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The pattem of respd during
characterized by small tida! volumes with rapid
respiratory frequencies, has been attributed to
increased activity of the HeringBreuer reflex,
following itization of pul y stretch re-
ceptors by the drugs. This thesis was tested by
stretching the lungs with pressures chosen to in-
crease the FRC by approximately one and two
times the tidal volume. Neither the pattern of
ventilatory changes after pressure loading nor the
classical inhibitory ratio gave evidence of an ac-
tive HeringBreuer reflex in 30 lightly anesthe-
tized, tachypneic, nonmal adult males. Rather,
the ch in ventilation mimicked closely that
produced by an increased viscous work of breath-
jng. It is proposed that the state of anesthesia

bolishes control hani: rather than sensi-
tizing reflex control of breathing.

A HUNDRED YEARS AGo Hering?! and Breuer?®
demonstrated that when the lungs of rabbits
were stretched by inflation there’ was reflex
inhibition of subsequent inspiratory effort.
Further studies of Head,? Adrian,* and Widdi-
combe > have shown that this reflex is one of
several mediated via the vagus, characterized
by slowly-adapting receptors with a low
threshold. Whitteridge and Biilbring,® study-
ing afferent activity in the vagi of spinal and
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decapitated cats inhaling nitrous oxide, cyclo-
propane, trichloroethylene, chloroform, or
ether, clearly showed that these drugs sensi-
tized the receptors in the tracheobronchial
tree and parenchyma, such that any degree
of stretch produced a comesponding larger
amount of afferent activity. Dundee and
Dripps suggested that sensitization would ex-
plain the tachypnea that develops during in-
halation anesthesia.? This explanation for the
tachypnea during anesthesia is appealing be-
cause of its simplicity, but there is consider-
able evidence that in man the reflex is not
acﬁve.ﬂ, 9, 10,11

The usual technique for demonstrating the
Hering-Breuer reflex in animals during spon-
taneous respiration maintains inflation (usually
by occlusion of the airway) preventing exhala-

‘Hon. After a time, an inspiration occurs from

the inflated end-inspiratory position. The

magnitude of the Hering-Breuer reflex is ex-

pressed as the ratio of this time to the duration
of-a respiratory cycle before the stretch. This
quotient is called the inhibitory ratio. But, if
tachypnea in man is to be explained by a re-
flex which limits tidal volume, the inspiratory
occlusion technique would be inappropriate to
Jemonstrate it. Since the receptors have a Jow
threshold and adapt slowly, sensitization by
anesthesia should result in a decrease in tidal
volume. If exhalation is not prevented, it starts
earlier, leading to an increase of respiratory
frequency when the lungs are stretched.

We have designed a study to compare five
anesthetic techniques. Neither the classical
inhibition ratio, nor a pattern of decreased
tidal vol Vi, with increased frequency, f,
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gave eviderice for activation of the reflex when
0
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the stretch receptors were stimulated by in-
creasing the pressure within the breathing
circuit. The pressure was sufficient to increase
the FRC by one to two tidal volumes. These
observations are controlled by two compari-
sons: (1) the comparison of several anesthetic
techniques, which give rise to varied initial
frequencies of breathing, and (2) the com-
parison with a similar increase in the work of
breathing produced by resistance loading.

Methods

Thirty male patients, free of cardiopulmo-
nary disease, in five groups of six patients each,
were anesthetized with halothane; fluroxene;
methoxyflurane; cyclopropane; or cyclopro-
pane after 10 mg. morphine and 0.6 mg.
atropine as premedication. The first four
groups were premedicated with 0.4 to 0.6 mg.
of atropine or scopolamine and 100 to 150
mg. pentobarbital, administered at least one
hour prior to induction. Six additional healthy
males were studied when awake to determine
the normal response to the breathing circuit
and stresses employed, using a mouthpiece
mounted on the Y piece of the anesthesia ap-
paratus described below.

