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Comparison of Low Concentrations of Halothane

and Isoflurane as Bronchodilators
Robert H. Brown, M.D., M.P.H.,” Elias A. Zerhouni, M.D., Carol A. Hirshman, M.D.%

Background: Although high concentrations of all currently
used inhalational anesthetics are thought to be good bron-
chodilators, studies using traditional measures of airway tone
fail to show differences in airway responsiveness during
halothane, enflurance, and isoflurane use. Using a more sen-
sitive technique, the authors compared the ability of halothane
and isoflurane to dilate histamine-constricted airways at
equivalent MAC concentrations.

Methods: Responses of histamine-constricted individual air-
ways to increasing doses of halothane and isoflurane were
directly measured using high-resolution computed tomogra-
phy (HRCT). Fifteen studies were performed in five dogs. All
dogs were initially anesthetized with thiopental 15 mg/ kg fol-
lowed by a 10-mg - kg™ - h™! maintenance dose. Following tra-
cheal intubation, the lungs were mechanically ventilated s
ml/kg, 15 bpm). The airways were constricted with intrave-
nous histamine 200 ug/min. On alternate days, the dogs sub-
sequently received increasing concentrations of either halo-
thane or isoflurane (0.6, 1.1, and 1.7 MAC). On a separate day,
the dogs received atropine 0.2 mg/kg after the histamine in-
fusion and the study was repeated.

Results: Histamine decreased airway area 34 + 2.5% (mean
+ SEM). All preconstricted airways showed a significant dose-
dependent dilation to halothane and isoflurane at concentra-
tions of 0.6, 1.1, and 1.7 MAC. Halothane significantly dilated
airways to a greater extent than isoflurane at 0.6 and 1.1 MAC
(£ < 0.001). This effect was most pronounced in airways less
than 3 mm in diameter. At 1.7 MAC, there was no significant
difference between the two agents (P = 0.42). Atropine (0.2
mg/kg) reversed the airway constriction elicited by intrave-
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nous histamine. The histamine-preconstricted airways area
increased 370 * 34% (P < 0.0001) after atropine.
Conclusions: Halothane and isoflurane dilate histamine-
constricted airways in a dose-dependent manner. However,
at low concentrations, halothane was a more effective bron-
chodilator than isoflurane at equivalent MAC doses. (Key
words: Anesthetics, volatile: halothane; isoflurane. Constric-
tion, airways. Dilation. Histamine. Lungs, bronchi. Measure-
ment techniques: high-resolution computed tomography.)

ALTHOUGH high concentrations of all currently used
inhalational anesthetics are thought to be good bron-
chodilators, studies using traditional measures of airway
tone fail to show differences in airway responsiveness
during halothane, enflurane, and isoflurane use.'~? The
three agents have differing effects with regard to their
abilities at blocking airway reflexes, especially at low
anesthetic concentrations.” Therefore, it is possible that
different inhalational agents may have differential ef-
fects on airways whose caliber is regulated by nerves,
but that the methods previously used to evaluate these
effects have not been adequately sensitive.

Airway diameter changes are commonly assessed by
the indirect measurements of changes in lung resistance
(R,) or, more specifically, changes in airway resistance
(Raw). Both of these indices measure pressure and flow
to calculate resistance. These methods are not sensitive
enough to detect changes in the caliber of conducting
airways,>

Several recent studies demonstrate that high-resolu-
tion computed tomography (HRCT) detects changes
in airway caliber that are not reflected in the measure-
ment of lung resistance.>® High-resolution computed
tomography allows noninvasive measurements of in-
dividual airway caliber changes in airways as small as
1 mm in diameter.*” Using HRCT, we recently showed
that halothane directly dilated the unconstricted air-
ways of the dog. Similar studies using R, showed no
change %2

To determine whether differences exist in the dose-
response relationships to halothane and isoflurane using
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this more sensitive technique, we compared the effects
of 0.6, 1.1, and 1.7 minimum alveolar concentration
(MAC) of the two agents with regard to their bron-
chodilatory effects in histamine-constricted airways.
These data confirm the clinical impression that, at low
agent concentrations, halothane is a significantly better
bronchodilator than isoflurane, and this effect was most
pronounced in the smallest airways measured.

