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Abstract 

 

Low Flow-Mediated Constriction: Prevalence, Impact and Physiological 

Determinants 

 

 

 

 

Michelle Lorraine Harrison, M.A. 

The University of Texas at Austin, 2010 

 

Supervisor:  Hirofumi Tanaka 

 
Flow-mediated dilation (FMD) is used as a surrogate marker for endothelial 

function, a subclinical indicator of coronary artery disease (CAD) and for that reason; 

FMD is commonly used to compare endothelial function across groups differing in age 

and number and/or type of CAD risk factors. The traditional calculation of FMD involves 

arterial diameter prior to cuff inflation and then peak arterial diameter following cuff 

release. Generally, arterial response during cuff inflation is not taken into consideration. 

The aims of the present study were to determine 1) if there were differences in brachial 

artery response, more specifically vasoconstriction, during cuff inflation in a diverse 

population of subjects, 2) if variability existed, the resulting impact on the calculation of 

traditional FMD, and 3) if arterial stiffness was a physiological determinant in this 
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process. A total of 84 subjects, varying in age (18-62 years) and CAD risk factor profiles 

were studied. Low flow-mediated constriction (L-FMC), during cuff inflation, traditional 

FMD, and modified FMD, which accounts for L-FMC, were calculated to investigate 

brachial artery response during all three stages of the FMD measurement. Subjects ≥ 50 

years old had lower FMD response compared with those ≤ 35 years old but only the 

modified FMD was statistically significant. The same effect was seen when comparing 

healthy subjects to those with multiple risk factors for CAD; there was an attenuated 

FMD response that only reached statistical significance with modified FMD. L-FMC was 

modestly but significantly associated with FMD. L-FMC was weakly but positively 

correlated with brachial pulse wave velocity (PWV). Our results indicate that modified 

FMD, which takes into consideration brachial response to cuff inflation, may be a more 

sensitive indicator of endothelial dysfunction and that arterial stiffening may  

be a physiological determinant in this process.  
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Introduction 

Cardiovascular disease is the primary cause of mortality in the United States, and 

many of these deaths can be attributed to coronary artery disease (CAD).  Endothelial 

dysfunction is believed to be the initial pathological process that gives rise to CAD. 

Flow-mediated dilation (FMD) is a common, non-invasive technique that is used as a 

surrogate marker for endothelial function (2).   

FMD is dependent on vessel response to the increase in blood flow that follows 

the release of a cuff.  The calculation of FMD involves arterial diameter prior to cuff 

inflation and then peak arterial diameter following cuff release.  Generally, arterial 

response to cuff inflation is not taken into consideration.  Currently, there is discrepancy 

in the literature as to what actually happens to the artery during cuff inflation. There are 

some studies reporting vasoconstriction during cuff inflation and termed this response as 

low flow-mediated constriction (L-FMC) (5, 6).  However, some studies show 

vasodilation and some show no response at all (8, 14, 15).  The first aim of this study was 

to determine if there were differences in brachial artery response during cuff inflation in a 

diverse population of subjects. 

Currently, most FMD measurements only quantify the percent change in vessel 

diameter compared with baseline and do not take into account changes occurring during 

cuff inflation.  However, the actual state of the vessel when it responded to the hyperemic 

blood flow upon cuff release could be important so the second aim of our study was to 

determine the impact of accounting for the changes in vasoactive state during cuff  

inflation on the subsequent calculation of FMD.  We used the term “modified FMD” to 

represent the effect of using the inflation diameter versus the baseline diameter for the 
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FMD calculation.  This was assessed in young versus older groups and in individuals 

with 0 versus 2+ CAD risk factors.  

 If arterial diameter changes during cuff inflation, arterial stiffness or the 

structural changes in the arterial wall may be a possible mechanism for the varied vessel 

response during cuff inflation. However, this question has yet to be studied.  Therefore, 

the third aim of our study was to compare arterial stiffness with L-FMC as a possible 

physiological determinant for the varied brachial artery response.  
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Methods 

SUBJECTS  

A total of 84 adults (46 male/38 female) with a varied profile of CAD risk factors 

were studied (Table 1). 13% of subjects were hypertensive (systolic BP ≥140mmHg 

and/or diastolic BP ≥90mmHg), 39% obese (BMI ≥30kg/m
2
), 22% diabetic (fasting 

blood glucose ≥126 mg/dL), and 27% dyslipidemic (HDL ≤35 mg/dL and/or LDL ≥130 

mg/dL).  Participants with overt symptoms of cardiovascular disease were excluded from 

the current study.  All subjects provided written informed consent prior to participation. 

