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Abstract OBJECTIVES: The aim of the study was to evaluate skin microvascular reactivity 
(MVR) measured by laser Doppler flowmetry in women early after bilateral ovarec-
tomy treated with oral and transdermal estrogen replacement therapy (ERT). 
DESIGN: Interventional, randomized study with a cross-over design.
PATIENTS AND METHODS: 41 patients (49±6 years, 6–12 weeks after surgical 
castration) were treated with 17-β-estradiol transdermally (0.05 mg/day) or orally 
(2 mg/day) for three months and 20 healthy female subjects (47±5 years) served as 
controls.
RESULTS: Records of laser Doppler flowmetry were blinded prior to the evaluation. 
Maximal perfusion and velocity of perfusion increase during post-occlusive reac-
tive hyperemia (PORH) were lower before ERT comparing to controls at baseline 
(36±16 vs. 48±18 PU, p<0.05, and 2.8±1.9 vs. 4.2±2.3 PU, p<0.05, respectively). 
Velocity of perfusion increase in PORH decreased after oral ERT compared to 
baseline and also to transdermal ERT (2.1±1.2 vs. 2.8±1.9 PU.s–1, p<0.05, and vs. 
3.5±3.2 PU.s–1, p<0.01, respectively), nonsignificant increase of this parameter after 
transdermal ERT led to normalization when comparing to control group (3.6±3.2 vs. 
4.2±2.3 PU.s–1, NS). Increase of HDL-cholesterol and decrease of LDL-cholesterol 
(2.1±0.4 vs. 1.8±0.4 mmol.l–1, p<0.01, and 2.5±0.7 vs. 3.1±1.0 mmol.l–1, p<0.01) 
was observed after oral ERT while HDL-cholesterol increase after transdermal ERT 
was less pronounced (1.96±0.42 mmol.l–1, p<0.05). LDL-cholesterol levels did not 
change. A correlation between HDL-cholesterol and maximal post-occlusive flow 
expressed in % of basal perfusion was observed in patients before treatment (r=0.47, 
p=0.002).
CONCLUSIONS: Microvascular reactivity is impaired in women early after bilateral 
ovarectomy. No statistically significant improvement of MVR was observed after 
oral estrogen replacement therapy, normalization of MVR after transdermal ERT 
was only partial. Changes of MVR and lipid profile differed between oral and 
transdermal routes of estrogen replacement therapy.
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Abbreviations

CHD  - coronary heart disease
DCCT  - Diabetes Control and Complications Trial
ERT  - estrogen replacement therapy
FBG  - fasting blood glucose
FSH  - follicle stimulating hormone
HbA1C  - glycated hemoglobin A1C
HDL  - high density lipoprotein
HERS  - The Heart and Estrogen/Progestin Replacement Study
IFCC  - International Federation of Clinical Chemistry and 
  Laboratory Medicine 
LDL  - low density lipoprotein 
LH  - luteinizing hormone
TC  - total cholesterol
TG  - triglycerides
MVR - microvascular reactivity
PORH  - post-occlusive reactive hyperemia
PORHmax  - maximal perfusion in post-occlusive reactive 
  hyperemia
PORHmax/t - velocity of perfusion increase during post-occlusive 
  reactive hyperemia
PU  - perfusion unit
TH  - thermal hyperemia
THmax  - maximal perfusion in thermal hyperemia
THmax/t  - velocity of perfusion increase during thermal 
  hyperemia

InTroDucTIon

Lower rates of coronary heart disease (CHD) with the 
use of estrogen in postmenopausal women were reported 
in several observational studies [23,26]. This was not 
confirmed in the Women’s Health Initiative (WHI) trial 
where possible increase in CHD incidence in women 
treated with estrogen and progestin compared to placebo 
[15,24] and neutral effect of estrogen treatment alone [1] 
were observed. Also in the Heart and Estrogen/progestin 
Replacement Study (HERS) and in its follow-up (HERS 
II) hormone therapy did not reduce risk of cardiovascular 
events in women with CHD [7].

