCA, is associated
with higher variability of the results for all coronary
arteries assessed both by the same investigator and by
different investigators [8]. This phenomenon may result
from various causes. Contrasting of the aortic bulb may
make assessment of the LM ostium difficult.
Furthermore, evaluation of the distal segment of the LM
is often difficult due to the overlapping of contours of its
main branches (bifurcation, trifurcation). In the event of
diffuse narrowing including the entire LM there is no
normal reference segment available for the evaluation of
stenosis severity. Another common clinical problem is
vasospasm of the LM after advancement of the
diagnostic or guiding catheter into the LM ostium [9, 10]. 

The use of non-invasive methods for the evaluation
of fractional flow reserve in patients with borderline
stenosis of the LM is not always reliable. On the one
hand, each method may produce false positive results.
In patients with concomitant critical stenosis in the

FFFFRR  ≥≥00..7755 FFFFRR  <<00..7755 PP==
nn==2200 nn==1188

Age (years) 56.5±9.4 53.4±7.6 NS

Males 16/20 (80%) 13/18 (72%) NS

Prior myocardial 6/20 (30%) 9/18 (50%) NS

infarction

Left ventricular [%] 60±10 62±13 NS

ejection fraction

Prior PCI 4/20 (20%) 5/18 (28%) NS

Prior CABG 0 0 NS

Arterial hypertension 11/20 (55%) 15/18 (83%) NS

Diabetes mellitus 2/20 (10%) 2/18 (11%) NS

Smoking 9/20 (45%) 9/18 (50%) NS

Positive family history 8/20 (40%) 10/18 (55%) NS

Hypercholesterolemia 15/20 (75%) 14/18 (78%) NS

TTaabbllee  II.. Comparison of demographic para-
meters, history of coronary heart disease, and
atherosclerotic risk factors in patients with
normal (FFR ≥0.75) and impaired fractional flow
reserve (FFR <0.75)

FFFFRR  ≥≥00..7755 FFFFRR  <<00..7755 PP
nn==2200 nn==1188

Proximal LM 9/20 (45%) 5/18 (28%) NS

Middle LM 1/20 (5%) 3/18 (17%) NS

Distal LM 7/20 (35%) 8/18 (44%) NS

Entire length 3/20 (15%) 2/18 (11%) NS

LM stenosis

MLD 2.24±0.49 1.84±0.45 0.014

Ref. D 3.89±0.62 3.54±0.7 NS

%DS 43±7 46±13 NS

LL 9.75±4.56 8.06±3.48 NS

FFR 0.84±0.06 0.66±0.07 <0.0001

TTaabbllee  IIII.. Comparison of baseline angiographic
characteristics and mean fractional flow reserve
(FFR) values in patients with normal (FFR ≥0.75)
and impaired fractional flow reserve (FFR <0.75)

Abbreviations: see Methods section
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FFiigguurree  22.. Correlation between fractional flow
reserve (FFR) and minimum lumen diameter
(MLD) on quantitative coronary angiography
(QCA). (Pearson linear correlation coefficient
r=0.59, p<0.001)
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right coronary artery the resultant ischaemia appears
earlier and may mask the ischaemia resulting from the
borderline stenosis of the LM. 

An accurate assessment of the clinical significance
of borderline LM stenosis plays an important clinical
role. It ensures an adequate qualification for CABG of
patients only with critical stenosis with the absolute
indication for revascularisation due to the unfavourable
long-term prognosis with pharmacotherapy alone.
Lately, a growing number of patients with LM stenosis,
in particular with stenosis in the proximal or middle
segment of the LM, are successfully treated with PCI

including stent implantation [3, 4]. On the other hand,
the preclusion of significant stenosis allows avoidance
of unnecessary surgical and percutaneous procedures,
which are always associated with a high risk in patients
with LM stenosis. This is extremely important, because
CABG in patients with non-critical stenosis is
associated with a risk of premature occlusion of the
implanted grafts and/or native arteries, unjustified

IInniittiiaallss  AAggee MMLLDD RReeff..  DD DDSS  LLLL FFFFRR TTrreeaattmmeenntt EEvveenntt  ddeessccrriippttiioonn,,  ttiimmee  ffrroomm  rraannddoommiissaattiioonn
[[yyeeaarrss]] [[mmmm]] [[mmmm]] [[%%]] [[mmmm]]

FFFFRR  ≥≥00..7755

J.A. 54 2,29 4,29 47 8,69 0,83 pharmacotherapy Angina worsening to CCS III, on control coronary

angiography LM stenosis progression to 80%

(with reference to %DS). Patient was qualified

to CABG. Time to event – 179 days

Z.G. 68 2,61 4,49 42 6,97 0,97 pharmacotherapy STEACS, inferolateral wall, treated in local

hospital, no complications. Time to event – 728 days

FFFFRR  <<00..7755

Z.F. 42 2,26 3,23 31 6,46 0,71 CABG CABG 2 months after diagnosis. 

