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The authors compared the effects of halothane
and cyclopropane on total pulmonary resistance
(Re) in dogs before (unstimulated) and during
airway constriction produced by histamine or
vagal nerve stimulation. In two dogs, direct mea-
surements of ainvay diameter were obtained fmm
bronch and ed with simul ly
obtained values of Ry. At equipotent concentra-
tions halothane was the more potent dilator of
both constricted and unstimulated airways. (Key
words: Airway resistance; Bronchodilation; Halo-
thane; Cyclopropane.)

Stupies of the effects of halothane and cyclo-
propane on ainvay size have produced diver-
gent results. Changes in airway size have
been evaluated indirectly by measuring total
pulmonary resistance (Rp). Ry, is the resist-
ance to gas flow in the airway plus the viscous
resistance associated with mechanical defor-
mation of the lung. Resistance to flow is re-
lated inversely to airway size. Colgan?! ob-
served no change in Ry, with the administra-
tion of 2.5 per cent halothane or 17 to 33 per
cent cyclopropane to dogs lightly anesthetized
with pentobarbital. In contrast, Klide and
Aviado * found a progressive reduction in Ry,
in dogs as the inspired halothane concentra-
tion was increased from 0.5 to 3 per cent (15
to 30 mg/100 ml blood), and they interpreted
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their findings as indicating that halothane is aR
bronchodilator.

Conflicting results have also been obtmnedm
in studies of the effects of halothane and cy-S
clopropane on airways previously eonstnctedf
by histamine or acetylcholine. In one study,S
cyclopropane, but not halothane, attenuated3;
the bronchoconstrictive effect of histamine’;%
in another, halothane antagonized histamine-g
induced and acetylcholine-induced consmc-m
tion of tracheal smooth muscle.? s

Observed differences in anesthetic effects ons.
airways may result from: (1) species varin-g_
tion; (2) comparison of isolated with intact$
preparations; (3) variability in resting air\vayg
tone; (4) simultaneous use of more than oned
anesthetic agent; and (5) variations in thex
method for determining R;. Minimizing the®
factors that produce conflicting results, we
compared the effects of halothane and cyclo-§
propane alone and with chloralose on Ry, in3Q
the intact dog. Measurements were made ato
constant respiratory flow rates before and afkero
airway constriction produced by histamine m‘U1
by stimulation of the vagal nerve. In two™
dogs anesthetized with halothane or cyclopro-
pane, Ry, was compared with direct measure-_.
ments of airwvay diameter from bronchogrnm;o
before and during vagal nerve stimulation.

Methods

We performed experiments on 30 dogs
weighing 10.6 to 13.6 kg. Anesthesia was in-o
duced with halothane or cyclopropane in oxy-o
gen, using a conventional circle system withg
CO., absorber or with intravenous chloralose g
(90 to 150 mg/kg). Oxygen inflow was 3>
I/min in animals anesthetized with halothane 2
or chloralose and 1.5 I/min in animals anes-§
thetized with cyclopropane. These mﬂowm
rates were maintained for a minimum of t\vor\J
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hours prior to the start of measurements. Ven-
tilation was controlled with a ventilator °° to
maintain arterial carbon dioxide partial pres-
sure (Paco,) at about 40 torr. End-expired
halothane concentration was determined with
a Beckman LB-1 infrared halothane analyzer,
sampling from a small catheter in the trache-
ostomy tube. A calibration curve for halo-
thane was prepared as previously described.
End-expired cyclopropane concentration was
taken as the difference in oxygen concentra-
tion from that observed during breathing of
pure oxygen. Oxygen concentration was sam-
pled from the tracheostomy tube during ex-
piration with a Beckman Model D oxygen
analyzer.

The effects of halothane and cyclopropane
on Ry, were compared at constant and equiva-
lent depths of anesthesia using the concept of
minimum alveolar (anesthetic) concentration
(MAC).> In the dog MAC for halothane is
0.87 per cent; for cyclopropane, 17.5 per cent.
A constant end-expired anesthetic concentra-
tion was established and held for a minimum
of ten minutes before Ry, was measured. In
those animals anesthetized with halothane, the
inspired end-tidal anesthetic partial pressure
difference was less than 12 per cent through-
out the ten-minute period.

