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Laryngeal Injury in a Dog Model of Prolonged

Endotracheal Intubation

Michael J. Bishop, M.D.,* Arlis J. Hibbard, M.D.,t B. Raymond Fink, M.D.,%
Arthur M. Vogel, M.D., Ph.D.,§ Ernest A. Weymuller, Jr., M.D.1

Using a dog madel of prolonged translaryngeal intubation, the
authors studied laryngeal injury. Segments of 10.7 mm diameter
endotracheal tube were sutured in place in the larynges of anes-
thetized animals, and the animals were allowed to awaken and the
tubes left in place for periods of 24 h to 84 days in a total of 13
dogs. Each animal’s larynx was studied endoscopically at weekly
intervals and at the time of death. Both endoscopic and postmortem
examination revealed erythematous laryngeal mucosa at 24 h and
severe mucosal ulceration by 1 week. Microscopic examination
revealed mucosal inflammation at 24 h with loss of mucosal
architecture by 1 week. In several animals intubated 1 week or
longer, inflammatory infiltrates were present in the arytenoid
cartilage. While damage was generally severe by 1 week, it did not
tend to become more severe after that time. Between week 1 and
week 12, there was no significant correlation of the severity of
laryngeal injury with the duration of endotracheal intubation. The
results suggest that duration alone may not be a factor in laryngeal
injury after the first week of intubation. (Key words: Intubation,
endotracheal: complications. Larynx: arytenoid cartilage.)

DAMAGE TO THE LARYNX occurs routinely in patients
whose tracheas remain intubated for a prolonged pe-
riod."? Whether or not the extent of the laryngeal
injury correlates with the duration of intubation remains
controversial.2* Knowledge of the role of the duration
of intubation in the injury would be useful to clinicians
in determining when to replace the translaryngeal en-
dotracheal tube with a tracheotomy. Because of the
multisystem disease often present in humans requiring
artificial airways for a prolonged period, studying the
isolated effect of a single factor, duration, has been
difficult. Consequently we used a dog model of chronic
intubation to study the effects on gross and microscopic
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histology of translaryngeal intubation for periods of
intubation ranging from 1 to 84 days.

Materials and Methods

We placed 10-cm lengths of polyvinyl chloride endo-
tracheal tube into the larynx of each of 14 mongrel
dogs (weight range of 20-30 kg). The intubations were
carried out under sedation with 4 mg/kg thiamylal and
paralysis with a succinylcholine infusion. The larynx and
trachea were anesthesized with a topical spray of 2%
lidocaine via a transtracheal 16-gauge catheter. The
catheter was used to ventilate the animal with pure
oxygen via a high-pressure injector. This left the larynx
unobstructed for observation and placement of the
tubes.

Each dog’s larynx was inspected to ensure that no
preexisting disease was present. At the time of this
inspection, and at all subsequent direct laryngoscopies,
the larynx was photographed with a Storz® camera using
a zero degree Hopkin's rod (Karl Storz, Tuttlingen,
West Germany) so that photographs could be used for
comparison of the appearance at different times. An
uncuffed segment of endotracheal tube (inner diameter
8.0 mm, outer diameter 10.7 mm) was then placed in
the larynx so that the upper end was cephalad to the
false cord, midway up the epiglottis. The 8.0-mm tubes
were chosen based on our laboratory experience that
this size produced lesions in 20-30 kg dogs that were
similar to the vocal cord lesions seen in humans. The
distal end of the tube segment extended to approximately
the third tracheal ring. The segment was fixed in place
with four 3.5", 18-gauge spinal needles passed percuta-
neously through the trachea and extending out the
other side of the neck. Placement was monitored endo-
scopically. Tevdek 2-0 suture then was passed through
the needles after removing the stylets and the ends tied
after removing the needles so that each tube segment
was tethered by two loops of suture. A neck dressing
with a plastic shield was placed and the dog allowed to
awaken.

On postoperative days 1, 7, 14 and every 2 weeks
thereafter until death, the vocal cords of each dog were
examined and photographed under thiamylal sedation.

Dogs were killed at 1 day (n = 3), 2 weeks (n = 2),
4 weeks (n = 4), 6 weeks (n = 2), and 12 weeks (n = 2)
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and the larynx removed. A pathologist, blinded as to
the duration of intubation, ranked the damage to each
larynx on a scale of 0 to 3 (table 1). A hemilarynx then
was cut for microscopic examination after staining with
hematoxylin and eosin and again ranked on a 0 to 3
scale (table 1). The subglottic larynx was examined but
not graded, as no lesions were evident in any of the
animals.

Photographs of the larynx of each dog were examined
by three of the authors (E.A.W., M.J.B., and A.W.H.)
to look for week to week differences.

The Spearman rank correlation coefficient was used
to test for correlations between duration of intubation
and laryngeal damage.

Results

Of the 14 animals entered in the study, 13 completed
the investigation. The one animal eliminated extubated
itself between the sixth and eighth week and was thus
removed from the study.

Direct laryngoscopy at day 1 revealed either no
abnormalities or mild mucosal erythema in all dogs. By
day 7, ulceration of the mucosa overlying the vocal
process of the arytenoid cartilage was present in all dogs
(fig. 1). Review of notes from the time of examination
and subsequent study of the photographs demonstrated
clear differences between the appearances of the larynges
at day 1 and day 7, but no further changes could be
routinely appreciated after that and a rank order by
severity could not be established from the photographs.

