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THE EFFECT OF ANESTHETICS ON THE RESPTRATORY
REFLEXES OF THE CAROTID SINUS

, Z?bllowing is a traQ§;apiog_of an article written bxﬁ‘ -

. Tung Ch'uan-sheng’(f*]ﬁi/%i) and Huang Chung-sun (% 1% 3%)
Physiology Teaching;§§3éarch Staff, Chung King Medical College,
in Sheng-1i Hsueh-pao (Acta Physiologica Sinica), Peiping,
Vol 2L, Wo. 2, Jume 1960, pages 121-128.7

, In a previous paper (1) Zﬁumbers in parentheses refer to
bibliographical‘entrie§§ we reported that when we. stimulated the carotid
sinus of;slightly-anesthetized or wide-awake dogs, we found that respiration
could have many characteristics, of which excitatory response is the most
common. ‘It was established that such responses are caused by the sensi-
tivity of the carotid sinus being irritated, and not by the drop of blood
pressure nor by the side effects induced.by the body-chemical sense organs
being stimulated. Aside from these observations, some other investigations
have demonstrated that the respiratory response is fundamentally the same
following sectioning of the vagus-pressor nerves as before the sectioning,
although a small percent of animals show inhibitory response. 'e consi-
der that these characteristics of response, namely excitatory vs. inhibitory,
depend largely on the condition of the functions of the central nervous
system. The factors that determine the condition of the functions of the
central nervous system are many: the kind of anesthetic used, the depth
of anesthesia and the transmissibility of the vagus-pressor nerves all
have a certain effect. The animals used in the experiment on which this
paper is based were dogs. In this recent experiment we made further
observations and analyses of the sensitivity of the vagus-pressor nerves
as reflected in the reéspiratory responses of dog under the influence of
different anesthetic actions and different physiological conditions.

Method of Experimentation

 This experiment called for 55 dogs. The main trunk of the vagus
nerve of L6 of them was sectioned successfully. Six different kinds of
anesthetics were used: (1) pentothal in 18 c?ses, the method of application
veing the same as in our previous experiment 1);7(2) amytal in six cases,
jntramuscular injection, €0-70 mg/kg; (3) sodium barbital in six cases,
five. of which were given pentothal first as anesthetic, then operated upon,
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and upon regaining consciousnegs were given sodium barbital by intravenous
injection to heighten the anesthesiaj the dosages varied, the criterion
being met when the animal no longer struggles upon being given painful
stimulation; in one case morphine was first tused to calm the animal (by
subcutaneous injection, 3 mg/kg), then sodium barbital was administered;
(L) in eight cases, penthobarbital was given by ihtravenous injectiony
30-35 mg/kg; (5) in seven cases amyl-beta-butylic acid (@};_i?rgf_a B5)
was given by intravenous injection, 1.5-1. mg/kg.

The dogs that were given pentothal were often in light sleep, Ssome
were even wide awake. Chloralose anesthesia wore off easily also. The
anesthetic action of pentob?rbiial,ﬁas hob long—1asting'enough to sult
our purpose elther. The other three anesthetics have longer-lasting
effects and produce deeper pleep, and ave generally satisfactory for gzeneral
purposes. But when we study the effect of the depth of anesthesia on
respiratory responses we increase the amount whenever necessary.

. In our studies of the stimulation of the carotid sinus we used
either the.method'of %nverting the venous sac (same as that used in our
previous experiment 1) on 32 cases), or our improved method of increasing
pressure at- the blind end (in 23 cases). The latter method consists of
insolating the carotid sinus and the membrane of the outer carotid artery
between the occipital arteries from the adjoining muscles by means of =
a hemastat shaped likKe a mosquito with its proboscis at work, tying.the
neck artery at this junction, and finally tying the inner neck artery.
Refer to Fig. 1 for an 31lustration of the pressor portion and the inverted
venous sac method. Lﬂll figures are appended at end of text,

