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I. INTRODUCTION AND HISTORY 

Man's environment is constantly changing. To adapt or cope with these 
changes, his cardiovascular system must be able to respond to a variety of 
different stresses. Such stresses are present in both health and in disease 
states. Among others, one can consider the effects of changing position or 
performing exercise as factors which tremendously modify the cardiovascular 
system and present stresses with which one must cope. Disease states such as 
hypertension, congestive heart failure, circulatory shock, uremia, and a variety 
of other pathologic situations form other types of cardiovascular stress with 
which individuals must deal. In reacting to these cardiovascular stresses, a 
primary goal of the body is to maintain homeostasis. That is, the body tries to 
provide either a constant energy supply and utilization or, the body tries to 
perform a smooth transition from the basal state to the more stressed state. 
There are a variety of mechanisms that enable the circulation to cope with these 
stresses, and either maintain homeostasis, or provide a smooth transition to the 
stressed state. One of the most important of these mechanisms with regard to 
cardiovascular control is the arterial baroreceptors. The baroreceptors exit in 
strategic locations that allow them to rapidly sense changes in blood pressure 
and provide a reflex regulation of that blood pressure. Essentially, their 
function is to oppose changes in blood pressure. That is, when these receptors 
are stretch~d, they set up a variety of reflex cardiovascular alterations which 
will tend to lower that amount of stretch. 

Knowledge of baroreceptors dates back to the Greeks. They were aware that 
compression of the carotid artery affected cerebral function. In fact, the term 
"carotid" derives from the Greek word Kt:ll>os, which means a heavy sleep (Lown and 
Levine, 1961). The earliest medical report comes from Parry (1799) who observed 
that pressure on the bifurcation of the common carotid artery slowed the heart 
and caused dizziness. Czermack (1 866) was the first to note a carotid swelling 
at the upper level of the sternocleidomastoid muscle. He also was able to induce 
a temporary bradycardia and felt that th i s was a reaction coming from stimulation 
of the vagus nerve trunk located next to this carotid bulb. Somewhat later, in 
1870, Concato was able to isolate the bradycardia as a reaction that occurred 
from compression of the carotid but not from compression of the cervical vagus 
alone. Unfortunately, his finding was ignored for many years and the concept 
t hat the response originated from vagal pressure prevailed. The first clear 
anatomical description of the carotid sinus comes from Meyer (1876) who noted the 
localized thinning of the vascular wall of the sinus. Unfortunately, Meyer 
studied only patients who were insane before death, and therefore interpreted the 
carotid sinus ~1 be a pathological change. In the twentieth century, Sollman and 
Brown (lgl2) demonstrated that traction on the carotid artery rather than stimu
lation of the vagus both lowered the blood pressure and slowed the heart rate. 
However, prominent physiologists of that time (Anrep and Starling, 1925) believed 
that blood pressure was controlled by pressure sensitive cardioregulatory and 
vasomotor centers located in the brainstem medulla. It was not until the 1920's 
when Hering (lg23,1924) defined the role of the carotid sinus reflex in circula
tory homeostasis, and stressed its importance in the control of pressure in the 
arterial system. He believed that maintenance of a stable perfusion pressure in 
the arterial supply of the brain was a necessary condition in man and animals, 
especially when the upright posture was adapted. Hering reconfirmed that the 
bradycardia and hypotension following manual stimulation of the carotid sinus was 
not due to compression of the vagal nerve (1927). He stimulated the carotid 
sinus nerve electrically and was able to provoke the same phenomenon as occurred 



with carotid sinus pressure. He also discovered that transection of both sinus 
nerves cause arterial hypertension and he coined the term BZu~AczugZer for the 
tonic blood pressure lowering activity of the carotid sinus reflexes. Koch 
(1931), a collaborator of Hering, was the first investigator to note a pressure 
threshold for sinus reflex activity by stepwise altering the static perfusion 
pressure in an isolated carotid sinus preparation. He was able to plot the 
change in systemic arterial pressure in response to changes in carotid sinus 
pressure. Koch proposed that the buffering capacity of the carotid sinus reflex 
provided a stable pressure in the arterial circulation and integrated the cardio
vascular response to pressure changes. Thus, the concept of circulatory autoreg
ulation through reflex control originated with him. 

II. ANATOMY AND INNERVATION OF BARORECEPTORS 

There are two major areas which can be considered to be the site of origin 
of the arteri-a 1 baroreceptor reflexes. These areas include the carotid sinus 
which is identified as a segmental enlargement of the internal carotid artery at 
the origin from the common carotid (Figure 1). In humans, the sinus likely in
cludes both the region of the bifurcation and the proximal portion of the ex
ternal carotid branch (Binswanger, 1879) . 

Figure 1. CaJtoud .:~.i.I'UL6 a.nd Jtei.a-te.d. newz.a.t <1-tw.c..twtu .i.n hwna.n bung<~. The 
<1.i.I'UL6 o6.ten .i.nciu.de.~ the Jteg.i.on o6 b.i.6WLc.a..tion a.nd .<..rt.Ui..a..t <~egmen.t o6 the exteJt
na£ c.Moud MieJty (Ext. c . l. SeY!-6oJty 6.(.beM Me c.a.Jv'Ue.d. bt .the c.a.Jtoud <~.i.I'UL6 
neJLVe ( C . ~~.N.), a. bJta.nc.h o6 tlte g.to.:~<~ophaJtyngea.f. neJtve (IX). Fila.men..tA 6Jtom tlte 
c.eJtv.i.c.a£ .:~ympa..the.t.<..c. c.ha..<..n (Sy. ) a£¢ a .i.nneJtva.te .the <1btu.6. The Jtei.a-t.<..oY!-6h.<..p .to 
.the va.gtU. (X) a.nd .:~upeJt.i.oJt .f.aJtyngea£ neJtvM (S.L.) a.Jte <~hown. c. c., c.ommon 
c.aJto.t.<..d MteJty; Int. C. , .i.n.teJtna£ c.aJtotid MteJty. 
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The aortic arch baroreceptors are located in humans between bio parallel lines 
downward from the brachia-cephalic trunk and up1~ard from the l i gcunentwn arteri
oswn with the bulk of the endings found in the area directly facing the ligcunen
t um arter iosum (Abraham, 1969). Receptors in both the carotid sinus and aortic 
artery are located in the adventitia immediately adjacent to the media (Abraham, 
l953a, l953b). 

The nerve terminals in the carotid sinus and aortic arch areas tend to lie 
parallel to the longitudinal axis of the vessels. Histologically the nerves 
branch out diffusely and terminate in diffuse (type l) and compact (type 2) 
configurations that are similar in both baroreceptor regions, Figure 2 (Abraham, 
1969). 

Figure 2. Homo . SiiU.IA c.Mo.tic.u.6; neJtve end p.l.a.teA in the a.dvert.tU<.a.. (a.) Main 
bJta.rtc.h; ( b J vMix; (c.) J.>ide bJta.nc.h; ( d J end b~ta.YtC.h; ( e J in-te/UIJediaJ!.y p.e.a..te; (6) 
rteu/Lo 6ibJt,{,£}.,; (g) end p.e.a.te. Bie1.6c.hoWJ.>k.y-GttoJ.>-Cauna. '.6 method. /.U.c.!tMc.opic. 
ma.grti6ic.a..tiort 600X, ttedu.c.ed pho-togJta.ph.i.c.a.U.y ,to ~ -

The amount of elastic tissue in the carotid sinus is approximately twice 
that of other r1rts of the carotid arteries and the smooth muscle only about 16% 
compared to 50% in adjoining areas of the carotid arteries (Rees and Jepson, 
1970; Bagshaw and Fischer, 1971). On the other hand, the areas in which the 
aortic arch nerve terminals are located do not differ from the surrounding 
areas. These characteristics make the carotid sinuses more distensible than the 
normal arterial wall and likely contribute to the observed quantitative dif
ferences which exist between the two baro-sensitive areas. 

Afferent impulses are generated by stretch of the arterial walls and trans-
' mitted via myelinated (Group A, 2 to 8 ~m diameter) fibers and non-myelinated 

(Group C, < 2 ~m diameter) sensory fibers of the carotid sinus nerve (Sato et al, 
1968; Fidone and Sato, 1969). Fibers from the carotid sinus nerve travel mainly 
with the glossopharyngeal nerve in man, although it has been demonstrated that 
afferent fibers from the carotid sinus may also travel with the cervical sympa-
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thetics, as well as the pharyngeal and the superior laryngeal branches of the 
vagus nerve (Sheehan et al, 1941), see Figure 1. The afferent innervation of 
the aortic arch is similar to that of the carotid sinus in terms of fiber size. 
In both systems, the C fibers appear to predominate (Gerard and Billingsley, 
1923). In man there is no distinct afferent pathway for the aortic arch stretch 
receptors such as exists for the carotid sinus, and it appears that the aortic 
fibers are distributed in various morphologic nerves including the vagi and 
sympathetics (Abraham, 1969). 

The afferent pathways of both baroreceptors terminate in the nuo Zeus t raotus 
soZitarius and possibly in the paramedian reticular nucleus (Seller and Illert, 
1969; Biscoe and Sampson, 1970; Crill and Reis, 1968). The secondary projections 
from the primary afferent terminations include the pontomedullary reticular 
formation and the vagal motor nuclei, i.e., the nuoZeus dorsalis vagus and/or the 
nuoZeus ambiguous (Biscoe and Sampson, 1970; Miura and Reis , 1969; Kumada and 
Nakaji ma, 1972). The final efferent pathway is via t he sympathetic adrenergic 
nerves to the heart, resistance and capacitance vessels of the body and the 
cardiac vagus nerve (Heymans and Neil, 1958: Gunn et al, 1968), see Figure 3. 

