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Abstract

Background: Tracheotomy is an indispensable component in intensive care management. Doctors in charge of the
intensive care unit (ICU) usually decide whether tracheotomy should be performed. However, long-term follow-up
of a closed fistula by these doctors is rarely continued in most cases. Doctors in charge of the ICU should be
interested in the long-term prognosis of tracheotomy. The purpose of this study was to evaluate whether different
tracheotomy procedures affect the long-term outcome of a closed tracheal fistula.

Methods: We mailed questionnaires to patients undergoing tracheotomy in Fukushima Medical University Hospital
between January 2008 and December 2010. Questions concerned problems related to perception, laryngeal
function, and the appearance of a closed fistula. Patients were classified into percutaneous tracheotomy (PT) group
and surgical tracheotomy (ST) group. We evaluated the statistical significance of differences in the frequency and
degree of each problem between the two groups. A door-to-door objective evaluation using the original scoring
system was then performed for patients who replied to the mailed questionnaire. We evaluated the percentage of
patients with high scores as well as the mean scores for problems with function and appearance.

Results: We received completed questionnaires from 28/40 patients in the PT group and 35/55 patients in the

ST group. There were no significant differences in age, mean hospital stay, or APACHE Il score between the groups.
Regarding problems with appearance, the outcomes of PT were significantly better than those of ST with respect to
self-evaluation (p =0.04) and the frequency (p = 0.03) and degree (p = 0.02) of scar unevenness according to door-
to-door evaluation. However, there were no significant differences in the frequency or degree of self-evaluation in
problems with perception and function between the two groups. There were no significant differences in the
frequency or degree of door-to-door evaluation of problems with function.

Conclusions: This study shows that PT might be superior to ST with respect to problems with long-term appearance.
Continuous follow-up of closed tracheal fistulas can help assure that patients recovering from a critical condition
experience a better return to their former lives. A systematic follow-up of post-critical-care patients is required.
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Background

In cases of prolonged mechanical ventilation (MV), tra-
cheotomy is taken into consideration by the doctors in
charge of the intensive care unit (ICU). Doctors continue
intensive care after tracheotomy and are satisfied with the
accomplishment of difficult respiratory management when
patients can be successfully weaned from MV. However,
most doctors have little clinical interest in patients once
they leave the ICU after weaning from MV. These doctors
are responsible for the decision to perform tracheotomy,
but most of them do not follow-up on the long-term con-
dition of patients following closure of a tracheal fistula. In
many cases, patients have to return to their former daily
life, but they may have serious problems after tracheotomy.

There are currently two widely used tracheotomy
methods, namely, percutaneous tracheotomy (PT) [1,2]
and conventional surgical tracheotomy (ST). Both methods
have advantages and disadvantages, and at present, there
are no adaptive criteria for selection. Doctors in charge of
the ICU usually select a tracheotomy method according to
the patient's clinical condition or anatomical features of the
neck. In Fukushima Medical University Hospital, PT is used
as often as possible because it can be performed by the
emergency staff at the bedside. This is important be-
cause emergency doctors are in charge of the ICUs in
our hospital.

The purpose of this study was to evaluate whether dif-
ferent tracheotomy procedures affect the long-term out-
come of a closed tracheal fistula. Our goal is to provide
emergency medical care that assures a positive return to
patients' former lives.

Methods

We selected electronic medical records of all patients
who had undergone tracheotomy in the emergency de-
partment of Fukushima Medical University Hospital be-
tween January 2008 and December 2010. We mailed
survey questionnaires to surviving patients with closed
tracheal fistulas. For this study, we regarded the patients
as materials sufficiently if it took more than 6 months
after removal of a cannula, in accordance with Ciaglia
and Graniero's study [3], which reported long-term
follow-up (4 months after percutaneous tracheotomy in
short cases). The replies of patients who received con-
tinuous treatment following their tracheotomy were ex-
cluded from the study analysis. In addition, patients who
were extremely unstable and patients with conditions
likely to influence the long-term prognosis after trache-
otomy were not included. The perioperative clinical
courses of all cooperating patients were investigated in
detail from the operative records in the electronic charts.
Experienced emergency specialists performed all of the
PT procedures at bedside in the ICU using the Neo
Perc™ (Covidien Group, Tokyo, Japan). Otolaryngology
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specialists performed all of the ST procedures in the
operating room using standard methods.

