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Background. The optimal timing of tracheotomy and its impact on weaning from mechanical ventilation in critically ill morbidly
obese patients remain controversial. Methods. We conducted a retrospective chart review of morbidly obese subjects (BMI ≥
40 kg/m2 or BMI ≥ 35 kg/m2 and one or more comorbid conditions) who underwent a tracheotomy between July 2008 and June
2013 at amedical intensive care unit (ICU). Clinical characteristics, rates of nosocomial pneumonia (NP), weaning frommechanical
ventilation (MV), and mortality rates were analyzed. Results. A total of 102 subjects (42 men and 60 women) were included; their
mean age andBMIwere 56.3± 15.1 years and 53.3± 13.6 kg/m2, respectively.Therewas no difference in the rate ofNPbetween groups
stratified by successful weaning from MV (𝑃 = 0.43). Mortality was significantly higher in those who failed to wean (𝑃 = 0.02). A
cutoff value of 9 days for the time to tracheotomy provided the best balanced sensitivity (72%) and specificity (59.8%) for predicting
NP onset. Rates of NP and total duration of MV were significantly higher in those who had tracheostomy ≥ 9 days (𝑃 = 0.004 and
𝑃 = 0.002, resp.). Conclusions. The study suggests that tracheotomy in morbidly obese subjects performed within the first 9 days
may reduce MV and decrease NP but may not affect hospital mortality.

1. Introduction

Tracheotomy is one of the most frequent procedures per-
formed in critically ill patients. It has been advocated for
those requiring prolonged mechanical ventilation because it
facilitates weaning by decreasing the work of breathing in
patients with limited reserve [1, 2], decreases the require-
ment for sedation [3], and may allow for earlier patient
mobilization, feeding, and physical and occupational therapy.
Recent studies have suggested that tracheotomy results in
fewer oral-labial ulcerations, improves pulmonary toileting,
and lowers incidence of pulmonary infections [4]. Further-
more, newer techniques such as percutaneous dilatation

tracheotomy (PDT) have been shown to be cost-effective and
safe, offering clinicians an effective alternative to surgical
tracheostomy [5, 6]. Tracheotomy, however, is not devoid of
risks. Complications may include hemorrhage, stoma infec-
tions, pneumothorax, subcutaneous emphysema, tracheal
stenosis, tracheomalacia, and rarely death [7]. Hence, place-
ment of tracheotomy should always take into consideration
the benefit-risk tradeoff of the procedure.

As such, optimal timing for tracheotomy remains a
subject of debate and continued investigation. Despite earlier
studies suggesting benefits from early tracheotomy (within
2 to 10 days after intubation) [8, 9], a recent randomized
trial did not find any mortality benefit from such a practice
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[10]. The current strategy is to implement an individualized
approach taking into consideration the patient underlying
comorbidities, reason for mechanical ventilation (MV), and
potential complications of the procedure. One particular
group that has consistently been associated with prolonged
MV and ICU length of stay (LOS) is the morbidly obese
patients [11, 12]. With a large and increasing population of
obese mechanically ventilated patients, placement of tra-
cheostomy represents a challenge because of the potentially
higher complication rate with either surgical or percutaneous
dilatory tracheotomy [13]. Despite the theoretical advantages
of tracheostomy over translaryngeal intubation, few stud-
ies have been conducted in this population to determine
the impact of early tracheostomy on patient outcomes.
We hypothesize that early tracheostomy in morbidly obese
patients requiring mechanical ventilation is associated with
reduced duration of MV. The current study was conducted
to determine the effect of early tracheostomy on clinical
outcomes in ventilated morbidly obese patients.

2. Materials and Methods

2.1. Study Design. We conducted a retrospective chart review
of all morbidly obese subjects (body mass index (BMI) ≥
40 kg/m2 or BMI ≥ 35 kg/m2 and one or more comorbid
conditions) admitted to themedical intensive care unit (ICU)
between July 2008 and June 2013 who required tracheotomy.
The ICU is a 25-bed closed medical unit staffed by board
certified intensivists, a critical care fellow, and three senior
residents. The decision to perform tracheotomy was made
during medical rounds every morning. With respect to
indications for tracheotomy, the following criteria or their
combination were used: (1) subjects without any provision
of liberation from MV, (2) prolonged MV, and (3) weaning
failure.