Anesthesia was induced by inhalation. In
the first three groups nitrous oxide was used
during induction, but it was discontinued and
high inflows of oxygen-anesthetic mixture were
delivered for a half hour before observations
were begun. Tracheal intubation of an anes-
thetized patient was facilitated by 60 mg.
succinylcholine intravenously administered. No
topical anesthetic was used. R

‘When the patients reached a clinically stable
state of light anesthesia and were breathing
spontaneously, the reservoir bag.of 2 standard
Foregger anesthesia circle breathing system
was replaced by a 13 liter Collins respirometer
with Reichert ventigraph. The spirometer
Sadd valves and canister had been removed
(Bg. 1). After a regular respiratory pattern
had been recorded for one minute, a five-
pound weight was added to the bell of the
spirometer. One minute later a second five-
pound weight was added. After another min-
ute both weights were removed. Several min-
utes later, the procedure was repeated except
that ten pounds were added at a time. The
addition of five- and ten-pound weights to the

(N

<

13 Liter
Spirometer

Fic. 1. Apfgoamtus used in the experiments.
‘Weights hung from the spirometer bell bead chain
increase the total pressure within the breathing
circuit. A narrow tube b: ed by a large-bore
valve increased resistance during both inspiration
and expiration when the valve was closed.

spirometer bell corresponded to an increase
in airway pressure of 4.5 and 9 torr, respec-
tively.

After these observations had been completed
the response to a fixed non-elastic resistance to
respiration was recorded for one minute. The
resistance (10 cm. H,0 X L.t X sec.” during

laminar flow) was chosen to approximate the .

order of magnitude of increased work of
breathing during pressure-loading (0.15 kg.
X m. X min-1). (Resistance breathing was
studied in only two patients of the halothane
group.)

Vg, Vo, and f were tabulated from the spi-
rometer records after correction to BTPS.
Changes with the addition of the weights, and
with the addition of the fixed non-elastic re-
sistance, were taken as the difference between
the loaded measurements and the average of
the measurements before and after loading.
The changes were analyzed by Student’s ¢
test.

The inhibitory ratio was calculated. after
measurement of the respiratory cycle length
from the spirometer record, using a microscope
with 2 micrometer eyepiece (10X magnifica-
tion). ‘The change in FRC resulting from pres-
sure loadings was measured by the shift in
spirometer baseline after correction for the
compliant volume of the circuit and of an
assumed FRC of 2.5 liters.
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Results and Interpretation

The average respiratory frequencies, tidal
volumes, and minute volumes for the five
groups of six patients each are given in table 1,
together with the changes that resulted from
two different pressure loads and one viscous
Joad. The control pattern of tachypnea with
small Vyp was especially marked in the three
halogenated hydrocarbon groups. Resting mi-
nute volumes were normal to slightly-depressed
except during fluroxene anesthesia, when sev-
eral patients had slightly elevated minute
volumes.

REsPONSE TO PRESSURE Loapmng

Significant ventilatory reduction usually re-
sulted from increased airway pressure, but f
did not increase further; on the contrary, more
often it decreased. This decrease was highly
significant after pressure loading during halo-
thane and during cyclopropane-with-morphine
anesthesia. In the other three groups the
lesser response was significant. On the aver-
age, Vi was reduced after both the five-pound
load and the ten-pound load in all groups ex-
cept that of cyclopropane-with-morphine anes-
thesia. The reduction in tidal volume was not
significant during methoxyflurane anesthesia at
cither of the pressures studied, but was signifi-
cant for halothane, fluroxene, and cyclopro-
pane at one or both of the pressure levels.
The ratio of .inspiratory to expiratory time was
not grossly altered (but these times were not

d ly). Itis i ing to note
that the patients with the lowest control venti-
latory measurements showed the least decrease
during pressure loading. The response of
awake man was a decrease in Vp and Vg of
borderline significance with little or no change
in respiratory frequency.