Materials and Methods

Our study protocol was approved by The Johns Hop-
kins Animal Care and Use Committee. Fifteen studics
were performed on five dogs. The dogs were initially
anesthetized with thiopental (15 mg/kg induction dose
followed by a 10-mg-kg™'+h™! intravenous mainte-
nance dose). After induction of anesthesia with thio-
pental, the dogs were paralyzed with 10 mg succinyl-
choline. Following tracheal intubation with an 8.5-mm
ID endotracheal tube, the dogs were placed supine and
their lungs were ventilated with a volume-cycled ven-
tilator (Harvard Apparatus, Millis, MA) with 100% ox-
ygen at a tidal volume of 15 ml/kg and a rate of 18
breaths/min.

Imaging of Airway Area
High-resolution computed tomography scans were

obtained with a Somatom Plus Scanner (Siemens, Iselin,

NJ) using a 1-s scan time, 137 kVp, and 220 mA. Fifty
contiguous sections were obtained, starting approxi-

mately 3 mm above the take-off of the right upper lobe

from the trachea and proceeding caudal using 1-mm
table feed and 2-mm slice thickness. The dogs were
apneic and at FRC for the duration of the scans. Images
were reconstructed with the use of a high-spatial fre-
quency (resolution) algorithm that enhances edge de-
tection, and at a window level of —450 Hounsfield units
(HU) and window widths of 1,300-1,350 HU. These
window settings have been previously shown to allow
optimal lung resolution.'? A range of airway sizes were
selected that could be visualized under all experimen-
tal conditions. For repeated image analysis within each
experiment and across experiments on different days,
parenchymal anatomic landmarks, such as airway or
vascular branching points, were defined on the control-
state HRCT image. Following the histamine challenge
or change in inhalational anesthetic concentration, the
same airways in a given animal were then analyzed on
images matched by these parenchymal landmarks.
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Analysis of Airways

The HRCT images were transferred as 16-bit data im-
ages to a UNIX-based workstation and reduced to 8-bit
images, which were then analyzed using the airway
analysis module of the Volumetric Image and Display
Analysis (VIDA) image analysis software package (De-
partment of Radiology, Section of Cardiothoracic Im-
aging Research, University of Pennsylvania, Philadel-
phia, PA). This package works as follows: an isocontour
of the airway is drawn by the operator. The program
automatically adjusts the isocontour by sending out rays
in a spoke-wheel fashion to a predesignated pixel in-
tensity level that defines the luminal edge of the airway
wall. All pixels within the adjusted isocontour are
counted and represent the airway area. The value for
the airway area is converted from the total number of
pixels to millimeters squared by multiplying by the
pixel dimensions in millimeters squared.

Protocol

Control HRCT scans were performed while the dogs
were anesthetized with thiopental as described above.
Subscquently, the airways were contricted by the ad-
ministration of intravenous histamine (200 ug/min.).
The dose of histamine was selected based on our pre-
liminary work in these animals, demonstrating that this
dose constricted the airways by approximately 50%. A
steady state was achieved within 10 min. Each hista-
mine-constricted airway was used as its own control
for calculating the percent increase in airway area with
the subsequent administration of inhalational anes-
thetics.

As the thiopental infusion was stopped and its effects
allowed to wear off, cither halothane (Ayrest Labora-
tories, New York, NY), or isoflurane (Anaquest, Madi-
son, WI) was administered. In dogs, MAC is 0.87% for
halothane and 1.48% for isoflurane.'*'> The concen-
trations of the inhalational anesthetics were matched
on the basis of equivalent MAC doses of 0.6, 1.1, and
1.7, and were added in cumulative doses to the breath-
ing circuit until steady state end-tidal anesthetic con-
centrations were attained (approximately 20 min) as
measured by gas analysis (N-2500; Nellcor, Hayward,
CA). On a separate day, after preconstriction of the
airways with histamine, atropine 0.2 mg/kg was ad-
ministered, We examined the data as a whole and also
divided the data into subsets according to initial airway
size: less than 3 mm in diameter, 3—-7 mm in diameter,
and greater than 7 mm in diameter. These sizes were
chosen to represent small, medium, and large con-

20z ludy 01 uo 3sanb Aq ypd'z1.000-00090£66 |-Z¥S0000/€709ZE/L601/9/8./4Pd-Bl01E/ABOjOISBYISOUE/WOD" JIBYDIBA|IS ZESE//:dRY WO} papeojumod



1099

HALOTHANE AND ISOFLURANE AS BRONCHODILATORS

ducting airways. Data were analyzed by one-way anal-
ysis of variance and Bonferroni pairwise comparisons
of means with significance considered to be P < 0.05.