The study was reviewed and approved by the Institutional Review Board.   

MEASUREMENTS 

Following a 12 hour overnight fast, a blood sample was collected from the 

antecubital vein by venipuncture.  Plasma concentrations of low-density lipoprotein, 

high-density lipoprotein, triglycerides, and glucose were determined by enzymatic 

methods. Brachial blood pressure was measured in triplicate from the contralateral arm in 

a supine position with an automated oscillometric device (HEM-907XL, OMRON 

Healthcare, Vernon Hills, Illinois). 

FMD MEASUREMENT 

Brachial FMD measurements were taken in accordance with previously defined 

protocol (3).  Briefly, participants were asked to avoid exercise and alcohol for ≥24 hours 

before measurement.  All measurements were performed after fasting and abstaining 

from caffeine for ≥4 hours.  Subjects were studied in a supine position after ≥15 minutes 

of rest in a temperature-controlled (22-24°C) laboratory setting. 
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  A longitudinal image of the brachial artery was obtained using a B-mode 

Doppler ultrasound machine equipped with a compact high-resolution linear-array 

transducer (iE 33 ultrasound System, Phllips, Bothel, WA).  A customized transducer-

holding device held the transducer in place 5 to 10 cm proximal to the antecubital fossa.  

A rapid inflation cuff was placed on the ipsilateral forearm distal to the elbow (E20, 

Hokanson, Bellevue, WA).  Following the baseline recording, a blood flow occlusion 

cuff was inflated to 100 mmHg above baseline systolic blood pressure for 5 minutes. 60 

seconds of diameter measurements were made at baseline, prior to cuff inflation, and then 

at 3 minutes 30 seconds after cuff inflation.  The timing of the occluded artery diameter 

measurement was made in accordance with previous work (5).  Peak reactive hyperemia 

diameter measurements were made continuously for 90 seconds, beginning 10 seconds 

prior to cuff deflation in order to ensure that peak diameter would be captured. 

All ultrasound-derived images were transferred and analyzed using image 

analysis software (Vascular Research Tool Brachial Analyzer, Medical Imaging 

Applications, Coralville, Iowa).  All of the images were taken and analyzed by the same 

investigator who was blinded to physical and physiological characteristics of the subjects. 

L-FMC, FMD AND MODIFIED FMD CALCULATIONS 
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where Dbase is the average of 10 consecutive end-diastolic brachial artery diameters 

before cuff-inflation, Dinfl is the average of the 3 consecutively lowest end-diastolic 

diameters during cuff-inflation, and Drep is the average of the 3 consecutively highest 

peak end-diastolic diameters during reperfusion, all expressed in mm. 

Brachial pulse wave velocity (PWV) was calculated as previously described (1) 

using the following equations: 

 

 

 

 

 

where DC = distensibility coefficient expressed in 10-3/kPa, p is the density of blood 

(assumed to be 1,060 kg/m3), ∆D is difference between the average of 10 consecutive 

end-systolic brachial artery diameters before cuff-inflation and Dbase, and ∆P is pulse 

pressure in kPa.  PWV is expressed in m/s.   

STATISTICAL ANALYSIS 

In order to determine the impact of age and CAD risk factors on L-FMC, subjects 

were divided according to age (≤35 and ≥50 years) and number of CAD risk factors (0 

and 2+ risk factors).  One-way analysis of variance determined differences between L-

FMC, FMD, and modified FMD measures in all group comparisons.  Pearson correlation 

analysis determined relations between L-FMC vs. FMD and L-FMC vs. brachial PWV.  

Significance was set a priori at p<0.05.  All data expressed as mean±SEM.         
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Results 

PREVALENCE  

In our subject sample, as displayed in Figure 1, the prevalence of L-FMC was 

67%; 33% displayed vasodilation during blood pressure cuff inflation.  

