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Trne Fact that arrhythmic cardiac contractions may occur in norm@
men anesthetized with various drugs is well recognized. The factor
involved in their production, however, are not yet identified, and mang
clinicinns continue to refer to them as ‘‘spontancous’” arrhythming.
Some anesthetists continue to refer to them as ¢‘spontancous’’ and e
periments performed to determine their causes continue fo he pe§~
formed almost exclusively in animals. Y
The principal reasons for studying cardiac arrhythmias in animalk
are two: their sporadic and unpredictahle occurrence in man, and the
development of methods hy which arrhythmias ean be produeed pr%
dictably in animals. The most frequently used animal method has been
the intravenous injection, into dogs anesthetized with cyclopropane, &
quantities of epinephrine which may exceed the maximal secretory
capacity of the animals’ own adrenal glands (1).. As a result of such
studies in dogs, it has been suggested that eyelopropane reflexly ‘‘sensg
tizes’” the myocardium to the cffects of cpinephrine by acting oB
mesenterie receptors (2). There is no evidence fo suggest that i
same mechanism operates in man, or, if it does, whether this is the cansgg
of “spontancous’’ arrhythmias occurring during anesthesin. Thed
is evidence that the dog responds differently to epinephrine injectios
during cyclopropane ancsthesia than do other species (3), and it ha
been reported that intravenous infusions of norepinephrine in me3
anesthetized with cyclopropane may not disturb eardiac rhythm (4§
An investigation of the mechanisms involved in the production &
“spontancous’’ arrhythmins during anesthesia in man thercfore ap
pears warranted. S
Recent studies suggest that the coincident production of respiratory
acidosis may be the most frequent cause of cardine arrhythmias oe-
curring during the administration of a number of ancsthetic agents
human beings (5, 6, 7). During cyclopropanc anesthesia it was fountl
that arrhythmias could be produced in every case by inducing mif
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hyperearbia.- This method has been utilized in the present study @
produce cardiac arrhythmias in subjects anesthetized with cyc]a-
propane. The means by which carbon dioxide acts to produce ng_—
rhythmias under these conditions has been investigated.
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MerrODS

Twenty-cight adult female subjeets were studied who were phyE—
ieally normal except for complaints judged to neeessitate dilatation of
the eervix and curettage of the uterus. Age ranged from 22 to 54 yenrg
No preanesthetic medication was given.

Anesthesia was indueed with eyelopropane in oxygen, using ?il
valved, undireetional, semiclosed system eontaining a soda lime eanisté
for curbon dioxide nbsorption. As soon as the depth of anesthes
permitted, the patient’s trachea was intubated with a cuffed rubber
Magill tube, and the cuff inflated with air. The concentration of cyel@
propane inspired thereafter ranged from 15 to 30 per ecnt, and r§
mained constant (within one volume per cent) throughout the duratida
of each study, which lasted for approximately two hours. The surglcﬁ
operations were deferred until the end of the period of study. Ti&
total gas flow averaged one liter per minute. Analyses of emi-
expiratory gas snmplcs for cyelopropane were made by absorption i
30N sulfurie acid, using a Scholander gas analyzer. The concentr§
tions measured vnrlcd within a range of plus or minus one volung
per eent when the inspired eoncentration was held constant. g

The expired carbon dioxide tension was measured eontmuous@
with a Liston-Beeker ‘‘breathe through’’ analyzer plaeed as near a3y
possible to the subject’s face., The apparent pCO: recorded was coS
rected for the presence of cye]opropnne (7). Respirations were ng
sisted by intermittent manual compression of a 5 1. hreathing bag i@
an attempt to maintain the end-expiratory pCO: between 30 and 48
mm. of mercury during the control periods. The carbon dioxide tef
sion was increased by shunting the soda lime canister totally ]
partially out of the system. To attain the highest levels of pCOo
earbon dioxide was added to the system from a high-pressure cy]md(g
at rates up to 250 ml./minute.