Large studies evaluating the effect of estrogen replace-
ment therapy on microvasculature are missing. Number 
of subjects in related studies is usually small, design varies 
and the results are often contradictory. For example, in 
postmenopausal women on estrogen replacement therapy, 
no difference was observed in baseline skin blood flow at 
rest and after warming using laser Doppler flowmetry 
compared to women without estrogen replacement [3]. 
However, impaired microvascular reactivity (MVR) has 
been demonstrated in postmenopausal women and its 
improvement was observed in women treated with hor-
mone replacement therapy using laser Doppler method 
and iontophoresis of acetylcholine and sodium nitro-
prusside [14]. Improved endothelial function was also 
described in a study comparing premenopausal women 
with postmenopausal women with or without estrogen 
therapy using the same method. Again, endothelium-de-
pendent (acetylcholine) and endothelium-independent 
(sodium nitroprusside) vasodilatation in the forearm 
skin microcirculation was evaluated [2]. On the other 
hand, no effect on endothelium independent myocardial 

perfusion was observed after short-term estrogen treat-
ment using positron emission tomography [19]. 

It has been shown that in a female population with 
low cardiovascular risk a significant correlation can be 
observed between the significance of cardiovascular risk 
factors and the impairment of skin microvascular reac-
tivity assessed by laser Doppler method. This may rep-
resent a simple and non-invasive tool to determine and 
monitor microvascular reactivity in observational and 
interventional studies [30]. We have used this method 
successfully previously during monitoring skin micro-
vascular reactivity in patients with endocrine disorders 
– growth hormone replacement therapy in hypopituitary 
patients [8], patients with Cushing’s syndrome [22], and 
in diabetic patients [27]. 

The aim of this study was to evaluate skin microvas-
cular reactivity measured by laser Doppler flowmetry 
in female patients treated with estrogen therapy early 
(six to twelve weeks) after bilateral ovarectomy (surgical 
castration). Effects of estrogen on lipid parameters and 
difference between oral and transdermal route of ERT 
administration were evaluated.

PATIenTs AnD MeThoDs

This was an interventional, prospective, randomized 
study with a cross-over design. 41 patients (mean age 
49±6 years, range 32–57 years) early (6 to 12 weeks) after 
bilateral ovarectomy (surgical castration) were random-
ized to receive either 17-β-estradiol transdermally (group 
TD) in dose of 0.05 mg daily (Climara, Schering, Ger-
many) or 2 mg of 17-β-estradiol daily orally (Estrofem, 
Novo Nordisk, Denmark) – group OR. Patients had no 
signs of estrogen deficiency prior to the surgical castra-
tion. After 12 weeks of treatment with first modality one 
week wash-out period was followed by treatment with 
the second modality for next 12 weeks. The examination 
was performed before the start of treatment and after 12 
and 25 weeks after the end of treatment with each modal-
ity. Blood samples were taken in fasting patients between 
8 to 9 a.m. Serum was separated from venous blood and 
stored at –80 °C. 

For the purpose of microvascular reactivity mea-
surements, twenty healthy, sex, age and BMI matched 
subjects (mean age 47±5 years, range 31–56 years) 
served as a control group (group C). The control subjects 
participated on voluntarily basis and were recruited from 
hospital workers with no signs of estrogen deficiency. The 
characteristics of patients and control subjects are shown 
in Table 1. Study was approved by the Ethics Committee 
of 1st Faculty of Medicine, Charles University, and all 
subjects gave their written informed consents.

Biochemical methods
LH, FSH, and estradiol levels were measured by che-

miluminiscence immunoassay (Advia Centaur, Bayer, 
USA). Total serum cholesterol (TC), HDL-cholesterol 
(HDL-C) and triglycerides (TG) were measured by pho-
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tometric enzymatic method on an automated analyzer 
(COBAS Mira, Roche). LDL-cholesterol (LDL-C) was 
calculated using the Friedwald formula. Fasting blood 
glucose (FBG) was measured by a routine enzymatic 
method. Glycated hemoglobin HbA1C was analyzed by 
high-performance liquid chromatography method on 
Variant II analyzer (BioRad, USA) using IFCC calibra-
tion (HbA1C[DCCT] ≈ 0.915 * HbA1C[IFCC] + 2.15). 

