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Regression of Alterations in Retinal
Microcirculation Following Treatment for

Arterial Hypertension
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Evaluation of early hypertension-related alterations
in retinal microcirculation has been subjective and
poorly reproducible. The authors recently described
a semiautomatic computerized system for evalua-
tion of the calibre of retinal blood vessels that has
shown very good reproducibility. In the study, this
system was used to measure the calibres of retinal
arterioles and veins, and their ratio, in a group

of 51 hypertensive outpatients before and after 6
months of treatment with losartan or, if required

for satisfactory blood pressure control, losartan plus
hydrochlorothiazide. Mean retinal arteriole diameter
increased from 0.0842 +0.003 mm to 0.0847 +0.003
mm (p=0.001). Arteriovenous ratio increased from
0.753+0.03 to 0.756+0.03 (p=0.003). This observa-
tion suggests regression of early hypertension-related
alterations in retinal microcirculation after 6 months
of antihypertensive treatment. (] Clin Hypertens.
2006;8:590-595) ©2006 Le Jacq
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ccording to hypertension management guide-

lines, hypertensive retinopathy is considered tar-
get organ damage constituting a cardiovascular risk
factor.? Unfortunately, evaluation of the early altera-
tions in retinal microcirculation that are observed in
most hypertensive patients seen in daily practice (i.e.,
retinal arteriole narrowing or arteriovenous nicking
without exudates or hemorrhage causing damage to
the retina itself) has been subjective, imprecise, and
poorly reproducible. This is largely the reason why
European guidelines, citing a prevalence of grade 1
or grade 2 hypertensive retinopathy of almost 80%
among newly referred hypertension patients,> explic-
itly exclude early alterations from use for cardiovas-
cular risk stratification.

We recently described a semiautomatic com-
puterized system for evaluation of the calibre of
retinal blood vessels that has shown very good
reproducibility.* Here, we report the results of
hypertensive treatment on retinal arteriole narrow-
ing in a group of 51 hypertensive patients during
6 months of treatment for hypertension.

MATERIAL AND METHODS

From among the hypertensive outpatients attend-
ing the internal medicine service of our hospital
(defined as blood pressure [BP] >140/90 mm Hg in
two or more opportunities in past months), who
had clear eyes with no refractive defect greater
than three diopters and who did not have sig-
nificant hepatic or renal dysfunction (creatinine
>2 mg/dL), congestive heart failure of New York
Heart Association class III or IV, or other disorders

Q www.lejacqg.com that might complicate the results of the study, we
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studied 51 consecutive patients (48 % men). Before
and after 6 months of treatment with losartan or
losartan plus hydrochlorothiazide, these patients
were evaluated by detailed anamnesis, BP measure-
ment, chest radiography, electrocardiography, and
echocardiography. Relevant urine and blood analy-
ses were also performed in some cases.

Clinic systolic BP (SBP) and diastolic BP (DBP),
respectively, were determined following the rec-
ommendations of the Seventh Report of the Joint
National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure
(JNC 7).! Echocardiography was performed using
an Esaote Biomedica SIM 7000 CFM Challenge
apparatus (Esaote Biomedica, Florence, Italy).
Two-dimensional images were used to identify
the most suitable M-mode images. Left ventricu-
lar mass in grams was calculated using the ana-
tomically validated formula of Ganau et al.’ and
divided by body surface area in m? to obtain the
left ventricular mass index (LVMI). Two catego-
ries of left ventricular hypertrophy (LVH) were
defined: the criteria used for major LVH (LVH1)
were LVMI >134 g/m? for men and >110 g/m?
for women,® and the criteria for all-degree LVH
(LVH2) were LVMI >111 g/m? for men and >106
g/m? for women.’ Other parameters extracted
from the echocardiographic recordings included
interventricular septum thickness and E/A ratio.

