
REPLY: Following the recent publication of our paper on MIBG

uptakeinpatientswithleftventricularhypertrophysecondaryto
aortic stenosis (1), Glowniak has commented on some of the
article's conclusions.

First, he has suggested that the decrease in myocardialuptake
of 1@I-MIBGseen in these patientscould be linkedto the fact that
the mean age of these patients is higherthan in the control group
(62 Â±16 yr versus 30 Â±15 yr).

Ingeneral,a relationshiphasnotyet beenestablishedbetween
age and sympathetic nerve activity (2). Whereas Veith (3) and
Esler (4) have actually demonstrated an increase in plasma nor
epinephnne in normalelderlypatients,which reaches a maximum
of45% in patientsolder than50 yr when comparedto those under
30 yr (4) or 54% in healthy elderly subjects (68 Â±5 yr) when
comparedto healthyyoungvolunteers(27 Â±6 yr) (3), this in
crease inplasmanorepinephrineinelderlypatientsdoes not seem
to result from an increase in sympatheticnervous tone (4). Other
factors might have an influence, such as dietary salt (5). On the
otherhand,thesympatheticnervousoutflowofnorepinephrineto
all organs is not uniform, and local organ-specific increases or
decreases in sympatheticactivitycan occur (2). Thus, the increase
in plasma norepinephrine concentration sometimes measured in
elderly patients cannot be attributed to an increase in cardiac
sympatheticnervousactivity.

Similarly, a decrease in MIBG uptake linked to an increase in
plasmanorepinephrineconcentrationin elderlypatientswithout
any elevationin cardiacsympatheticnervousactivitydoes not
seemconclusivelyplausible.Indeed,onlytwostudieshavedem
onstratedan inverserelationshipbetweenmyocardialuptakeof
â€˜@I-MffiGand plasma norepinephrine concentration. One study
is by Nakajo (6), who demonstrated a significant relationship
betweenthe four gradesof MIBGheartintensityand plasma
norepinephrineconcentration(r = â€”0.56;p < 0.01)withoutoh
serving this relationship in patients with pheochromocytoma (n =
28; r = -0.35). The other study by Glowniak (7) was carried out
on six patientswithidiopathiccongestivecardiomyopathywhere
only septumuptakeof â€˜@I-MIBGshoweda strongcorrelation
withplasmanorepinephrineconcentration(r = â€”0.798),whereas
that for total left ventricularuptakewas poor (r = â€”0.395).None
of theotherstudiesperformedon patientswithcongestiveheart
failure, even severe, demonstrated such a relationship (8â€”10).

It is truethatno studyhasyet been publishedregardingthe
relationship between age and myocardial uptake of â€˜@I-MIBG.In
moststudies,patientsin thecontrolgroupshaveanaverageage
inferiorto that of the patients studied and comparableto that of
our study (8,11,12). Only Merlet(9) and Glowniak(7) used a
controlgroup ofa similar age to that ofthe patients studied. By using
10controlsinourinitialstudyon myocardialuptakeof â€˜@I-MIBGin
patientswith myocardialinfarctiontreatedby the same technique
(13),we Obtainedthe followingresults4 hrpostinjection:

withanincreaseof sympatheticnervousactivityrelatedto ageor
to an elevationin plasmanorepinephrineconcentrationhas not
beensubstantiated.

Second,Glowniakquestionsthedecreaseofmyocardialuptake
of â€˜@I-MJBGin patients treatedwith digoxin when comparedto
untreatedpatients.AllourpatientswereinClassIIof theNYHA
classificationfor exertionaldyspnea,but noneshowedany cvi
dence of cardiacfailureduringisotopic tests. Clinically,they
couldnot be consideredas sufferingfromsevere heartfailure.
Cardiac glycosides are relatively weak inotropic agents and have
a modest effect upon cardiac failure secondary to ventricular
volume overload (14), especiallyupon left ventricular ejection
fraction(15,17).Therefore,treatmentwithdigoxincannotexplain
that left ventricularejectionfractionwas normalin patients,
reaching56%â€”80%(0.71 Â±0.13). Heartfailurewas not more
severeinourtreatedpatientsthanintheuntreatedones. Further
more, intravenousadministrationof digoxin(acuteadministra
tion) has been shown to decrease plasmanorepinephrineconcen
trationin patientswith severe heart failure(18). Therefore,
competition for the transporter between norepinephrine and
MIBO can not be accepted. Finally, a recent study by Ferguson
(19)demonstrated sympatho-inhibition after intravenous adminis
trationof cedilamid-D in eight patients with moderate to severe
heart failure (NYHA Cl@ IIIâ€”IV).

Intotal,ithasbeenshownthattherapeuticdosesof digoxinor
itsanalogueshaveamoderatepositiveinotropiceffectinmanand
thattheyleadtoasympatho-inhibitioninpatientswithcongestive
heart failure. For all the authors, the mode of action is an inhibi
tion of Na-K-ATPase. This is based on the experimentalstudies
cited in our article (1), which were performed in vitro or in am
mals. From these data, all authors have agreed that interspecies
variations exist and that the doses of ouabain which inhibit Na
K-ATPasedifferfromone speciesto another. Glowniak(20)has
arguedthat the adrenalchromathincells' model,which requires
highdoses of ouabainto inhibitnorepinephrineandMIBGup
takes,is questionable.In anycase, the modelof sodium-depen
denttransporter(uptake-i)remainsthemodelcurrentlyin use.

