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Early Tracheostomy Is Associated With Improved
Outcomes in Patients Who Require Prolonged
Mechanical Ventilation after Cardiac Surgery
Jagan Devarajan, MD, Amaresh Vydyanathan, MD, Meng Xu, MS, Sudish M Murthy, MD, PhD, FACS,
Kenneth R McCurry, MD, FACS, Daniel I Sessler, MD, Joseph Sabik, MD, FACS, C Allen Bashour, MD, FACS

BACKGROUND: The best time to perform a tracheostomy in cardiac surgery patients who require prolonged
postoperative mechanical ventilation remains unknown. The primary aim of this investigation
was to determine if tracheostomy performed before postoperative day 10 improves patient
outcomes.

STUDY DESIGN: We conducted a retrospective review of prospectively collected patient information obtained
from the Anesthesiology Institute Patient Registry on adult patients recovering from coronary
artery bypass grafting and/or valve surgery. Demographic and comorbidity patient variables
were obtained. Patients were divided into 2 groups based on the timing of their tracheostomy:
early (less than 10 days) and late (14 to 28 days). The 2 patient groups were matched using
propensity scores and compared on morbidity and in-hospital mortality outcomes.The primary
outcomes measures were length of stay, morbidity, and in-hospital mortality.

RESULTS: After propensity matching (n � 114 patients/group), early tracheostomy was associated with
decreased in-hospital mortality (21.1% vs 40.4%, p � 0.002) and cardiac morbidity (14.0% vs
33.3%, p � 0.001), along with decreased ICU (median difference 7.2 days, p � 0.001) and
hospital (median difference 7.5 days, p � 0.010) durations. The occurrence of sternal wound
infection (6.0% vs 19.5%, p � 0.009) was less in the early tracheostomy group, but mediasti-
nitis did not differ significantly (3.5% vs 7.0%, p � 0.24).

CONCLUSIONS: Tracheostomy within 10 postoperative days in cardiac surgery patients who require prolonged
mechanical ventilation was associated with decreased length of stay, morbidity, and mortality.

( J Am Coll Surg 2012;214:1008–1016. © 2012 by the American College of Surgeons)
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Tracheostomy has been shown to reduce total mechanical
ventilation time,1,2 shorten ICU and hospital stays,1,2 de-
rease the occurrence of pneumonia,3,4 reduce in-hospital

mortality,5,6 and improve hospital resource use.1,2,7 Trache-
stomy may increase patient comfort8 and tolerance of me-
hanical ventilation9 and facilitate nursing care. It can im-
rove communication10 and oral hygiene and makes

mobilization more possible. It decreases the number of self-
extubations and extubation-reintubation cycles, and de-

Disclosure information: Nothing to disclose.

Received December 12, 2011; Revised March 9, 2012; Accepted March 13,
2012.
From the Departments of General Anesthesia (Devarajan), Quantitative
Health Sciences (Xu), Thoracic and Cardiovascular Surgery (Murthy, Mc-
Curry, Sabik), Outcomes Research (Sessler, Bashour), and Cardiothoracic
Anesthesia (Bashour), Cleveland Clinic, Cleveland, OH; and the Depart-
ment of Anesthesiology and Pain Medicine (Vydyanathan), Montefiore Med-
ical Center, Albert Einstein College of Medicine, New York, NY.
Correspondence address: C Allen Bashour, MD, FACS, Department of Car-

diothoracic Anesthesiology, Cleveland Clinic, 9500 Euclid Ave/J4-331,
Cleveland, OH 44195. www.OR.org. email: bashoua@ccf.org

1008
© 2012 by the American College of Surgeons
Published by Elsevier Inc.
creases the requirement for sedation.9 Tracheostomy may
also reduce upper airway injury including vocal cord ulcer-
ation,5,11,12 decrease dead space ventilation and airway re-
istance, and optimize the work of breathing, therefore fa-
ilitating separation from ventilator support and allowing
or earlier transfer out of the ICU.13,14

The benefits of tracheostomy in patients who require
prolonged ventilator support after cardiac surgery would
likely be improved by optimal procedure timing.6 If trache-
ostomy is performed too early, the number of unnecessary
procedures11 and risk of mediastinitis from contamination
f the healing sternal incision may increase.15 If delayed,

the number of extubation-reintubation cycles and risk of
ventilator-associated pneumonia may increase.5,12,16,17

Although tracheostomy is conventionally considered in
patients who are ventilator dependent 2 weeks after cardiac
surgery,18 there is little evidence to support this approach.
To determine if earlier tracheostomies improve outcomes,
we compared postoperative morbidity and in-hospital

mortality in propensity-matched cardiac surgery patients
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who had tracheostomies before the 10th and between the
14th and 28th postoperative days. We excluded patients

ho had tracheostomy on the 10th through 13th days to
provide distinct management groups.

