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Chapter 6
Abstract

Growth hormone therapy in patients with idiopathic dilated
cardiomyopathy and ischemic cardiac failure has revealed varying effects
on systolic function, probably related to the response in serum insulin
like growth factor I levels. As diastolic function has not been studied
thoroughly, we studied the effects of 6 months of recombinant human
growth hormone treatment on systolic and diastolic function in patients
with ischemic cardiac failure, using cardiovascular Magnetic Resonance
imaging.

Nineteenpatients with ischemic cardiac failure (left ventricular ejection
fraction <40 %) were studied in a randomized trial. Ten patients received
during 6 months treatment with growth hormone (2 IU/d), 9 served as
controls. Systolic and diastolic function were assessed at baseline and
after 26 weeks by cardiovascular Magnetic Resonance imaging. No
differences were found in systolic and diastolic function between rh
GH treated patients and controls. No change was observed in left
ventricular mass index, end-diastolic volume, end-systolic-volume and
ejection fraction. The treated patients showed no clinical improvement.
Six months of treatment with growth hormone therapy in ischemic
cardiac failure has no favorable effects on left ventricular mass index,
on systolic and diastolic function.
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rhGH therapy in patients ischemic cardiac failure

Introduction

Chronic heart failure still has a poor prognosis despite advances in
pharmacological therapy.' Therefore, new strategies are warranted to
improve structural myocardial problems such as tissue growth, repair,
and fibrosis, the hallmarks of left ventricular remodeling.” In this context,
the use of anabolic agents is worthwhile to explore. Experimental data
revealed favorable effects of growth hormone and insulin-like growth
factor (IGF-I) in vitro and in experimental myocardial infarction in rats.*
8 However, the experimental treatment with recombinant human growth
hormone (rh GH) in patients with cardiac failure of various origins has
revealed discrepant results. Although some non-randomized studies
revealed favorable effects in idiopathic dilated cardiomyopathy’ and
ischemic cardiac failure,'° these favorable effects could not be confirmed
by randomized controlled studies in idiopathic dilated cardiac failure!-!2
or randomized"” and non-randomized studies in ischemic cardiac
failure.'

Although the majority of patients with cardiac failure have diastolic
dysfunction,'® randomized studies on the effects of growth hormone in
cardiac failure have only focused on systolic function."""* It is not known,
whether growth hormone therapy has a positive effect on diastolic
function. Therefore, the aim was to investigate in a randomized study
the effects of 6 months therapy with rh GH on systolic and diastolic
function in patients with ischemic cardiac failure using cardiovascular
Magnetic Resonance (MR) imaging.
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Chapter 6
Materials and Methods

Patients

Inclusion criteria were the presence of ischemic cardiac disease proven
by prior myocardial infarction and/or coronary angiography, a left
ventricular ejection fraction less than 40% assessed by gated-SPECT
imaging or echocardiography, a stable clinical condition for at least 3
months, and stable medical therapy with ACE-inhibitors, diuretics,
digoxin, nitrates or b-blocking agents for at least 3 months. Exclusion
criteria were myocardial infarction within 3 months before the study,
the presence of a pacemaker or implantable defibrillator, arrhythmias,
chronic renal and liver disease, diabetes mellitus, pregnancy and
malignant disease. The ethical committee of the Leiden University
Medical Center approved the protocol, and all patients gave written
informed consent.

Protocol

Baseline measurements included a physical examination, a 12-lead ECG,
cardiovascular MR imaging and biochemical tests. After baseline
measurements, 22 patients were randomly allocated to treatment with
recombinant human growth hormone (Zomacton®, Ferring
Pharmaceuticals, Hoofddorp, The Netherlands), or ‘non-treatment’.
Except for rh GH treatment, the study protocol was identical for the
two groups. rh GH treatment started with 0.5 IU/day, self-administered
subcutaneously. The dose was increased after two weeks to 1.0 IU/day.
Four weeks after entering the study, the final dose of 2.0 IU/day was
initiated and continued until the end of the study at 26 weeks. Safety
visits were performed at 2, 4, 8 and 16 weeks after initiation. At 26
weeks, cardiovascular MR was performed again. At each visit, weight,
waist-hip ratio, blood pressure and heart rate were recorded, and growth
hormone vials were collected to assess compliance.
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Cardiovascular MR