The contents of the questionnaire were based on self-
evaluation of the problems after tracheotomy. In this
study, problems were classified into problems with per-
ception, function, or appearance. We showed patients
examples of each symptom, and the patients freely wrote
about their problems by self-evaluation. We established
a scale so that the patients might perform a self-
evaluation of the degree of each problem. The scale
ranged from O to 10 points, and severe problems were
assigned a high score (0 points, none; 10 points, strong
and continuous). All valid replies were classified into ei-
ther the PT or ST group. The frequency of each type of
problem (classified into the three categories of percep-
tion, function, and appearance) and the degree of each
problem as evaluated by the self-scoring system were
compared between groups. If one patient declared se-
veral concerns falling under one type of problem, we to-
taled each separately. The mean value of each score was
independently compared between the two groups.

Next, we performed a door-to-door objective evaluation
by interviewing patients who replied to the questionnaires.
We established a scoring system for evaluation of prob-
lems with function and appearance. Functional problems
included dysphagia (3 points, severe dysphagia; 2 points,
slight dysphagia; and 1 point, no dysphagia) and dyspho-
nia (3 points, severely hoarse voice; 2 points, slightly
hoarse voice; and 1 point, no hoarse voice). Appearance
problems included size (3 points, scar length of >1.5 cm; 2
points, scar length of >1 and <1.5 ¢cm; and 1 point, scar
length of <1 cm), unevenness (3 points, depressed or
prominent scar of >5 mm; 2 points, depressed or promi-
nent scar of <5 mm; and 1 point, no depressed or promi-
nent scar), and pigmentation (3 points, bright color; 2
points, light color; and 1 point, no pigmentation). In the
door-to-door objective evaluations, we compared not only
the percentage of patients whose score was above 2
points, but also the mean score itself.

We used unpaired ¢ tests for continuous data and chi-
square tests for categorical data, except when expected
cells were less than 5, in which case we used Fisher's
exact test. We used IBM SPSS software version 21 (SPSS,
Chicago, IL, USA) for the statistical calculations. All of
the tests were two-tailed, with significance set at p < 0.05.
This study was approved by the ethics committee of
Fukushima Medical University, and we strictly followed
our institutional guidelines for the protection of personal
data. We obtained written informed consent for data dis-
closure and study participation from all study participants.

Results
Patient demographics are shown in Table 1. We received
28 replies from 40 PT patients (70.0%) and 35 replies from
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Table 1 Patient demographics

Respondents PT ST Significance
(28/40)  (35/55cpa)

Response rate (%) 70.0% 63.6% NS

Male/female 18/10 20/15 NS

Mean age + SD 62.1+193 629+208 NS

Mean hospital day + SD 380+102 412+12.1 NS

APACHE II score + SD 240105 243+88 NS

Return to former life (%) 24 (85.8%) 28 (82.9%) NS

Clinical diagnosis

Multiple trauma 7 5 NS

Acute intoxication 5 4 NS

Bumn 3 2 NS

Sepsis 4 5 NS

Heat stroke 1

Meningitis 1

Cardiovascular disease 4 12 p <005

Acute pneumonia 3 5 NS

Acute pancreatitis 1

Hyperglycemic acidosis 1

Mean time to tracheotomy 9.1+£29 145+26 p<0.05

(mean days + SD)

Mean time to removal 369+221 547+222 p<0.05

of tracheal cannula

(mean days + SD)

Mean time since removal 245+198 215+202 NS

of tracheal cannula

(mean days + SD)

Reasons for tracheotomy

Anticipation of prolonged MV 14 9 p <005

Prolonged MV more than 7 21 p <0.05

14 days (including failed cases

of wearing from MV)

Airway stenosis 7 5 NS

All test were two-tailed, with significance set at p < 0.05. PT percutaneous
tracheotomy, ST surgical tracheotomy, SD standard deviation, NS not significant,
MV mechanical ventilation.