Exclusion criteria included subjects <18 years of age,
preexistent tracheotomy, admission for elective tracheotomy,
or a do-not-resuscitate order. For those with more than
one ICU admission, only the first event was included in
the analysis to ensure independence of observation. Study
approval was obtained from the local Institutional Review
Board prior to initiation of the study. Written informed
consent was waived due to the retrospective nature of the
study.

2.2. Data Collection. Data collected included age, gender,
BMI, cause and duration of MV, and APACHE II score on
admission to the ICU. Medical records were analyzed also
for nosocomial pneumonia (NP), ICU LOS, and hospital
mortality. NP was defined according to the Centers for Dis-
ease Control and Prevention (CDC) criteria [14]. Successful
weaning was defined as weaning from MV for more than
72 hours. The usual criteria for reinstating MV were the
development of increased signs of respiratory work, inability
to protect the airway, persistent low SaO2 < 90% with FiO2 >
50%, or severe arterial blood gas deterioration. Subjects who
failed to wean following tracheotomy were transferred to
long-term care facility if there were no other active clinical
diseases.

43438 eligible patients admitted to ICU

116 underwent tracheostomy

14 excluded
- 13 planned
- 1 do-not-resuscitate order

102 included in the analysis

38 successfully weaned 64 failed to wean

Figure 1: Study flow diagram.

2.3. Statistical Analysis. The primary outcome measure was
duration of mechanical ventilation. Secondary outcomes
included ICU and hospital length of stay, incidence of NP,
and hospital mortality. Continuous variables were presented
as mean ± standard deviation (SD) or median (interquartile
range, IQR). Categorical variables were presented as num-
ber and percent. Continuous variables for the two groups
were compared with Student’s 𝑡-test for normally distributed
data or the Mann-Whitney 𝑈 test otherwise. Qualitative or
categorical variables were compared with chi-square test or
Fisher’s exact test. Using NP as the classification variable,
optimal time for tracheotomywas determined by the receiver
operator characteristic (ROC) curve. The inflection point
of the graph was chosen as the cutoff value because, at
this threshold, there are an equal number of false-positive
and false-negative results [15]. The optimal time cutoff value
was defined using the Youden index [16]. Subjects who
had a tracheotomy before the optimal time cutoff value
formed the early tracheotomy group while those who had
the procedure after were referred to as the late tracheotomy
group. The number of deaths in each group was compared
with the Fisher exact test and survival time with Kaplan-
Meier curve and a log-rank test. A Cox regression analysis
was conducted to identify risk factors for hospital mortality.
Factors found to be significant in univariate analysis were
included as independent variables. A multicollinearity test
was performed using the variance inflation factor to assess
the degree of correlation between covariates. A difference was
considered statistically significant when the alpha probability
was less than 0.05 (all two-tailed).

3. Results

A total of 438 morbidly obese subjects were admitted to the
ICU during the study period. Of 116 subjects who underwent
tracheotomy, 14 subjects were excluded (13 for planned tra-
cheotomy and one for DNR status) leaving 102 for statistical
analysis (Figure 1). During the course of hospitalization, 38
(37%) were successfully weaned frommechanical ventilation



Critical Care Research and Practice 3

0

5

10

15

0 10 20 30 40 0 10 20 30 40

Failure to wean group Successful weaning group

Fr
eq

ue
nc

y

0

5

10

15

Fr
eq

ue
nc

y

 Duration of mechanical ventilation prior to tracheostomy

Days Days

Figure 2: Histograms of time to tracheotomy in the successful weaning and failure to wean groups.

and 64 (63%) failed towean. Table 1 displays the demographic
and clinical characteristics of both groups. No significant
difference in gender, BMI, APACHE II scores, or the type of
tracheotomy was observed between the successful weaning
and failure to wean groups. However subjects who failed
to wean were significantly older and had a higher burden
of comorbidities than those who were liberated successfully
fromMV(𝑃 = 0.007 and𝑃 = 0.003, resp.). Figure 2 shows the
distributions of the time to tracheotomy for both groups.The
average time for those who weaned from MV was 10.9 ± 5.3
days compared to 12.3 ± 7.0 days for those who remained
ventilator dependent (𝑃 = 0.29).

