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Mucociliary Clearance in the Canine Lung

during and after General Anesthesia
A. R. Forbes, M.B., Ch.B., F.F.AR.C.S.,* and G. Gamsu, M.D.t

Central and peripheral pulmonary mucociliary clearance was
assessed by tantalum bronchography and serial chest roentgeno-
grams in dogs. Thiopental, 25 mg/kg, did not change clearance
from awake values. Halothane, 1.2 MAC, for six hours, delayed
both central and peripheral clearance by at least three hours.
After halothane or diethyl ether, 1.2 MAC, for two hours, re-
covery of mucociliary clearance was delayed for approximately
three and a half hours. (Key words: Airway: cilia. Anesthetics,
intravenous: thiopental. Anesthetics, volatile: diethyl ether;
halothane. Lung: mucus.)

IMPAIRED MUCOCILIARY CLEARANCE after general anes-
thesia may predispose patients to atelectasis, particu-
larly following major abdominal operations.! The
influence of anesthetic agents on overall pulmonary
mucociliary clearance is not known, although studies
indicate that anesthetics may significantly impair tra-
cheal mucociliary flow.?? Halothane, enflurane,
nitrous oxide and morphine depress mucociliary flow
in the dog trachea, whereas diethyl ether does not.?
In this study we measured clearances of tantalum from
the trachea, mainstem bronchi and peripheral airways
during halothane anesthesia compared with the awake
state. We also compared clearance rates during re-
covery from thiopental, halothane, and ether anes-
thesia.

Methods

Mucociliary clearance from the lung during anes-
thesia was examined by tantalum bronchography in
healthy hounds, previously demonstrated to have
good mucociliary flow,? under four conditions: thio-
pental 25 mg/kg; halothane, 1.2 MAC (1.2 per cent
end-tidal), for six hours; halothane, 1.2 MAC, for two
hours, and recovery for six hours; diethyl ether, 1.2
MAC (3.7 per cent end-tidal), for two hours and re-
covery for six hours. There were six dogs, each weigh-
ing 22-25 kg, in each group, except that only five
dogs received diethyl ether.
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Each dog was studied on four occasions, several
weeks apart. On each occasion anesthesia was induced
with thiopental, 25 mg/kg, the trachea was intubated,
and the lungs were ventilated with air. Tantalum was
insufflated with the dog supine before the animal was
placed prone for roentgenography. In the first study,
after induction with thiopental, the endotracheal tube
was removed, and roentgenograms were repeated for
six hours as the dog recovered. In the second study,
anesthesia was continued for six hours with halothane,
1.2 per cent end-tidal, measured with an infrared ana-
lyzer. Controlled ventilation was maintained with oxy-
gen, 25 per cent, in nitrogen, humidified to more
than 90 per cent relative humidity at 32-35 C. Tidal
volume was 30 ml/kg at 6—10 breaths/min to main-
tain peripheral venous carbon dioxide tension at 30~
40 torr. Roentgenograms were taken hourly during
anesthesia. In the third study, halothane, 1.2 per cent
end-tidal, was maintained for two hours, then discon-
tinued. The endotracheal tube was removed and the
dog allowed to recover while roentgenograms were
taken for six hours. In the fourth study anesthesia
was maintained with diethyl ether, 3.7 per cent end-
tidal, for two hours, and roentgenograms repeated
for the next six hours.

Awake studies were performed in an additional
three healthy hounds with chronic tracheal stomas.
The stomas were healed and covered by loosely op-
posed skin folds, so that mouth breathing was pre-
served but access to the trachea could be obtained.
In the awake dog the tracheal stoma and tracheo-
bronchial tree were anesthetized with 6 ml of 2 per
cent lidocaine prior to tantalum insufflation.

For tantalum insufflation, a radiopaque catheter 2
mm in diameter was passed into the origin of each
mainstem bronchus in turn, and tantalum powder of
mass median diameter 2.5 pum insufflated from a
DeVilbiss powder blower until airways 2 to 5 mm in
diameter were outlined on fluorescopic examination.
The trachea was then outlined as the catheter was
withdrawn. Approximately 1 ml, or 16 g, of powder
was needed per dog. With the animal prone, a pos-
teroanterior chest roentgenogram was taken after tan-
talum insufflation. The roentgenogram was repeated
hourly, using the same exposure at end-inspiration
while the animal lay prone in a plastic foam cradle.

