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Baroreflex modulation of ventricular rhythm in atrial 
fibrillation 
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The influence of bilateral carotid sinus nerve stimulation was studied in a patient with atrial fibrillation. 
Stimulation resulted af ter approximately 1·5 s in abrupt prolongation of the minimum, median and 
maximum RR-interval, and in greater RR-interval dispersion. Virtually na change was observed in the 
random character of the ventricular rhythm. The absence of demonstrable baroreflex modulation of the 
ventricular rhythm in atrial fibrillation is.probably due to the relatively long latency of the reflex effect on 
atrioventricular conduction in relation to the duration of the RR-interva!s. 

Introduction 

. From 1965 to the early seventies, bilateral elec
trical stimulation ofthe carotid sinus nerves (CSN) 
has been used in the treatment of refractory 
hypertension[l ,21, angina pectoris[2,31 and supra
ventricular tachycardia[41. In the treatment of 
hypertension the stimulation device continuously 
activates baroreceptor afferent fibres in the carotid 
sinus nerves. 

We report a patient with chronic atrial fibril
lation and a high ventricular rate in wh om electri
cal stimulation of the carotid sinus nerves lowered 
ventricular ra te significantly. The main feature of 
the ventricular rhythm in atrial fibrillation is its 
absolute irregularity or random pattern[5,61. The 
effect of autonomic nervous con trol on atrioventri
cular conduction and/or atrial electrical behaviour 
during atrial fibrillation is still ill understood. The 
presentation of this unique case may shed some 
light on this problem. 

Methods 

A 51-year-old man was examined 17 months 
after implantation of a carotid sinus nerve stimu
lator (Barostat®, Medtronic), in order to establish 
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optimal stimulus parameters[71 in the treatment of 
severe hypertension[l] th at was refractory to medi
cation. The measurements were performed after 
informed consent had been obtained. No hospital 
ethica 1 committee had been instituted at the time of 
the study. 

CAROTID SINUS NERVE STIMULATION 

Carotid sinus nerve (CSN) stimulation was 
applied as described elsewhere[8,91. Briefly, a modi
fied Medtronic transmitter produced an amplitude 
modulated radiofrequency wave that was trans
mitted with an antenna coil taped on the skin 
overlying the receiver. The stimulus pulses were 
generated in the subcutaneous receiver and 
delivered bilaterally to the electrodes around the 
carotid sinus nerves. The pulse width was 0·35 
or 2·0 ms, the frequency was 20 to 100 Hz and 
the stimulus intensity was 3 or 2 V, depending on 
the pulse width (the intensity was estimated from 
calibration in vitra , the in vivo voltage was impre
cisely known due to the nature of the device[91). 
The stimulation device was activated 16 times for 
periods of90 s. Two min elapsed between stimula
tion runs. In addition to chronic continuous CSN 
stimulation, the patient was treated with re ser
pine, dihydrochlorothiazide, chlorothiazide and 
digoxin . These drugs were not interrupted because 
of the severity of the hypertension. 

MEASUREMENTS 

The electrocardiogram was recorded from 
bipolar chest leads. Blood pressure was measured 
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in the axillary artery (P23Db transducer, Statham) 
and respiration was monitored with a thermistor in 
one nostril. Together with the stimulus pulses, 
these signa Is were written on a polygraph and 
stored on an instrumentation recorder (FR 1300, 
Ampex) for later analysis with a digital computer 
(PDP 11 /40, Digital Equipment Corporation)f9J. 
The ventricular rhythm was analysed with and 
without CSN stimulation by means of the 
histogram, the joint-interval distribution and the 
serial autocorrelogram of the recorded RR-inter
vals[IOJ. A histogram reveals the average rates of 
the R waves and the distribution of the RR-inter
val durations. The joint interval distribution 

• demonstrates the relationship between the dura
tions of directly succeeding RR-intervals; e.g. RR
interval I with 2, RR-interval 33 with 34 and RR-

,interval n with (n + I) . The serial autocorrelogram 
(SAC) pro vides information about the presence or 
absence of a mutual relationship between all 
recorded RR-intervals. 