Cardiovascular MR imaging was performed on a Philips 1.5-T ACS-
NT15 MR system with Power Trak 6000 (Philips Medical Systems
International, Best, The Netherlands) using ECG triggering. A stack of
short-axis images consisting of 2 to 12 slices (depending on heart size),
with a thickness of 8 mm and an intersection gap of 1 mm was acquired
using breath hold multishot echo planar imaging. Images encompassed
the entire left ventricle. The imaging protocol was similar as reported
previously. ¢

Phase contrast flow velocity measurements across the mitral valve orifice
were acquired using a gradient echo acquisition sequence with
retrospective gating. Velocity maps were acquired across the mitral
orifice using a flip angle of 20 ° and an echo time of 10-12 ms. The
image section had a thickness of 8 mm, a field of view of 350 mm, and
consisted of 2 measurements of a 128 " 128 acquisition which was
interpolated to a display matrix of 256 " 256 pixels. Depending on the
actual heart rate, between 30 and 45 time frames were evenly distributed
over the cardiac cycle, resulting in a temporal resolution of 35 to 39 ms.
Total acquisition time was about 3 min. The maximum phase shift of
180 ° was set to occur at a velocity of 100 cm/s.

Cardiovascular MR Analysis

The MR images and velocity maps were analyzed on a remote
workstation (Sun Microsystems Computer Corp., Mountain View,
California). The left ventricular short axis acquisitions were used to
assess LV dimensions, wall mass, ejection fraction. The endocardial,
epicardial and papillary muscle borders of the end-diastolic and end-
systolic images from each short-axis slice were manually traced using a
MR analytical software system developed at our institution.!” Myocardial
borders were detected as previously reported.'® The left-ventricular mass
index (LVMI) and left ventricular ejection fraction (LVEF) were
calculated as described before.'®

Volumetric flow across the mitral valve was calculated by manually
tracing the borders of the mitral valve in all time frames of the velocity
map series, using flow analytical software package (MEDIS Medical
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Imaging Systems, Leiden, The Netherlands)'. An experienced observer
who was blinded for the treatment modality performed contour tracings.
Flow curves were automatically analyzed following a manual indication
of the start of early filling, peak early filling, peak atrial contribution to
filling, and the end of filling as described previously. *°

Laboratory tests

At baseline and after completion of the study, fasting blood samples
were taken between 0800-0900 h for growth hormone, IGF-I and IGF
binding protein-3 (IGFBP-3) measurements. Serum growth hormone
was measured with the Delfia human growth hormone assay (Wallac,
Turku, Finland). Serum IGF-I was measured by RIA (INCSTAR CORP.,
Stillwater, MN), intra-assay variability was < 11 %; the detection limit
was 1.5 nmol/liter. Normal values are 9-34 nmol/liter for subjects aged
30-50 yr and 8-26 nmol/liter for 50-70 yr. IGFBP-3 was measured by
RIA (Nichols Institute Diagnostics, Wychen, The Netherlands) with a
detection limit of 0.03 mg/liter and the intra-assay variability of <8 %.
IGF-I and growth hormone determinations of all subjects were measured
in one assay. Safety laboratory measurements included serum levels of
urea, creatinine, glucose, aspartate aminotransferase, alanine
aminotransferase, and alkaline phosphatase and hematological profile.
Other measurements were performed using routine laboratory methods.

Statistics

Continuous variables are expressed as the mean + SD. Paired or unpaired
Student t-tests were used, when appropriate. To analyze treatment effects,
the differences in treatment response (post-therapy divided by pre-
therapy values) were compared between the groups. A P value of less
than 0.5 was considered significant. SPSS 10.0 (SPSS, Inc., Chicago,
IL) was used for all statistical calculations.
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Results

Baseline measurements

Three patients left the study prematurely for various reasons, not related
to the study. Data from these patients were not included in any analysis.
The baseline characteristics of the 19 patients who completed the study
are shown in Table 1.

