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Background: Tracheostomy tube malposition is a barrier to weaning from mechanical ventilation.
We determined the incidence of tracheostomy tube malposition, identified the associated risk
factors, and examined the effect of malposition on clinical outcomes.
Methods: We performed a retrospective study on 403 consecutive patients with a tracheos-
tomy who had been admitted to an acute care unit specializing in weaning from mechanical
ventilation between July 1, 2002, and December 31, 2005. Bronchoscopy reports were
reviewed for evidence of tracheostomy tube malposition (ie, > 50% occlusion of lumen by
tissue). The main outcome parameters were the incidence of tracheostomy tube malposition;
demographic, clinical, and tracheostomy-related factors associated with malposition; clinical
response to correct the malposition; the duration of mechanical ventilation; the length of
hospital stay; and mortality.
Results: Malpositioned tracheostomy tubes were identified in 40 of 403 patients (10%). The
subspecialty of the surgical service physicians who performed the tracheostomy was most
strongly associated with malposition. Thoracic and general surgeons were equally likely to
have their patients associated with a malpositioned tracheostomy tube, while other subspe-
cialty surgeons were more likely (odds ratio, 6.42; 95% confidence interval, 1.82 to 22.68;
p ! 0.004). Malpositioned tracheostomy tubes were changed in 80% of cases. Malposition was
associated with prolonged mechanical ventilation posttracheostomy (median duration, 25 vs
15 d; p ! 0.009), but not with increased hospital length of stay or mortality.
Conclusion: Tracheostomy tube malposition appears to be a common and important compli-
cation in patients who are being weaned from mechanical ventilation. Surgical expertise may
be an important factor that impacts this complication. (CHEST 2008; 134:288 –294)
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T racheostomy is one of the most frequently per-
formed procedures in critically ill patients.1,2 While

the precise timing of tracheostomy remains controver-
sial, it is usually performed after a period of mechanical
ventilation to facilitate weaning, improve patient com-
fort, and allow safe discharge from the ICU.3,4 Al-
though morbidity and mortality rates are low with this
procedure,5 complications ranging from stomal infec-
tion to death may occur.5 Tracheostomy tube malposi-

tion has been reported in case reports and small case
series6–10 and can result in life-threatening airway
emergencies.9 To the best of our knowledge, there has
been limited description of the epidemiology of trache-
ostomy tube malposition. We therefore sought to de-
termine the incidence of tracheostomy tube malposi-
tion, the factors contributing to tracheostomy tube
malposition, and the effect of tracheostomy tube mal-
position on patient outcomes.
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Materials and Methods

Setting

The study was performed in the Respiratory Acute Care Unit
(RU) of the Massachusetts General Hospital. Massachusetts
General Hospital is a university-affiliated teaching hospital, a
tertiary care referral center, a level-1 trauma center, and a
community hospital for Boston. It has " 1.5 million patient visits
and 45,000 admissions annually. The RU is a 10-bed unit
providing care for mechanically ventilated patients who are
hemodynamically and metabolically stable. It uses a transitional
model that includes a medical director, staff intensivists from the
Departments of Anesthesia and Critical Care Medicine and
Pulmonary Medicine, and the participation of primary care
physicians in patient care.11 There is one nurse for every two
patients. A respiratory therapist and physician are on site 24 h per
day. The focus of the RU is the liberation of patients from
mechanical ventilation. Patient care is provided in a multidisci-
plinary fashion that incorporates protocols and guidelines for
weaning from mechanical ventilation, downsizing of tracheos-
tomy tubes for speech and oral feeding, and tracheostomy tube
decannulation. At Massachusetts General Hospital, tracheosto-
mies are performed by general surgeons as well as by subspecialty
surgeons. The hospital does not have an otolaryngology service.
During the study period, the majority of tracheostomies were
performed using an open technique.

For this study, we included consecutive mechanically venti-
lated patients who were " 18 years of age who had been
admitted to the RU between July 1, 2002, and December 31,
2005, and had a tracheostomy tube placed during their current
hospital admission. The study was approved by the Institutional
Review Board of the Massachusetts General Hospital.

