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Summary

Background: Flow-mediated vasodilation (FMD) of the
brachial artery (BA) has been shown to improvein response
tolipid-lowering therapy and other therapeuticinterventions,
usualy within 1 to 2 months. Whether FMD remains im-
proved under therapy inthelonger termisunknown.

Hypothesis: Theaim of thisstudy wasto examinetheshort-
and long-term changes of FM D under stetin therapy.

Methods: Flow-mediated vasodilation and nitroglycerin-
medi ated vasodilation (NM D) of the BA weremeasured with
high-resolution ultrasound (13 MHZz) at basdlineand at 4 and
10 monthsin 18 consecutively recruited patients with coro-
nary artery disease (CAD), inwhom statin therapy wasnewly
established.

Results: The decrease of total plasma cholesterol levels
after 4 and 10 monthsof statin therapy (243+ 31vs. 186+ 30
vs. 191 + 40 mg/dl; p< 0.001) wasaccompanied by anincrease
inFMD from 4.4+ 3.8% &t basdineto 9.6 + 2.7% at 4 months
andto0 9.5+ 2.6% at 10 months(p<0.001). Nitroglycerin-me-
diated vasodilation showed atrend toward improvement after 4
months (14.6 + 7.5vs. 19.1 + 3.6 vs. 194 + 5.6%; NS). The
FMD/NMD ratio alsorosesignificantly after 4 monthsand re-
mainedimproved after 10 monthsof statintherapy (0.31+0.25
vs.0.52+0.16vs. 0.50+ 0.14; p<0.01).

Conclusion; Statin therapy isassociated with sustained im-
provement of endothelia function up to 10 months. Thesedata
support theutility of FM D for the assessment of vascular func-
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tionin responseto lipid-lowering therapy or other therapeutic
interventionsin long-term studies.
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Introduction

Endothdlial dysfunction occursat an early stage of athero-
sclerosist-2 and isclosaly associated with most cardiovascular
risk factors.3 Therefore, the clinica assessment of endothelia
function hasbecome of mgjor interest inthepast years# > The
measurement of flow-mediated vasodilation (FMD) of the
brachial artery (BA) with high-resolution ultrasound is com-
pletely noninvasive and hasbeentested in patientswith cardio-
vascular risk factors® 7 and coronary artery disease (CAD).8.9
Flow-medi ated vasodilation has shown good correlation with
coronary endothelia function® and with theextent of CAD as
assessed by angiography.®

However, itsvaueinlong-term studiesof endothelia func-
tion remainsunclear. M ost studies have reported ashort-term
(within 1-2 months) improvement of FMD following statin
therapy™-13 or other therapeutic interventions.1 15 Whether
FMD shows sustained improvement over alonger period of
time, whichisaprerequisitefor theuseof FMD asafollow-up
parameter, hasnot been studied.

Therefore, theaim of this study wasto examinethe course
of FMD in patientswith newly established stetin therapy over
10 months.

Methods
Patients

Written informed consent was obtained from al patients.
The study group consisted of 18 consecutive patients (mean
age 49 + 8 years, range 3767 years) with devated plasma
cholesteral levels, in whom coronary angiography was per-
formed for the eval uation of chest pain. Patientswith conges-
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tive heart failure or vavular heart disease were excluded from
thestudy. Coronary artery diseasewasdefined asvisually esti-
mated percent diameter stenosis=30% in one or more major
vessals. Statin therapy wasbegunin accordancewith National
Cholesterol Education Program (NCEP) guidelines.’6 Nine
patients recelved atorvadtatin, five patients pravastatin, and
four patients simvastatin. Coronary risk factorswere defined
as previoudy reported.* 2 Investigations were undertaken in
accordance with the Declaration of Helsinki.

Study Protocol

On the day after angiography, patients underwent assess-
ment of FM D by high-resol ution ultrasound (13 MHz Sequoia
C 256, Acuson[Siemens], Mountain View, Cdlif.) and plasma
lipid level swere measured. M easurementsof FMD and plas-
malipid wererepeated after 4 monthsin al patientsand after
10 monthsin 16 patients. Two patientswithdrew before com-
pletion of thestudy.

