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Abstract. The aim of this study was to evaluate
leakage of liquids, i.e., water and saliva, past low-
pressure cuffs of tracheostomy tubes. Three different
types of tracheostomy tubes, TRACOE® vario
(TRACOE Medical GmbH, Germany), Riisch Ultra-
Tracheoflex® (Riisch GmbH, Germany), and Portex
Blue Line Ultra™ (Smiths Medical, UK) were tested
in isolated pig tracheas. Sixty samples (10 tubes each
of 7- and 8-mm inner diameter of each type) were
used. Four different experiments were devised: type 1
(water and artificial ventilation), type 2 (water and no
artificial ventilation), type 3 (saliva and artificial
ventilation), and type 4 (saliva and no artificial ven-
tilation). Six milliliters of water or artificial saliva
were infused over the cuff and the volume of fluid
that leaked past the cuff was measured after 5, 10,
and 15 min. Intracuff pressure was also measured
three times. The saliva experiments resulted in less
leakage than the water experiments. Leakage after
treatment with water or artificial saliva is higher
without artificial ventilation than with ventilation.
The amount of leakage among the tubes with respect
to manufacturer showed statistically significant re-
sults. However, there were no differences among
tracheostomy tubes with respect to internal diameter.
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Patients with a tracheostomy tube may experience
swallowing disorders. There are physiologic factors
that may contribute to the development of dysphagia
in tracheostomized patients, including reduced lar-
yngeal elevation, reduced pharyngeal sensation, re-
duced cough response, and atrophy of the laryngeal
musculature [1-4]. Cameron et al. [5] found that
aspiration was detected in 69% of the patients who
had had a tracheostomy. A cuffed tracheostomy tube
is placed to prevent aspiration of secretions, aspira-
tion of liquids and food, and aspiration of gastric
contents [1, 6, 7].

Because of longitudinal channels caused by
folds in the cuff wall material [8, 9], however, the cuff
does not effectively prevent leakage of fluid into the
lower airway. These folds always occur in high—vol-
ume, low-pressure (HVLP) cuffs upon inflation
because the diameter of the cuff has to be greater than
that of the trachea for intracuff pressure to be equal
to tracheal wall pressure.

Nevertheless, differences exist between differ-
ent types of tracheostomy tubes [9—12]. Young et al.
[9] assessed a range of HVLP cuffed tubes in a
benchtop experiment and found that all the cuffs did
not protect the lower airway from contamination.
Asai and Shingu [10] and Young and Blunt [12] tested
the leakage of fluid around tracheal tubes and
ascertained different amounts of leakage. While
Young and Blunt [12] found that the Portex Soft Seal
tracheal tube prevented leakage effectively, Asai and
Shingu [10] found that the Portex Soft Seal and the
Mallinckrodt Hi-Lo tracheal tubes prevented leakage
of fluid to a similar degree at the minimum effective
intracuff pressure. The laboratory findings of
Oikkonen and Aromaa [11] suggested that most of
the commonly used low-pressure tracheal tubes will
not guard against aspiration of fluid.
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The above-mentioned examinations [9-12]
were in-depth studies on the leakage of fluid around
cuffed tracheal tubes but none tested the amount of
leakage of fluids of different viscosities; presumably
the level of viscidity will affect the rate of leakage. We
hypothesized that viscosity would influence the re-
sults; thus, leakage of artificial saliva around the cuff
should be relatively low compared with leakage of
water. Furthermore, we hypothesized that the leak-
age varies with different factors such as “artificial
ventilation (yes/no),” “‘thickness of the tracheal tube
(7mm/8mm),” and ‘“manufacturer (Tracoe/Portex/
Riisch).” Therefore, we studied the efficacy of tra-
cheostomy tubes from three different manufacturers
using four different experiments: type 1 (water, arti-
ficial ventilation), type 2 (water, no artificial ventila-
tion), type 3 (saliva, artificial ventilation), and type 4
(saliva, no artificial ventilation).

