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SUMMARY

Calcitonin gene-related peptide has potent vasodilatory and inotropic actions. The aim
of this study was to characterize the changes in this peptide in children with varying
degrees of heart failure secondary to congenital heart disease with left to right shunt and
to assess its relationship to systolic pulmonary arterial pressure.

Plasma calcitonin gene-related peptide levels were measured in 131 children including
13 healthy ones, 43 with various degrees of heart failure secondary to congenital heart dis-
ease, and 75 with congenital heart disease without heart failure.

In patients with heart failure, calcitonin gene-related peptide concentrations were
markedly elevated (15.8 £ 2.1 pg/mL) as compared with healthy control subjects (7.0 £
0.8 pg/mL, P < 0.05) or patients with congenital heart disease but without heart failure
(18.6 £ 1.2 pg/mL, P < 0.01). Compared with the controls, there were highly significant
stepwise increases in the calcitonin gene-related peptide levels in the mild (n = 15), mod-
erate (n = 12), and severe (n = 16) heart failure subgroups by 1.5, 1.7 and 3.4 fold, respec-
tively. The plasma calcitonin gene-related peptide levels also correlated directly with the
pulmonary arterial systolic pressure (r = 0.515, P < 0.0001).

The results of this study indicate that congestive heart failure secondary to congenital
heart disease with increased pulmonary flow is associated with elevated levels of calcito-
nin gene-related peptide that are related to disease severity. Pulmonary overcirculation
may play arole in upregulation of calcitonin gene-related peptide in congestive heart fail-
ure. (Int Heart J 2005; 46: 867-875)
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CALcITONIN gene-related peptide (CGRP), a 37 amino acid residue neu-
rotransmitter peptide derived from the calcitonin gene, iswidely distributed in the
nervous and cardiovascular systems.*» CGRP has positive inotropic and chrono-
tropic effects on the heart and is also considered the most potent endogenous pep-

From the * Department of Pediatrics, Kaohsiung Medical University Chung-Ho Memoria Hospital, Departments of 2 Phar-
macology and 2 Pediatrics, Faculty of Medicine, Kaohsiung Medica University, Kaohsiung, Taiwan.

Address for correspondence: Jiunn-Ren Wu, MD, Department of Pediatrics, Koahsiung Medical University Hospital, No
100, shih-Chung 1% Road, Kaohsiung 807, Taiwan.

Received for publication February 8, 2005.

Revised and accepted May 16, 2005. 867



868 HSU, ET AL Septeln:kljt:r' ezacggg
tide vasodilator to date.>® Previous reports on the changes of CGRP in
congestive heart failure (CHF) are conflicting and the regulation of CGRP pro-
duction is poorly understood. In adults with CHF secondary to impaired systolic
function, the plasma concentration of CGRP has been reported to be unaffected,
decreased, or increased.>™ In children with congenital heart disease (CHD), CHF
is often caused by pulmonary overcirculation. Changesin plasma CGRP levelsin
CHF secondary to CHD with increased pulmonary flow have not been previously
demonstrated.

In order to evaluate the effect of pulmonary blood flow on plasma CGRP
levels and the possible role of CGRP in the pathophysiology of CHF caused by
CHD, the objectives of this study were: (1) to characterize the changesin circu-
lating CGRP leve s in children with varying degrees of CHF secondary to CHD
with left to right shunt and (2) to assess the relationship of the CGRP levels to
systolic pulmonary arterial pressure.

METHODS

Subjects: We performed a prospectively designed assessment of clinical and lab-
oratory parametersin 118 pediatric patients (55 males, 63 females) with CHD and
13 healthy control subjects. Written informed consent was obtained from the par-
ents of all children prior to the study and the investigation conformed with the
principles outlined in the Declaration of Helsinki. The project was approved by
thelocal scientific ethics committee.

