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Postintubation injuries and open surgical tracheostomy:
should we always perform isthmectomy?*

Sequelas pos-intubacdo e traqueostomia cirurgica aberta:
devemos sempre fazer a istmectomia?

Alexandre Garcia de Lima, Ariovaldo Marques, lvan Felizardo Contrera Toro

Abstract

Objective: To evaluate the influence of the surgical team (general surgery or thoracic surgery) and the
surgical technique (with or without isthmectomy) on the incidence of postintubation injuries in the airways of
tracheostomized patients. Methods: Between January 1st and August 31st, 2007, 164 patients admitted to the
adult intensive care unit and tracheally intubated for more than 24 h were studied prospectively at the Sumaré State
Hospital, located in the city of Sumaré, Brazil. When tracheostomy was necessary, these patients were randomly
assigned to thoracic or general surgery teams. All of the patients were submitted to fiberoptic tracheoscopy for
decannulation or late evaluation of the airway. Results: Of the 164 patients in the study, 90 (54.88%) died (due
to causes unrelated to the procedure), 67 (40.85%) completed follow-up, and 7 (4.27%) were lost to follow-up.
Of the 67 patients who completed follow-up, 32 had undergone tracheostomy (21 by the general surgery team
and 11 by the thoracic surgery team), and 22 had been submitted to isthmectomy (11 by the general surgery
team and 11 by the thoracic surgery team). There was no difference between the surgical teams in terms of the
incidence of stoma complications. However, there was a significant difference when the surgical techniques (with
or without isthmectomy) were compared. Conclusions: Not performing isthmectomy in parallel with tracheostomy
leads the surgeon to open the tracheal stoma more distally than expected. In such cases, there were more stoma
complications.
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Resumo

Objetivo: Avaliar a influéncia da equipe cirurgica (cirurgia geral ou cirurgia tordcica) e da técnica operatoria
utilizada (com ou sem istmectomia) sobre a incidéncia de injurias pos-intubacio nas vias aéreas em pacientes
traqueostomizados. Métodos: Foram prospectivamente incluidos neste estudo 164 pacientes admitidos na unidade
de terapia intensiva para adultos do Hospital Estadual Sumaré e que ficaram sob intubacédo traqueal por mais de
24 h, no periodo entre 1° de janeiro e 31 de agosto de 2007. Quando foi necessaria a realizagdo de traqueostomia,
os pacientes foram aleatorizados para as equipes de cirurgia geral e tordcica. Todos os pacientes foram submetidos
a traqueoscopia flexivel para a decanulacio e/ou a avaliacio tardia da via aérea. Resultados: Dos 164 pacientes
no estudo, 90 (54,88%) faleceram (sem relacdo com o procedimento), 67 (40,85%) completaram o seguimento e
7 (4,27%) tiveram seguimento parcial. Dos 67 pacientes com seguimento completo, 32 foram traqueostomizados
(21 pela equipe de cirurgia geral e 11 pela equipe de cirurgia toracica). A istmectomia foi realizada em 22 pacientes
(11 pela equipe de cirurgia geral e 11 pela equipe de cirurgia toracica). Ndo houve diferenca entre o indice de
complicacGes estomais quando se comparou as equipes, mas sim quando se comparou as técnicas (com e sem
istmectomia). Conclusdes: A nio realizacdo da istmectomia paralelamente & traqueostomia faz com que o cirur-
gido realize o dstio traqueal mais distalmente do que supde. Nestes casos, houve um maior indice de complicagdes
do estoma traqueal.

Descritores: Traqueostomia; Unidades de terapia intensiva; Estenose traqueal.
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Introduction

Open surgical tracheostomy continues to be,
in most health care facilities, the most widely
used procedure for the prevention of laryngeal
complications as a consequence of prolonged
intubation,? despite the increasing popularity
of minimally invasive techniques of percuta-
neous tracheostomy.®4

1t is known, however, that an inappropriate
surgical technique may lead to alterations in the
tracheal stoma.'> Therefore, elective surgery
aimed at preventing a laryngeal complication
leads to a stoma complication that would not
otherwise exist.

There is no consensus among general
surgeons and specialists in respiratory medi-
cine regarding the ideal surgical technique, the
choice of surgical technique varying based on
the professional experience of each surgeon.

Risk factors for the development of postin-
tubation lesions in the airways include the
following: infection; high pressure in the cuff
and in the tube itself; hemodynamic shock; and
the technique used.”” A number of technical
details of open surgical tracheostomy, such as
the cannula number used in relation to the
size of the tracheal opening, the tracheal ring
used for the conduction of the stoma and the
performance (or not) of isthmectomy, have no
well-established standardization and some text-
books have no defined position regarding the
need for these procedures.®?

