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ABSTRACT
The effects of tracheal tube of cuff on dog tracheal mucosa were studied by scanning
electron microscopy. Additionally, specimens of human tracheal epithelium were inves-
tigated. The specimens obtained from total laryngetomy cases under endotracheal

intubation anesthesia for 3 to 6 hours.

In injured areas of dog and human tracheal

mucosa normal ciliary arrangement was disturbed and the cilia became shortened or
had disappeared. The eptichlial cells were also irregular in shape and arrangement

The scattered cells were also seen,

INTRODUCTION

The use of endotracheal intubation during
surgery and artifical ventilation in critical pa-
tients has become most acceptable. However,
as usage increased, many complications have
been reported’?710:1%16,12,29  Many studies
have been reported concerning the damages
caused by intubation, but in many of them the
observation of the tracheal damage was done
by fiberscopy, light microscopy'®?"” and trans-
mission electron microscopy (TEM)?®, There
are only a few reports of tracheal damage
observed by scanning electron microscope
(SEM)19:29),

The general conclusion from the investigation
of the tracheal damage is that an increase of
cuff pressure or intubation time leads to pro-
gressive extension of mucosal dmamge. But
many publications have described the damage
caused by the pressure of cuffs or else caused
by tubes are that larger than the diameter of
the trachea. However, there are not many SEM
studies on tracheal damage by intubation anes-

thesia. Therefore this report concertrates on
tracheal damage influenced by cuffs under
intubation.

MATERIALS AND METHODS

Ten dogs were used, Two of the dogs were
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used for the study of the normal morphology
of the tracheal mucosa, and eight for the study
of the effects of endotracheal intubation.

Specimens of human tracheal epithelium were
also observed. The specimens were obtained
from total laryngectomy cases which had been
done under the endotracheal intubation anesthe-
sia for 6 hours.

The structure of the tracheal mucosa was
examined by scanning electron microscope. The
specimens for SEM were fixed in buffered 2.5%
glutaraldehyde and then Tannin-Osmium con-
ductive staining was done. Before being dried
by critical point technique, they were dehydrated
in graded ethanol series and stored in pure
isoamylacetate. After coating with gold in a
“sputter”, the specimens were examined in a
JSM-T200 and FT-15 microscope.

The dogs were anesthetized by an intravenous
injection of 2% sodium pentobarbital but they
were able to breathe spontaneously throughout
the experiment. An endotracheal tube with a
prestreched large cuff (Portex) was placed in
the cervical portion of the trachea, the cuff was
inflated and the tube was left for 1 hour to
24 hours. Then the intracuff pressure was
measured. The intracuff pressure was kept at
40 mm H,O constantly.

After this procedure, the tracheal epithelium
with cartilage was taken.
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RESULTS

The normal tracheal epithelium:

The normal tracheal wall of a dog was found
to consist of a mucous memberane and series
of hourse-shoe shaped cartilage of the same
appearance at those in human trachea. The
surface layer of the mucosa is built up of a
ciliated cell containing goblet cells.

In scanning electron micrograph, long and
numerous cilia of ciliated cells covered a large
part of the tracheal surface (Fig. 1). The cili-
ated cells contained more than 200 cilia per
cell. These ciliated cells possessed microvilli,
also goblet cells had short microvilli, they were
usually obscured from view. But the apical
surface of goblet cells in active stage could
readily be distinguished from ciliated cells. The
goblet cells had released their content and glob-
ular substances could be seem between the
ciliated cell. In the inactive stage of the goblet
cells the goblet cell surfaces were covered with
short microvilli.

The tracheal mucosa of dogs after intubation
for one hour:

The ciliary arrangements of the tracheal
mucous membrane were almost relatively unal-
tered after one hour intubation. But the glob-
ular substances secreted from the goblet cells
were distinguished in the cuff site (Fig. 2).
The secretion seems to be cuased by irritation
of cuff pressure.

The tracheal mucosa of dogs after intubation
for 3 hours:

The tracheal mucous membrane damage
caused by the endotracheal tube cuff began to
increase. The ciliary arrangement was dis-
turbed and shorted cilia could be seen. The
tips of cilia in some parts were fused. But the
change was not so remarkable (Fig. 3).

The tracheal mucosa after intubation for 6
hours:

The tracheal damage caused by the endo-
tracheal tube was remarkable. The ciliary
arrangements of tracheal mucosa was disturbed
(Fig. 4). The cilia were shortened and non
ciliated cells could be observed easily. The
surface of the non ciliated cells was not greatly
damaged. However, the non ciliated cells
became loose in some area and some ciliated

Fig. 1.

The normal tracheal mucosa of a dog
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F‘lg‘ 2; The traéheal mucosa of a dog intubated for one hour,
The globular substances secreted from the goblet cells are seen.

Fig. 3. The tracheal mucosa of a dog after intubation for 3 hours.
The tips of cilia were fused (arrows).
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Fig. 4. The tracheal epithelium of a dog after intubation for 6 hours.
The borderline between the cuffed area and the uncuffed area is clearly
distinguished (—— cuffed area, —= uncuffed area).

cells had disappeared from the mucous mem-
brane. The borderline between the cuffed area
and the uncuffed area could be clearly distin-
guished.

The tracheal mucosa after intubation for 12
hours:

The cuffed area changed the ciliary arrange-
ment remarkably. The cell junctions separated
from each other. Some cells separated from
the mucous membrane (Fig. 5, 6). Therefore,
the high cuff pressure influenced the mucous
membrane, disturbing the blood supply to the
tracheal wall.

