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Background: Structural alterations of subcutaneous small
resistance arteries, as indicated by an increased media-to-
lumen ratio, are frequently present in hypertensive and/or
diabetic patients, and may represent the earliest alteration
observed. Furthermore, media-to-lumen ratio of small
arteries evaluated by micromyography has a strong
prognostic significance; however, its extensive evaluation is
limited by the invasivity of the assessment, since a biopsy
of subcutaneous fat is needed. Noninvasive measurement
of wall-to-lumen of retinal arterioles using scanning laser
Doppler flowmetry (SLDF) has recently been introduced.
However, this new technique has not yet been compared
to micromyographic measurement, generally considered
the gold standard approach.

Methods and results: We investigated 40 individuals and
patients, 24 of them were hypertensive patients and
16 normotensive individuals. All patients underwent a
biopsy of subcutaneous fat during an elective surgical
intervention. Subcutaneous small resistance arteries were
dissected and mounted on a wire myograph, and media-
to-lumen ratio was measured. In addition, an evaluation
of wall-to-lumen ratio of retinal arterioles by SLDF was
performed (Heidelberg Retina Flowmeter, Heidelberg
Engineering). A close correlation was observed between
media-to-lumen ratio of subcutaneous small arteries and
wall-to-lumen ratio of retinal arterioles (r¼0.76, P<0.001;
P<0.001, r2¼ 0.57).

Conclusion: A noninvasive and easily repeatable
procedure (intraobserver and interobserver variation
coefficient <13%) such as an evaluation of the arterioles
in the fundus oculi by SLDF may provide similar
information regarding microvascular morphology compared
with an invasive, accurate and prognostically relevant
micromyographic measurement of media-to-lumen ratio of
subcutaneous small arteries.
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arterioles, scanning laser Doppler flowmetry, small
resistance arteries
opyright © Lippincott Williams & Wilkins. Unauth
urnal of Hypertension
Abbreviations: ACE, angiotensin-converting enzyme; SD,
standard deviation; SLDF, scanning laser Doppler flowmetry
INTRODUCTION
S
ystemic arterial hypertension is associated with
vascular changes in the retina that may occur in both
chronic and acute stages. The retinal microcirculation

represents perhaps the only microvascular district that may
be directly observed and evaluated by a relatively simple
funduscopic examination. For this reason, a classification of
hypertensive changes in the retina in a severity scale was
already proposed by Keith et al. [1] in 1939, in what is now
currently known as the Keith-Wegener-Barker grading
system. It was subsequently modified by Scheie [2] to better
separate hypertensive from atherosclerotic abnormalities.
This classification was widely applied in the past decades
for the stratification of risk in hypertensive patients.
However, several studies have proved a weak clinical
usefulness of the Keith-Wegener classification, due to poor
reproducibility and association with other indices of target
organ damage [3,4]. Therefore, the 2007 Guidelines for
the management of arterial hypertension of the European
Society of Hypertension/European Society of Cardiology [5]
recommended examination of eye grounds in hypertensive
with severe disease only, as the mildest retinal changes
orized reproduction of this article is prohibited.
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appeared to be largely nonspecific alterations except in
young patients.

In the past 10 years, more sensitive methods for
quantitatively assessing retinal vascular changes were
developed. Initially, the calculation of the arteriolar-to-
venular ratio in retinal vessels was proposed as an index
of vascular structural alterations [6]. Indeed, its prognostic
significance was shown to be relatively modest [6] although
some association with incident stroke was observed [7].
There is also evidence that retinal arteriolar-to-venular ratio
is of limited value in identifying hypertensive patients at
high cardiovascular risk related to cardiac and extracardiac
organ damage [8]. More recently, Schmieder, Michelson and
colleagues [9] proposed a new method of assessment
of structural abnormalities in the retinal vascular district.
A quantification of the wall-to-lumen ratio of retinal
arterioles was obtained using scanning laser Doppler flow-
metry (SLDF) [9]. Using this approach, it was demonstrated
that the wall-to-lumen ratio of retinal arterioles is increased
in untreated hypertensive patients [10], as well as in treated
patients with cerebrovascular events [9]. In addition wall-to-
lumen ratio seems to correlate with indices of micro-
vascular damage in other vascular districts, such as albumin
excretion by the kidney [11]. Presently, the most reliable
method of evaluation of the microvascular structure is
the measurement of the media-to-lumen ratio by wire or
pressure micromyography [12,13]. Using this approach,
it was demonstrated that an increase of media-to-lumen
ratio in subcutaneous small resistance arteries, obtained
by a bioptic approach in human beings, possesses a strong
prognostic significance [14–16], and might play a major role
in the development of hypertension complications [17].
However, also according to the recent Reappraisal of
European guidelines on hypertension management, ‘the
invasive nature of this measurement prevents larger-scale
application of this method’ [18]. Therefore, a noninvasive
approach, possibly providing the same information
obtained by wire or pressure micromyography, would
represent a major advancement in the risk stratification
of hypertensive patients. At present, no direct comparison
of the assessment of microvascular alterations with wire or
pressure micromyography and with SLDF is available.
Therefore, we believe that it was important to investigate
wall-to-lumen ratio of retinal arterioles, measured by SLDF,
and media-to-lumen ratio of subcutaneous small resistance
arteries, measured by wire micromyography.