Microvascular reactivity
Skin microvascular reactivity (MVR) was measured 

by laser Doppler flowmetry using a PeriFlux PF 4001 
Master laser instrument and a PeriTemp 4001 Heater 
thermostatic unit manufactured by Perimed (Sweden). 
Records of laser Doppler flowmetry were blinded prior 
to the evaluation and the operator had no information 
about the mode of treatment of evaluated patients. All 
records were evaluated by a single operator. Instrument 
settings were as follows: time constant 0.02 s, sampling 
frequency 32 Hz, averaging from 2 samples. Measure-
ments were done at a room temperature of 22 °C in 
a sitting position, and all subjects rested for at least 
30 minutes in order to acclimatize before examination. 
Post-occlusive reactive hyperemia (PORH) and thermal 
hyperemia (TH) tests were performed for the assessment 
of microvascular reactivity. A single thermostatic probe 
(type 455, 23 mm diameter, fiber separation 0.25 mm) 
was used for both tests. Optical fibers in this probe are 
integrated into the heating plate and thus the entire area 
of tissue under the probe is heated. The probe was fixed 
with double-stick discs (3M, USA) to the forearm and 
its temperature was set to 32 °C for the purpose of skin 
thermal stabilization during PORH. Temperature of 
44 °C was used during TH as the thermal stimulus.

Basal perfusion (PORHb) was measured for 2 min-
utes before the PORH test. The brachial artery was 
then occluded by a sphygmomanometer cuff inflated 
to a suprasystolic pressure for 3.5 minutes. The cuff was 
applied around the arm before the procedure started in 
order to avoid any extra manipulation with the extremity 
during the test. PORH was recorded after 3.5 minutes of 
arterial occlusion. Maximal perfusion during hyperemia 
was recorded (PORHmax) as well as the time needed 
for reaching this maximal perfusion (PORHt). The 
velocity of the perfusion increase (PORHmax/t) was 
calculated as PORHmax/PORHt. Relative hyperemia 
(PORH%) was calculated as a percent increase above 
the baseline (PORH%=(PORHmax/PORHb–1) * 100). 
Thermal hyperemia was measured 10 minutes later 
than the PORH test, at the same location. The probe 
temperature was set to 44 °C and parameters THmax, 
THt, and THmax/t were recorded or calculated similarly 
as those in the PORH test. TH% was calculated using 
formula TH%=(THmax/PORHb–1) * 100. Perfusion is 
given in arbitrary perfusion units (PU). Perisoft for DOS 
5.10C2 and Perisoft for Windows 2.5 software were used 
for recording and evaluating perfusion data. The intra-
individual coefficient of variation of the laser Doppler 

method in 5 healthy subjects measured ten times on ten 
consecutive days varied from 17 to 24% in TH and 19 to 
25% in PORH, depending on the analyzed parameter.

We did not repeat the examination of MVR in the 
control group because it was demonstrated that the ef-
fect of time difference in healthy subjects is negligible 
– about 0.55–0.88 flow units per year, i.e. estimated 
0.4–0.7% decrease in both resting and stimulated skin 
blood flow [20].

Statistical evaluation
Statistical evaluation was performed by Statistica for 

Windows 6.0 software. Basic descriptive statistics was 
calculated for presented parameters. ANOVA, Student’s 
t-test or Wilcoxon’s test, Mann-Whitney and Kolmogo-
rov-Smirnov tests were used for comparing data between 
groups. Tests were selected depending on normality of 
data distribution. Pearson’s and Spearman’s correlations 
were used for analysis of relationships between measured 
parameters. Data are expressed as mean±SD if not stated 
otherwise.