Death in the 2nd day following surgery with signs of low

output syndrome. Time to event – 63 days 

J.L.. 63 1,17 3,11 62 15,2 0,61 CABG CABG performed 4 months after LM stenosis

diagnosis, no complications. 2 months after surgery

recurrence of angina, treated in regional hospital, 

sudden cardiac death without invasive diagnostics. 

Time to event – 180 days

TTaabbllee  IIIIII..  Detailed characteristics of severe coronary events in patients with normal (FFR ≥0.75) and
impaired fractional flow reserve (FFR <0.75).

1.0

0.9

0.8

0.7

0.6

0.5
0            6            12           18           24        30          36          42

TTiimmee  [[mmoonntthhss]]

FFR>0.75
FFR<0.75

FFiigguurree  33..  Comparison of Kaplan-Meier survival
curves in groups with FFR ≥0.75 (continuous line)
and FFR <0.75 (dashed line). P=NS (log-rank test)
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FFiigguurree  44.. Comparison of Kaplan-Meier survival
curves of freedom from major coronary events
(death, myocardial infarction, revascularization
procedures (PCI, CABG)) in groups with FFR ≥0.75
(continuous line) and FFR <0.75 (dashed line).
P=NS (log-rank test)
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wasting of arterial and venous graft suitable material
and, in the event of a competitive flow, it may cause
periprocedural death or MI [11]. Premature PCI of
non-critical stenosis also exposes patients to a risk of
restenosis or in-stent thrombosis, which may lead to
sudden cardiac death [12]. 

In the present study the FFR was ≤0.75 in 47%
patients with borderline LM stenosis (DS 30-60%). This
shows that critical stenosis was not confirmed in over
50% of patients. These results remain consistent with
the findings of Bech et al. [13]. They performed FFR
measurement during an intravenous adenosine
infusion for the evaluation of clinical significance of
borderline LM stenoses in 54 patients. FFR <0.75 was
found in 30 (56%) subjects. In the study of Jimenez-
Navarro et al. the presence of critical stenosis was
confirmed in 7 (26%) of 27 consecutive patients with
borderline stenosis of the LM on angiography [14].
However, their study involved patients with DS ranging
from 30% to 50%. In another study, Jasti et al.
estimated FFR in 55 patients using intracoronary
injection of adenosine at a dose of 42-56 µg. FFR <0.75
was observed in only 14 (25%) subjects [15]. 

Of note, there are significant limitations of
intracoronary injections of adenosine for the
evaluation of LM stenosis. The presence of stenosis in
the ostium of the LM (in the study of Jasti et al. [15] 20
(36%) subjects) forces the operator to withdraw the
guiding catheter directly after adenosine injection,
which makes the measurements more difficult and less
reliable. Moreover, comparative studies have shown no
maximum dilation of microcirculation in some patients
comparing the intracoronary adenosine injection and
intravenous infusion [16, 17]. Additionally, the study of
Jasti et al. [15] showed that in some patients LM
stenosis occurred together with critical (DS >70%)
stenosis of LAD or Cx, which also influences the results
of FFR measurements within the LM, especially with
intracoronary adenosine. For this reason, the method
of FFR measurement might lead to overestimation of
the results in the above-mentioned study. This is also
shown indirectly by the fact that the ICUS minimum
lumen cross-sectional area (L-CSAmin) of 5.9 mm2

corresponded to FFR=0.75 when comparing FFR and
ICUS values [15]. In our other studies with intravenous
adenosine used for the assessment of FFR in patients
with borderline stenoses of the LM, FFR=0.75
corresponded to ICUS L-CSAmin of 8.0 mm2 [18]. 

In the present study, a significant correlation
between FFR and LM minimum lumen diameter on
QCA was observed. However, an accurate MLD that
could be used as the cut-off point for the therapeutic
decisions was impossible to determine due to the

distribution of obtained results. Similar results were
also reported in other studies [13, 15]. 

