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Metoprolol Does Not Effect Myocardial Fractional Flow 
Reserve in Patients With Intermediate Coronary 

Stenoses
Murat OZDEMIR,1 MD, Guliz Erdem YAZICI,1 MD, Sedat TURKOGLU,1 MD,

Timur TIMURKAYNAK,1 MD, and Atiye CENGEL,1 MD

SUMMARY

Objective: Myocardial fractional flow reserve (FFR) is utilized to determine the hemo-
dynamic significance of coronary stenoses. We sought to determine the effect, if any, of
metoprolol on FFR in patients with coronary stenoses of intermediate severity.
Methods and results: Eighteen patients (10 males, mean age, 59.4 ± 7.7 years) with
isolated, intermediate (30% to 70% narrowing on coronary angiogram) lesions on the
proximal LAD and a preserved ejection fraction, underwent FFR measurement using a
0.014 inch pressurewire and intracoronary adenosine injection before and after intrave-
nous metoprolol at a dose that achieved at least a 10% decrease in the heart rate. Heart
rate dropped significantly with metoprolol. At the premetoprolol measurement, aortic
pressure (Pa) remained essentially the same (105.7 ± 11.5 versus 105.6 ± 11.6 mmHg, P
> 0.05) and distal coronary pressure (Pd) dropped significantly by 9% from 96.3 ± 12.7
to 87.4 ± 13.4 mmHg (P < 0.001) after adenosine injection yielding an FFR1 of 0.83 ±
0.07. At the postmetoprolol phase, Pa dropped nonsignificantly by 2% from 104.4 ± 12.8
to 102.4 ± 14.3 mmHg (P = 0.09) and Pd dropped significantly by 11% from 95.7 ± 14.4
to 85.3 ± 16.4 mmHg (P < 0.001) after adenosine injection, yielding an FFR2 of 0.83 ±
0.08, which was almost exactly the same as FFR1 (P > 0.05).
Conclusion: In this study, FFR was found not to be influenced by metoprolol treatment
in patients with intermediate coronary stenoses and a preserved ejection fraction.  (Int 
Heart J 2007; 48: 477-483)
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MYOCARDIAL fractional flow reserve (FFR) is a widely used index of the
hemodynamic significance of coronary stenoses. Based on intracoronary mea-
surement of pressure proximal and distal to a lesion during maximum coronary
hyperemia, an FFR value of 0.75 distinguishes lesions of hemodynamic signifi-
cance with a high sensitivity and specificity.1,2) It is used more and more fre-
quently in many catheterization laboratories to guide clinical decision-making
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with regard to revascularization of especially intermediate coronary stenoses so
that intermediate lesions with an FFR above 0.75 are safely left unrevascularized
with a favorable long-term prognosis.3-5) 

Most patients with coronary artery disease and intermediate coronary
stenoses use a variety of cardiac medications that most of the time include beta-
blockers, a group of drugs which have been shown to influence coronary flow
reserve, another index of coronary lesion severity.6) Myocardial FFR has previ-
ously been shown to be independent of hemodynamic changes including heart
rate, blood pressure, and contractility,7) but no study has specifically evaluated the
effect of beta-blockers on FFR. Accordingly, the aim of this study was to examine
the effect of the beta-blocker metoprolol on FFR measurements in patients with
coronary stenoses of intermediate severity.

METHODS

Patients with coronary artery disease who were scheduled for FFR evalua-
tion of intermediate coronary stenoses (30% to 70% luminal narrowing, as
assessed by quantitative coronary angiography) were studied. To be eligible for
the study, the patients had to have an isolated intermediate coronary stenosis in a
proximal coronary artery segment and no myocardial infarction in the territory
supplied by that artery. Consecutive lesions along the same coronary artery were
excluded. Patients with contraindications to beta-blockers were also excluded.
Written informed consent was obtained before FFR measurement in all patients. 

In patients using beta-blockers, the drug was stopped gradually for at least 3
half-lives before the FFR measurement. The patients were taken to the catheter-
ization laboratory in the fasting state. After systemic anticoagulation by 10,000
units of intravenous heparin, the coronary artery was catheterized by a guiding
catheter with no side holes. The intermediate stenosis was crossed with a spe-
cially designed 0.014 inch coronary guide wire (Pressurewire, Radi Medical Sys-
tems, Uppsala, Sweden) having a pressure sensor on its distal part so that the
sensor lied distal to the stenosis in question. The mean pressure recorded through
the guiding catheter represented Pa and the mean pressure recorded through the
pressure wire represented Pd. FFR was defined as Pd/Pa during coronary hyper-
emia which was achieved by intracoronary bolus injection of adenosine, 50 µg
for the left and 40 µg for the right coronary artery. After the initial FFR measure-
ment, 5 mg metoprolol was given intravenously. In case this first 5 mg dose did
not achieve at least a 10% decrease in the heart rate, additional 2.5 mg doses were
given until such a decrease in rate was recorded and then the second FFR mea-
surement was performed exactly in the same manner as the first one.
Statistical analysis: Data are given as the mean ± standard deviation for continu-
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ous variables and as absolute numbers for categorical variables. Analysis was
performed using a commercially available software (SPSS 10.0 for Windows).
Preliminary data analysis with the Kolmogorov-Smirnov test showed no signifi-
cant deviation from normality. The paired Student's t test was therefore used to
assess differences between repeated measurements. A 2-sided P value below 0.05
was considered statistically significant.