R;, was determined by measuring airflow
and transpulmonary pressure (Prp) simultane-
ously and projecting these measurements in an
X-Y display on an oscilloscope. We integrated
airflow to obtain tidal volume and subtracted
an electrical signal proportional to lung vol-
ume from Prp to eliminate that portion of
pressuré due to elastic recoil (i.c., compliance
pressure).¢ The slope of the resulting line
is Ry

Airflow was measured through a tracheos-
tomy tube with a Fleisch pneumotachograph
and a Statham PMISTC transducer. Flow
was produced by a small bellows pump driven
by an eclectrical motor or by 2 loudspeaker
powered by a variable-frequency sine-wave
generator. A sine-wave flow was produced
with each of the two systems, and we main-
tained respiratory frequency and airflow con-
stant in each animal. The pneumotachygraph

©9 Air Shields Ventimeter Ventilator, Hatboro,
Pennsylvania.
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was calibrated with a Fischer-Porter rotameter o
using oxygen. Since the flow signal from the 2
pneumotachygraph is dependent on viscosity, 3
and since the relative viscosities of oxygen:-f.
(0.02) and cyclopropane (0.0087) are dis-Z
similar,” we prepared a calibration curve re-3
lating flow to cyclopropane concentration and 5
corrected all flow values for differences in8
viscosity. >

Transpulmonary pressure was measured withﬁ
a Statham PMI3ITC as the difference be-2
tween airway and intrapleural pressure. Air-3
way pressure was measured with a 13-gaugeS
needle inserted into the tracheostomy tube.Z:
Intrapleural pressure was obtained from a8
catheter inserted into a right mid-chest inter-5.
space.

To permit measurement of Ry, a three-way
valve was turned to bypass the anesthetic ap-
paratus and connect the dog’s airway to thed
sine-wave generator. Ry was measured in‘%
duplicate at resting lung volume and the air-§
way was then returned to the anesthetic cir~%
cuit. Measurements were completed within :rcéL
ten-second period.

Resistance of the tracheostomy tube andg
connecting tubing was subtracted from the
value obtained, so the Ry, reported is that of%
the animal only. Esophageal temperature wasg
monitored and maintained between 35.8 and@
389 C. We measured arterial blood Pol,g
Peo,» and pH after induction of :mesthesia§
and at least every two hours thereafter. Meta-@
bolic acidosis, if present, was treated by intra-"
venous infusion of sodium bicarbonate. ]

Three types of experiments were performed=
to determine the effects of halothane and cy-3
clopropane on resting airways and on airwnysg
constricted by histamine or vagal nerve stimu-3
Iation:
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ResTinG ( UNSTIMULATED) AIRWAY

Ry, was measured in eight dogs anesthetized3
with halothane (mean weight = 12.6 kg) and$
in 12 dogs ancsthetized with ecyclopropane3
(mean weight = 13 kg). Six dogs in eachz
group had Ry, measured at various anesthetic>
concentrations ranging from 0.5 to 2.4 MAC=
for halothane and 0.5 to 4.0 MAC for cyclo-3
propane. In the remaining cight dogs, RN
was measured at one anesthetic concentration



336

204
1.5+
Ry
em H20/ 1.0+
L/ SEC

Qs+

HICKEY, GRAF, NADEL, AND LARSON

Ancsthesiology
October 1969

peojumoq

Fic. 1. Effects of}
halothane on Re in sxxm
dogs. Levels of halo-=
thane anesthesia areg
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only. Airflow from the sine-wave generator
was held constant for each dog. Peak airflow
for the group varied from 0.43 to 0.60 1/sec.