This cohort study aimed to evaluate the
influence of the surgical team (general surgery
or thoracic surgery) and the surgical technique
(with or without isthmectomy) used on the inci-
dence of postintubation injuries in the tracheal
stoma and in the airways of tracheostomized
patients.

Methods

All patients admitted to the Adult Intensive
Care Unit (ICU) of the Sumaré State Hospital,
State University at Campinas, between January
1st and August 31st, 2007 and remaining under
tracheal translaryngeal intubation (orotracheal or
nasotracheal) for more than 24 h were included
in this prospective study.

Patients who had come from other facili-
ties were excluded, as were those already under
mechanical ventilation, those submitted to other
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surgical procedures involving the airway, those
that had been intubated or tracheostomized
in the six months prior to the study and those
whose family members did consent to their
participation in the study.

For comparison between the populations,
demographic data (gender, age and ethnicity)
were collected, as were scores, such as the
Acute Physiology and Chronic Health Evaluation
(APACHE), as well as the reason that led the
patient to intubation.

The 1CU team was responsible for making the
decision as to length of time on translaryngeal
intubation after which tracheostomy was indi-
cated. After the decision regarding tracheostomy
had been made, the patients were randomized
(through a process of drawing opaque sealed
envelopes) to undergo the procedure performed
either by the general surgery team or by the
thoracic surgery team.

The general surgery team was composed of
six gastrointestinal surgeons, all with experience
in performing tracheostomies, whereas a single
surgeon was responsible for all of the tracheos-
tomies performed by the thoracic surgery team.

The choice of surgical technique (with or
without isthmectomy) was the responsibility
of the surgeon in charge, as was choice of the
tracheal ring in which the tracheal stoma would
be created and the size of the cannula to be
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Figure 1 - Reason for orotracheal intubation (OTI)
and mechanical ventilation. Abbreviations: CCT:
craniocerebral trauma; CRA: cardiorespiratory arrest;
and ACS: acute coronary syndrome.
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used. Immediately following the procedure, the
surgeon in charge was interviewed regarding
these data. The tracheal ring in which, according
to the surgeon, the stoma had been created was
designated the supposed tracheal ring. When
isthmectomy was not performed, the isthmus
was folded upward (cranially).

As soon as the tracheostomized patient was
weaned from mechanical ventilation, the plastic
cuffed tracheostomy cannula was replaced with
a metallic cannula.

After hospital discharge, all patients were
referred to the outpatient thoracic surgery
clinic for clinical and endoscopic evaluation.
Tracheostomized patients were also submitted
to decannulation.

At 60 days after undergoing tracheostomy,
the patients were submitted to fiberoptic trache-
oscopy under local anesthesia at an outpatient
clinic. The tracheal ring into which the cannula
was inserted was then designated the true
tracheal ring. Alterations in the tracheal stoma,
such as granulomas, stenosis and tracheomalacia
were evaluated, as well as other changes in the
airways (laryngeal, suprastomal and infrastomal
alterations). The endoscopist was blinded to the
technique employed and to the team conducting
the procedure.

For the final evaluation and for analysis of
the criteria for discharge from the outpatient
clinic, all patients, whether tracheostomized or
not, were again submitted to fiberoptic laryn-
gotracheoscopy at 180 days after the surgical
procedure. When symptoms of respiratory failure
occurred, the patient was submitted to emer-
gency bronchoscopy (with a fiberoptic or rigid
bronchoscope). Therefore, the clinical and endo-
scopic follow-up period for the diagnosis and
treatment of possible sequelae in the airways
was 180 days for all patients.

For the statistical analysis, we used the
program Number Cruncher Statistical System
(NCSS 1Inc., Kaysville, UT, USA); unpaired
Student’s t-test was used for parametric data,
and Fisher’s exact test or chi-square test was
used for ordinal or nominal data, with a level
of statistical significance of 0.05 for differences
between the populations.

This study was approved by the Ethics in
Research Committee of the State University at
Campinas School of Medical Sciences under
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ruling no. 528/2007. All participating patients, or
their families, gave written informed consent.

Results

A total of 164 consecutive patients were
studied prospectively between January 1st and
August 31st, 2007.