Arterial blood pressure was measured by means of a strain gnu@
through an indwelling needle inserted in the brachial artery. Tl@
electrocardiogram (lead 2) was recorded continuously. Samples &
arterial blood were drawn at intervals, eentrifuged at 750 g for
minutes, and the plasma analyzed for epinephriue and norcpmeplmr&
by the trihydroxyindole method (8).

In some eases parasympathetic blockade was nttempted by ndzr
ministering 1.4 to 2.1 mg. of atropine sulfate intravenously in divided
doses at one minute intervals. In other instances blockade of som

_of the cardiac sympathetic nerves was produced by depositing a total
“of 10 to 20 mL of one per cent lidocaine in the region of the stcllate
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ganglia. Criteria for blockade were the occurrence of miosis nﬁd
axillary anhydrosis.

Intravenous infusions of l-epinephrine or l-norepinephrine blttg’-
trate were made in some subjects by means of a constant rate infusién
pump. All quantities and concentrations of these substances are e%—
pressed in terms of the bases.

Statistieal analyses were performed by means of the Fisher ¢ tc%t

(9.
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ResuLts

Relation of Arterial Plasma Concentrations of Epinephrine aﬁd
Norcpmephrmc to Cardiac R _/ihm.—'l‘he concentrations of epine
rine and norepinephrine measured in arterial plasma before the mdxik:-
tion of anesthesia in 6 of the subjects studied averaged 0.09 pg/l. epi-
nephrine and 0.21 pg./I. norepinephrine, and ranged between zero afid
0.22 epmephrme and zero to 0.62 norepmephrme These concentm-
tions are in the normal range observed using our modification of
trihydroxyindole method (8). The pCO- ranged from 34 to 46 mgm
of mereury. Cardine riiythm was of sinus nodal origin in all subjeé&s
except 2 and 7 in whom ventricular extrasystoles occurred with ﬁn
average frequency of once in three minutes.

The administration of eyclopropane was associated with an El-
significant effect on plasma epinephrine concentration, but the conc@-
tration of norepmephrme increased significantly.  Data obtained in I3
subJects are shown in table 1 under the heading ¢‘Control.”” The pCP-
in samples of end-expired air was normal, slightly elevated, or shghﬁy
reduced (range 25 to 51 mm. of mercury). Cardiac rhythm was nomgt]
in these subjects under these conditions.

When the pCO: was deliberately increased, without changing tﬂie
end-expiratory concentration of cyclopropnne, ventricular extrasys-
toles, blgemmn] rhiythm, or multifoeal ventricular tachyeardia wias
observed in each of the 28 cases. The pCO: levels associated with tfe
appearance of these arrhythmias (threshold level) in 13 cases are notgd
in the section of table 1 titled ‘‘Hypercarbia.’” The threshold legl
averaged 58 mm. of mercury and ranged from 44 to 72 mm. of mereuss
In the 4 subjects tested the pCO: threshold was reproducible wit
3 mm. of mercury provided that the concentration of cyclopropnneéin
end-expired air remained constant. The catechol amine concentratiof
measured at the onset of the arrhythmias produced by clevating p
are also shown in table 1.* With a single exception (subject 13), ﬁle
concentrations of epinephrine, norepinephrine, or both exceeded thoge
determined before the period of hyperearbia. Return of the elevatgd
pCO: to normal was associated with retnrn of eardiac rhythm to nomgn
in these cases, and with a rednction in the plasma catechol amine cép-
centrations, Thus, the question arose whether the increased concegh-

* Fifteen subjects in whom arrhythmias were produced by hypercarbin bave been omitéd,

either beeause tho threshold was not sccurately determined or beeause blood samples for
eatechol amine analysis were not obtained.
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{ration of plasma epinephrine and norepinephrine associated w1t§
hyperearbia eaused the arrhythmias.

This problem was attacked by infusing epinephrine and/or norep%
nephrine intravenously in the same subjeets while they were maintained
at eonstant end-expiratory cyclopropane concentration, and at a stend%
subthreshold level of end-expired pCO: (see definition of *‘threshold2
above). The cateehol infusion rate was doubled every three to s&
minutes until an arrhythmia appeared, or until the maximum rafp
obtainable with our equipment (20-30 pg./minute) was reached.