Biometric, biochemical aspects at baseline between the two groups are
shown in Table 2. No differences in blood pressure and heart rate were
found between both groups at the start of the study. Baseline IGF-1
levels were within the normal age-adjusted range in all patients (12-35
nmol/l). The rh GH treatment group showed a significant lower level of
IGF-BP3 at baseline compared with the control group (+2.1 + 0.95 mg/
1 resp. +2.93 + 0.45 mg/l; P=0.02).

Cardiac function data measured by cardiovascular MR at baseline are
summarized in Table 2. End-diastolic volume, end-systolic volume,
stroke volume, LVEF and LVMI were not different between the two
groups. In addition, no significant changes were observed in diastolic
function between the groups.

Table 1. Baseline Characteristics

Control rh GH
n=10 n=9
Age(yrs) 64 67
Gender (M/F) 9N 72
History of MI ¢ 10 9
History of cardiac surgery or PTCA 6 6
NYHA class ”
1 1 0
il 4 3
111 5 5
v 0 1
Treatment
ACE inhibitors 9 11
Diuretics 6 9
B-Blocking agents 5 3
HMG-CoA reductase inhibitors 9 6
Platelet aggregation inhibitors 5 2
Coumarin derivatives 4 7

Fasting serum GH + SE (mU/liter) 2.60+129 2.61+143
“Number of subjects
®New York heart Association Classification
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Chapter 6

Effects of rh GH treatment on biochemical and biometric aspects

The effects of th GH therapy on biochemical and biometric aspects are
shown in Table 3. Systolic blood pressure decreased slightly in the
treatment group as compared with the control group (+15.8 %; P =
0.05). Diastolic blood pressure and heart rate did not change after
therapy.

rh GH therapy induced a significant increase in serum IGF-1 levels in

Table 2. Biochemical and cardiac parameters at baseline between groups

Control rh GH treatment P-value
N=10 N=9
Biometric aspects
Systolic blood pressure (mmHg) 141+ 26 138+ 12 0.75
Diastolic blood pressure (mm Hg) 83+ 11 80+ 11 0.51
Heart rate (min™") 63+58 63+ 14 0.97
Biochemical aspects
IGF-1 (nmol/l) 197+54 184+6.1 0.64
IGFBP-3 (mg/l) 2934045 2.1£0.95 0.02
LV Dimensions and Systolic function
EDV (ml) 278 £90 3274179 0.46
ESV (ml) 204 +79 242 £151 0.50
SV (ml) 74+18 85+35 0.41
EF (%) 28474 28+72 0.97
AO acc peak ((ml/s?)107%) 6.08+19 5.03+17 0.23
AO PER (ml/s) 381 +83 383+ 114 0.98
AO dec peak ((ml/s%)107%) 3.66+1.1 -3.17+0.74 028
LVMI (g/m?) 99.84+225 9424293 0.65
LV Diastolic function
E acc peak ((ml/s?)10%) 571+3.0 454+35 045
E PFR (ml/s) 358 + 144 307 190 0.52
E dec peak ((ml/s2)107) 2331421 -2.98+2.42 0.77
A acc peak ((ml/s%)107%) 6.88+2.0 469+2.76 0.07
A PER (ml/s) 410+ 86 349+ 135 0.28
A dec peak ((m1/s%)10%) 644 %2 -524+2.36 0.26
E/A peak flow 0.87 £0.52 1.17+1.12 0.48

Abbreviations: rh GH=recombinant human growth hormone, IGF-1: insulin like growth factor 1, IGFBP-3;
insulin like growth factor binding protein, EDV=End-diastolic volume, ESV=End-systolic volume, SV=Stroke
volume, EF=Ejection fraction, AO acc peak=Aortic acceleration peak, AO PER=Aortic peak ejection rate, AO
dec peak=Aortic deceleration peak, LVMI=Left ventricular mass indexed to body-surface area, E acc
peak=Early acceleration peak, E PFR=Early peak filling rate, E dec peak=Early deceleration peak, A acc
peak=Atrial acceleration peak, A PFR=Atrial peak filling rate, A dec peak=Atrial deceleration peak, E/A peak=
E PFR /A PFR
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the treatment group, whereas the control group showed a small decrease
(+23.6 £51 % resp. —14.0+£21.2 %; P=10.05). Serum IGF-BP3 showed
a significant change in the treated group as compared with the control
group (+58.2 £68.7 % resp. +4.6 + 27.8 %; P = 0.04).

