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Disturbed Secretion of Atrial Natriuretic Peptide in Patients With
Persistent Atrial Standstili: Endocrinologic Silence

YOSHIHIKO SEINO, MD, SHINICHIRO SHIMAIL MD, CHIKAQ IBUKI, MD, KEIKO [TOH, MD,
TERUO TAKANO, MD, HIROKAZU HAYAKAWA, MD

Tokyo. Japan

Persistent atrial standstill is a very rare pathophysiologic condi-
tion whose disgnoss Is established when both electrieal and
mechanical sitence of the ateia are confirmed. To test the hypodh-
esis that secretion of atrial natriaretic peptide is disturbed in
patients with persisient atrial standstill, the cesponse of atrial
natriaretic peptide secretlon and other néurchormons] factors
during exercise was imvestigated in three patients with o rate-

S1.5 pg/mi, respectively} ano e norsial Slhjecls (89 9, 8md
30.8 * 19.2 pg/m, resp ly), This i

nonphysiologic (ncrease in sdrial volume or pressure nverkmd or
both, in rate-responsive VY1 pacing because of lack of atrioven-

tricular synchrony. However, palients with persistent atrial stand.
still had undetectable (<10 pg/ml) v almost undetectable secre-

tion of alnal naltiumlc peptide as well as lower levels of cyclic

mpons‘ve veniricular demand (VVI] ker implanted for

i atrial stand: The resulls were compared

with those observed in eight norma! subjects and patsents with a

me-mponswe VVI {Group A) or atrfal demand (AAI) (Gronp B)
! for sick sinus sy

Patients in Group A displayed significant elevation of aipha-

human atrial natrivretic peptide secretion boih before an2 during

exercise {122.5 + 14.8 and 207.5 = 8.3 pg/ml, respertively}

compared with those in Gromp B (55 £ 14.1 and 1164 =

phate in the circulation boiit before and
during exercise. Clmnga in plasma eatecholamines during exer-
cise were similar in patfents with persistent atrial standstill

compared with the other groups.
This study indi that *‘end jc silence’”
nies electrics! and mechanical silesce of the atria, which may
a third di ic clpe to p atrial standstill.

(7 Am Coll Cardicl 1991;18:459~63)

Persistent atrial standstill is a rare pathophysiologic candi-
tion that is clinically diagnosed on the basis of charagieristic
findings on electrophysiologic and cardiodvnamic examina-
tions. Electrophysiologic study demonstrales absence of
alrial excitation either spanianeouwsly or afier atrial efectrica
stimutation {electrical sllence) and the righl airial pressure
curve or echocardi inv ion reveals absence of
atrial contraction (mechanical silence) {1-4).

Recent endocrinelogic studies (S-7) have revealed that
atrial peptides contained in specific granules of the mamma-
lian atrial myocyte are released into the circulation during
atrial distension and play an important rofe a5 a volume-
regulating hormone by virtue of poient vasodilating and
dinrctic actions. Because secretion of atrial natriuretic pep-
tide is associated with electrophysiologic or mechanical
excitation of the atria, we reasoned that this secretion might
be disturbed in patients with persistent atrial standslill. If so.
this *‘endacrinologic silence™ might constitute a third diag-
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nostie etz to persisicai atrial standstill. To test this hypoth-
esis, we investigated the recponses of atrial natriuretic
peptide secretion and cther neurohormonal factors during
exercise in patients with persistent atrial standstii and
comparcd the results with those observed in normal subjects
and putients with sick sinus syndrome.

Methods

Study patients. Persistent atrial standstill was diagnosed
in eight patienits, and five of these were followed up at the
Nippon Medical School Hospital in Tokyo; our first three
cases were reported in 1975 (8). Table 1 shows the profiles of
the eight patients with confirmed persistent atsial standstill.
All cight patients bad Stokes-Adams attacks as well as
churacteristic features of persistent atrial standstill, such as
absence of the P wave on the standard 12-lead electrocar-
diogram (ECG) and Holter monitor and absence of atrial
excitation on the His bundle electrogram (Fig. 1). A mark-
edly reduced A wave was recorded only at the isolated low
right atrial area in twa patients (Patients 4 and 6). Electro-
physiologic swdies revealed lack of response to electrical
stimulation of the airia (Fig. 1) and nght atrial pressurc
curves and echocardiographic i d ab-
sence of atrial contraction. The diagnosis of persistent atrial
standsli!l was considered definite when both electrical and

0735-1097/91/62.50



460 SEINOD ET AL

ATRIAL NATRIURETIC PEPTIDE IN ATRIAL STANDSTILL

JTACC Vol. 18, No. 2
August 1991:459-6)

Tahle ). Clinical Churacteristics of Eight Patients With Persistent Atrial $tondstill
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mechanical silence werg confirmed. These patients required
pacemaker implantation 1o prevent Stokes-Adams attacks.
A tecently developed rale-responsive ventricular demand
{VVI) pacemaker was implanted or reimplanicd in thret
patients 1o provide adequate physiologic activity.