Arterioles 
(Resistance Vessels} 

SympathetiC Gonf}liO 

Nf: 

O Voins 
(Copocitonce Vessels} 

Figure 3. lvt:teM.a-f.. me.c.hanoltec.ep-toM o6 the c.Mo:Ud &..i.~ an.d. ao.lt-tlc. Mc.h. The 
neltve 6,.i.beM 61t0m the c.aM:ti..d &..i.~ 6o1tm the &..i.~ ne~tve, wh..i.c.h jo..i.YI-6 the glo1>
-6opha~tyngea£.; tho&e 61t0m the aolt:ti.c. Mc.h 6oltm the depltUl>Oit neltve, wh-i.c.h jo..i.YI-6 
-the vagU6 an.d. 1>ympa-the:ti.c. ,to 6o1tm the vago1>ympathe:ti.c. .tltu.nk.. The a66e~ten-t 
6..i.beM 6~tom the ltec.ep-toiLO Me myeUna..ted (-) an.d. unmyeUna.ted ( ---). The 
neltvu -teltm..i.na.te ..i.n the &ol.Ualty btac.-t nuc.leU-6. Changu ..i.n the ac.:ti.vUy o6 tho1> e 
mec.hanoltec.ep-toM c.au-6 ed by aUelta:ti..on6 ..i.n the aAteM.a-f.. blood pltU-6Uite ~tuuU ..i.n 
appltoplt..i.a-te adjU6-tmen-t& ..i.n the vagal an.d. -6ympathe:ti.c. ou-t6i.ow -to the healt-t, an.d. 
the 1> ympathe:ti.c. ou-t6fow -to the lte&..i.&-tanc.e a.n.d. c.apac...i.-tanc.e vul>e.i.-6. Thue ad
j M-tmen-t& bu66e~t c.hangu ..i.n the aAtelt..i.a£. bl ood pltUL> Uite. 
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iii. PHYSIOLOGY OF BARORECEPTOR$ 

A. Methods of Study 

Baroreceptors systems have been studied extensively in both animals and man. 
Studies in animals are important since it is possible to perform experiments and 
gain information that would be otherwise impossible to obtain in man. Thus, in 
various species it has been possible to isolate the carotid sinuses or the aortic 
arch areas and to stimulate them with varying pressure changes while the afferent 
activity is recorded and/or the reflex hemodynamic events are noted. The affer
ent nerve recording studies have taught us about the characteristics of the 
receptors and the afferent pathways. On the other hand, hemodynamic recordings 
during carotid sinus or aortic arch stimulation yield information on the overall 
reflex effects from such baroreceptor stimulation. 

In humans, two types of studies have been employed to determine the charac
teristics of the baroreceptor systems. The first type of study involves injec
tions of either pressor or depressor pharamcologic agents into the cardiovascular 
system to raise or lower blood pressure and ·thereby stimulate the baroreceptors. 
Such agents include phenylephrine and angiotensin II to raise the blood pressure, 
although some investigators feel that angiotensin II may directly effect the 
baroreceptors independently of the pressor action which stretches them. Nitro
glycerin has been used to lower the blood pressure. Since the pressure is 
raised or lowered in both the carotid sinus and aortic arch areas, information 
from these types of studies are applicable to stimulation of baroreceptors in 
both locations. , The most common variable monitored when these receptors are 
stimulated is the change in heart rate, or the R-R interval. Although many 
studies have tried to extrapolate the heart rate response to reflex effects on 
cardiac output, vascular resistance, blood pressure, etc., most investigators 
believe that such extrapolations are not valid and the information can be applied 
only to the reflex effects of baroreceptors upon the heart rate. Investigators 
have therefore determined that the baroreceptors are reset if the relationship 
between pulse interval and blood pressure is moved to the right or the left from 
the normal curve (Figure 4). On the other hand, sensitivity of the baroreceptor 
may be altered if there is a change in slope of the line compared to the normal 
curve relating pulse interval and blood pressure (Figure 4). 

The second method used by investigators to study baroreceptors involves the 
use of a pressure neck chamber. This chamber is placed around the neck and 
sealed around the upper and. lower portions. The pressure inside the chamber and 
on the outside ~f the neck may then be altered to deform the carotid sinuses 
(Figure 5}. By virtue of its construction and placement, this technique stimu
lates only the carotid sinuses. An additional advantage of this method is that 
it permits changes in heart rate as well as blood pressure to be monitored and 
related to carotid sinus pressure. This is possible since the primary pressure 
changes are localized to the neck as opposed to the generalized pressor or de
pressor cardiovascular stimulation induced by the pharmacologic technique. 

5 



(.) 1200 Q) 
lf) 

E 
_j 

<! 
> 1000 0:: 
w 
1-
z 
0:: a••" 

... 
0:: 800 

120 

NORMAL 
RE-SET 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

/ SENSITIVITY 

/~ ... ··············t 
•... • jl 

I 

180 200 120 

BLOOD PRESSURE 
(mmHg) 

NORMAL 

-·-

RESET+ 
SENSITIVITY 

-·- + -· -·-
180 200 

Figure 4. Hypo.thuu 6oJt a.UeJta..ti.on o6 baJt.oJte.c.e.p.toJt 6u.nc..t<.ort. 

a 

b 

c 
d 

e 
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o6 .the. pJteA<.u.Jte. c.ha.ngu .i.n .the. a.tmo<.phe.Jte. o6 .the. box (e) • FU.gh.t: Se.c..t<.one.d v.<.ew 
o 6 .the. pJr.U-6 u.Jte ne.c.k c.hamb eJt. 
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B. Neural Aspects 

1. Conaept of deformation (stretah) reaeptors 

The receptors in the baroreceptor regions act as deformation or stretch re
ceptors rather than reacting to intraarterial pressure changes per se. For in
stance, applying casts to the outside of the artery prevents the reflex fall in 
blood pressure produced by an increase in carotid sinus pressure since no recep
tor stretch occurs in this circumstance (Hauss et al, 1949). It is this ability 
to respond to stretch that permit the baroreceptors, particularly the carotid 
sinus receptors, to be stimulated by placement of the neck pressure chamber that 
can either increase or decrease the transmural pressure and , thereby induce re
f lex responses (Angell-James , 1971). St imulati on of the caro t id si nus by any 
method affects arterial pressure, heart rate, myocardial performance, cardiac 
output, arterial resistance, and venous capacitance to si gnificant degrees (Sar
noff et al, 1960; DeGeest et al, 1964; Kumada and Iri uchijima, 1965; Schmidt et 
al, 1965; Shouk~s and Sagawa, 1972). The resultant change in arterial pressure 
opposes the ori ginal change in intrasinus pressure (Sagawa et al, 1975), see 
Figure 6. 

2. Nerve reaording studies, elucidation of physiologi cal principles 

Single unit nerve recordings from baroreceptor afferent nerve fibers have 
demonstrated that gradually increasing the mean pressure inside the baroreceptor 
increases t he frequency of f iring (Green, 1954). On the other hand, if a phasic 
pul se pressure is superimposed upon the mean pressure, a phasic pattern of firing 
is el ic ited and relates t o t he increase in pressure with each sinusoidal varia
t ion (Green, 1954), see Fi gure 7. If the dP/dt, an index of myocardial perfor
mance, is high and pauses be tween the pressure pulses are great (e.g., normal 
resting conditions ), the instantaneous firing freque ncy seems to transmit i nfor
mat ion on the shape of the pressure pulse and on the systolic pressure rather 
than ind icating mean or diastoli c pressure (Sato et al, 1950; Christensen et al, 
1967; Heymans and Neil, 1958; Katona et al, 1968; Kalkoff et al, 1971). At 
higher pressures, i.e., greater than 140 mmHg (low distensibility region}, firing 
tends to occupy a greater and greater part of the pressure cycle until it becomes 
more or less continuous at a mean pressure greater than 140 mmHg (Angell-James, 
1971; Irisawa and Ninomya, 1967), see Figure 8. 

C. Hemodynamic Studies 

1. lifferenaes between carotid and aortia arch baroreceptors 

In anesthetized dogs, the threshold pressure for activation of the carot1d 
sinuses is 45-70 mmHg. The saturation pressure is 170-200 mmHg and the maximal 
sensitivity is between 120-140 mmHg, relating the systemic arterial blood pres-
sure to mean carotid sinus pressure (Donald and Edis, 1971). The characteristic 
pressure levels are higher for the aortic arch baroreceptors than for the carotid 
s inus baroreceptors. This difference is reflected by a general displacement of 
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the aortic stimulus-blood pressure response curve to the right of the one for the 
carotid sinus with a slight decrease in slope of the curve for the aortic arch 
(Donald and Edis, 1971). It has also been shown that a reduction in vascular 
resistance produced by a rise in mean carotid sinus pressure is greater than that 
resulting from a similar rise in aortic arch pressure (Angell-James and Daly, 1970}, 
see Figure 9. 
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owing .to the. c.on.ti.Yill.<.ng b.tood .to-66. 
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~.>how.6 the JtMponH 6 6 a .6-<.ngle. 6-f-bJte o6 the c.ommon c.Mo:ti..d bo.Jr.OJtec.ep;toJt ne.Jtve. 
On the Zeft .6-teady plt1!..6.6U!LM w.<.ng 6Jtom 40 :to 180 mmHg .<.n .the . c.Mo.t<.d .6 egmen:t 
pJtodu.c.e an .<.nc.Jte.Me .Ln the 6Jtequ.enc.y o6 d.<..bc.ha!r.ge. o6 the bo.Jr.oJte.c.e.ptoJt u.n.<.:t. On 
the right the Mme. bo.Jr.oJtec.e.p:toJt u.nU: .<..6 expo.6e.d :to mean pll.M<IU!LM o6 40 :to 180 
mmHg, bu.;t .<.n eac.h c.Me a pulJ.>e. plt1!..6.6u.Jte o6 50 mmHg .<..6 ~.>u.pe.Jt.<.mpo~.>ed by the u.<~e o6 
a pump. The hnpulJ.>e d.<.<lc.ltMge oc.c.u.Jtl.> pha.b.<.c.aUy .<.n :time w.Uh the u.p.~.ttok.e o6 the 
pu1J., a:ti...e.e. pit u~.> u.Jte. 

Figure 8. F.<.guJLe ~.>hoW6 .<.mpu.l<le ac.:ti..vLty .<.n a .6-<.ngte 6-<-bJte o6 the le6;t aoJt.t.i.c. 
ne.Jtve, and blood pll.M.Ou.Jte. Jtec.oJtde.d 6Jtom .the le6;t c.ommon c.Mo.t<.d aJt:teJtlf. A, mean 
blood pJtM.6u.Jte 125 mmHg; B, 80 mmHg; C, 62 mmHg; V, 55 mmHg; E, 42 mmHg. 
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2. Fac tors altering bar or eceptor activation 

When one examines the relationship between pulse frequency, pulse pressure, 
and mean pressures, some interesting relationships emerge. When the pulse fre
quency of a sinusoidally varying carotid sinus pressure is increased while pulse 
pressure and mean arterial pressure are kept constant, a fall in systemic pres
sure or systemic vascular resistance is observed. This phenomenon is more ob
vious and has a stronger effect if the carotid pulse pressure is high and mean 
carotid pressure is low (Stegemann and Tibes, 1969). A decrease in systemic 
pressure or systemic vascular resistance is also elicited when the carotid sinus 
pulse pressure is increased while the pulse frequency and mean pulse pressure are 
maintained constant. The same is true for aortic arch preparations. Therefore, 
a "family" of dynamic stimulus-response curves can ' be drawn. The curve loses its 
typical sigmoid shape and is appreciably lower than that for non-pulsatile per
fusion pressures (Angell-James and Daly, 1971). Similar results have been ob
tained in humans by applying external counterpressure to the neck (Thron et al, 
1967). Investigators have concluded that baroreceptors are more effective in 
compensating for a fall in pressure than for a rise in pressure (Kirchheim, 
1976). These data also confirm that the dynamic components of blood pressure 
(pulse pressure, pulse frequency, and dP/dt) determine the shape of the stimulus 
response curve in the high distensibility region of the pressure-diameter rela
tionship (up to , l40 mmHg). However, their influence is only minor above this 
pressure. This suggestion is in full agreement with the dynamic receptor prop
erties. 
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3. Reflex alteration of blood pressure, regional vascul ar r esistance 
nryocardi al performance, venous capaaitanae, and heart rate 

In man it has been demonstrated that during carotid sinus nerve stimulation , 
a 23% decrease in arterial pressure is a result of a 14% decrease in peripheral 
vascular resistance and an 8% decrease in cardiac output (Epstein et al, 1969). 

