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Objective: To evaluate the effects of treatment on left ventricular (LV) performance and endothelial
function in patients with acromegaly. Method: Nineteen patients with active acromegaly (AA), 18
patients with cured/well-controlled acromegaly (CA), and 25 healthy control subjects were studied. LV
performance was evaluated by two-dimensional/Doppler echocardiography and Doppler tissue imaging
(TDI). Flow-mediated dilatation (FMD) was measured by B-mode ultrasound. Endothelial cell markers;
thrombomodulin (TM), and P-selectin were also measured. Results: Tei index was higher than the control
subjects in both acromegaly groups. The ratio of early and late diastolic annular velocities (Em’/Am’)
was significantly lower in the AA group than the other groups (P < 0.05). FMD in both acromegaly
groups was significantly lower than the controls (P < 0.001) but difference between acromegaly groups
was not significant (P > 0.05). In the CA group, P-selectin was higher than the controls and was even
higher in the AA (P < 0.05). TM was significantly higher in the active group (P < 0.05) and not different
than the controls in the CA group. Conclusion: TDI determine LV performance changes in acromegaly
earlier than conventional echocardiographic methods. Endothelial function both in the form of FMD
and endothelial cell markers is impaired in acromegaly. While in cured acromegaly endothelial cell
injury, as evidenced by TM levels, is decreased, endothelial dysfunction still persists. (Echocardiography
2010;27:990-996)
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Even with modern treatment, overall stan-
dardized mortality ratio of patients with
acromegaly is found to be 1.48." The duration
of disease and serum growth hormone (GH) level
are independent predictors of overall mortality
and there is good evidence that serum GH seems
to not only a good tumor marker identifying per-
sistent disease but also predicts long-term out-
come.23 However, we also know that there is an
increased prevalence of cardiovascular mortality
risk factors in acromegaly such as hypertension,
diabetes mellitus, dyslipidemia, abdominal obe-
sity, and insulin resistance. What is more inter-
esting is that a specific cardiomyopathy has been
postulated even in the absence of predisposing
factors.*

Though we know much about structural car-
diac abnormalities in acromegaly, functional data
on cardiac performance are not sufficient. Most
echocardiographic studies show normal left ven-
tricular (LV) systolic function but impaired di-
astolic function as an early finding in acrome-
galic cardiomyopathy leading to impaired LV
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filling. As a new echocardiographic method, tis-
sue Dopplerimaging (TDI) complements the con-
ventional methods in evaluation of systolic and
diastolic LV performance.”™® The Tei index was
introduced by Tei and is defined as the sum of
isovolumic contraction time (ICT) and isovolu-
mic relaxation time (IRT) divided by the ejection
time (ET).? It provides useful information in many
disease states before routine echocardiographic
methods detect any problem.

Endothelial cell dysfunction is the initiating
event in the development of atherosclerosis and
assessment of endothelial function by different
methods has emerged as a tool for detection of
evidence of preclinical cardiovascular disease.'%
The reduction in endothelium-dependent flow-
mediated dilatation (FMD) is a marker of en-
dothelial dysfunction and is found not only in
the brachial artery of patients with coronary
and peripheral arterial disease, but also of those
with cardiovascular risk factors but without an-
giographically apparent disease.'>~'* Although
there are several reports of hemodynamic ab-
normalities and disordered cardiovascular func-
tion in acromegaly, we have little information
about endothelial function in acromegaly and the
contribution of the risk factors and the effect of
GH/IGF-1 on endothelial function. To the best of



our knowledge, there are no studies on soluble
endothelial cell markers in acromegaly.

The aim of this study was to assess endothelial
function and global LV performance in patients
with active acromegaly (AA) and cured/well-
controlled acromegaly (CA). We used TDI analy-
sis and Tei index measurement as well as con-
ventional echocardiographic methods. Finally, we
aimed to elucidate the impact of treatment on en-
dothelial function and global LV performance in
acromegaly.

Subjects and Methods:

Patients:

We studied 37 patients (17 female and 20 male)
with acromegaly. The diagnosis of acromegaly
was based on the presence of classical clinical fea-
tures, elevated age-adjusted serum IGF-l concen-
tration, and confirmed by insufficient suppression
of GH concentration during a glucose tolerance
test and the presence of pituitary adenoma on
radiological imaging.