Material and Methods

We tested tracheostomy tubes of three manufacturers in two dif-
ferent sizes [internal diameter (i.d.) = 7 mm and 8 mm] for a total
of 60 tubes. The tubes used were TRACOE® vario (TRACOE
Medical GmbH, Germany), Riisch Ultra-Tracheoflex® (Riisch/
Teleflex Medical, Germany), and Portex Blue Line Ultra™ (Smiths
Medical, UK). TRACOE vario tubes are made of transparent
synthetic material, are spiral reinforced and therefore kink resis-
tant, and have a low-pressure polyvinylchloride (PVC) cuff at the
patient end. Cuff membrane thickness is 50-80 um for both 7- and
8-mm-i.d. tubes. The Riisch Ultra-Tracheoflex tubes consist of a
highly flexible armored tracheostomy cannula made of RuSCH-
ELIT® (PVC synthetic material) with a thin-walled (50 um for
both 7- and 8-mm i.d.), cylindrical, low-pressure widescope PVC
cuff. The Portex Blue Line Ultra tracheostomy tubes are manu-
factured from clear biocompatible PVC. The material is heat-sen-
sitive and has sufficient initial rigidity for insertion. It is equipped
with a profile soft-seal PVC cuff with a thickness of 30-50 um (for
both 7- and 8-mm i.d.) at the patient end. The Riisch Ultra-Tra-
cheoflex and the TRACOE vario tubes are highly pliable which
makes them comfortable for mobile patients, but experience is
necessary for insertion because initial stiffness is not guaranteed,
especially with the Ultra-Tracheoflex, which is more pliable than
the TRACOE vario tubes.

We decided to use organic material for the model trachea, as
Young and Blunt [12] did. The pig tracheas had an average coronal
diameter of 22 mm and an average sagittal diameter of 23 mm. The
range of normal coronal and sagittal diameters is 25-27 mm in men
and 21-23 mm in women [13]. The pig tracheas we used are com-
parable with the dimensions of female human tracheas. Tracheas
with anatomic variations were excluded. To lower costs, we used
each trachea for two experiments. No wear-out was visible after the
first experiment. After slaughtering and dissection, the tracheas
were frozen in citric acid until needed. Every trachea was com-
pletely defrosted in the same manner. The trachea was fixed at a 45°
angle to the horizontal. Similar studies did not position the tra-
cheas uniformly. Young and Blunt [12] selected a 60° angle to the
horizontal, Oikkonen and Aromaa [11] decided to put the trachea
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at a 45° angle to the horizontal, and Asai and Shingu [10] set the
trachea at a 90° angle to the horizontal. We chose a 45° angle to the
horizontal, like Oikkonen and Aromaa [11], because we felt that
tracheostomized patients are often immobile and bedridden and lie
in bed at about a 45° angle to the horizontal, not upright or at 60°.

Intracuff pressure was manually set at 25 cmH,O with a cuff
inflator (Riisch GmbH, Germany), and was measured after 5, 10,
and 15 min. Oikkonen and Aromaa [11] and Asai and Shingu [10]
measured the volume of water running beyond the cuff at 5 min.
Young and Blunt [12] decided that if no dye had leaked after 15
min then no leak was recorded. They did not give exact milliliter
results, just leak or no leak.

The breathing system was attached to the tracheostomy
tube. The model lung was ventilated using a ventilator (transPAC
2d, SIMS pneuPAC Ltd., Smithfield House, Luton, Bedfordshire)
with a tidal volume of 700 ml and a respiratory rate of 12 breaths/
min. Compliance was adjusted to 20 cmH,O. This would be a
reasonable pressure for simulating ventilation in many intensive
care patients without acute lung injury. We did not test higher peak
pressures that might be more appropriate for patients with
decreased lung compliance. Young and Blunt [12] and Asai and
Shingu [10] used a compliance of 20 cmH,0O. We tested leakage
around the cuff while the model was artificially ventilated as well as
without ventilation since many tracheostomized patients are not
ventilated.

Six milliliters of 1% methylene blue solution were infused
within 30 s through a catheter over the cuff. We used two different
consistencies of test material: water and artificial saliva. After 5, 10,
and 15 min, the amount of fluid that leaked past the cuff was
measured. As with trachea positioning, there was no particular
amount of liquid used in other studies. Young and Blunt [12] used
3.5 ml of blue dyed water, Asai and Shingu [10] used 10 ml of
methylene blue solution, and Oikkonen and Aromaa [11] used 20
ml of water. We infused 6 ml of liquid (water or saliva) above the
cuff. Injecting more than 6 ml proved impossible. When we injected
more, the liquid would leak out of the stoma and the outside part
of the trachea because the space between cuff and stoma was lim-
ited. Compared with the 7-mm-i.d. TRACOE vario and the 7-mm-
i.d. Portex Blue Line Ultra, the 7-mm-i.d. Riisch Ultra-Tracheoflex
had the shortest distance between cuff and flange. In addition,
Young and Blunt [12], Oikkonen and Aromaa [11], and Asia and
Shingu [10] did not specify an amount of time for infusion; ours
was 30 s.