Following the above evaluations, 24-hour ambu-
latory blood pressure monitoring (ABPM) was
performed using a SpacelLabs 90207 apparatus
(SpaceLabs Medical, Issaquah, WA) programmed
to acquire pressure data every 20 minutes during the
day (7 a.m. to 11 p.m.) and every 30 minutes during
the night (11 p.m. to 7 a.m.). Recordings with >90%
of the readings valid were deemed acceptable. From
each acceptable recording the 24-hour, daytime, and
nighttime mean SBPs, DBPs, and heart rates were
extracted. Patients were classified as nocturnal dip-
pers if nighttime mean SBP and DBP were <90% of
the corresponding daytime mean values.

Albumin in 24-hour urine was determined
to detect microalbuminuria, and serum analyses
included fibrinogen, lipid profile components, and
fasting glucose.

For determination of the calibres of retinal arte-
rioles and veins and the ratio between the two (the
arteriovenous ratio [AVR]), digital fundus photo-
graphs of both eyes (each centering on the papilla and
covering an angle of 50 degrees), were taken 20-30
minutes after dilation of the pupil with tropicamide
(two drops) and phenylephrine (two drops). The
fundus camera was a Topcon TRC-50 TA equipped
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with a 540-nm filter connected to an Imagenet 1024
system (Topcon Instruments, Paramus, NJ), and
retinal vessel calibres and AVR values were extracted
from the photographs as previously described.” All
photographic analyses were performed by a single
ophthalmologist who, in evaluating post-treatment
photographs, was blind to the corresponding pre-
treatment values. Cardiovascular risk was calculated
using the Framingham and Score tables.>®
Following initial evaluation, all patients were
advised as to appropriate changes in lifestyle and
diet and were prescribed losartan at a dosage of 50
mg/d, with subsequent modifications to 100 mg/d (in
one morning dose) if BP was uncontrolled (>140/90
mm Hg) after 1 month of treatment, to 50 mg/d of
losartan plus 12.5 mg/d of hydrochlorothiazide if BP
was still uncontrolled at the end of the second month,
and to 100 mg of losartan plus 25 mg of hydrochlo-
rothiazide if control had not been achieved by the end
of the third month. These pharmacologic regimens
were maintained until 6 months after initial patient
evaluation, when evaluation was repeated.
Interruption of treatment in patients taking anti-
hypertensive drugs before inclusion in the study for
4 weeks before initial evaluation was required to
eliminate the short-term effects of these drugs on
vasomotor tone and to prevent any interaction with
the treatment given during the study. Patients with
high serum cholesterol (>300 mg/dL), or high cardio-
vascular risk (>20% according to the Framingham
equations) and low-density lipoprotein cholesterol
>130 mg/dL, were prescribed simvastatin (10 mg/d,
increased to 20 mg/d if adequate control of lipid
profile had not been achieved after 3 months).

Data Presentation and Statistical Analyses

Results below are presented as mean + SD. The
statistical significance of differences was judged
using two-sided tests at the p=0.05 level for paired
or unpaired data, as appropriate. Univariate cor-
relations between the mean AVR of the two eyes
and other variables were calculated, as was the
influence of the extent of nocturnal dipping on
changes in AVR and cardiovascular risk. Multiple
linear regressions were performed to identify the
variables best explaining baseline and post-treat-
ment AVRs and the difference between them. All
statistical analyses were performed using SPSS for
Windows 6.0 (SPSS Inc., Chicago, IL).

RESULTS

Baseline Characteristics of the Sample

Initial clinic SBP and DBP were 157.7+17.2 mm Hg
and 94.5+10.3 mm Hg, respectively. A total of 28
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Table. Data on Retinal Microcirculation, Blood Pressures,
Cardiac Hypertrophy, Microalbuminuria, and Cardiovascular
Risk Before and After 6 Months of Hypertension Treatment