Serum cholesterol, HDL and triglycerides were not affected by GH
therapy (data not shown). Safety parameters were unchanged.

Effect of rh GH therapy on systolic and diastolic function

Table 4 describes the results of systolic and diastolic function assessed
by cardiovascular MR after 26 weeks treatment. rh GH therapy had no
effect on systolic function. There was no treatment effect observed in
left ventricular dimensions, ejection fraction and left ventricular mass
index.

The early peak filling rate showed a positive change in the treatment
group (+31.5+£37.5 % versus —0.2 £ 17.9 %; P =0.03). No change was
observed in atrial peak filling rate, and as a result the E/A ratio increased
slightly after 26 weeks in the treatment group (+43.5 £ 59.7 % versus
+5.0 £22.6 %; P =0.09). Other diastolic function parameters were not
affected by rh GH therapy.

Table 3. Biometric and biochemical aspects after 26 weeks between control group
and rh GH treatment group

Control group % Change thGH Treatment group % Change P value

-0 T-26 T=0 T-26
Biometric aspects
Systolic blood 141£26 131£17 -58%112 13512 1169 -158+4.6 0.05
pressure (mmHg)
Diastolic blood 83+11 82+10 -05+143 80+ 10 73+9 -8.6£8.6 022
pressure (mm Hg)
Heart rate (min™) 68+5.7 75+9.9 9.5+148 63+ 14 62+14 83187 0.85
Biochemical aspects
IGF-1 (nmol/l) 197+54 16.6+50 -140+£212 184+61 21+£53 23.6+51 0.05
IGFBP-3 (mg/l) 293+045 31+1.07 4.6+278 214095 284+1.05 582+687 0.04

Abbreviations: IGF-1: insulin like growth factor 1, IGFBP-3: insulin like growth factor binding protein 3
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o Table4. Left ventricular dimensions, systolic and diastolic function after 26 weeks between control
@ treatment group

group and

Control group % Change

=0 T=26 =0
LV Dimensions and Systolic function
EDV (ml) 278 £90 298 + 86 9.1+13.4 327+ 179
ESV (ml) 204 79 21478 7.9410.6 242 + 151
SV (ml) 74 +18 82+18 13.2425.7 85+35
EF (%) 28+7.4 20+75 2.7+11 27465
AO acc peak ((ml/s?)107) 6.08+19 643+1.6 14.4437.5 503+1.7
AO PER (ml/s) 381483 378+ 83 1.9423.6 383+ 114
AQ dec peak ((ml/s*)107%) -3.66+1.1 -3.74+1.36 6.4133 317 0.
LVMI (g/m?) 9984225 99.4+22.4 -0.446.9 942 +29.
LV Diastolic function
E acc peak ((ml/s*)107%) 5.71+3.0 538427 0.1425.7 454435
E PFR (ml/s) 358 + 144 348 + 126 -0.2417.9 307 + 190
E dec peak ((ml/s?)10%) 331+2.1 324237 -5417.9 2.98+2.
A acc peak ((ml/s?)107%) 6.88%2.0 6.78+1.86 3.6429.4 4.69+27
A PER (ml/s) 410 £ 86 397494 -2.84+13.3 349+ 135
A dec peak ((ml/s*)107%) 644 £2 -6.82+1.63 11.1426 524 %2,
F/A peak flow 0.87+0.52 0.89+0.52 5.0422.6 11711

Abbreviations: th GH treatment=recombinant human growth hormone, EDV=End-diastolic volume, ESV=End-systolic volume, SV=Stro!
AO acc peak—Aortic acceleration peak, AO PER=Aortic peak ejection rate, AO dec peak—Aortic deceleration peak, LVMI=Left ventric ul
area, E acc peak=Early acceleration peak, E PFR=Early peak filling rate, E dec peak=Early deceleration peak, A acc peak=Atrial accelera
rate, A dec peak=Atrial deceleration peak, F/A peak—E PFR /A PFR
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Discussion

In the present randomised study, we evaluated the systolic and diastolic
function in patients with ischemic cardiac failure after 26 weeks with
rh GH therapy, using cardiovascular MR. No beneficial effects of rh Gh
therapy were observed on systolic and diastolic function. Left ventricular
mass index also remained unchanged.