A1rway CONSTRICTED BY HisTANINE

Effect of histamine on Ry, was measured in
five dogs anesthetized with halothane and six
dogs anesthetized with cyclopropanc. MAC
ranged from 0.65 to 1.9 for halothane and
from 0.6 to 2.9 for cyclopropane. Histamine,
125 ug dissolved in 1 ml saline, was injected
into a 3-ml catheter in a femoral vein and the
catheter was rapidly flushed with 10 ml of
saline. Ry was measured continuously for 90
seconds after injection, by which time the
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maximum rise in Ry, had occurred. Duplicate
determinations were made when Ry, had re-:
tumed to prehistamine control for a minimum 0
of five minutes. Changes in Ry, induced by 50 3
and 250 pg of histamine were also determined 3
in three of the above animals anesthetized >
with halothane and three anesthetized with
cyclopropane.

=

AIRwAY CONSTRICTED BY VAGAL
NERVE STIMULATION
Under chloralose anesthesia, a bilateral cer-
vical vagotomy was performed in each of 12
dogs, the distal end of the transected vagus
nerves stimulated (10 to 12 volts; frequency,
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Re Fic. 2. Effects of cy-
cm H20/ -:lopmpane on R. in six
L/SEC dogs. Levels of cyclo-

1.5 - propane anesthesia are
shown as multiples of
MAC.
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Fic. 3. Effects of 5
halothane and cyclopro-
pane on the increase in
Ry produced by 125 ug
histamine given intra-
venously. Anesthetic
concentration is given in Ru
multiples of MAC. em.H20/
losed circles are halo- L/ SEC
thane; open circles are
cyclopropane. Dashed 2+
lines indicate R. mea-
surements made prior to
histamine administration; 14
solid lines are R. mea-
surements made with
histamine.
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15 Hertz; duration, 3 msec) for 20 seconds
and the resultant maximal increase in Ry, mea-
sured. The inspired gas was then changed
from pure oxygen to halothane-oxygen (six
dogs) or cyclopropane—oxygen (six dogs) and
Ry, measured before and during vagal stimula-
tion. These measurements were made at stable
MAC multiples ranging from 0.1 to 2.3 for
halothane and from 0.5 to 4.6 for cyclopro-
pane. To exclude the effect of chloralose on
the airway, two dogs were anesthetized with
halothane and two dogs with cyclopropane
and R; determined before and after vagal
nerve stimulation at several multiples of MAC.
The anesthetic concentration was then low-
ered to about 0.6 MAC and the dogs were
given chloralose (80 mg/kg) intravenously.
Measurements of Ry were made at MAC
values as Iow as 0.1 for halothane and 0.5 for
cyclopropane.

In two additional dogs anesthetized with
chloralose, airway diameter was measured di-
rectly from tantalum bronchograms® and com-
pared with simultaneously-obtained values of
Rp. Six airways ranging from 1.5 to 20 mm
in diameter were measured prior to and dur-
ing stimulation of the vagus nerve. These
measurements were repeated during the in-
halation of halothane (0.6 to 2.2 MAC) in
one dog and during the inhalation of cyclo-
propane (0.8 to 3.1 MAC) in the second dog.

CYCLOPROPANE —:
CONTROL
HALOTHANE
S HISTAMINE
Lkt etk ® HALOTHANE

CONTROL

T T 1

1 2 3

Results
RestinG {UNSTIMULATED) AIRWAY

Animals anesthetized with halothane had
significantly lower Ry (mean 1.1+0.3
H.O/l/sec) than those anesthetized with cy=s
clopropane (mean 2.0 +=0.8 cm HQOﬂ/secﬁ
(P<0.01). R ranged from 0.7 to 19 cnf
H.0/1/sec during halothane anesthesia (fig. 1¥
and from 0.6 to 3.4 cm H.0/1/sec during cyy)
clopropane anesthesia (8g. 2). R did no%
vary significantly with changes in anesthetict
concentration for either agent (P > 0.5).
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AIRwAY CONSTRICTED BY HISTAMINE