RESULTS

The baseline characteristics of the study population are given in Table I. The
patient population was a low-risk one with preserved ejection fraction. The lesion

Table I. Baseline Characteristics of the Study Population (n = 18)

Age (years)
Sex (M/F)
Risk factors

Hypertension 
Diabetes mellitus 
Smoking
Hyperlipidemia

Clinical history
Stable angina
Unstable angina
Atypical angina

History of previous MI
Resting ECG

Normal
Nonspecific ST-T changes
Pathological Q waves

Echocardiographic ejection fraction 
Echocardiographic LV hypertrophy
Accompanying significant CAD

2-vessel disease
1-vessel disease

Mean percent stenosis (FFR lesion)

59.4 ± 7.7
10/8

12 (67%)
7 (39%)
5 (28%)
8 (44%)

4 (22%)
4 (22%)

10 (56%)
3 (17%)

11 (61%)
6 (33%)
1 (6%)

61 ± 10
2 (11%)

2 (11%)
2 (11%)

45.3 ± 9.8%

MI indicates myocardial infarction; CAD, coronary artery dis-
ease; and LV, left ventricular.

Table II. Initial FFR (FFR1) Measurements

Basal After adenosine P

Heart rate (bpm)
Pa (mmHg)
Pd (mmHg)
FFR1

84.3 ± 9.9
105.7 ± 11.5

96.3 ± 12.7
-

84.5 ± 9.8
105.6 ± 11.6

87.4 ± 13.4
0.83 ± 0.07

NS
NS

< 0.001
-

Pa indicates aortic pressure; and Pd, distal coronary pressure.
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across which the FFR measurement was performed was located on the proximal
left anterior descending coronary artery (LAD) in all cases. Concomitant signifi-
cant coronary artery disease (> 70% luminal narrowing) was present in 4 patients,
2-vessel disease in 2, and single-vessel disease in the remaining 2. The mean per-
cent stenosis of the intermediate lesions over which FFR was measured was 45.3
± 9.8%.

Since the intermediate lesion was located on the LAD in all cases, a 50 µg
dose of adenosine was utilized in all FFR measurements. The heart rate was 84.3
± 9.9 beats per minute (bpm) during the initial FFR measurement. After intracor-
onary adenosine injection, no significant change was observed in either the heart
rate or Pa, but Pd was significantly decreased by 9% from 96.3 ± 12.7 to 87.4 ±
13.4 mmHg, yielding an initial FFR (FFR1) of 0.83 ± 0.07 (Table II).

The mean metoprolol dose needed to achieve at least a 10% decrease in the
heart rate was 5.42 ± 1.28 mg. The heart rate dropped significantly from 84.3 ±
9.9 bpm to 71.1 ± 6.9 bpm after metoprolol injection but no significant change
was observed in either Pa or Pd as compared to the premetoprolol phase (Table
III).

Table III. Effect of Metoprolol on Basal Hemodynamic
Parameters

Basal After metoprolol P

Heart rate (bpm)
Pa (mmHg)
Pd (mmHg)

84.3 ± 9.9
105.7 ± 11.5

96.3 ± 12.7

71.1 ± 6.9
104.4 ± 12.8

95.7 ± 14.4

< 0.001
NS
NS

Table IV. Second FFR (FFR2) Measurements (postmeto-
prolol phase)

Basal After adenosine P

Heart rate (bpm)
Pa (mmHg)
Pd (mmHg)
FFR2

71.1 ± 6.9
104.4 ± 12.8

95.7 ± 14.4
-

71.6 ± 7.4
102.4 ± 14.3

85.3 ± 16.4
0.83 ± 0.08

NS
NS

< 0.001
-

Table V. Adenosine-induced Values in Pa and
Pd in the Pre- and Postmetoprolol Measure-
ments

Premetoprolol Postmetoprolol P

Pa
Pd

105.6 ± 11.6
87.4 ± 13.4

102.4 ± 14.3
85.3 ± 16.4

0.042
0.110
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After 3 to 5 minutes of rate stabilization postmetoprolol, the second intra-
coronary adenosine injection was performed and FFR2 was measured. At this sec-
ond measurement, adenosine again led to a significant 11% decrease in Pd with
no significant change in heart rate and a nonsignificant 2% decrease in Pa, yield-
ing a mean FFR2 of 0.83 ± 0.08 (Table IV), which was almost identical to FFR1

(P > 0.05, for comparison of FFR1 versus FFR2). 
When we compared adenosine induced Pa and Pd values before and after

metoprolol injection, Pa was significantly lower at the postmetoprolol measure-
ment as compared to the premetoprolol one. On the other hand, no significant dif-
ference in the respective Pd values was detected (Table V).