VARIABLE BASELINE FinaL
Clinic SBP (mm Hg) 157.7¢17.2  132.447.8%
Clinic DBP (mm Hg) 94.5:10.3  81.4%6.5
Pulse pressure (mm Hg) 62.8+14.9 50.9+7.1*
Weight (kg) 79.0+13.2 79.0+13.5
Body mass index (kg/m?) 28.9+3.6 28.9+3.8
24-h SBP (mm Hg) 136.5+13.4 123.5£9.9*
24-h DBP (mm Hg) 84.5+9.0 75.9+7.3*
24-h heart rate (bpm) 73.0+£8.0 73.5£8.9
Daytime SBP (mm Hg) 140.8+14.1 127.7+10.8*
Daytime DBP (mm Hg) 88.3+9.0 79.4+8.1*
Nighttime SBP (mm Hg) 129.6+14.2 115.9+410.4*
Nighttime DBP (mm Hg) ~ 77.7¢10.4  69.8+7.8*
LVMI (g/m?) 113.7+28.5 114.2+27.3
LVHI (%)** 32 28.1
LVH2 (%)f 46.3 42.1

E/A ratio <1 23/44 22/35
Microalbuminuria (mg/24 h) ~ 55.6£124.7 24.6+29.2

Retinal arteriole 0.0842+0.003 0.0847+0.003*
diameter (mm)
Retinal venule 0.1118+0.001 0.1119+0.001

diameter (mm)

0.7530£0.03  0.7563+0.03"
Cardiovascular risk* 13.6£9.5 9.8+8.1*
Total cholesterol (mg/dL) 210.7+39.2 184.0+32.2*

Arteriovenous ratio

Data are mean + SD except as indicated. SBP=systolic blood
pressure; DBP=diastolic blood pressure; LVH=left ventricular
hypertrophy; *p=0.001; **left ventricular mass index (LVMI)
>134 g/mz for men and >110 g/m2 for women; TLVMI >111
g/m2 for men and >106 g/m2 for women; TTp<0.005; fealcu-
lated using the Framingham tables

patients (55 %) satisfied the European Hypertension
Society criteria for grade I arterial hypertension
(SBP 140-159 mm Hg and/or DBP 90-99 mm Hg),
16 (31%) were grade II (SBP 160-179 mm Hg and/
or DBP 100-109 mm Hg), and seven (13.7%) were
grade IIT (SBP >180 mm Hg and/or DBP >110 mm
Hg). Arterial hypertension was diagnosed in 27
(53%) patients more than 1 year previously and in
24 (47%) more recently.

The mean age of the 51 patients was 51 years
(range, 23-79 years). Forty-five (88%) were non-
smokers. No patients were diabetic, but four had
carbohydrate intolerance as diagnosed by oral glu-
cose tolerance tests.” Thirteen (26%) had a body
mass index (weight/height?) of 20-25 kg/m?, 23
(45%) had a body mass index of 25-30 kg/m?, and
the remaining 15 (29%) had a body mass index
>30 kg/m?. Four patients (8%) had a personal

history of cardiovascular disease and 10 (20%)
patients had a family history of early-onset cardio-
vascular disease (defined as cardiovascular disease
beginning before age 55 for men or before age 65
for women). Twenty-five patients had been receiv-
ing pharmacologic antihypertensive treatment (in
all cases without achieving adequate control of
BP), and the other 26 had never been treated for
arterial hypertension.

The Table (column 2) lists mean values and SDs
of clinic BPs, ambulatory BPs and heart rate, albu-
min in urine, echocardiographic and ophthalmo-
logic results, and the Framingham cardiovascular
risk score. Eight patients were classified as noctur-
nal dippers. Baseline retinal arteriole calibre was
negatively correlated with pulse pressure (p=0.01)
and cardiovascular risk (p=0.045), and baseline
AVR was negatively correlated with pulse pressure
(p=0.006) and clinic SBP (p=0.038). After exclu-
sion of patients with incomplete data and outli-
ers, multivariate linear regression analysis showed
some 77% of the variance in baseline AVR to be
accounted for by fibrinogen (-2.558; p»=0.018),
alteration of diastolic function (E/A ratio <1)
(-4.070; p=0.001), triglycerides (-=1.925; p=0.067),
and the SDs of nocturnal SBPs (—4.175; p=0.000)
and DBPs (3.651; p=0.001).