METHODS
After approval from the Institutional Review Board and
waiver of the requirement for individual patient consent,
demographic and perioperative clinical information for pa-
tients undergoing coronary artery bypass graft (CABG)
and/or valve surgery at our institution was obtained from
the Anesthesiology Institute Patient Registry. Patient infor-
mation is primarily obtained through a bedside review of
medical history, physical assessment, anesthesia records,
and clinical care notes by research coordinators. This infor-
mation is collected daily at patients’ bedsides throughout
their cardiovascular ICU stay.

Supplemental demographic and clinical data available in
other institutional databases are imported into the registry
through manual and mechanized interfaces. Data valida-
tions are built into the registry to ensure quality of the data.
Additional mechanized validations are performed quarterly
to identify quality issues that may have not been identified
by built-in validations. All patients having cardiac surgery
at our institution are included in the registry.

Decisions for extubation, reintubation, and tracheos-
tomy were made collaboratively by representatives of the
respiratory therapy, nursing, cardiothoracic surgery, car-
diothoracic anesthesia, and intensivist staff as part of the
daily care plan, or more urgently as required. Attempts to
wean patients from ventilator support were driven by a
protocol implemented by respiratory therapists.

All adult patients who had CABG and/or valve surgery
from January 1, 1995 to June 29, 2006 at our institution
were identified. Those who had emergency tracheostomy
or tracheostomy combined with another surgical proce-
dure were excluded. Tracheostomy was performed in the
operating room using the open technique in most patients
but percutaneous tracheostomies were also included. The
patients were grouped according to tracheostomy timing,
either less than 10 days (early) or 14 to 28 days (late) after
operation. Patients with tracheostomies performed on days
10 to 13 or after 28 days were excluded from our analysis.

Postoperative day 9 was selected as the upper limit for
early tracheostomy based on our review of previous inves-
tigations that defined “early” across a range from less than
48 hours to 10 days.1-3,6,7,11,12,16,19-22 Additionally, a cut

oint of 9 days was considered appropriate because the
ikelihood of successful extubation after 10 consecutive
ays of translaryngeal tracheal intubation is low and the

isk of airway complications increases significantly thereaf-
er.12 Day 14 was selected as the lower limit for the late
group because it is the conventional time tracheostomies
are performed if weaning has failed. We excluded patients
who had a tracheostomy on postoperative days 10 to 13 to
provide distinct clinical groups for comparison.

Most postoperative patients are admitted to the cardio-
thoracic and vascular ICU on synchronized pressure con-
trol ventilation and then changed to continuous positive
airway pressure when breathing spontaneously and weaned
to extubate. In more chronic cases, daily weaning trials
with sedation reduced or turned off as well as spontaneous
breathing trials are implemented in an attempt to separate
patients from ventilator support.

Categorical and continuous predictor variables included
in the analysis are shown in Tables 1 and 2 (after matching),
nd Appendices 1 and 2 (before matching, online only).
utcomes variables analyzed were in-hospital mortality,
orbidity, and ICU and hospital lengths of stay and are

hown in Tables 3 and 4 (after matching) and in Appendi-
es 3 and 4 (before matching, online only). Mortality was
efined as all-cause during the initial hospitalization. Car-
iac morbidity was defined as myocardial infarction and/or

ow cardiac output state with or without the requirement
or intra-aortic balloon pump counter pulsation, ventricu-
ar assist device, or extracorporeal membrane oxygenation
upport. Myocardial infarction was defined as the presence
f specific electrocardiographic changes consistent with
yocardial infarction and a creatine phosphokinase myo-

ardial band �50 IU or an aspartate aminotransferase level
80 IU with increased troponin concentrations. Low car-

iac output was defined as a cardiac index �1.8 L/min/m2

despite adequate fluid replacement and more than 4 hours
of high-dose inotropic support (Joint Task Force of the
European Society of Cardiology, American College of Car-
diology Foundation, the American Heart Association, and
the World Health Federation).