Control subjects classified as group A were children with functional heart
murmurs. Patients with CHD were divided into two groups according to the pres-
ence or absence of CHF. Group B consisted of 75 patients with left to right shunt
CHD but no CHF, including 33 with ventricular septal defect (VSD), 27 with
atrial septal defect (ASD), 9 with patent ductus arteriosus (PDA), 3 with atrioven-
tricular septal defect, and 3 with ASD and VSD. Group C was made up of 43
patients with CHF due to CHD with left to right shunt, including 25 with VSD, 7
with ASD, 5 with atrioventricular septal defect, 3 with PDA, and 3 with VSD and
PDA. No patient in either group B or C received any operation or catheter inter-
vention at the time of recruitment. The degrees of heart failure were estimated at
the time of blood sampling, before further intervention. According to the clinical
severity of heart failure in infants and children classified by Ross, et al'? the
patients in group C were further divided into three groups. Group ClI, including
15 individuals with mild tachypnea or dyspnea on exertion, represented mild
CHF. Group ClI, comprising 12 patients with growth failure and prominent dys-
pnea on exertion, represented moderate CHF. Group ClII, consisting of 16
patients with chest retraction and diaphoresis at rest, represented severe CHF.
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At recruitment, all subjects had their age, weight, height, heart rate, hemo-
gram, and blood pressure recorded. Transthoracic echocardiography was per-
formed in al subjects to record the left ventricular gection fraction and
percentage of fractional shortening. Systolic pulmonary arterial pressure was also
measured in Doppler cardiography by extrapolation (modified Bernoulli equa-
tion) from the maximum pressure gradient in tricuspid regurgitation,® or from
the pressure gradient between the left to right shunt if no tricuspid regurgitation
was found. Chest radiographs were taken in all subjects except for group A and
interpreted by three experienced pediatric cardiologists to determineif there was
increased pulmonary vascular markings. The clinical and hemodynamic charac-
teristics of the study subjects are listed in Table | and Table Il, respectively.
Blood sample analysis. CGRP was measured by RIA using previously described
procedures.’® Samples for CGRP assays were obtained from the venous blood
from each fasting subject after a 20-minute rest in the supine position. All of the

Tablel. Clinical Characteristics of the Study Groups

Group of patients Gender Age BW Height Hb Hct PLT
(n) (M/F)  (year) (kg) (cm) (g/dL) (%) (10%uL)

Group A (13) 6/7 59+13 201+23 1104+114 123+08 36.3+24 26721253
Group B (75) 35/40 55+15 182+34 1038+152 113+11 345+26 2835%27.1
Group C (43) 20/23 48+11 148+37 884%136 125+13 357+20 3226+281
C-1 (15) 6/9 55+27 164+32 948+168 121+09 351+28 3100%251
C-1(12) 5/7 38+17 128+23 854+102 129+11 359%33 326.0%35.2
C-111 (16) 97 51+24 147+27 847+133 125+08 36.1+31 3318%281

M indicates male; F, female; BW, body weight; Hb, hemoglobin; Hct, hematocrit; and PLT, platelet. Values
are mean + SEM.

Tablell. Hemodynamic Characteristics of the Study Groups

Group of patients Pulse SBP DBP EF FS PASP PVM increase
Q) (min) (mmHg)  (mmHg) (%) (%) (mmHg) (%)
Group A (13) 83.1+81 1052+9.1 704+81 742+25 418+08 218+24 -
Group B (75) 875+92 1022+75 67.7+79 696+77 388+26 247+27 13 (17.3%)
Group C (43) 914+83 99.8+78 653+74 757+55 394+38 47.3+38% 26(60.5%)**
C-I (15) 886+7.8 1002+85 66.1+51 746+42 393131 397+49 6 (40.0%)
C-1 (12) 905+75 952+56 627+72 77.0+54 408+27 446+57 8 (66.7%)
C-111 (16) 94.7+71 1028+73 665+84 757+56 384+32 563+6.9 12 (75.0%) T

EF indicates gjection fraction; FS, fractional shortening; PASP, pulmonary arterial systolic pressure; and SBP, sys-
tolic blood pressure. PVM increase (%), number and percentage of patients with pulmonary vascular markings
(PVM) increase. Values are mean + SEM. *P < 0.001 versus group A; *P < 0.01 versus group B; ** P < 0.0001 ver-
susgroup B,

1P < 0.05 versus group C-I.
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samples were collected into blood bottles containing EDTA + aprotinin and then
placed immediately on ice. After centrifugation, the supernatant was collected
and stored at -80°C for further analysis.

Plasma levels of CGRP were measured using a commercially available
radioimmunoassay kit, as per instructions (RIK 6009, Peninsula Laboratories,
USA). Plasma samples for CGRP analysis were extracted using Sep-pak C-18
cartridges (Waters, USA). The column was preconditioned with 1 mL buffer B
[60% acetonitrilein 1% trifluoroacetic acid (TFA) followed by three washes with
3 mL buffer A (1% TFA)]. Acidified plasma (1 mL plasma acidified with 1 mL
of 1% TFA) was loaded onto the conditioned column and allowed to pass without
applying any pressure. The column was then washed two times with 3 mL of
buffer A. Bound CGRP was eluted from the column with 3 mL of buffer B and
collected into polypropylene tubes. The eluate was evaporated to dryness under a
centrifugal concentrator.