Contractility in animals is increased as carotid sinus pressure is decreased 
via sympathetic enhancement as well as vagal withdrawal. The vagus effect be
comes significant when sufficient sympathetic background activity is present 
(Randall et al, 1972; DeGeest et al, 1964; Levy et al, 1966). 

Lowering carotid sinus pressure in animals increases the mean systemic 
(venous) pressure by decreasing the unstressed vascular volume through the mech
anism of venoconstriction. An increase of venous pressure by 1-2 mmHg which 
occurs during carotid sinus hypotension increases the steady state output by as 
much as 30%. Thus, a small degree of venoconstriction in response to ·carotid 
sinus hypotension significantly enhances cardiac output (Kumada et al, 1971). 

The heart rate response to tilt or to lower body negative pressure in man is 
thought by some investigators to be a sympathetic response when the blood pres
sure is lowered and a parasympathetic response when the blood pressure is raised 
(Scher et al, 1972). However, other investigators feel that the response to 
either decreasing or_ increasing blood pressure is parasympathetic in origin 
regardless of the direction of change (Pickering et al, 1972). The later group 
of investigators studied the responses during administration of vasoactive 
drugs. Thus, the branch of the autonomic nervous sys tern mediating the heart 
rate changes during baroreceptor stimulation has not been conclusively deter
mined. Several studies have concluded that the reflex response of heart rate is 
generally less than the blood pressure response to changes in carotid sinus 
pressure in man (Beveg~rd and Shepherd, 1966; Epstein et al, 1969). Therefore, 
studying heart tate alone as mentioned above does not accurately assess all 
facets of reflex control by the baroreceptors. Work from Mancia and co-workers 
(Mancia et al, 1978; Mancia, 1977), as well as from other investigators (Glick 
and Covel, 1968) employing a neck chamber to study carotid baroreceptors and 
vasoactive drugs ( n ~troglycerin and phenylephrine) to study all baroreceptors, 
indicate that the reflex control of the heart rate in man lies chiefly in baro
receptor areas other than the carotid sinus. Confirmatory evidence of this comes 
from work in unanesthetized animals, suggesting that the other area is the 
aortic arch baroreceptors (Vatner et al, 1975). 

IV. BARORECEPTOR FUNCTION IN HEALTH 

A. Orthostatic Function 

As already discussed, the primary function of the baroreceptors, in either 
the carotid sinus or aortic arch areas, is to oppose changes in blood pressure. 
Thus , an increase in pressure reflexly decreases heart rate, predominantly 
through aortic receptor stimulation and, to a lesser degree, by carotid sinus 
receptor stimulation. In addition, there is a primary decrease in myocardial 
performance and an increase in the venous capacitance that, together with the 
bradycardia effect, decreases cardiac output. The decreased cardiac output along 
with a primary decrease in vascular resistance lowers the blood pressure. The 
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sum of all these effects, therefore, is a direct blood pressure lowering effect 
when receptor stretch is increased or conversely a blood pressure raising effect 
when receptor stretch is decreased. Man has attained an upright posture and in 
this position tends to pool significant amounts of blood in his extremities. 
When a person stands up and particularly upon standing still there is a decreased 
venous blood return to the heart. In this situation the importance of the bare
reflexes is to return the decrease in arterial pressure back toward normal. That 
is, a homeostasis of pressure and, therefore, perfusion of vital organs, such as 
the heart and brain, are maintained. · 

B. Dynamic and Static Exercise 

During exercise there is an increase in blood pressure, heart rate, cardiac 
output, and myocardial performance. The arterial baroreceptor reflexes would be 
expected to oppose these changes (Sagawa et al, 1975; Robinson et al, 1966; 
Pickering et al, l972b). Studies of heart rate demonstrate that the carotid 
sinus (and aortic arch) baroreceptor reflexes are modified during electrical 
stimulation of somatic afferent nerves or various sites in the central nervous 
system (Ulmer, 1969; Quest and Gebber, 1972; Nauta, 1972; Klevans and Gebber, 
1970; Gebber and Klevans, 1972). These studies have a direct bearing on the 
cardiovascular responses in relation to the baroreceptor reflexes during exer
cise, since it has been demonstrated that the reflex responses originate both 
from the periphery, i.e., the exercising skeletal muscle (Coote et al, 1971; 
lkCloskey and Mitchell, 1972) as well as from central irradiation (Good•t~in et al, 
1972). The baroreceptor responses have been demonstrated to be modified during 
dynamic exercise in humans since patients who have carotid sinus pacers (bare
pacers) show less of a bradycardia response to pacer stimulation during exercise 
as compared to rest (Eckberg et al, 1972). On the other hand, negative pressure 
in a cuff around the nec k (the same effect as increasing carotid sinus pressure) 
or baropacer stimulation does not appear to diminish the magnitude of the blood 
pressure response to moderate dynamic exercise (Beveg8rd and Shepherd, 1966; 
Eckberg et al, 1972). Therefore, although the heart rate response is diminished 
during exercise, some of the other components (i.e., blood pressure) of the 
baroreflex are not reset or suppressed during dynamic exercise in man. 

Studies of isometric exercise have yielded conflicting results. Some in
vestigators have claimed that there is a marked loss of sensitivity of the bare
reflex during static as well as dynamic exercise (Cunningham et al, 1972). Other 
investigators have concluded that the sensitivity remains unaltered but that 
there is an upward resetting of the baroreceptor mechanism during static exercise 
in animals (McCloskey and Streatfield, 1975; Streatfield et al, 1977}. Still 
other investigators have noted similar reflex responses of heart rate and blood 
pressure with rest and hindlimb static exercise in animals (Coote and Dobbs, 
1976). The problem with all of these studies is, firstly, that they have been 
carried out in animals which may not accurately resemble man in their barorecep
tor responses during exercise, and, secondly, that in most situations anesthesia 
was often used in these preparations. Anesthetic agents are known to modify 
cardiovascular reflexes· at the level of the central nervous system (Korner, 1971; 
Korner et al, 1968; Sate, 1972). More recent experiments on humans performed by 
Mancia et al (1978) and Ludbrook et al (1978) with a neck pressure cuff that 
could either raise or lower blood pressure have demonstrated that the magnitude 
(sensitivity) of the heart rate change is decreased during static exercise in 
relation to the force exerted. This conclusion is only true when the pressure is 
raised but not when the pressure is lowered so that the baroreceptors appear to 
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possess a directional change in sensitivity. On the other hand, the carotid 
sinus baroreflexes have been shown to be virtually unaffected in their ability to 
regulate blood pressure during static handgrip exercise. 

V. BARORECEPTOR FUNCTION IN DISEASE 

A. Hypertension 

13 

. The relation of the arterial baroreceptors to systemic hypertension has 
interested physiologists and clinicans for many years . . It was initially thought 
th·at sustained chronic arterial hypertension could be caused by denervation of 
the carotid and aortic baroreceptors (Koch and Mies, 1929; Ferrario et al, 
1969). This form of hypertension was termed neurogenic hypertension. It was 
thought to be a result of an increased sympathetic tone to the heart and blood 
vessels which increased heart rate, cardiac output and systemic vascular resis
tance. More recent evidence, however, has demonstrated that the hypertension 
caused by such preparations is transitory rather than sustained (Cowley et al, 
1973). The important finding which comes from these studies demonstrates that 
baroreceptor denervated animals have large swings in blood pressure elicited by 
seemingly minor external stimuli. Thus, although the normal daily range of blood 
pressure is approximately 50 mmHg, in denervated animals the range extends as 
high as 125 mmHg (Cowley et al, 1973). These animals also demonstrate frequent 
hypotensive responses with mean blood pressure decr.easing to 50 mmHg with the 
overall pressure drop being over twice that of non-denervated animals. Interest
ingly, not only is the blood pressure destabilized, but there are marked daily 
fluctuations in the heart rate and probably other hemodynamic factors such as 
peripheral resistance and cardiac output. Therefore, the arterial baroreceptors 
cannot be implicated as an etiology of hypertension in man or animals. 

On the other hand, it has been demonstrated that the baroreceptors "adapt" 
to a chronically hypertensive state. Thus the afferent nerve discharge pattern 
in hypertensive animals is quantitatively similar to the discharge pattern in 
normotepsive animals (Kezdi, 1953; McCubbin et al, 1956). However, the pressure
nerve activity relationship is shifted downward in hypertensive compared to 
normotensive animals. Further, the carotid sinus pressure threshold is approxi
mately 60 mmHg in normotensive animals, but in excess of 120 mmHg in hypertensive 
animals. It therefore appears that the baroreceptor system maintains its capac
ity to buffer acute changes in arterial pressure but at a much higher set point. 
Therefore, in this respect, the baroreceptors contribute to sustained elevation 
of blood pressure and do not appear to be able to return the system back toward 
normotension (P9wning, 1979), see Figure 10. The reason for the shift of the 
stimulus-response baroreceptor curve is very likely due to the altered stiffness 
characteristics of the aorta of hypertensive animals. It has been demonstrated 
that a greater amount of collagen and elastin exist in the media of the great 
vessels in hypertensive animals (Wolinsky, 1970). The increased wall stiffness 
correlates with the severity and duration of hypertension (Aars, 1969; Angell
James, 1973), and an increased stiffness of the aortic wall in hypertensive 
animals is thought to decrease the amount of stretch of a baroreceptor in re
sponse to a change in transmural pressure (Figure 11). 

