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Improved cardiac performance with human calcitonin 
gene related peptide in patients with congestive heart 
failure 

C Gennari, R Narni, D Agnusdei, J A Fischer 

Abstract 
Study objective - The aim of the study was to 

assess the cardiovascular effects of human calcito- 
nin gene related peptide (CGRP) in patients with 
congestive heart failure. 

Design - The effects of CGRP I1 (or p), 12.5 
pgh-', given by intravenous infusion for 24 h to 
digitalised patients with congestive heart failure, 
were assessed by measurement of cardiac functional 
indices. 

Patients - Five patients (four female) were stu- 
died. Age was 73-82 years. Three were in New York 
Heart Association phase I11 and two in phase IV. 

Measurements and main results - The pre-ejection 
period to left ventricular ejection time ratio and the 
Q T  distance adjusted for heart rate were lowered by 
21% and 4% respectively. The left ventricular 
shortening index was raised by 43%. The arterial 
pressure and heart rate did not change consistently. 

Conclusion - Calcitonin gene related peptide 
improves myocardial contractility in patients with 
congestive heart failure. This is the first time this has 
been shown. 

Congestive heart failure is usually caused by reduced 
cardiac output as a result of impaired myocardial 
contractility. Its treatment includes positive inotropic 
agents, eF, digitalis, as well as vasodilator and diuretic 
therapy. Calcitonin gene related peptide (CGRP) is a 
recently discovered neuropeptide with potent 
cardiovascular effects that include positive 
chronotropic and inotropic actions on the heart, 
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vasodilatation, and hyp~tension.*-~ The stimulation of 
the heart rate and coronary vasodilatation presumably 
depend on the local release of CGRP from afferent 
nerve fibres in the heart induced by capsaicin and 
interaction with receptors linked to cyclic adenosine 
monophosphate The improved 
ventricular contractility of CGRP was suppressed in 
normal human subjects through blockade of 
adrenergic receptors, and may be driven by reflex 
sympathetic ~timulation.~ Here we show evidence of 
improved ventricular contractility with CGRP as 
recorded with non-invasive techiques in five digitalised 
patients with congestive heart failure. 

Methods 
We studied four female and one male patient aged 73 to 
82 years with congestive heart failure, three in New 
York Heart Association phase I11 and two in phase 
IV. Four patients had coronary artery disease and the 
fifth had hypertrophic cardiomyopathy. Body weight 
was 44-66 kg, and height 147-158 cm. Informed 
consent about the experimental treatment with CGRP 
was obtained from all patients, and the study was 
approved by the appropriate ethics committee. 

The patients were treated with oral P-methyldigoxin 
(Lanitop, Boehringer, Mannheim, W Germany), 0.6 
mg (0.77 nmol) per day for three days, followed by 0.3 
mg (0.39 nmol) per day for four days (figure), after 
which they were given human CGRP I1 (or P) 
(Peninsula Laboratories, Belmont, CAY USA), 12.5 
pgeh-' (3.3 nmol) by intravenous minipump infusion 
for 24 h. 

The systemic arterial pressure was monitored 
continuously by intra-arterial manometry. The 
duration of the pre-ejection period and the left 
ventricular ejection time were determined using 
electrocardiography, phonocardiography, and 
external carotid pulse tracings. l8 The corrected QT 
interval (QTJ was calculated by dividing QT by the 
square root of the preceding R-R interval. The left 
ventricular cavity was measured before and during the 
infusions with CGRP by M mode echocardiography at 
the end diastolic and the end systolic filling times." 
The left ventricular shortening index was calculated as 
the ratio between the left ventricular end diastolic 
minus the end systolic diameters, and the left 
ventricular end diastolic diameter. 
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Serum concentrations of digoxin were measured by 
radioimmunoassay.20 Total serum calcium was 
measured by atomic absorption spectrophotometry 
(Perkin-Elmer, Norwalk, CN, USA).” 

Statistical analysis was by paired t test.22 Values are 
given as means (SEM). 