55 ST patients (63.6%). There were no significant differ-
ences in mean age (p = 0.56), mean hospital stay (p = 0.10),
Acute Physiology and Chronic Health Evaluation II
(APACHE 1I) score (p=0.79), or the rate of return to
former life (p = 0.52) between the groups. There was a ten-
dency for a high number of diagnoses of exogenous
diseases in the PT group. Cardiovascular disease was sig-
nificantly more frequent in the ST group (p <0.05). The
mean time to tracheotomy in the PT group was signifi-
cantly shorter than that in the ST group (p <0.05). The
mean time of removal of the tracheal cannula was shorter
in the PT group than in the ST group (p < 0.05). There was
no significant difference in the mean time since removal
of the tracheal cannula between the two groups (p = 0.64).
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There were no recorded perioperative complications in ei-
ther group. With respect to reasons for tracheotomy, PT
was significantly more frequently performed in patients in
whom prolonged MV was anticipated (p <0.05). In con-
trast, ST was significantly more frequently performed in
patients who underwent prolonged MV (p < 0.05).

Outcomes of perceptual problems are shown in
Figure 1A. Two patients in the ST group reported sudden
and repeated stabbing pain but stated that it was mild and
of short duration. One patient in each group reported feel-
ing slight discomfort that was difficult to define or explain
(categorized as ‘other’, Figure 1A). Although these symp-
toms were vague and the validity of their inclusion is de-
batable, we included them because of appeals made by the
patients. There were no significant differences in the self-
evaluated frequency (11/39 vs. 17/35, p=0.61) or mean
score of the degree of problems (0.71+1.01 vs. 1.11+
1.30, p = 0.19) between the two groups.

The outcomes of functional problems are shown in
Figure 1B. Two patients in the PT group and three pa-
tients in the ST group reported that their throat function
had deteriorated slightly, with no significant differences
in the self-evaluated frequency (p = 1.00) or score of the
degree (p=0.78) of these problems between the two
groups. In the door-to-door evaluation, there were no
significant differences in either frequency of a high score
(=2 points) or the mean scores for dysphagia and dys-
phonia. We observed no cases of severe dysphagia in ei-
ther group. Several patients in both groups reported
voice changes, but we observed no severely hoarse
voices during the interviews.

The outcomes of appearance problems are shown in
Figure 1C. Ten patients in the PT group and fourteen in
the ST group stated that they did not expose the scar
despite the fact that it was barely visible. There was no
significant difference in the frequency of problems with
appearance between the two groups (19/28 vs. 29/35,
p=0.24). However, the mean score of the degree of
problems was significantly higher in the ST group than
in the PT group (3.43 £ 1.97 vs. 2.00 + 1.80, respectively,
p =0.04). In the door-to-door evaluation, there were no
significant differences in either the frequency of high
scores (=2 points) or the mean scores for scar length
and pigmentation. However, unevenness of >2 points
was significantly more frequent in the ST group than in
the PT group (9/35 vs. 1/28, p=0.03). In addition, the
mean score of the degree of scar unevenness in the ST
group was significantly higher than that in the PT group
(1.37 £ 0.69 vs. 1.04 + 0.19, respectively, p = 0.02).

Discussion

Respiratory care using MV is indispensable for patients
with critically ill conditions, such as multiple traumas or
severe burns. When prolonged MV is anticipated, doctors
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Total sum number of declared perception problems: PT vs. ST = 11 (39.3%) vs. 17 (48.6%) ( p=0.61)

Frequency PT group ST group
Hyperesthesia (3) Recurrence of pain (2)
Hypoesthesia (5) Hyperesthesia (4)
B85 Feeling of stiffness in the ypoesthesia (6)
throat (2) eeling of something stuck
[ Other (1) in the throat (2)
None (17) [ Feeling of stiffness in the
throat (2)
[ other (1)
None (18)

PT group

Dysphagia (3)
Dysphonia (6)
Expectoration disorder (1)

Score PT group ,—‘“6”:'1'33‘ =019 ST group
10 [ T
071£1.01 1.11+£1.30
5
(2]
(=] @ @ o2 © S @
0 0606 @ o O & @ e
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0
B Total sum number of declared functional problems : PT vs. ST = 12 (42.9%) vs. 14 (40.0%) ( p=1.00)
Frequency
ST group

Dysphagia (3)

Dysphonia (6)
Expectoration disorder (2)
Others (3)