Study Objectives

The study objectives were as follows: (1) to determine the
incidence of tracheostomy tube malposition; (2) to identify the
factors associated with tracheostomy tube malposition; and (3) to
examine the effect of tracheostomy tube malposition on the
duration of mechanical ventilation and length of hospital stay. A
priori, we identified the following two categories of factors
potentially associated with tracheostomy tube malposition: (1)
patient-associated factors, including demographics, body habitus,
nutritional status, comorbidities, illness severity, and preexisting
respiratory disease; and (2) technical and mechanical tracheos-
tomy factors, including the type of tracheostomy tube and the
surgical subspecialty of the surgeon performing the tracheos-

tomy. The identification of tracheostomy tube malposition,
tracheostomy-related factors, the duration of mechanical ventila-
tion, the length of stay, and mortality were prespecified outcomes
included in a data extraction instrument that was developed prior
to the initiation of data collection.

Identification of Tracheostomy Tube Malposition

Bronchoscopies are frequently performed in the RU to identify
the reasons for a change in respiratory status, to assist in the
diagnosis of pneumonia, or to clear secretions from the lower
respiratory tract. All patients with a tracheostomy tube placed
during their current hospital admission underwent at least one
bronchoscopy. Patients are routinely nursed with a head eleva-
tion of " 30o, and bronchoscopy was performed with the patient
in this position. Bronchoscopy (Olympus bronchoscope; Tokyo,
Japan; or Pentax bronchoscope; Tokyo, Japan) is usually per-
formed with local anesthesia. Written reports of all bronchosco-
pies performed during the hospital stay subsequent to tracheos-
tomy tube placement were reviewed for evidence of malposition,
which was defined as a " 50% occlusion of the distal opening of
the tracheostomy tube by tissue on bronchoscopic examination.
Bronchoscopies in the RU are performed by four attending
intensivists, and they routinely comment on tracheostomy tube
position. Figure 1 is an example of tracheostomy tube malposi-
tion in one of our patients. Two independent investigators
reviewed the bronchoscopy reports of every patient for trache-
ostomy tube malposition. In the case of a discrepancy between
the two reviewers, a third reviewer scrutinized the report, and a
consensus was reached. The types of malposition were catego-
rized as the posterior tracheal wall occluding the distal tip of
tube, the presence of granulation tissue, tracheostomy tube too
short proximally, tracheostomy tube too short distally, and tra-
cheostomy tube cuff in the stoma.

Clinical Response to Malposition

We recorded the clinical indicators that prompted the bron-
choscopy that identified the tracheostomy tube malposition. We
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Figure 1. Tracheostomy tube malposition due to posterior
tracheal wall occluding the distal tip of the tube, as seen through
a bronchoscope.
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also recorded the clinical response to the identification of
tracheostomy tube malposition as replacing the tracheostomy
tube, surgical consultation, resuming mechanical ventilation,
changing ventilator settings (inspiratory pressure and positive
end-expiratory pressure), repositioning the existing tracheostomy
tube, and initiating or intensifying medical therapy with broncho-
dilators or corticosteroids.

Demographic and Clinical Factors

Age, gender, duration of mechanical ventilation, hospital admit-
ting service, and the unit in which the tracheostomy was performed
were identified from the medical record. The etiology of respiratory
failure was categorized as acute lung injury, chronic lung disease
with acute respiratory failure, neurologic disease, or congestive heart
failure. We identified the following additional clinical data: smoking
history; height; weight; albumin level (a surrogate measure of
nutrition status); and the administration of steroids prior to trache-
ostomy. Patient comorbidities were identified (ie, coronary artery
disease, congestive heart failure, peripheral vascular disease, neuro-
logic disease, history of malignancy, renal insufficiency, diabetes,
chronic obstructive lung disease, asthma, connective tissue disease,
and GI disease) and were summarized using the Charlson comor-
bidity index.12 APACHE (acute physiology and chronic health
evaluation) II score on admission to the ICU13 and body mass index
were calculated.

Tracheostomy-Related Factors

Tracheostomy-related factors identified from the medical record
included a history of tracheostomy, the time from the first intubation
to tracheostomy, the duration of mechanical ventilation prior to
tracheostomy, whether the tracheostomy was performed emer-
gently, whether it was performed outside the operating room, and
whether the procedure was a percutaneous or open tracheostomy.
The service that placed the tracheostomy was categorized as general
surgery, thoracic surgery, or other surgical subspecialty (eg, otolar-
yngology, plastic surgery, neurosurgery, transplant surgery, or vas-
cular surgery). The dimensions of the tracheostomy tube (ie, inner
diameter, outer diameter, and length) were identified as well as
whether an inner cannula was present, and the cuff pressure was
recorded. The documentation of complications during the initial
tracheostomy placement and confirmation by bronchoscopy during
the procedure were recorded.