All above-mentioned studies acknowledge that in
cases of FFR ≥0.75 intervention withdrawal is safe and
associated with good long-term outcomes. In the
present study, in the group of 20 patients with FFR
≥0.75 during long-term follow-up the clinically
significant progression of LM stenosis was observed in
only 1 (5%) female patient, who underwent elective
cardiac surgery, and curves of freedom from coronary
events did not differ between the groups. In the study
of Bech et al. the progression of LM stenosis was
reported in 2 (8%) of 24 patients qualified for
pharmacotherapy alone based on FFR measurements
[13]. In the studies of Jasti et al. [15] and Jimenez-
Navarro et al. [14] no progression of LM stenosis that
required revascularization was observed. Additionally,
none of the papers, including the present one, reported
any fatal cardiovascular events in the groups of
patients qualified for pharmacotherapy alone. 

Recently it has been shown that aggressive treatment
with atorvastatin at a dose of 80 mg reduces the
cardiovascular event rate [19] and stops the progression
of atherosclerosis as assessed with ICUS [20] in
comparison to standard therapy with pravastatin 40 mg.
These findings may also be important for patients with
borderline lesions in LM. This has been confirmed by the
results of the study of Von Brigelen et al. [21]. They
showed, based on serial measurements with ICUS, that
in patients with LDL-cholesterol level below 75 mg% no
increase of atherosclerotic plaque volume was observed
during long-term follow-up. Thus, patients with
borderline LM stenosis qualifying for pharmacotherapy
alone based on the FFR measurements should have
aggressive statin therapy administered with target
LDL-cholesterol levels of <70 mg% [21]. This applies
particularly to diabetic patients who remain at the
highest risk of rapid progression of atherosclerosis when
not adequately treated [22]. 

In conclusion, it should be emphasised that FFR
measurement in patients with borderline LM stenoses
has many practical advantages. It may be performed as
early as at the baseline diagnostics, thus shortening
the time to accurate diagnosis and eliminating the
necessity for additional non-invasive tests. At the same
time, the measurement of FFR is simple and
repeatable, and extensive operator training is not
necessary for correct interpretation of the results. On
the other hand, the measurement of FFR is most
reliable in patients with isolated LM stenosis. In the
event of concomitant critical stenoses of other
branches of the left coronary artery (LAD, CX), ICUS
may be a better method for the evaluation of clinical



Kardiologia Polska 2005; 63: 5

significance of borderline LM stenoses [10, 18, 22]. One
must keep in mind that there is still no unambiguous
sonographic criterion of critical LM stenosis. Data
reported in literature suggested minimum lumen
cross-section area values range between 6-9 mm2 [10,
15, 18]. Additionally, correct interpretation of ICUS
results requires extensive operator experience in
performing procedures under ICUS control [10]. 

Conclusion
Confirmation of significant impairment of fractional

flow reserve succeeds in only half of patients with
borderline LM stenosis found on angiography. The use of
FFR measurements in patients with isolated borderline
LM stenoses allows for reliable identification of those
requiring acute cardiac revascularisation. Withdrawal
from intervention in patients with FFR over 0.75 is safe
and is associated with good clinical outcomes in two-year
follow-up. Therefore, invasive assessment of the clinical
significance of borderline stenosis of the LM should be
done in each questionable case before making any
therapeutic decision. 

RReeffeerreenncceess

1. Chaitman B, Fisher L, Bourassa M, et al. Effect of coronary
bypass surgery on survival patterns in subsets of patients
with left main coronary artery disease. Report of the
Collaborative Study in Coronary Artery Surgery (CASS). Am J

Cardiol 1981; 48: 765-77. 
2. Caracciolo E, Davis K, Sopko G, et al. Comparison of surgical

and medical group survival in patients with left main coronary
artery disease. Long-term CASS experience. Circulation 1995;
91: 2325-34. 

3. Tan W, Tamai H, Park S, et al. Long-term clinical outcomes after
unprotected left main trunk percutaneous revascularization in
279 patients. Circulation 2001; 104: 1609-14. 

4. Park S, Park S, Hong M, et al. Long-term (three-year)
outcomes after stenting of unprotected left main coronary
artery stenosis in patients with normal left ventricular
function. Am J Cardiol 2003; 91: 12-6. 