At 0.6 to 0.7 MAC, control Ry, was loweis
in animals anesthetized with halothane tha@
in animals anesthetized with cyclopropaneS
R, measurements made prior to administras
tion of histamine averaged 1.1 em H,0/l/seQ
for those dogs anesthetized with halothan&
and 2.2 cm H,0/1/sec for those anesthetized
with cyclopropane (fig. 3). After histamine:
125 pg intravenously, mean Ry, increased ti
3.2 em Ha.O/1/sec in the animals anesthetize
with halothane and to 5.5 cm H.O/l/sec i
the animals anesthetized with cyclopropane
(fig. 3). Increasing the concentration of eitheD
anesthetic antagonized the bronchoconstrictiveg
effect of histamine, but at near—equivalen%
MAC values, Ry, was always lower with haloQ
thane than with cyclopropane (P <0.05)%
Histamine dosages of 50 and 250 pg changed

(o]

0 FFAEK



HICKEY, CRAF, NADEL, AND LARSON

Anesthesiology

2
338 October 1965
|w]

o

Canuk 1. Effeets of Halothane and Cyclopropane on the Increase in i, 5

Produced by Electrical Stimulation of the Vagus Nerves I

Q

2

Halothane Cyclopropane =

Dog Councentration ARL* Per Cent Max. 1 Dog Councentration ARL* Per Cent Max, 1O
Vol PPer Cent Vol Per Cent 3

=

1 0.00 19 100 10 0 7 we §
0.15 1.5 78 18 3.6 9 5

0.22 14 74 47 0.7 10 g

0.40 0.7 37 N

0.88 0.2 11 11 0 w2

1.40 0.0 0 s 9 3

20 20 3

2 52 100 10 1B
1.0 19 >

0.1 2 12 0 44 100 S

0.2 2 s 5.0 120§

0.0 0 17 e 98 32

0.0 0 41 3.3 [

3

3 0.00 8.0 100 13 0 1w 2
0.16 1.0 12 11 3 5

0.88 0.0 0 29 79 <

1.92 0.0 0 41 61 o)

81 w2

4 0.00 5.2 100 o
0.10 15 29 14 0 24 w3

0.60 0.6 12 19 3.1 10 F

1.25 0.0 0 26 0.6 28 2

135 0.4 8 42 0.0 0o £

67 0.0 0o &

3 0.00 5.1 100 5
0.13 3.3 68 15 0 2.3 w g

.22 3.5 68 13 2.4 4 Q

0.43 0.1 3 43 L4 5 &

1.10 0.0 0 65 0.3 14 S

SL 0.0 0 3

7 0.00 16 100 K
0.10 3.8 $3 16 0 100

1.05 1.0 2 12 100 32

1.95 0.9 20 23 Y-

42 3 <

[ 0.00 182 100 63 1 8
0.10 10.1 59 S

0.60 2.6 14 17 0 2. W0 S

1.00 3.2 18 12 2. 83 8

1.25 1.3 7 23 0.7 2 o

41 0.4 14 g

9 0.00 29 100 61 0.1 3 =
0.15 1.0 35 g

0.16 0.9 31 Q

0.97 0.1 4 2

1.52 0.4 14 iy

=)

S

* AR is the increase in total lung resistance in em/H:0/1/see
 Per cent max. is the per cent of the maximum increase in It ol

when 100 per cent is defined as the increase in Ry, during anesthesia with chloralose only.

produced by vagal nerve stimulation.>
bserved during vagal nerve stimulationS

O

¥202 It



Volume 31
Number 4

Fic. 4. Effects of
halothane and cyclopro-
pane on the increase in
R.. produced by electri-
cal stimulation of the
vagus nerves. Closed
circles are halothane;
open circles are cyclo-
propane. Anesthetic
concentration is given in
multiples of MAC. Re-
sponse per cent maxi-
mum is defined in table
1. Regression lines for

125"]
100 -3
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cach agent were calcu- °
lated by the method of
least squares.

the degree of bronchoconstriction seen, but
irrespective of histamine dosage, R;, was al-
ways lower in animals anesthetized with halo-
thane than those anesthetized with cyclopro-
pane.