The tracheal mucosa after intubation for 24
hours:

In the cuffed area the mucous membrane
showed remarkable deterioration. In some
areas basal cells were seen like bamboo shoots
popping out (Fig. 7.) Some ciliated cells bodies
with cilia were isolated on the mucous mem-
brane and the basal membrane was seen in

some areas. Fibrine nets could be seen on the

deteriorated parts of some specimens (Fig. 8).

In human materials taken from intubation
anesthesia (3-6 hours):

Specimens of humna tracheal mucosa were
taken from 4 cases of total laryngectomy under
general anesthesia, After 3 hours anesthesia
small specimens were taken from the cuffed
area. The ciliary arrangement of the tracheal
mucosa did not change so remarkably (Fig. 9).
The globular substances which were secreted
from the goblet cells could be
and there. But the human mucous membranes
were not as beautiful as those in the dogs;
the non ciliated cells were numbered more than
that in the dogs.

In humans, the amount of cilia in ciliated
cells was slightly less than those of dogs. This
may be caused by aging and smooking and
6 hours intubation anesthesia. The cilia ar-
rangement of tracheal mucosa was disturbed.
The cell junction became loose and the epithelial
cells became irregular in shape and arrangement

seen here
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Fig. 5. The tracheal mucosa of a dog intubated for 12 hours,

The cells are separated from each other.

Fig. 6. The tracheal mucosa of a dbg intubated for 12 hours.
The scattered ciliated cells are seen,
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Fig. 7. The tracheal mucosa of a dog after intubation for 24 hours.

The basal cells are seen.

F. 8. The trachal mucosa of a dog after intubation for 24 hours,
The fibrine nets covered on basal cells,
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Fig. 9. The human tracheal epithelium intubated for 3 hours.
The ciliary arrangement of the tracheal mucosa did not change
so remarkably.

Fig. 10. The human traceal epithelium intubated for 6 hours.
The tips of cilia were fused (—-) and the cell junction of the
non ciliated cells became loose(=—3).
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(Fig. 10). These cells seem to be falling off,
while the remaining cilia became shortened or

bundled.
DISCUSSION

The fine structures of the tracheal epithelium
have been extensively observed by several au-
thors, both by TEM!%2%28 and by SEM?23%1D,

Rhodin distinguished at least three different
cell types in the tracheal epithelium. Ciliated
cells and goblet cells from the upper portion
of the epithelial lamina and basal cells from an
irregular layer at the basement membrane. In
a scanning electron microscopic study by using
freeze cracking method the three types of
tracheal epithelial cells were recognized by
Harada and Sasaki'®!'®,

Normal tracheal epithelium of dogs were
covered with cilia of ciliated cells and non
ciliated cells with microvilli, The non ciliated
cells were usually concealed by the cilia, And
all ciliary beats leaned towards the larynx.
Non ciliated cells seemed to be goblet cells.
The goblet cells have three stages, active stage
(secretion stage), intermediate stage and inactive
stage'® 19,

Numerous studies have been reported con-
cering danage caused by intubation, but in
many of the cases the small high-pressure cuff
has been used. Analysis of the cuff problem
was made by many research groups. It was
found that the large cuff was able to “seal” at
a much lower pressure than the small cuff*=®,
Several reports demonstrated that the number
tracheal injuries caused by a large cuff are
loser than a those caused by a small cuff. This
suggested the use of a prestretched large cuff
in this study. Cooper and Grillo reported a
case in which 8 dogs which were intubated
with large cuffs”. In one dog there was a
slight discoloration of the tracheal mucosa after
13 days, while the rest showed non microscopic
damage. At light microscopy, only mild in-
flammatory changes were seen.

Magovern et al.2? reported that dogs intubated
for 3-30 days with a large cuff had no micro-
scopic damage. After 30 days of intubation
the light microscopy revealed a well preserved
mucosa with flattened epithelium. They also

reported 3 patients intubated for 44, 55 and
200 days respectively. These patients showed
no mucosal damage in endoscopic examination,

Klainer et al.!® reported scanning electron
microscopic studies of cuff induced damage.
They intubated dogs with large cuffs and found
a diffused ciliary denudation at cuff site. How-
ever, the same areas revealed almost complete
destruction of the tracheal mucosa under light
microscopy.

Nordin? reported a study on rabbits by SEM
and TEM. He stated the degree of damage
was directly related to the cuff-to-tracheal wall
pressure and if caff-to-tracheal wall pressure is
above 50 mmHg, it often produced wide spread
areas of destroyed epithelium.

In this study the borderline between the cuffed
and the uncuffed area was clearly observed.
In the uncuffed area the tracheal surface of
dogs was covered with cilia and the ciliary
arrangement was leading to the larynx. They
seemed to be normal.

At the cuff level, the decrease of cilia was
remarkable and shortened cilia were observed.
The non ciliated cells with microvilli were also
observed. These non ciliated cells with micro-
villi are usually concealed by the long cilia of
the ciliated cells. On other areas the remaining
cilia became shortened or irregular in shape.
The prestretched large cuff caused the damage
to the tracheal mucosa of dogs.

In the specimens of human tracheal epithe-
lium taken from a total Jaryngectomy case, the
cell junction became loose and the epithelial
cells were irregular in shape and arrangement.

Although there are some reports of large
caffs causing less damage than the smaller
ones, we must not ignore the tracheal damage
reported in this study. Further experimental
study is necessary.
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