Assessment of Vasodilation

Changesof vessd diameter after reactive hyperemia(endo-
thelium-dependent vasodilation) and after sublingua nitro-
glycerin gpplication (endothelium-independent vasodilation)
weremeasured according to previously described methods* ©
Theultrasound examination was performed between noonand
2 PM. by an observer blinded to the patient’s diagnosis and
drug treetment. All vasoactive drugswerewithdravn 18-24 h
before examination. Patientswereinstructed not to smokeand
to remainfasting prior to the ultrasound examination.

Theright BA wasscanned longitudinadly abovetheantecu-
bitdl fossa. After optimizing thetransducer positionaswell as
depth and gain settings, images were stored electrocardio-
gram (ECG)-triggered to the peak of the T wave on the hard
disk. Scansweretaken at rest after lying for at least 10 minand
the mean of three measurementswas defined asresting diam-
eter. After suprasystolic compression at 260 mmHg for 4.5
min of the right upper arm, the cuff was deflated and serid
posthyperemiaBA imageswere again stored onthehard disk.
The mean of three maximum diameters within 120 s after
compression formed the posthyperemiadiameter. After sub-
lingual application of 0.8 mg nitroglycerin, the mean of the
three maximum diameters within the following 10 min was
caculated. Inaddition, the FMD/NMD ratiowascal culated to
eval uate the endothelium-dependent dilation (FMD) inrela
tion to the maximum dilation of the BA as assessed by nitro-
glycerin application.

Assessment of Variability and Repeatability

Interobserver variability was assessed using two methods.
First, 136 vessel diameters from 11 patients were measured
offline by two observersfromimages stored on the hard disk.
Inaddition, variability of FMD of these 11 patientswas calcu-
lated. Second, scansweretaken by two observersseparately in
thesamepatients(n=12).

The spontaneous course (repestability) was assessed by
comparing FM D vauesof twovisits (4 monthsstudy interval)
in 17 patientswith CAD or risk factors (Tablel), whose medi-
cation was left unchanged 3 months before thefirst visit and
during the4-monthinterval.

Statistics

Dataare expressed asmean + sandard deviation (SD). Nor-
mal distribution of variables was tested using the Kolmo-
gorov-Smirnov test with Lilliefors correction. Analysis of
variance (ANOVA) followed by the Scheffé-test was used for
comparison of variablesamong thethreevisits. Interobserver
variability was expressed as mean difference of FMD and lin-
ear regression analysiswas calcul ated. Differenceswere con-
Sdered statisticaly significant at p<0.05.

Resaults

Characteristics of patients are shown in Tablel. Total and
low-density lipoprotein (LDL) cholesterol decreased signifi-
cantly after 4 months and remained stable after 10 months of
statin therapy (Table I1). High-density lipoprotein (HDL)
cholesterol and triglycerides did not change over the entire
study period (Tablell).

Flow-mediated vasodilation improved from 4.4 + 3.8 to
9.5+ 2.7% after 4 monthsand to 9.5 * 2.6% after 10 months
of statintherapy (p<0.001) (Fig. 1A), whereasresting diame-
tersdid not change (4.3+0.8vs. 41+ 0.5vs 4.1+ 0.5mm,;

TaBLE | Basdinecharacterigticsof patients

Sdinpatients  Control patients
Petients n=18 n=17
Age(range) 493176 52.1+105
(37-67) (36-68)
Number of risk factors 24+08 12+09
04 02
CAD (%) 18(100) 7(41.2)
Myocardid infarction (%) 7(38.9) 2(11.8)
Hypertension (%) 7(38.9) 9(52.9)
Smoking (%) 11(61.1) 2(11.8)
Hypercholesterolemia(%) 18(100) 7(41.2)
Digbetesmellitus (%) 1(5.6) 1(5.9
Pogitivefamily history (%) 6(33.3) 2(11.8)
Total cholesterol (mg/dl) 243+ 31 1776+ 36.7
(200-298) (119-233)
LDL cholesterol (mg/dl) 163+ 22 94.2+295
(120-189) (62-143)
BMI (kg/m?) 273 26.2+33
(20-30) (20.8-315)