In humans, there is not only a shift in the set point, but an actual reduc
tion in the baroreceptor sensitivity (Bristow et al, 1969; Gribbon et al, 1971; 
Pickering et al, 1972a). Thus, in hypertensive subjects the pulse interval 
change for a change in blood pressure is significantly less when compared to 
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normotensive individuals. A similar reduction in baroreflex sensitivity occurs 
with increasing age. Since the aorta becomes less compliant with increasing 
age, this observation suggests that part of the mechanism in hypertension is, in 
fact, a result of a decreased compliance. However, it is important to point out 
that the decrease in baroreflex sensitivity with hypertension is greater than 
that observed with the decrease in sensitivity resulting from advancing age 
(Gribbon et al, 1971), see Figure 12. 

Other possible explanations which have been put forward to explain the 
altered baroreceptor function in chronic systemic hypertension are : (l) morpho
logical changes in the baroreceptor filaments, thought to be degenerative in 
nature, described in humans as well as in other species (Abraham, 1967); (2) a 
selective loss of low baroreceptor units particularly the low threshold type 
(Kezdi, 1967); (3) reduced sensitivity of individual receptor units (Nosaka and 
Wang, 1972); and (4) alterations in the central integration and efferent limb 
function (Lazarus et al, 1973). Evidence for the degeneration of receptor units 
comes from observations in individuals with hypertension who demonstrate degen
erative changes that are presumed to be the stretch receptors. At this time the 
other proposed mechanisms are only speculation. 
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B. Chronic Renal Failure 

A closely related situation to hypertension exists in uremic patients. Many 
patients with chronic renal failure are hypertensive. McCubbin and co-workers 
(1956) demonstrated that the carotid and aortic baroreflexes in such patients are 
reset when they develop chronic renal hypertension. They have demonstrated that 
the resetting lags slightly behind the slow pressure rise from normotensive to 
hypertensive levels. Pickering et al (1972) also demonstrated that the barore
ceptor sensitivity is diminished to approximately 50% of that for normal sub
jects. They hypothesized that additional factors that might cause the baroreflex 
to be reset in uremic patients are altered potassium balance, metabo lic acidosis, 
uremia, and/or hypervolemia. In their study, uremic neuropathy was present in 
only 2 of the patients studied and neither of these individuals had particularly 
low sensitivities. They found that in patients on long term hemodialysis there 
is an improved reflex sensitivity over the long term .but no consistent immedia te 
effects. In patients with a history of malignant hypertension, the reflex sen
sitivities are lower than in other patients. Patients who had high blood pres
sure before renal failure have sensitivities similar to those whose blood pres
sure elevation follows the renal failure. Reflex sensitivity in patients con
trolled by bilateral nephrectomy is similar to those in whom the pressure is 
contro lled by salt reduction or drugs (Figure 13). 
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A recent study by Lazarus et al (1973) confirmed the findings of McCubbin and 
Pickering and further noted that there was a significant difference between 
normotensive and hypertensive uremics when the pressure was raised but not when 
it was lowered (Figure 14). They could not explain these differences although 
they noted that both groups of uremic patients were significantly different than 
normotensive non-uremic patients. · 
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C. Congestive Heart Failure 

The sensitivity of the baroreflex system has been shown to be significantly 
reduced in experimental chronic canine heart failure (Higgins et al, 1972). This 
reduced sensitivity alters the change in heart rate, arterial pressure, and re
gional vascular resistance with stimulation of baroreceptors of heart failure 
animals compared with control animals. The etiology of this reduced sensitivity 
is not known at the present time. However, there are certain experimental obser
vations which suggest that the reduced sensitivity may be a result of alteration 
in several sites of the baroreceptor reflex. For instance, it is known that 
animals in congestive heart failure retain salt and water and that this retention 
decreases the compliance or increases the stiffness of the vessel walls (Zelis et 
al, 1970). Further, histologic studies have demonstrated the degeneration of 
some of the ner'ie endings in the baroreceptor areas in patients with a history of 
heart failure (Abraham, 1967). Altered central integration of the baroreflex has 
also been suggested to occur as a consequence of con~estive heart failure. But, 
an alteration of the baroreceptors by this mechanism(s) remains to be clarified 
(Downing, 1979). On the other hand, there is abundant evidence indicating that 
the efferent limb of the reflex arc including both the sympathetic and parasym
pathetic divisions of the autonomic nervous system are significantly altered in 
chronic congestive heart failure. For instance, norepinephrine stores in the 
myocardium are significantly depleted (Chidsey et al, 1964; Vogel et al, 1964) . 
It is felt that the reduced catecholamine stores are probably both functionally 
significant and causally related to the reduced chronotropic and inotropic re
sponses to cardiac sympathetic nerve stimulation that occur in animals in chronic 
congestive heart failure (Covell et al, 1966). This mechanism, however, does not 
explain the decreased peripheral vascular responsiveness since norepinephrine 
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stores in the resistance vessels are not reduced in congestive heart failure and 
neurotransmitter activity may actually be enhanced (Chidsey and Braunwald, 1966; 
Kramer et al, 1968). The other branch of the autonomic nervous system, the 
parasympathetic nerves, also appear to be altered in patients with heart disease. 
For instance, atropine administration in these individuals increases heart rate 
by approximately 55% in normals but only by 23% in patients with heart disease. 
Further, the baroreceptor induced slowing of the heart is by the parasympathetic 
and not the sympathetic nervous system suggesting that the altered sensit i vity 
which was observed in these patients results from an abnormality in the parasym
pathetic regulation of the heart. It is very possible that along with the im
paired contractile state which limits stroke volume a defective control of heart 
rate may importantly contribute to the inability of these individuals to raise 
their cardiac outputs effectively in response to hypotension (Eckberg et al, 
1971), see Figure 15. 
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There are important interactions of the digitalis glycosides with the bare
receptors. For instance, it has been shown that the pressor and inotropic re
sponses to ouabain are attenuated by baroreflexes (Gillis et al, 1969; Quest and 
Gillis, 1971; Quest and Gillis, 1974). The intravenous administration of these 
agents increases sinus nerve activity and decreases the contractile response of 
t he heart. However, after bilateral sinus denervation, glycoside administra tion 
increases the myocardial contractile state and arterial blood pressure. Th us, it 
appears that stimulation of the carotid sinus by digitalis preparations is power
fu l enough to reflexly override the intrinsic inotropic and pressor action of 
these agents. In conscious animals without heart failure there is only a minimal 
increase in myocardial performance that is not related to any effect by the 
baroreflex (McRitchie and Vatner, 1976). On the other hand, the pressor response 
is increased approximately three-fold in similar animals after total baroreceptor 
denervation. Thus, it is possible to conclude that the diminished sensitivity of 
the baroreflexes in chronic heart failure is altered by the administration of 
digitalis preparations. This effect is mainly related to a blunting of the heart 
rate and vascular resistance responses. It is unlikely that there is a sign i fi
cant modificat i on of the direct inotropic action of these preparati ons since the 
baroreceptors exert only a small effect upon myocardial performance (Quest and 
Gillis, 1974; Vatner et al, 1972), see Figures 16 and 17. 
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D. Shock 

A wide variety of conditions may lead to the development of cardiovascular 
shock. These include such circumstances as hemorrhage, fluid loss through the 
gastrointestinal tract or cutaneous routes, myocardial failure secondary to 
myocardial ischemia or infarction, pulmonary embolization, septicemia as well as 
many other causes. A prominent manifestation of the shock syndrome is hypoten
sion and a narrowing of the pulse pressure due to a reduction of cardiac output. 
It has been demonstrated that the baroreceptors significantly compensate for a 
20% hemorrhage by increasing total peripheral resistance by 55-70%, a tachycardia 
and an increase in cardiac output of 20-25% (Kumada et al, 1970). Thus, although 
the blood pressure is reduced by approximately 15 mmHg in a 25 ml/kg hemorrhage 
in animals with intact baroreceptors, in sino-aortic baroreceptor denervated 
animals there is a fall of approximately 55 mmHg (Vatner and Braunwald, 1975). 
In the range between 60-150 mmHg, it is probable that mean arterial pressure, as 
well as pulse pressure, are important factors in contributing to baroreceptor 
stimulation (Ead et al, 1952; Kenner et al, 1974; McCrea and Wiggers, 1933; 
Schmidt et al, 1972). It is also probable. however, that changes in the pulse 
pressure are of little importance when mean arterial pressures are less than 60 
mmHg (Kumada et al, 1970). It is likely that the carotid baroreceptors are 
qualitatively more important than the aortic arch baroreceptors since the thresh
old for stimulation in the latter region is higher (probably in the range of 100 
mmHg) and because changes in pulse pressure normally have little influence on the 
aortic arch receptors (Donald and Edis, 1971; Angell-James and Daly, 1970; Levy 
et al, 1966; Pelletier et al, 1972). However, other baroreceptor regions located 
in the heart and lungs as well as chemoreceptors in the aorta and carotid arter
ies and CNS reflexes probably contribute to the reflex adjustments occurring 
during cardiovascular shock. The reflex increase in vascular resistance likely 
occurs to a more profound degree in skeletal muscle and to a lesser degree in the 
heart and renal circulations. When a significant hemorrhage occurs and the 
duration of arterial hypotension is prolonged, the reflex compensatory mechanisms 
fail (Ead et al, 1952). Which portion of the reflex fails is not well known 
although it has been suggested that there is a progressive loss of responsiveness 
to sympathetic stimulation with no loss in responsiveness to vagal stimulation 
(Glaviano and Klouda, 1965). The exact mechanism of this loss of responsiveness 
to sympathetic stimulation is unknown at present although in some situations it 
may be due to a decrease in norepinephrine concentration at the tissue level 
(Glaviano and Colemen, 1961). Downing (1979) has suggested that the appearance 
of tissue hypoxia and metabolic acidosis that accompanies hemorrhagic shock may 
be the most important cons~deration that blunts the response to efferent sympa
thetic stimulation during hemorrhagic shock. Interestingly, parasympathetic 
function remains intact and may actually be enhanced by this acidosis and may, 
therefore, contribute to the terminal bradycardia and circulatory collapse (Camp
bell, 1955; Downing et al, 1971; Linden and Norman, 1969; Ng et al, 1967). 

In contrast to the evidence demonstrating an abnormality in the response to 
efferent limb stimulation, there is little or no evidence to implicate pathophys
iologic abnormalities occurrring in either the receptors units or afferent limb 
of the baroreflex. However, two theoretical situations may arise that could 
exaccerbate the hypotension. The first situation occurs when the intrasinus 
pressure decreases to approximately 40 mmHg and distortion of the sinus wall 
stimulates the stretch receptors to increase their firing rate as arterial 
pressure falls in diastole (Landgren, 1952). Obviously this situation would 
reflexly inhibit sympathetic discharge and promote a greater fall in blood 
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pressure. Secondly, administration of large doses of endotoxin has been shown to 
increase the discharge frequency for any given sinus pressure over a large pres
sure range. This situation would decrease the ability of the baroreceptors to 
buffer a fall in arterial pressure and would promote a fall in blood pressure 
(Trank and Visscher, 1962). Whether or not the latter situation ever occurs is 
somewhat doubtful since such large concentrations of endotoxin rarely if ever 
enter the blood stream. 