Data Analysis

The statistics and figures were computed using the statistical soft-
ware packages SAS release 8.02 (SAS Institute, Cary, NC) and
SPSS release 10.0.7 (SPSS Inc., Chicago, IL). We report two-tailed
statistics throughout; the accepted type I error rate is chosen to be
0.05.

The aim of the study was to investigate the effect of the
different experimental situations on the leakage of three different
tracheostomy tubes of two different sizes. To take into account all
three time points of the experiment (5, 10, and 15 min), we calcu-
lated the area under the leakage curve for each experiment. This
area can take on values between 0.0 and 75.0. The main focus of
the study was to analyze the four experimental situations: “1:
Water/artificial ventilation,” “2: Water/no artificial ventilation,”
3: Saliva/artificial ventilation,” and ““4: Saliva/no artificial venti-
lation.” To adjust for multiplicity, the significance value is set to
0.0125. A p value less than 0.0125 is considered significant.

We first analyzed the different experimental situations
descriptively, showing boxplots and giving the mean =+ standard
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deviation (minimum, median, and maximum) of the sample char- Saliva/no artificial ventilation”—are described.

acteristics. In the confirmatory analysis, we analyzed the effect of
the “manufacturer” by the nonparametric Kruskall-Wallis test. In
case of a significant result, according to the closure test principle
[14], pairwise comparisons between the different manufacturers
were carried out by the nonparametric Mann—Whitney test. This
procedure guarantees that the type I error rate is not inflated.

Finally, we conducted the following exploratory analyses
and gave the resulting p values for informational purposes: The
Kolmogoroff-Smirnow test indicated that neither the resulting
areas nor suitable transformations of the areas were normally
distributed. We considered a parametric analysis of variance with
the factors “water (yes/no),” ‘“‘artificial ventilation (yes/no),”
“thickness (7mm/8mm),” and ‘“‘manufacturer (Tracoe/Portex/
Riisch).” This analysis can be taken as a sensitivity analysis. We
considered single effects and interactions between two factors at a
time.

The thickness of the cannulas was not taken as a separate
factor in the following investigations. Because of the high interac-
tion effects between “water” and “‘artificial ventilation,” the anal-
ysis was carried out separately for the cannulas treated with water
and those treated with saliva.

Results

The results of the four experimental situations—*“1:
Water/artificial ventilation,” “2: Water/no artificial
ventilation,” “‘3: Saliva/artificial ventilation,” and “‘4:

Figure 1 shows boxplots for cannula leakage by
manufacturer. For the sample characteristics we give
results for the first, second, and fourth situation; in
situation ““3: Saliva/artificial ventilation,” no leakage
was observed.

In situation “1: Water/artificial ventilation,”
leakage of the Tracoe cannulas was 44.36 + 15.39
(10.02, 45.61,68.73), of the Riisch cannulas it was
32.74 + 21.48 (1.91, 35.15, 67.38), and of the Portex
cannulas it was 13.65 + 8.15 (2.68, 13.46, 26.20).

In situation ““2: Water/no artificial ventilation,”
leakage of the Tracoe cannulas was 65.74 + 11.76
(31.65, 72.70, 75.00), of the Riisch cannulas
53.88 + 21.09 (9.85, 61.33, 74.35), and of the Portex
cannulas 54.71 + 20.72 (5.53, 60.45, 75.00).

Finally, in situation ‘““4: Saliva/no artificial
ventilation,” leakage of the Tracoe cannulas was
4.09 £ 5.20 (0.05, 3.04, 24.23), of the Riisch cannu-
las it was 1.68 £ 2.22 (0.00, 0.78, 8.03), and of the
Portex cannulas it was 0.11 £ 0.24 (0.00, 0.00, 0.93).
For an overview, the mean + standard deviation of
the leakage by manufacturer are given in Table 1.