The duration of disease was defined by care-
ful comparison of old photographs and by the
onset of clinical symptoms related to GH ex-
cess. All patients with acromegaly had previ-
ously undergone transsphenoidal surgery. Of the
37 patients, 19 had received conventional ra-
diotherapy or stereotactic radiosurgery. We di-
vided the study population into two groups; AA
or CA according to consensus criteria for cure of
acromegaly.'> Acromegaly was considered cured
when fasting or glucose-suppressed GH levels
were below 2.5 pug/L and 1 ug/L, respectively,
and with normal IGF-1 levels for age. Patients
who were treated with somatostatin analogues
were defined as having well-controlled state in
the presence of an age-adjusted normal range
of IGF-I level. According to these criteria, 18 pa-
tients were considered as CA and formed the
CA group (9 female and 9 male, aged 41 + 8
years, mean IGF-I level, 295 £+ 116 ng/mL, mean
GH level 2.3 £ 2.0 ng/mL). Nineteen patients
were found to have active disease and formed
the AA group (8 female and 11 male, aged 40 +
7 years, mean IGF-Ilevel, 731 £+ 214 ng/mL, mean
GH level, 6.6 = 9.0 ng/mL). Fourteen patients
in AA group and 11 patients in CA group were
treated with depot octreotide acetate. All patients
with acromegaly who had partial or complete an-
terior pituitary insufficiency were receiving ade-
quate substitution therapy all through the study
period. None of the patients had symptoms re-
lated to coronary artery disease, cerebrovascular
disease or peripheral arterial disease. Both of the
acromegaly groups were appropriately matched
according to the number of patients affected by
diabetes and systemic hypertension. The hyper-

Acromegaly and Endothelial Dysfunction

tension and diabetes control was achieved at the
time of the study. None of the patients was on
lipid-lowering therapy and was smoking.

The control group consisted of 25 asymp-
tomatic subjects (13 female and 12 male, aged
40 + 6 years) without history of systemic hyper-
tension, diabetes mellitus, or coronary artery dis-
ease and no evidence of heart disease. None of
them were smoking, consumed drugs, or were
affected by conditions known to alter endothelial
function. All the participants were given informed
consent to participate in the study.

Biochemistry:

Total serum cholesterol, triglyceride, lipoproteins
(including lipoprotein (a)), Apo A-l, and Apo B
were measured by commercially available kits.
Serum GH level was determined with chemilumi-
nescence enzyme immunometric assay (Immulite
Growth Hormone, Diagnostic Products Corp., Los
Angeles, CA, USA; normal ranges were 0.06-
5.0 ng/mL; detection limit of assay was 0.01
ng/mL; interassay coefficients of variation (CVs)
at 3.0 ng/mL and 18 ng/mL were 5.7% and
6.1%, respectively). Plasma IGF-I was measured
using a highly sensitive and specific immunora-
diometric assay that uses modified form of the
standard acid-etonol extraction procedure (Di-
agnostic System Laboratories, Webster, TX,
USA DSL-5600 ACTIVE; normal ranges were
0-363 ng/mL; detection limit of assay was
0.80 ng/mL; interassay CV’s at 10.41 ng/mL and
255.9 ng/mL were 8.2% and 3.7%, respectively).
Plasma thrombomodulin was determined by a
two-side ELISA with two monoclonal anti-human
thrombomodulin antibodies (ELISA, Asserachrom
Thrombomodulin, Diagnostica Stago, Asniéres-
sur-Seine, France) and concentration of soluble
P-selectin was measured with ELISA kits (R&D Sys-
tem, Abington, United Kingdom). The ranges of
intra- and interassay CV were 5.3-7.8%, and 6.4—
9.19%, respectively.