A1rway CONSTRICTED BY VAGAL
NERVE STIaruLaTiON

Halothane at all anesthetic concentrations
attenuated the increase in Ry, that occurs with
vagal nerve stimulation (P < 0.001) (table 1).
Cyclopropane did not alter significantly the
airway response to vagal nerve stimulation
until the mean concentration exceeded 19 per
cent (1.1 MAC) (table 1). Comparison of
the slopes of the regression lines for these
two agents indicate that they are significantly
different (P <0.01) (fig. 4).

Bronchograms confirmed that both anes-
thetics lessened bronchoconstriction induced
by vagal nerve stimulation, but of the two
agents, halothane was the more potent an-
tagonist (figs. 5-8). Vagal stimulation de-
creased airway diameter by an average of 44
per cent during chloralose anesthesia, by an
average of 38 per cent during chloralose anes-
thesia plus 0.8 MAC cyclopropane, and by
18.5 per cent during chloralose anesthesia plus
0.6 MAC halothane. These changes in diame-
ter extended throughout all major ainwvays.

Discussion

Essential to any study of anesthetic effect
on airways is the determination of drug action
on the stimulated (constricted) as well as the
unstimulated airway. In both circumstances,

T T T T T T
o5 10 1.5 20 25 30 35 <0
MINIMUM  ALVEOLAR CONCENTRATION
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our study indicates that halothane is a more
potent bronchodilator than cyclopropane. At
equivalent multiples of MAC, mean Ry, in the
unstimulated airways of animals anesthetized
with halothane was half the mean value ob-
tained in similar animals anesthetized with cy-
clopropane. Likewise, halothane more effec-
tively antagonized the bronchoconstrictive ef-
fects of histamine and vagal stimulation. At
equivalent multiples of MAC (figs. 3 and 4)
halothane was distinctly the more potent an-
tagonist. Bronchographic studies with direct
measurement of airway diameter confirmed
the indirect (physiologic) evaluation of air-
way size by measurement of Ry, (figs. 5-8
The tantalum bronchograms demonstrates
that: 1) both anesthetics will prevent the se-
vere bronchoconstriction of vagal nerve stimu-
lation, but halothane is the more potent an- {§
tagonist; and 2) the antagonistic actions of 3
both anesthetics occur in both small and large 3
airways.
Dissimilar lung volumes between the groups S
of dogs might explain the difference in Ry <'o:
observed between halothane and cyclopropane S
in the unstimulated airway. However, mean S
body weights were similar in the two groups &
of dogs, hence resting lung volumes in the €
two groups would presumably be similar. €
Furthermore, recent evidence suggests that an- &
esthesia, per se, does not alter end-expiratory S
lung volume appreciably.® S
Differences in viscosity of inhaled gases, >
like changes in lung volume, will influence =
R,. With laminar flow, Ry, is directly pro- S
portional to viscosity, decreasing as viscosity N
decreases. Viscosity of cyclopropane is ap-
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prior to (control)

Fic. 5 (above, left). Tantal bronch

and R
and during vagal nerve stimulation in one dog amst.hehzed with ch!ora]ose nnd breathing

oxygen.
Fic. 6 (below, left). Effects of va

chloralase anesthesia.

al nerve stimulation on airway size and Ry, in the same
dog shown in fig. 5 following the addition of halothane anesthesia to 0.6 MAC to the basal

proximately half that of air or oxygen. As
the concentration of cyclopropane in the air-
way increases, viscosity decreases, thereby de-
creasing Ry even though airway dimensions
remain constant. This would tend to mini-
mize the differences in Ry between these two
agents and thus oppose our findings. A de-
crease in viscosity also lowers the flow rate at
which laminar flow changes to turbulent flow.
With turbulent flow, Ry, xncrmes, although
airway di are d. However,
we found no evidence of turbulent flow in
that we saw no change in pressure-flow slopes
with increasing gas flow at any cyclopropane
concentration.