Results of Experiment

1. Effect of Carotid-sinus Pressure Stimulation on Respiration_undér the
Tnfluence of Different-Anesthetics o

The results of the experiment showed that the character of the
respiratory response was generally the same in the animals whether they
were under the anesthetic influence of penthobarbital, sodium barbital
or sodium amytal, when the carotid sinus was. stimulated. - With the
exception of a few cases of questionable indication, almost half of the
responses were diphasic.  The first phase consisted of a short, quick,
{occupying about 2 or 3 respiration waves) and shallow inhibitory response.
This occurred when the carotid sinus pressor was stimulated. The second
phase, which followed the first immediately, was an excitatory response,
showing principally deeper respiraﬁion,‘sometines exhibiting the behavior
of higher frequency. About one-half of the responses were excitatory
(Fig 2,-I). This confirms the findings of our previousvinvestigation of
the subject. . ) ‘ :

The responses in three of the eight cases anesthetized with

pentobarbital were not clear. In three cases they were shallow.and
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definitely inhibitory. In two cases they were reinforced responses.
In one case the respiration frequency was somewhat reduced in the initial
period of pressor stimulation.

Of the ten cases of chloralose anesthesia, four wefé‘diphase
responses. In three cases they were reinforced responses. 1n orie case
they and respiration were simultaneously reinforced and the respiration
frequency was reduced somewhat. In three cases they were either indistinct
or very shallow and short inhibitory responses (Fig L, I). , o

, Of the seven cases that were anesthetized with amyl-beta-butylic
acid, the response in one was indistinct, in one response they were
re-inforced, and in the remaining five all were shallow or distinctly
inhibitory respiratory responses. G : -

2. Effect of Depth of Anesthesia on Respiratory Responses

In 18 cases anesthetic¢ was added in thé process of the experiment.
Observations were made just prior to and immediately following administra-
. tion to see the changes of respiratory behavior. -Of the 18 cases, seven
were penthotal ‘cases, four were pentobarbital, five were chloralose and
two were amyl-beta-butylic acid. Following the increase of anesthesia,
conditions were judged by corneal reflex, lash reflex or respiration
frequency. ’ ' ’

_ It was found that in the 18 cases referred to above, regardless
of the kinds of anesthetics given them and the original character of
their respiratory responses, the changes brought about by the increase of
dosage were limited to the degree of respiratory response, in proportion
to the dosage. Even when there was a distinct change in degree, this
gradually decreased and finally disappeared. No change of respiratory
response character was observed. ‘ o

Apart from this, in the first stage 'of an experimenting process
many animals did not show any respiratory response when the carotid sinus
- is stimulated, or if they do show some responses, such responses are very

minor. Only after a certein length of time do they respond to stimulation.
Such behavior is commonly observed when sodium amytal, sodium barbital,
penthotal or amyl-beta-butylic acid is used as anesthetic, We inferred
. that injuries caused by surgery were possibly responsible for any induced
 _respiratory response. Judging by the conditions under which respiratory

. responses occur, it seems that they have even a closer relationship with

the depth of anesthesia. :

3, Effect of Sectioned Vagus-Depressor on Respiratory Responses under
Influence of Anesthetics : ' L

“Théhsensitivity.of carotid sinus pressor and respiratory responses
very often undergo certain changes following sectioning of right and left
vagus depressor. But these changes-vary according to the kind of
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anesthetic used. - _ o 4 - o

_The respiratory respenses of animals anesthetized with penthotal,
sodium amytal or sodium barbital are fundamentally the same following
sectioning of the trunk of the right and left vagus nerve as prior to
the sectioning. In some animals the reinforced behavior is even more
obvious (Fige. 2). In a small number of .experiments the reinforced
respiratory response and the lowering of the respiration frequency appeared
simultaneously. L .

- The respiratory resgonséslofvtwoAﬁogs under penthotal were
inhibitory originally. This inhibitory responses became more conspicuous
following sectioning of thé right and left yagus nerves (Fig. 3). In
two other cases the respiratory responses were originally inconspicuous,
but following vagus nerve sectioning and after considerable experimentation,
the animals exhibited responses of lower respiratory frequency. In
another case, the.respiratory responses manifested themselves in an
increased radius. and slightly lowered frequency. These responses became
conspicuous following vagus nerve sectioning. In two more other cases,
originally one had been giving light inhibiting responses, the other -
excitatory responses. Now they were making respiratory responses which °
had the character of lowered frequency and a2 slightly increased radius.
Based on these facts, we can say that in animals under pentobarbital
anesthesia carotid sinus stimulation following double vagotomy easily
evokes inhibitory responses in respiration. _ '