Twelve observations were made, and are reportcd in table 1. Tg
three instances no arrhythmia was produeed, while in the remainde:
the frequeney of ectopic rhythm was less or the type of arrhythmia
less ‘“severe’’ than during hyperearbia in most instances (basis
grading = nodal extrasystole < ventricular extrasystole < frequent sz
gle focus ventricular extrasystoles < multifocal ventricular tnch}}
cardia). In all eases the plasma concentration of catechol amine i
fused was, at the onset of arrhythmia, ten or more times that measurcd
when the arrhythmias were initiated in the same suhjects by llypeeP_-
carbia. Mixtures of epinephrine and norepinephrine were no mo
effective in producing arrhythmias than an equal amount of either
drug scparately. However, in several instances epinephrine appear
more potent than norepinephrine alone. The infusion rates of epk
nephrine or norepinephrine producing nrrhythmms ranged from 4 Iﬁ
26 pg/minute.

The possible explanations for these findings nppenred to be at ]en~§
two: carbon dioxide might enhance the effeets of eirculating eateehg
amines, so that an average increase in end-expired pCO- from normd
to 58 mm. of mercury (table 1) would cause a tenfold inercase in thS
ability of epinephrine or nerepinephrine to produce arrhythmias og
carbon dioxide might initiate arrhythmins by a mechanism not dés
pendent upon an inereased plasma epinephrine or norepinephrine com
centration.

The first possibility was mvestlgnted by infusing epinephrine
norepinephrine mtrnvenous]y during various steady subthreshold levelg
of end- e\pxred pCO: in order to dlscover whether the infusion ratg
effective in produeing cardiac arrhythmias _depended upon the cnrbon'
dioxide tension. The results are ineluded in table 1. No dependencd
could be shown. Although the results are inconclusive becanse onlg
the subthreshold range of pCO- could be examined, it is noteworth
that subject 10, whose pCO- threshold was suﬂiclenﬂy high to permit
infusion studles at a pCO: of 53 mm. of mercury, failed to develop nn
arrhythmia on two oceasions of infnsion of norepinephriue at the rnt@
of 26 pg/minute.

Effects of Stellate Ganglion Blockade.—~Support for the poss1b1ht5=
that earbon dioxide could initiate cardiac arrhythmias independently of
an inerease in plasma catechol amine concentration was obtained by
blocking the stellate ganglia bilaterally with ldocaine in subjects 3, 12,

1S°Z
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13 and 14. -Prior to blockade frequent ventricular extrasystoles had
occurred in ecach subject when the pCO: was elevated, the threshold
ranging from 48 to 72 mm. of mercury. During the blockade, however,
the threshold for arrhythmia was 118 mm. of mercury in subject 3,
121 mm. of mereury in subjeet 14, and above 125 mm. of merecury in tHe
other 2 cases. For technical reasons, pCO: levels greater than

mm. of mereury could not be aceurately measured. In one subject (1.
13) frequent ventricular extrasystoles suddenly occurred after pC@.
liad been clevated for forty minutes. It was apparent from inspectien
of the pupils that the blockade of the right stellate ganglion was dimig-

TABLE 2

Prasya EPINEPHRINE AND NOREPINEPHRINE CONCENTRATIONS ASSOCIATED WITH VENTRICU
Anrnuymnuias Propucep sy Hyrercamrsia aNp CATECHOL AMINE INFUSION
BEFORE AND APTER STELLATE GANGLION BLoCRADE

w @ ) (3),
Hypercarbia Stellate Block and J{ypercarbia Infusion

Bubject

e .
S0 |0!saq“sau9/u§m Jey

MABP | Rtythm | B[ N |aaBP | Ruyttien | By N |MABP [ RUythm | JEq
a1} G /1) kAL G/l G/