PATIENTS ANDMETHODS
Forty individuals and patients admitted to the surgical
department of our hospital for standard abdominal surgery
were investigated. In 70% of the cases an election chole-
cystectomy was performed, in 20% indication for surgery
was an incidentaloma of the adrenals (no evidence of
hormonal secretion) and in 10% an elective intestinal
resection for diverticulosis was performed. Sixteen of
them were normotensive and 24 hypertensive, according
to the European Society of Hypertension/European Society
of Cardiology guidelines 2007 [5]. The majority of the
24 hypertensive patients were on treatment with anti-
hypertensive drugs. Blood pressure was recorded by
Copyright © Lippincott Williams & Wilkins. Unaut
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standard sphygmomanometric approach (three measure-
ments in lying position, 5min apart) the day before surgical
intervention. No wash-out of antihypertensive treatment
was possible; therefore blood pressure values recorded
were those on treatment in 22 out of 24 cases. Antihyper-
tensive drugs used included diuretics in 12% of patients,
angiotensin-converting enzyme (ACE) inhibitors in 42%,
calcium channel blockers in 37%, angiotensin receptor
blockers in 25%, b-blockers in 17% and doxazosin in 8%.
Additional treatments included antiplatelet drugs in 21%
and statins in 33% of the patients.

Seven out of 24 hypertensive patients had type 2 diabetes
mellitus, and were on treatment with oral antidiabetic
drugs. None of them had additional signs of retinopathy
(aneurisms, hemorrhages, exudates, etc.). Twenty out of
22 of our female participants were in a postmenopausal
status, and out of these, only four were on hormonal
replacement therapy. None of them was on hormonal
contraception treatment.
Micromyography
All patients were submitted to a biopsy of subcutaneous
fat from the anterior abdominal region. The biopsy of the
abdominal subcutaneous fat was taken during the surgical
procedure. Surgery was never performed in patients with
signs of systemic inflammation. Small arteries (about 100–
280 mm of average diameter in relaxed conditions, 2 mm
long) were dissected from the subcutaneous fat of the
biopsies and mounted as a ring preparation on an isometric
myograph (410 A; Danish Myo Technology, Aarhus,
Denmark), by threading onto two stainless steel wires
(40 mm diameter). After equilibration, the micromyograph
was transferred to the stage of a light microscope with
immersion lens. The vessel was stretched slightly (wall
tension about 0.1 N/m), and structural characteristics of
the vessels were evaluated. The following parameters
were directly measured or calculated: wall thickness, media
thickness, adventitia thickness, internal diameter, tunica
media-to-internal diameter ratio (media-to-lumen ratio),
media cross-sectional area, wall cross-sectional area.
Details about the micromyographic technique of evaluation
of small artery morphology were previously reported
[19–22]. The average values obtained from two vessels in
each experiment were considered.
Evaluation of retinal arteriolar morphology
All patients underwent an evaluation of the retinal arteriolar
morphology 3–4 days after surgical intervention. Wall-to-
lumen ratio of retinal arterioles was assessed using SLDF at
670 nm (Heidelberg Retina Flowmeter; Heidelberg Engin-
eering, Heidelberg, Germany), an established method to
investigate retinal perfusion [9,23]. Briefly, an arteriole with
a size between 80 and 140 mm of the superficial retinal layer
in a retinal sample of 2.56� 0.64� 0.30 mm was scanned
within 2 s, at a resolution of 256 points� 64 lines� 128
lines. Measurements were performed in the juxtapapillary
area of the right eye, 2–3mm temporal superior to the optic
nerve; the mean from three measurements was taken [9].
Only arterioles that could unambiguously be discriminated
and clearly be identified on the temporal superior side of
horized reproduction of this article is prohibited.
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the optic nerve were selected. Images of arterioles with-
out sharp contrast to the retina or with crossing and over-
lapping of venules, curved arterioles, or arterioles with
more than one bifurcation on the image and images
with more than four eye movements were excluded. The
examination was performed without mydriasis, in sitting
position after 20min of rest, at room temperature and
daylight conditions between 0800 and 1400 h, but before
lunch. Analyses of diameters were performed offline with
automatic full-field perfusion imaging analysis program
(Nirox Optoelectronics, Brescia, Italy) (Fig. 1). Outer
arteriole diameter was measured in reflection images,
and lumen diameter was measured in perfusion images
[9–11]. Wall-to-lumen ratio was calculated using the
formula (arteriole diameter� lumen diameter)/lumen dia-
meter [9–11]. Recently published reliability analysis of the
wall-to-lumen ratio pointed out a good reproducibility of
the SLDF measurement, with an intraobserver coefficient
of variation around 8–9% and intraobserver coefficient of
variation around 9–10% [24]. In our hands, coefficients of
variation (10 patients, two observers or 10 patients, two
readings of the same observer 1 day apart) were slightly
greater: 13 and 11%, respectively. Interclass correlation
coefficients were 0.933 (intragrader reproducibility) and
0.927 (intergrader reproducibility), indicating excellent
reproducibility, also confirmed by Bland–Altman analysis
with Pitman test of difference in variance (differences
between observations were those expected on a casual
basis: P¼ 0.80).