resulTs

Before ERT, microvascular reactivity was signifi-
cantly lower in patients early after bilateral ovarectomy 
comparing to healthy controls in two parameters dur-
ing post-occlusive reactive hyperemia (PORHmax and 
PORHmax/t). PORHmax/t decreased nonsignificantly 
after oral ERT and increased nonsignificantly after 
transdermal ERT compared to baseline, however, the 
difference between oral and transdermal route of ERT 
was statistically significant. THmax/t decreased nonsig-
nificantly after both oral and transdermal ERT compared 
to baseline values. PORHmax after both oral and trans-
dermal ERT and PORHmax/t after oral ERT remained 
statistically significantly lower than in control group, dif-
ference between PORHmax/t after transdermal ERT and 
control group was not statistically significant. Results of 
microvascular reactivity are shown in Table 2. 

Table 1. Baseline characteristics of patients and control subjects.

Patients before 
treatment

(n = 41)

Control  
subjects
(n = 20)

Age (years) 49.0±5.5 47.5±5.1

BMI (kg.m–2) 26.80±4.97 26.20±3.84

FBG (mmol.l–1) 4.89±0.47 4.76±0.44

HbA1C (%) [IFCC] 3.87±0.81 3.62±0.63

SBP (mm Hg) 113±16 116±14

DBP (mm Hg) 77±9 78±8

BMI - body mass index, HbA1C - glycated hemoglobin A1C,  
SBP - systolic blood pressure, DBP - diastolic blood pressure,  
FBG - fasting blood glucose
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Table 2. Hormone and lipid levels and microvascular reactivity in patients after bilateral ovarectomy at baseline, after oral (OR) and 
transdermal estrogen therapy (TD), and in control subjects (C).

Baseline 
(n=41)

OR
(n=41)

TD 
(n=41)

C 
(n=20)

LH (U.l-1) 42.71±21.39 31.19±16.92b 34.58±18.74 –

FSH (U.l–1) 63.58±25.06 29.78±16.38c 41.30±20.91c,r –

Estradiol (mmol.l–1) 0.15±0.14 0.45±0.31c 0.31±0.18c,q –

TC (mmol.l–1) 5.54±1.07 5.33±0.90 5.52±1.17 5.57±1.02

HDL-C (mmol.l–1) 1.84±0.38 2.09±0.42c 1.96±0.42a,s 1.56±0.46

LDL-C (mmol.l–1) 3.06±0.97 2.52±0.71c 3.00±1.00s 3.16±0.86

Triglycerides (mmol.l–1) 1.39±0.79 1.61±0.80b 1.29±0.68s 1.48±0.62

PORHmax (PU) 35.6±16.3x 34.3±13.3x 36.8±15.5x 48.1±18.0

PORH% (%) 482.6±277.4 462.7±220.9 456.9±262.8 511.9±288.1

PORHmax/t (PU.s–1) 2.82±1.86x 2.10±1.20a,z 3.58±3.24r 4.19±2.27

THmax (PU) 106.8±42.1 99.6±43.5 102.9±42.4 111.7±41.43

TH% (%) 1637.3±853.1 1576.3±905.6 1503.6±795.6 1374.5±784.4

THmax/t (PU.s–1) 1.29±1.15 1.01±0.55z 1.13±0.79y 1.72±0.85

LH - luteinizing hormone, FSH - follicle stimulating hormone, TC - total cholesterol, HDL-C - HDL cholesterol, LDL-C - LDL cholesterol.
Statistical significance between basal values and groups OR and TD ap<0.05, bp<0.01, cp<0.001; between groups OR and TD qp<0.05, 
rp<0.01, sp<0.001; between basal values, group OR, TD and control group (C) xp<0.05, yp<0.01, zp<0.001.