Results 
Congestive heart failure was treated with 
P-methyldigoxin and therapeutic serum concen- 
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trations (0.7-1.8 nmol.litre-’) were achieved (figure).” 
The heart rate was lowered (p<O.OS), but the 
pre-ejection period to left ventricular ejection time 
ratio and the QT, intervals were only minimally 
decreased, from 0.50 (SEM 0.02) to 0.47(0.02) 
(p<O.OI), and from 0.43(0.03) s to 0.42(0.03) s, 
respectively (p<O.Ol). Myocardial contractility 
remained largely unchanged during the seven day 
treatment with therapeutic doses of P-methyldigoxin. 
As a result, the patients were essentially refractory to 
treatment with digoxin. No other treatment was used. 

Human CGRP I1 was then given as an intravenous 
infusion for 24 h at a rate previously used in normal 
s~bjects.’~ The arterial pressure was minimally 
lowered and the heart rate remained slightly raised 
(p>O.OS), but the pre-ejection period to left 
ventricular ejection time ratio was lowered from 
0.47(0.03) to 0.37(0.03) (normal <0.35; p<O.OOl), 
and the QT, intervals were shortened from 0.42(0.03) 
to 0.41(0.03) s (pcO.01). The left ventricular 
shortening index was raised from 0.28(0.02) to 
0.42(0.04) (normal >0.29; p<O.Ol). Improved 
contractility of the heart ventricle was evident with 
CGRP in all the five patients. With the dose of CGRP 
used, the undesired hypotensive and positive 
chronotropic effects were limited and did not affect the 
therapeutic efficacy of CGRP on ventricular 
contractility. All five patients noted subjective 
improvements. With CGRP, serum calcium levels 
remained unchanged: before CGRP 2.29(0.03) 
mmol*litre-’; after CGRP 2.29(0.04) mmol*litre-’. 

Discussion 
The improvement of myocardial contractility is a 
principal object of the treatment of congestive heart 
failure. Digitalis has limited efficacy and potential 
toxicity. P Adrenergic agonists are thought to exert 
positive inotropic effects on the heart through 
stimulation of cyclic AMP production.’ As a result, 
calcium influx is stimulated in myocardial cells.24 The 
improved ventricular contractility of CGRP was 
suppressed in normal subjects through blockade of 
adrenergic receptors, and may result in part from 
reflex sympathetic st im~lation.~ Coronary 
vasodilatation is achieved through interaction of CGRP 
with its rece tors and stimulation of cyclic AMP 

Here we have used non-invasive procedures. 
Reduction of systolic time intervals is brought about 
through positive inotropic agents and reduction in 
afterload, eg, due to vasodilatation. ’* The combined 
positive inotropic action on the heart and vasodilator 
properties of CGRP explain the improvement of 
congestive heart failure in the present patients. In view 
of the vasodilator activity of CGRP it remains to be 
shown whether cardiac function is also ameliorated 
through the positive inotropic action of the peptideZ5 in 
patients with congestive heart failure. 

production.6 P l3  l5 l 6  



CGRP in congestive heart failure 241 

This work was supported, in part, by the Swiss National 
Science Foundation grant 3.924-0.87 and the Kanton of 
Zurich. 

1 Colucci WS, Wright RF, Braunwald E. New positive inotropic 
agents in the treatment of congestive heart failure. N EnglJ Med 
1986;314:290-9, 349-58. 

2 Fisher LA, Kikkawa DO, Rivier JE, er al. Stimulation of 
noradrenergic sympathetic outflow by calcitonin gene-related 
peptide. Nature 1983;305:534-6. 

3 Brain SD, Williams TJ, Tippins JR, Morris HR, MacIntyre I. 
Calcitonin gene-related peptide is a potent vasodilator. Nature 
1985;313:54-6. 

4 Gennari C, Fischer JA. Cardiovascular ,action of calcitonin 
gene-related peptide in humans. Cakf Twslnr 1985;37:5814. 

5 Struthers AD, Brown MJ, Macdonald DWR, ec al. Human 
calcitonin gene-related peptide: a potent endogenous 
vasodilator in man. Clin Sci 1986;70:389-93. 

6 Holman JJ, Craig RK, Marshall I. Human a- and p-CGRP and rat 
a-CGRP are coronary vasodilators in the rat. Peprides 
1986;7:23 1-5. 

7 McEwan J, Larkin S, Davies G ef al. Calcitonin gene-related 
peptide: a potent dilator of human epicardial coronary arteries. 
Circulation 1986;741243-7. 