RESPONSE To Viscous LoapiNG

Increasing the work of breathing by the im-
position of a resistance within the breathing
circuit produced little or no change in the f in
any of the four anesthetic groups studied. The
average Vp and Vg during resistance breath-
ing decreased in all four groups, but the de-
crease was significant only for the two halo-
genated hydrocarbons. - The largest response

PASKIN, SKOVSTED, AND SMITH

occurred in the cases with ]a.rgest initial values.
In no patient did we see a sustained increase
in FRC of as much as the concurrent V.

THE PATTERN OF RESPONSE TOo LoApING

Figure 2 shows the pattern resulting from
two pressure loads and one viscous load.
Panel A shows the response of normal awake
man to the circuit and loads. Panels B through
F represent the five anesthetics studied. The
average change in f was quite small in every
case, tending to d during both p
and viscous loading. Vi decreased with load-
ing during halogenated hydrocarbon anesthesia
(panels B through D). The d was less
for fve-pound loads than for ten-pound loads,
nearly the same whether ten pounds was
achieved in two steps or one, and approxi-
mately the magnitude of response of a similar
increase in the viscous work of breathing.

The patterns of response in the two cyclo-
propane groups were somewhat different. The
frequency of breathing was slower to start
with and showed less decrease with both pres-
sure and viscous loading. The Vy during cy-
clopropane without morphine showed the same
changes as did V, during halogenated hydro-
carbon anesthesin. When morphine premedi-
cation preceded cyclopropane anesthesia, the
decrease during pressure loading was abol-
ished. The decrease in Vy with viscous load-
ing was of the same magnitude as in the other

groups.

Tee INmmrrory Ratio

The classical expression of the Hering-
Breuer reflex is a period of inspiratory inhibi-
tion by lung inflation, usually measured by the
ratio of the duration of the first respiratory
cydle after loading to the last respiratory cycle
before loading. Table 2 shows the average
ratios and the corresponding increase in func-
tional residual capacity produced by pressure
loading. In no group was a significant increase
in the ratio produced by inflation of the order
of one or two tidal volumes.

The individual results are plotted in figure 3.
The period of the first breath after stimulation
divided by the period of respiration before
stimulation is plotted against the degree of
stimulus, ie., the increase in functional re-
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sidual volume. Panel B shows representative
data from the study of Widdicombe of vari-
ous species under barbiturate anesthesia.® He
measured transpulmonary transpressure as an
index of pulmonary stretch. A 10 em. H,O
transpulmonary pressure in anesthetized man

is approximately equal to an increase of one
liter in functional residual capacity.

Our observations in the five anesthetic tech-
niques are shown in the remaining five panels.
Lines connecting pairs of points with the base
line at a ratio of 1.0 represent individual pa-
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tients. None of the halogenated hydrocarbons
por cyclopropane without morphine can be
considered as sensitizers of the reflex. Four of
the six patients receiving cyclopropane after
morphine premedication might be considered
to have shown some evidence of sensitization
(two of these four had episodes of apnea),
but the Vi of three of these patients increased,
contrary to the predicted pattern.

PRODUCTION OF APNEA

Tn more than 100 observations of pressure
loading involving 30 patients, we found only
two apneic responses. Both occurred during
cyclopropane anesthesia with morphine, but
in different patients. One occurred with ten
pounds of weight added to the spirometer at
once, and the other when the ten-pound load
was applied stepwise; the durations were 25
seconds and 18 seconds. In meither patient
was the apnea reproducible several minutes
Iater. The inhibitory ratio was calculated from
observations of repeated loadings which did
not elicit apnea. .