Of these patients, 67 (40.85%) completed
the proposed minimum clinical follow-up period
of 60 days, 90 (54.88%) died during hospitaliza-
tion or prior to the first endoscopic evaluation (at
60 days), and 7 (4.27%) were lost to follow-up.
The APACHE score of those who completed the
follow-up period was 19.41 £ 7.53, whereas, in
those who died, it was 29.95 £ 10.16, with a
significant difference between the two popu-
lations (p < 0.001). There were no differences
in demographic data or in the reasons for
intubation.

Of the 164 patients, 55 (33.53%) were
submitted to tracheostomy. The thoracic
surgery team performed 23 (41.82%) of the
55 procedures. Of the 55 patients submitted to
tracheostomy, 32 (58.18%) survived.

We assumed, as a final sample, 67 patients
(those who completed the follow-up period and
in whom it was consequently possible to evaluate
outcomes). Of these 67 patients, 39 (58.21%)
were males. Ages ranged from 15 to 77 years,
with a mean of 45.55 + 19.55 years. Of the
67 patients, 57 (85.07%) were white, 7 (10.45%)
were black, and 3 (4.48%) were mulatto.

As shown in Figure 1, the reasons for intuba-
tion and prolonged ventilatory support were the
following: postoperative support, in 18 patients
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Figure 2 - Incongruence between the supposed
tracheal ring and the true tracheal ring in relation to
the inclusion of isthmectomy in the tracheostomies
performed by the general surgery team.
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Table 1 - Results of the fiberoptic laryngotracheoscopy
performed in  tracheostomized patients on
postoperative day 60.

Results n %  Cumulative
%

Normal 14 43.8 43.8
Granuloma in the stoma 6 18.8 62.6
Stenosis in the stoma 4 12.5 75.1
Subglottic stenosis 2 6.3 81.4
Subglottic granuloma 1 3.1 84.5
Granuloma in the distal 1 3.1 87.6
trachea
Supraglottic stenosis and 1 3.1 90.7
granuloma in the stoma
Subglottic and distal 1 3.1 93.8
trachea stenosis
Granuloma and malacia 1 3.1 96.9
in the stoma
Stenosis in the stoma and 1 3.1 100.0
in the distal trachea
Total 32 100.0 100.0
(26.87%); severe craniocerebral trauma, in

14 (20.90%); and respiratory infections, in
9 (13.43%).

Of the 67 patients, 32 (47.76%) were
submitted to open tracheostomy by transla-
ryngeal intubation, which was orotracheal in
all cases. The mean duration of translaryngeal
intubation in non-tracheostomized patients was
5.54 + 3.63 days (range, 1-14 days), compared
with 10.71 + 2.50 days (range, 6-17 days) in
tracheostomized patients.

Among the 32 survivors, the tracheostomy
had been performed by the general surgery team
in 21 cases (65.63%) and by the thoracic surgery
team in 11 (34.37%). All procedures conducted
by the thoracic surgery team included isthmec-
tomy, which, in contrast, was performed in only
11 (52.38%) of the 21 procedures conducted by
the general surgery team (p = 0.0057).

In relation to the supposed tracheal ring, the
general surgery team stated that the stoma was
created in the second and third tracheal rings in
17 and 4 patients, respectively. According to the
thoracic surgery team, the stoma was created in
the second tracheal ring in all of their patients.

At the time of decannulation (true tracheal
ring), the actual location of the stomas in the
patients submitted to the procedure by the
general surgery team was in the second tracheal
ring in 12 patients, the third tracheal ring in 5,
the fourth tracheal ring in 2, the fifth tracheal
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ring in 1 and the sixth tracheal ring in 1. In
the patients submitted to the procedure by the
thoracic surgery team, all stomas were found to
be in the second tracheal ring. The supposed and
true tracheal ring were different in 9 (42.86%)
of the 21 cases in which no isthmectomy was
performed (p = 0.019). Among the 11 cases
in which the procedure was conducted by the
general surgery team and included isthmectomy,
there was, at the time of decannulation, a differ-
ence between the supposed and true tracheal
ring in 3 cases, compared with 6 of the 10 cases
in which isthmectomy was not performed (p =
0.198; Figure 2).

Among the 32 tracheostomies performed,
there were stoma complications (granulomas,
tracheomalacia or stenosis) in 13 (40.62%).
When the two teams were compared, complica-
tions were found in 11 general surgery group
patients and 2 thoracic surgery group patients
(p = 0.065). There were no differences when the
stoma complications were compared in relation
to whether or not isthmectomy was performed
(p = 0.132), regarding the congruence between
the supposed tracheal ring and the true tracheal
ring (p = 0.070), as well as the size of the
tracheostomy cannula used (p = 0.385). When
the true tracheal ring was compared with stoma
complications at the time of decannulation, no
differences were found between the popula-
tions (p = 0.144). However, stoma complications
occurred in all 4 of the patients in which the
stoma was located below the third tracheal
ring, compared with only 9 (47.37%) of the
19 patients in which the stoma was located in
the second or third tracheal rings (p = 0.01). The
determining factor for the creation of the stoma
below the third tracheal ring, present in 3 of
the 4 cases, was not performing isthmectomy
(p = 0.02). There was no difference between the
patients with stoma complications and those
without in terms of the duration of translaryn-
geal intubation preceding the tracheostomy (p =
0.891).