8 Franco-Cereceda A, Gennari C, Nami. er al. Cardiovascular 
effects of calcitonin eene-related ueutides I and I1 in man. Circ . _  
Res 1987;60:393-7.- 

9 Howden CW, Logue C, Gavin K, Collie L, Rubin PC. 
Haemodynamic effects of intravenous calcitonin gene-related 
peptide in man. Clin Sci 1988;74:413-8. 

10 Geppetti P, Maggi CA, Perretti F, Frilli S, Manzini S. 
Simultaneous release by bradykiniu of substance P- and 
calcitonin gene-related immunoreactivities from capsaicin- 
sensitive structures in guinea-pig heart. Br J Pharmacol 

11 Whanon J, Gulbenkian S, Mulderry PK, ef al. Capsaicin induces 
a depletion of calcitonin gene-related peptide (CGRP)- 
immunoreactive nerves in the cardiovascular system of the 
guinea pig and rat. J Auum N m  Sysr 1986;16:289-306. 

12 Franco-Cereceda A, Lundberg JM, Saria A, Schreibmayer W, 
Tritthart HA. Calcitonin gene-related peptide: release by 

1988;94:28a90. 

capsaicin and prolongation of the action potential in the 
@nes-pig heart. Acru Physiol Scand 1988;132:181-90. 

13 Signst S, Franco-Cereceda A, Muff R, Henke H, Lundberg JM, 
Fischer JA. Specific receptor and cardiovascular effects of 
calcitonin gene-related peptide. Endocrinology 1986;119:381-9. 

14 Franco-Cereceda A, Rudehill A, Lundberg JM. Calcitonin 
gene-related peptide but not substance P mimics 
capsaicin-induced coronary vasodilation in the pig. Eur J 
Phamcol  1987;142:235-43. 

15 Edvinsson L, Fredhoh BB, Hamel E, Jansen I, Verrechia C. 
PerivascuIar peptides relax cerebral arteries concomitant with 
stimulation of cyclic adenosine monophosphate accumulation 
or release of an endothelium-derived relaxing factor in the rat. 
Neurosci Len 1985;58:213-7. 

16 Kubota M, Moseley JM, Butera L, Dusting GJ, MacDonald PS, 
Martin TJ. Calcitonin gene-related peptide stimulates cyclic 
AMP formation in rat aortic smooth muscle cells. Biochem 
Biophys Res Comtnun 1985;132:88-94. 

17 Bruce RA. Evaluation of functional capacity and exercise 
tolerance of cardiac patients. I. Functional capacity. Mod 
Concepts Cardiovosc Dis 1956;25:32 1-6. 

18 Hassan S, Turner P. Systolic time intervals: a review of the 
method in the non-invasive investigation of cardiac function in 
health, disease and clinical pharmcology. Postgrod MedJ 1983; 
59:423-34. 

19 Sahn D, DeMaria A, Kisslo J, Weyman A. Recommendations 
regarding quantitation in M-mode echocardiography: results of 
a survey of echocardiographic measurements. C i m r l a h  1978; 

20 Smith TW, Butler VP, Haber E. Determination of therapeutic 
and toxic serum digoxin concentration by radioimmunoassay. 
N EnglJ Med 1969;281:1212-6. 

21 Fischer JA, Blum JW, Binswanger U. Acute parathyroid hormone 
response to epinephrine in wiw0.J Clin Invesr 1973;52:2434-40. 

22 Diem K, Lentner C. Documenra Geigy, wissmchufrlliche Tabellen. 
7th ed. Basel: J.R. Geigy 1%8:14697. 

23 Beglinger C, Born W, Hildebrand P, ef al. Calcitonin gene-related 
peptides I and I1 and calcitonin: distinct effects on gastric 
secretion in man. Gastroenterology 1988;95:958-65. 

24 Cachelin AB, de Peyer JE, Kokobun S, Reuter H. Ca2' channel 
modulation by 8-bromocycl~c AMP m cultured heart cells. 
Nature 1983;304:462-4. 

25 Tan LB, Murray RG, Littler WA. An analytical method to 
separate inotmpic and vasodilatory drug effects in patients with 
heart failure. Cardidvasc Res 1987;21:625-30. 

58: 1072-8. 