These 3 paticnts (Patients 4. 7 and 8) with a rate-
responsive VVI pacemaker implanted for confirmed persist-
ent atrial standstil were included in ke present study
togethsr with # normal subjects and 11 patieats with con-
firmed sick sinus syndrame (5 patients with a rate-responsive
VVI paccmaker and 6 with a rate-responsive atrial demand
[AAI) pacemaker). Patients with arial tachyarrhythmias
were cxeluded From this study, The study prolocol was
approved by the Nippon Medical School Institutional Re-
view Board. Signed informed consent was obtained from
each patient.

Study protocel. The patients performed ECG-monitored
treadmill exercise according 10 Naughton's protocel. Bloed
way drawn from the antecubital vein for measurement of
plasma concentrations of norcpinephrine, epinephrine.
alpha-human awrial nalriuretic peplide. cyclic adenosine
monophosphate (AMP) and cyclic puanosine manaphas-
phate (GMP) befure the start of exercise and when the heart
rate reached 120 beais/min during exercise. It was confirmed
that Lhe patients were undergoing raic-responsive VVI or
AAl pacing throughoul this study. Plasma concenrations of
norepinephrine and epinephrine were measured by high
pressure liguid chromatography: aipha-human airial natc-
uretic peptide and cyclic nucleotides were quantified by
radioimmunoassay methods.

Statistics. All data were expressed as mean values = SD.
Statistical analyses w->e performed with use of Student's

= male: Pt
+ = presenl: — = zbsent.

o 1975

:$-401. CHF = conpestive hean filure: CER - cardiothoracic ralio:
patienl: RA - right atrial: RBBB = right bundle branch blacl. pattern:

Figure 1. Patient 8, Absence of P and A waves (upper panel) and
lack of atrial excitation during right ateial pacing (lower panel} in this
paticnt wilh persisteal atrial standstill. CS4 = coronary sinus
{distafy: CSp = coromary simos {proximall: His.d = His bundle
1gistaly; His.p = His bundle (pronimal): HRA = high right atrium,
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Tabke 2. Changes in Newrwhormena) Factors During Exercise in §] Patients With Sick Sinus Syadrome and 8 Mormal Subjects

SSS(RR.VVI S85IRR-AAD Nomnal Subjects
Ex Ex
(HR 126 IHR 120 Ex
Before Ex beatsmin Befure Ex beals/min} Before Ex (HR 110 beas/min}
H
e M= aum |p‘<unm
Akp 1.5 = 1.8 23 = B3¢ LN RIN | 1164 = 51.5* 189 = 98 308 = 19.2¢
tpgeeh i}p < 4.8 1|« noo | \a 5.001
Norepinephrine 033 =a20 [AEERINE o [ER- N Xt H 475 = 0.29* 0,30 £ 647 0.65 © 0.29°
(ng'mli
Epinephrine 06 = 0n [N .02 < g, 008 £ 0.05 007 = 0.04 0.08 = 0.04
ing'mll
Cyilic AMP 8o 7 NE=zie Al [LEREENA 156 2 21 1801 = 1.6%
tpmulicery | p <008
1
p<00 p <005 1
Cyclic GMP 13=3ig Hl=x2y® 1= 13 ERER K
{pmolfliter) |

"p < O.05; ip < 001 $p < 0.005. ANP = dlphahuman atnal natnuretic peptide: AMP = adenasine monophosphate;

Ex = exercise; GMP = guanosine

monophosphate; HR = beart rate: S35 (RR-AAT) = Group B patients wich a rale-resporsive anix] dema-id (A} pacemaker implanted far sick sinus syndrome:
§85 (RR-VVI) = Group A paticnts with a rate-responsive ventncular demand (VVI) pace miker implanted for sick sinus syndrome.

1 test for comparison of paired data before and during
exercise and for unpaired data comparison between groups.