Summing the data collected on postopera-
tive day 60 (Table 1) and on postoperative day
180 (Table 2), a total of 2 patients (3%) presented
supraglottic complications (after two and four
days of translaryngeal intubation, respectively),
6 (9%) presented subglottic complications,
13 (19.4%) presented stoma complications,
and 3 (4.5%) presented infrastomal or tracheal
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Table 2 - Results of the fiberoptic laryngotracheoscopy
performed on postoperative day 180 in all patients.

Results n %  Cumulative
%

Normal 55  82.1 82.1
Stenosis in the stoma 4 6.0 88.1
Supraglottic stenosis 2 3.0 91.1
Subglottic stenosis 2 3.0 94.1
Granuloma in the stoma 1 1.5 95.6
Stenosis in the distal trachea 1 1.5 97.1
Malacia in the stoma 1 1.5 98.6
Granuloma and malacia in 1 1.5 100.0
the stoma

Total 67 100.0 100.0

complications. Of the 32 tracheostomized
patients, 14 (43.8%) presented normal laryn-
gotracheoscopy findings on postoperative day
60 (Table 1), compared with 55 (82.1%) on
postoperative day 180 (Table 2).

Intervention was necessary for the treatment
of sequelae in 5 (7.46%) of the 67 patients eval-
uated: 1 patient was submitted to a resection
with end-to-end anastomosis of the trachea;
decannulation was impossible in 1 (in whom
surgery was indicated but not recommended);
and 3 received Montgomery T-tube type
tracheal stents. All reconstructive interventions
in the airway were performed in tracheos-
tomized patients. Of these 5 patients, 3 (those
with tracheal resection, impossibility of decan-
nulation and placement of Montgomery T-tube)
had shown alterations in the tracheal stoma, all
created below the third tracheal ring; the other
2 received Montgomery T-tubes due to stenosis
of the distal trachea.

Discussion

Cervical tracheostomy is an old procedure, ')
which has been described thousands of years
ago and is the most common surgical proce-
dure performed in critically ill patients.!" Use
of the procedure expanded after an outbreak
of poliomyelitis, and complications began to
appear in the 1960s"® following the advent of
tracheostomy tubes with high pressure cuffs.
Subsequently, despite the use of tubes with low
pressure cuffs (translaryngeal or tracheostomy),
a wide range of secondary benign injuries in the
airways have been treated.'? At most health care
facilities, tracheostomy is considered a preven-
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tive and elective procedure aimed at minimizing
laryngeal sequelae due to prolonged translaryn-
geal tracheal intubation, as well as having been
shown to be related to favorable early in-hos-
pital evolution.!>-'®

The principal motivation for the performance
of tracheostomy is prolonged translaryngeal
intubation,'® which, at most health care facili-
ties, is used for a maximum of 10 to 12 days,
as recommended."® Other motivations include
the following: facilitating tracheobronchial
hygiene and management; making the patient
comfortable; ensuring that the nursing and
physiotherapy teams can work more safely; and
stabilizing the airway. However, these recom-
mendations are rarely measured, and the level of
technical acceptance is therefore low.('”

Therefore, open or minimally invasive
cervical tracheostomy, when recommended due
to prolonged translaryngeal intubation, has
a preventive and elective aspect. The surgical
technique has to be applied with precision for
a procedure with these characteristics not to
become a new source of acute and chronic
complications, with stoma alterations (granu-
lomas, tracheomalacia and stenosis) which
prevent or preclude decannulation, causing
invasive endoscopic or surgical corrective proce-
dures in patients already debilitated by their stay
in the 1CU.

1t should not be delegated to less expe-
rienced surgeons or to residents alone, and it
should always be performed in the presence of
an attending surgeon/supervisor (rather than
being “phoned in” by the same)—not simply the
most senior resident. Health care facilities should
make every effort to improve the technique.

