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Association of improvement of brachial artery flow-mediated
vasodilation with cardiovascular events

Alois Suessenbachera, Matthias Fricka, Hannes F Albera, Verena Barbierib, Otmar Pachingera and Franz Weidingera
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Abstract: The aim of this pilot study was to test the prognostic value of serial
measurements of peripheral endothelial function, assessed by brachial artery flow-
mediated dilation (FMD), in patients with angiographically proven coronary artery
disease. In 68 patients, FMD was measured on the day after coronary angiography
and again after a mean of 14 � 12 months. Patients were divided into two groups:
absolute improvement in FMD � 3% (FMD-improver � FMD-i) and �3% (FMD-
non-improver � FMD-ni). After a mean follow-up of 44 � 12 months, cardiovascular
events were recorded. Baseline characteristics were similar between groups, except
the number of risk factors which was smaller in FMD-i (1.6 � 0.7 vs 2.1 � 0.9,
p � 0.02). Cardiovascular events were more frequent in FMD-ni (9 vs 1 event;
p � 0.05). In Kaplan–Meier analysis, a trend towards a better outcome in patients
with improved FMD was found using the log-rank test (p � 0.08). The single baseline
FMD showed no relationship with late cardiovascular events. Thus, ‘delta-FMD’ may
be more closely related to prognosis than a single FMD measurement.
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 dilation (FMD) of the brachial artery
invasive test for measuring peripheral
ction.1 It has been related to cardiovas-
rs1–5 and was shown to correlate with
helial function.6 Recent studies investi-
nostic value of this test yielded con-

7–11 An impaired FMD was associated
 cardiovascular events, but trials were
selected populations such as post-
pertensive women8 or patients with
eripheral vascular disease.9,10 In con-
recent study by Fathi et al12 in 444
d no relation between an impaired
ovascular events.
itation for the use of FMD in clinical
 known inter-individual variability,13

portant in serial FMD measurements.
 have demonstrated an improvement in

FMD after various therapeutic interventions.14–16

Whether this improvement translates into a clinical
benefit is unclear.

The aim of this retrospective data analysis was to
assess whether changes in FMD, rather than a single
FMD measurement, are associated with outcome.

Methods

Patients
From 1999 to 2003, FMD was determined in more
than 500 patients in the Cardiovascular Research
Laboratory of the Division of Cardiology at Innsbruck
Medical University. All patients underwent coronary
angiography for the evaluation of chest pain. Coronary
artery disease (CAD) was defined as visually esti-
mated percent diameter stenosis �30% in one or more
major vessel. A modified Gensini score17 was used to
grade the extent of CAD. From the original cohort, 68
patients with CAD (mean age 53.7 � 9.1 years, range
33–71 years) underwent reassessment of FMD after
14.2 � 11.9 months. Exclusion criteria were conges-
tive heart failure, significant valvular disease, left
ventricular ejection fraction �40%, severe hyperten-
sion, insulin-dependent diabetes mellitus, and pre-
treatment with statin or ACE inhibitor for more than 
2 months prior to enrollment. Patients were retro-
spectively divided twice into two groups: ‘FMD-
improvers’ (FMD-i) (n � 22), absolute improvement
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of FMD � 3%; ‘FMD-non-improvers’ (FMD-ni)
(n � 46), absolute improvement �3%. The cut-off
value was chosen based on evaluation of the sponta-
neous course (repeatability) of 3% in our laboratory as
shown in a recent study.18 To assess the prognostic
value of a single FMD value, patients were further
divided according to the FMD-median (7.5%) at study
entry.

Written informed consent was obtained from all
patients and the study complied with the declaration of
Helsinki.

Assessment of cardiovascular risk factors
Fasting blood samples were obtained from all patients
for the measurement of plasma total cholesterol,
triglycerides, high-density lipoprotein (HDL) and low-
density lipoprotein (LDL) cholesterol. Individuals with
plasma LDL cholesterol levels �130 mg/dl or who
were receiving cholesterol-lowering therapy were
classified as hypercholesterolemic patients.19 Smokers
were defined as subjects who had smoked regularly
during the previous 12 months.19 Systemic hyper-
tension was defined as systolic blood pressure
�140 mmHg and/or diastolic blood pressure
�90 mmHg20 based on the average of two or more
readings taken on each of two or more different days,
or as current use of antihypertensive drugs. Patients
were considered diabetic if they were receiving treat-
ment with insulin or oral hypoglycemic agents or if
fasting blood glucose was �140 mg/dl.19 A family his-
tory of CAD and a history of diabetes were obtained.