E. Takayasu's Aortitis 

It is known that patients with Takayasu's aortitis, a disease of unknown 
etioloty, have arterial inflamation that affects the aorta, its large branches 
and pulmonary artery (Ueda, 1968; Saito et al, 1972). Fainting is a cowman 
symptom in this disease state (Ueda, 1968; Sana and Aiba, 1966). Investigators 
have postulated that hypersensitivity of the carotid sinus causes the syncope in 
this disease state (Sana and Aiba, 1966). They base their ·conclusions on the 
observation that applying external carotid sinus pressure causes marked sinus 
bradycardia and/or hypotension in some patients. The inflamation and/or ischemia 
produced by the aortitis is thought to involve the aortic walls where the barore
ceptors were located (Sana, 1961). However, the paroxysmal hypertension which 
may also occur in this condition has been postulated to be due to decreased 
baroreceptor function, perhaps as a result of the increased stiffness of the 
arteries where the receptors are situated (Tanaka et al, 1975). Recently, 
however, Takeshita et al (1977) using the heart rate change during pressure 
elevation induced by phenylephrine administration as an index of baroreceptor 
stimulation, demonstrated that the baroreceptors in Takayasu's Aortitis were, in 
fact, less sensitive compared to unaffected individuals. They argued that the 
external carotid sinus pressure used by the other investigators to demonstrate 
increased sensitivity is not a quantitative, reproducable way to evaluate the 
baroreflex sensitivity and that it is quite possible that severe stenosis may 
have been present in the other carotid and vertebral arteries as a result of the 
basic disease process. They felt that carotid sinus pressure may have caused 
cerebral ischemia that influenced the vasomotor centers directly. 

F. Coronary Artery Disease 

Wasserman in 1928 was one of the first clinicians to note that externally 
applied carotid sinus pressure (CSP) frequently decreased or abolished angina. 
Several other investigators have subsequently confirmed this finding (Wayne and 
LaPlace, 1933; Wasserman and Weber, 1939; Lawn and Levine, 1961). Lawn and 
Levine felt th?t the importance of this maneuver is mostly in patients who 
develop rest angina rather than effort-induced angina. They recommended that 
first right then left carotid sinus pressure be applied and the patient asked 
whether "the pain has become worse". If the patient is not misled but states 
that there is improvement, the test is to be considered positive. On the other 
hand, if the pain gets worse or is unrelieved with slowing of the heart, the pain 
is likely not angina. Lastly, if the heart does not slow the test is inconclu
sive. They noted that rarely there was improvement of the angina without slowing 
of the heart. They postulated that this might be due to coronary vasodilation. 
Other investigators have noted that improvement of the chest pain may occur 
without a slowing' of the heart (Freedberg and Riseman, 1953). 

Lawn and Levine (1961) as well as several other groups of investigators 
(Thomas,. 1969; Nathanson, 1946; Sigler, 1963; Ferris et al, 1935; Weiss and 
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Baker, 1933) have noted that patients with coronary disease are more sensitive to 
CSP and respond with a greater degree of bradycardia or asystole than patients 
with normal hearts. Lawn and Levine (1961) called attention to the complex fol
lowing the longest pause. If this complex demonstrates an inverted (or more 
inverted) T wave, the carotid sinus pressure test indicates that myocardial 
disease is present (Figure 18). This test has the same clinical significance as 
the post extra-systolic T wave change which has been called the "poor man ' s" 
stress test. 

Figure 18. Ac.c.en.tu.a-t<.on o6 .<.nveJr..ted T u.uve 6o.Uow.i.ng a pa.u.6e p!toduc.ed by ·css. 
Nqte .&hn.U..cvr.ily ofi :t.hM e66ec.t to po.6tex;t:;r.o_oy;.to.UC. a..:tten.tu.a-t<.on o6 T-wave .<.n
ve!LO.i.on. 

In 1967 Braunwald and co-workers reported on the first application of 
electrostimulation of the carotid sinus nerve in the therapy of angina pectoris. 
These investigators established the clinical usefulness of this procedure. They 
demonstrated that a unit could be placed with electrodes around t he carotid sinus 
nerve and an external activating device attached to rapidly relieve spontaneous 
ang i na (faster than the effect from nitroglycerin) and promote a greater exerc is e 
capacity (see Figure 19). 
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At least one complication of the carotid nerve stimulator has been reported to 
occur from nonspecific local stimulation resulting in laryngospasm with neck 
pain, choking, and an inability to breathe (Val teau et al, 1971). Since the 
early 1970's this form of therapy for angina pectoris has not been utilized 
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predominantly due to the advent of coronary artery bypass surgery which has been 
increasing at an exponential rate around the country. It is interesting to note 
that carotid nerve stimulation has also been used for the therapy of both chronic 
hypertension and arrhythmias. ~lith respect to the treatment of hypertension, al
though inital reports demonstrated satisfactory control of the blood pressure, it 
was later demonstrated that most patients tended to "escape" and their blood pres
sures returned to hypertensive levels after a few weeks of constant stimulation. 
Its use in therapy of arrhythmias will be discussed below. 

G. Arrhythmias 

l . Specific arrhythmias modi fied by baroreceptors 

Carotid sinus stimulation has important implications toward the production, 
diagnosis, and therapy of arrhythmias. Obviously sinus tachycardia as well as 
s i nus bradycardia frequently occurs as a result of a reduction or elevation re
spectively in the arterial blood pressure. Ventriculophasic sinus arrhythmia is 
often observed in patients with second or third degree AV block . For example, in 
2:1 AV block in whi ch conduction is blocked ·after every second P wave, the second 
P wave after each ventricular contraction is delayed because of the lag time in 
the baroreceptor reflex. Therefore, consecutive P-P intervals will alternate in 
length. The P-P intervals containing the QRS will be shorter and those without 
the QRS longer. This situation occurs as a result of the baroreceptors stimu
l ated by the increase in pressure following the ventricular depolarization 
(i.e., the QRS cycle)". The increase in pressure will reflexly increase the vagal 
tone to the heart so that the next cycle will prolong t he P-P i nterval (Rosenbaum 
and Lepeschkin, 1955; Roth and Kisch, 1943; Levy, 1978) , see Figure 20. 
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Fi gure 20 . 

The baroreceptors likely exert an effect in isorhythmic AV dissociation. In 
this situation, the baroreceptors tend to synchronize two independent pacemaker 
centers. The P wave of the electrocardiogram wanders back and forth, sometimes 
the ventricular rate is greater than the atrial rate and sometimes vica versa, 
but mostly the two rates are equal, hence isorhythmic dissociation (Kaplinsky et 
al, 1977). It has been observed that when the P wave precedes the QRS, the blood 
pressure increases due to the atrial augmentation of the ventricular filling. In 
fact, the b l oor' pressure increases as the P 1vave moves more in front of the QRS. 
This increases the carotid sinus pressure and reflexly inhibits or slows the SA 
node and the P wave moves back toward the QRS (Figure 21). On the other hand, if 
the P wave moves behind the QRS the blood pressure falls and there is facilita
tion of the SA node via the carotid sinus (Levy and Edelstein, 1970; Levy and 
Zieske, 1971 ,1972). The delay in the baroreflex system creates ocsillation of 
the P wave and the QRS. The less delay that occurs, the more the PR interval is 
fi xed. 

Parasystole with fi xed coupling is another situation which likely involves 
baroreceptor-cardiac interaction. In this situation, there is synchronization of 
the SA node and the parasystolic focus leading to a constant R-R interval (Levy 
et al, 1972). With the onset of the parasystolic focus, the arterial pressure 
increases and there is reflex slowing of the SA node via the baroreceptors. The 
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b!.a.ung) 6Jr.om a.n 84:¥e.M-o.e.d ma.n wah c.omp.f.ete. he.aJt-t b.f.oc.k. The. !Ugh-t ve.n.t!Uc..f.e. 
tt~U pa.c.ed a..t 6 7 m-Ln . Vu.!Ung .the. 6-LM.t 6 bea..t.o, .the. P wa.ve. wa..o Uth.eJr. be.h-Lnd OJr. 
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sinus frequency then becomes approximately equal to the parasystolic frequency 
and the coupling becomes fixed (Figure 22). Usually, however, arterial pressure 
falls toward the baseline, prearrhythmia level due to slower alteration in pe
ripheral resistance. as a result of baroreceptor stimulation, and the synchroni
zation is lost. Thus the synchronization is usually transient, lasting for only 
a few seconds (up to 20). 
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Phase dependent vagal synchronization may either stabilize or destabilize 
various rhythms. The chronotropic efficacy of vagal activity varies with the 
phase of the cardiac cycle. A stimulus applied once each beat, but at progres
sively later times after the P wave varies as a function of the P-stimulus 
interval. Thus, stimulation of the parasympathetic nerve at varying intervals 
after the P wave may increase the P-P interval or paradoxically decrease the P-P 
interval (Levy et al, 1972), see Figure 23. 
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Carotid sinus nerve stimulation, consisting of one stimulus burst for each 
heartbeat causes periodic sinus stabilization and destabilization (Figure 24). 
Specifically, when the P-stimulus interval is increasing, the destabilization 
occurs only as the P-P interval is decreasing and vica versa (Levy and Zieske, 
1972), see Figure 25. Thus, baroreceptor activation by the arterial pulse may 
stabilize or destabilize the cardiac pacemaker, depending upon the phase rela
tionship between the arter-ial pulse wave and the pacemaker action potential. 
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2. Arrhythmias i~~uced by carotid sinus pressure in pa&ients with 
coronary artery disease 

Sigler (1934,}963) studied a total of 15 women and 103 men, ages 40-78, all 
of whom had evidence of coronary artery disease. He performed CS P for 5 to 30 
seconds and observed the reflex effects on the cardiac rhythm. The data are 
presented in Table I. 

Table I. CSP INDUCED ARRHYTHMI AS IN CAD . 