Results

Changes in neurohormonal Factors during exercise in pa-
tients with sick sinus syndrome and normal subjects. Table 2
summarizes the data in the five patients with a rate-
responsive VVI pacemaker (Group A} or the six patients
with a rate-responsive AAl p [Group Bl impl I
for sick sinus syndrome. as well as (he eight normal subjects.
The mean ations of alpha-h atrial natrivretic
peptide and cyclic GMP were already signifizamtly higher
before excrcise in Group A compared with values in
Group B and the normal group. which suppested develop-

ment of nonphysiologic atrial volume or pressure overload
during rate-responsive VV1 pacing. Dusing exercise (heart
rate |20 beatsimin), plasma cencentrations of alpha-human
atrial natriuretic peptide, norepinephrine, cyclic AMP and
eyclic GMP were significantly elevated in all three groups;
however, the mean plasma concenlration of alpha-human
atvial natriuretic peptide was significantty higher in Group A
than in Group B and the normal group, which suggested a
funher increase in nosphysiologic atria! averload developed
during rate-respensive ¥V1 pacing because of lack of atrio-
vesitticulat {AV} synchrony.

Disturbed sceretion of atriai natriuretic peptide in patients
with persistend atrlal siandsifl. Table 3 shows the data on
neurchormonal changes during treadmill exercise in the
three patienls with a rate-responsive VVI pacemaker im-

Table 3. Changes in Neurohormonal Factors Duning Excrcise in Three ationts Wiih Persisiend Atnal Standstdl

Fatent P14 168 yrM) P70 vriMy P13 150 yi'M)
Feriod from Pacemaker YViioyn
froplantation RR-VVii2yn RRVVI(1Imo) RE-VYI (11 mo)
Ex Ex Ex
Before Ex (HR 120 bealsinint Before Ex THR. 20 heatstmin) Before Ex (HR 120 beats/min)

ANP (pr'ml} <18 14 <1 <i0 <9 <10
Norepinephrine ingimiy [4{1) 174 (1) 2.0 Qs 130
Epinephrine (ag/miy Uk ) nor 0 0.0 an 207
Cyclic AMP tpmolliter! 169 19.9 124 120 85 160
Cyclic GMP (pmolliteri 48 6.2 p 23 20 A1

Abbreviations as in Tailes £ and X
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PASIRR-WVI SSSIAR-WI) SSSIRA.AA Notmals
ng ml g g N =% ng mi P& Figure 2. Changes in plasma alpha-human acrial
] [ T =1 nwlriuretic peptide levels during exercise at a heait
i 4 ralt of 120 beals/miti, Normals = eight normal
L i 20 B 0 sutjevts: PAS(RR-VYII = three patients with a
H ratg-responsive ventricular demand (VV) pace-
[E4} 150/ 50 190 maker implanted for persisteni atrial standstill;
/ SS5(RR-AAL] {Group BJ = six patients with a rate-
1001 100 et 100 responsive atrial demand (AAD) pacemaker -
- planted for sick sinus :Yndmm:; SSS(RR-VV[J
9 50| / (Graup A) = five patients with a rate-responsive VV1
0 n Rr] : - » .,/?' pacemaker implanied for sick sinus syndrome.
nlwizaiarg 10 ol 2l
TRl B T Bl b CBfwe B T
planted for confirmed persistent atrial standstili, Plasma  a rat ive VVI p ker impk d for sick sinuy

alpha-human atrial natriretic peptide concentration before
exercise was undetectable (<10 pg/ml} by radicimmuno-
wssay i all three patients and was still undetectable during
cxercise (heart rate 120 beats/min) except in Patient 1, whose
level was very low {14 pg/ml) compared with that in mormal
subjezts and patients with a pacemaker impianted for sick
sinus syndrome {Fig. 2).

Discussion

syndeome. However, the three patients in the present study
displayed urdetectable (<10 pgiml} or almost undetectable
secretion of this peptide in the circulalion, which cleasly
indicated endocrinologic silence accompanying electrical
ard mechanical silence in persistent atrial standstill. This
overall electrical, mechanical ped endocrinologic silence of
the atria suggests that persisient atral standstill is not a
disorder of the conduction system but an abnormality of the
atrial myocardium #self and is basically different from sick
sinus syndrome. The atrial myocardial biopsy specimen

Atriah natriuretic peplide in rater yvi
pacing. The patiems with a rate-respansive VVI pacemaker
implanted for sick sinus syndrome displayed marked eleva-
tion of alpha-human atrial natriuretic peptide secretion both
before and during exercise. Nane of these five patients had
ateal fibrillation or atrial tachyarrhythmia that might have
caused an increase in alpha-human atrial natriuretic peptide
secretian during the study. The mean concentrations of this
peptide befure and during exercise in these patients reached
levels seven times those of normal subjects and three times
lhnse of patiems with a ra ponsive AAl p ik

lanted for sick sines synd . This indicated the devel-
opment of 2 nenphysiclogic increase in aual volume or
pressure overload, or both, in rate-responsive VVI pacing
because of lack of AY synchrony.