It is true, however, that the most convincingargumentof
demonstratingan inhibitionofmyocardial uptakeof 1@I-MIBGby
digoxin would be to measure myocardial uptake of @I-MIBG
beforeandaftertreatmentin controlsubjects.However,French
legislationandmedicalethicsprohibitsuchpractice.

Thus, the importantdecreasein myocardialuptakeof â€˜@I
MIBG seen in patients treated with digoxin cannot be explained

by the severityof cardiacfailurein these patients,becauseno
clinicalor hemodynamiccriteriadifferentiatethemsignificantly
from untreated patients. However, the mode of action of cardiac
glycosides in vitro and the clinical result obtained after intrave
nous injectionof such agentsboth suggesta direct effect of
digoxin upon myocardialuptake of â€˜@I-MIBG.

Withregardtotheresultsrelatingtotheeffectsof amiodarone,it
is true that an effective action of this drug upon â€˜@I-MIBGuptake
can not be concluded from the three patients entered into the study.

Lastly, Glowniak discusses issues relating to heart transplant
patients. Our aim was to determine the importanceof extraneu
ronalcardiacuptakein manratherthanexamineany eventual
sympatheticreinnervationfollowingtransplant.Thefactthatthis
extraneuronaluptakeof â€˜@I-MIBGis 13%of thetotaluptakeand
not 8.7%(10)does not in anyway affectthe conclusiondrawn,
i.e., extraneuronal uptake of â€˜@I-MIBGis low in humans, con
trary to the results obtained in animals.

Furthermore,it is impossibleto claimthat â€œalargebodyof

Group116â€”24 yr(20 Â±3 yr; n = 7): 1.92 Â±0.18Group
225â€”39 yr(33 Â±6 yr; n = 5): 1.69 Â±0.08Group
340â€”62 yr(49 Â±8 yr; n = 5): 1.70 Â±0.07.

Themeanmyocardialuptakeof â€˜@I-MJBGof Group1washigher
(p < 0.05) than that of Groups 2 and 3. There was also greater
intersubject variation. The subjects of Group 3, whose mean age
is closer to thatofour patients, showed a highermean myocardial
uptakeof â€˜@I-MIBGthanthatof ourleftventricularhypertrophy
patients(p < 0.001).

Thus, the hypothesis of a decrease in myocardial uptake of
â€˜@I-MIBOin patients with left ventricular hypertrophy associated

1394 TheJournalof NuclearMedicineâ€¢Vol.34â€¢No.8 â€¢August1993



literatureindicates that there is sympathetic reinnervationof the
heart after 15 mo following cardiac transplantation.â€• Wilson Ct al.
(21)haveshownthat39of 50patients,who hadbeensubjectedto
a heart transplant more than a year before, had a significant
release of norepinephrinefollowing tyramineadministration,sug
gesting a sympatheticreinnervationofthe heart.In this group, the
meantimesincecardiactransplantwas40 Â±3mo,whereasitwas
30 Â±6 mo in the 11 patients considered to be denervated.

Studies with â€˜1C-hydroxyephedrine(RED) (22) did not show
anygradualuptakeof thismarkerwithtimein the transplanted
heart. Two groups were studied, corresponding to 4.4 Â±2â€”3mo or
42Â±22mo after transplantation. In this study, a significant in
crease of â€˜1C-HEDretention was demonstrated in the basal and
mid-ventriclesegments in patients with late transplant.Further
more, in five patients who had received transplants62 Â±2 mo,
catecholaminescould not be detected in endomyocardialbiopsies
(23).Fallen(24)couldshow clinicalevidenceof functionalrein
nervation in only 1 of 9 patients 33 mo aftercardiac transpianta
tion. In humans, only the very recent study by Dae (25) demon
strates an anteriorand basal cardiac uptake of MIBG in 4 of 10
patients 13 Â±1.2 mo aftercardiactransplant.Indogs, sympathetic
reinnervationis functional 6 mo after autotransplantationor ho
mo-transplantation(26) and 9 to 12 mo after surgicaldenervation
(27). Therefore, it seems that the rate of reinnervation of a trans
planted heart is very slow in humans(22,28).

Six months after surgical cardiac denervation in dogs (29),
myocardialuptakeof tritiatednorepinephrinewas increasedby
57% when compared to control values taken in the left atrium.
However, it was 35%in the basal section of the left ventricle but
7%onlyin the apex.Furthermore,the experimentalmodelusedis
moredistantfromtheallo-transplantationperformedin humans.
Similarly,anepicardialapplicationof phenolorperforminga trans
muralmyocardialinfarctin dogs produceonly a regionaldeneiva
tionwhichcannotbe comparedto anallo-transplantation(30).

Inconclusion,mostauthorsagreewiththestatementthatsym
pathetic reinnervationis possible but develops very slowly fol
lowing cardiac transplantationin humans. Most of the data pres
entlyavailableindicatethatreinnervationprobablyneedsmore
than33motooccur.Therefore,thereis littleevidenceto indicate
reinnervation in our patients who have been subjected to surgery
15Â±10mo before.
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