Outcomes

The following outcome data were recorded: length of hospital
stay; length of hospital stay following tracheostomy; duration of
mechanical ventilation; ICU readmission; hospital mortality; and
tracheostomy tube decannulation prior to hospital discharge.

Statistical Analysis

The strategy for the primary analysis was to evaluate each of the
three specific study objectives. Patient characteristics were summa-
rized using nominal measures (proportions), ordinal measures (me-
dian and interquartile range), and interval measures (mean and SD).
Data for the patients with and without tracheostomy tube malposi-
tions were compared using t tests, #2 tests, and Fisher exact test for
outcomes with rare events. Nonparametric comparisons were per-
formed using the Mann-Whitney test. Logistic regression was
performed to examine the associations between demographic, hos-
pital, clinical, and tracheostomy factors, and tracheostomy tube
malposition. Variables were first examined using univariate analyses.
Variables that were significant at a p ! 0.1 were included in the

multivariable analyses. Variables were selected by means of back-
ward stepwise regression and comparison of the regression sum of
squares. Statistical analyses were performed using a statistical soft-
ware package (SAS, version 8.2; SAS Institute; Cary, NC) with
two-tailed significance levels of 0.05.

Results
Incidence of Malposition and Clinical Response

There were 419 patients admitted to the RU
during the study period, of whom 16 were excluded
from the study (no tracheostomy placed, n ! 12;
chronic tracheostomy, n ! 3; no mechanical ventila-
tion during RU stay, n ! 1). The focus of the article
was on the remaining 403 patients. There were 40
cases of tracheostomy tube malposition (10%; 95%
confidence interval [CI]; 7 to 13%). The median
time from tracheostomy tube placement to the iden-
tification of malposition was 12 days (interquartile
range, 4 to 20 days). The indication for bronchoscopy
was respiratory distress in 23 patients (58%) and
changes in respiratory mechanics in 17 patients
(42%). Occlusion of the distal end of the tracheos-
tomy tube by the posterior tracheal wall was the most
common malposition (Table 1).

The tracheostomy tube was changed in 80% of
patients with a malposition. In four patients, the cuff
was found in the stoma or the tracheostomy tube was
too short proximally, prompting an emergent trache-
ostomy change. In these patients, a longer tracheos-
tomy tube was placed, and the position was con-
firmed by bronchoscopy. In 28 patients, malacia
affected a short segment of the trachea. A longer
tracheostomy tube bypassed the lesion, the tube type
depended on the length and flexibility needed, and
good tube position was confirmed by bronchoscopy
in all cases. Eight patients with malpostion had
dynamic airway collapse. In these cases, a combina-
tion of altered ventilator settings and medical ther-
apy, including bronchodilators and corticosteroids,
were used (Table 2). Seven of these patients were
successfully weaned off the ventilator, and one pa-
tient died while still receiving ventilatory support.

Table 1—Type of Malposition*

Type of Malposition No. (%)*

Posterior tracheal wall occluding distal tip of tube 37 (92)
Granulation tissue 6 (15)
Tube too short distally 4 (10)
Cuff in stoma 3 (8)
Tube too short proximally 1 (3)

*Sum is " 100% as some patients had more than one type of tube
malposition.
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Risk Factors for Tracheostomy Tube Malposition