B8 Others (2)
None (16) None (21)
Score PT group 1(61)=-0.28, p=078 ST group
10 [ i
0571074 0631088
5
Q
QGG 20 & 0
000 222 O e @ @O oo
0
Results of door-to-door evaluation
c ('score >1) (%) Mean score 5040 |
ontent PT group ST growp pvalue PT group ST growp % p value
Dysphagia 1(71%) 2(6.0%) 069 1041019 106t024 -0.13,090 0.70
Dysphonia 3(11.0%) 6(17.1%) 047 1.11+0.19 117+038 -024,012 048

C

Total sum number of declared appearance problems: PTvs. ST = 19 (67.9%) vs. 29 (82.9%) ( p=0.24)

Frequency PT group ST group

Large scar (2) Large scar (6)

Prominent scar (2) Depressed scar (6)

Pigmentation (5) [Z2] Prominent scar (2)

B8 other (10) S Pigmentation (3)
None (9)) EE Other (12)
None (6)
Score PT group #61)=-2.9, p=0.04" ST group
10 [
200%£1.80
5
®
@
0
Results of by door-to-door evaluation
(Score >1) (%) Mean score

Content PT group ST group pvalue PT group ST group 95%Cl pvalue
Scar length 2(7.1%) 6(17.1%) 0.24 107026 1171037 027,070 024
Unevenness 1(3.6%) 9(25.7%) 0.033" 1.04+0.19 1.37+0.69 -057,-010 0.015*
Pigmentation ~ 9(32.1%) 11(34.3%) 0.86 1.391050 157£0.78 -0.52,0.16 030

Figure 1 (See legend on next page.)
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Figure 1 Comparison of long-term outcomes with regard to different problems between the PT and ST groups. (A) Perceptual problems.
There were no significant differences between the PT and ST groups in the self-evaluated frequency (11/39 vs. 17/35, respectively, p = 0.61) or
mean score of the degree of perceptual problems (0.71 £ 1.0 vs. 1.11 + 1.30, respectively, p =0.19). (B) Functional problems. There were no
significant differences in the self-evaluated frequency (p = 1.00) or score of the degree (p =0.78) of functional problems between the two groups.
There were no significant differences in the frequency of a high score (score 22 points) or in the mean score for dysphagia and dysphonia in the
door-to-door evaluation. (C) Appearance problems. There was no significant difference in the frequency of appearance-related problems between
the PT and ST groups (19/28 vs. 29/35, respectively, p = 0.24). However, the mean score for the degree of appearance-related problems was
significantly higher in the ST group than in the PT group (343 £ 1.97 vs. 2.00 £ 1.80, respectively, p = 0.04). There were no significant differences in
the frequency of a high score (score 22 points) or in the mean score for scar length and pigmentation in the door-to-door evaluation. However,

unevenness of >2 points was significantly more frequent in the ST group than in the PT group (9/35 vs. 1/28, respectively, p = 0.03).

in charge of the ICU must consider tracheotomy. Doctors
in charge of the ICU perform tracheotomy whenever ne-
cessary, but most of them are not overly concerned about
how the fistula recovers after removal of the tracheal can-
nula and do not make the effort to determine the resulting
problems that patients experience. These doctors should
be more interested in the daily life of patients and post-
critical care. Tracheotomy is invasive, with a resulting scar
on the front of the neck. Therefore, a method that can be
performed with minimal invasion should be selected.
Presently, there are two methods of tracheotomy,
namely, PT and ST. PT is a technique that was first re-
ported by Ciagria et al. in 1985 [2]. Since then, its use
has spread worldwide, and it has undergone several
modifications over the last 20 years [4]. PT is simple and
can be performed at the bedside by trained intensivists
[5-7]. Several other authors have reported long-term
outcomes of PT [8-11]. However, there are no studies
based on scores obtained by patients' self-evaluations,
such as our design in the current study. Although a
patient's self-evaluation might not be objective, we rec-
ognized that talking to patients is important and thus
designed our method by questionnaire. We hypothesized

that the outcomes for all of the problems with long-term
perception, function, and appearance in the PT group
are superior to those in the ST group. However, there
were no significant differences in the frequency and de-
gree of problems with perception and function in self-
evaluation between the two groups. In addition, in the
door-to-door evaluation, there were no significant diffe-
rences in problems with function between the two
groups.