Of the ten cases of chloralose anesthesia, only six were given
experimental vagotomy studies. Of those that had shown diphase responses,
such responses were more noticeable after vagotomy. Those whose responses
had been inconspicuous or were of the light and short inhibitory type,
now exhibited diphase responses (Fig. L). Of the diphase respiratory
responses exhibited after vagotomy, the inhibiting process of the first
phase is more conspicuous, playing the most important role in the entire
process of response. These facts demonstrate that in the case of carotid
sinus stimulation in animals under chloralose anesthesia, the r espiratory
responses évoked after vagotomy are beneficial to the development of the -
inhibiting process. It can be readily seen upon referring to Fig. L,
that the degree of respiratory résponse is in direct proportion to the
intensity of stimulation. o , :

Of the five cases of amyl-beta-butylic acid anesthesia, the change
in the process of inhibitory response in four was much more profound
following vagotomy. 1In one case the respiratory responses were excitatory,
but when the carotid sinus was stimulated, while the responses were still
excitatory, the respiration frequency was lower., This is to say, the
respiratory responses of animals under amyl-beta-butylic acid become more
and more inhibitory following vagotomy. ' : C

Li. Determination of the Pressure Sensitivity of the Carotid Sinus and
The Threshold of Respiratory Response to Stimulation - '

Many investigators have determined the mihiﬁum stimulation value
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of depressor response induced by carotid sinus pressor (2'5). On account
of the difference in the constitution of animals it varies, but is

within the range of 20-80 mm mercury. But as regards the pressure sensiti-
vity of the carotid sinus and the minimum stimulation value necessary for
modifying the respiratory responses, nothing has appeared in print. We
have made some studies in this regard, using 18 animals under sodium
amyltalm pentobarbital, and chloralose anesthesia and applying blind-end
pressor stimulation. When the vagus nerves were intact the minimum
pressure value required in the carotid sinus”tprinduce respiratory
responses, either excitatory or inhibitory, was between 100 mm and 160 mm
mercury, 120-1L40 mm being most common. If stimulation was increased, the
degree of respiratory response was correspondently increased. In the 18
animals mentioned above the stimulation threshold of depressor response
was between 10 mm and 100 mm mercury, 60-80 mm being the most common.
Following double vagotomy the respiratory responses were the same as the
blood pressure responses, the stimulation threshold was somewhat lower

in the majority of cases, and some animals required only 50~-60 mm mercury
to exhibit clear respiratory responses. ' '

Discussion

As we all know, different anesthetics may have different effects
on the central nervous system. Some reports \“ s/ are available on the
effect of different kinds of anesthesia on the depressor-sensitive
‘responses of the carotid sinus and on the chemical-sensitive respiratory
responses of the carotid body. But little i's available in print on the
_effect of different anesthetics on the prigsure-sensitive respiratory
responses of the carotid sinus. Schmidt has pointed out that barbitals
tend to diminish pressure-sensitive respiratory responses, while morphine
tends to increase the inhibitory respiratory responses. Dripps and Dumke )
directly stimulated the fibers of the carotid sinus depressor of the
medulla oblongata of dogs under chloralose with induction coil current
and found that respiration exhibited no reaction to stimulation. In our
experiment, when the carotid sinus of dogs under penthotal, sodium amytal,
and sodium barbital was stimulated, the respiratory resronses were mainly
of an excitatory character. The responses of dogs under chloralose were
generally similar to those just mentioned. Those of animals under penthotal
were either inhibitory or excitatory, the former being dominant. However,
those responses of the animals under amyl-beta-butylic acid were principally
inhibitory in character. It is plain that the cHaracter of the pressure-
sensitive respiratory responses of the carotid sinus because the anesthetics
used were different. L :

It is unclear why different kinds_of anesthetic change the character
of the respiratory responses, - Neil. 9~11) found in his experiment on cats
or dogs that. chloralose added to penthotal stimulation of the.vagus-
depressor nerves or the side of the sinus nerve facing the brain could
change the depressor responses into pressor responses, and if an additional
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amount of penthotal was used: to deepen the. anesthesia; it could only
induce repressor respmses. He believes that one of the reasons is that
chloralose reduces the sensitivity of the pressure-sensitive impulses
of the central circulatory system), causing the impulses that have been
transmitted by the chemical-sensitive fibers to appear clearly, resulting
in the rise of blood pressure. Although the results of that experiment
are not entirely in agreement with our: observatlons, they nevertheless
similarly point out that when the nervous" system is under the influence _
of different anesthetics, samllar stlmulatlon can evoke reflexive responses
of varied character,