Final Characteristics and Correlations

The Table (column 3) lists characteristics of the
sample after 6 months, by which time 35 of 41
(85%) patients had achieved adequate control of
clinic BP and 17 of 38 (45%) had achieved ade-
quate dynamic control of BP (clinic values <140/90
mm Hg and 24-hour mean <125/80 mm Hg, day-
time mean <135/85 mm Hg, and nighttime mean
<120/75 mm Hg>'%). The remainder of patients
were responders but did not reach the objective
control of BP, although they were included in the
subsequent analysis. Twenty-eight patients (55%)
had been prescribed simvastatin.

AVR increased from 0.753+0.03 to 0.756+0.03
(p=0.005) (Figure), and cardiovascular risk fell
from 13.6+9.5 to 9.8+8.1 (p<0.001). The coef-
ficient of variation of AVR between baseline and
final measurements was 41.6%. Final AVR cor-
related in univariate analysis with modifications of
pulse pressure (0.350; p=0.027) and the variations
of some parameters obtained in ABPM recording.

After exclusion of patients with incomplete data
and outliers, multivariate linear regression analysis
showed some 95% of the variance in final AVR
to be accounted for by baseline AVR (26.224;
$=0.000), baseline IVMI (-2.716; »=0.010) and
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Figure. Mean diameters of retinal arterioles, and the arteriovenous ratio (AVR), before and after 6 months of antiby-
pertensive treatment (left). Bars indicate 95% confidence intervals [Cls]. The differences in arteriole diameter and AVR
(right) are statistically significant (p<0.001 and p=0.003, respectively). The correlation between baseline and final AVR
is 0.957 (p=0.000). The 95% Cls of the variations of arteriole diameter and AVR ratio include no 0.000, confirming

the difference between groups.

the SD of diurnal DBP in the baseline ABPM
recording (-2.433; p=0.020).

Changes and Effects of Nocturnal Dipping

There was no significant correlation between
change in the ratios between nocturnal and diur-
nal mean SBPs and DBPs and change in cardiovas-
cular risk in regard to either absolute change or
percentage change. Of the eight nocturnal dippers
identified at the beginning of the study, four had
become nondippers by the end of the study and,
of the 27 patients initially classified as nocturnal
nondippers who provided valid ABPM recordings
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at the end of the study, nine had become dippers.
Dippers who became nondippers did not differ
significantly from nondippers who became dippers
in regard to either change or percentage change in
cardiovascular risk or AVR. Nor were there any
significant correlations between changes in AVR
and the baseline, final, and changes in the ratios
between nocturnal and diurnal mean SBP or DBP,
either in absolute or percentage terms.

DISCUSSION
Hypertension-induced alterations in retinal micro-
circulation were first described in the 19th century
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by Marcus Gunn.!! Since then, it has been gener-
ally accepted that such alterations are relevant to
prognosis and, hence, to the choice of therapy,
and fundus examination is recommended accord-
ingly in current guidelines for management of
the hypertensive patient. However, hypertensive
retinopathy covers a wide range of alterations,
from narrowing of the retinal arterioles to lesions
compromising the parenchyma.!? It is only quite
recently that some studies of very large groups of
subjects’3-15—although not others'®—have pro-
vided evidence that retinal arteriole narrowing
may predict adverse cardiovascular events inde-
pendently of other risk factors. Because of this,
and in view of the limitations of qualitative fun-
doscopy for evaluation of patients with grade I and
II hypertension,'” the interpretation of the results
of funduscopy recommended by the guidelines is
based largely on studies carried out several decades
ago in which, for various reasons, interpretation
of early hypertensive retinopathy was less relevant
than it is today.!”"' Therefore, there is clearly a
need for the development of methods of evaluation
of early hypertensive retinopathy, retinal arteriole
narrowing in particular, that are precise and reli-
able enough to allow effective use of this source
of information on the hypertensive process. In this
study, using a previously described computerized
method for measurement of retinal blood vessel
calibres,* we examined the changes in these param-
eters that accompanied 6 months of treatment in a
group of patients with grade I and II hypertension.
Our main finding is that mean retinal arteriole
diameter and the AVR increased during this period,
i.e., treatment was accompanied by the regression
of early hypertensive retinopathy. The increment of
AVR cannot be explained by the variability of our
method, since the coefficient of variation between
baseline and final measurements (41.6%) was
much higher than the within-operator, between-
operator, and within-eye variability, all of them
better than 3%.* As far as we know, this is the first
time it has been possible to demonstrate the benefi-
cial effect of treatment on this kind of target organ
damage (and to corroborate the hypertensive ori-
gin of retinal arteriole narrowing in this way) by
examination of a small group of patients.