Roentgenograms were assessed as follows. Each au-
thor, unaware of the timing or sequence of films,
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Fic. 1. The rates of central mu-
cociliary clearance in awake dogs
and dogs anesthetized with thio-
pental were more rapid than
those seen with halothane for six
hours, halothane for two hours,
or ether for two hours. Clearance
is assessed as percentage tantalum
remaining on serial radiographs.
The dotted line indicates the
duration of anesthetic adminis-
tration.

ranked them according to the amount of tantalum
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remaining. Then, by comparison with standard bron-

chograms, and referring to the radio-opacity of tan-
talum on the initial film as 100 per cent tantalum
dose, he independently scored each film according
to the percentage of tantalum remaining.* The per-
centage of tantalum was assessed in 10 per cent in-
crements. We scored each film separately for central
and peripheral airways. Central airways were defined
as trachea and mainstem bronchus to upper lobe ori-
gin. Peripheral airways were defined as those beyond
the upper lobe origin. Times to 20 and 50 per cent
clearance both centrally and peripherally were com-
pared by analysis of variance and the Student-
Newman-Keuls test. P values less than 0.05 were

considered significant.

Fic. 2. As in figure 1, the
rates of peripheral mucociliary
clearance in awake dogs and dogs
anesthetized with thiopental were
more rapid than those seen with
halothane for six hours, halo-
thane for two hours, or ether for
two hours. The dotted line indi-
cates the duration of anesthetic
administration.

There was excellent correlation in clearance values
between observers. For each film the value assigned
by one author was plotted agamst the value assigned
by the other to give a linear regression of y = 2 + 0. 97x
(r = 0.98).

Clearances of tantalum for all groups are shown
in figure 1 for central airways and in figure 2 for
peripheral airways. ‘

There was no difference in times to 20 per cent
clearance of central airways among the groups (table
1). However, the times to 50 per cent central airway
clearance were 42 min for the group receiving thio-
pental and 75 min for the awake group, both signifi-
cantly different from 273 min for the group receiving
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Tasre 1. Times Taken to Achieve 20 Per Cent and 50 Per Cent Clearance of Tantalum from Central and Peripheral Airways of the Dog

Central Clearance Peripheral Clearance
Halothane Halothane Ether Halothane Halothane Ether
Awake Thiopental 6 Hours 2 Hours 2 Hours Awake Thiopemal 6 Hours 2 Hours 2 Hours
Time to 20 per cent
clearance
Mean (min) 30.1 19.4 99.0 133.0 184+ 24.7 22.4 218.3% 228.3 278.0
SE 15.0 2.5 311 38.7 78.2 2.9 2.5 56.5 25.6 57.9
Number 3 6 6 6 4 3 6 4 6 5
Time to 50 per cent
clearance
Mean (min) 75.4 41.5 273.0 246.7 238.0 76.7 56.7 i 390.7 368.0
SE 374 5.8 46.9 43.2 70.3 21.9 9.2 24.8 31.9
Number 3 6 6 6 5 3 6 6 5

There was no difference among the groups with respect to 20
per cent central clearance, but at 50 per cent central clearance,
and 20 or 50 per cent peripheral clearance, clearances in the awake
and thiopental-treated groups were significantly faster than those
in the halothane-treated and ether-treated groups. At 50 per cent
central clearance, the significance of the difference was P < 0.05;

halothane for six hours, and from 238 min for the
group receiving diethyl ether for two hours. Times
to 20 per cent peripheral clearance were 22 min and
25 min for the thiopental-treated and awake groups,
significantly different from 218 min for the group
receiving halothane for six hours, 228 min for the
group receiving halothane for two hours, and 278 min
for the group receiving ether for two hours. Finally,
times to 50 per cent peripheral clearance were 77 min
for the awake group and 57 min for the thiopental-
treated group, significantly different from 368 min for
the group receiving ether for two hours or 391 min
for the group receiving halothane for two hours.
Times to 50 per cent peripheral clearance could not
be assessed for the group that received halothane for
six hours, since only 30 per cent clearance had been
achieved by six hours. Clearances for the awake group
and the thiopental-treated group were comparable
at each time, and those for the groups receiving halo-
thane and ether were comparable at each time except
that 50 per cent peripheral clearance was not achieved
in the group receiving halothane for six hours.

Discussion

Tantalum bronchography was chosen to assess the
effects of various anesthetics on overall mucociliary
clearance from the lung because of our belief that
tantalum provided advantages not present with radio-
active particles. With tantalum the inert metal parti-
cles adhere to the airway mucus and are cleared by
the ciliary apparatus. The sites of deposition can be
visualized and differentiated, which cannot be done

at 20 or 50 per cent peripheral clearance, P < 0.001 level.
* One dog did not achieve clearance by the end of the study.
T Two dogs did not achieve clearance by the end of the study.
1 Only one dog achieved 50 per cent clearance by the end of
the study.

with radioactive particles. Serial comparisons may be
made of the same areas or airways, and airways may
be separated from alveolar contamination. The dis-
advantage of the tantalum approach is the semiquan-
titative assessment of clearance by visual perceptlon
However, the close agreement between observers in
this study and in others? attests to the reproduci-
bility of the method. The tantalum was well tolerated
by the animals, with the exception of throat clearing
of sputum and tantalum arriving at the vocal cords.
Persistent coughing in one dog and vomiting in an-
other necessitated repeated studies.