Results

Thirteen to 15 airways were measured in each of the
five dogs in each of the 15 studies. The airways mea-
sured ranged in size from approximately 1.7 mm in
diameter to 17.8 mm in diameter. The same airways
were matched and measured in each dog under all ex-
perimental conditions. Under the control condition,
the diameters of the individual airways did not vary
significantly when measured on the different days (P
= .84). The mean airway constrictor response to intra-
venous histamine (200 ug/min) for all airways among
the five dogs and in the same dog on the different days
were not significantly different. Histamine decreased
airway area 34 + 2.5%. All airways preconstricted with
histamine showed a significant dose-dependent dilation
to halothane and isoflurane at MAC doses of 0.6, 1.1,
and 1.7. (fig. 1). There was a significant difference be-
tween the agents at the low anesthetic concentrations.
Halothane significantly dilated airways to a greater ex-
tent than isoflurane at 0.6 and 1.1 MAC (P < 0.001,
fig. 1). At 1.7 MAC, there was no significant difference
between the two agents (P = 0.42).

In the airways less than 3 mm and 3-7 mm in di-
ameter, halothane significantly dilated these histamine-
constricted airways to a greater extent than isoflurane
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Fig. 1. The dose-response dilation of histamine-preconstricted
airways to increasing concentrations of halothane (upper line,
open boxes) and isoflurane (lower line, closed diamonds). The
airways were significantly more dilated at the lower concen-
trations of anesthetic by halothane than by isoflurane (*P
<0.001). At the higher concentration, there was no difference
in the amount of dilation in the airways between halothane
and isoflurane.
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Fig. 2. The dose-response dilation of the histamine-precon-
stricted airways to halothane and isoflurane according to the
initial airway size. Upper, small airways, less than 3 mm in
diameter; middle, medium-size airways, 3-7 mm in diameter;
and, bottom, large airway, greater than 7 mm in diameter.
Halothane dilated small and medium-size airways significantly
more than isoflurane at lower concentrations (*P < 0.01). In
the larger airways, there was no significant difference between
halothane and isoflurane.

at 0.6 and 1.1 MAC (P < 0.05, fig. 2). In airways greater
than 7 mm, the halothane dilation of the histamine-
constricted airways was not significantly greater than
that caused by isoflurane (fig. 2).

Atropine (0.2 mg/kg) reversed the airway constric-
tion elicited by intravenous histamine, indicating that
this concentration of histamine given by this route pro-
duced airway constriction by reflex mechanisms. The
area of histamine-preconstricted airways increased 370
* 34% (P < 0.0001) after atropine.
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Discussion

This study confirms that both halothane and isoflurane
dose-dependently dilate histamine-preconstricted con-
ducting airways. However, this is the first demonstration
of the fact that low concentrations of halothane are
more effective bronchodilators than isoflurane at
equivalent concentrations.

Histamine receptors are located on airway smooth
muscle and on airway nerve endings.'® The afferent
impulses run in the vagus in dogs, as well as in hu-
mans.'® The cholinergic efferent impulses also run in
the vagus. Therefore, histamine receptor stimulation
results in constriction of the airways, both directly and
indirectly. Severance of the vagus nerve or atropine
pretreatment abolishes the indirect reflex component
of airway constriction by blocking these afferent and
efferent impulses.'” The complete reversal or preven-
tion of histamine-induced airway constriction by atro-
pine, which blocks this reflex component,'® indicates
that intravenously administered histamine constricts
the airways measured in our study largely or entirely
by reflex-induced mechanisms with little or no direct
effects.