Different anesthetics have inhibitory effects of different degzees
on the activity of acetylcholinesterase in the central nervous system 12 13)
Based on this fact the following is a plausible explanation of the phenomena
we encountered. When different anesthetics are used, the amount of
acetylchollnesterase in the central nervous system, Wthh has some relation
with respiration, varies in each case. So when similar stimulations are
applied to the carotid sinus they evoke through the central nervous system
different respiratory responses. But the trouble with this explanation is
that certain other facts show that while there is a relation between the
amount of acetylcholinesterase and the processes of transmission of
excitatory activities in the central nervous system, they are not entirely
determined by one single factor (1

Like other tissues, the sensitivity of the cells of one part of the
nervous system to- drugs, including anesthetics, is not the same as that-
of cells of other parts. Many anesthetics have their own properties
which are different from those of similar drugs. Up to now not enough
is understood in regard to the nature of the action of different anesthetics
on the central nervous system. Such being the case, the reason for the
fact that different anesthetics produce different results in the pressure-
sensitive respiratory responses of the carotid sinus requires further
analytical study.

Some writers (15,16) believe that respiratory. movements with
respect to responses induced by stimulation of the pressure-sensitive
sense organs of the carotid sinus are determined by whether or not the
vagus-depressor nerve is complete. They believe that only after this nerve
has been sectioned will inhibitory responses appear regularly. In our
experiment on animals anesthetized with penthotal, sodium amytal and sodium
barbital the respiratory responses following double vagotomy were similar
to those of the above report. The excitatory responses of some animals

. were even more profound following sectioning.of the trunk of the vagus

nerves. But in cases where the animals were anesthetigzed with amyl-beta-

- butylic acid, penthotal and chloralose, sectioning of the vagus-depressor
nerve caused respiration to develop toward inhibition or .intensified '
inhibitory responses. It is clear that in the light of this that sectioning
of the vagus-depressor nerve definitely effects or changes the pressure-
sensitive respiratory responses of the carotid $inus, and that these .
changes vary on account of the'different kinds of anesthesias used.




Heymans (17, 18) and Winder (16), in their experiment on dogs
anesthetized with chloralose or amyl-beta-butylic acid whose vagus nerves
had been sectioned, found that stimulation of the carotid sinus induced
inhibitory responses in respiration; This is in general consistent with
our findings.

In their experlment gp rabbits anesthetized w1th amyl—beta-butyllc
acid, Chang Ching-ju (j&t /55,#4) and Su Ch'ing-fen ( é 7 ) determined
that the depressor nerve and the abdominal- vagus nerve havé no apparent
relation with this kind of respiratory’ response, ‘but that the removal of
vagus nerves in the neck is advantageous to the development of inhibitory
responses. 1t appears that the changes in respiration observed following
sectioning of the trunk of the vagus nerve has generally some relation
with the changes in the functional conditions of the respiratory center
brought about by the loss of impulses transmitted by the sense organs
in the lungs.

Deepening the anesthesia would gradually weaken or even stop the
activities of the various reflexes. The findings we report in this paper
with respect to respiratory responses and the characteristics of the
relationship between general reflexes and the dosages of anesthetics are
consistent. Namely, the deepening of anesthesia could weaken or even
abolish respiratory responses; the original responses reappear gradually
when the anesthesia becomes shallower and shallower. Based on these facts,
we believe that it is not the depth of anesthesia that determines the
character of the pressure-sensitive respiratory responses of the carotid
sinus, and that the depth of anesthesia is ‘only one important factor
that causes quantitative changes in this kind of respiratory responses.
Chang Ching-ju, et al, found that when morphine anesthesia was deepened,
respiratory inhibition dominates. This, believes Chang, is possibly due
to the special inhibitory action of morphine on the center of respiration,:
and not to any imaginative acticn that is common in all anesthetics.

When the anesthetic condition and the vagus nerves are normal,
the stimulation threshold of the pressure-sensitive respiratory responses..
of the carotid sinus is usually between 120 mm and 140 mm mercury. This
numerical value is close to the blood pressure of animals in experimental
studies. Besides, the stimulation threshold drops following vagotomy.