Renal morbidity was defined as postoperative oliguria
(urine output � 400 mL/24 h) or anuria, and/or starting
hemodialysis or ultrafiltration. Culture-proven pneumo-
nia, mediastinitis, wound infection, and bacteremia were
diagnosed by clinical findings and laboratory results. Intu-
bation time was defined as time in hours from the end of
operation to discontinuation of mechanical ventilation.

Because severity of illness likely affects tracheostomy
timing decisions (ie, delaying tracheostomy in an unstable
patient or in a patient believed to be improving clinically), the
Sequential Organ Failure Assessment (SOFA) score,23-26 a se-
verity of illness indicator, was calculated for both groups of
patients and compared. Sequential Organ Failure Assess-
ment scores were calculated for each patient on the day

before tracheostomy to compare severity of illness between
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Table 1. Categorical Predictor Variables: Matched Data

Factor Total
Early tracheostomy Late tracheostomy p

Value*n % n %

Male 0.89
No 89 44 38.6 45 39.5
Yes 139 70 61.4 69 60.5

oronary artery bypass surgery 0.89
No 73 36 31.6 37 32.5
Yes 155 78 68.4 77 67.5

ny valve procedure 0.68
No 85 41 36.0 44 38.6
Yes 143 73 64.0 70 61.4

OPD/asthma 0.88
No 173 86 75.4 87 76.3
Yes 55 28 24.6 27 23.7

ulmonary hypertension 0.76
No 170 86 75.4 84 73.7
Yes 58 28 24.6 30 26.3

moking 0.69
No 91 44 38.6 47 41.2
Yes 137 70 61.4 67 58.8
ypertension 0.55
No 60 28 24.6 32 28.1
Yes 168 86 75.4 82 71.9
yocardial infarction 0.60
No 106 55 48.3 51 44.7
Yes 122 59 51.8 63 55.3

trial fibrillation 0.76
No 170 84 73.7 86 75.4
Yes 58 30 26.3 28 24.6

ascular disease 0.99
No 180 90 79.0 90 79.0
Yes 48 24 21.1 24 21.1

eft ventricular failure-normal 0.46
No 163 79 69.3 84 73.7
Yes 65 35 30.7 30 26.3

ardiogenic shock 0.99
No 208 104 91.2 104 91.2
Yes 20 10 8.8 10 8.8

edo 0.59
No 130 67 58.8 63 55.3
Yes 98 47 41.2 51 44.7

mergency 0.64
No 208 105 92.1 103 90.4
Yes 20 9 7.9 11 9.7

BC transfusion in the operating room 0.76
No 58 30 26.3 28 24.6

Yes 170 84 73.7 86 75.4
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groups at the time of tracheostomy. To calculate the SOFA
score, 2 authors (JD and AV) independently reviewed the
ICU flow sheets and progress notes of the patients in each
group and obtained the worst value for each variable that
comprised the SOFA score.

The early and late tracheostomy patient groups were
compared using the chi-square, Fisher’s exact, and Wil-
coxon rank-sum tests on predictor and outcomes variables
univariately where appropriate. A propensity score was
then calculated for each patient from a logistic model that
included all predictor variables. The sample size would
have permitted 1:2 matching; however, the second
matched patient may not be as good a match as the first
one, which could increase bias. Patients from the 2 groups
were therefore matched 1:1 on propensity scores with greedy
matching techniques.23 Outcomes of interest between the
matched groups were compared using the Student t-test or
Wilcoxon rank sum test for continuous variables and chi-
square or Fisher’s exact tests for categorical variables. All results
were analyzed with SAS 8.2 software (SAS Institute, Inc).

Table 1. Continued

Factor Total
Early tr
n

Tracheal reintubations, n
0 67 34
1 95 48
2 42 18
3 19 11
4 2 1
5 3 2

Atrial flutter
No 228 114

Diabetes
No 137 70
Yes 91 44

Congestive heart failure
No 92 45
Yes 136 69

*Chi-square test unless noted.
†Fisher’s exact test.

Table 2. Continuous Predictor Variables: Matched Data

Factor
Early tracheostomy

n Median (25th, 75th

Age 114 72.2 (63.8, 77.4)
aseline creatinine 114 0.2 (�0.1, 0.5)

BMI 114 27.1 (23.1, 30.9)
lbumin 114 3.5 (3.0, 4.0)
PB run 1 114 122.0 (90.0, 157.0)
*Wilcoxon rank sum test.
BMI, body mass index; CPB run 1, first cardiopulmonary bypass run.
RESULTS
A total of 38,948 patients underwent CABG and/or valve
surgery during the study period. Among these, 724 (1.9%)
patients required tracheostomy. After excluding patients
less than 18 years old, those who had emergency tracheos-
tomies combined with another procedure and those who
had tracheostomies on the 10th to 13th postoperative day or
fter the 28th postoperative day, 461 patients remained in

the analysis. Among these, 123 (26.7%) had tracheosto-
mies before the 10th postoperative day and 338 (73.3%) on
postoperative days 14 to 28.The mean (median, mode) day
of tracheostomy was day 8 (8, 8) for the early group and 18
(17, 14) for the late group.

