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Clinical implication of impaired skin microvascular function in
patients with hypertension
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Several noninvasive methods for imaging microcirculation
have been developed and used in clinical practice. Laser
Doppler perfusion imaging (LDPI) is a laser-based optical
imaging technique that has occasionally been used for the
assessment of skin microcirculation. A major limitation of
the standard LDPI technique is its low temporal resolution;
a measurement time of one minute is required for scanning.
Therefore, the standard LDPI technique is not suitable for
skin microvascular function tests with a dynamic process
[1]. The development of laser Doppler flowmetry (LDF)
using the Doppler shift of laser light as the information
carrier has enabled continuous measurement of tissue blood
flow, making it possible to evaluate skin microvascular
function [2, 3]. However, the spatial resolution and repro-
ducibility of LDF are poor [4]. An alternative laser-based
optical imaging method for microcirculation is laser speckle
contrast imaging (LSCI), which has an excellent correlation
with LDPI [5]. This method relies on the speckle phe-
nomenon to create dynamic two-dimensional maps of
microvascular perfusion and visualizes blood flux in real
time with high spatial and temporal resolution. Therefore,
the LSCI technique enables dynamic mapping of skin blood
flux in almost real time with higher reproducibility than that
of LDF, making the LSCI technique a fascinating tool for
the assessment of skin microvascular function [6].
Skin microcirculation has been regarded as a potentially
representative vascular bed for the assessment of micro-
vascular function and understanding of the pathophysiolo-
gical associations between microvascular dysfunction and

disease states [6]. There are two major types of skin
microvascular function tests: tests with pharmacological
interventions using acetylcholine, bradykinin, histamine,
methacholine, phenylephrine, or sodium nitroprusside and
tests with nonpharmacological interventions, including local
cooling tests, local thermal hyperemia tests, pressure-
induced vasodilation tests, transient hyperemic response
tests, and postocclusive reactive hyperemia (PORH) tests
[6]. Skin microvascular function tests have been performed
in a variety of disease states, including type 2 diabetes,
dyslipidemia, renal disease, peripheral artery disease, cor-
onary artery disease, heart failure, Alzheimer’s disease, and
systemic sclerosis [6]. However, there is little information
on skin microvascular function evaluated by the LSCI
technique in patients with hypertension.

In the current issue of Hypertension Research, Antonios
et al. evaluated skin microvascular function by using the
LSCI technique coupled with PORH in untreated patients
with essential hypertension, patients with masked hyper-
tension, and control subjects without hypertension [7]. Skin
microcirculation was measured at two skin sites >10 mm2

that were randomly chosen on the ventral surface of the
forearm. PORH was induced by inflating a pneumatic cuff
wrapped around the upper arm at 250 mmHg for 5 min.
Skin microvascular function was defined as a percentage
increase in flux from baseline to the peak postocclusive
response (base to peak flux, %) or the amplitude of the
PORH response (PORH amplitude) expressed as the peak
cutaneous vascular conductance (CVC) minus baseline
CVC. CVC was calculated as the ratio of mean flux in each
respective period divided by mean blood pressure. They
demonstrated that both base-to-peak flux and PORH
amplitude were significantly impaired in patients with
essential hypertension and patients with masked hyperten-
sion compared to those in subjects without hypertension,
that both base-to-peak flux and PORH amplitude were
negatively correlated with office blood pressure and
ambulatory blood pressure and that hypertension was
significantly associated with lower base-to-peak flux and
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PORH amplitude after adjusting for other confounding fac-
tors, indicating that hypertension is associated with impaired
skin microvascular function. In multivariate analysis, not
only hypertension but also total cholesterol and smoking
were significantly associated with impaired skin micro-
vascular function. These findings indicate the possibility that
skin microvascular function assessed by the LSCI technique
coupled with PORH can be used as a vascular biomarker.

An ideal vascular function test as a vascular biomarker
should reflect and follow the disease severity and, thus,
should be reversible with interventions. In addition, an ideal
vascular function test should serve as a prognostic marker;
improvement of vascular function should be accompanied
by a reduction in the risk of cardiovascular events. Several
noninvasive vascular function tests, including flow-
mediated vasodilation and reactive hyperemia peripheral
arterial tonometry as indices of endothelial function,
nitroglycerine-induced vasodilation as an index of vascular
smooth muscle function, and brachial-ankle pulse wave
velocity and cardio-ankle vascular index as indices of
arterial stiffness, have been developed and used in clinical
practice [8, 9]. In clinical settings, the results of vascular
function tests are expected to serve as vascular biomarkers
that provide additive information for cardiovascular risk
stratification and treatment optimization. A skin micro-
vascular function test using the LSCI technique coupled
with PORH is a relatively operator-independent and simple
method with high reproducibility. Therefore, this vascular
function test has the potential to be used as a vascular
biomarker in clinical practice. The results of the present
study showed that skin microvascular function was nega-
tively correlated with blood pressure, suggesting that skin
microvascular function reflects disease severity in patients
with untreated hypertension. However, it is unknown
whether blood pressure-lowering therapy, including non-
pharmacological interventions through lifestyle modifica-
tions such as dietary sodium restriction, aerobic exercise,
and body weight reduction and pharmacological interven-
tions with antihypertensive drugs, improves skin micro-
vascular function in patients with hypertension. It is also
unknown whether skin microvascular function serves as a
prognostic marker of cardiovascular events. Further studies
are needed to determine whether skin microvascular func-
tion tests using the LSCI technique coupled with PORH can
serve as a vascular biomarker that provides additive infor-
mation for cardiovascular risk stratification beyond blood
pressure in patients with hypertension. For clinical use, it is
also necessary to standardize the measurement method and
establish diagnostic criteria for skin microvascular dys-
function for appropriate interpretation of the test results.

Coronary microvascular dysfunction has attracted much
attention as a potential mechanism of myocardial ischemia
since patients with coronary microvascular dysfunction are

at increased risk of cardiovascular events. Coronary
microvascular function is often evaluated by coronary flow
reserve (CFR), which is calculated as the ratio of coronary
blood flow during maximal vasodilation to baseline cor-
onary blood flow in response to vasodilator stimuli. How-
ever, this method is limited by its invasive nature, and thus,
repeated measurements of CFR are clinically difficult to
perform. Khan et al. reported that there was a positive
correlation between coronary velocity reserve measured by
transthoracic echocardiography during intravenous adeno-
sine infusion and skin microvascular function measured by
laser Doppler imaging during iontophoresis of acetylcholine
and sodium nitroprusside, suggesting that skin micro-
vascular function reflects coronary microvascular function
[10]. If there is a correlation between CFR and skin
microvascular function assessed by the LSCI technique
coupled with PORH, the skin microvascular function test
using the LSCI technique coupled with PORH can poten-
tially provide useful information not only for cardiovascular
risk stratification but also for the diagnosis of coronary
microvascular dysfunction.

In summary, this study has shown a significant associa-
tion between hypertension and impaired skin microvascular
function assessed by the LSCI technique coupled with
PORH. The most important purpose of a vascular function
test is to assess cardiovascular risk and to optimize inter-
ventions for preventing future cardiovascular events. Future
studies investigating the role of a skin microvascular
function test as a vascular biomarker may further enhance
the clinical implications of this vascular function test in
patients with cardiovascular risk factors.
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