5. Arnett E, Isner J, Redwood D, et al. Coronary artery narrowing
in coronary heart disease: comparison of cineangiographic
and necropsy findings. Ann Intern Med 1979; 91: 350-6. 

6. Bishop A, Samady H. Fractional flow reserve: critical review of
an important physiologic adjunct to angiography. Am Heart J

2004; 147: 792-802. 
7. Bech G, De Bruyne B, Bonnier H, et al. Long-term follow-up

after deferral of percutaneous transluminal coronary
angioplasty of intermediate stenosis on the basis of coronary
pressure measurement. J Am Coll Cardiol 1998; 31: 841-7. 

8. Fisher L, Judkins M, Lesperance J, et al. Reproducibility of
coronary arteriographic reading in the coronary artery surgery
study (CASS). Cathet Cardiovasc Diagn 1982; 8: 565-75. 

9. Cameron A, Kemp H, Fisher L, et al. Left main coronary artery
stenosis: angiographic determination. Circulation 1983; 68:
484-9. 

10. Di Mario C, Gorge G, Peters R, et al. Clinical application and
image interpretation in intracoronary ultrasound. Study Group
on Intracoronary Imaging of the Working Group of Coronary
Circulation and of the Subgroup on Intravascular Ultrasound
of the Working Group of Echocardiography of the European
Society of Cardiology. Eur Heart J 1998; 19: 207-29. 

11. Lust R, Zeri R, Spence P, et al. Effect of chronic native flow
competition on internal thoracic artery grafts. Ann Thorac Surg

1994; 57: 45-50. 
12. Black A, Cortina R, Bossi I, et al. Unprotected left main

coronary artery stenting: correlates of midterm survival and
impact of patient selection. J Am Coll Cardiol 2001; 37: 832-8. 

13. Bech G, Droste H, Pijls N, et al. Value of fractional flow reserve
in making decisions about bypass surgery for equivocal left
main coronary artery disease. Heart 2001; 86: 547-52. 

14. Jimenez-Navarro M, Hernandez-Garcia JM, Alonso-Briales JH,
et al. Should we treat patients with moderately severe
stenosis of the left main coronary artery and negative FFR
results? J Invasive Cardiol 2004; 16: 398-400. 

15. Jasti V, Ivan E, Yalamanchili V, et al. Correlations between
fractional flow reserve and intravascular ultrasound in
patients with an ambiguous left main coronary artery
stenosis. Circulation 2004; 110: 2831-6. 

16. Jeremias A, Whitbourn R, Filardo S, et al. Adequacy of
intracoronary versus intravenous adenosine-induced maximal
coronary hyperemia for fractional flow reserve measurements.
Am Heart J 2000; 140: 651-7. 

17. De Bruyne B, Pijls N, Barbato E, et al. Intracoronary and
intravenous adenosine 5'-triphosphate, adenosine,
papaverine, and contrast medium to assess fractional flow
reserve in humans. Circulation 2003; 107: 1877-83. 

18. Legutko J, Dudek D, Rzeszutko £, et al. Invasive assessment of
the borderline left main coronary artery stenosis – comparison
with 99Tc-MIBI SPET. Eur Heart J 2004 (suppl.); P2425. 

19. Cannon CP, Braunwald E, McCabe CH, et al. Intensive versus
moderate lipid lowering with statins after acute coronary
syndromes. N Engl J Med 2004; 350: 1495-504. 

20. Nissen SE, Tuzcu EM, Schoenhagen P, et al. Effect of intensive
compared with moderate lipid-lowering therapy on
progression of coronary atherosclerosis: a randomized
controlled trial. JAMA 2004; 291: 1071-80. 

21. Von Birgelen C, Hartmann M, Mintz GS, et al. Relation
between progression and regression of atherosclerotic left
main coronary artery disease and serum cholesterol levels as
assessed with serial long-term (>or=12 months) follow-up
intravascular ultrasound. Circulation 2003; 108: 2757-62. 

22. Abizaid AS, Mintz GS, Abizaid A, et al. One-year follow-up
after intravascular ultrasound assessment of moderate left
main coronary artery disease in patients with ambiguous
angiograms. J Am Coll Cardiol 1999; 34: 707-15. 