The patients in each tracheostomy time cohort were
propensity matched on demographic variables, preopera-
tive comorbidities that included history of diabetes, smok-
ing, pulmonary hypertension, congestive heart failure, car-
diogenic shock, history of atrial arrhythmias, renal failure,
malnutrition, body mass index, operation type, and intra-

ostomy Late tracheostomy
p Value*% n %

0.90†

29.8 33 29.0
42.1 47 41.2
15.8 24 21.1

9.7 8 7.0
0.88 1 0.88
1.8 1 0.88

100.0 114 100.0
0.69

61.4 67 58.8
38.6 47 41.2

0.79
39.5 47 41.2
60.5 67 58.8

Late tracheostomy
p Value*n Median (25th, 75th)

114 72.2 (64.1, 77.6) 0.96
114 0.1 (�0.1, 0.5) 0.87
114 27.2 (23.7, 31.3) 0.91
114 3.6 (2.9, 4.0) 0.98
114 118.0 (89.0, 154.0) 0.80
ache
)
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Table 3. Categorical Outcomes Variables: Matched Data

Factor Total
Early tracheostomy Late tracheostomy

p Value*n % n %

Atrial arrythmia - ICU 0.093
No 57 34 29.8 23 20.2
Yes 171 80 70.2 91 79.8

Fugemia 0.076
No 190 100 87.7 90 79.0
Yes 38 14 12.3 24 21.1

Bacteremia �0.001
No 107 67 58.8 40 35.1
Yes 121 47 41.2 74 64.9

Line sepsis 0.18
No 167 88 77.2 79 69.3
Yes 61 26 22.8 35 30.7

Sepsis syndrome 0.007
No 138 79 69.3 59 51.8
Yes 90 35 30.7 55 48.3

Septic shock 0.010
No 199 106 93.0 93 81.6
Yes 29 8 7.0 21 18.4

Mediastinitis 0.24
No 216 110 96.5 106 93.0
Yes 12 4 3.5 8 7.0

Pneumonia 0.28
No 94 51 44.7 43 37.7
Yes 134 63 55.3 71 62.3

ARDS 0.004
No 197 106 93.0 91 79.8
Yes 31 8 7.0 23 20.2

Aspiration pneumonia 0.023
No 211 110 96.5 101 88.6
Yes 17 4 3.5 13 11.4

Atelectasis 0.85
No 35 18 15.8 17 14.9
Yes 193 96 84.2 97 85.1

Multisystem organ failure 0.007
No 166 92 80.7 74 64.9
Yes 62 22 19.3 40 35.1

In-hospital mortality 0.002
No 158 90 79.0 68 59.7
Yes 70 24 21.1 46 40.4

Cardiac morbidity �0.001
No 174 98 86.0 76 66.7
Yes 54 16 14.0 38 33.3

Serious infection morbidity 0.005
No 54 36 31.6 18 15.8
Yes 174 78 68.4 96 84.2

Sternal wound 0.009
No 148 78 94.0 70 80.5
Yes 22 5 6.0 17 19.5
*Chi-square test.
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operative red blood cell transfusion.27,28 There were 114
atients in each group after matching.
The median SOFA scores for the propensity-matched

arly and late patient groups calculated for the day before
racheostomy were statistically different (9 [7, 12] vs 8 [6,
1], respectively, p � 0.004). The number of reintubations
n the late group was greater before matching, but did not
iffer significantly after matching (p � 0.90). A frequency
istribution histogram of tracheostomy timing is shown in
igure 1.
In-hospital mortality (21.1% vs 40.4%, p � 0.002) and

cardiac morbidity (14.0% vs 33.3%, p � 0.001) were lower in
the early tracheostomy group. Early tracheostomy was associ-
ated with decreased ICU (7.2 days median difference,
p � 0.001) and hospital (7.5 days median difference, p �
.010) lengths of stay. Total intubation time was 5.5 days
horter in the early tracheostomy group (p � 0.011).