Abbreviations: CAD = coronary artery disease, BMI = body massin-
dex, LDL =low-density lipoprotein.
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TasLE Il Changesof plasmalipidlevelsand body massindex

After4 After 10
Basdine months months  pVaue
Totd cholesterol  243+31  186+32  191+40 <0.001
LDL cholesterol 163+ 22 105+ 29 111+35 <0.001
HDL cholesterol  42+11 45+ 11 47+ 15 NS
Triglycerides 242+134 193+78  181+87 NS
BMI (kg/m?) 27+3 26+3 26+3 NS

Plasmalipidlevelsaregiveninmg/dl.
Abbreviations: HDL = high-density lipoprotein, NS=not significant.
Other abbreviationsasin Tablel.

NS). Improvement of FMD > 3% was seenin 10 patientsat 4
monthsfollow-up and < 3%in 5 patients. One patient showed
adight decrease. At 10 monthsfollow-up, additiond improve-
ment of FM D (> 3%) wasseeninthree patients, andintwo pa-
tients FM D decreased by < 3%. Eleven patientsremained vir-
tualy thesame (Fig. 2).

Nitroglycerin-mediated vasodilation increased nonsignifi-
cantly from14.6+ 7.5t019.1 + 3.6% after 4 monthsandto 19.4
+ 5.6% after 10 months (p = 0.08) (Fig. 1B). In addition, the
FMD/NMD ratio showed an improvement after 4 months
(0.52+0.16vs. 0.31+ 0.25 a basdline) and remained increased
after 10 monthsof setinthergpy (0.50+ 0.14, p<0.01).

Themean differencein measurements of the BA diameter
from images (n = 136) stored on the hard disk between two
observerswas0.04 = 0.04 mm (r = 0.99; p< 0.001). Theinter-
observer variability of calculated FM D showed amean differ-
enceof 0.5+ 0.5% (r =0.99; p<0.001). In addition, variabili-
ty of resting diametersin 12 patients, which were measured
online consecutively by two observers, was 0.06 + 0.04 mm
(r=0.98; p<0.001).

The spontaneous course (repeatability) of FMD in patients
whose medication wasleft unchanged reved ed amean differ-
enceof 3.1+ 2.5% FMD and similar group mean vaues (8.3
+ 3.7 vs. 8.8 1 3.2%; NS) between measurements at baseline

and at 4 months.
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Fic.1 (A)Longtermcourseof flow-mediated vasodilation (FMD);
FMD increased significantly after 4 months of satintherapy and re-
mained sustained improved after 10 months. (B) L ong-term courseof
nitroglycerin-mediated vasodilation (NMD). Although therewas a
clear trend toward improvement, the difference did not yield signifi-
cance. NS=not significant. * p<0.001.

Discussion

In this study we found that FMD showed sustained im-
provement in patients under statin therapy over the course
of 10 months. To the best of our knowledge, thisisthe first
study documenting a long-term improvement in peripheral
endothelial function under statin therapy beyond 6 months. In
addition, analysis of the spontaneous course (repestability)
revealed that the mean FMD difference in patients with un-
changed medication was bel ow theimprovement seenin pa-
tientsunder statin therapy.

Previous studies have reveal ed that statin therapy may im-
prove endothelial function after avery short treatment period.
For example, Vogd et al. observed anincreaseof FMD in pa-
tientswith total cholesterol levelsbetween 175 and 215 mg/dl
after 2 weeks of simvastatin therapy.11 Another study of mi-
crovascular endothelia function in the forearm showed an
improvement of vascular function under s mvastatin therapy
after 1 month.12

Inour study, FMD increased after 4 months of statinthera-
py and remained improved over aperiod of 10 months. The
demonstration of sustained improvement of FMD under
statin therapy isaprerequisitefor the use of thisnoninvasive
test asafollow-up parameter inlong-term studies, becausein
most FM D studiesthe observation period waslimited to 1-3
months. Furthermore, spontaneous variations of FMD may
result from its susceptibility to current influences such as
smoking,1” high-fat meals,18 or daytime of examination,1° all
of whicharepotentia limitationsfor the use of thismethod as
afollow-up test. These influences can be minimized under
standardized conditionsasshown inthisstudy.