So this kind of respiratory response does not necessarily appear under
high pressure in experimental processes: Under such conditions it is
only the stimulation that is intensified and the réspiratory responses
that change more conspicuously. This is what makes some people imagine
that the transmissive impulses of the carotid sinus regularly effect the
center of respiration.

Based on the above-mentimed phenomena, we believe that the
transmitting Tibers of the carotid sinus develop rela'tionships with the
circulary and respiratory systems respectively. These relationships of
a nervous origin have different characteristics both structurally and
functionally. The functional conditions of the center of the nervous sys-
tem change in accordance with environmental conditions, and therefore may,
in combination with transmissive nervous impulses, develop divergent
or even opposite responses to the circulary and respiratory centers.
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Summary \ -
The character of the respiratory'resﬁdnses‘induced by the
pressure-sensitive sense organs when-the;carotid sinus is stimulated
has a close relationship with the kind ©f anesthetics used. The
respiratory responses of animals under penthotal, sodium amytal, and
sodium barbital were principally excitatory. -In animals under pentobarbital,
there were more inhibitory responses- than eXcitatory responses. In animals
under chloralose, a majority of the respiratory responses were either
excitatory or diphase in character. In animals under amyl-beta-butylic
acid the respomses were principally inhibitory in character.

The sectioning of the trunk of the right and left vagus nerves
in the neck region can effect respiratory responses, but it has a definite
relationship with the different kinds of anesthetics used. In animals
anesthetized with penthotal, sodium amytal and sodium barbital, the
responses were principally excitatory. Following sectioning of the trunk
of the vagus nerve, the degree of excitation in some of these animals
even became more conspicuous. In a small number of the animals the degree
of excitation and respiration were reinforeced simultaneously, while the
respiratory frequency was lowered. In animals anesthetized with amyl-
beta-butylic acid, penthotal, or chloralose, vagotomy proved advantageous
to the strengthening or development of inhibitory responses.

Deepening of anesthesia could effect the degree of respiratory
responses, but would not change the character of the respiratory responses.

The stimulation threshold of the pressure-sensitive respiratory
responses of the carotid sinus was in most cases 120-1L0 mm mercury under
our experimental conditions. The threshold value dropped somewhat
following sectioning_of the trunk of the vagus nerve.

As regards the effect of the different kinds of anesthetics and
vagotomy on respiratory responses and the paths of transmission of the
pressure-sensitive respiratory responses of the carotid sinus, discussion
has been made in this paper.

We extend our deep thanks and appreciation to Professor Hsu
Feng-yen, who has given us much assistancé and guidance in the process
of this research project.. '

Bibliography

(1) Tung Ch'uan-sheng, Li-p'eng,(fgﬂﬂg ), Chang Ching-ju, Huang Chung-sun,
Chang Yung-t'ang (5$\§é~§f ), and Hsu Feng-yen ($5.% #), "Effect
of Carotid Sinus Pressor bn the Respiratory lMovemen s of ‘Animals
Conszious or Under Light Anesthesia,":Sheng-1i Hsueh-pao, 1958,

22, LT. : .

(2) Koch, E.: Die reflektorische Selbsteuerung des Kreislaufes. Leipzig:
Steinhopff, 1931. L .

(3) Lin K'o-sheng (F&7 ﬂg) and Hsu Feng-yen, "The Depressor or Vastotic
Reflexes," Sheng-li Hsueh-pao, 1931, 5129 - '

-8 -




(k)

(5)

(é)

(7)

(8)
(9)

(10)

(11)

(12)

(13)

Heymans, C., Bouckaert, J. J. and Regniers, P., 1le Sinus Carotidien
et la zone Homologue Cardio-Aortique Paries," Doin, 1933. Cited

by Aviado, D. M. and Schriidt, C. F., "Reflexes from Stretch Receptors
in Blood Vessels, Heart snd Lungs," Physiol. Rev., 1955, 35, 2L7.
Schweitzer, A. Die Irradiation Autonomer Reflexe. Basle: Karger,
1937.

Brown, R. V. and Hilton, J. G.: "The Effectiveness of the Baroreceptor
Reflex under Different Anesthetics." J. Pharmacol. & eXp. Ther.,
1956, 118, 198. . - U

Dripps, R. O. and Dumke, P. R., "The Effect of Narcotics on the
Balance Between Central and Chemoreceptor Control of Respiration,"
Tbid., 1943, 77, 290.