Originally, 42 patients were included in the study, but in
one case, due to the presence of nystagmus, no proper
evaluation of retinal arteriolar morphology could be
performed, and in a second case, no suitable vessel was
found in the subcutaneous fat biopsy.

Both the retinal study and the micromyographic study
were conducted blindly. The protocol of the study was
approved by the ethics committee of our institution
(Medical School, University of Brescia), and written
informed consent was obtained from each participant.
Copyright © Lippincott Williams & Wilkins. Unauth
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FIGURE 1 Evaluation of small retinal artery morphology by scanning laser Doppler
program output.
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The procedures followed were in accordance with the
institutional guidelines.

Statistical analysis
All data are expressed as meanþ SD, unless otherwise
stated. Differences between groups were evaluated
by Student’s unpaired t-test. Distribution of categorical
variables between groups was evaluated by chi-square
test. Relationships between variables were assessed by
calculation of Pearson’s correlation. All parameters were
normally distributed. A stepwise multivariate regression
analysis was then performed. The following independent
variables were considered: age, sex, smoking status, body
mass index, systolic, diastolic and pulse pressure, heart
rate, serum glucose, serum triglycerides, total cholesterol,
serum creatinine. Dependent variables were, alternatively,
media-to-lumen ratio of subcutaneous small arteries or
wall-to-lumen ratio of retinal arterioles. All the statistical
tests were two-tailed. A value of P less than 0.05 was
considered statistically significant. All analyses were carried
out with SPSS software (version 13.0, SPSS Inc., Chicago,
Illinois, USA).

RESULTS
Demographic characteristics of normotensive individuals
and hypertensive patients enrolled in the study are detailed
in Table 1. No significant difference was observed between
groups, apart from blood pressure values and serum
glucose (Table 1).

The media-to-lumen ratio of subcutaneous small arteries,
and the wall-to-lumen ratio of retinal arterioles were greater
in hypertensive patients, compared with normotensive
individuals, whereas the internal diameter of subcutaneous
small arteries and the inner and outer diameter of retinal
arterioles were smaller in hypertensive patients, compared
with normotensive individuals (Table 2).

A close correlation was observed between media-to-
lumen ratio of subcutaneous small arteries and wall-to-
orized reproduction of this article is prohibited.
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TABLE 1. Demographic data in the study population

All participants
(n¼40)

Normotensive individuals
(n¼16)

Hypertensive patients
(n¼24)

Age (years) 58.3�14.0 59.3�13.6 57.7�14.6

Sex (M/F) 18/22 7/9 11/13

Body mass index (kg/m2) 26.8�4.89 25.6�4.43 27.4�5.08

Smokers 6/40 2/16 4/24

Systolic blood pressure (mmHg) 132�16.7 125�16.6 139�16.8��

Diastolic blood pressure (mmHg) 83.4�10.7 71.4�11.7 88.7�10.1���

Heart rate (b.p.m.) 75.6�12.0 74.6�11.7 75.6�8.4

Serum glucose (mg/dl) 109�28.8 95.7�12.0 118�33.2��

Serum creatinine (mg/dl) 0.76�0.13 0.75�0.10 0.76�0.14

Total cholesterol (mg/dl) 203�37.8 207�41.6 200�35.5

Serum triglycerides (mg/dl) 110�62.1 99.6�42.7 117�73.1

Serum sodium (mEq/l) 141�2.12 142�1.96 141�2.17

Serum potassium (mEq/l) 4.15�0.32 4.12�0.26 4.18�0.36

��P<0.01, ���P<0.001 vs. normotensive individuals.