The overall infection rate was lower in the early group
(68.4% vs 84.2%, p � 0.005). Although the occurrence of
pneumonia did not differ between groups (55.3% vs 62.3%,
p � 0.28), aspiration pneumonia was less common in the
early group (3.5% vs 11.4%, p � 0.023), and occurred before
tracheostomy in 17 of the 20 (85%) patients in whom it
developed.

Table 4. Continuous Outcomes Variables: Matched Data

Factor
Early tracheostomy

n Median (25th,

Total ICU LOS 114 526.5 (388.3, 8
Total intubation time 114 515.0 (381.8, 8
Postoperative hospital LOS 114 31.5 (22.0, 47

*Wilcoxon rank sum test.
LOS, length of stay.
rFigure 1. Frequency distribution of tracheostomy timing.
Bacteremia was less common in the early group (41.2%
vs 64.9%, p � 0.001), as was ARDS (7.0% vs 20.2%, p �
0.004) and multisystem organ failure (19.3% vs 35.1%,
p � 0.007). Fewer patients in the early group had septic
shock (7.0% vs 18.4%, p � 0.010) and sepsis syndrome
30.7% vs 48.3%, p � 0.007). The groups did not differ
ignificantly on central venous catheter-related sepsis (22.8
s 30.7, p � 0.18). The occurrence of superficial sternal
ound infection was lower in the early group (6.0% vs
9.5%, p � 0.009), and mediastinitis (deep sternal wound

infection) did not differ significantly between groups
(3.5% vs 7.0%, p � 0.24). Eleven patients in the early
group and 9 in the late group had percutaneous tracheos-
tomies. Tracheostomy was converted from percutaneous to
open in 2 patients (1 from each group) due to technical
reasons. The incidence of percutaneous tracheostomies in
this investigation was 4.34%. Although the percutaneous
method is safe and effective and has gained wide accep-
tance, the current practice at our institution is to perform
the majority of tracheostomies open in the operating room.

DISCUSSION
Early tracheostomy for respiratory failure after cardiac surgery
was associated with reduced morbidity and in-hospital mor-
tality and ICU and total hospital lengths of stay, without an
increased occurrence of mediastinitis. Our results are consis-
tent with several investigations reporting shorter ICU stays
and decreased in-hospital mortality in patients who had very
early (less than 2 postoperative days) tracheostomy compared
with more than 14 postoperative days.1,2,5,7,25,26 Rumbak, and
olleagues,5 for example, attributed the lower mortality in
arly tracheostomy patients to a decreased occurrence of pneu-
onia. Rodriguez and associates12 and Lesnik and cowork-

rs16 also reported a lower pneumonia rate in trauma patients
ho underwent early tracheostomy. Kluger and coauthors29

reported a decreased occurrence of pneumonia in patients
who underwent tracheostomy within 3 days, but no differ-
ence thereafter.

The pneumonia occurrence was similar in each group,
possibly because most patients in the early group had tra-
cheostomies between the 5th and 9th postoperative days.

his timing may be important because previous studies

Late tracheostomy
p Value*n Median (25th, 75th)

) 114 698.7 (521.5, 991.7) �0.001
) 114 646.2 (434.7, 905.8) 0.011

114 39.0 (28.0, 54.0) 0.010
75th)

35.0
19.3
.0)
eport that the beneficial effect of early tracheostomy on
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pneumonia was obtained only if tracheostomy was per-
formed before the 5th postoperative day.5,29 Our results are
onsistent with other investigations that reported no dif-
erence in the occurrence of pneumonia in patients under-
oing early vs late tracheostomy.7,8,30-33

The early tracheostomy group spent less time in the
ICU, where infection risk is highest. The shorter ICU time
therefore may account for the lower bacteremia, overall
infection, and sepsis rates in the early tracheostomy group
because these morbidities are associated with ICU length of
stay.24 The rates of aspiration pneumonia, bacteremia, sep-
is syndrome, septic shock, ARDS, and multisystem organ
ailure were all lower in the early tracheostomy group. The
arly group spent less time in the ICU and therefore had a
ower likelihood of developing ICU-associated infectious
omplications that often lead to multisystem organ failure.