A. Slowing of the heart (all cases) 118 
1. by l/3 50 
2. by l/2 43 
3. by 2/3 25 

B. SA Arrest 
1 . 2-3 sec 
2. 3-5 sec 
3. > 5 sec 

C. AV Block 
1. 1s t degree 
2. 2nd degree (Mobitz Type II) 
3. 3rd degree 

103 
21 
29 
53 
60 
30 
14 
16 

D. Nod a 1 Escape or Noda 1 Rhythm 18 
E. Ventricular Escape or Ectopic Rhythm 21 
F. Atrial Fibrillation 
G. Decrease in BBB 3 
H. Ventricular Repolarization 30 

1. ST depression 5 
2. T W?Ve changes (with QRS change) 25 
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From these data it was concluded that a positive response to CSP occurred in 80% 
of the patients who had coronary disease with 25% showing slight to moderate 
slowing, 15% marked slowing and 40% cardiac standstill for 2 seconds or greater. 
Most cases of the standstill were preceded by a short period of slowing. More 
women than men showed a low grade response. Sino-atrial arrest was greater with 
right CSP whereas AV block occurred more often with left CSP although he noted 
that both sides should be alternately stimulated. He emphasized the greater con
centrations of vagal fibers in the atria to explain the majority of the effects 
seen. However, evidence of vagal innervation of t~e ventricles was demonstrated 
by the repolarization changes which occurred. To ~x plain the origin of the ven
tricul ar arrhythmias he suggested that with slowing of the heart there was 
greater di stension due either to the longer filling period which would tend to 
bring out an irritable focus or perhaps to the greater dispersion of refractory 
periods which would promote reentrant types of arrhythmias. He felt that CAD 
patients were more prone to developing arrhythmias probably due to vagal hyper
sensitivity induced by ischemia. He hypothesized that this predispos i tion to 
arr hythmias accounted to some degree for the higher incidence of sudden death in 
patients with coronary disease. 

3. Mechanisms of arrhythmia production duri~~ carotid sinus 
stimulation 

Re~ently, studies have been conducted using His bundle recording methods to 
study the AV conducti on system during baroreceptor stimulation in man (Mancia et 
al, 1978). Phenylephrine induced hypertension or nitroglycerin induced hypoten
sion prolongs or shortens the AH interval only when the heart is paced. Atropine 
abolishes these changes. In this study HV intervals were not affected by barore
ceptor stimulation. Therefore , it appears that the suprahissian but not the in
frahissian tract of the AV conduction system in man is affected during barorecep
tor stimulation. However these effects are not apparent when the heart is not 
paced suggesting that cardiac cycle length alterations cause changes in the AV 
node that compensate for the neural effects. The subjects in this study were 
normotensive control subjects without a history of coronary disease so that the 
direct application to patients wi th coronary disease or other diseases is uncer
tain. 

4. CSP in the diagnosi s of arrhythmias 

Lown and Levine (1961) felt that CSP was a useful maneuver for the bedside 
diagnosis of arrhythmias including both brady-arrhythmias and tachy-arrhythmias. 
However, most clinicians feel that CSP is most useful in the differential diag
nosis of arrhythmias during electrocardiographic monitoring. Heart rates of 120 
to 180 beats/minute are often interpreted as a sinus tachycardia or paroxsysmal 
atrial tachycardia. However, sharp triangular P waves in lead 2 suggest atrial 
flutter, an arrhythmia that can be confirmed when CSP increases the AV block and 
reveals a typical saw-toothed baseline undulation of atrial flutter. In add i 
tion , it has been well demonstrated that atrial flutter and PAT can be abolished 
by the vagotonia i nduced by CSP (Figure 26). 

Lawn and Levine (1961) recognized the fact that digitalis enhances sensi
tivity of the carotid sinus reflex. They and other clinicians have felt that CSP 
could help diagnosis dig i talis intoxication. For instance, prolonged cardiac 
standstill, ventricular premature beats (probably due to dispersion of refractory 
period throughout the ventricles), and excessive AV bloc k may all indicate di gi-
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Figure 26. A:tJU..a.R. 6.tutivr. Jte.ve/t.ted ~ noJtma.t .6-i.YULO Jthy:thrn by CSS. Uppvr. .o.f:JU..p 
.ohoW6 cia.o.o-<.c.a.e. a..tJUa..e. 6futi.:vr.. Lowvr. ,~tJUp .ohowJ.J a.c.c.ete.Jta..;t[on o6 a..tJUa..e. Jta..te. 
wd.h CSS 6Jtam Z8 6 ~ 4 0 0 wUh a.bJtu.pt te/un.{_na.tio n a 6 a.Mhy:thrn-<.a.. 

talis intoxication. Lown and Levine popularized the fact that PAT with block 
also signifies digital i s toxicity. However, this arrhythmia is often difficult 
to diagnosis. For instance, the presence Qf P waves which are bloc ked may be 
hidden in the T waves. However CSP increases the block thus sepa rating t he P and 
T waves and allowing the arrhythmia to be diagnosed (Figure 27). 
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t!Uc.u.ta.Jt e.c.top-i.c. be.a.:t6. Lowvr. J.Jt!Up J.JhoW6 PAT wUh b.toc.ll wUh a..tJUa..e. Jta.te. o6 
166. 

In the presence of a tachycardia with a rate of 120 to 180, sharp triangular 
P waves in lead 2 suggest atrial flutter. However, PAT with bloc k may also mas
querade as this arrhythmia. If CSP reveals an isoelectric baseline between t he 
P waves discharging at a rate of 120 to 220 while the ventricular rate is slowed, 
the arrhythmia is PAT with block rather than atrial flutter (Figure 28). 

The presence of heart block is often difficult to diagnose when there is a 
rapid junctional or ventricular rate. However, if the atrial rate is slowed 
during CSP but the ventricular rate is unchanged, the presence of complete heart 
block with ventricular tachycardia or more rarely junctional tachycardia with 
aberrancy is established (Figure 29). 
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Figure 28. CSS unc.oveM PAT w.Uh b.e.oc.k.. UppeJt. .o.t!Up .ohoW6 Jtegul.a!t Jthythm w.Uh 
Jta-te. o6 170. A:tM.a-e. -Unpu.t.oe. cU6fi.<.c.u.U to cUoc.Vt.n. Ee.e.c..bwc.aJtcUogJtam Jtru. emb.e.u 
a;t!U.a£ 6.tt~-tteJt.. No-te. CSS unc.oveM PAT w.Uh b.toc.k. a.nd da..M-<.c.a..e. P' wa.vu. 
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Figure 29. CSS <.~.toW6 a...tJUa. bu-t no-t ve.tt.t~Uc.eu .thuo u.ta.bwh.i.ng pttu enc.e o 6 
~ove.tt.tiUc.ulaJt c:Uo.oo~on, .ouppoJt.t-<.ng .the. d-<.a..gno.o-<..o o6 vett.t~Uc.u.ta/t .ta.c.hy
c.Md-<.a.. . The. QRS me.MuJtU 0. 16 .oe.c.ottd. ,Vote. a...tJUa..e. .o.tow.i.ng 6Jtom 102 to 88 while. 
v e.tt.t~Uc.ulaJt Jta..:te. .to una. 6 6 e.c.:te.d. 
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It is well known that left bundle branch block may mask the electrocardio
graphic evidence of a myocardial infarction. Since bundle branch block is known, 
in some instances, to be rate related, it is sometimes possible to slow the heart 
by CSP to view complexes of normal duration and look for evidence of a myocardial 
infarction (Figure 30). A similar phenomenon was recognized by Harrington (1977). 

Many patients present to the physician with the complaint of palpitations. 
Normally one can only guess -at the etiology of this symptom. In certain patients 
with the Wolf-Parkinson-White Syndrome, CSP may slow conduction through the 
normal pathway and favor impulse propagation through the accessory pathway so 
that anomalous AV conduction is revealed. In addition, sporadic partial or 
complete heart block with symptoms may be reproduced with CSP. Lastly, ectopic 
pacemakers may become manifest during CSP, a problem that may be associated with 
digitalis toxicity as discussed above (Figure 31). 
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Figure 30. CSS (a-t aNtow) by l>.tow.<.ng the. he.a.Jt-t .tlutM.<.e.n.te.y pe-'t.mi..:t6 noJUnal. conduc-
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In addition to breaking atrial flutter or PAT with CSP, some interesting 
uses of the carotid sinus stimulators were reported when they were in vogue. For 
instance, Braunwald et al (1969) reported a case of recurrent PAT that was treat
ed by implanting a carotid sinus nerve simulator. This therapy apparently was 
effective although a long follow-up for this patient was not provided. Cantwell 
et al (1971) reported the termination of recurrent AV junctional tachycardia 
accompanied by angina with a carotid sinus nerve stimulator. This patient was 
followed for several months during which time he was successfully using the 
stimulator to treat the arrhythmia as well as his ischemic symptoms. Of course, 
supraventricular tacharrhythmias, particularly PAr, are often treated by giving a 
blood pressure raising agent such as phenylephrine which reflexly increases vagal 
tone and abolishes the arrhythmia. 

H. Technique and Hazards of Carotid Sinus Pressure 

It is generally recognized that carotid sinus stimulation is an important 
but also a serious procedure to be performed with strict clinical indications 
under appropriate monitoring conditions. Lawn and Levine (1961) emphasized that 
most patients, particularly those with a history of syncope, should be tested in 
the recumbant position. The one exception to this rule is testing of patients 
with suspected angina in whom the test is better performed in the sitting posi
tion. The head should be tilted backward and to one side until the bifarcation 
of the carotid can be readily palpitated. The sinus is known to be situated just 
below the angle of the jaw and above the edge of the sternocleidomastoid muscle 
at the upper level of the thyroid cartilage. Prior to actual massage every 
patient should be attached to an electrocardiogram since this permits accurate 
assessment of the effects of CSP upon the cardiac rhythm. In addition to gently 
palpating the arteries to locate the bulb of the carotid sinus, the observer 
should note the intensity of the pulsations of both carotid arteries. Lastly, 
the observer should carefully auscultate over both carotid vessels to determine 
the presence of any bruits which might signify carotid atherosclerotic disease. 
If there is a significantly reduced pulsation on one side or any evidence of 
intrinsic carotid disease, CSP should not be performed. However, in the absence 
of these excluding criteria CSP should be performed by compressing the carotid 
bulb against the vertebral spine with pressure directed both posteriorly and 
medially with a rapid on-off rhythm. Massage is applied for no more than 5 
seconds at a time and the pressure is always applied unilaterally, never bilater
ally. After several seconds of rest the procedure may be repeated on the ipsi
lateral or contralateral side. Generally, both sides should be massaged, at 
separate times, since it is well recognized that one side may cause larger reflex 
cardiovascular alterations than the other . Carotid sinus message should never be 
performed without the immediate availability of adequate resuscitation equipment. 