Central clearance in this study was linked to periph-
eral clearance, in that material cleared from the distal
bronchi would be seen in the trachea. Hence, clear-
ance time from the trachea is shorter when tantalum
is not also distributed to the smaller bronchi.* Time
to 50 per cent clearance of radioisotopes from the
trachea of awake man is 30 min,”® followed by a sec-
ond peak of radioactivity at two to three hours, at-
tributed to particles moving into the trachea from
the bronchial tree.? Thus, bronchial clearance should
have contributed to the slow phase of central clear-
ance seen at two hours in the awake and thiopental-
treated groups in this study (fig. 1). Since, in the dogs
receiving diethyl ether or halothane for two hours,
less than 10 per cent of the distal tantalum had cleared
at the time that 50 per cent central clearance had
occurred, we postulate that the prolonged 50 per cent
clearance time represented a true depression of cen-
tral clearance.

Hence, halothane and diethyl ether depress both
central and peripheral mucociliary clearance during
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and after anesthesia, while an induction dose of thio-
pental does not. Why should ether and halothane de-
lay postanesthetic clearance? One possible explanation
is that since the depressant effects of volatile anes-
thetic agents on cilia® and on tracheal flow are readily
reversible,? perhaps stagnant mucus changes in vis-
cosity or depth. Assuming the effect is dependent on
the duration of exposure, recovery of clearance
should be slowed after administration of thiopental
for two hours.

This study was designed to allow optimum condi-
tions for mucociliary flow. Atropine, dry gases, and
a sealed endotracheal tube cuff were avoided. These
factors, in combination with halothane, stop tracheal
mucous flow in surgical patients.” Postoperative im-
pairment of mucociliary clearance of tantalum has
been shown to precede pulmonary atelectasis in pa-
tients undergoing abdominal operations. We postu-
late that the delay in peripheral mucociliary clearance
after halothane or ether anesthesia, in conjunction
with a loss of lung volume and impaired pulmonary
mechanics, leads to retention of mucus and subse-
quent atelectasis.

The authors thank Henry Fuhs for his excellent technical
assistance, and E. 1. Eger, 11, for his constructive criticism of the
manuscript.

10,

ANESTHESIA AND PULMONARY MUCOCILIARY CLEARANCE 29

References

Gamsu G, Singer MM, Vincent HH, et al: Postoperative im-
pairment of mucous transport in the lung. Am Rev Resp
Dis 114:673-679, 1976

. Forbes AR, Horrigan RW: Mucociliary flow in the trachea dur-

ing anesthesia with enflurane, ether, nitrous oxide, and
morphine. ANEsTHESI0LOGY 46:319-321, 1977

. Landa JF, Hirsch JA, LeBeaux MI: Effects of topical and gen-

eral anesthetic agents on tracheal mucous velocity of sheep.
J Appl Physiol 38:946-948, 1975

. Gamsu G, Weintraub RM, Nadel JA: Clearance of tantalum

from airways of different caliber in man evaluated by a
roentgenographic method. Am Rev Resp Dis 107:214-224,
1973

. Luchsinger PC, LaGarde B, Kilfeather JE: Particle clearance

from the human tracheobronchial tree. Am Rev Resp Dis
97:1046- 1050, 1968

. Morrow PE, Gibb FR, Gazioglu KM: A study of particulate

clearance from the human lungs. Am Rev Resp Dis 96:1209--
1221, 1967

. Albert RE, Lippmann M, Briscoe W: The characteristics of

bronchial clearance in humans and the effects of cigarette
smoking. Arch Environ Health 18:738-755, 1969

. Nunn JF, Sturrock JE, Wills EJ, et al: The effect of inhalational

anaesthetics on the swimming velocity of Tetrahymena pyri-
Jormis, ] Cell Sci 15:537-554, 1974

. Lichtiger M, Landa JE, Hirsch JA: Velocity of tracheal mucus

in anesthetized women undergoing gynecologic surgery.
ANESTHESIOLOGY 42:753-756, 1975

Wanner A: Clinical aspects of mucociliary transport. Am Rev
Resp Dis 116:73-125, 1977

20z Iudy 0z uo 3senb Aq ypd-90000-0001 06.6-Z¥S0000/95¥E29/92/1/0G/sPd-0j011E/ABOjOISBUISBUE/LIOD JIBYDIBA|IS ZESE//:d)Y WOL papeojumoq