The nonparametric Kruskall-Wallis tests,
performed to analyze the effect of the manufacturer
on the area under the leakage curve, showed signifi-
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Table 1. Sample characteristics of three tracheostomy tubes in the experimental situations 1, 2, and 4

Experimental situation Tracoe Riisch Portex
1: Water/artificial ventilation 44.36 + 15.39 32.74 + 2148 13.65 + 8.15
2: Water/no artificial ventilation 65.74 £ 11.76 53.88 + 21.09 54.71 £ 20.72
4: Saliva/no artificial ventilation 4.09 £ 5.20 1.68 £ 2.22 0.11 £ 0.24
Values are mean =+ standard deviation.
Table 2. Two-sided p values of the pairwise Mann-Whitney tests 75.00 ——
for a difference between manufacturers in the experimental situa- '
tions 1, 2, and 4
Experimental situation Tracoe/  Tracoe/  Riisch/
Riisch Portex Portex P
>
. . 5 50,00 =
1: Water/artificial ventilation (0.068) (0.000) (0.006) g
2: Water/no artificial ventilation 0.013 0.060 0.883 o
4: Saliva/no artificial ventilation 0.009 0.000 0.000 <
1}
o
£
o 25,00 -
H
cant results for the two experimental situations “2: ot ¥
Water/no artificial ventilation” (p < 0.001) and ““4: <
Saliva/no artificial ventilation” (p < 0.001), while in l ¥
the situation ““l: Water/artificial ventilation,” the 0,00 =

result was not significant at the chosen level
(p = 0.039). The p values of the pairwise compari-
sons between manufacturers are given in Table 2.
Because the closure test principle does not allow a
confirmatory analysis for the nonsignificant result in
situation 1, the p values are given in parentheses.
There are highly significant differences for all pair-
wise comparisons in situation ““4: Saliva/no artificial
ventilation”: p < 0.001 for Tracoe and Portex and
for Riisch and Portex and p = 0.009 for Tracoe and
Riisch. A borderline significance (p = 0.013) was
found for the difference between Tracoe and Riisch in
situation “2: Water/no artificial ventilation.” The
results confirm the impression gained from the
descriptive analysis that the Portex cannulas leaked
the least.

In the exploratory analysis, the parametric
four-factorial analysis of variance indicated effects
for the factors “water (yes/no),” “artificial ventilation
(yes/no),” and “manufacturer” (Tracoe/Portex/
Riisch) (»p < 0.001 for all three factors), while the
factor “‘thickness (7mm/8mm)” (p = 0.892) did not
explain the variation in the areas under the leakage
curve. On the other hand, high interactions existed
between “‘water” and “artificial ventilation” (p <
0.001) and between ‘‘artificial ventilation” and
“manufacturer” (p = 0.0079). There also seems to be
an interaction between “water” and “manufacturer”
(»p = 0.057). Therefore, we analyzed the cannulas

T T
yes no

artificial ventilation

Fig. 2. Boxplot of the areas under the leakage curve for cannulas
treated with water and either with or without artificial ventilation.

treated with water and those treated with saliva sep-
arately in another step.

Figure 2 shows that under treatment with
water, leakage is higher without artificial ventilation.
This effect is also illustrated in Figure 3 for the
cannulas treated with saliva, although the absolute
values of leakage were much smaller. For all the
cannulas of all three manufacturers, the sample
characteristics for treatment with water without
ventilation are 58.11 + 18.86 (5.53, 64.54, 75.00); for
water with ventilation, 30.25 £+ 20.03 (1.83, 24.65,
68.73); for saliva without ventilation, 1.96 + 3.61
(0.00, 0.64, 24.23); and for saliva with ventilation,
0.00 = 0.00 (0.00, 0.00, 0.00).

Discussion

This study compared the ability of three commonly
used tracheostomy tube cuffs to prevent the leakage
of water and artificial saliva past the cuff. Those
cuffs are used to protect the lower airway from
contamination by material leaking from the
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Fig. 3. Boxplot of the areas under the leakage curve for cannulas
treated with saliva and either with or without artificial ventilation.

subglottis. Past studies of Young and Blunt [12],
Oikkonen and Aromaa [11], and Asia and Shingu
[10] evaluated the leakage of only water past the
cuffs of tracheostomy tubes. This study is the first to
test the leakage of saliva past tracheostomy tubes. A
cuffed tracheostomy tube has to prevent the con-
tinuous aspiration of saliva into the lungs. We were
interested in whether there are differences in pro-
tecting the lower airway against leaked water versus
leaked artificial saliva. Does viscosity play an
important role?