The dangers of CSP include cerebral vascular accidents (Asky, 1946; Brannon, 
1948) and death (Greenwood and Dupler, 1962; Hilal and Massumi, 1966). These 
situations occur when the carotid arteries are not carefully examined prior to 
compression, when the CSP was carried on for more than 5 seconds, when the CSP 
was not stopped with the appearance of arrhythmias, and lastly, with the unavail
ability of proper resuscitation equipment. 

VI. PRIMARY BARORECEPTOR REFLEX ABNORMALITIES 

Wayne (1961) in his extensive study of 510 patients who developed syncope 
noted that vaso-vagal syncope was most common occurring in 58% of the cases and 
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that hypersensitivity carotid syndrome was much less common occurring in approx
imately 3% of the cases. He identified no cases of glossopharyngeal neuralgia 
syncope (Table II). 

Table II. BREAKDOWN OF VARIOUS CAUSES OF SYNCOPE SEEN IN 510 PATIENTS. 

Cause 
Vasovagal 
Orthostatic hypotension 
Epilepsy 
Cerebral vascular disease 
Unknown etiology 
Postmicturition 
Adams-Stokes syndrome 
Hyperventilation 
Hypersensitive carotid sinus 
Tussive 
Aortic stenosis 
Paroxysmal tachycardia 
Angina pectoris 
Hysteria 
Myocardial infarction 
Pulmonary hypertension 
Migraine 
Hypertensive encephalopathy 

TOTAL 

A. Hypersensitive Carotid Sinus Reflex and Syndrome 

No. 
29B 

28 
26 
24 
23 
17 
17 
15 
15 
13 

9 
8 
4 
4 
3 
2 
2 
2 

510 

It is important to differentiate between the hypersensitive reflex and the 
hypersensitive syndrome. A variety of studies have been conducted on the hyper
sensitive carotid reflex. For instance, Nathanson (1946) studied this reflex in 
115 patients. He noted that all patients developed cardiac standstill of at 
least 5 seconds whereas only a few (23) had any evidence of dizziness or syncope. 
Thus, the majority of his patients had the hypersensitive carotid s i nus reflex 
but not the syndrome. He gave one example of asystole for 7.6 seconds without 
symptoms. Thus, the hypersensitive carotid sinus reflex is without symptoms 
whereas the syndrome is associated with dizziness, syncope, and often convul
sions. The importance of differentiating between these two reactions is that the 
reflex requires no treatment, whereas the syndrome frequently requires therapy 
(Thomas, 1969). 

In the early 1930's Soma Weiss and co-workers (Ferris et al, 1935; \~eiss and 
Baker, 1933) described their extensive experience with three groups of patients 
who had developed the carotid sinus syndrome. They broadly classified these 
patients into (a) vagal or cardioinhibitory type, (b) the vaso-depressor type, 
and (c) the cerebral type. All types produced unconsciousness and convulsions or 
at least severe dizziness. More recent studies, however, have concluded that the 
cerebral form of carotid sinus hypersensitivity is non-existent (Ask- Upmark, 
1935; Grudjian et al, 1958; Toole, 1959; Lawn and Levine, 1961; Thomas, 1969). 
One of these studies looked at 100 patients with hemaplegia or hemiparisis all of 
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whom developed syncope without bradycardia or hypotension on CSP. This study 
demonstrated occlusive contralateral carotid, anterior cerebral or basilar artery 
occlusion on angiography in most of these patients (Grudjian et al, 1958). Fur
ther, compression of the carotid artery in areas other than the sinus bulb has 
been shown to elicit a response due to the occlusive effects. Such responses are 
unaffected by infiltration of the caroti9 sinus with procaine (Toole, 1959). 

Although the relative incidences of the two types of c.arotid sinus hypersen
sitivity is not well known, most investigators believe that the cardioinhibitory 
form is most common, occurring 34 to 78% of the time, whereas the pure vasode
pressor type is somewhat less common, occurring 5 to 10% of the time. Some 
authors have advocated classification into a mixed cardioinhibitory and vasode
pressor syndrome. However, the symptoms rarely, if ever, occur in a pure form. 
Generally there is either predominant bradycardia or vasodepression (Greeley et 
al, 1955; Salomon, 1958; Cohen et al, 1976). 

The diagnosis of the hypersensitive carotid sinus syndrome rests on a 
careful observation of the cardiovascular response to CSP. If one has a strong 
suspicion that this syndrome is the cause o~ the patient's syncope, this is per
haps the one indication where -CSP should be performed longer than 5 seconds. 
Thomas (1969) suggests that light brief stimulation of each carotid sinus be 
carried out (up to 10 seconds). If no unusual cardiac response occurs the stim
ulus intensity should be increased and the sinus massaged for a maximum of 20 
seconds. Generally a hypersensitive response will occur within the first 15 
seconds of the test. · As the sinus is massaged, constant electrocardiogrphic 
monitoring is required along with cuff blood pressure recording during the peak 
bradycardia response or, in the absence of a bradycardia response, approximately 
15 seconds after the start of massage. The test should be immediately terminated 
if any bradycardia occurs or there is any evidence of vasodepression on blood 
pressure monitoring. It is interesting that several of the electrocardiographic 
tracings from Weiss and Baker's (1933) original publication demonstrate high 
grade AV block, ventricular or nodal escape and often the appearance of sharp 
deviations in the baseline indicating the onset of convulsions (Figures 32,33). 
However, these investigators tended to continue with CSP for a significant period 
of time after the appearance of bradycardia or high degree AV block. 

Patients with a hypersensitive carotid sinus syndrome present with a variety 
of symptoms . In a summary of severa 1 of their previous studies, \~ei ss et a 1 
(1936) noted that all patients presented with fainting, dizziness, weakness, and 
convulsions and less commonly with other symptoms (Table III) . 

Attacks of syncope or dizziness generally occur when the patient is in the 
upright position and can be relieved by lying down (Ferris et al, 1935; Weiss and 
Baker, 1933). They can be related to factors such as neck movement, pressure or 
blows on the neck, and sudden changes in position (Draper, 1950).. Several types 
of drugs including the alpha methyldopa (Bauernfeind et al, 1978), digitalis 
(Ferris et al, 1935) and propranolol (Reyes, 1973) have all been incriminated as 
agents which predisposed patients to develop the hypersensitive carotid sinus 
syndrome. Upon discontinuation of each of these agents, the syndrome disa~
peared. 
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Figure 33. U.ep;t!r.oc.a.Jt.d.<.ogMJn Lea.d III. A,B,C a.nd V Jtepl!.uen.t c.on:ti.YVJ.oUA .ttr.a.ci.ng. 
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Table III. SIGNS AND SYMPTOMS IN PATIENTS WITH THE CAROTID SINUS SYNDROME. 
Symptom 

Fainting 
Dizziness and weakness 
Hyperpnea 
Pallor of the face 
Bradycardia (slight to moderate) 
Bradycardia (asystole) 
Numbness and tingling of the extremities 
Convulsions 
Drowsiness 
Cataplexy 
Epigastric distress 
Nausea 

Vaga 1 Type 

17 
17 
17 
17 
0 

17 
9 

13 
4 
1 
l 
2 

Frequency 
Depressor Type 

2 
2 
l 
2 
2 
0 
0 
0 
0 
0 
0 
0 

To determine the etiology of the hypersensitive carotid sinus syndrome, 
Rizzon and DiBiase (1978) studied patients who developed reproducable sinus 
arrest (> 3 seconds) after or during CSP. Their study showed that there was a 
significant depression of sinus node automaticity. During sinus arrest, escape 
beats originated from the low atrium (20 to 65%}, His bundle (31 to 41 %) and 
ventricle (7 to 16%} depending upon the side stimulated with the left side 
showing a much lower ·occurrance of escape rhythms. They also demonstrated 
intra-atrial block with abnormal activation of the left atrium appearing as a 
lengthening of the P wave a~d inversion of the terminal atrial forces in limb 
lead 3. In their study the infra-Hissian system was not affected. A similar 
study was conducted by Hartzler and Maloney (1977} who studied 16 patients with 
syncope manifesting > 2.5 seconds of asystole with CSP (up to 10 seconds dura
tion). In these patTents asystole lasted 2.5-5.8 seconds with recovery by a 
sinus mechanism (10 cases), junctional escape (5 cases) or an idioventricular 
rhythm (3 cases). His bundle recording revealed a prolongation of the AA inter
val by 17% in 15 episodes, unchanged in 3 and in 9 episodes prolongation of the 
AH interval by 20%, unchanged in 9 episodes. Four patients showed abnormal AV 
conduction times (greater than 45 milliseconds) and 2 patients had abnormal HV 
conduction times (greater than 55 milliseconds). Sinus node recovery time was 
prolonged in 18% suggesting that some of the patients had sick sinus syndrome. 
In this regard, Thormann et al (1978b) studied 186 patients with the hypersensi
tive carotid sinus syndrome, the sick sinus syndrome, or both, and compared them 
to a control group. Their patients all experienced syncope, dizziness, or an an 
inability to concentrate. The patients had a resting bradycardia but manifested 
a similar percent increase as control subjects (30%) after administration of 
atropine. CSP caused asystole averaging 5 seconds in the hypersensitive carotid 
sinus and the combined syndrome groups. The sinus node recovery time was greater 
only in patients with sick sinus or the combined syndrome groups. Their data 
indicate that electrophysiologic testing establishes the diagnosis of SSS or 
hypersensitive carotid sinus syndrome. These investigators could not predict the 
severity of the clinical symptoms by the degree of sinus node dysfunction. How
ever, it appears from their data that there is an overlap group of patients with 
both the hypersensitive carotid sinus reflex and sick sinus syndrome. 

In general, the hypersensitive carotid sinus syndrome occurs in patients who 
are fifty to sixty years of age (Weiss et al, 1936), see Table IV. Pathological
ly a number of cases studied have demonstrated abnormalities localized to the 
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region of the carotid sinus, see Table IV. These include a dilated sinus, cer
vical adenitis, and local atherosclerotic changes (Figure 34). Several other 
groups of investigators have confirmed the finding that older men with athero
sclerotic heart disease and/or hypertension most commonly develop this syndrome 
(Nathanson, 1946; Sigler, 1963; Thomas, 1969; Walter et al, 1978). 

Table IV. DISEASES AND AGE DISTRIBUTION OF PATIENTS WITH THE CAROTID SINUS 
SYNDROME. 