EXPLANATION OF RR-INTERVAL SAC 

Suppose 1000 successive recorded RR-intervals 
and the durations of all these RR-intervals have 
been measured in ms. Firstly, one can correlate 
each interval with itself. This will result in a cor
relation coefficient of I. Next, one can correlate 
interval I with 2, 2 with 3 and n with (n + I). In 
case of no mutual relationship the correlation coef
ficient will be ab out O. After this, RR-interval I can 
be correlated with 3, 2 with 4, 3 with 5, n with 
(n + 2) etc. In the absence of any relation between 
this two sets of RR-interval durations, again the 
correlation coefficient will be O. So we may proceed 
until for instance each RR-interval (n) is correlated 
with RR-interval (n + I up to 20). This will provide 
2 I successive correlation coefficients. Correlation 
coefficient 0 represents the correlation between 

-. each RR-interval with itself. Correlation coef
ficient I represents the correlation between each 
RR-interval with the next, etc. The k-th correlation 
coefficient is a measure for the relation between 
all RR-intervals that are kintervals apart. These 
correlation coefficients are dimensionless and have 
values between - land + 1. All these correlation 
coefficients can be listed, ranging from 0 till 20 
and plotted against the value of the correlation 
coefficient. This provides aserial correlogram. 
When a phenomenon is correlated with itself, as 
in the present case, one RR-interval duration 
with another RR-interval duration, the serial 
correlogram is ca lied aserial autocorrelogram 
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(SAC). If for instance RR-interval durations are 
correlated with left ventricular peak-pressure 
values it would be called aserial crosscorrelogram. 
Computation of serial correlograms is nowadays a 
standard procedure to describe all kinds of 
phenomena in biology and physics, for further 
mathematical details see ref.[1oJ. 

If in a RR-interval SAC of a patient with atrial 
fibrillation ; with the exception of correlation 
coefficient 0, which by definition equals + 1; all 
(further) coefficients have a value of about 0, the 
rhythm is called random. If the values of all or a 
number of successive correlation coefficients differ 
from 0 then a certain pattern in the rhythm has 
to be present. So a SAC pro vides quantitative 
information about the sequential behaviour of 
RR-intervals within a ventricular rhythm. The 
technique can be applied to describe any kind of 
rhythm. 

STA TISTICAL ANAL YSIS 

Statistical analysis was performed with the 
Wilcoxon signed rank test. P < 0·05 was considered 
to indicate a significant difference. 

Results 

Mean ventricular rate increased from about 80 
to 150 min - 1 when the permanently active CSN 
stimulator of the patient was disconnected. Mean 
arterial pressure increased from about 150 to 
170 mmHg. Evidently, chronic CSN stimulation 
slows the ventricular rhythm as long as the CSN 
stimulation is continued. Fig. 1 shows an example 
ofthe abrupt RR-interval prolongation when CSN 
stimulation was resumed. The increased 
respiratory rate suggests th at some chemoreceptor 
fibres in the carotid sinus nerves were stimulated as 
well[2J. 

The RR-intervals in the 30 s prior to the start of 
stimulation differed greatly from the RR-intervals 
in the last 60 s of the 90 s stimulation period. 
Depending on the stimulus parameters[9J, both 
the minimum, mean, median and maximum RR
interval increased with CSN stimulation, as weil as 
the RR-interval dispersion. This is illustrated by 
Figs land 3. 

SERlAL AUTOCORRELOGRAM 

In contrast to the considerable difference in rate, 
the average of 16 SACs of the RR-intervals was 
virtually similar with and without CSN stimulation 
(Fig. 2). Without carotid sinus nerve stimulation, 
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E leclrocardiogram 
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Figure 1 Cardiovascular effects evoked by bilateral electrical stimulation of the carotid sinus nerves 
(0,35 ms; lOO Hz; 3 V) in a hypertensive patient with chronic atrial fibrillation. Respiratory signal is from a 
thermistor in a nostril, inspiration downwards (CSN = carotid sinus nerve). 
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The scatter plot of the (n)th RR-interval vs the 
(n + l)th RR-interval (Fig. 3) indicates that the 
slightly positive first autocorrelation coefficient in 
the SAC, found only in the absence of stimulation, 
is due to RR-intervals of less than approximately 
400 ms duration . These short intervals tended to 
cluster around the line of identity. Longer RR
intervals did not show this tendency. Ouring CSN 
stimulation few RR-intervals of less than 400 ms 
were present. 
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Figure 2 Average (N = 16) serial autocorrelogram of 
RR-interv.als before (.) and during carotid sinus nerve 
stimulation (x). Mean ventricular ra te dropped from 
150 (l1in - 1 lo below 100min - 1 during stimulation (SAC= 
serial autocorrelation coefficient; Lag = coefficient number; 
CSN = carotid sinus nerve). 