There was no significant relationship among tra-
cheostomy tube malposition, age, gender, severity of
disease, etiology of respiratory failure, and time on
the ventilator prior to tracheostomy (Table 3). The
type of tracheostomy tube and the type of tracheos-
tomy procedure (open vs closed) did not influence
the risk of malposition (Table 4). Patients with
a tracheostomy tube malposition had an increased
mean ($ SD) albumin level compared to patients

without the complication (2.4 $ 0.6 vs 2.1 $ 0.5
mg/dL, respectively). Patients with a tracheostomy
tube malposition were shorter in height (mean
height, 1.68 $ 0.11 vs 1.72 $ 0.11 m, respectively).
The factor most strongly associated with tracheos-
tomy tube malposition was the subspecialty of the
surgical service of the surgeon who performed the
tracheostomy (p ! 0.006). Compared to thoracic
surgeons, general surgeons were equally likely to be
associated with a tracheostomy tube malposition
(odds ratio, 1.35; 95% CI, 0.50 to 3.62; p ! 0.551),
while other subspecialty surgeons were more likely
associated with a tracheostomy tube malposition
(odds ratio, 6.42; 95% CI, 1.82 to 22.68; p ! 0.004).
Forty-one patients underwent tracheostomies per-
formed by nonthoracic subspecialty surgeons. These
patients had a 23% risk of tracheostomy malposition.
These other subspecialty surgeons were otolaryn-
gologists (n ! 1), plastic surgeons (n ! 1), neurosur-
geons (n ! 1), transplant surgeons (n ! 2), and vas-
cular surgeons (n ! 36).

Outcomes

Patients with a tracheostomy tube malposition had
a longer duration of mechanical ventilation (median
duration, 25 vs 15 days, respectively; p ! 0.016), but
had similar lengths of hospital stay following trache-

Table 2—Clinical Response to Malposition*

Clinical Response to Malposition No. (%)†

Tracheostomy tube replaced 32 (80)
Surgical consultation 19 (48)
Reinstitution of mechanical ventilation in patient

liberated from mechanical ventilation
9 (23)

Increase in ventilator driving pressure in patient
dependent on mechanical ventilation

4 (10)

Increase in PEEP in patients dependent
on mechanical ventilation

14 (35)

Existing tracheostomy tube repositioned 3 (8)
Bronchodilators initiated 5 (13)
Steroids (inhaled or systemic) initiated 2 (5)

*PEEP ! positive end-expiratory pressure.
†Sum is " 100% as some patients had more than one intervention.

Table 3—Demographic and Clinical Factors Assessed as Potential Contributors to Tracheostomy Tube Malposition*

Characteristics
Patients With Tracheostomy

Malposition (n ! 40)
Patients Without Tracheostomy

Malposition (n ! 363) p Value

Demographics
Age,† yr 66.8 (17) 61.7 (17.8) 0.08
Female gender 19 (48) 136 (38) 0.29

Hospital
Admitting service 0.66

Medicine 20 (50) 163 (45)
Surgery 20 (50) 200 (55)

ICU 0.44
Medical 14 (35) 97 (27)
Surgical 17 (43) 156 (43)
Other 9 (23) 110 (30)

Clinical
Height,† m 1.68 (0.11) 1.72 (0.11) 0.060
Weight,† kg 86.8 (41.3) 83.7 (30) 0.653
BMI,† kg/m2 30.8 (14.3) 28.5 (11.1) 0.341
Charlson comorbidity index score,†‡ 2.1 (2.7) 1.5 (1.9) 0.243
Etiology of respiratory failure 0.282

Acute lung injury 26 (65) 232 (64)
Chronic lung disease with acute lung injury 7 (17.5) 34 (9.4)
Neurologic disease 4 (10) 68 (19)
Congestive heart failure 3 (8) 29 (8)

APACHE II score 20.5 (5.2) 20.4 (6.4) 0.9282
Albumin level,† g/dL 2.4 (0.6) 2.1 (0.5) 0.005
Steroids prior to tracheostomy 18 (45) 124 (34) 0.235

*Values are given as No. (%), unless otherwise indicated.
†Values are given as the mean (SD).
‡None of the comorbidities summarized in the Charlson comorbidity index12 were significant.

www.chestjournal.org CHEST / 134 / 2 / AUGUST, 2008 291

 © 2008 American College of Chest Physicians
 by guest on November 18, 2010chestjournal.chestpubs.orgDownloaded from 

http://chestjournal.chestpubs.org/


ostomy (median stay, 33 vs 26 days, respectively;
p ! 0.258) compared to patients without malposition
(Table 5). There were no differences in ICU read-
missions or the number of patients discharged to
home, rehabilitation facilities, or other health-care
facilities. Tracheostomy tube malposition had no
significant effect on hospital mortality.