=

3 |04 [(VEX)| — | — | 106 [(Occ. | 204 | 601 — — | 8
VEX) °

7 o1 [(VEX)|0.11 | 0.95 —_ — | = | 93 |(vEX)| 2.16 | 168
11 76 | (VEX)| 0.28 | 0.00 —_ — —_ 94 | (VEX)| 1.95 | 0.6
12 101 | (VEX)| 030 [ 242 | 104 [(RSR) | 2.72 | 448 — —_ —-
13 102 | (VEX)| 0.10 | 0.20 | 103 | (RSR) | 1.87 | 3.00 | 99°* [(VEX)| 2.96 | 4.
14 93 | (VEX)| 0.06 | 0.84 94 [(VEX)[ 1.20 | 288 | 93 |(VEX)| 2.00 | 7.68
100°* | (VEX)| 3.20 | 8.68

—5-

Mean 05 0.17 | 0.88 | 102 218 | 412 | 96 2.45 7.Ql,3’
Qo

[=]

Significant difference compared to (1) ~ S
(p < 0.05): + + + + -'inﬁ
E = Epincphrine. VEX = Ventricular extrasystoles. °
N = Norepinephrine. RSR = Regular sinus rhythm. Q
MABP = Mcan arterial blood pressure. * After stellate block. 2
o

ishing at this time. Injection of 5 ml. of one per cent lidocaine in the
region of the ganglion was followed within one minute by reversion ®
normal sinus rhythm. Subecutaneous injections of 10 ml of one per
cent lidocaine did not clevate the arrhythmia threshold. 2
Table 2 compares the plasma epinephrine and norepinephrine co3-
centrations measured when attempts were made to initiate ventriculfr
arrhythmias by (1) hypercarbia, (2) hypercarbia during stel
ganglion blockade, and (3) catechol amine infusions. Data from tBe
6 subjects in whom two or more of these procedures were carried o
and who received both epinephrine and norepinephrine infusions, co-
prise the table. The plasma concentrations of epinephrine and nore
nephrine detected during condition 2 were great cnough to suggel
that after stellate ganglion blockade the arrhythmias were initiated
** cither partly or entirely by an inerease in the cireulating catechol amine
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D
level. Prior to blockade, the discharge of the cardiae sympnthetg
nerves apparently could initiate arrhythmias without greatly elevntng
plasma epinephrine and norepinephrine concentrations.

Since deposition of a local ancsthetic solution in the neck mxgﬁi
conceivably block the vagus nerves, and since stellate ganglion blockade
often resulted in tachyeardia it was considered necessary to decide
whether inadvertent vagal blockade could have influenced the results.
For this purpose the pCO: threshold for arrhythmias was determmdﬂ
before and after the intravenous administration of 1.2 to 2.1 mg
atropine sulfate, in divided doses, in subjects 9, 11, and 15. No cos-
sistent diffcrence in threshold was detected. The pCO- levels at wlu@u
ventricular arrhythmias first appeared in these 3 subjects were (m
order) 60, 67, and 55 mm. of mercury before the administration gf
atropine, nnd 69, 64, and 58 mm. of mercury afterward.

The posslblllty thnt stellate ganglionic blockade might inhibit tla:
production of cardine arrhythmias by causing arterial hypotensigh
(10) was next examined. In table 2 the levels of arterial blood pressul'?n
at the onset of the arrhythmias caused by hiyperearbia, catechol nmugz
infusion, and hyperearbia during stellate ganglion blockade are corg-
pared. In each subject stellate ganglion blockade increased the mern
arterial blood pressure at which an arrhythmia occurred during hypes-
carbin, thus ruling out the possibility that the blockade inhibited tlié
production of nrrhythmms by producing hypotension. &

In the one subject in whom the possibility was.tested (subject 15’,
table 2), blockade of the stellate gnnglm did not appreciably alter tlw
arrhythmia threshold for catechiol amine infusion. This fact made &
interesting to re-cxamine the idea that carbon dioxide might increase
the ability of circulating epinephrine or norepinephrine to cause af
rhythmms For this pnrposc infusions of epinephrine and norepinep
rine were made in subjects 13 and 14 (tables 1 and 2) whose stellafe
ganglia had been blocked and whose end-expired pCO: was maintainegd
at a level above the threshold pCO: determined before the block. Ev@
under these conditions the concentrations of epinephrine and norepg
nephrine in arterial plasma were ten or more times as great whén
arrhythmias were initiated by infusion (ganglia blocked) as wh@
provoked by hypercarbia before ganglionic blockade.