The rate of water leakage between the cuff and
tracheal wall was surprisingly rapid in most of the
tested tracheostomy tubes. This finding is consistent
with previous studies [10—12]. We detected that under
treatment with water, leakage is higher without arti-
ficial ventilation. Our laboratory findings suggest that
the tested tracheostomy tubes will also not guard
against the aspiration of artificial saliva in the lower
airway, but, in contrast to the water experiments,
leakage was significantly less. There were significant
interactions between “water” and ‘‘artificial saliva,”
which means that fluids with more viscous consis-
tencies such as saliva result in less leakage. No
leakage was measured in the saliva and artificial
ventilation treatment.

The study shows that the Portex Blue Line
Ultra tracheostomy tubes effectively prevent leakage
of subglottic fluid into the lungs. Only in situation “2:
Water/no artificial ventilation” (p = 0.883) did we
find no significant differences between Riisch and
Portex tubes. There was a borderline significant
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difference between Tracoe and Riisch tubes in situa-
tion ““1: Water/artificial ventilation” (p = 0.068). We
found that the TRACOE vario tracheostomy tubes
leaked more than the Riisch Ultra-Tracheoflex and
the Portex Blue Line Ultra tracheostomy tubes in the
water experiments with or without artificial ventila-
tion and in the saliva experiments without artificial
ventilation.

The study by Dullenkopf et al. [15] showed
that both cuff material and cuff membrane thickness
have an important impact on leakage of fluid around
tracheal tubes with cuff. They found out that the
Microcuff endotracheal tube HVLP ICU (Microcuff,
Weinheim, Germany) prevented fluid leakage most
effectively compared with four commonly used cuffed
endotracheal tubes (Mallinckrodt HiLo, Portex Pro-
file Soft Seal, Riischelit Supoer Safety Clear, and
Sheridan CF). The Microcuff consists of an ultrathin
7-um polyurethane cuff membrane. Currently, the
manufacture produces only endotracheal tube cuffs
made of polyurethane, but not tracheal tube cuffs
because the material is still very expensive. In con-
trast with the study of Dullenkopf et al. [15], our
results show that the tracheostomy tubes with the
thinnest cuff membrane had the least leakage. We
decided that the leakage of fluid is associated with the
thickness of the cuff wall membrane. Research will
show that ultrathin polyurethane will be the cuff
material of the future.

The observation period was restricted to
15 min with three controls of the cuff pressure.
Although the intracuff pressure was initially set at 25
cmH,0, after 15 min it had dropped to 18.76-1990
cmH,0 (Tracoe), 19.54-20.64 cmH,O (Riisch) and
19.07-20.49 cmH,O (Portex). The cuff pressure
should be recorded regularly on the patient chart.
Finger palpation of the pilot balloon has been shown
to be an unreliable and insufficient method of cuff
pressure estimation [16]; thus, objective measurement
of cuff pressure by manometry is required to avoid
overinflation. Exact pressure ratio is required because
decreased pressure may increase the rate of aspiration
and extremely high pressure may lead to tracheal
stenosis or a tracheoesophageal fistula. In clinical
practice, endotracheal tube pressures are routinely
high and should be measured by manometry [17], but
regular measurement of tracheal cuff pressure is
unusual [18].

In conclusion, the present study shows that an
inflated tracheostomy tube cuff cannot prevent
aspiration, it only slows the already aspirated bolus
movement in the lungs [1]. When water runs into
the subglottic space above the inflated cuff, it
almost completely disappears down the longitudinal
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channels caused by folds in the cuff wall material.
Because of viscosity, the leakage of saliva was sig-
nificantly reduced compared with water.

Thus, it appears that an inflated cuff does not
prevent aspiration in patients who aspirate when they
eat. It should be determined early whether a patient
with a tracheostomy aspirate or not to find whether
the patient needs a tracheostomy tube with or with-
out cuff and whether he/she is able to take food orally
or needs to be nourished with a PEG tube. The earlier
the swallowing examination, the earlier the patient
achieves the best tracheal tube management.
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