Our results are consistent with the theory proposed by
alts and colleagues18 that events occurring between the

interval of admission to the ICU and tracheostomy, and the
patient’s condition at tracheostomy, are the primary deter-
mining variables associated with long-term outcomes.34

Patients with tracheostomy require less sedation9 and
can be more aggressively weaned from ventilator depen-
dence. Less sedation in the ICU improves immune func-
tion35,36 and hemodynamics, and decreases ICU length of
stay. This consequently decreases the occurrences of with-
drawal agitation, delirium, and pneumonia.37-39 Although
the overall pneumonia rate was similar between groups in
this investigation, the early tracheostomy group had a
lower occurrence of aspiration pneumonia, presumably be-
cause tracheostomy patients require less sedation and can
therefore protect their airway better.40

Severity of illness, real or perceived, presumably affects
tracheostomy timing and outcomes. For example, the de-
cision to perform tracheostomy might be delayed in se-
verely ill patients because of increased procedure risk; sim-
ilarly, tracheostomy might be delayed in patients who were
thought to be improving. The median SOFA scores on the
day before tracheostomy differed statistically between early
and late groups (9 [7, 12] vs 8 [6, 11], respectively, p �
0.004). However, the difference between SOFA scores of 9
and 8 is probably of little clinical importance; furthermore,
the early tracheostomy group had better outcomes in spite
of a significantly higher severity score.

Mediastinitis has been a major concern for early trache-
ostomy because of the close proximity of the tracheostomy
site and the most cephalad aspect of the healing sternot-
omy. Although Curtis and associates15 reported an in-
creased occurrence of mediastinitis and mortality after tra-
cheostomy, Stamenkovic, and coworkers41 did not identify

n association between tracheostomy and mediastinitis.
ahmanian and colleagues,42 Force and associates,43 and
yhahn and coworkers44 also found that tracheostomy is

not a risk factor for deep sternal wound infection. The
mediastinitis rates in our early and late tracheostomy
groups did not differ. Our results are therefore consistent
with most of the literature, which suggests that tracheos-
tomy does not increase the risk of mediastinitis.

Our investigation differs from that of Trouillet and
coauthors,45who, in a prospective randomized trial, com-
pared outcomes in adult cardiac surgery patients who un-
derwent early percutaneous bedside tracheostomy (trache-
ostomy on postoperative day 4) with those who had
prolonged intubation and tracheostomy 15 days after ran-
domization. They reported no difference between groups
in ventilator-free days, mortality, ICU or hospital LOS, or
infectious complications (ventilator-associated pneumo-
nia, sternal wound infection [no distinction made between
superficial vs deep], and/or blood stream infections). The
prolonged intubation group had a greater number of un-
planned extubations and reintubations or recannulations,
and greater use of noninvasive ventilation. Early tracheos-
tomy in this investigation was associated with less sedation,
which is consistent with previous reports.8,9

Patel and Kress,46 in their editorial, point out several
ossible limitations in the Trouillet investigation including
hat the high number of ventilator-free days in the late
racheostomy group resulted in the investigation being un-
erpowered for the primary outcome. The Trouillet inves-
igation is a prospective randomized trial. Patient selection
or randomization to either early or late tracheostomy oc-
urred on postoperative day 4, consisted of a screening test
nd spontaneous breathing trial, and included patients
ho were anticipated to require mechanical ventilation for
or more days; therefore, patient selection for randomiza-

ion was to a certain degree subjective, and selection criteria
ere not well defined. Only 27% of the patients in the late
roup ultimately required tracheostomy. This demonstrates
he difficulty in predicting on postoperative day 4 which pa-
ients will require tracheostomy. It is therefore conceivable that
ome patients who did not require tracheostomy had it and
thers not selected for randomization eventually underwent
racheostomy. Including and excluding these misclassified pa-
ients in the analysis is problematic. Additionally, there were
ore renal failure, transplantation, and reoperation patients

n the early group than in the late group, and not controlling
or these patient variables could have affected the results.

Limitations
As explained by Barquist and colleagues,11 a prospective ran-
domized trial of tracheostomy timing would be challenging.
We therefore conducted a retrospective epidemiologic analysis

of an existing patient registry and in all retrospective studies,
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control of confounding factors is critical. Short of randomiza-
tion, propensity matching is probably the best protection
against confounding and selection bias.23 Even so, there may
be confounding factors even propensity matching cannot
overcome. We were able to match 90% of the early tracheos-
tomy patients with those in the late group, providing 114
patients in each group for analysis. Although larger than many
previous studies, our statistical power remains limited for de-
tecting subtle differences between the groups. Most of the
observed differences were far from subtle, though, and were
highly statistically significant.