thus at a high average ventricular rate, the mean 
first coefficient (0'145) was only slightly positive 
(P<O·Ol) . The second and higher order coef
ficients (up to 20) did not differ fr om zero. Ouring 
CSN stimulation the 1 st correlation coefficient 
diminished to 0·045 which was not significantly 
different from zero. As already pointed out a SAC 
with coefficients that do not differ from zero 
indicates that there is no re1ation between the 
successive RR-intervals. In this case the maximum 
computed lag or number of computed correlation 
coefficients was 20. 

Discussion 

This case report presents the first demonstration 
of abrupt slowing of the ventricular rhythm pro
duced by e1ectrical stimulation of the carotid sinus 
nerves in a patient with atrial fibrillation . The sub
stantial increase in mean ventricular rate upon dis
connecting the stimulator indicates that indeed it is 
the chronie CSN stimulation, applied for the treat-" 
ment of hypertension, th at slows the ventricular 
rhythm as long as the stimulation is being applied. 

AUTONOMIC INFLUENCE ON ATRIOVENTRICULAR 

CONDUCTION 

The reflex negative effect of carotid sinus nerve 
stimulation[4,8] on A V conduction is probably 
confined to the atrioventricular node, because con
duction in the specialized ventricular conduction 
system has been reported to remain unchanged 
with direct[11] or reflex[8,12] changes in autonomic 
tone . In addition , it has been established, that the 
distal part of the specialized conduction system 
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Figure 3 Joint-interval distribution of the RR-intervals before (teft) and during (right) carotid 
~ sinus nerve stimulation (0'35 ms; 100 Hz; 3 V; last 60 s of 90 s stimulation run) . The solid line is the 

line of identity (CSN = carotid sinus nerve). 

does not influence the ventricular irregularity in 
atrial fibrillation[ 131. 

The slowing effect of augmented baroreceptor 
afferent activity on atrio-ventricular conduction is 
mediated primarily by the reflex augmentation of 
cardiac vagal tone, but inhibition of sympathetic 
tone has been found as well[8 ,121. The abrupt 
RR-interval prolongation as shown in Fig. I also 
suggests that the reflex effect was predominantly of 
parasympathetic origin[8,141. This may explain why 
the antihypertensive drugs did not affect the large 
stimulus response to any major extent. 

COMPARISON WITH DIGITALIS 

The similar influence of digitalis on the ven
tricular rhythm in atrial fibrillation[101 may be 
attributed to comparable changes in autonomic 
tone to the heart[ISI caused reflexly by the acti-

.. vating influence of digitalis on baroreceptors[16. 171. 
As we outlined in one of our first papers on this 

subject[JO I, digitalis may increase the number of 
, atrial impulses that reaches the A V junction in a 

given unit of time. This increase in number of atrial 
excitation waves causes an increase in concealed 
conduction and thus a prolongation ofmedian and 
maximum RR-intervals. The prolongation of the 
minimum RR-intervals can be attributed to the 
increase in the functional refractory period (FRP) 
of the A V node[J 81. In this respect CSN stimulation 
exhibits the same effect as digitalis. Their mode of 
action, however, may not be identical. This is 
exemplified by the discrepancy between digitalis 

and CSN stimulation in their respective effect on 
sinus ra te in patients without heart failure . CSN 
stimulation slows the sinus rate[7 - 91, whereas 
digitalis produces no or only insignificant changes 
in sinus rate in the absence of he art failure[191. 