Discussion

The presence of the Hering-Breuer reflex as
an important part of central nervous control in
lower animals, and sensitization of peripheral
receptors by inhalation anesthetics, has been
demonstrated beyond question. However, it
is weak and not regularly demonstable in
awake man or in man anesthetized with thio-
pental® During anesthesia with nitrous oxide-
halothane, Guz and co-workers could demon-

strate little or no classical Hering-Breuer re-
flex, althongh the respiratory rate was rapid
and the tidal volume shallow.? Further, local
anesthetic blockade of surgically-exposed vagi
did not change the pattern of ventilation in
any fashion. In extending these observations
they found nine patients in whom demonstra-
ble inspiratory inhibition was abolished by
vagal blockade.t® However, this inhibitory ef-
fect was demonstrable only with large inflation
volumes, of the order of 1,000 ml, and was
associated with an active expiratory effort.
This confirmed observations of Ritzel,’* who
found that active expiratory efforts followed
large inflations and tracheal occlusion. The
response to large-volume inflation is a reflex
distinct from the slowly-accommodating one
originally described by Hering and Breuer,?®
and would not account for tachypnea during
anesthesia.

If sensitization of a weak Hering-Breuer re-
flex were responsible for the characteristic
tachypnea and small tidal volumes of halo-
genated hydrocarbon anesthesia, it would be
important to distinguish it from other causes
leading to inadequacy of spontaneous respira-
tion during general anesthesia. We therefore
designed this study not only to look for the
Hering-Breuer reflex in the traditional manner
by measuring the inhibitory ratio, but to test
whether stretching the lungs by one or two
times the tidal volume would produce a pre-
dictable pattern of response. Since pressure
loading increases the work of breathing, the
observations can be controlled by showing

TasLE 2. The Immediate Effect of Pressure Breathing on the Inhibitory Ratio and FRC

Ten-pound Load

' Five-pound Load
Anesthetic
AMean Mean

Mean o Mean

e SD. | locrease | SD. b SD. | Tocremse | SD.
Halothane 1.09 0.07 0.265 0.146 1.16 0.11 0.512 0.167
Fluroxene 111 0.18 .261 0.122 0.96 0.17 0.583 0.170
Methoxyflurane 0.97 0.18 0.228 0.061 114 0.32 0.545 0.178
Cyclopropane 118 0.68 0.306 0.111 1.00 0.12 0.713 0.276
Cyclopropane

after Morphine 113 0.13 0.244 0.092 1.33 0.54 0.508 0.217

Awake Man 102 0.19 0.525 0.129 0.99 0.10° 114 0.327

The inhibitory ratio is the ratio of respiratory frequency before loading to that after loading. The

increase in FRC is in liters, BTPS. No values for the ratio are statistically different from 1.0,
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that the pattern of response during stimula-
tion of the reflex is different from the pattern
of response to increased work of breathing in
the same patients, at approximately the same
time.

Measurements in the awake group are in-
cluded only to describe the awake response to

our circuit and stresses. The response of
awake man to both elastic and viscous load-
ing is well documented.** %3¢ The f, Vr, and
FRC vary after loading so as to maintain an
alveolar ventilation with a minimized work of
breathing.” Factors tending to increase the
viscous resistance to breathing, such as con-
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stricted or obstructed airways, are overcome
by increasing the tidal volume and slowing the
respiratory frequency or increasing the FRC.
Factors which increase the elastic work of
breathing, such as chest strapping or pressure
loading, elicit a response of increased fre-
quency with decreased tidal volume.

It is interesting to note that Breuer used-
opiate anesthesia in his original investigation
of the reflex? Henderson and Rice demon-
strated that morphine enhanced the inflation
reflex in rabbits, which they attributed to cen-
tral action of the drug?® May and Widdi-
combe also found enhancement by opiates of
the Hering-Breuer reflex in the cat, which they
attributed to bronchoconstriction resulting in
increased stretch receptor activity.!* Widdi-
combe found a difference in stretch receptor
activity when stimulated during inflation as
compared with that during maintained infla-
tion.* During phasic constant-volume infla-
tion, a drug causing bronchoconstriction en-
hanced the Hering-Breuer reflex, but during
maintained inflation of the lungs acetylcholine
reduced the receptor response. It was pro-
posed-that during maintained inflation acetyl-
choline constricts the entire bronchial tree with
the displacement of gas into the alveoli. This
would tend to decrease the activity of the
stretch receptors in the airway. In the case of
phasic inflation, however, the airway resist-
ance might result in a greater transbronchial
pressure with distention of the larger bronchi.
Pressure breathing (constant increase in mean
airway pressure) would be more comparable
to maintained inflation than the method of
study of inhibition ratio in the first respiratory
cycle after inflation. Conceivably, morphine
and cyclopropane (both weak bronchoconstric-
tors) could change the mechanical stimulation
of receptors by increased pressure. As seen in
Panel F of figure 2, only during cyclopropane
after morphine was there a difference in re-
sponses to the two types of increased work of
breathing.