Cardiac Arrhythmias Occurring During Reduction of Elevat&l
pCO2.—TIn 22 of 28 cases cardiac rhythm reverted to normal with tig
return toward normocarbia. In the remaining 6 cases, ventrlcnlqg'
arrhythmias either appeared suddenly or increased in frequency whdﬁh
the pCO: was reduced from elevated levels. Data obtained just befol!e
or during this period in 24 subjects are shown in table 3, and are
divided according to whether the arrhythmias were diminished or
acerbated by reducing pCO:.. Incomplete data were obtained in i
cases, and these have been omitted from the table. The subjects i iq
whom arrhythmias were exacerbated by reducing pCO: were exposed
to a greater pCO: and cyclopropane level than the others, they were

S/6



626 H. L. PRICE ET AL. st
o

=]

exposed longer, the concentrations of epinephrine and norepinephrige
in the arterial plasma were greater, and the rate of decrease of pCO:
exceeded that in the other group. All of these differences, except that
in duration, were statistically significant (p <0.05). In 3 of thez6
subjeets exhibiting an exacerbation of arrhythmia when pCO: wis
reduced, the inspired cyclopropane concentration was inadverten

reduced at the same time. This fact may also have contributed to the
appearance of cardiac arrhythmias in these cases (7). 4

j )

N

o,

<

TABLE 3 g

Carpiac Ruvnmu Dunrixe Repucriay oF Erevaten pCO, 3
T

. Plasma Catechol
Arterial Amines Before | Rate of ,,cg,
. PCO: Belore | Cyclopropanc f
Du f 4 o Reduction of

Group Hypercatii Teeduction | Congentration pCOr (u /L) (mm. ol 3

minutes) merm;ry) 1 H mereury/o

(g, per cent) E N minute) 5

e

(A) Appearance or exacer- g
bation of arrhythmia <
(4 subjects) 8 100 25.5 2.57 | 10.42 18 g
(B) No arrhythmia or dis- =}
appearanee’ of arrhyth- ?
mia (20 subjects) 25 78 16.1 052 207 14 B
p value >0.05 20,05 <0.01 <0.01 | <0.01 <0012

I2 = Epinephrine. §
N = Norcpinephrine, =
o

Discussron S

The results presented suggest that hyperearbia initiates ventricol@
arrhythmias during eyclopropane anesthesin in man by stimulatiig
cardine sympathetic nervous discharge. An augmented rclease bf
catechol amines by the adrenal medullae probably also occurs, as ind-
cated by an increase in plasma epinephrine concentration, but it af-
pears insufficient to cause cardiac arrhythmias at levels of alveolar
carbon dioxide tension which might be attnined in clinical practi.
Tt is an attractive inference that catechol amine (principally nores-
nephrine) liberation from sympathetic nerves terminating in the cof-
tracting synctium itself causes the arrhythmias observed, and that the
relatively weak effect of adrenal discharge results from the lack ef
proximity of its secretory elements to the myocardium. It is not ug-
reasonable to believe that the eardine sympathetic nerves can liberafe
norepinephrine at a rate exceeding the capacity of the myocardium fp
metabolize it, that it can accumulate in high concentration within
heart, and that a portion of the increase in plasma norepinephrine cog-
centration observed during both cyclopropane ancsthesia and hypct-
carbia results from the release of this substance from the heart (lﬁ.