Figure 1. The correlation between HDL-cholesterol and post-occlusive reactive hyperemia (expressed in % of 
basal skin blood flow) in women early after surgical castration before estrogen treatment  
(y=–17.43+257.06 * x, r=0.47, p=0.002). 
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Lipid parameters were comparable between patients 
and control group at baseline. Total cholesterol levels 
were not changed after ERT. Triglycerides increased 
significantly after oral ERT. Differences between oral 
and transdermal form of ERT were significant because 
of nonsignificant lowering of triglycerides after trans-
dermal ERT. The changes of HDL-cholesterol and 
LDL-cholesterol levels after oral ERT were significantly 
more favourable than after transdermal ERT. LDL levels 
decreased after oral ERT in comparison with the non-
significant decline after transdermal ERT. Correlation 
between HDL-cholesterol and post-occlusive reactive 
hyperemia (expressed in % of basal skin blood flow 
– PORH%) was observed in patients before ERT at base-
line only (r=0.47, p=0.002, Figure 1). No correlations 
between microvascular reactivity and lipid parameters or 
estradiol concentration were found in patients after both 
oral and transdermal ERT. Results of lipid parameters 
are shown in Table 2 as well as results of LH, FSH and 
estradiol. 

DIscussIon

Estrogen replacement therapy should be initiated 
based on an individual assessment of risks and benefits 
for each patient. Benefits of ERT should outweigh its 
known risks when low dose estrogen replacement 
therapy is started early after menopause as was done 
in our study [5,17,31]. Impaired microvascular reac-
tivity has been described in postmenopausal women 
previously [14], and its presence was confirmed in our 
study, too. After estrogen replacement, no statistically 
significant improvement of MVR was observed after 
oral route of estrogen replacement. In fact, a decrease 
in the velocity of perfusion increase in post-occlusive 
reactive hyperemia was observed after this mode of ERT. 
The same parameter increased nonsignificantly after 
transdermal estrogen and normalized in comparison to 
control group. However, this was the only improvement 
of MVR observed in our study. Thus, normalization of 
MVR after transdermal ERT was only partial.

Different effect of oral and transdermal estrogen 
replacement on MVR may be explained by known dif-
ferences between peroral and transdermal ERT that have 
been described previously [12,28]. In transdermal ERT, 
plasma estrogen levels are more steady and the metabolic 
load of liver during the “first-pass effect” is missing. Dur-
ing oral estrogen administration, the concentration of 
estradiol in the liver is several times higher than in the 
systemic circulation. Different effect of oral and trans-
dermal route of estrogen replacement therapy can be 
also partially explained by the differences in metabolism 
of estrogens and their pharmacokinetics [18,21,25]. 
Transdermal ERT is thought to be metabolically more 
favourable [6,16]. 

Microvascular function can be affected by cholesterol 
levels [4,13]. In this study, no influence of lipid param-
eters on MVR was observed despite their substantial 

changes during estrogen replacement. These changes 
included increase of HDL-cholesterol and decrease of 
LDL-cholesterol after oral ERT and statistically signifi-
cant difference between these parameters between oral 
and transdermal ERT. The only observed improvement 
in transdermal ERT (PORHmax/t) was not related to 
lipid parameters, either.

Direct, lipid-independent actions of estrogen on the 
blood vessel wall are mediated by specific receptors 
and may modify vascular function [11,29]. However, 
measurement of estradiol has only a limited value due 
to high variability of its serum concentrations during re-
placement therapy [10]. Accordingly, no correlation was 
found between respective hormone levels and parameters 
of lipid metabolism or microvascular reactivity. 

Mechanisms of different effect of oral and transder-
mal ERT are unknown and need further experiments. 
Two ongoing clinical trials, KEEPS (Kronos Early 
Estrogen Prevention Study) [9] and ELITE (Early versus 
Late Intervention Trial with Estradiol, clinicaltrials.
gov/show/NCT00114517) may provide additional infor-
mation about the role of oral and transdermal estrogen 
replacement in younger postmenopausal women.

conclusIons

Microvascular reactivity is impaired in women early 
after bilateral ovarectomy. No statistically significant 
improvement of MVR was observed after oral estrogen 
replacement therapy and the normalization of MVR 
after transdermal estrogen replacement was only partial. 
Changes of MVR and lipid profile differed between the 
oral and transdermal routes of estrogen replacement 
therapy.
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