Each residue was reconstituted with 250 4L of assay buffer. Reconstituted
extract (100 pL) was incubated with 100 uL of antiserum at 4°C for 24 hours.
Following this preincubation, 100 wL of radiolabelled CGRP was added and the
assay incubated for a further 24 hours at 4°C. Separation was effected by the
addition of 100 uL of goat anti-rabbit 1gG serum, followed by 100 L of normal
rabbit serum. Sampleswereincubated at room temperature for 90 minutes. Assay
buffer (0.5 mL) was added to each tube and the tube was centrifuged at 3000 rpm
for 20 minutes at 4°C. The supernatant was aspirated and the radioactivity in each
tube determined by counting for 120 seconds on agamma counter. The sensitivity
of the assay was 1 pg/mL and the intra- and interassay coefficients of variation
were 6 and 9%, respectively. All of the sasmples were assayed in one batch.
Statistics:  All results are reported as the mean + SEM. Groups were statistically
analyzed using the unpaired Student's t-test or ANOVA, except for the percentage
of patients with increased radiographic lung markings, which was analyzed by
the Chi-square test. Simple linear regression analysis was performed to correlate
CGRP and systolic pulmonary arterial pressure. A P value of less than 0.05 was
considered statistically significant. Analysis of the dataand plotting of the figures
were done with the aid of computer software (SigmaStat and SigmaPlot, San
Rafael, CA, USA; GraphPad PRISM™, San Diego, CA, USA) run on an IBM
compatible computer and a Power Macintosh.

RESULTS

There were no significant differences in the clinical characteristics, includ-
ing age, body weight, height, hemoglobin, hematocrit, and platelet count among
al groups (al P> 0.05) (Tablel). Table Il showsthe hemodynamic features of all
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subject groups. There were no significant differences in pulse rate, systolic and
diastolic blood pressures, echocardiographic fractional shortening, or gjection
fractionin al groups (al P > 0.05).

In terms of pulmonary circulation (Table I1), the systolic pulmonary arterial
pressure in group C was significantly higher than those in group A and group B
(both P < 0.01). Within group C, the systolic pulmonary arterial pressure
increased when the severity of the clinical CHF increased, but there was no sig-
nificant difference (P = 0.12). The pulmonary vascular markings of the chest
radiographs were significantly increased in group C compared to group B (60.5%
versus 17.3%, P < 0.0001). Within group C, there were more patients with
increased pulmonary vascular markings as the CHF became more severe, but
there was no significant difference, except when group CllI was compared with
group CI (P < 0.05).

Figure 1 shows the plasma CGRP levels in each group. In group C, the
CGRP concentrations were markedly elevated as compared with those in group
A (15.8+ 2.1 versus 7.0 + 0.8 pg/mL, P < 0.05) and group B (15.8 + 2.1 versus
8.6+ 1.2 pg/mL, P < 0.01). Within group C, the levels of CGRP increased as the
severity of CHF increased (Cl, 10.3% 2.5; Cll, 11.7+ 2.0; Cll1, 24.0+ 4.1 pg/mL,
P <0.01). When group C was compared with the control group, therewereno sig-
nificant differences between Cl and the control (P = 0.24), but CIl and ClII were
significantly different from the control (P < 0.05 and P < 0.001, respectively). In
addition, ClII was significantly different from the control, CI, and ClI groups (P
<0.001, P<0.01 and P < 0.05, respectively).
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Figure 1. Comparison of plasma CGRP in normal subjects and patient groups
with or without congestive heart failure.
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Figure 2. Relationship between the plasma concentrations of CGRP and
systolic pulmonary arterial pressurein all patients.

After assessing the relationship between CGRP levels and systolic pulmo-
nary arterial pressure in all of the subjects using linear regression (Figure 2), it
was found that there was a significant positive correlation between plasma CGRP
and systolic pulmonary arterial pressure (y = -0.56 + 0.35x, r = 0.515; P <
0.0001).