Rizzoni et al.
lumen ratio of retinal arterioles (r¼ 0.76, r2¼ 0.57,
P< 0.001; Fig. 2). The statistical significance of the corre-
lation persisted also when hypertensive patients (r¼ 0.80,
P< 0.001) and normotensive individuals (r¼ 0.58, P< 0.05)
were considered separately (Fig. 2). In the small group
of seven diabetic patients the r value was 0.34 (P NS), no
correlation between media-to-lumen ratio and glucose was
present (r¼�0.07, P NS).

No statistically significant correlation was observed
between the internal diameter of subcutaneous small
arteries and the inner and outer diameter of retinal arterio-
les (�0.24 and �0.15, respectively), or between wall-to-
lumen ratio of retinal arterioles and other morphological
indices of the structure of subcutaneous small arteries
(internal diameter, media thickness, wall thickness,
media cross-sectional area, wall cross-sectional area). No
statistically significant correlation was observed between
media cross-sectional area or wall cross-sectional area of
subcutaneous small arteries and wall cross-sectional area of
retinal arterioles. Clinic systolic and diastolic blood pressure
values did not correlate either with media-to-lumen ratio
of subcutaneous small arteries (r¼ 0.05 and 0.07,
respectively), or wall-to-lumen ratio of retinal arterioles
(r¼�0.08 and �0.09, respectively). Similar values were
obtained restricting the analysis to untreated patients.
Copyright © Lippincott Williams & Wilkins. Unaut

TABLE 2. Morphological data in subcutaneous and retinal vessels

All participants (n¼40) Norm

Subcutaneous small resistance arteries
Internal diameter (mm) 252�61.1

Media thickness (mm) 21.1�6.02

Adventitia thickness (mm) 20.2�4.02

Wall thickness (mm) 42.8�7.80

Media cross-sectional area (mm2) 20149�10134

Wall cross-sectional area (mm2) 41105�14910

Media-to-lumen ratio 0.0872�0.012

Retinal arterioles
Outer diameter (mm) 86.4�19.9

Inner diameter (mm) 65.6�15.8

Wall thickness (mm) 10.4�3.95

Wall to lumen ratio 0.327�0.11

Wall cross-sectional area (mm2) 2564�1478

�P<0.05, ��P< 0.01, ���P<0.001 vs. normotensive individuals.
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Multivariate regression analysis
We applied a multivariate regression analysis in which all
common cardiovascular risk factors were included (age,
sex, smoking status, body mass index, systolic, diastolic and
pulse pressure, heart rate, serum glucose, serum trigly-
cerides, total cholesterol serum creatinine). Media-to-
lumen ratio of subcutaneous small arteries proved to be
the most potent independent predictor of wall-to-lumen
ratio of retinal arterioles when it was considered as the
dependent variable (Table 3). Similar results were obtained
using, as dependent variable, media-to-lumen ratio of
subcutaneous small arteries (Table 3). In this case, only
wall-to-lumen ratio of retinal arterioles and age entered the
model, confirming that the two indices of microvascular
structure have a very strong relationship and a reciprocal
predictive value.

DISCUSSION
Changes in the microcirculation, which include small
resistance arteries, arterioles and capillaries, were well
demonstrated in essential and secondary hypertension
[12,25–27] and also in type 2 diabetes mellitus [21].
In particular, microvascular structural alterations appear
to be the fundamental hemodynamic abnormality in
horized reproduction of this article is prohibited.

otensive individuals (n¼16) Hypertensive patients (n¼24)

271�46.0 240�67.3�

21.7�4.16 20.6�7.04
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0.0809�0.008 0.0914�0.012���
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r = 0.76, p < 0.001
y = 6.9364x − 0,2779