Besides reducing cholesteral levels, Laufs et al. have
demonstrated another possible mechanism leading to anim-
provement of endothelial function by statins?° They have
shown that statins can enhance the stability of endothelid ni-
tric oxide synthasemRNA and thereby increasethegeneration
of nitric oxide (NO).2 The strong trend toward improvement
of NMD seenin our study suggests apossiblerole of statins
asointhemodulation of smooth musclecdll function. Indeed,
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Fic.2 Linegraph showing thelong-term course of flow-mediated
vasodilation (FMD) inindividual patients. Nearly al patients con-
sistently showed anincreasein FMD over time.
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Dechend et al. have recently demonstrated that statins can
amdioratefibrosisintransgenicrats, which could partialy ex-
plainsuchan effect. 2

Onemajor concernwith FM D testing hasbeeninterindivid-
ual variation as well as considerable variability of measure-
ments. Our resultsshow that with higher frequency ultrasound
(13 MHz) the interobserver variability of both single-vessd
diameter measurements and FMD is very low (0.5%) and
comparesfavorably withan earlier sudy using 7.5MHz.4 The
spontaneous course (repeatability) showed amean difference
in FMD of 3%, whichisdightly higher than that in previous
studies# ® Thisislikely related to thelonger study interval, to
different risk factor profile of patients, and to changes in
lifestyle and dietary habits, which have been undertaken dur-
ing the course of thestudy.

Thisstudy did not include aplacebo-control group because
of ethical considerations. However, it was our aimtofocuson
methodological aspects rather than on the efficacy of statin
therapy in improving endothelial function in a randomized
fashion. The nonsignificant improvement of NMD aswell as
the additional myogenic and metabolic factors, which may be
involved in the stimulus for reactive hyperemia and conse-
quently FMD, may suggest that the statin effect isnot specific
for endothdlial function. Nevertheless, Joannides et al. have
shown that the NO inhibitor L-NMMA almost completely
blocked the posthyperemic large artery vasodilation, suggest-
ing NOto bethemost important factor responsiblefor FMD.2

Conclusion

Flow-mediated vasodil ation shows sustained improvement
under statin therapy over the course of 10 monthsand astable
gpontaneous course in patients with unchanged medication
over a 4-month period. These results support the utility of
FMD testing inlong-term trestment trials.

References

1. RossR: Thepathogenesisof atherosclerosis: A perspectivefor the
1990s. Nature 1993;362:801-809

2. Meredith IT, Yeung AC, Weidinger FF, Anderson TJ, Uehata A,
Ryan TJJr, Sdwyn AP, Ganz P: Roleof impaired endothelium-de-
pendent vasodilation inischemic manifestations of coronary artery
disease. Circulation 1993;87(suppl V):V-56-V-66

3. Vita JA, Treasure CB, Nabd EG, McLenachan JM, Fish RD,
Yeung AC, Vekshtein VI, Selwyn AP, Ganz P: Coronary vasomotor
responseto acetylcholinerelatesto risk factorsfor coronary artery
disease. Circulation 1990;81:491-497

4. Cedermger DS, Sorensen KE, Gooch VM, Spiegelhalter DJ, Miller
Ol, Sullivan 1D, Lloyd JK, Deanfield JE: Non-invasive detection of
endothelia dysfunctionin children and adultsat risk of atheroscle-
rosis. Lancet 1992;340:1111-1115

5. StroesESG, KoomansHA, DeBruin TWA, Rabelink TJ: Vascular
function in the forearm of hyperchol esterolaemic patients off and
onlipid-lowering medication. Lancet 1995;346:467—471

6. Celermger DS, Sorensen KE, Bull C, Robinson J, Deanfield JE:
Endothelium-dependent dilationin the systemic arteries of asymp-

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

tomatic subjects relates to coronary risk factors and their interac-
tion. JAmColl Cardiol 1994;24:1468-1474

Sorensen KE, Celermgier DS, Georgakopoulos D, Hatcher G,
Betteridge DJ, Deanfield JE: Impairment of endothelium-depen-
dentdilationisanearly eventin childrenwith familia hypercholes-
terolemia and is related to the lipoprotein(a) level. J Clin Invest
1994:;93:50-55