DiscussioN

In adults, CHF can be caused by impaired systolic function and a range of
neurohumoral substances have been suggested as markers for detection or evalu-
ation of CHF.'® However, in infants and children the most common etiology of
CHF is CHD and increased pulmonary blood flow plays an important role in the
pathogenesis in CHF secondary to CHD. A number of endogenous lung peptides
are involved in maintaining balance in the pulmonary circulation, while endothe-
lin-1 (ET-1) is the most potent vasoconstrictor and CGRP is the most important
vasodilator with positive inotropic effects.>® We have previously demonstrated
the effects of increased pulmonary flow on ET-1in animalswith | eft to right shunt
and in children with CHF caused by CHD.¥'® The present study shows that
plasma concentrations of CGRP are significantly elevated in relation to the clini-
cal severity of CHF. Moreover, we have also demonstrated that increased pulmo-
nary arterial pressure caused by left to right shunt correlates with increased
plasma levels of CGRP. These results suggest that pulmonary overcirculation
may be important for the regul ation of CGRP production in pediatric CHF, which
to our knowledge, has not been reported previoudly.
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In the cardiovascular system, CGRP is mainly confined to the nerve fibers
in the heart and around the blood vessels, and is involved in the regulation of a
number of cardiovascular functions.¥ CGRP has positive inotropic and chrono-
tropic effects on the heart and is an extremely potent central and peripheral
vasodilator.>” Unfortunately, previous reports on the changes in CGRP in CHF
are conflicting. In adult patients, CHF is often caused by impaired systolic func-
tion, and the plasma concentration of CGRP here has been reported to be unaf-
fected, decreased, or increased.* In other conditions with volume overload
states, such as pregnancy, hepatic cirrhosis, or hemodialysis, increased levels of
CGRP are adso observed.’®?) |n hemodiaysis patients, the plasma levels of
CGRP were significantly higher in patients with fluid excess and correlated pos-
itively with the degree of fluid overload.? In our patients, the CHF was mainly
due to pulmonary flow overload rather than systolic dysfunction, as many of our
patients with CHF have normal echocardiographic ejection fractions but
increased radiographic pulmonary vascular markings. Consistent with previous
studies regarding fluid overload, our results revealed that plasma CGRP levels
are also increased in states of volume overload in the pulmonary circulation. We
have also demonstrated for thefirst timethat CGRP may be a marker of CHF sec-
ondary to CHD with left to right shunt, especialy when CHF is severe.

CGRPisbelieved to play an important role in the modulation of pulmonary
vascular tone, but the regulation of CGRP production is not fully understood.
CGRP effectively dilates precontracted pulmonary arteriesin vitro.?? Recently, it
was found that in patients with systemic sclerosis and pulmonary hypertension,
there is a positive correlation between CGRP and systolic pulmonary arterial
pressure.?® The similar positive correlation between CGRP and pulmonary pres-
surein our study suggests that changesin pulmonary arterial pressure may possi-
bly play a role in the mechanism of CGRP production. Tjen, et al previously
showed that exogenous CGRP reduced pulmonary artery pressure in hypobaric
hypoxic rats.?¥ However, in this animal model, the increase in pulmonary arterial
pressure correlates with declining blood CGRP levels.?®® The possible explana-
tion for the difference may liein the fact that in CHD with |eft to right shunt, the
pulmonary circulation is often hyperoxic rather than hypoxic. Accordingly, we
propose that in patients with increased pulmonary arterial pressure caused by
fluid overload, the mechanism of CGRP regulation may be different from that
with hypoxic pulmonary hypertension.

Previous studies have demonstrated that CGRP has inhibitory effects on
sympathetic nervous activity in the central nervous system.?®2” The sympathetic
nervous system plays a major role in cardiovascular adaptation to CHF, whichis
associated with augmented activity of the sympathetic nervous system, reflected
in increased norepi nephrine excretion. We have previously reported that elevated
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plasma norepinephrine levels occur concurrently with increases in the severity of
CHF in children with CHD.? In addition to the sympathetic system, CGRP is
also closely related to ET-1. It was recently found in rats that CGRP plays a com-
pensatory role in preventing ET-1-induced elevation in blood pressure.?® In arat
model of CHF with pulmonary hypertension, we also showed that the endothelin
system is upregulated.® In the present study, even though the exact regulatory
mechanisms of CGRP production are unclear and require investigation in the
future, we assume that the increase in CGRP in CHF may be considered as acom-
pensatory response to counteract the increased pulmonary arterial pressure or
vasoconstrictor effects of the sympathetic or endothelin system.

The limitation of this study concernsthe relatively small number of patients
assigned to each subgroup of CHF (group C) and the hemodynamic changes
regarding pulmonary circulation in radiography or echocardiography among
these subgroups were mostly not statistically significant, although they may well
be clinically meaningful. A much larger population would have been required to
confirm or refute this. Another limitation is that the degree of increased pulmo-
nary flow could only be evaluated indirectly by the radiographic pulmonary vas-
cular markings rather than directly measured because invasive cardiac
catheterization was not justified in most of our patients. To minimize the biasin
the assessment by chest radiography, the chest radiograph was interpreted by
multiple observersin our study.

In conclusion, CHF secondary to CHD with increased pulmonary flow is
associated with elevated levels of CGRP that are related to disease severity. Sys-
tolic pulmonary arterial pressureis positively correlated with levels of CGRP and
pulmonary overcirculation may play arole in the upregulation of CGRP in CHF.
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