Sehmidt, C. F. and Comroe, J. Hey "Respiration." Ann. Rev, Physiol.,
19’—0—’ 2, 150

Neil, E., Redwood, ¢. R. M, and Schweitzer, A., "Effects of
Flectrical Stimulation of the Aortic Nerve in Animal Under Nembutal
and Chloralose Anesthesia." J. Physiol., 19L9, 108, 8p.

Neil, E., Redwood, C. R. M. and Schweitzer, A., "Pressor Responses

to Electrical Stimulation of the Carotid Sinus Nerve in Cats." 1Ibid.,
1949, 109, 259.. ‘

Neil, E., Redwood, C. R. M. and Schuweitzer, A., "Effectiveness of
FElectrical Stimulation of the Aortic Nerves on Blood Pressure and
Respiration in Cats and Rabbits Under Chloralose and Nembutal
Anesthesia." Ibid., 1949, 109, 392.

Augustinsson K., ThAcetylcholinesterase and Cholinesterase.” The
Enzymes. Edited by Summer, J. B., New York, Acad Press. 1950, vol. 1,
ch-10.

Metz, B., "Brain Acetylcholinesterase and a Respiratory Reflex."

Amer. J. Physiol., 1958, 192, 101.

(1k) Zzlvsov, Ve Vo Pharmacology of the Nervous System, translated by

(15)

(16)
(a7

(18)
(19)

Chéang Ming-hsing, et al A Jen-min Wei-sheng Ch'u-pan-she publication,
1957.

Bjurstedt. H. and Eulor, U.5.V., "Uber die reflektroische beeinfkussung
der atmung durch dJen endosinualen und endoaortelen Druck. Acta
Physiol. Scand., 1942, L, 23.

Winder, C. V., WIsolation of the Carotid Sinus Pressor Receptor and
Respiratory Reflex." Amer. J. Physiol.; 1938, 122, 306.

Heymans, C. and Bouckaert, d. Jes '51NUS Caroticus and Respiratory
Reflexes." I. Cerebral Blood Flow and Respiration. Adernaline apnea.
J. Physiol., 1930, 69, 25L. C

Heymans, C. and Pannier, R., npressoreceptors of the Carotid Sinus
and Respiration." Ibid., 1945, 1oL, Lop.

Chang Ching-ju and Hu Ching-fen, Sheng-1i Hsueh-pao, 1959, 23, 218.

A




SRR

1. WHain carotid artery

2, Interngl earetld artery

3. External carotid eriery
4. OCarotid sinus sac

5. Oceipiial ariery

6, Carotid sriery sac

7. JImmer membrane of arterial wall

8. Muscle layer of arterial wall

9, Inner membrane of arterial wall .
10, Arrow pointing to carotid sinus s@e

Deg,li s 13 kilogrsms, anssthetlized with godivm amybal. \
Respiratery reactions t¢ sarvotid sinus pressor stimulation;

- gollowing sectioning of the vagus nérvey. Inverted venous ssc
method pressor. Between 1 and 17 trenk of right vagus nerve
ectioned. I, II and IIIs carotid sinuses {right and left)
presgor 2L0 mm mercury. Ourve from top to bottem: record of
side-tube of respirstor, arterial blood pressurs, carotid sinus
(r. & 1.) stimulation marks, time marks. .
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Dog, é?, 10.5 kilogrems,

end method prassor.

sinuses, R.
bottoms
respiration as recorde
pressura, carotid sinus (r. & 1.} etimulation mariks, time marks).

Pig. k.

.D‘”g:?
method pressor.
nerve ssctioned,

Respi

i
N

, 12 kilograms, anesthetized with chloralose. Blind-end
Betwsen I and II: trunk of right and left vagus

I, II,

pressor 180 mm, 100 ma,

Curve: dindications ssme as in Fig. 3 4 o

_ Between I and II and betwsen IT and III:

trunk of right and lefi vagus nerves gectisnsd, I and II:s Carctid
and 1., pressor 160 mm mercury. Ourve from top to
ration as recerded by rvespiration recording instrument
d by side-tuba of respirztor, arterial blocd

anesthetized wiih pentobarbitel. Blind-

111 and IV carotid sinuses, right and lefi,
210 mm and 200 mm mercury, respectively.
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