_ Carbon dioxide inhalation causes cardiac arrhythmias in consciotis
“men (12), as well as during general anesthesia produced by a variety
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of substances (6, 7). The fact that carbon dioxide stimulates symp%-
thetic nervous discharge (13), in part by means of an action on tfhe
hypothalamus (14), is well known. Hypothalamic stimulation in tugn
can provoke cardiac arrhythmias similar to those observed dur';?
anesthesia (15, 16, 17), and this effect appears to be mediated via
efferent sympathetic pathways (17). Z
Certain effects of cyclopropane itself (i.e. in the absence of hyper-
carbia) on eardiac rhythm may be due to sympathetic stimulation. fn
man, the production of ventricular extrasystoles by cyclopropane in the
absence of hypercarbia is accompanied by tachycardia and hiypertensién
(7). The classical deseription of progressive bradycardia followed &y
“‘ventricular escape’’ is thus incomplete, for there appears to be In
addition an increase in sympathetic discharge. Cyclopropane ancs-
thesia is associated with an increase in the concentration of norepi-
nephrine in arterial plasma, which could result from stimulation of tie
cardiac sympathetic nerves, and it appears from preliminary studigs
that blockade of the stellate ganglia will prevent the ventricular ag-
rhythmias which can be initiated by deep cyclopropane anesthesia in tBe
absence of hypercarbia (18). It is of interest that A-V nodal rhythd,
which ocecurs commonly during cyclopropane anesthesia, can also Be
produced by stimulation of cardiac sympathetic nerves (19).
Present evidence thus favors the view that cyclopropane itself stim
ulates sympathetic nervous discharge, that it dees not block the ability
of carbon dioxide to do so, and that these facts are basieally responsib,
for the occurrence of ventricular (and certain other) arrhythmias dug
ing cyclopropane anesthesia. The increase in sympathetic activify
may be reflexly mediated through stimulation of mesenteric receptorg
as suggested by Stutzman ef al. (2); the present studies shed no light
on this problem. The cfferent pathway for ventricular arrhiythmiag,
bowever, is apparently identical with that demoustrated in animals
(2, 17), except that in man adrenal medullary discharge appears &
minor importance compared with that of the cardiac sympathetg
nerves. A reinterpretation of the idea of cardiac ‘“sensitization’’
way of the cardinc sympathetic nerves wounld suggest that the mechs>
nism involved may be simply that of liberation of norepinephrine with®
the myocardium. TUnfortunately, it is not yet clear whether there al$d
occurs a direct ‘‘sensitization’’ of the myocardium by cyclopropane o
normal levels of cardiac sympathetic discharge (20, 21). s
The theory claborated above predicts that drugs which primnri&
antagonize the vascular effects of circulating catechol amines will lg
ineffective in reducing the incidence of cardine arrhythmias occurring
during cyclopropane anesthesia in man. An apparent illustration @&
this is found in the report (22) that phentolamine, which prevents
cyclopropanc-epinephrine arrhythmias in dogs, does not rednce tHg
incidence of ‘‘spontaneous’” arrhythmias during cyclopropane anes:
thesin in man. An analysis of this failure suggests that although a

/4pd
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substance effective in blocking cardiac sympathetic excitation cor&d
have reduced the incidence of ‘‘spontaneous’’ arrhythmias, an adrenp-
Iytic drug like phentolamine was ineffective because its action was i-
appropriate. On the other hand, the success of phentolamine in pl!e-
venting cyclopropune-epmephrme arrhythmias in the dog suggests that
the role of epinephrine in initiating these arrhythmias is not hmlt@
to its action on myocardial receptors ‘‘sensitized’’ by some action gf
cyc]opropune It further suggests that the essential mechanism m-
volved in the production of cyclopropane-epmephrme arrhythmias
the dog may be different from that whieh results in **spontaneouss’
arrhythmias durmg cyclopropane anesthesia in man; and that cautlﬁl
must be exercised in transferring results obtained by this method