Vagal Depressor 
~ Ti:ee 

Disease 
Local abnormality in the region of carotid sinus 10 2 

Dilated sinus 8 2 
Cervical adenitis 4 0 
Local sclerosis of the sinus 5 2 

Local cardiac abnormality 8 2 
Systemic disease 15 2 

Hypertension 6 2 
Arteriosclerosis 5 2 
Vegetative neurosis 3 0 
Dietary deficiency 4 0 
Disturbance associated with menopause 1 0 
Digitalis intoxication 3 0 
Syphilis of the central nervous system 1 0 

Age 
Average 50.9 69 .0 
Lowest 24 64 
Highest 72 74 

Both medical and surgical therapies have been advocated for the therapy of 
this syndrome. Medical therapy consists of withdrawing digoxin or other drugs 
that may be sensitizing individuals. Patients are warned not to put pressure on 
their neck, turn their head, or put themselves into other similar situations 
which might directly stimulate the carotid sinus (Ferris et al, 1935; Weiss and 
Baker, 1933; Cohen et al, 1976). Atropine appears to prevent the bradycardia in 
70-90% of patients with the vagal form of this syndrome (Ferris et al, 1935; 
Weiss and Baker, 1933; Draper, 1950; Hartzler and Maloney, 1977; Thormann et al, 
1978a). The vasodepressor form of this syndrome does not respond to atropine but 
in some situations can be effectively prevented through the administration of 
sympathomimetic agents or amphetamines (Ferris et al, 1935; Weiss and Baker, 
1933). Radiation of the neck with several hundred rads directed at the carotid 
sinus region has been reported by several investigators for the therapy of this 
syndrome (Stevenson and Moreton, 1939,1948; Greeley et al, 1955). The rationale 
for this form of therapy has never been given although the investigators claim 
that up to 70% of the patients treated were completely to moderately relieved of 
their symptoms. However, there has been neither widespread acceptance nor wide
spread use of this form of therapy and it is currently no longer used (Cohen et 
al, 1976}. 

Permanent demand pacemaker implantation has proved useful particularly with 
the vagal type of this syndrome (Bahl et al, 1971; VonMauer, 1972; Thormann and 
Schwarz, 1975; Hartzler and Maloney, 1977). Bahl et al (1971) was the first 
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Figure 34. Spe~~en 6~om p~ent who ~ed 6~om loba4 pneuma~. Note the g~oup 
o6 iljmph node,o -6uMoun~g the b.i..6Mc.a.tion o6 the caJr.ot.i..d a4telt1J (le6t). The 
c.a4ot.i..d -6 hea..th wa.o d.i..-6-6 ec.ted to Mww the vagu...~. 

group to implant a permanent pacemaker which cured the patient's syncope although 
he continued to have nausea and epigastric distress, manifestations of other 
vagus effects in this syndrome. Other forms of surgical therapy have included 
section of the glossopharyngeal nerve (Herbert et al, 1942; Ray and Stewart, 
1942; Solomon, 1958) and surgica l stripping of the adventitia of the carotid 
artery (Weiss et al, 1936; Turner and Learmonth, 1948). Complications of these 
surgical procedures include recurrence of symptoms (Heron et al, 1965), recur
rence of hypersensitivity without syncope (Roscoe et al, 1958), fatal hyperten
sion (Ford, 1957) and loss of sensation in the nasopharyngeal area and the loss 
of taste over the posterior one-third of the tongue. Recurrence of the symptoms 
probably occurs because of peripheral reinnervation of the sinus or the existence 
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of afferent pathways other than the glossopharyngeal nerve which follow the upper 
two rootlets of the vagus nerve or the cervical sympathetics (Ray and Stewart, 
1942). The problem with hypertension is usually short term and not very s ig nifi
cant. Postural hypotension is more commonly a problem (Gardner et al, 1975). It 
is recowmended that a preoperative carotid angiogram be performed to confirm the 
absence of atherosclerotic carotid artery disease, that endocardial pacing be 
available during surgery, and that both electrical and mechanical stimulation of 
the carotid sinus be performed with electrocardiographic monitoring to determ ine 
the areas of sensitivity during surgery (Gardner et al, 1975). 

B. Glossopharyngeal Neuralgia Syncope 

Glossopharyngeal neuralgia was first described by 11/eisenburg in 1910 in a 
patient in 1·1hom characteristic neck and throat pain was created by an angle turcor 
pressing on the ninth cranial nerve. It was not until 1942 when Riley and co
l~orkers first described glossopharyngeal neuralgia in association with hypoten
sion, cardiac arrest, syncope and generalized convulsions in a patient. 

The pain of glossopharyngeal neuralgia ·differs from trigeminal neural gia 
(tic douloureux) only in the location of the pain. Both have the charac teristic 
onset of sudden severe paroxysmal lightening-like pain frequently set off by 
external stimuli (Thompson, 1954). Glossopharyngeal neuralgia is only .75 to 1% 
as common as is trigeminal neuralgia (Bohm and Strang, 1962; Whi t e and Sweet, 
1969). There is one case report of a co-existent glossopharyngeal neura lg i a 1-1ith 
a hypersensitive carotid sinus reflex (Alpert et al, 1977). 

In 1977 Taylor reviewed all cases of glossopharyngeal neuralgia previously 
reported including one of their own. The age range of these 33 patients was 36 
to 70 years with the syndrome occuring in a ratio of 2:1, males to females. 
Twenty-two of the patients had pain in their throat, 16 in their ear, and 4 in 
the face. Eleven cases did not have any pain in the throat but only in the ea r, 
neck, or face. Thirty-one of these patients had syncope with 30 demonstrat i ng 
bradycardia, 22 asystole, 17 seizures and 2 had seizures without any obv ious 
cardiac involvement. 

Precipitating events which elicited the pain and syncope included eating, 
talking and drinking cold water (Thompson, 1954; Garretson and Elvidge, 1963) . 
Interestingly in one case it was possible to block the pain by application of 
xylocaine to the oral pharynx but the frequency of syncope occurring on th e 
average of 5 to 6 times per day (up to 20 per day) was not diminished (Garretson 
and Elvidge, 1963). Diagnosis of the condition in these patients is usually made 
from the history of characteristic pain with or ~lithout syncope. 

A variety of associated conditions are thought to predispose individuals to 
the development of this complex. These include vascular lesions and compression 
of the ninth and tenth cranial nerves by the vertebral artery (Brihaye et al, 
1956; Pope, 1889; Lillie and Craig, 1936; Laha and Jannetta, 1977 ) , tumors 
(Dandy, 1927) including cerebella-pontine angle and nasopharyngeal tumors, sur
gical scarring following a gunshot wound (Al-Ubaidy et al, 1974), following 
radiotherapy or surgical reception of a carcinoma (White and Sweet, 1969), cysts 
occluding the oriface of the nasopharyngeal bursa (Stern and Hall, 1972) , arach
noiditis (DeParis, 1968), internal carotid occlusion and external carotid steno
sis (Alpert et al, 1977), as well as ossification of the styloid ligament and 
elongation of the styloid cartilage (Graf, 1959). 
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Histologically the ninth cranial nerve shows degeneration. Many fibers have 
lost their myelin sheath and have become swollen or shrunken. Electron micro
scopy demonstrates myelin degeneration or proliferation, and vacuolization of the 
Schwann cells. Axon degeneration is rare although the axons are often extruded 
outside their sheaths. Such abnormalities can be found in any portion of the 
nerve from the ganglion to its most peripheral part (Ishii, 1976). It is pos
sible that the axons of fibers not covered with Schwann cells may initiate pain 
reflexes when they are touched or disturbed in any manner, since previous reports 
of trigeminal neuralgia localized hypesthesia to areas on nerves with similar 
pathology (Kerr, 1963). 
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Medical therapy for this condition consists of using carbamazepine (Tegre
tol) or dilantin both of which agents are felt to stabilize the nerve and in some 
cases have been documented to prevent the pain as well as the syncope (Garretson 
and Elvidge, 1963; Spillane, 1964; Eckbohm and Westerberg, 1966; Orton, 1972; 
Meienberg et al, 1975; Jamshidi and Masroor, 1976; Taylor et al, 1977). Atropine 
has been tried and shown to prevent the attacks of bradycardia and syncope and to 
decrease the pain in some cases (Kjellin et al, 1959). In one case isopreterenol 
was used and prevented the bradycardia but did not alter the attacks of pain and 
syncope (Garretson and Elvidge, 1963). 

Because in some cases medical therapy has proved to be ineffective, inves- ' 
tigators have used implantable permanent demand pacemakers to prevent the attacks 
of syncope (Khero and Mullins, 1971) sometimes in combination with medical thera
PY to relieve the pain (Jamshidi and Masroor, 1976). Other forms of surgical 
therapy have included transection of the ninth cranial nerve and usually the 
upper two rootlets of the vagus most commonly by an intercranial approach (Dandy, 
1927; Thompson, 1954). Nagashima et al (1976) noted a complication to this sur
gical procedure which included hypotension and right bundle branch block lasting 
20 minutes and 4 days, respectively. The most common reaction to glossopharyn
geal nerve section is a transient increase in blood pressure (Bucy, 1936; Whisler 
et al, 1965). A less commonly applied surgical approach is to perform a spinal 
trachotomy in which a specific lesion is made in the facial, glossopharyngeal and 
vagus nerve tracts in the spinal cord (Kunc, 1965). However, this latter method 
appears to be the least reliable of the methods used for abolishing pain. 

VII. CONCLUSIONS 

The carotid sinus and aortic arch baroreceptors have been shown to play 
prominent roles in both health and disease. In health these stretch receptors 
provide an important buffer effect to smooth out changes in the heart rate, blood 
pressure, and cardiac output. They appear to become altered during stress states 
such as exercise and, therefore, allow for an increase in blood pressure to occur 
which may be an important homeostatic mechanism to provide adequate blood supply 
to exercising skeletal muscles. In pathologic states such as hypertension, 
uremia, congestive heart failure, and shock, these baroreceptors also play a 
significant role. In these abnormal states there is a significant alteration of 
the baroreceptors and they may significantly contribute to the maintenance of the 
abnormalities. In certain forms of arrhythmias it is possible to invoke a sig
nificant role for the baroreceptors in initiating cardiac reflexes which will 
either stabilize or destabilize a particular rhythm. On the other hand, when 
properly applied, carotid sinus pressure is very useful in the diagnosis and 
therapy of arrhythmias, particularly in the setting of digitalis intoxication. 



Lastly, specific abnormalities of the carotid sinus and its afferent nerves have 
been demonstrated to be the etiology of certain forms of cardiac syncope. Al
though it has been possible to define significant abnormalities that exist on the 
afferent side of this important reflex, future investigations will need to con
centfate on possible central nervous system derangements which may significantly 
alter their function. It is only by understanding this "black box" that we as 
clinicians will be able to understand this reflex thoroughly and knowledgabl y 
treat baroreflex abnormalities that occur in a variety of disease states. 
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