With respect to clinical outcome, the incidence of NPwas
comparable in both the failure to wean and the successful
weaning groups (𝑃 = 0.82). However, the total duration
of MV was significantly longer in the failure to wean group
compared with the successful weaning group (𝑃 = 0.002).
Similarly, the ICU LOS, hospital LOS, and hospital mortality
were significantly higher in those who were failed to wean
than those who were liberated from ventilatory support
(Table 2).

The cutoff points of time to tracheotomy to predict NP
event with their corresponding specificity and sensitivity are
shown in Figure 3. Using 9 days as a cutoff for MV prior to
tracheotomy, 39 (38%) subjects were categorized as having
early tracheotomy and 63 (62%) as having late tracheotomy.
The distribution of age, gender, underlying comorbidities,
and severity of illness was comparable between the two
groups (Table 3). Time to liberation from MV was signifi-
cantly shorter in the early versus the late tracheotomy group
(𝑃 = 0.002) (Figure 4). Subjects who underwent early
tracheotomy received a mean of 15.1 ± 8.2 total days of
respiratory support compared to 27.2 ± 10.9 days in those

with late tracheotomy (𝑃 < 0.001). The total ICU LOS and
hospital LOSwere significantly longer in the late tracheotomy
group than in the early tracheotomy group (𝑃 < 0.001).
The incidence of NP was also significantly higher in the late
tracheotomy group (𝑃 = 0.004). No significant difference
in isolated microorganisms was found between the early and
late tracheotomy groups. The analysis did not differ had we
used the median duration of mechanical ventilation until
tracheotomy (10 days) as a cutoff between early and late
tracheotomy (Table 4) instead of the cutoff defined by the
ROC.

Survival analysis showed no statistically significant differ-
ence in hospital mortality between the early tracheotomy and
the late tracheotomy groups (𝑃 = 0.23). In multivariate anal-
ysis, hospital mortality was independently associated with
weaning from MV (odds ratio (OR) 0.29; 95% confidence
interval (CI) 0.09–0.91) and disease burden index (OR 1.31;
95% CI 1.06–1.62) (Table 5).

4. Discussion

Our data demonstrate that early tracheotomy was associated
with reduced duration of MV, shorter ICU LOS, and a lower
incidence of NP in critically ill morbidly obese patients.

The decision to institute tracheotomy in mechanically
ventilated patients has been subject of a long debate between
those who support early intervention citing the benefits of
early liberation from MV and those who argue against this
approach for lack of supportive evidence. Limitations in
study designs and heterogeneity in patients’ characteristics
have hindered a consensus building toward a standardized
frame for tracheotomy timing. In the case of morbidly
obese critically ill patients, the decision is more challenging



4 Critical Care Research and Practice

Days Sensitivity 95% CI Specificity 95% CI

3 100.00 0.00

7 90.00 35.21

80.00 53.52

13 53.33 77.46

17 26.67 87.32

21 16.67 92.96

25 0.00 97.18

38 0.00 100.00

CI = confidence interval
∗ indicates the inflection point

0.0–5.1

24.2–47.5

41.3–65.5

66.0–86.5

77.3–94.0

84.3–97.7

90.2–99.7

94.9–100.0

0.00

0.25

0.50

0.75

1.00

Se
ns

iti
vi

ty

0.00 0.25 0.50 0.75 1.00

Area under ROC curve = 0.6885

88.4–100.0

73.5–97.9

∗
9 61.4–92.3

34.3–71.7

12.3–45.9

5.6–34.7

0.0–11.6

0.0–11.6

1 − specificity

Figure 3: Receiver operator characteristic curve depicting optimal
timing for tracheostomy.