IMPACT OF FMC  

The subjects were divided into young (≤35 years old) and older (≥50 years old) 

age groups. There was a significant difference between baseline brachial diameter and 

inflation diameter in the young (3.94±0.11 mm vs. 3.86±0.10 mm; p<0.001) but not in 

the old (4.20±0.19 mm vs. 4.19±0.20 mm; p=0.90). These age-associated differences 

were attributed to differences in L-FMC (upper panel in Figure 2). FMD tended to be 

lower in older than in young subjects but the difference did not reach statistical 

significance (p = 0.06). After accounting for L-FMC, the modified FMD was 

significantly higher than FMD in young subjects (5.13±.48 % vs. 7.41±0.56 %; p<0.001). 

However, such a trend was not observed in older subjects (3.76±0.52 % vs. 3.92±0.60 %; 

p=0.78).  

In order to assess the impact of CAD risk factors, the subjects were divided into 

healthy (i.e. no risk factors) and multiple risk factor (2+) groups (n=34). In an attempt to 

isolate the impact of CAD risk factors, these 2 groups were age-matched. As depicted in 

Figure 3, L-FMC and FMD were not different between the risk factor groups. When 

brachial response during cuff inflation was accounted for, the modified FMD was 

significantly lower in the multiple risk factor group than in the healthy group.   
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PHYSIOLOGICAL DETERMINANTS  

 L-FMC was modestly but significantly correlated with FMD (r=0.26) (Figure 4). 

L-FMC was positively and significantly associated with brachial PWV (r=0.30) (Figure 

5).  
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Discussion 

PREVALENCE  

This study assessed brachial artery response to cuff inflation in a diverse 

population of subjects.  As seen in Figure 1, about two thirds of the subjects 

vasoconstricted during cuff inflation compared with one third that vasodilated. Gori et al. 

initially introduced the term, L-FMC, to describe this response and suggested that it could 

also be used as a compliment to FMD in the assessment of vascular function (5, 6). 

Interestingly, FMD was assessed in the radial rather than the brachial artery and all of the 

subjects vasoconstricted during cuff inflation, in spite of a subject population diverse in 

both age and CAD risk factors. Using the brachial artery for the measurement of FMD 

has been proven to be both accurate and reproducible (10), and endothelial function in the 

brachial artery has been shown to be well correlated with endothelial function in the 

coronary arteries (13). Weissgerber et al examined differences in L-FMC between the 

radial and brachial arteries and concluded that vasoconstriction occurred in the radial but 

not in the brachial artery (15). Our diverse group of subjects showed a variable brachial 

arterial response to inflation of the cuff. 

IMPACT OF FMC  

When comparing baseline brachial diameter and diameter during cuff inflation 

among the subjects, there was a difference in vessel response between the young and the 

older group. The young showed significant vasoconstriction (p<0.001) that was not seen 

with the older group, who showed no significant change (p=0.90). These results differ 

from those presented by Parker et al. who found no age group differences between 

brachial artery baseline and inflation diameters in young (22±1 yrs) or old (70±2 yrs) 
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subjects (8) as well as from Thijssen et al, who found significant vasodilation in children 

(10±1 yrs) and adults (28±6 yrs) but no significant change in the older adults (58±5 yrs) 

(14). These diverse results demonstrate that brachial response to cuff inflation does vary 

widely among a diverse population of subjects. 

The differences in L-FMC became important when considering which diameter 

(Dbase vs. Dinfl) to use for calculating FMD. In the present study, there was a statistically 

significant difference in the FMD of the young group when their inflation diameter (Dinfl) 

was used in place of their baseline diameter (Dbase) (p<0.001) but no significant 

difference was seen between the two in the older group (p=0.78). Thijssen et al. also 

demonstrated a significant effect on the resulting FMD depending on which diameter was 

used for the calculation (14). Figure 2 further demonstrates the effect of taking into 

consideration brachial artery response by comparing L-FMC, FMD and modified FMD 

across the two age groups. Again, statistical significance was found only with the 

modified FMD (p<0.001).  