Echocardiographic Examination:
Echocardiographic images were obtained using
a 3.75 MHz standard probe (General Electric,
Vingmed) according to the guidelines of the
American Society of Echocardiography.'® Peak
velocity of early (E) and late (A) filling, deceler-
ation time, and IRT were measured from Doppler
scan of the mitral inflow and the aortic outflow.
Tei index was calculated as mentioned before.
Pulsed-wave TDI was performed by using TDI
function of the same machine. From the apical
four-chamber view, peak systolic myocardial ve-
locity ('), early diastolic (E'), and late diastolic
velocity (A’) were measured at the septal side
of the mitral annulus. E'/A’ ratio was calculated
thereafter.
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Endothelial Function Study:

FMD was measured by a validated, reproducible
technique.” First of all, brachial artery diame-
ter was measured from B-mode ultrasound im-
ages with a 7.5 MHz linear array transducer
(General Electric, Vingmed, System-Five). Flow
velocity was measured with a pulsed-Doppler sig-
nal at a 70° angle to the vessel. Then the brachial
artery was recorded in a suitable transducer posi-
tion and the arm remained in the same position
all through the study. The blood pressure cuff was
applied to the proximal portion of the arm and in-
flated to 250 mmHg for 5 minutes. After deflation
of the cuff, artery diameter was again measured
after 60 seconds of reactive hyperemia. FMD was
then calculated as the change in the diameter of
the brachial artery. All images were recorded on
VHS videotape for subsequent analysis. Anatom-
ical markers were determined in order to stan-
dardize diameter measurements taken at end of
diastole, at the same time with the R-wave on
a continuously recorded electrocardiogram. The
average of four cardiac cycle measurements was
used as the final diameter. FMD was calculated as
the percent ratio of the baseline diameter to the
diameter reached after reactive hyperemia. Each
study was performed by the same experienced
operator with an intraobserver variability for re-
peated measurements of 0.01 £+ 0.02 mm.

Study Procedure:

The subjects were told not to drink/eat caffeine
containing food or beverage for at least 12 hours
before the study. Studies were performed in a
quiet room at room temperature. All drugs were
stopped for at least 18 hours before the study.
Echocardiographic and endothelial function stud-
ies were carried out after at least 15 minutes of
rest.

Statistical Analysis:

Data are expressed as the mean =+ standard devi-
ation. Comparison of ratios between groups was
done by chi-square test. For distribution of con-
tinuous variables between groups, Kolmogorov-
Smirnov test was used. Mean values in different
groups were compared with either Student’s t-
test or Mann-Whitney U test. Continuous vari-
ables between groups were analyzed with either
one-way analysis of variance (ANOVA) or Kruskal-
Wallis one-way analysis. The variables that show
significant difference after one-way variance anal-
ysis were then compared by using multiple com-
parison procedures (Tukey’s HSD). A difference
was considered significant at a P value of < 0.05.
SPSS for Windows Version 10.0 program (SPSS
Inc., Chicago, IL, USA) was used for the statistical
analysis.
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Results:

Both of the acromegaly groups and the control
group did not show any difference with respect
to heart rate, systolic and diastolic blood pres-
sure. Body mass index (BMI) and mean age of the
acromegalic patients were found to be increased
than the control subjects (AA:29 + 4, CA:28 +
5, C:23 + 3 kg/m? and AA: 40 + 7, CA: 41 + 8
C:35 + 6 year, respectively, P < 0.05). The disease
duration did not differ between the acromegaly
groups (AA: 4.7 £ 3.9, CA: 7.5 £ 5.7).

Both of the acromegaly groups were ho-
mogenous in respect to the routine biochemi-
cal and lipid parameters. High density lipopro-
tein (HDL) however was found to be significantly
lower in the AA group than the control subjects
(AA:46 £ 13 mg/dL, CA:50 £ 11 mg/dL, C:57 +
15 mg/dL, P < 0,05). Fasting blood glucose,
total cholesterol, low density lipoprotein (LDL),
Lp(a), Apo B, and fibrinogen levels were signifi-
cantly higher in both of the acromegaly groups
than the control group (Table I). C-reactive pro-
tein (CRP) did not differ between the groups.
GH were significantly higher in the AA group
(AA:6.6 £ 9.0 ng/mL, CA:2.3 £ 2.0 ng/mL, P <
0,05) as it was for IGF-1 levels (AA:731 =+
214 ng/mL, CA:295 £+ 116 ng/mL, P < 0,05)

TABLE |

Clinical and Biochemical Parameters

Control AA CA
(n=25) (n=19) (n=18)