0 10 20 30 40
0

20

40

60

80

100

Days

P = 0.002

Pr
op

or
tio

n 
w

ea
ne

d 
(%

)

Early tracheotomy
Late tracheotomy

Figure 4: Kaplan-Meier curve of weaning time until successful
liberation from mechanical ventilation.

given the higher complication rate of this procedure in this
population [17]. To date, no randomized trial of tracheotomy
time has been completed in the morbidly obese patients.
Two European multicenter randomized trials examining the
role of early tracheotomy in clinical outcomes have not
addressed this specific population or provided information
on the BMI of their participants [10, 18]. Patient selection
and predictive algorithm for prolongedMVbecome therefore
paramount to the timing of tracheotomy. As a case in point,
patients with severe neurological damage or traumatic brain
injury require a distinct approach than other critically ill
patients due to low frequency of early successful extubation
[19, 20]. In these cases, early tracheotomy resulted in reduced
mechanical ventilation time and decreased ICU LOS. Our
observations are no different from these studies. Several
clinical investigations have documented a prolonged dura-
tion of artificial ventilation in critically ill morbidly obese
patients [11, 21, 22]. The increased dependency on MV in
this population has been attributed to the increased work of
breathing emanating from impaired respiratory mechanics,
neuromuscular strength, and ventilatory drive [23]. In addi-
tion, morbidly obese patients experience high prevalence of
sleep apnea which can lead to respiratory decompensation
as a result of residual sedation, necessitating reintubation.
The insertion of tracheotomydecreases pressure timeproduct
and reduces intrinsic positive end-expiratory pressure while
improving ventilator synchrony [2, 24]. These changes, along
with improved respiratory toileting and reduced requirement
for sedation, may facilitate weaning.

Interestingly, there are inconsistencies concerning poten-
tial correlation between the timing of tracheotomy and
pneumonia. In a case control study of 185 patients who
underwent a surgical tracheotomy, the rate of ventilator asso-
ciated pneumonia was significantly lower when tracheotomy
was performed within 7 days after admission to the ICU
[25]. Other retrospective studies found similar results [19,
26]. Consistent with our observations, the reduced rate of
pneumonia may be attributed to the normal closure of vocal
cords following removal of the endotracheal tube resulting
in reduced risk of oropharyngeal aspiration. Moreover, early
tracheotomy foreshortens length of MV and assists with
early mobilization hence eliminating a major risk factor for
NP. However, many prospective randomized trials failed to
demonstrate an association between pneumonia and early
tracheotomy [18, 27].Themost recent study by Terragni et al.
[18] revealed no significant difference in the incidence of
ventilator associated pneumonia (VAP) between an early and
a late tracheotomy group. However, as outlined by Griffiths
et al. [28], the heterogeneity of studied population and
definitions of VAP and early tracheotomy limit some of the
reproducibility of these results.

Whether early tracheotomy can decrease mortality
remains unclear. In line with our results, a recent meta-
analysis including seven randomized controlled trials studies
found that the timing of tracheotomy was not correlated
with hospital mortality [29]. Our study was not powered
to examine mortality. However unsuccessful weaning was
associated with a worse outcome in critically ill obese
patients. A higher incidence of acute respiratory distress
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Table 1: Baseline characteristics of the study population.

Successful weaning
𝑁 = 38

Failure to wean
𝑁 = 64

𝑃 value

Age, years 51.1 ± 13.2 59.4 ± 15.4 0.007
Gender (M/F) 15/23 27/37 0.83
BMI (kg/m2) 55.6 ± 14.2 52.1 ± 13.2 0.2
Charlson index 4 (3–5) 6 (4–8) 0.003
Comorbidities

Chronic heart diseases, 𝑛 (%) 6 (16) 17 (27) 0.23
Chronic pulmonary diseases, 𝑛 (%) 6 (16) 22 (34) 0.07
Hypertension, 𝑛 (%) 28 (74) 45 (70) 0.72
Diabetes mellitus, 𝑛 (%) 20 (53) 29 (45) 0.54
Renal insufficiency, 𝑛 (%) 7 (18) 20 (31) 0.16

Underlying causes for mechanical ventilation
Cardiac failure, 𝑛 (%) 4 (11) 9 (14) 0.83
Sepsis, 𝑛 (%) 14 (37) 26 (41) 0.87
Respiratory failure, 𝑛 (%) 15 (39) 20 (31) 0.52
Gastrointestinal∗, 𝑛 (%) 2 (5) 2 (3) 0.99
Neurologic†, 𝑛 (%) 3 (8) 7 (11) 0.87