The following are determining factors for
preventing complications in the tracheal stoma:
an ample stoma, with no cartilage resection; an
aseptic technique; and the use of a cannula of
the appropriate size. Isthmectomy seems to play
a secondary role in the opinion of the surgeons;
however, it is impossible to be sure about the
exact placement of the tracheal stoma if isth-
mectomy is not performed, as shown in this
clinical study.

In the present study, we found that, when
the tracheostomy did not include isthmectomy,
surgeons created the stoma in tracheal rings that
were more distal than expected, and there was
a correlation between creating the stoma below
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the third tracheal ring and the occurrence of
stoma complications.

There was no statistical difference between
the procedures performed by the general surgery
team and those performed by the thoracic surgery
team in terms of the frequency of stoma compli-
cations, although there was a tendency toward
significance (p = 0.065), as there was between the
teams for the congruence of the supposed tracheal
ring with the true tracheal ring (p = 0.070). This
may be due to the fact that the sample, despite
being consecutive,!'” when divided in groups and
including only the survivors, was significantly
decreased. However, we should consider the fact
that the thoracic surgery team conducted exclu-
sively open tracheostomy with isthmectomy and
therefore always created the stoma in the second
tracheal ring, which resulted in fewer compli-
cations than those seen after the procedures
performed by the general surgery team, who
did not always perform isthmectomy, leading to
considerable incongruence between the supposed
and the true tracheal ring, which presented a
direct correlation with stoma complications,
therefore requiring that additional surgical and
endoscopic procedures be performed.

1t is of note that, in 3 of the cases in which
the general surgery team also performed isth-
mectomy, the true tracheal ring differed from
the supposed tracheal ring, indicating that, even
when isthmectomy is performed, special atten-
tion should be given to the correct identification
of the cricoid cartilage and tracheal rings.

We opted for decannulation after 60 days, a
conservative approach taken in order to safely
evaluate and treat of negative outcomes, which
constituted the aim of our study. This decision
was based on previous data demonstrating that
this is the critical period for the appearance of
injuries secondary to intubation. Tracheoscopy
performed at 60 days for decannulation was the
key point of the present study. However, in our
health care facility, this is a common procedure
for tracheal decannulation, since the occlusion
of the cannula test only detects 50% of airway
injuries.®'® In addition, subcritical stenosis can
go undiagnosed and dyspnea can be attrib-
uted to other factors, such as recent pulmonary
injury, loss of muscle strength and protein-
calorie malnutrition, limiting the possibility of
early elective treatment® and promoting a less
favorable evolution.
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Although it was not our objective to
study the level at which tracheostomies are
performed, we found that creating the stoma
in a lower tracheal ring was the principal risk
factor for a serious and typically fatal complica-
tion, namely tracheo-innominate artery fistula,
which is caused by erosion of the wall by the
cannula or cuff, bringing the trachea and the
brachiocephalic artery into opposition.>?% 1t is
known that postintubation stenosis occurs more
frequently in subglottic, suprastomal and stomal
sites.!” In candidates for surgical treatment
involving resection of the stenosis or end-to-end
anastomosis of the airway, low placement of
the stoma, distant from the suprastomal sten-
osis, can make it difficult or even impossible to
perform the corrective surgery.?” In our sample,
only 1 patient was a candidate for tracheal
resection involving end-to-end anastomosis and
3 required tracheal stents.?>?%)

Despite the increasing interest in and the
applicability of tracheostomy said to be mini-
mally invasive with percutaneous techniques,?”
tracheoscopy-guided or otherwise, open trache-
ostomy remains the technique used in most
public hospitals, and every effort should be
made to avoid further injury in patients already
debilitated and traumatized by long, punishing
hospital stays.

Recently, factors not measured clinically and
which are not part of the routine of the 1CU
and specialized outpatient clinics have been
related to complications in the airways.?” This
can effectively be a promising line of research
in the prevention of these diseases. However, we
must currently focus on measurable day-to-day
aspects as simple as choosing the appropriate
surgical procedure.

In conclusion, we are in favor of performing
isthmectomy in order to ensure that the stoma
is created in the second or third tracheal ring.
We believe that the following factors are impor-
tant: the creation of an ample stoma, without
resection of the cartilaginous tissue; avoiding
inversion of the edges of the stoma in relation
to tracheal lumen; careful selection of a cannula
that is of an appropriate size (compatible with
the size of the trachea), thereby avoiding exces-
sive pressure on the tracheal wall and the need
for high cuff pressure in order to fully occlude
the airway; additional precautions, so this
preventive, elective procedure does not become
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a source of complication in critically ill patients,
such complications being related to the tech-
nique employed rather than to the makeup of
the team that conducts the procedure.
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