This is the first study to attempt to isolate the effect of overall CAD risk on 

brachial artery response to cuff inflation. Two groups were age-matched, separated into 0 

vs. 2+ risk factors, and then L-FMC, FMD, and modified FMD across the two groups 

were compared; shown in Figure 3. Statistical significance was achieved only with the 

modified FMD (p<0.05). This implies that brachial response to cuff inflation is not only 

affected by age but also by an increasing number of CAD risk factors. Other studies have 

demonstrated a variable brachial arterial response when comparing healthy subjects to 

those with specific CAD risk factors such as smoking and hypercholesterolemia (4, 12).  

FMD is routinely used in research settings as a surrogate marker for endothelial 

function and, as such, is often the tool used to compare endothelial function across groups 

differing in age, fitness level, number of CAD risk factors, etc. Using modified FMD may 
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make comparisons across groups more accurate as it represents the actual state of the 

vessel when it responds to the hyperemic blood flow following cuff release. As such, this 

measure may be a better indicator of endothelial function. 

PHYSIOLOGICAL DETERMINANTS   

Figure 4 demonstrates a weakly positive correlation between L-FMC and FMD 

(p<0.05). This relation suggests that the greater the vasoconstriction during cuff inflation, 

the lower the calculated FMD. This may provide some insight as to the interplay between 

these two responses. Weissgerber et al. also saw a weak positive correlation between the 

two and suggested that the endothelial mediators that control L-FMC are still active and 

could interfere with the mediators responsible for the FMD reperfusion response (15) . 

The reactivity of the brachial artery is influenced by a number of chemical mediators that 

control vasoconstriction and vasodilation in response to environmental change. A 

disruption in the balance of these, an excess of one or a deficit of another, could influence 

the response of the artery to its environment.  One study used a selective ETA receptor 

specific antagonist and concluded that endothelin-1 mediated radial artery constriction 

during a low flow state (11).  

Thijssen et al. speculated that L-FMC brachial response might be related to the 

age-related increase in arterial stiffness (14). A possible explanation is that as arterial 

stiffness increases, the ability of the brachial artery to vasoconstrict during cuff inflation 

decreases; as a result of a less compliant, stiffer vessel. We also found a modest positive 

correlation between L-FMC and brachial PWV (p<0.05). 

Limitations to the current study include the relatively small sample size. This 

number of subjects did not allow for the investigation of specific CAD risk factors such 

as hypertension, diabetes, obesity and dyslipidemia on their own so we assessed them as 

an element of overall CAD risk. Further exploration is warranted to determine if there is a 
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characteristic brachial artery response specific to any one of these risk factors. This 

would perhaps provide further insight into the mechanisms involved. Second, we did not 

have blood samples on our entire population of subjects. The missing blood measures on 

these subjects were glucose and lipids so responses to a health research questionnaire 

were the criteria used to classify about one quarter of the subjects into the 0 risk factor 

group. These were all believed to be healthy subjects that had never been told by a doctor 

that they had either of these the risk factors so we do believe they were classified 

appropriately.  
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Conclusion 

Over the past decade, guidelines have been put forth to try and standardize the 

FMD procedure (3, 7, 9) thereby decreasing variability between studies. Up to now, these 

guidelines stop short of suggesting which diameter, Dbase vs. Dinfl, to use for the FMD 

calculation, but the evidence presented here suggests that this facet of FMD measurement 

may warrant such standardization.  
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Table 1: Selected Subject Characteristics 

Variable Mean±SEM 

Male/Female 46/38 

Age, yrs 41±1 

Height, cm 167±1 

Body Mass, kg 83±3 

BMI, kg/m2 

Systolic BP, mmHg 

Diastolic BP, mmHg 

30±1 

122±2 

71±1 

BMI = Body Mass Index, BP = Blood Pressure 
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Figure 1: Brachial artery response to blood pressure cuff-induced ischemia.
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Figure 2: Age-associated differences in low flow-mediated constriction (L-FMC) and 

flow-mediated dilation (FMD) [n=60].   
 *p<0.001 vs. <35 yr. 
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Figure 3: Low flow-mediated constriction (L-FMC) and flow-mediated dilation (FMD) as 
a function of the number of risk factors for coronary artery disease [n=34].  
*p<0.05 vs. 0 CAD risk factors 
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Figure 4: Association between low flow-mediated constriction (L-FMC) and flow- 
mediated dilation (FMD).   
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Figure 5: Association between low flow-mediated constriction (L-FMC) and brachial 
artery pulse wave velocity (PWV).   
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