Age (year) 3546 40+7 41+8
Disease duration - 47+39 7.5+57

(year)
BMI (kg/m?) 23+3 29+4 2845
SBP (mmHg) 116+£12 127412 12248
DBP (mmHg) 74+7 7947 77+6
Heart rate (min) 73+12 7610 74+9
Glucose (mg/dL) 83+9" 110+18 111427
HbA; C (%) - 59+2 53+1
Total Cholesterol 169+ 29" 199 +47 203+36

(mg/dL)
Triglyceride 117 £52 155+65 130 £ 64

(mg/dL) .
LDL (mg/dL) 83+29 122432 125+ 34
HDL (mg/dL) 57415t 46+13 50+11
VLDL (mg/dL) 25+12 32413 28+18
Lp (a) (mg/dL) 13+11" 33427 42427
Apo Al (mg/dL) 136+ 28 128432 139423
Apo B (mg/dL) 73+17" 111427 115+£22
CRP (mg/dL) 0.3740.1 0.30+£0.2 037402
Fibrinogen 285+ 43" 359455 349+£59

*Control versus other groups, P < 0.05.

fControl versus CA group, P < 0.05.

SBP = Systolic blood pressure; DBP = Diastolic blood pressure;
BMI = Body mass index; VLDL = very low density lipoprotein.
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TABLE 1l

Hormonal Parameters

TABLE IV
2D Doppler Echocardiography Parameters

AA CA
IGF-1 (ng/mL) 731 + 214 295+ 116
GH (ng/mL) 6.6 +9.0 23+20

(Table Il). Prolactin, T3, T4, and TSH did not show
any difference between the AA and CA groups.

TM was significantly higher in the active dis-
ease state and found not to show any difference
from the controls in the CA group (AA:23.88 +
11.9, CA:19.23 £ 9.0, C:14.1 £ 8.4 ng/mL, P <
0,05). P-selectin, however, was strikingly higher
in both of the acromegaly groups than the con-
trol group and found to be significantly increased
in the AA group than the CA group as well
(AA:266.6 + 156, CA:177.4 + 98, C:108.8 £
5 pg/mL, P < 0,05) (Table III).

Two-dimensional (2D) and Doppler
Echocardiographic Parameters:

The three study groups did not show a significant
difference with respect to conventional systolic
performance parameters. LV end diastolic and
end systolic diameter measurements in the AA
group were significantly higher than the controls,
but they did not differ between the CA group and
the controls. LV mass was found to be significantly
increased in both of the disease groups. Mitral
inflow Doppler parameters; peak E velocity, and
E/A ratio did not differ between the acromegaly
groups but was lower than the controls. Peak A
velocity was found to be higher in the AA group
than the control group. Tei index did not show
a significant difference between the acromegaly
groups, but was found to be markedly increased
in AA and CA groups than the controls (Table IV).

TDI Analysis:

We did not find a significant difference between
the groups with respect to myocardial systolic
(§) mitral annular velocity. Early diastolic my-

TABLE 1l
Endothelial Cell Markers

Control AA CA

(n=25) (n=19) (n=18)
LVEDD (cm) 4.9+0.5 5240.5 5+0.4
LVESD (cm) 3+04f 3.34+0.5 3.34+0.3
EF (%) 68+5 67+7 65+4
FS (%) 38+4 3745 36+ 4
Septum (mm) 0.8+0.1" 1+0.2 1+0.1
Post. Wall (mm) 0.9+0.1 1+0.2 1+0.1
LVM (g) 139+33" 217+75 189 +39
E (m/sec) 0.8+£0.2" 0.7+0.2 0.7+0.1
A (m/sec) 0.5+0.1f 0.6+0.1 0.5+0.1
E/A ratio 1.6+£04" 1.3+03 13+04
DT (msec) 203 +54 205+78 223480
ICT (msec) 454+ 7" 65+13 62410
ET (msec) 331+9° 314410 317+14
IRT (msec) 85+9" 90+ 16 99411
Tei index 0.384+0.2° 0.55+0.2 0.53+0.2

*Control versus other groups, P < 0.05.
fControl versus. AA group, P < 0.05.

ocardial velocity (E') was found to be decreased
in both of the acromegaly groups. E'/A’" ratio in
the AA group, however, was significantly reduced
when compared with the controls. E'/A’ ratio in
CA group did not differ from the control group
(Table V).