Discussion

Our major findings were as follows: (1) the inci-
dence of tracheostomy tube malposition was 10% in

patients who were admitted to a respiratory acute
care unit with prolonged respiratory failure following
critical illness; (2) patients with a tracheostomy
performed by a nonthoracic subspecialty surgeon
were at increased risk of experiencing tracheostomy
tube malposition; and (3) tracheostomy tube malpo-
sition was associated with prolonged mechanical
ventilation.

Incidence and Etiology of Tracheostomy Tube
Malposition

The 10% incidence of tracheostomy tube malpo-
sition is similar to that reported in case series6,7 of
long-term mechanically ventilated patients at the
time of planned decannulation. Rumbak et al8 re-
ported 37 patients who failed weaning attempts due
to significant tracheal obstruction.

Reports by Rumbak et al8 and Law et al6 have
attributed the majority of tracheostomy tube ob-
structions to tracheal mucosal damage. We identified
granulation in only 15% of cases of tube malposition.
We found partial occlusion of tracheostomy tube by
the posterior tracheal membranous wall in the ma-
jority of cases (92%). It has been suggested14 that
pressure necrosis, ischemia, and inflammation con-
tribute to tracheal wall weakness. We found a me-
dian time for the detection of tracheostomy tube
malposition to be 12 days following tracheostomy.
This lag time may be the result of positive-pressure
ventilation, which provided tracheal dilatation and
thus minimized the clinical manifestations of tube
malpositioning. Tracheostomy tube occlusion may

Table 5—Tracheostomy Tube Malposition and Patient
Outcomes*

Measures

Patients With
Tracheostomy
Malposition

(n ! 40)

Patients Without
Tracheostomy
Malposition
(n ! 363) p Value†

Duration of mechanical
ventilation following
tracheostomy, d

25 (13–37) 15 (8–29) 0.016

Ventilator-free days
following
tracheostomy, d

2 (0–14) 11 (0–19) 0.028

ICU readmission 15 (25) 107 (29) 0.228
Length of stay, d 52 (36–67) 46 (31–64) 0.228
Length of stay

following
tracheostomy, d

33 (19–46) 26 (16–42) 0.258

Hospital mortality 10 (25) 68 (19) 0.458

*Values are given as the median (interquartile range) or No. (%),
unless otherwise indicated.

†Calculated by Wilcoxon rank sum test and Fisher exact test.

Table 4—Technical Factors Assessed as Potential Contributors to Tracheostomy Tube Malposition*

Tracheostomy Factors
Patients With Tracheostomy

Malposition (n ! 40)
Patients Without Tracheostomy

Malposition (n ! 363) p Value

Previous tracheostomy 2 (5) 15 (4) 0.99
Time from first intubation to tracheostomy,† d 19.3 (15.5) 18.9 (13.6) 0.872
Duration of mechanical ventilation prior to

tracheostomy,† d
16.89 (15.3) 15.1 (9.3) 0.497

Service performing tracheostomy 0.012
General surgery 24 (60) 261 (72)
Thoracic surgery 7 (18) 70 (19)
Subspecialty surgery 9 (23) 32 (9)

Tracheostomy performed emergently 1 (% 1) 3 (% 11) 0.343‡
Tracheostomy performed outside operating room 5 (13) 39 (11) 0.943
Percutaneous tracheostomy technique 3 (8) 31 (9) 0.999‡
Tracheostomy with inner cannula 29 (73) 317 (87) 0.035
Tracheostomy inner diameter,† mm 7.6 (0.8) 7.8 (0.6) 0.131
Tracheostomy outer diameter,† mm 10.7 (1.0) 10.8 (0.8) 0.385
Tracheostomy length,† mm 78.2 (11.4) 75.2 (6.4) 0.1034
Initial tracheostomy cuff pressure,† mm Hg 21.6 (4) 20.9 (3.8) 0.305
Tracheostomy tube position confirmed by

bronchoscopy during procedure
10 (25) 56 (15) 0.184

Complication noted during tracheostomy 3 (8) 15 (4) 0.565

*Values are given as No. (%), unless otherwise indicated.
†Values are given as the mean (SD).
‡p Value calculated by Wilcoxon rank sum and Fisher exact test.
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have worsened with reductions in ventilatory sup-
port, manifesting in clinical signs and symptoms and
an inability to be liberated from mechanical ventila-
tion. The rapid onset of respiratory distress during
weaning should prompt the consideration of trache-
ostomy tube malposition.