Type of procedure 0.68
Surgical, 𝑛 (%) 22 (58) 41 (64)
Percutaneous, 𝑛 (%) 16 (42) 23 (36)

Timing to tracheotomy, days 10.9 ± 5.3 12.3 ± 7.0 0.29
PaO2/FIO2 at the time of tracheotomy 169.9 ± 97.9 180.1 ± 107.4 0.63
APACHE II 12.5 ± 5.9 14.2 ± 5.1 0.13
∗Underlying gastrointestinal causes for mechanical ventilation included pancreatitis, diffuse colitis, and cholecystitis.
†Underlying neurologic causes for mechanical ventilation included cerebrovascular accidents and seizure disorders.

Table 2: Clinical outcomes stratified by weaning success.

Successful weaning
𝑁 = 38

Failure to wean
𝑁 = 64

𝑃 value

Nosocomial pneumonia, 𝑛 (%) 12 18 0.82
Total duration of mechanical ventilation, days 18.1 ± 6.9 25.2 ± 12.8 0.002
ICU length of stay, days 20.1 ± 7.6 24.9 ± 10.8 0.01
Hospital length of stay, days 31.7 ± 16.1 39.7 ± 16.7 0.02
Hospital mortality, 𝑛 (%) 5 (13) 23 (36) 0.01

Table 3: Demographic and clinical characteristics of study population stratified by ROC-derived optimal time to tracheotomy.

Early tracheotomy
𝑁 = 39

Late tracheotomy
𝑁 = 63

𝑃 value

Age, years 58.1 ± 14.9 55.2 ± 15.2 0.34
Gender (M/F) 15/24 27/36 0.68
BMI (kg/m2) 56.9 ± 15.4 51.2 ± 12.0 0.04
APACHE II 13.4 ± 5.6 13.7 ± 5.5 0.78
Charlson comorbidity index 5 (3–7) 5 (4–8) 0.85
Nosocomial pneumonia, 𝑛 (%) 5 (13) 25 (39) 0.004
Total duration of mechanical ventilation, days 15.1 ± 8.2 27.2 ± 10.9 <0.001
ICU length of stay, days 16.6 ± 7.6 27.2 ± 9.1 <0.001
Hospital length of stay, days 27.6 ± 16.3 39.2 ± 15.4 <0.001
Hospital mortality, 𝑛 (%) 11 (28) 17 (30) 0.89
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Table 4: Demographic and clinical characteristics of study population stratified by median duration of mechanical ventilation until trache-
otomy.

Early tracheotomy
𝑁 = 44

Late tracheotomy
𝑁 = 58

𝑃 value

Age, years 57.6 ± 15.8 55.3 ± 14.6 0.45
Gender (M/F) 17/27 25/33 0.8
BMI (kg/m2) 55.8 ± 14.9 51.6 ± 12.4 0.13
APACHE II 13.5 ± 5.3 13.6 ± 5.7 0.95
Charlson comorbidity index 5 (3–7) 5 (4–8) 0.67
Nosocomial pneumonia, 𝑛 (%) 6 (14) 24 (41) 0.002
Total duration of mechanical ventilation, days 15.9 ± 8.1 28.6 ± 11.2 <0.001
ICU length of stay, days 17.2 ± 7.7 27.6 ± 9.3 <0.001
Hospital length of stay, days 27.9 ± 15.8 39.8 ± 15.6 <0.001
Hospital mortality, 𝑛 (%) 12 (27) 16 (28) 0.85

Table 5: Factors associated with hospital mortality.

Odds ratio 𝑃 value 95% confidence interval
Age 1.00 0.173 0.93–1.01
APACHE II 1.03 0.203 0.85–1.09
Charlson index 1.31 0.013 1.06–1.62
Successful weaning 0.29 0.033 0.09–0.91

syndrome and acute kidney injury has been reported in this
population [30]. In addition, prolonged ventilation usually
entails more frequent invasive monitoring which predisposes
the morbidly obese individuals to increased complications.
A head-to-head comparison comparing extended MV in
morbidly obese versus nonobese patients will be needed to
settle this question.