Brachial Artery FMD:

The three study groups did not differ significantly
with respect to baseline brachial artery diameter
(AA:3.5 £ 0.7 mm, CA:3.4 £ 0.7 mm, C:3.2 £
0.5 mm). FMD was significantly lower in both of
the acromegaly groups than in the controls (AA:
8 £ 4.0%, CA:10 + 4.7%, C:17 £ 3.0%, P <
0,001).Though FMD in AA group was lower than
in CA group, we did not find a statistically sig-
nificant difference between acromegaly groups

(Fig. 1).

Discussion:

In acromegaly, the symptoms of heart fail-
ure may develop even in the absence of

TABLE V

TDI Analysis Parameters (Mitral Annulus)

Control AA CA
Control AA CA (n=25) (n=19) (n=18)
Thrombomodulin 141+84 238+11.9" 19.24+9.0 E'm (cm/sec) 124 2" 9+3 10+ 2
(ng/mL) A'm (cm/sec) 7 £ 21 9+2 8+2
P-selectin 108.8+51 266.6+1561 177.4+98 Sm (cm/sec) 8+0.8 7+1 8+1
(pg/mL) E'/A’ (cm/sec) 1.7 £ 0.51 1.1+0.5 1.3+0.6

“AA versus controls, P < 0.05.
TAA versus other groups, P < 0.05.

*Control vs. other groups, P < 0.05.
fControl vs. AA group, P < 0.05.
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Figure 1. Flow-mediated dilatation
(FMD) in acromegaly and control

Control AR

predisposing risk factors such as systemic hy-
pertension, diabetes mellitus, or coronary heart
disease. It is well known that chronic GH and
IGF-1 excess lead to the development of an
acromegalic cardiomyopathy characterized by in-
terstitial fibrosis, lymphomononuclear infiltration,
and areas of monocyte necrosis.*'81° On the
other hand, with conventional echocardiographic
methods, we can only evaluate structural abnor-
malities. Subtle changes in the functional data,
however, are difficult to obtain with routine
echocardiographic examination. Most echocar-
diographic studies show normal LV systolic func-
tion but impaired diastolic function as an early
sign of acromegalic cardiomyopathy.>2 In an-
other study, the prevalence of diastolic dysfunc-
tion was found to be approximately 30% in
untreated acromegaly with conventional meth-
ods.?! Using more sensitive equilibrium radionu-
clide angiography, impairment of EF after exercise
was observed in 73% of patients.?? Therefore, it is
clear that novel echocardiographic methods are
needed to evaluate global cardiac performance in
acromegaly.

In our study, cardiac performance was evalu-
ated with TDI analysis of mitral annulus velocity
and Tei-index measurement as well as conven-
tional 2D Doppler scan measurements. E/A ra-
tio was found to be lowered in both AA and CA
groups. According to this Doppler parameter, it
was difficult to differentiate active disease state
from well-controlled/cured acromegaly. E'/A’ ra-
tio, derived from TDI analysis of mitral annulus ve-
locity, was significantly reduced in AA when com-
pared with controls. It did not differ between CA
group and control subjects. We defined this TDI
derived parameter as a better correlate of disease
activity. So conventional methods are insufficient
for determination of early functional changes in
acromegaly and the impact of appropriate treat-
ment on cardiac performance can be detected
accurately at an earlier stage with TDI analysis.
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1 groups. AA = active acromegaly; CA =
CA cared/well-controlled acromegaly.

In our study, Tei index was significantly ele-
vated in both of the acromegaly groups as a re-
sult of prolongation of IVC and shortening of ET.
Tei index did not differ between the acromegaly
groups and was incapable of determining the im-
pact of treatment but as a novel marker of early
impairment of systolic function, it has to be in-
cluded in the routine echocardiographic evalua-
tion of acromegalic patients in clinical practice.’

As a highly metabolically active organ, the
endothelium plays an important role in vascular
homeostasis. It exerts this function by releasing
many autocrine and paracrine substances. Nitric
oxide (NO), the major product of the healthy en-
dothelium, modulates the tone of the underlying
vascular smooth muscle. It also plays a major role
in the inhibition of several proatherogenic pro-
cesses such as monocyte and platelet adhesion,
oxidation of LDL, synthesis of inflammatory cy-
tokines, smooth muscle cell proliferation and mi-
gration, and platelet aggregation. The detection
of preclinical cardiovascular disease is now possi-
ble via assessment of endothelial function by var-
ious methods.