Examination of the excised larynges demonstrated
minimal changes—primarily erythema—in dogs killed
at day 1. These larynges were clearly distinguishable
from those of dogs killed at 14 days and later, in whom
ulcers were uniformly present over the vocal processes
of the arytenoids with exposed cartilage present in a
14-day dog, a 28-day dog, and both 84-day dogs (fig.
2). Correlation of duration of intubation with severity
of injury was high when all dogs were included (Spear-
man’s correlation coefficient rs = 0.71, P < 0.02), but
there was no correlation when dogs killed on day 1
were excluded (rs = 0.40, P > 0.2).

Microscopic examination revealed intact laryngeal
mucosa with submucosal vascular congestion and mixed
neutrophil and lymphocyte infiltration in dogs killed at
1 day. Mucosal ulceration was routinely present at 2
weeks with marked neutrophilic infiltration of the mu-

cosa, which, in four of ten dogs, extended into the
cartilage. Complete scores as a function of duration of
intubation are presented in figure 3. While granulation
tissue was present in some of the ulcers, no fibrosis was
seen in any of the sections Analysis of the data again
revealed no correlation of severity of microscopic
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TABLE 1. Pathology Scoring System

Score
Gross
0 Normal larynx
1 Mucosal erythema and/or edema
2 Mucosal erosion present
3 Exposed arytenoid cartilage
Microscopic
0 Normal larynx
1 Mucosal inflammation
2 Mucosal disruption and ulceration
3 Deep ulceration with inflammation or
erosion of cartilage

changes, with duration of intubation excluding animals
killed after 1 day (rs=0.4, P> 0.2), but a positive
correlation was present if those animals were included
(rs = 0.71, P < 0.02). No lesions were found in the
subglottic region in any of the animals.

Discussion

We found that laryngeal injury reaches maximum
severity between days 1 and 7, with no clear correlation
with the duration of intubation beyond that point. We
could not identify a time at which fibrosis begins in
laryngeal injury, perhaps due to the small number of
animals studied.

The lack of stenosis in any dogs was not surprising
to us and can be accounted for by several factors. In
humans, after comparable periods of intubation, the
published incidences of stenosis ranges from 0 to 15%.256

F1G. 1. Photograph obtained during examination at 1 week
demonstrates severe mucosal erosion. Arrow AC points to exposed
arytenoid cartilage. Arrow ETT points to tube segment.
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When stenosis does develop, it often does not occur
until several weeks after extubation,®’ whereas our dogs
were killed at the time of extubation. Finally, there is
evidence that tracheotomy itself may contribute to ste-
nosis, since the inflamed vocal cords can remain apposed
and may scar together.®” Since our animals did not go
on to tracheotomy, there was no opportunity for this to
occur,

The lesions observed in our animals were similar to
those seen frequently in human autopsy specimens after
prolonged intubation,®*'® which include ischemic ulcers
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F1G. 2. Excised larynx from a dog killed
at 2 weeks. Severe mucosal erosion is evident.

over the vocal processes occurring as early as 7 h after
intubation. A major difference between lesions in humans
and in our study animals was the complete lack of
ulceration in the subglottic mucosa over the posterior
cricoid. Two factors may account for the lack of subglot-
tic lesions; the anatomic differences between the human
larynx and the dog larynx and the lack of an inflated
cuff in our segments.

In the human, the arytenoid cartilages slide apart
during laryngeal opening to expose a portion of the
cricoid,'! whereas in the dog, the arytenoids rotate but

[ gross score
histology score

(n=2)

S
o » @
T 1

1.2
0.8

Mean Score
—-—
o)}
T

T

0.4

(n=2)

(n=2)

Fic. 3. Histogram demonstrating mean
scores for gross and microscopic examination
for groups killed at 1, 14, 28, 42, and 84
days of intubation.
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do not separate. Thus, in the dog, the tube is suspended
between the arytenoids and does not contact the mucosa
overlying the cricoid cartilage.

A second explanation for the lack of lesions in the
subglottic area is the lack of an inflated cuff. Subglottic
lesions may be related to mucosal ischemia produced by
cuff inflation to pressures exceeding the mucosal per-
fusion pressure.

The lesions we saw are consistent with necrosis re-
sulting from direct pressure of the tube against the
mucosa, which occludes the local circulation.!? Based on
our observations, the mucosal necrosis takes place rela-
tively rapidly, but there appears to be little change in
the lesion thereafter.

In humans, the importance of the duration of intu-
bation in producing serious injury remains controver-
sial.>**!> One reason for this may be that in humans,
prolonged intubation correlates with a multiplicity of
factors that could contribute to more severe injury—
infection, poor nutrition, episodes of hypotension, and
steroid therapy might be included in such a list. In the
dogs, the laryngeal problem was an isolated problem
with none of them developing any major complications.

Another major difference between our animals and
humans was the greater activity and spontaneous venti-
lation as compared with the often-restrained sedated,
and mechanically ventilated intensive care unit patient.
There is controversy whether movement of the tube
abrades the larynx and causes injury'* or whether injury
results primarily from pressure necrosis.!' Whether the
ability of our animals to move about freely increased
the extent of injury cannot be stated, but a human

study specifically evaluated the effect of movement on
laryngeal injury during prolonged intubation and found
no correlation between motion and injury severity.®

Because of the differences between the dog model

and the intensive care unit clinical situation, no definitive
conclusions about duration of intubation and laryngeal
injury can be made. However, these data suggest that a
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tracheotomy intended to prevent laryngeal injury may
need to be done very early. Thereafter, duration of
intubation alone does not appear to warrant great
weight as a criterion for performing a tracheotomy.
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