man. g

Cardiac vagal stimulation, combined with excitation of the cnrdlgc
sympathetic nerves, may be more effective in producing cardiac a$-
rhythmias than either alone (23). The fact that cyclopropane may prﬁ
duce some degree of cardiac slowing in man is clear, but the degree ef
slowing is not remarkable, and it may be insignificant (7). Moreovcg,
it has been found difficult to initiate ventricular arrhythmias during
cyclopropane anesthesia in man by stimulating the peripheral end &f
the divided vagus nerve (24). The administration of atropine did ngt
alter the arrhythmia threshold in the present studies. There arR
rensons for believing that acetylcholine liberation by the vagus ner
can suppress ventricular arrhythmias (25). Conversely, the ndmmlﬁ’-
tration of atropine during hypercarbia may precipitate ventnculzﬁ'
tachycardia (26). Finally, the last supraventricular beats which ocol®
before the onset of a ventricular arrhythmia dnring cyclopropane anes
thesia in man are frequently rapid and originate in the sinus node (7§
This occurs even when the rhythm just preceding these events hag
been slow and the pacemaker displaced. A high vagal tone thus doqs
not appear essential for the initiation of ventricular arrhythmias dugg
ing cyclopropane anesthesia in man.

The exacerbation of arrhythmms which occurred in some cases wlug
elevated pCO:= was decreased is perhaps of no more than academid
interest since it was noted only after pCO: elevations to levels whidh
are almost unattainable in clinical practice (over 15 per cent), and on
in some cases even under these conditions. It is interesting that the
plasma concentrations of epinephrine and norepinephrine in the suf¥
jeets whose arrhythmias did become more frequent during ‘‘blow-o
were already in the range capable of producing arrhythmia before the
pCO: was decreased (table 3). Exacerbation of arrhythmia could thes
result from removal of an inhibitory effect of carbon dioxide on my&
cardial excitability, an action which has already been suggested (2
28). Alternatively, an ¢‘ overshoot’’ of epinephrine and norepinephri
liberation synchronous with decrease of carbon dioxide could explaif
this phenomenon. There is some evidence that this occurs in dogs antt
“ cats (13), but the question has yet to receive study in man.
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An increase in alveolar carbon dioxide tension precipitated veh-
tricular arrhythmia in each of twenty-eight human snbjects unesthetizgd
with cyclopropane. 3

Intravenons infusions of epinephrine and/or norepinephrine gt
rates from 4 to 26 pg./minute produced similar arrhythmias in six 8f
eight subjects. Ventricular arrhythmia could not be produced in oge
case by an infusion of epinephrine at the rate of 12 gg./minute, nor fn
another when 26 pg./minute of norepinephrine were administered. 2

The concentrations of epinephrine and norepinephrine in arterifl
plasma during periods of arrhythmia were much greater when the of-
rhythmias were produced by infusion than when they were eaused ky
hypercarbia. This suggests that an increase in circulating catechsl
amines was not the cause of the arrhythmias.

The administration of atropine did not appreciably affect the abilify
of hypercarbia to initiate ventricular arrhythmias.

Bilateral blockade of the stellate ganglia with a local anesthe
rendered hypercarbia practically ineffective in producing ventricu
arrhythmias, but did not significantly alter the ability of infused epi-
nephrine or norepinephrine to do so. ;

The effect of blockade of the stellate ganglia in preventing
rthythmias was not the result of coincident arterial hypotension, sys-
temic absorption of the local anesthetic drug, or inadvertent vag#l
blockade; presumably it resulted from interruption of sympathetic
fibers supplying the heart. 2

Reduction of elevated alveolar carbon dioxide tension toward normgl
resulted in disappearance of ventricular arrhythmias except in
few instances when the concentrations of epinephrine and norepinepl-
rine in arterial plasma were in the range capable of producing ag-
rhythmias before hypercarbia was corrected, and when the rate of
pCO: reduction exceeded 25 mm. of mercury/minute.

The data indicate that hypercarbia increases the rate of liheratica
of catechol amines from sympathetic nerves terminating in the myg:
cardium, and that this causes ventricular arrhythmias. Amines libeg
ated from the adrenal medullae or from other sources during hypeg-
carbia are relatively ineffective in producing arrhythmias, either bg-
cause they do not easily penetrate the myoeardium, or because th
enter the coronary vessels only after dilution with a large volame
of circulating blood. e
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