Acromegaly is associated with an increase
in mortality, largely from cardiovascular disease,
compared to the normal population. There is also
a higher prevalence of hypertension, type 2 dia-
betes mellitus and insulin resistance. In spite of all
these, endothelial function studies in acromegaly
are scarce, though we have plenty of reports of
hemodynamic abnormalities and disordered car-
diovascular function. Chanson et al. showed that
brachial artery blood flow was reduced with in-
creased forearm vascular resistance in acromegaly
patients when compared with matched con-
trols.?> Other reports, however, demonstrate in-
creased renal blood flow and glomerular hyper-
filtration and increased functional liver plasma
flow.?#25 As Evans et al. concluded, a heteroge-
neous distribution of cardiac output is the hemo-
dynamic feature of acromegaly and endothelial



dysfunction may be the underlying mechanism of
the defective brachial artery dilation in response
to increased blood flow.?%

Maison et al. showed that endothelium-
dependent vasodilatation is defective in acrome-
galic patients and found an exaggerated
sympathetic-mediated vasoconstrictor response.
We studied endothelial function by two differ-
ent methods.?” We measured FMD with brachial
Doppler ultrasound examination. Then, we com-
plemented this study by measuring biochemical
markers of endothelial activity. These are either
secreted by the endothelium or shed from its sur-
face in various disease states. TM and P-selectin
are examples of these biochemical markers and
can be measured in serum or plasma. TM, a cell-
surface glycoprotein, exists in plasma as heteroge-
nous fragments and appears to be derived from
injured endothelial cells.?82° P-selectin, which
belongs to a family of cell adhesion molecules
called selectins, is an integral membrane glyco-
protein localized to a-granules of platelets and
Weibel-Palade bodies of endothelial cells. It me-
diates leukocyte rolling on the endothelium, a
process that can precede firm attachment and
extravasation during inflammation.3° P-selectin is
synthesized constitutively and stored intracellu-
lary in both platelets and endothelial cells.?'-32
It has been shown that activation of endothe-
lial cells and platelets via several mediators of in-
flammation induces quick surface expression of
P-selectin.3? A soluble form has been detected in
the plasma of healthy subjects and elevated lev-
els have been reported in a number of disease
states.33 Increased levels of P-selectin may reflect
platelet and/or endothelial cell activation and be
useful in monitoring disease activity.34

This study demonstrates that FMD, the earli-
est functional vascular change in atherogenesis,
is reduced in both acromegaly groups and bio-
chemical endothelial markers are found to be in
inverse relation with FMD. Although FMD did not
differ significantly between the two acromegaly
groups, CA group still had lower FMD values
when compared to healthy controls.

Impact of treatment is reflected as improve-
ment in FMD in CA group and the active disease
state may be accepted as the major factor that
contributes to endothelial dysfunction as the two
acromegaly groups were matched according to
risk factors. P-selectin was increased in both of the
acromegaly groups and significantly higher than
the control subjects. TM, however, was found to
be elevated only in the active disease state and
did not differ between the CA group and the con-
trol group. In other words, endothelial cell acti-
vation that is reflected by high P-selectin levels
is still present in CA but endothelial cell injury
detected by measuring TM can be prevented by
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treatment in acromegaly. So endothelial cell in-
jury in cured acromegaly, as evidenced by TM
levels, is decreased, however endothelial dysfunc-
tion still persists.

This was a cross-sectional retrospective study.
If the study was longitudinal and we could col-
lect pre and post data from the same group of
patients, the study would be much stronger. This
can be regarded as a limitation of our study.

Tissue Doppler assessment is a useful addi-
tional tool to assess long-axis cardiac function
in patients with acromegaly. Tei index and TDI
analysis of mitral annulus velocity complement
echocardiographic evaluation in acromegaly and
should be a part of echocardiographic evalua-
tion of patients with acromegaly. As well as these
cardiac functional changes, endothelial function
both in the form of FMD and endothelial cell
markers is impaired in AA. We demonstrated that,
as a marker of endothelial cell injury, TM mea-
surement reflects the active disease state more
specifically and endothelial injury is improved in
acromegaly with appropriate treatment and con-
trol of disease activity.
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