R2 = 0.5702
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FIGURE 2 Correlation between wall-to-lumen ratio (W/L) of retinal arterioles and
media-to-lumen ratio (M/L) of subcutaneous small arteries: r¼0.76, P<0.001,
r2¼0.57. Considering separately normotensive individuals (empty circles): n¼16,
r¼0.58, r2¼0.34, P<0.05; and hypertensive patients (full circles): n¼24,
r¼0.80, r2¼0.64, P<0.001.
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essential hypertension and contribute to increased peri-
pheral resistance. These changes include mainly arterial
wall thickening and reduction of the internal diameter of
small resistance arteries (internal lumen 100–300 mm) with
a consequent increase in media-to-lumen ratio without any
significant change of the total amount of wall tissue (inward
eutrophic remodeling) [28], although alterations in the
capillary structure and distribution may also be observed.
In diabetic patients, a hypertrophic remodeling of sub-
cutaneous small resistance arteries was observed [21],
as suggested by the presence of an increased media
cross-sectional area compared with controls. In the present
study the seven patients with type 2 diabetes mellitus
showed a very modest increase in the media and in total
wall cross-sectional area of subcutaneous small arteries,
as well as of the total wall cross-sectional area of retinal
arterioles compared with normotensive individuals, prob-
ably due to the effect of previous treatment with blockers of
the renin–angiotensin system and with oral antidiabetic
drugs (all diabetic patients were previously treated for more
than 10 years). In fact, at least in type 1 diabetic patients,
it was previously demonstrated that proper metabolic
control may induce a shift from hypertrophic to eutrophic
remodeling [29].

In hypertension, an increase in the media-to-lumen ratio
of subcutaneous small arteries seems to represent the
earliest alteration observed [30], and it is clearly associated
with cardio-cerebrovascular events [14–16]. Structural
changes in microcirculation were observed in hypertensive
patients in different vascular beds, such as omental and
Copyright © Lippincott Williams & Wilkins. Unauth

TABLE 3. Multivariate regression analysis: wall-to-lumen ratio of reti

b

Model summary

Media-to-lumen ratio of subcutaneous small arteries 0.814

Age 0.266

Systolic blood pressure �0.325

Model summary

Wall-to-lumen ratio of retinal arterioles 0.809

Age �0.305

Systolic blood pressure 0.288
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subcutaneous tissues [25], as well as, more importantly, in
the cerebral microcirculation [31]. Cerebral and retinal
circulation share anatomic, physiological, and embryo-
logical features [32], and this renders the evaluation of
microvascular structure in the retina a very good candidate
for noninvasive assessment of hypertension-induced
changes in the microvessels.

As previously mentioned, hypertension is associated
with marked morphological alterations in the retinal
vasculature, and quantification of these changes may be
a useful novel approach to the assessment of target organ
damage in hypertension [33].

In addition to the calculation of the arteriolar-to-venular
ratio in retinal vessels [6,7], more recently, a computer-
assisted quantification of topological changes in retinal
vascular architecture was proposed [34]. Essential hyper-
tension was associated with an increase in the arteriolar
length-to-diameter ratio, and to a marked reduction in the
number of terminal branches, an alteration in arteriolar
topology indicative of rarefaction. These changes in the
arteriolar network were exaggerated in patients with malig-
nant hypertension [34]. Interestingly enough, antihyperten-
sive treatment with amlodipine or lisinopril improved some
of these indices [35]. However, no data about possible
prognostic significance of these indicators of vascular
morphology are presently available. In addition, it is not
presently known whether such retinal vascular abnormal-
ities may reflect, in hypertensive disease, similar abnormal-
ities in other vascular districts, such as the coronary,
muscular and subcutaneous circulation [33].

Furthermore, relationships between some indices of
retinal alterations, such as arteriolar-to-venular ratio [6,7],
length-to-diameter ratio or number of arteriolar branching
[34,35] with target-organ damage and cardiovascular
events, were far from being clearly established; therefore,
several issues related to funduscopic examination of the
retinal vascular network are still worthy of investigation.
Standardization of the funduscopic approach, possibly
by making use of a computerized or semi-computerized
analysis system, as it is mandatory for obtaining reliable
data, could be of help in screening large population
samples [33]. In this regard, the method proposed by
Schmieder and Michelson [9,36] represents a major
advancement. The index obtained with their approach,
the wall-to-lumen ratio of retinal arterioles, seems to be a
robust indicator of the severity of hypertension [10], of the
occurrence of cerebrovascular events [9], of the presence of
early renal damage [11], and, at difference with arteriolar-
to-venular ratio, is related to the extent of atherosclerotic
orized reproduction of this article is prohibited.

nal arterioles as dependent variable

R R2 Adjusted R2 P value

0.852 0.726 0.609

<0.0001

0.077

0.094

0.853 0.728 0.612

<0.001

0.04

0.139
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damage in the carotid artery, as indicated by evaluation of
the intima–media thickness [37]. The present study, for the
first time, demonstrated that wall-to-lumen ratio of retinal
arterioles may provide information similar to that obtained
with the micromyographic measurement of the media-to-
lumen ratio of subcutaneous small arteries, generally
considered the gold standard approach to the evaluation
of microvascular structure [12,13].