Ultrasound examination of the BA
On the day after angiography, high-resolution ultra-
sound (13MHz; Acuson Sequoia, C 256, Mountain
View, CA, USA) was used for the assessment of FMD.
The examination was performed between 8 a.m. and 
12 noon by an observer blinded to the patients’ diag-
noses. All vasoactive drugs were withdrawn 18–24 h
before examination. Patients were instructed not to
smoke and to remain fasting before the ultrasound
examination. After a resting period of at least 10
minutes in the supine position, blood pressure was
measured using a manual sphygmomanometer, and
the right BA was scanned. Transducer position and
gain settings were optimized, and ECG-triggered
images were stored to the peak of the T-wave on the
hard disk for off-line measurements. Changes in ves-
sel diameter (intima to intima) after reactive hyper-
emia (FMD) and after 0.8mg sublingual nitroglycerin
(nitroglycerin-mediated dilation; NMD) were exam-
ined according to previously described methods.18 In
brief, after recording the resting diameter a cuff was
placed on the upper arm and inflated to suprasystolic
levels for 5 minutes. After deflation, serial post-hyper-
emia scans were stored on the hard disk. When the BA
diameter had returned to baseline, 0.8mg sublingual
nitroglycerin was administered and the diameters

within the next 10 minutes were recorded.
Vasodilation (FMD, NMD) was calculated as the
percent change in diameter compared with baseline.

The second FMD was assessed during visits for
studies investigating the pleiotropic effects of atorvas-
tatin (55% of all included patients), or incidentally from
patients visiting our outpatient clinic for routine control.

Reassessments of FMD and NMD were performed
at the same time of the day as baseline FMD measure-
ment and following the same protocol.

Assessment of follow-up data
After a mean follow-up of 44 � 12 months, patients
were contacted via telephone or by written question-
naire (the latter was to those not reached by telephone).
All registered cardiovascular events were verified by
review of hospital records. Cardiovascular events were
defined as follows: (1) need for revascularization (per-
cutaneous transluminal coronary angioplasty or coro-
nary artery bypass grafting); (2) repeat coronary
angiography (due to typical angina and/or positive
stress test) with documented progression of CAD; (3)
cardiac death; (4) hospitalization for exclusion of
unstable angina pectoris; and (5) myocardial infarction
(CK and troponin I/T above the upper limit of normal).

Statistical analysis
All analyses were conducted with the use of statistical
software (SPSS® for Windows, version 10.1). Data are
expressed as means � standard deviations or as
frequencies (percentages). A p-value �0.05 was
considered statistically significant. Normal distribu-
tion of the variables was assessed using the
Kolmogorov–Smirnov test. Patient characteristics
between groups were compared using Student’s 
t-test for normal distributed variables and the
Mann–Whitney U-test for non-normal distributed con-
tinuous variables. The chi-squared test or Fisher’s
exact test were used for comparing categorical vari-
ables. Changes between baseline and follow-up in
FMD-i and FMD-ni, respectively, were compared
using Student’s t-test or the Mann–Whitney U-test for
continuous variables and the McNemar test for cate-
gorical variables. Cumulative event rates were calcu-
lated according to the Kaplan–Meier method, and the
differences between groups were evaluated with the
log-rank test. Linear correlations were determined
using Pearson’s or Spearman’s correlation coefficient
as appropriate. To investigate possible relationships
between changes in FMD or baseline risk factors and
outcome, Cox regression analysis was performed.

Results

Patient characteristics
Clinical characteristics are shown in Table 1. At study
entry, when the baseline FMD measurement was 
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performed, no significant differences in clinical 
characteristics between study groups were found
except for the mean number of risk factors, which was
smaller in FMD-i (1.6 � 0.7 vs 2.1 � 0.9; p � 0.02),
and the proportion of diabetic patients, which was
greater in FMD-ni (0 vs 15%; p � 0.05). At the end of
the follow-up period no significant difference in the
number of risk factors was found anymore (2.1 � 0.6
vs 2.4 � 1.0; p � NS).