In the current study, we did not report on the com-
plications associated with tracheostomy in this population.
However, we have previously observed a 25% complication
rate related to tracheostomy in morbidly obese patients
with an estimated mortality of 2% [17]. The most common
complications were minor bleeding, stoma infection, and
cuff leak. While the majority of these are considered nonlife
threatening, loss of airway patency is particularly a catas-
trophic event in this group due to limited oxygen reserve.

Our current study has several limitations that need to
be addressed. First, the design of the study introduces an
inherent selection bias when comparing patients who are
not randomized to selected treatment. Second, our data is
generated from a single tertiary care center, which may
limit the applicability of our findings to other critical care
settings. Third, a physician-dependent bias due to different
decision making for the timing of tracheotomy cannot be
excluded. Fourth, most of the patients were discharged from
the ICU without being decannulated. This may explain the
relatively high hospital mortality in our study. It has been
previously reported that lack of decannulation may lead to
higher mortality when being compared to patients being
decannulated before discharge [31]. Fifth, we have restricted
our analysis to the time of hospitalization. Hence, weaning
from ventilation may have occurred after hospital discharge.

In summary, the ever-expanding population of obese
adults will result in an increased amount of surgical pro-
cedures being performed on these patients. In an effort to
reduce morbidity, early tracheotomy may reduce total MV
duration, ICU LOS, and incidence of pneumonia in critically
ill morbidly obese patients. However, early tracheotomy may
not reduce hospital mortality. These findings emphasize the
need for an adequately supportedmulticenter trial to examine
timing of this procedure in this special population.

Disclosure

There was no funding support for the study. The contents of
this paper do not represent the views of the Department of
Veterans Affairs or the United States Government.

Conflict of Interests

All authors report no conflict of interests.

References

[1] K. Davis Jr., R. S. Campbell, J. A. Johannigman, J. F. Valente,
and R. D. Branson, “Changes in respiratory mechanics after
tracheostomy,” Archives of Surgery, vol. 134, no. 1, pp. 59–62,
1999.

[2] J.-L. Diehl, S. El Atrous, D. Touchard, F. Lemaire, and L.
Brochard, “Changes in the work of breathing induced by
tracheotomy in ventilator-dependent patients,” The American
Journal of Respiratory and Critical Care Medicine, vol. 159, no.
2, pp. 383–388, 1999.



Critical Care Research and Practice 7

[3] A. Nieszkowska, A. Combes, C. E. Luyt et al., “Impact of
tracheotomy on sedative administration, sedation level, and
comfort of mechanically ventilated intensive care unit patients,”
Critical Care Medicine, vol. 33, no. 11, pp. 2527–2533, 2005.

[4] B. D. Freeman and P. E. Morris, “Tracheostomy practice in
adults with acute respiratory failure,”Critical CareMedicine, vol.
40, no. 10, pp. 2890–2896, 2012.

[5] B. D. Freeman, K. Isabella, J. Perren Cobb et al., “A prospective,
randomized study comparing percutaneous with surgical tra-
cheostomy in critically ill patients,” Critical Care Medicine, vol.
29, no. 5, pp. 926–930, 2001.

[6] C. P. R. Bowen, L. R. Whitney, J. D. Truwit, C. G. Durbin, and
M. M. Moore, “Comparison of safety and cost of percutaneous
versus surgical tracheostomy,” American Surgeon, vol. 67, no. 1,
pp. 54–60, 2001.

[7] C. G. Durbin Jr., “Tracheostomy: why, when, and how?” Respir-
atory Care, vol. 55, no. 8, pp. 1056–1068, 2010.

[8] M. J. Rumbak, M. Newton, T. Truncale, S. W. Schwartz, J.
W. Adams, and P. B. Hazard, “A prospective, randomized,
study comparing early percutaneous dilational tracheotomy to
prolonged translaryngeal intubation (delayed tracheotomy) in
critically ill medical patients,”Critical CareMedicine, vol. 32, no.
8, pp. 1689–1694, 2004.

[9] D. C. Scales, D. Thiruchelvam, A. Kiss, and D. A. Redelmeier,
“The effect of tracheostomy timing during critical illness on
long-term survival,” Critical Care Medicine, vol. 36, no. 9, pp.
2547–2557, 2008.