The timing of mediastinitis and sternal wound infection
relative to tracheostomy was not part of the analysis so was
not controlled for. Although the intermediate tracheos-
tomy patients (days 10 to 13) were excluded to create more
distinct investigation groups, tracheostomy timing deci-
sions in this group are often the most difficult to make, so
information about these patients would be useful. Exclud-
ing patients who underwent tracheostomy on days 10 to 13
may have created residual bias that could account for some of
the observed differences. In spite of this limitation, it was
considered important to exclude these patients in order to
create more distinct groups.

This investigation analyzed patients whose ICU stays oc-
curred over a 10.5-year period during which practice changes
most likely occurred. We did not produce a frequency distri-
bution plot of early vs late tracheostomy based on year of
operation, so we do not know if more late tracheostomies
occurred more often during the early years of this 10.5-year
investigation period. Although the effect of year of tracheos-
tomy on outcome was not analyzed, there was no statistical
difference in distribution of cases across investigation years.

The use of “postoperative day” to define early and late tra-
cheostomy may in certain cases not be optimal. For example,
a patient who suffered a complication on postoperative day
10, was intubated, and underwent tracheostomy 4 days later
would be classified as in the late group (day 14) even though
the tracheostomy was performed 4 days after intubation
(early).

The majority of tracheostomies in the early group were
performed late in the early period (on or after day 7). By this
time the anterior mediastinal tissue planes are healing and
beginning to be well separated from the tracheostomy site.
This distribution toward the later part of the range may have
significantly lowered the early mediastinal infection rate.

Although the vast majority of patients in this investiga-
tion had median sternotomy, patients were not matched on
primary operation incision type and may therefore have
differed concerning operative approach. The decision to
perform a tracheostomy is, to an extent, subjective and is

often influenced by family or other surrogate wishes. These
factors could not be analyzed but presumably affected tim-
ing and outcomes. This investigation was conducted at a
single institution and the relative benefits of early trache-
ostomy may differ in institutions having different patient
and surgical characteristics.

CONCLUSIONS
In summary, tracheostomy before the 10th postoperative
day in patients who require prolonged mechanical ventila-
tion after cardiac surgery was associated with decreased
morbidity and in-hospital mortality compared with trache-
ostomy between the 14th and 28th days. Early tracheos-
tomy was associated with reduced ICU and total hospital
lengths of stay of greater than 1 week and was not associ-
ated with an increased occurrence of mediastinitis. Our
results are consistent with those from previous literature
demonstrating the benefits of early tracheostomy, and sug-
gest that early tracheostomy should be considered when
prolonged intubation is anticipated after cardiac surgery.
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Appendix 1. Categorical Predictor Variables: Raw Data

Factor Total
Ea
n

Male
No 178 4
Yes 283 7

Coronary artery bypass surgery
No 170 3
Yes 291 8

Any valve procedure
No 185 4
Yes 276 7

COPD/asthma
No 369 9
Yes 92 3

Pulmonary hypertension
No 362 9
Yes 99 3

Smoking
No 189 4
Yes 272 7

Hypertension
No 138 2
Yes 323 9

Myocardial infarction
No 234 5
Yes 227 6

Atrial fibrillation
No 350 9
Yes 111 3

Vascular disease
No 369 9
Yes 92 2

Left ventricular failure-normal
No 314 8
Yes 147 3

Cardiogenic shock
No 422 11
Yes 39 1

Redo
No 274 7
Yes 187 5

Emergency
No 423 11
Yes 38

RBC transfusion in operating room
No 120 3
Yes 341 9
rly tracheostomy Late tracheostomy
p Value*% n %

0.91
8 39.0 130 38.5
5 61.0 208 61.5

0.041
6 29.3 134 39.6
7 70.7 204 60.4

0.35
5 36.6 140 41.4
8 63.4 198 58.6

0.15
3 75.6 276 81.7
0 24.4 62 18.3

0.36
3 75.6 269 79.6
0 24.4 69 20.4

0.76
9 39.8 140 41.4
4 60.2 198 58.6

0.072
9 23.6 109 32.3
4 76.4 229 67.8

0.47
9 48.0 175 51.8
4 52.0 163 48.2

0.40
0 73.2 260 76.9
3 26.8 78 23.1

0.90
8 79.7 271 80.2
5 20.3 67 19.8

0.62
6 69.9 228 67.5
7 30.1 110 32.5

0.55
1 90.2 311 92.0
2 9.8 27 8.0

0.98
3 59.4 201 59.5
0 40.7 137 40.5

0.66
4 92.7 309 91.4
9 7.3 29 8.6

0.81
3 26.8 87 25.7
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Appendix 1. Continued