The findings on coronary angiography were as
follows: overall, 19 patients (27.9%) had 1-vessel disease
(VD), 13 patients (19.1%) 2-VD and 36 patients (52.9%)
3-VD; in FMD-i, eight patients (36.4%) had 1-VD, four
patients (18.2%) 2-VD and 10 patients (45.5%) 3-VD. 
In FMD-ni, 11 patients (23.9%) had 1-VD, nine patients
(19.6%) 2-VD and 26 patients (56.5%) 3-VD. No signif-
icant differences in the extent of CAD were present
between groups using a modified Gensini score.17

At enrollment, the use of statins (18% vs 17%,
p � NS), calcium-channel antagonists (18% vs 
24%, p � NS), angiotensin-II antagonists (9% vs 
2%, p � 0.19) and acetylsalicylic acid (82% 
vs 80%, p � NS) was comparable between FMD-i and
FMD-ni, respectively, whereas angiotensin-converting
enzyme inhibitors tended to be used more often in
FMD-ni (5% vs 22%, p � 0.071). At the end of the
follow-up period no difference in the use of medica-
tion was found anymore.

At baseline, total and LDL cholesterol were not dif-
ferent between FMD-i and FMD-ni, whereas triglyc-
erides were lower in FMD-i (139 � 56 vs
212 � 174 mg/dl; p � 0.02) and HDL cholesterol was
lower in FMD-ni (49 � 10 vs 43 � 9mg/dl; p � 0.02).

In FMD-i, total cholesterol, LDL cholesterol, and
triglycerides did not change significantly between
baseline and second FMD, whereas HDL cholesterol
slightly increased from 49 � 10 to 51 � 18 mg/dl
(p � 0.05). In FMD-ni, total cholesterol (238 � 72 to
212 � 54 mg/dl; p � 0.01) and LDL cholesterol
(156 � 50 to 142 � 46 mg/dl, p � 0.05) decreased
and HDL cholesterol increased (43 � 9 to
47 � 11 mg/dl; p � 0.05). Triglycerides tended to
decrease (212 � 174 to 163 � 72 mg/dl; p � 0.09).
Furthermore, in FMD-ni the prevalence of hyperten-
sion increased (48% to 74%, p � 0.002) and the pro-
portion of smokers decreased from the beginning to
the end of the follow-up period (41% to 22%,
p � 0.01). However, none of these parameters was
different between FMD-i and FMD-ni at the time the
second FMD measurement was performed.

Brachial artery ultrasound results 
(Figures 1 and 2)
No difference in FMD and NMD were found between
groups at baseline. After a mean of 14 � 12 
months, FMD improved from 7.3 � 4.0% to
13.3 � 4.3% (p � 0.001) in FMD-i; whereas in 
FMD-ni, FMD showed a small decrease (8.8 � 3.9%
to 7.7 � 2.9%; p � 0.038). NMD increased from
17.9 � 6.0% to 23.8 � 6.2% (p � 0.001) in FMD-i,
but remained unchanged in FMD-ni (18.6 � 6.1% to
18.4 � 7.2%).

No linear correlations were found between the
change in FMD and the change in total cholesterol,
LDL cholesterol, HDL cholesterol, triglycerides and
blood pressure.

Table 1 Patient characteristics.

FMD-i (n � 22) FMD-ni (n � 46)