[10] D. Young, D. A. Harrison, B. H. Cuthbertson, and K. Rowan,
“Effect of early vs late tracheostomy placement on survival
in patients receiving mechanical ventilation: The TracMan
randomized trial,” Journal of the American Medical Association,
vol. 309, no. 20, pp. 2121–2129, 2013.

[11] M. E.Akinnusi, L. A. Pineda, andA.A. El Solh, “Effect of obesity
on intensive care morbidity and mortality: a meta-analysis,”
Critical Care Medicine, vol. 36, no. 1, pp. 151–158, 2008.

[12] Y. Sakr, C. Madl, D. Filipescu et al., “Obesity is associated with
increased morbidity but not mortality in critically ill patients,”
Intensive Care Medicine, vol. 34, no. 11, pp. 1999–2009, 2008.

[13] C. Byhahn, V. Lischke, D. Meininger, S. Halbig, and K.
Westphal, “Peri-operative complications during percutaneous
tracheostomy in obese patients,” Anaesthesia, vol. 60, no. 1, pp.
12–15, 2005.

[14] T. C. G. Horan and R. P. Gaynes, “Surveillance of nosocomial
infections,” in Hospital Epidemiology and Infection Control, C.
G. Mayhall, Ed., pp. 1659–1702, Lippincott Williams &Wilkins,
Philadelphia, Pa, USA, 3rd edition, 2004.

[15] T. B. Newman,W. Cummings, and S. Hulley, “Designing studies
of medical tests,” in Designing Clinical Research, pp. 183–205,
Lippincott Williams & Wilkins, Philadelphia, Pa, USA, 3rd
edition, 2007.

[16] V. Bewick, L. Cheek, and J. Ball, “Statistics review 13: Receiver
operating characteristics curves,” Critical Care, vol. 8, no. 6, pp.
508–512, 2004.

[17] A. A. El Solh and W. Jaafar, “A comparative study of the
complications of surgical tracheostomy in morbidly obese
critically ill patients,” Critical Care, vol. 11, article R3, 2007.

[18] P. P. Terragni, M. Antonelli, R. Fumagalli et al., “Early vs
late tracheotomy for prevention of pneumonia in mechanically
ventilated adult ICU patients: a randomized controlled trial,”
The Journal of the American Medical Association, vol. 303, no.
15, pp. 1483–1489, 2010.

[19] Y.-T. Jeon, J.-W. Hwang, Y.-J. Lim, S.-Y. Lee, K.-I. Woo, and H.-
P. Park, “Effect of tracheostomy timing on clinical outcome in
neurosurgical patients: early versus late tracheostomy,” Journal
of Neurosurgical Anesthesiology, vol. 26, no. 1, pp. 22–26, 2014.

[20] N. Ahmed and Y.-H. Kuo, “Early versus late tracheostomy in
patients with severe traumatic brain injury,” Surgical Infections,
vol. 8, no. 3, pp. 343–347, 2007.

[21] C. V. R. Brown, A. L. Neville, P. Rhee, A. Salim, G. C. Velmahos,
and D. Demetriades, “The impact of obesity on the outcomes
of 1,153 critically injured blunt trauma patients,” Journal of
Trauma, vol. 59, no. 5, pp. 1048–1051, 2005.

[22] G. V. Bochicchio, M. Joshi, K. Bochicchio, S. Nehman, J. K.
Tracy, and T. M. Scalea, “Impact of obesity in the critically Ill
trauma patient: a prospective study,” Journal of the American
College of Surgeons, vol. 203, no. 4, pp. 533–538, 2006.

[23] J. P. Kress, A. S. Pohlman, J. Alverdy, and J. B. Hall, “The impact
of morbid obesity on oxygen cost of breathing (VO(2RESP))
at rest,” The American Journal of Respiratory and Critical Care
Medicine, vol. 160, no. 3, pp. 883–886, 1999.

[24] A. M. Mohr, E. J. Rutherford, B. A. Cairns, and P. G. Boysen,
“The role of dead space ventilation in predicting outcome of
successful weaning from mechanical ventilation,” Journal of
Trauma, vol. 51, no. 5, pp. 843–848, 2001.
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