Factor Total
Early tracheostomy Late tracheostomy

p Value*n % n %

Reintubations, n 0.002
0 107 39 31.7 68 20.1
1 164 52 42.3 112 33.1
2 108 18 14.6 90 26.6
3 56 11 8.9 45 13.3
4 19 1 0.81 18 5.3
5 7 2 1.6 5 1.5

Atrial flutter 0.042†

No 449 123 100.0 326 96.5
Yes 12 0 0.00 12 3.6
iabetes 0.32
No 298 75 61.0 223 66.0
Yes 163 48 39.0 115 34.0

ongestive heart failure 0.95
No 175 47 38.2 128 37.9
Yes 286 76 61.8 210 62.1
*Chi-square test unless noted.
†Fisher’s exact test.
Appendix 2. Continuous Predictor Variables: Raw Data

Factor
Early tracheostomy Late tracheostomy

p Value*n Median (25th, 75th) n Median (25th, 75th)

Age 123 72.3 (63.8, 77.4) 338 71.5 (64.1, 77.7) 0.93
Baseline creatinine 123 0.2 (�0.1, 0.6) 338 0.2 (�0.1, 0.6) 0.64
Body mass index 123 27.1 (22.8, 30.9) 338 27.0 (23.0, 30.4) 0.88
Albumin 118 3.5 (3.0, 4.0) 318 3.6 (3.0, 4.1) 0.11
CPB run 1 123 120.0 (90.0, 158.0) 338 115.0 (82.0, 155.0) 0.33
*Wilcoxon rank sum test.
CPB run 1, first cardiopulmonary bypass run.
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Appendix 3. Categorical Outcomes Variables: Raw Data

Factor Total
Early tracheostomy Late tracheostomy

p Value*n % n %

Atrial arrhythmia-ICU 0.33
No 116 35 28.5 81 24.0
Yes 345 88 71.5 257 76.0

Fugemia 0.35
No 393 108 87.8 285 84.3
Yes 68 15 12.2 53 15.7

Bacteremia �0.001
No 210 74 60.2 136 40.2
Yes 251 49 39.8 202 59.8

Line sepsis 0.12
No 339 97 78.9 242 71.6
Yes 122 26 21.1 96 28.4

Sepsis syndrome 0.006
No 274 86 69.9 188 55.6
Yes 187 37 30.1 150 44.4

Septic shock 0.022
No 395 113 91.9 282 83.4
Yes 66 10 8.1 56 16.6

Mediastinitis 0.11
No 432 119 96.8 313 92.6
Yes 29 4 3.3 25 7.4

Pneumonia 0.035
No 170 55 44.7 115 34.0
Yes 291 68 55.3 223 66.0

ARDS 0.014
No 397 114 92.7 283 83.7
Yes 64 9 7.3 55 16.3

Aspiration pneumonia 0.013
No 421 119 96.8 302 89.4
Yes 40 4 3.3 36 10.7

Atelectasis 0.94
No 74 20 16.3 54 16.0
Yes 387 103 83.7 284 84.0

Multisystem organ failure 0.017
No 337 100 81.3 237 70.1
Yes 124 23 18.7 101 29.9

In-hospital mortality 0.004
No 312 96 78.1 216 63.9
Yes 149 27 22.0 122 36.1

Cardiac morbidity �0.001
No 333 103 83.7 230 68.1
Yes 128 20 16.3 108 32.0

Serious infection morbidity �0.001
No 89 39 31.7 50 14.8
Yes 372 84 68.3 288 85.2

Sternal wound 0.019
No 300 84 94.4 216 84.7
Yes 44 5 5.6 39 15.3
*Chi-square test.
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Appendix 4. Continuous Outcomes Variables: Raw Data

Factor
Early tracheostomy Late tracheostomy

p Value*n Median (25th, 75th) n Median (25th, 75th)

Total ICU LOS 123 522.7 (380.6, 835.0) 338 716.9 (542.1, 968.3) �0.001
Total intubation time 123 514.1 (381.1, 819.3) 338 644.5 (439.3, 861.8) 0.001

ostoperative hospital LOS 123 32.0 (22.0, 46.0) 338 40.0 (29.0, 56.0) �0.001
*Wilcoxon rank sum test.
LOS, length of stay.
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