Baseline Follow-up p Baseline Follow-up p

Age (years) 55.6 � 7.9 52.8 � 9.7 0.24
Number of risk factors 1.6 � 0.7* 2.1 � 0.6 �0.001 2.1 � 0.9* 2.4 � 1.0 0.058
Hypertension 10 (45.5%) 14 (63.6%) NS 22 (47.8%) 34 (73.9%) 0.002
Smokers 6 (27.3%) 4 (18.2%) NS 19 (41.3%) 10 (21.7%) 0.012
Diabetes mellitus 0** 1 (4.5%) – 7 (15.2%)** 7 (15.2%) NS
Positive family history (CAD) 4 (18.2%) 4 (18.2%) NS 13 (28.3%) 13 (28.3%) NS
Hypercholesterolemia 15 (68.2%) 17 (77.3%) NS 40 (86.9%) 40 (87.0%) NS
Total cholesterol (mg/dl) 211.2 � 52.9 211.5 � 45.5 NS 237.8 � 71.7 211.5 � 53.5 �0.01
LDL cholesterol (mg/dl) 137.6 � 49.7 139.0 � 4 4.6 NS 155.8 � 49.7 141.6 � 45.5 �0.05
HDL cholesterol (mg/dl) 49.2 � 10.2* 51.0 � 18.2 �0.05 42.8 � 9.4* 47.2 � 10.5 �0.05
Triglycerides (mg/dl) 138.9 � 56.4* 143.9 � 44.5 NS 212.2 � 173.5* 163.4 � 72.2 0.09
BMI (kg/m2) 26.8 � 4.3 26.8 � 4.0 NS 27.2 � 2.8 27.6 � 3.0 NS
Baseline diameter (mm) 4.21 � 0.58 3.99 � 0.51† 0.014 4.18 � 0.42 4.33 � 0.44† 0.011
FMD (%) 7.3 � 4.0 13.3 � 4.3‡ �0.001 8.81 � 3.9 7.71 � 2.9‡ 0.038
NMD (%) 17.9 � 6.0 23.8 � 6.2† �0.001 18.6 � 6.1 18.4 � 7.2† NS
Ratio FMD/NMD 0.40 � 0.19 0.57 � 0.15† �0.001 0.48 � 0.16 0.46 � 0.20† NS

Significant difference in baseline parameters: *p � 0.02; **p � 0.053.
Significant difference in follow-up parameters: †p � 0.01; ‡p � 0.001.
CAD, coronary artery disease; LDL, low-density lipoprotein; HDL, high-density lipoprotein; BMI, body mass index; FMD,
flow-mediated dilation; NMD, nitroglycerin-mediated dilation.
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Outcome
After a mean follow-up period of 44 � 12 months
(range 27–78 months), 10 cardiovascular events were
documented: cardiac death (n � 1), myocardial
infarction (n � 1), coronary angiography that 
revealed progression of CAD (n � 1), the need for

percutaneous coronary intervention (n � 6), and hos-
pitalization for the exclusion of instability with posi-
tive exercise test (n � 1). FMD-i had significantly
fewer events compared to FMD-ni (one vs nine events;
p � 0.05). In Kaplan–Meier analysis, this difference
was borderline significant using the log-rank test
( p � 0.08, Figure 3).

When patients were divided according to the FMD
median, no difference in outcome between the two
groups was observed (six vs four events) (Figure 4).

Cox regression analyses did not reveal any signifi-
cant relation between changes in FMD or baseline risk
factors and outcome.

Discussion

In this retrospective data analysis of 68 patients under-
going coronary angiography, an absolute improvement
in FMD � 3% appears to be related to a lower risk of
future cardiovascular events, whereas a single FMD
measurement was not associated with clinical out-
come during a mean follow-up period of up to 4 years.

In recent years, FMD has been evaluated as a surro-
gate endpoint parameter by testing its prognostic
value. Most studies so far have examined a single
FMD measurement in relation to cardiovascular
events and have shown controversial results: two stud-
ies demonstrated a correlation of a single FMD value
with outcome in patients with symptomatic peripheral
artery disease.9,10 In contrast, Fathi et al12 did not find

Figure 1 Box plots for differences in the change of FMD
between groups. The p-value is calculated using the 
t-test.

Figure 2 Box plots showing differences in FMD 2 (left panel) and NMD 2 (right panel) between groups at follow-up. The p-value is
calculated using the t-test.
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an association between FMD and cardiovascular
events in a high-risk population. Possible explanations
for this discrepancy include differences in the study
population and inter-individual variation of FMD. The
latter problem might be overcome when serial meas-
urements are performed.

We and others have demonstrated that the mean val-
ues of FMD often do not change in the control group
but increase with therapeutic interventions.16,18,21,22

Therefore, an improvement in FMD could be inter-
preted as vascular response to medical treatment
which may translate into better clinical outcome. 
In the present study, a difference in clinical outcome
was indeed found between patients showing an

improvement in FMD and patients without improve-
ment, although the treatment was not different
between groups. This finding suggests that patients
with a poorer response to treatment and subsequently
worse clinical outcome may be identified by serial
assessments of FMD.