In the condition of AV asynchrony, atrial contraction
during more or less complete closure of the AY valves
causes an increase in atrial volume and pressure overload
and atrial stretching, which are known predominant mechan»
ical stimulating factors in atrial natriuretic peptide

iained from 1hrec patients (Patients 3, 4 and 8) revealed
marked atrophy and d ion of atrial myocytes with
inierstitial ibrosis and monocyice infiltration. Atrial-specific
granules were refatively preserved afthough the electron
microscopic views of the atrial myocytes in Patient 4 re-
vealed an increase in Z band-like substance and sparsity and
disarray of myofibrils that were consistent with primary
degenesation of the atrial myocytes themselves. Further
studies are needed to clarify the mechanism of disturbed
atrial natrivretic peptide secretion in patients with persistent
atrial siandstitl.

The lower levels of cyclic GMP before exercise and lack
of ¢levaiiun during exercise observed in patients with per-
sistent atriz! standstill were fully consistent with the findings
on alpha-human atrial natrivretic peptide secretion, because
cyclic GMP is regarded as the second messznger of this
peplide.

Role of pacing mede. Before and during exercise, patients
with pers:sr.mt mna] standstill had changes in piasma nor-

{9). Elevation of atrial pressure due to intact ventriculoatrial
retrograde conduction during VVI pacing alse increases
atrial pressure by the neur simultaneows activation of the
alriz and ventricles, which has been reported (10) 10 be
iated with p ker synd

Endecrinclogic silence of the atria in patients with persist-
ent atrial standstill, If atrial function was maintained endo-
crinologically, one would expect that rate-responsive VVI
pacing in patients with persistent atrial standstill would also
¢licit increased alpha-human atrial natriuretic peptide secre-
tion befare and during exercise, as observed in patients with

hrine and cyclic AMP (the second mes-
senger of beta -agonists) very similar to those observed in
patients with a raic-responsive VVI pacemaker implanted
for sick sinus syndrome. We (i1) recently reported data
relating lo the cardiod ic and monal impor-
1ance of physiolagic pacing. In patients tndergoing cardiac
pacing. AV synchrony in addition 1o the rate responsiveness
and augmentation of myocardial contractility by increasing
circulating catecholamines also contributed to the increase
in cardizc output during exercise by 10% (heart rate
90 beats/min} to 15% (heart rate 110 beats/min). In contrast
to the rat ive YVIp kers that did not provide

P
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AV synchrony, DDD (dual-chamber) and rate-responsive
AAl pacemakers prowdcd all three contributing faclors
{namely. rate responsiveness. AV sy y and
contrachbty). The reason 2 DDD or ralc-rnpomivc AAl
pacemaker could not be implanted in patients with persistent
atrial standstill was absence of arial excitation that could be
detected by the semsor and no response to arial pacing
stimuli (electrical and mechanical silence).
Ilok of ventricular release of a!rlal natrivretic pepnde
y. using hi ical and i Y-
cence mcthods. Tsuchimochi et al. (12.13) verified thal atria!
natriurelic peptide was released not only from atrial but also
from ventricular myocardium in patients with severe conpes-
tive heart failure due to ditated cardiomyopathy. They
explained Lhe release of alrial natriuretic peptide from ven-
rricular muscle as a compensatory mechanism for the regu-
lation of sodium and water balance in patients with cardiac
decompensation. Aithough the quantity of circulating alpha-
htman atrial natrivretic peptide released from ventricular
myocatdium was not clearly indicalcd in their reports. the
results of the present study do not necessarily suppon their
hypothesis because plasma concentrations of the peptide
were undetectable in our patients with persistent atrial
slandstill and no evidence of ectopic secretion of the peptide
was found.

Several reports on animal models (14.15) and humans (16)
have suggested that veniricular atrial natriuretic peptide or
ils gene expression is closely associaled with myocardial
hypertrophy rather than a compensaiory mechanism for
cardiac decompensation. Right ventricular myocardial bi-
opsy specimens obtained from two patients { Patients 3 and 8)
with persistent atrial standstill revealed no evidence of
myocardial hypertrophy or myocardial fiber disarray and
echocardiographic studies showed no finding svggestive of
ventricular hyperirophy in all three patients.

