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COMMENT

Which is the best method in clinical practice for assessing
improvement in vascular endothelial function after successful
smoking cessation — Flow-mediated dilation (FMD) or reactive
hyperemic peripheral arterial tonometry (RH-PAT)?
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I read with great interest the article by Fukumoto et al. titled
“Predictors of the effects of smoking cessation on the endo-
thelial function of conduit and digital vessels.” The authors
demonstrated a significant improvement in endothelial func-
tion after smoking cessation by using flow-mediated dilation
(FMD) but did not observe this improvement using reactive
hyperemia peripheral artery tonometry (RH-PAT). This
indicates that there is a disagreement between the changes
measured by FMD and natural logarithmic transformation of
the reactive hyperemia index (Ln-RHI). One of the reasons
for this disagreement is thought to be that increases in FMD
and Ln-RHI after successful smoking cessation correlate
differently with clinical variables, including BMI and weight
gain after smoking cessation.

A number of methods to assess endothelial function have
been investigated. Studies of brachial artery FMD were first
reported in 1992 [1], and this method now the most widely
used method in clinical research. RH-PAT, a newly devel-
oped method, was first reported in 2003 [2]. Both FMD and
RH-PAT are based on the same principle of the reactive
hyperemia phenomenon. This involves increased blood flow
following a period of transient arterial occlusion and serves
as an index of endothelium-dependent vasodilator function. In
FMD, the brachial arterial diameter is measured by ultrasound
before and after inducing reactive hyperemia to increase the
shear stress on the arterial wall [1]. The increased shear stress
produced by reactive hyperemia induces activation of endo-
thelial nitric oxide (NO) synthase, leading to an increase in
NO production in the endothelium. Therefore, FMD is a

noninvasive marker of local NO bioavailability in the endo-
thelium. Semiautomated devices to measure FMD have been
introduced to overcome technical limitations and are now
available in clinical settings. However, FMD measurement
requires appropriate training to ensure technical validation
and good reproducibility. RH-PAT is another technique for
measuring endothelial function and has recently become
available in clinical settings. The measurement of RH-PAT is
based on noninvasive measurement of pulsatile volume
changes at the fingertip before and after reactive hyperemia
using peripheral arterial tonometry [2]. The procedure for
inducing reactive hyperemia is the same as that used in the
measurement of FMD. PAT probes are placed on the index
finger of each hand, and the postocclusion to preocclusion
ratio is then calculated. The RH-PAT signals are corrected for
measurements in the contralateral arm. The measurement of
RH-PAT is less operator-dependent than that of FMD.
Although FMD reflects endothelial function in the conduit
arteries and RH-PAT reflects endothelial function in the
peripheral resistance arteries, it has been shown that the two
methods are not closely related [3]. While FMD and RH-PAT
may not be interchangeable markers, several prospective
studies have demonstrated that they are both independent
predictors of future cardiovascular events [4], and both
methods have acceptable reproducibility. The Framingham
Heart Study reported no statistically significant relationship
between signals obtained with RH-PAT and FMD, suggesting
that these two methods reflect distinct aspects of vascular
function [5]. Similar results were obtained in a recently
published systematic review and meta-analysis [4]. This
publication included several prospective studies that focused
on the prognostic value of FMD and RH-PAT and updated
the evidence for FMD and RH-PAT as predictors of cardio-
vascular events.

Both FMD and RH-PAT are used to assess endothelial
function [6, 7] and are useful indicators for evaluating this
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function. However, the target blood vessels of the two
methods are different. FMD is measured mainly in the
brachial artery, while RH-PAT is measured by recording the
finger arterial pulse wave amplitude and calculating the RHI.
There are distinct differences in the physiology of the vascular
beds measured by these two methods and in the response of
the conduit and resistance vessels to reactive hyperemia. This
raises the question as to which index is better for evaluating
improvements in vascular endothelial function after success-
ful smoking cessation. This is an important issue in clinical
practice. In their study, Fukumoto et al. [3] attempted to
determine which method was better for assessing improve-
ment in vascular endothelial function after successful smoking
cessation. To achieve this objective, they used simultaneous
measurement of FMD and RH-PAT. This approach demon-
strated a significant improvement in endothelial function
assessed by FMD but not by RH-PAT. In addition, Spear-
man’s rank correlation coefficient and the intraclass correla-
tion coefficient did not show an agreement in the changes
measured by FMD or Ln-RHI. The authors speculated
that the reason for this discrepancy might be that FMD and
Ln-RHI are associated with different clinical variables.

A study in a large, community-based cohort [5] showed
that the RHI did not correlate significantly with FMD. This
suggested that physiological variations in vessel sizes may
cause divergent brachial and digital reactivity and that FMD
and RH-PAT provide different information on vascular func-
tion. For example, FMD is particularly sensitive to impairment
caused by risk factors such as age and hypertension, whereas
the RHI is more sensitive to metabolic risk factors such as
body mass index (BMI) and diabetes. Similar to our previous
report [6], the present study showed that smoking cessation led
to a significant increase in BMI. An increase in the Ln-RHI
was also found to correlate inversely with baseline BMI. The
lower digital hyperemic response in obese participants was
consistent with impaired microvessel flow reserve, which may
contribute to a reduction in blood flow supply associated with
increased metabolic demands. These results indicate that
smokers with a higher baseline BMI may be more likely to
have a decrease in Ln-RHI after smoking cessation that is
often accompanied by an increase in BMI.

In the present study, blood pressure (BP) increased after
smoking cessation, with the increase in FMD correlating
inversely with the change in systolic BP. In contrast,
Ln-RHI correlated positively with the change in systolic
BP. The authors speculated that the elevation in BP may
have led to increased microvascular compliance due to
changes in vascular tone or structure, which in turn led to
higher hyperemic pulse amplitude in the digits. Therefore,
the differential effects of changes in systolic BP may

contribute, in part, to the disagreement observed between
the changes in FMD and Ln-RHI after smoking cessation.

To the best of our knowledge, this was the first study to
simultaneously assess endothelial function using FMD and
RH-PAT before and after smoking cessation and to demon-
strate different serial changes in endothelial function between
these two types of assessment. The results of the study
indicate that the effect of smoking cessation on vascular
endothelial function may be evaluated better by FMD than by
RH-PAT. In other words, the findings of the study suggested
that smoking cessation had a greater effect on the endothelial
function of conduit vessels than on that of peripheral resis-
tance vessels. However, a prospective, large-scale study
is needed to determine whether the improvement in FMD
associated with smoking cessation prevents cardiovascular
events such as acute coronary syndrome by improving
endothelial function of the conduit vessels.
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