That only two instances of apnea were
noted in more than 100 observations is con-
sistent with other studies showing the reflex
to be weak in man compared with the rat and
rabbit. Receptors may be sensitized, but the
reflex is either absent or impaired at other loci.

Since increased work of breathing gives rise

to similar changes in the respiratory pattern,

we believe that the response is mot attribut-
able to sensitization of the Hering-Breuer re-
flex. Rather, we suggest that the chain of
neuromuscular events accomplishing the work
of breathing is depressed by the state of gen-
eral anesthesia, so that increased effort does
not follow an increased load. We feel that
these patterns are evidence not for the sensi-
tization of a control mechanism but rather
for depression or absence of a control mecha-
nism. Depression of other respiratory control
mechanisms during anesthesia has been dem-
onstrated.1:19  If this view is correct, the
rational treatment of tachypnea during anes-
thesia is not additional depression by inira-
venous narcotics in an attempt to slow the
rate, but mechanical augmentation of the res-
piratory volume by assistance or control of
respiration.
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Drugs

LOCAL ANESTHETICS Cinchocaine, amethocaine, cocuine and procaine block
the calcium-evoked release of catecholamines from the adrenal medulla. The block
is dose-dependent and parallels the anesthetic potency of these agents. This effect
on the cell membrane of the chromaffin cells is analogous to the effect of these local

anesthetic agents on the cell membrane

of peripheral nerves; that is, blocking the
calcium in the other. This block can be -

influx of p fum in one i and

overcome with high concentrations of calcium. These agents also block acetylcho-
line-evoked release of catecholamines from the adrenal medulla. This response,
however, is not dose-dependent, and cannot be reversed with high concntrations
* of calcium, and the dose necessary for blockade does not correlate with the anes-
thetic potency of the agents. These agents are structurally similar to acetylcholine

and may act in

this instance by competitive inhibition. ‘(Jaanus, S. D., Miele, E.,

and Rubin, R. P.: Analysis of the I hibitory Effect of Local Anesthetics and Pro-

Evoked by Calcium or Acetylcholine, Brit.

pranolol on Adrenomedullary St
J. Pharmacol. 31: 319 (Oct.) 1967.)

EPINEPHRINE AND ADRENERGIC BLOCKADE Effects of a three-hour
epinephrine infusion were studied in three groups of sheep which were either un-
treated, premedicated with an alpha-adrenergic blocking agent (phenoxybenzamine),
or premedicated with both alpha- and beta-adrenergic blockers (phenoxybenzamine
+ propranolol). In untreated sheep, the immediate effects of epinephrine infusion
were similar to those observed in other species, whereas in phenoxybenzamine-pre-
treated animals responses were those of beta-adrenergic stimulation. In animals pre-
treated with both alpha and beta blockers, immediate responses to epinephrine was
virtually absent. Twenty-four hours later, untreated and phenoxybenzamine-treated
animals were hypotensive, but there was no evidence of diminished blood or plasma
volumes or myocardial failure. Sheep treated with both alpha and beta blocking
drugs had delayed severe hypotension and died unless given adrenal cortical steroids

during the night. (
of Sustai;

Halmagyi, D. F. I, and others: Effect of Ad
o

gic Blockade
Infusion, J. Appl. Physiol. 23: 171 (Aug.)

on C
1967.)
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