DISCUSSION

Myocardial FFR is a widely used hemodynamic index of coronary lesion
severity. It is expressed as the ratio of pressure distal and proximal to a coronary
stenosis during maximal coronary hyperemia. With a normal value of 1.0, an FFR
below 0.75 is highly sensitive and specific to determine coronary lesions of
hemodynamic significance.1,2) 

The main finding of this study is that FFR measurement in patients with
CAD and preserved ejection fraction and intermediate coronary stenoses is not
influenced by metoprolol treatment. To the best of our knowledge, this issue has
not been specifically questioned in the literature. Metoprolol, a beta-1 selective
beta-blocker, has negative inotropic and chronotropic effects. We utilized intrave-
nous metoprolol in our study and observed a significant negative chronotropic
effect at a dose of 5.42 ± 1.28 mg. Although the heart rate was significantly low-
ered after metoprolol, no significant change was observed in either Pa or Pd.
Under basal conditions, adenosine induced no change in Pa and a mean 9%
decrease in Pd. On the other hand, under the influence of metoprolol, adenosine
led to an 11% decrease in Pd and a 2% decrease in Pa. Therefore, FFR, which is
expressed as the ratio of Pd/Pa, remained essentially the same after metoprolol.
The significantly lower adenosine induced Pa (Table V) and the nonsignificantly
greater adenosine induced decrease (11% versus 9%) in Pd at the postmetoprolol
measurement would be best explained by a decrease in coronary vascular resis-
tance by metoprolol under conditions of maximal hyperemia as shown by Bill-
inger, et al.6) 

 The independence of myocardial FFR from changes in heart rate, contrac-
tility, and blood pressure has previously been shown.7) In their study, 13 stenoses
were studied at different hemodynamic loading states. Atrial pacing, nitroprus-
side, and dobutamine were utilized to induce changes in heart rate, blood pres-
sure, and contractility, respectively. Myocardial FFR was almost exactly the same
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at various hemodynamic loading conditions. The results of this study are in
accordance with our findings, because we have shown that myocardial FFR mea-
surement is not influenced by metoprolol, which has negative chronotropic and
inotropic effects.

Myocardial FFR measurement is of utmost importance in the evaluation of
angiographically intermediate coronary stenoses. Lesions of this sort with no
hemodynamic significance, as defined by an FFR above 0.75, are best left unre-
vascularized with a favorable long-term prognosis.3-5) Another index utilized to
evaluate the hemodynamic significance of coronary stenoses is the coronary flow
reserve (CFR) which is described as the ratio of coronary blood flow during max-
imal hyperemia to resting coronary blood flow. Either positron emission tomog-
raphy (PET) or intracoronary Doppler techniques can be used to measure CFR.
Intracoronary adenosine or an ischemic stimulus may be utilized to induce maxi-
mal coronary flow during CFR measurements. Metoprolol has been reported to
increase CFR measured by PET in normal subjects.8) A metoprolol-induced
increase in maximal coronary flow accompanied by a decrease in resting flow
have been observed to be responsible for the metoprolol-induced increase in CFR
in normal subjects as measured by PET.8) Contradictory to this, in patients with
CAD scheduled for coronary revascularization, metoprolol has been shown to
decrease both resting and dipyridamole-induced maximal coronary flow as mea-
sured by PET.9) 

In another study evaluating the effect of metoprolol on CFR measured by
intracoronary Doppler utilizing both adenosine and an ischemic stimulus for the
induction of maximal hyperemia, metoprolol has been shown to increase CFR.6)

The effect of metoprolol in increasing CFR in this study has been attributed to its
effect on coronary vascular resistance during maximal coronary hyperemia so
that metoprolol had no effect on resting coronary flow but it increased coronary
flow by decreasing coronary vascular resistance solely during hyperemia.6) 

Although there is an obvious discrepancy between findings regarding the
effects of metoprolol on CFR measurements, myocardial FFR has been shown, in
our study, to be independent of beta-blocker effects. Therefore, in patients with
intermediate coronary stenoses and a preserved ejection fraction using beta-
blockers, FFR should be the preferred method of evaluating stenosis severity.
With the available data, we would not consider discontinuation of beta-blocker
therapy before FFR measurement.
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