Factors Associated With Tracheostomy Tube
Malposition

Prior studies have reported that female gender7,8

and tube type15 are risk factors for tracheostomy
tube malposition. In our study, these factors were
not associated with malposition. However, we found
that patients with a shorter height were at increased
risk of malposition. The relationship between height
and tracheal dimensions has been well established,16

raising the possibility that tracheostomy tube malpo-
sition is due to a disparity between tracheostomy
tube size and patient anatomy.

We found a small but significantly greater albumin
concentration (2.1 vs 2.4 mg/dL, respectively) asso-
ciated with tracheostomy tube malposition. This
finding is difficult to understand and does not likely
reflect clinically important differences.

The risk of malposition increased sixfold if a subspe-
cialty surgeon other than a thoracic surgeon performed
the tracheostomy. An explanation for this finding is that
nonthoracic subspecialty surgeons perform fewer tra-
cheostomies compared to thoracic surgeons and gen-
eral surgeons. A relationship between patient outcomes
and the number of procedures performed has been
established for a variety of surgical procedures, includ-
ing esophageal cancer surgery, pancreatic surgery, pe-
diatric cardiac surgery, and unruptured abdominal
aneurysms.17 Our data suggest that the relationship
between surgical volume and patient outcomes may
extend to tracheostomy.

The bronchoscopic evaluation of tube placement
at the time of tracheostomy was not protective in our
patient series. This may be explained by the follow-
ing: (1) the initial bronchoscopy may have been
performed in paralyzed and fully ventilated patients
who were in the supine position; and (2) the tube was
initially positioned correctly and the malposition
developed subsequent to the procedure. Malposition
may only become apparent during attempts to liber-
ate an awake patient from the ventilator or following
changes in the patient’s position.

From " 40 a priori determined factors, only 3
were significantly associated with tracheostomy tube
malposition. This suggests that it may be impossible
to prospectively identify patients who are at high risk
for tracheostomy tube malposition. Therefore, a high
index of suspicion for tracheostomy tube malposition
is required when patients demonstrate unanticipated

difficulty in being liberated from mechanical venti-
lation following tracheostomy.

Outcomes Related to Tracheostomy Tube
Malposition

Although it can be a life-threatening event,9 in our
study tracheostomy tube malposition resulted in
prolonged mechanical ventilation but did not alter
mortality. However, in four patients, the malposition
prompted an emergent change of the tracheostomy
tube. It is possible that clinical vigilance by a multi-
disciplinary team prevented mortality in these pa-
tients. Tracheomalacia commonly affects a segment
of the trachea that is % 3 cm in length.14 Accord-
ingly, in our study, 80% of patients with tracheos-
tomy tube malposition had a tracheostomy tube
change performed that resulted in better tube posi-
tion.

Limitations

Our data are based on a retrospective chart review,
and we may have missed subclinical cases.18,19 Our
results are from patients who were transferred within
the hospital to the respiratory acute care unit of a
tertiary care hospital, which may limit the generaliz-
ability of the results to long-term ventilator-weaning
facilities. However, our results likely apply to pa-
tients requiring prolonged ventilator support follow-
ing critical illness in any setting. Reflecting local
practice during the study period, the majority of the
tracheostomy tubes in our study were placed using
an open technique rather than a percutaneous tech-
nique. Today, many tracheostomies are performed
using a percutaneous technique. It is not known
whether this change in practice may impact the
incidence of tracheostomy malposition. Finally, we
did not explore the association between tracheos-
tomy tube malposition and surgeons of all surgical
subspecialties who perform this procedure. For exam-
ple, since our hospital does not have an otolaryngology
service, only one tracheostomy was performed by an
otolaryngologist. In addition, physicians with nonsurgi-
cal specialties do not perform tracheostomies in our
hospital.

Conclusions

Tracheostomy tube malposition is a relatively com-
mon complication in patients with respiratory failure
who are recovering from critical illness and is asso-
ciated with prolonged mechanical ventilation. Al-
though surgical expertise is a risk factor, identifying
patients who are at risk for this complication is
difficult. Tracheostomy tube malposition should be
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considered in mechanically ventilated patients who
unexpectedly fail to be liberated from mechanical
ventilation.
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