Fractional flow reserve assessment in the left main stenosis 505



Kardiologia Polska 2005; 63: 5

506

Zastosowanie pomiaru cząstkowej rezerwy wieńcowej 
dla ustalania wskazań do rewaskularyzacji serca u chorych
z granicznym zwężeniem pnia lewej tętnicy wieńcowej

JJaacceekk  LLeegguuttkkoo,,  DDaarriiuusszz  DDuuddeekk,,  ££uukkaasszz  RRzzeesszzuuttkkoo,,  MMaarrcciinn  WWiizziimmiirrsskkii,,  JJaacceekk  SS..  DDuubbiieell

II Klinika Kardiologii, Collegium Medicum, Uniwersytet Jagielloñski, Kraków

Adres do korespondencji: 

dr n. med. Jacek Legutko, II Klinika Kardiologii, Collegium Medicum, Uniwersytet Jagielloñski, ul. Kopernika 17, 31-501 Kraków, 

tel.: +48 12 424 71 85, faks: +48 12 424 71 84, e-mail: jaceklegutko@yahoo.com

PPrraaccaa  wwpp³³yynnêê³³aa::  1.02.2005. ZZaaaakkcceeppttoowwaannaa  ddoo  ddrruukkuu:: 22.08.2005. 

Badanie wykonano w ramach grantu KBN P05B 127 22

Streszczenie

WWssttêêpp:: Wiarygodna ocena istotnoœci klinicznej angiograficznie granicznych zwê¿eñ pnia lewej têtnicy wieñcowej (LTW) jest
czêsto niemo¿liwa. Pomiar cz¹stkowej rezerwy wieñcowej (FFR) jest powszechnie stosowany do weryfikacji granicznych zwê-
¿eñ têtnic wieñcowych. Jednak przydatnoœæ pomiarów FFR zosta³a w pe³ni potwierdzona jedynie w przypadku zwê¿eñ zlokali-
zowanych poza pniem LTW. 

CCeell  pprraaccyy::  Ocena przydatnoœci pomiarów FFR dla ustalania wskazañ do rewaskularyzacji serca w przypadku granicznych
zwê¿eñ pnia LTW. 

MMeettooddyykkaa::  Do badania w³¹czono 38 pacjentów w wieku 55±9 lat (od 41 do 74 lat) z izolowanym, granicznym zwê¿eniem
pnia LTW. U wszystkich chorych wykonano pomiar FFR w trakcie do¿ylnego wlewu adenozyny w dawce 140 µg/kg/min. Do za-
biegów rewaskularyzacji kierowano chorych z FFR<0,75. 

WWyynniikkii:: Œredni procent zwê¿enia pnia LTW wynosi³ 45±10% w (iloœciowa koronarografia – QCA). Wartoœæ FFR<0,75 stwier-
dzono u 18 (47%) pacjentów, natomiast u 20 (53%) wartoœæ FFR wynosi³a ≥0,75. W grupie z FFR<0,75 w QCA stwierdzono istot-
nie ni¿sze wartoœci najmniejszego minimalnego wymiaru œwiat³a naczynia (MLD) w miejscu zwê¿enia (1,84±0,45 vs 2,24±0,49,
p=0,014). Ponadto stwierdzono obecnoœæ istotnej korelacji pomiêdzy FFR i MLD (r=0,59, p<0,001). Œredni okres obserwacji kli-
nicznej wyniós³ 2 lata (1–3 lat). W grupie z FFR ≤0,75 stwierdzono 2 (11%) zgony u pacjentów poddanych CABG. Natomiast w gru-
pie z FFR >0,75 u 1 (5%) pacjentki wykonano planowy zabieg CABG z powodu progresji zwê¿enia pnia LTW. Ponadto u 1 (5%)
pacjenta wyst¹pi³ zawa³ serca niezwi¹zany z obecnoœci¹ granicznego zwê¿eniem pnia LTW. 

WWnniioosskkii:: W grupie pacjentów z angiograficznie granicznym, izolowanym zwê¿eniem pnia g³ównego lewej têtnicy wieñco-
wej, pomiar FFR tylko w po³owie przypadków potwierdza istotnoœæ kliniczn¹ zwê¿enia. Zaniechanie interwencji w przypadku
FFR ≥0,75 jest bezpieczne i wi¹¿e siê z uzyskiwaniem dobrych wyników leczenia w obserwacji dwuletniej. 

SS³³oowwaa  kklluucczzoowwee:: cz¹stkowa rezerwa przep³ywu wieñcowego, rewaskularyzacja, choroba wieñcowa
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