Our observation that Ry, did not change ap-
preciably with increases in halothane concen-
tration above 0.5 per cent differs from that of
Klide and Aviado.? They found a mean re-
duction of Ry, of 40 per cent in spontaneously-
breathing dogs as the inspired halothane con-
centration was increased from 0.5 to 3.0 per
cent. We question Klide and Aviado’s inter-
pretation of their results. They cited as evi-
dence that halothane is a bronchodilator, the
finding that as halothane concentration was
increased, the slope of the pressure—flow loop
increased and that transpulmonary pressure
decreased at a constant air flow. In the one
illustration of pressure—flow loops provided,
Klide and Aviado report a 72 per cent reduc-
tion in Ry, as the halothane concentration in-
creased from 23.2 to 35.4 mg/100 ml blood.
Examining their data, we found that the
pressureflow loops could be exactly super-
imposed on each other, and we propose that
the slopes of these loops were not significantly
different at different halothane concentrations.

The question whether halothane dilates the
unstimulated airway of the dog is not an-
swered by our study. Ry was low at the
lowest halothane concentration studied and
did not decrease as the halothane concentra-
tion was increased (fig. 1). We suggest that
the unstimulated airway is fully dilated at
0.5 per cent, so that increasing the halothane

1y WOy papeojumoq

dose has no further effect on Ry. The marke®
reduction in Ry, (50 per cent) observed witl
a low concentration of halothane (0.25 pedd
cent) in the stimulated airway would supporﬂ
this conclusion (fig. 4).

Anesthetics probably act at multiple sxtcg
to affect airway size. Fletcher et al® found
that 10 mg/100 ml halothane in blood an3
tagonized histamine-induced contraction of am
isolated preparation of guinea pig tracheal
chain. They concluded that halothane has a5
direct relaxed effect on tracheobronchial:
smooth muscle. We support this conclusiong
since we found that halothane antagonizedS
the bronchoconstrictive effect of histamineZ:
in an intact preparation. However, severep
hypocapnia may also produce bronchoconstricS.
tion, presumably by a direct effect on the air-<
way.}* Patterson and associates recently haves
demonstrated that halothane at airway con-cﬁ
centrations ranging from 1.0 to 3.0 per centw
was completely ineffective in reversing theoo
bronchoconstriction of severe hypocapnia. “‘0
Why halothane was ineffective in this circum-g
stance is unknown.

No studies of the effect of cyclopropanch
on histamine-induced constriction of isolated
airway smooth muscle are available. Colgan ’§
has shown that cyclopropane inhibits the ef-3
fect of histamine on airways in the intactS
dog. Our study confirms his findings. Theo
mechanism for cyclopropane inhibition of Ins-
tamine-induced bronchoconstricion may bed
direct action on the smooth muscle, an un-8
known reflex mechanism, or, as suggested by
Colgan, secondary to increased catecholamines@
liberated by cyclopropane. Vhether cyclo-§
propane changes pulmonary resistance fromg
that found in unanesthetized dogs is notg
answered by this study.

S00

Conclusions

Comparison of the effects of halothane and &
cyclopropane on airway size by measurement
of Ry, and by direct measurement of the di-
ameter of ainvays indicates that: (1) Dogs

0z Iudy
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prior to {control) and dur-

Fic. 7 (above, left). T:
ing vagal nerve stimul

Fic. S {below, left). Effect of vagal nerve
dog shown in fig. 7 following the addition of cycl

chloralose anesthesia.

ation in an animal anesthetized with chloralose only.

stimulation on airway size and Re in the samne
Jopropane anesthesia to 0.8 MAC to the basal

anesthetized with halothane have a signifi-
cantly lower Ry, than those anesthetized with
cyclopropane; (2) There is no correlation be-
tween the depth of halothane or of cyclopro-
paned and Ry, in concentrations ranging from
0.5 to 3.5 MAG; (3) Both anesthetics block
neurally-mediated bronchoconstriction and the
bronchoconstriction of direct-acting histamine.
Halothane is the more potent antagonist.
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