MacKenzie[SI demonstrated that digitalis in 
patients with mitral stenosis and sinus rhythm did 
not significantly slow heart rate, whereas in 
patients with mitral stenosis and atrial fibrillation 
the heart (ventricular) rate dropped dramatically. 
It therefore may be concluded that the effect of 
CSN stimulation in atrial fibrillation is most likely 
of parasympathetic origin, whereas the digitalis 
effect mayor may not be or only partially be due to 
vagal activity . Despite the fact that the digitalis 
effect in atrial fibrillation is inhibited by atropine, 
th ere is no conclusive evidence that digitalis acts 
via the vagus nerves. lts direct effect on atrial fibers 
would suffice to explain its major action[20I, 

In this particular case, CSN stimulation and 
digitalis may have worked synergistically. How
ever, the high ventricular ra te without CSN 
stimulation suggests that digoxin was given in too 
low a dose or that absorption was po or. Digoxin 
plasma levels are not available, In a recent paper 
we discussed also the action of other drugs such as 
amiodarone, quinidine and verapamil in atrial 
fibrillation[21 1. lt can be assumed that at least part 
of the effect of a drug with an influence on the 
ventricular rate in at rial fibrillation is mediated 
through its influence on the atrial myocardium. 
Prolongation of the functional refractory period 
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ofthe A V conduction system cannot solely explain 
why the ventricular rate becomes more regular 
on verapamil or why the duration of long RR
intervals increases during digitalis. In this par
ticular case the decrease in ventricular ra te is 
associated with an increase in RR-interval disper
sion. This is in agreement with Billette's obser
vations[221. However, we found that in dogs with 
spontaneous atrial fibrillation and higher mean 
ventricular rates than in human subjects, the 
RR-interval dispersion is not smalIer[21 1. Also 
verapamil that has a slowing effect on ventricular 
rate in atrial fibrillation diminishes RR-interval 
dispersion[23 ,241. 

In concIusion: there are no simple rules to 
explain the effect of CSN stimulation or drug 
action in patients with atrial fibrillation, nor 
can the relation between ventricular rate and 
RR-interval dispersion be easily predicted. 

LA TENCY OF BAROREFLEX EFFECT ON 

ATRIOVENTRICULAR CONDUCTION 

The estimated 1·5 s latency of the reflex response 
(Fig. I) corresponds to the upper limit of a pre
vious estimate based upon observations with 
carotid sinus nerve stimulation during right atrial 
pacing in subjects with coronary heart disease[81. 
However, this value seems to be longer than the 
estimated 0·5 s latency for baroreflex modulation 
of the sinus rate[25, 261. It is unknown whether the 
observed latency was affected by the hypertension. 

BAROREFLEX FEEDBACK ON A TRIOVENTRICULAR 

CONDUCTION 

The SAC of the RR-intervals indicates that 
there is no relation between successive RR
intervals. 

We recently found non-random ventricular 
rhythms in horses with atrial fibriIlation and 
RR-intervals of up to 5 S[

271. The oscillatory 
character of the ventricular rhythm in the horse 
was compatible with a baroreflex feedback mech
anism, because one very long RR-interval which 
was associated with a major decrease in arterial 
pressure was followed by several short RR
intervals associated with an increase in arterial 
pressure, which in turn was followed by one very 
long interval, etc. Apparently, the beat-to-beat 
arterial pressure variation in atrial fibrillation (Fig. 
I) in human patients fails to modulate atrioven
tricular conduction, possibly because the mean 
duration of the RR-infervals is short in relation 
to the latency of the response. This may explain 

why in human patients with atrial fibrillation 
a baroreflex feedback on atrioventricular conduc
tion can not be observed. 

EXCEPTIONS TO RANDOM NATURE OF THE 

VENTRICULAR RHYTHM 

The present observations are largely consistent 
with the earlier inference[10 ,22 ,281 that in atrial 
fibrillation the role of the atrioventricular node is 
limited to scaling down the number of randomly 
spaced impulses that eventually reach the ven
tricIes, However, there seem to be two exceptions. 
First, if exceedingly long RR-intervals, as in the 
horse, would occur, rhythm induced arterial pres
sure changes may modulate atrioventricular con- r 

duction and hence the rhythm[27J, Second, if very 
short RR-intervals occur, adjacent intervals may 
be weakly correlated (Figs 2 and 3), as was also • 
noted already in 1970 by Bootsma et al. [lOI in 
man during exercise and by Billette et al.[221 in 
anaesthetized dogs with a high mean ventricular 
rate . We did not observe this in the dog[281. This 
finding requires further investigation but it may be 
related to the time-constant or 'memory' of the 
A V conduction system[29,301, which in cases of 
high ventricular rates exceeds the duration of a 
number of successive intervals between conducted 
impulses. 
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