We found significant differences in the score of the de-
gree of problems with appearance in the self-evaluation
and in the score of scar unevenness in the door-to-door
evaluation. PT was superior to ST in these evaluations.
These data suggest that PT is more effective than ST with
respect to the long-term appearance of a closed tracheal
fistula. Several factors that promote good recovery of a fis-
tula following PT are as follows: (1) this procedure can be
performed with a small incision; (2) PT does not require
any separation of subcutaneous tissue, including the ster-
nohyoid; and (3) infection can be reduced because the
procedure does not require vessel ligation and because the
primary tracheal fistula created by a dilator is small, pre-
venting the leakage of tracheal secretions into the wound.

41 months after removal of the tracheal cannula

39 days after removal of the tracheal cannula

Figure 2 Photographs of one patient's tracheotomy scar. The patient is an 18-year-old woman. The appearance of the closed tracheal fistula
was judged to be very good in the door-to-door evaluation, but the patient commented that she always conceals the scar by wearing collared
clothes when going out in public.
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We recommend considering PT for an optimal long-term
appearance.

Of the patients who replied to our questionnaire, ap-
proximately 40% reported that they had some problems
with perception and function by self-evaluation in both
groups. For appearance, the majority of patients in both
groups reported that they had some problems as
assessed by self-evaluation. However, only a few patients
pointed out functional problems in the door-to-door
evaluation. In addition, problems with appearance widely
varied between the self-evaluation and door-to-door ob-
jective evaluation. An example of these variations was
seen when, following receipt of the patients' completed
questionnaires, we visited the home of an 18-year-old
woman who had undergone PT because of intractable
epileptic seizures. We observed the appearance of the
patient's closed tracheal fistula and judged its condition
as good. However, the patient stated that she always
concealed the scar by wearing clothes with a collar when
in public (Figure 2). Similarly, a 67-year-old woman who
had undergone ST because of severe heart failure was
also concerned about the effects of tracheotomy on her
appearance and hoped that plastic surgery would be able
to remove the scar. The dissatisfaction level after trache-
otomy might be greater than we assumed, and it might
not be related to the method used. Several authors have
reported the potential merits of early tracheotomy
[12-17], and we expected that early tracheotomy would
be acceptable if PT provides a good long-term prognosis
of a closed fistula. However, our study results were not
consistent with this expectation as evidenced by the pa-
tients' long-term dissatisfaction. Medical staffs are likely
to regard the merits of simplicity in respiratory manage-
ment by tracheotomy, but perioperative assessment re-
garding the indication or timing before tracheotomy
should be performed. Furthermore, the long-term prog-
nosis of a closed fistula should be explained in detail.

Our study has several limitations. First, our standard
for door-to-door evaluation was established specifically
for this study. However, the number of patients included
in the study was small, and we need to collect more
cases to verify the validity of this standard. We were un-
able to show any significant differences in the long-term
prognosis with regard to perceptual and functional prob-
lems between the PT and ST groups. Second, the vari-
ation in diseases between the two groups might be an
important factor contributing to the significant difference
in the mean time to tracheotomy or mean time of cannu-
lation. Third, we consider a patient's self-evaluation to be
important in evaluating his or her long-term prognosis.
However, more invasive assessment by an otolaryngolo-
gist, such as laryngeal fiberscopy, may be necessary for a
more objective evaluation. Because the performance of PT
or ST made a difference, the significant difference was
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brought at the time to performance between the two
groups. Therefore, a randomized and controlled prospec-
tive study should be conducted to precisely evaluate the
long-term prognosis of PT and ST. We would like to es-
tablish a long-term follow-up system for tracheotomy
based on the findings of this study.

Conclusion

This study shows that PT might be superior to ST for
problems with long-term appearance. However, the sam-
ple size of our study was small and there were diffe-
rences in the diseases between the PT and ST groups.
Continuous follow-up of closed tracheal fistulas can help
assure that patients recovering from a critical condition
experience a better return to their former lives. A syste-
matic follow-up of post-critical-care patients is required.

Abbreviations
ICU: intensive care unit; MV: mechanical ventilation; PT: percutaneous
tracheotomy; ST: surgical tracheotomy.
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