Lieberman EH, Gerhard MD, Uehata A, Selwyn AP, Ganz P,
Yeung AC, Creager MA: Flow-induced vasodilation of the human
brachia artery isimpaired in patients <40 years of agewith coro-
nary artery disease. AmJ Cardiol 1996;78:1210-1214

Neunteufl T, Katzenschlager R, Hassan A, Klaar U, Schwarzacher
S, Glogar D, Bauer P, Weidinger F: Systemic endothelia dysfunc-
tionisrelated to the extent and severity of coronary artery disease.
Atherosclerosis1997;129:111-118

Anderson TJ, Uehata A, Gerhard MD, Meredith IT, Knab S,
Delagrange D, Lieberman EH, Ganz P, Creager MA, Yeung AC,
Selwyn AP: Close relation of endothelial function in the human
coronary and periphera circulations. J Am Coll Cardiol 1995;26:
12351241

Vogel RA, Corretti MC, Plotnick GD: Changesin flow-mediated
brachial artery vasoactivity with lowering of desirable cholesterol
levelsin healthy middle-aged men. AmJ Cardiol 1996;77:37-40
O'Driscoll G, Green D, Taylor RR: Simvastatin, an HM G-coen-
zymeA reductaseinhibitor, improvesendothelia functionwithin 1
month. Circulation 1997;95:1126-1131

Neunteufl T, Kostner K, Katzenschlager R, Zehetgruber M, Maurer
G, Weidinger F: Additional benefit of vitamin E supplementationto
simvastatin therapy on vasoreactivity of the brachia artery of hy-
percholesterolemic men. JAmColl Cardiol 1998;32:711-716
Anderson TJ, Elstein E, Haber H, Charbonneau F: Comparative
study of ACE-inhibition, angiotensin Il antagonism, and calcium
channel blockade on flow-mediated vasodilation in patients with
coronary disease (BANFF study). J Am Coll Cardiol 2000;35:
60-66

LevineGN, Frel B, Koulouris SN, Gerhard MD, Keaney JF Jr, Vita
JA: Ascorbicacid reversesendothelial vasomotor dysfunctionin pa:
tientswith coronary artery disease. Circulation 1996;96:1107-1113
Expert panel on detection, evaluation and treatment of high blood
cholesterol inadults: Summary of the second report of the National
Cholesterol Education Program (NCEP) expert panel on detection,
evaluation and treatment of high blood cholesterol in adults (adult
treatment panel 11). J AmMed Assoc 1993;269:3015-3023
Lekakis J, Papamichagl C, Vemmos C, Nanas J, Kontoyannis D,
Stamatelopoulos S, Moulopoulos S: Effect of acute cigarette smok-
ing on endothelium-dependent brachia artery dilatationin heathy
individuals. AmJ Cardiol 1997,79:529-531

Vogel RA, Corretti MC, Plotnick GD: Effect of asingle high-fat
meal on endothelia function in hedthy subjects. Am J Cardiol
1997;79:350-354

EtsudaH, Tekase B, Uehata A, Kusano H, Hamabe A, KuharaR,
Akima T, Matsushima Y, Arakawa K, Satomura K, Kurita A,
Ohsuzu F: Morning attenuation of endothelium-dependent, flow-
mediated dilation in healthy young men: Possible connection to
morning peak of cardiac events? Clin Cardiol 1999;22:417-421
LaufsU, LaFataV, Plutzky J, Liao JK: Upregulation of endothelia
nitric oxide synthase by HMG CoA reductaseinhibitors. Circula-
tion 1998;97:1129-1135

Dechend R, Fiebdler A, Park JK, Muller DN, Theuer J, Mervaala
E, Bieringer M, GulbaD, Dietz R, Luft FC, Haller H: Amelioration
of angiotensin I1-induced cardiac injury by a3-hydroxy-3-methyl-
glutaryl coenzyme a reductase inhibitor. Circulation 2001;104:
576-581

JoannidesR, Haefeli WE, Linder L, Richard V, Bakkali EH, Thuil-
lez C, Luscher TF: Nitric oxideisresponsiblefor flow-dependent
dilatation of human peripheral conduit arteriesin vivo. Circulation
1995;91:1314-1319