Chronic heart failure results in increased mortality, despite the
developments in pharmacological therapy.! Modern drug treatment is
based on the prevention of the progression of heart failure, with ACE
inhibitors, b-adrenergic blockers, spironolactone, digoxin and diuretics.!?
In the near future strategies may be designed to improve the structural
myocardial problems like tissue growth, repair and fibrosis (the
hallmarks of LV remodeling).’> In this framework, the use of anabolic
agents to improve the remodeling and therefore the cardiac function is
a worthwhile option to explore. One of these agents, growth hormone
showed promising results in animal studies. Experimental data with
adult cardiomyocytes in rats revealed that IGF-1 enhanced myofibril
development and, concomitantly, down regulates sms a actin, a protein
that forms stressfiberlike structures.’

Administration of IGF-1 given to normal rats leads to hypertrophy of
the heart.’ In animals with experimental myocardial infarction, GH
therapy leads to an improvement or preservation of cardiac function
and induced an increase in myocardial energy reserves.®’® These
observations have led to the assumption that rh GH therapy may result
in improvement of cardiac function in patients with cardiac failure of
various origins without underlying GH deficiency. Experimental studies
with idiopathic dilated cardiomyopathy have shown contradictory results.
In an open study, Fazio et al. found an increased myocardial mass,
reduced left chamber size and improved hemodynamic parameters in
patients with idiopathic dilated cardiomyopathy after 3 months of human
Growth hormone administration.’ In contrast, two randomized studies
that focused on dilated cardiomyopathy, demonstrated that
administration of rh GH for at least 12 weeks had no effect on cardiac
function."-'? In addition, Osterziel et al. demonstrated an increase in LV
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mass which was not accompanied by a clinical benefit. !

Studies in ischemic heart failure revealed similar results. Spallarossa et
al. found in a non- randomized study an increase in exercise duration
and well-being, but no effect on cardiac function.!* Genth-Zotz et al.
observed in a non-randomised study an improvement in clinical well
being, and a decrease in end-diastolic and end-systolic indexes.!?
Although the treatment group showed a significant change of serum
IGF-1, it was observed only in 4 of 9 (44%) patients (Figure 1). Several
explanations for the absence of an effect of growth hormone may apply,
for instance the advanced stage of cardiac failure >'** or the concomitant
use of a-blockers.”® In our opinion, the third and most important
explanation may be the existence of growth hormone resistance in
chronic cardiac failure, like in many other chronic diseases.?* Indeed in
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Figure 1.  Changes in serum IGF-I in patients with ischemic cardiac
failure after 26 weeks of treatment with recombinant human
growth hormone (2 1U/d) or non-treatment. The dotted line
at 5.8 nmol/l represents the mean IGF-I change of non-treated
patients + 2 SD; * P <0.05.
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chronic cardiac failure, decreased sensitivity to growth hormone has
been observed.”>?’ The moderate increase in serum IGF-I concentration
in only 4 of 9 patients in our study as compared with other studies may
be in line with this assumption.!®!%13

Osterziel et al. observed an effect of growth hormone therapy on cardiac
output in patients with idiopathic dilated cardiomyopathy who showed
an IGF-I response above the median response.?® In addition, they
demonstrated a dose-eftfect relation between short-term growth hormone
application and left ventricular function in ischemic cardiac failure.”
The IGF-I response to growth hormone was related to the severity of
cardiac failure.”®?’ In our study, the patients who responded to rh GH
therapy had a comparable LVEF as observed in non-responders;
moreover, the responders did not improve their systolic or diastolic
function after treatment. The existence of a threshold for growth hormone
therapy, could explain why in this study no effect was found of growth
hormone on cardiac function. Future studies require a distinct increase
in circulating IGF-I by giving each patient an individual dose.

The present study showed, that 26 weeks of 2 IU/day rh GH had no
beneficial effect on systolic and diastolic function. Further studies are
warranted to evaluate the application of growth hormone in earlier stages
of ischemic cardiac disease and regarding individual dose adjustment
depending on the IGF-I response.
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