Several studies using conventional techniques of R,
have examined the effects of halothane on airways of
animals preconstricted with a variety of agonists. Halo-
thane at 1 and 1.5 MAC and aerosol atropine pretreat-
ment significantly attenuated the increase in R, pro-
voked by an aerosol histamine challenge.!' Although
the atropine pretreatment showed a larger attenuation
than halothane, this was not statistically different. The
authors concluded that the major action of halothane
on airways was indirect and represented inhibition of
airway reflexes. Using vagal nerve stimulation to elicit
bronchoconstriction, Warner et al. and Joyner et al.
showed a dose-dependent attenuation of 27-50% in
R, by halothane at concentrations of 1.2-2.0 MAC
during vagal nerve stimulation.'*-*!

Several in vitro studies have examined the effects of
halothane on constricted airways. Halothane attenuated
vagally induced contraction by electrical field stimu-
lation of isolated canine trachealis muscle.?? The au-
thors proposed that this occurred at several sites along
the peripheral vagal motor pathway, as demonstrated
by a reduction of the contractile response to dimethy-
phenyl-piperazinium (DMPP), which stimulates post-
synaptic nicotinic cholinergic receptors; electrical field
stimulation (EFS), which stimulates postganglionic fi-
bers; and acetylcholine, which stimulates M; musca-
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rinic receptors. Only at concentrations greater than 1.7
MAC did halothane depress postganglionic fiber func-
tion, while a concentration as high as 2.4 MAC halo-
thane only attenuated a direct constriction by 25%.

Korenaga et al. demonstrated that halothane sup-
pressed the tracheal smooth muscle contraction at any
given depolarization of the membrane produced by ap-
plication of an outward current pulse, and raised the
threshold membrane depolarization required to pro-
duce the contraction.?® They demonstrated a reduction
in the amplitude of contraction of 87, 77, 65, and 56%
of control in the presence of 1, 2, 3, and 4% halothane,
respectively. They concluded that halothane more ef-
fectively suppressed the tension development of the
tracheal tissue when indirect (nerve-mediated) muscle
stimulation was given.

Inhalational anesthetics are thought to block airway
reflexes in a dose-related fashion.® Isoflurane has been
shown to activate these reflexes to a greater extent than
does halothane.* If inhalational anesthetics are equally
effective at blocking reflexes, the differing effects of
isoflurane and halothane in our study may reflect the
greater activation of reflexes by isoflurane.

Our findings do not necessarily disagree with the
findings of Alexander et al., who measured changes in
collateral resistance to a hypocapnic challenge. They
found that isoflurane was more potent than halothane
at attenuating this response. However, the location,
amount of innervation, and type of airways measured
differed from those in our study. We measured area
changes in conducting airways as small as 1 mm in
diameter, which have innervation. Alexander et al.
measured changes in pressure related to air flow
through collateral channels, which have little neural
innervation. It is possible that low concentrations of
halothane are better at blocking reflexes, whereas low
concentrations of isoflurane are more effective at di-
rectly relaxing airway smooth muscle.

Vetterman et al. investigated the ability of enflurane
and isoflurane to attenuate increases in Ry, to vagal nerve
stimulation in vagotomized dogs. They found no dif-
ferences between the anesthetics. The component of
R, in constricted airways that accounts for conducting
airways resistance may be small.'® Therefore, the in-
vestigators may not have been able to detect even large

changes in conducting airways, because such changes
will be only a small component of R,. At high concen-
trations of inhalational anesthetics, our results are con-
sistent with those of virtually all other investigators.
We found no difference between halothane and isoflu-
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rane in their ability to dilate airways at a concentration
of 1.7 MAC.

The differing effects of halothane and isoflurane were
greatest in the smaller airways. One explanation for
this differential bronchodilation is the statistical anal-
ysis. By transforming the data to percent changes,
changes in smaller airways will be emphasized in the
analysis. The same absolute change in a small airway
will be recorded as a larger percent change than the
same absolute change in a large airway. Therefore, the
percent transformation can account for some of the
differences in the magnitude of the change in the airway
areas of small versus large airways. The transformation
of the data cannot account for the differences observed
between halothane and isoflurane in small, but not
large, airways.

In summary, at low concentrations, halothane is a
more potent bronchodilator than isoflurane at equiv-
alent MAC multiples, and this effect appears to occur
predominantly in the medium and small conducting
airways. This finding may be relevant to the choice of
an inhalational agent for patients with reactive airway
disease who require general anesthesia. This study sug-
gests that halothane is superior to isoflurane at low
concentrations and may be a better choice for induction
of anesthesia in patients with reactive airway disease.
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