Like previous authors,?’>° we found a close
relationship between diffuse arteriolar narrowing
and baseline hypertension. In this study, arteriole
calibre and AVR both decreased with increas-
ing pulse pressure, and AVR also decreased with
increasing clinic SBP. Pulse pressure and clinic SBP
are both valuable markers of vascular disease that
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are used for stratification of cardiovascular risk. In
keeping with this, arteriole calibre was negatively
correlated with total cardiovascular risk (both at
the beginning and at the end of the study), which
supports guideline recommendations to minimize
cardiovascular risk of all kinds as soon as possible
to prevent target organ damage.

Final AVRs were correlated with multiple
parameters extracted from ABPM recordings. The
best correlation (p<0.01) was with the final values,
or the changes over the course of the study, of the
variability of DBP over 24 hours as measured by
its SD, and with the final SD of DBP during the
nocturnal period.

Dahlof et al.2¢ reported the regression of qualita-
tively evaluated early hypertensive retinopathy dur-
ing treatment with enalapril, a drug known to affect
vascular morphology and function. In this study, a
similar effect of treatment with losartan, or losartan
plus hydrochlorothiazide, was observed quanti-
tatively by measurement of retinal blood vessel
calibres. Note that the precision of the measurement
system allowed observation of a significant effect
in spite of the very small differences between the
initial and final mean values of AVR and arteriole
calibre (Table); larger differences would most likely
result from more prolonged treatment.?” These find-
ings, and the accompanying significant reduction in
cardiovascular risk, suggest that even though retinal
arteriole narrowing may not be an independent
predictor of cardiovascular risk, it may serve as a
very useful noninvasively obtained summary of total
risk and, hence, of the physiologic efficiency of BP
control, at least for research purposes.

The genesis of retinopathy has been related to the
absence of nocturnal dipping, hyperglycemia,?® and
endothelial inflammation or dysfunction,? inter
alia. In this study, however, we found no significant
relationship between nocturnal dipping and either
AVR or change in AVR. In addition, no relationship
was found between any of the metabolic parameters
considered (lipids, glycemia) and either baseline or
final AVR or arteriole calibre or the corresponding
changes (final minus baseline values) or percentage
changes, except that serum triglyceride level was
one of the five predictors of baseline AVR identified
by multivariate analysis. The absence of correlation
between baseline or final values or changes in arte-
riole calibre or AVR and baseline or final values or
changes in cholesterol or cholesterol fractions sug-
gests that simvastatin cannot have affected retinal
vessel calibre in the 55% of patients who took this
drug during the study period, at least by any choles-
terol-mediated mechanism.
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We found no relationship between AVR and baseline
LVML. A relationship between hypertensive retinopathy
and LVH has been reported previously, but only on the
basis of subjective direct ophthalmoscopy.>

Somewhat surprising, however, was that there
was no significant correlation between AVR and
either 24-hour urinary albumin or the change in
24-hour urinary albumin. This seems likely to have
been due to low statistical power, with 24-hour
urinary albumin excretion showing, as usual,’!
wide variation.

In conclusion, our method of evaluating early
hypertension-related alterations in retinal micro-
circulation has allowed objective, quantitative
observation of regression associated with 6 months
of hypertensive treatment. Further work remains
to be done before retinal arteriole measurement
can be recommended for routine monitoring of the
individual patient.
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