No statistically significant correlation was found
between wall-to-lumen ratio of retinal arterioles and media
cross-sectional area of subcutaneous arteries, or between
wall-to-lumen ratio of retinal arterioles and wall cross-
sectional area of subcutaneous arteries. A possible
explanation of these findings is related to the fact that
media-to-lumen ratio is considered the best indicators of
small artery morphology, since it is independent for vessels’
dimensions [38]. This may not be the case of media cross-
sectional area or wall cross-sectional area, which is deeply
influenced by the point of sampling. Since in humans there
is no precise way of dissecting vessels of comparable
dimension in different individuals, morphological compari-
sons are performed using the media-to-lumen ratio as a key
parameter. For these reasons, it is not surprising that
the best agreement was observed between variables
normalized for the internal diameter.

Limitations of the study
In the present study no significant correlation between
blood pressure values and indices of vascular structure
was observed. However, it is possible that blood pressure
values recorded during treatment and before a surgical
intervention may be relatively poorly informative, and,
therefore, not closely correlated with microvascular
structure. Multiple regression analysis was performed in
a relatively small population (n¼ 40), whereas about
12 variables were included in the model. Therefore, results
obtained with this statistical approach should be considered
with caution.

The biopsy material available was not sufficient to per-
form both an isometric wire micromyographic evaluation
and a pressure micromyographic assessment (no more than
two to three vessels may be dissected from each sample).
However, it was previously demonstrated that no differ-
ence between wire or pressure micromyography in terms
of morphological evaluations is present, provided that the
vessels are analyzed in comparable conditions [39].

Finally, a heterogeneous population of hypertensive/
diabetic patients (treated and nontreated) was included
in this study. Inward eutrophic remodeling was found in
the resistance arteries of these patients, possibly because
a large part of them was on antihypertensive treatment.
Probably, a more homogeneous population (i.e. never
treated hypertensive patients or only diabetic patients)
would allow to study if the typical alterations in the
structure of peripheral microcirculation assessed with the
micromyographic technique (eutrophic or hypertrophic
remodeling) may occur also in the arteries of the retina.
It is possible that previous antihypertensive treatment might
also have prevented us from observing greater differences
between media-to-lumen ratio of hypertensive patients and
normotensive individuals.
Copyright © Lippincott Williams & Wilkins. Unaut
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A possible future perspective related to our results is
represented by the wide use of a noninvasive approach for
the stratification of risk in the majority of hypertensive
patients, as microvascular structure may represent an
intermediate endpoint in the evaluation of the effects of
antihypertensive treatment [27,40,41]. According to the
European Society of Hypertension reappraisal of European
guidelines on hypertension management [18] ‘. . . several
measures of subclinical organ damage have been shown
to have prognostic significance, but their complexity, low
availability, and high cost prevent their routine clinical use.
It is likely that technological progress will make use of some
of these measurements more common in the future.
Any measure, however, should be considered only if it
adds to the overall precision of cardiovascular risk quanti-
fication . . .’. It is probable that noninvasive evaluation of
wall-to-lumen ratio of retinal arterioles might meet the
criteria requested by the European guidelines on hyper-
tension management, although it would also be clinically
important to determine whether the therapeutic regression
of cardiac, renal and vascular target organ damage seen in
hypertension has the same temporal pattern of regression
as retinal vascular damage.

In conclusion, a noninvasive and easily repeatable
procedure such as an evaluation of the arterioles in the
fundus oculi by SLDF may provide similar information
regarding microvascular morphology compared with an
invasive, accurate and prognostically relevant micro-
myographic measurement of the media-to-lumen ratio of
subcutaneous small arteries. Therefore, there is hardly
any doubt that new technologies, presently under clinical
evaluation, may help us in the future to noninvasively
assess microvascular structural alterations and to better
stratify cardiovascular risk of our patients with consequent
optimization of treatment.
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