A recent study demonstrated that an impairment of
FMD is associated with cardiovascular events: Chan 
et al11 measured FMD in 152 patients with CAD. After
a mean follow-up time of 34 months, 22 vascular
events were observed (myocardial infarction, unstable
angina, transient ischemic attack, cerebrovascular
accident, revascularization procedure). Multivariate
analysis identified FMD/NMD ratio, as well as carotid
plaque area and the use of long-acting nitroglycerin as
independent predictors of events. As in our study, a
single FMD measurement was not correlated with
cardiovascular events. In a subgroup of 106 patients
who had at least one reassessment follow-up versus
baseline, FMD was significantly associated with sub-
sequent cardiovascular events. However, the FMD
value that was assumed to represent an impairment in
endothelial function was not specified.11

In our pilot observation, the difference in cardiovas-
cular events between groups was only borderline sig-
nificant due to the small number of patients included
in this retrospective analysis. Thus, our findings are
hypothesis-generating and underscore the need for
larger studies investigating the prognostic value of a
change in FMD in patients with CAD. To the best of
our knowledge, only one study has explicitly investi-
gated the prognostic value of a change in FMD, but
was performed in a highly selected patient group:
Modena et al8 tested the prognostic role of reversible
endothelial dysfunction in 400 postmenopausal mild
to moderate hypertensive women. FMD was measured
at baseline and after 6 months of therapy. After a mean
follow-up time of 67 months, 47 cardiovascular events
were recorded. In 250 (62.5%) patients, FMD had sig-
nificantly improved to �10% (mean FMD in this
group: 13.9 � 2.6%) after 6 months of treatment,
which was associated with fewer events compared to
patients with no change in FMD (5.9 vs 21.3%). The
mean FMD value in the group without improvement
was 7.1 � 2.5%. Interestingly, FMD values in both
groups are comparable to the values measured in our
study population: 13.3 � 4.3% in patients with
improvement in FMD and 7.7 � 2.9% in patients
without improvement and more cardiovascular events.

The findings of Modena et al8 and our findings sug-
gest that FMD may be used to individualize risk factor
management. However, because the FMD test is still
not standardized, the lack of ‘normal’ cut-off values
remains the main limitation for the use of FMD in
daily clinical practice.

As described by Celermajer et al,1 the magnitude of
FMD is inversely proportional to the arterial diameter.
Accordingly, one could argue that the improvement in

Figure 3 Kaplan–Meier curves for FMD improvement.
Patients with absolute improvement �3% show fewer events.
The p-value is calculated using the log-rank test.

Figure 4 Kaplan–Meier curves for FMD median. No differ-
ence occurs between groups. The p-value is calculated using
the log-rank test.
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FMD in group 1 relates to a smaller baseline arterial
diameter. Although differences in diameter is statisti-
cally significant, the absolute differences (3.99 � 0.51
vs 4.33 � 0.44) are quite small and therefore unlikely
to have influenced the results importantly. To fully
exclude the influence of the arterial diameter, a greater
sample size is needed.

Limitations
Baseline diameter decreased in FMD-i but increased
in FMD-ni. Therefore, the difference in baseline diam-
eter between groups at visit 2 is significant and could
partially explain our results. Although this small study
was not powered for multivariate calculation, Cox
regression analyses did not reveal any significant rela-
tion between changes in FMD, risk factors and out-
come. Consequently, a greater sample size is needed
to confirm the hypothesis that an improvement in
FMD is associated with better outcome. Furthermore,
FMD-i also had a significant increase in NMD. This
may be due to changes in baseline brachial artery
diameter or even smooth muscle cell effect. To rule out
these two reasons, a greater sample size would also be
needed.

In conclusion, ‘delta-FMD’, i.e. the change in FMD
between baseline and follow-up, was correlated with
long-term clinical outcome in our retrospective pilot
observation. In contrast, the prognostic role of a single
FMD measurement seems to be limited. To confirm
superiority of serial FMD measurements over single
assessments, further studies in larger patient popula-
tions are required.
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