Effects on serum electrolytes and volume loading. In the
present study, serum electrolytes (sodium, potassium and
chlorine), blood urea nitrogen and creatining Tevels in pa-
tients with persisient atrial standstill were all in the norma;
range. Although we did nol investigate the condition of the
renin-angiotensin-aldasterane system or the recently discov-
ered brain natriuretic peptide (17). which aiso possessed
similar physiologic action and was synthesized in ventricular
myocardium and brain. further studies are required 1o clarify
how these patients handle volume and sodium load in the
specific circumstance of lack of atrial natriurctic peptide.

Conclusions. This sitdy demonstrated that disturbed al-
pha-human atrial natriuretic pepiide seeretion (endocrino-
logic silence) is associated with electrical and mechanical
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silence in patients with persistent airial standstill. Because
persistent atrial standstill is an extremely rare disorder, we
have studied only three such patiemis with a previously
implunted rate-responsive VVI pazemaker, and have not yet
sludied such patients at the stage of initial electrophysiologic
studies before pacemaker implantation. Further rtudy is
required 1o evaluate the significance of endocrinalagic si-
lence us 4 third diagnostic clue to persistent atrial standstll,

We express our pratitude to Tamiko Kikuchi for excellent secrerarial support
10 the preparation of the manuscript.

References

. Bloomfield DA, Sinclair-Smith BC. Persistent atrial standstill. Am J Med
1465393159,

Woolliscroft ). Tuna N. Permanent atrial standstill: the clinicat spectrum.
Am ) Cardiol 1982.49,2037-4),

- Jouve A, Amichot L. Prudhomme F. Paralysie auriculaire, Marseifle
Mad 1969: 1064316,

Rawen K. Rahimtoala $. Gunnar ®M. Lev M. Transient and persistent
atrtal sundstll with His bundie lesions. Circulation 1971 « 220-36.
Kangawa K. Matsuo H. ion and complete ami f
a-human atrial natriuretic polypeptide (a-h ANP). Biachem Bmphys Res
Commun 1983.118:131-9.

. Laragh IH. Atria) hormone. the renin-aldost axis,
blood pressure-electrolyte hameostasis. N Engl J Med 1985:313:13X( 3

. Roy D. Paillard F. Cassidy D. et al. Atrial natrivretic factor during atrial

fibriilation und supraventricular tachycardia. § Am Colt Cardiol 1987:9:

S9-14

Kurokawa A, Kurita A. Kasai G. Kimura £, Persislent atrial standstilk:

report of three cases, § Electrocardiol 1975:8:357-62

Edwards BS. Zimmerman RS. Schwab TR, Heublein DM. Burnett JC Jr.

Atria) sretch, not pressure, is the principal determinant controlling the

acute release of alrial natriwrelic factor. Cire Res 1988:62:191-5.

. Travaill CM. Williams TDM. Vardas P. et al. Pacemaker syndrame is
awociated with very high plasma concentration of atrial natriuretic
peptde tabntr). J Am Colt Cardiol 1989:13:111A
Settio Y. Takano T. Hayak H. Tanaka S. C: and neuro-
hormona! imponance of physiological pacing (in Japanese. absiracs in
Fnghahr Ipn § Cardiac Pacing Electraphysiol 1989:5:48H-93
Isttchamachs H. Yazakt Y. Ohno H. Takamishs R. Takaku ). Ventricular
expression of atral nawnuresc pepde. Lancer 1W87:2:334-7,
Tauchimocht H. Kurimato F. lcki K, et al. Awial natriurctic peptide
datesution i fetal and failed adult human hearts. Circulation 1988:7R:
920-7.

. Lee RT. Bloch KD. Pfefler M. Peffer MA, Near EJ. Seidman CE. Aurial
natnurenc factor gene expression in ventrictes of raly with spontaneous
hiventrcular hypertrophy. J Clin Invest 1988:81:431-4.

. Arar H. Nokao K. Saito Y. et ul. Augmented expression of wirial
natnurcuc pulypeptide gene in ventricles of spontancously hypertensive
rats (SHR) and SHR stroke prane, Cire Res 1988:62:926-30,

. Takemura Q. Fujiwara H, Mukoyama M. et al. Expression and distribu-
twon of alnal matriuretic peptide in human hypertrophic ventricle of
hyperiensive hearts and heans with hypertraphic cardiomyopathy. Cir-
culation 1991:83: JR1 <%

Mukayama M, Nakan K., Sailo ¥. ¢t al. Human brain natriurclic peptide
44 4 novel cusdiac hormone. Luncet 1990:1:808-2.

-

>

-

=

=

3





