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Abstract

Purpose To investigate whether tracheostomy increases
the risk of sternal wound infection (SWI) post cardiac
surgery.

Methods All patients undergoing cardiac surgery via
median sternotomy from September 1997 to October 2010
were included in this retrospective observational study.
Primary exposure was tracheostomy performed during
admission to the cardiac surgical intensive care unit. The

This article is accompanied by an editorial. Please see Can J Anesth
2013; 60: this issue.

Author contributions Louise Sun and Bernard McDonald were
involved in study conception and the acquisition of data. Louise Sun
and Munir Boodhwani were involved in the analysis of data. Louise
Sun was involved in drafting the manuscript. Louise Sun, Bernard
McDonald, Munir Boodhwani, and Heather Baer were involved in
the study design, interpretation of data, and critical revision of the
manuscript.

L. Sun, MD - B. McDonald, MD, PhD (X))

Division of Cardiac Anesthesiology, University of Ottawa Heart
Institute, 40 Ruskin Street, Ottawa, ON K1Y 4W7, Canada
e-mail: bmcdonald @ottawaheart.ca

M. Boodhwani, MD
Division of Cardiac Surgery, University of Ottawa Heart
Institute, Ottawa, ON, Canada

H. Baer, ScD
Division of General Medicine and Primary Care, Brigham and
Women’s Hospital, Boston, MA, USA

H. Baer, ScD
Harvard Medical School, Boston, MA, USA

L. Sun, MD - H. Baer, ScD

Department of Epidemiology, Harvard School of Public Health,
Boston, MA, USA

@ Springer

primary outcome was SWI during hospital admission.
Multivariable logistic regression was used to determine if
tracheostomy was an independent predictor of SWI
Restriction and propensity score analyses were then used
to assess if tracheostomy is a causal risk factor for SWI.
Results Four hundred and eleven of 18,845 patients
(2.2%) were treated with tracheostomy. Incidences of SWI
in tracheostomy and non-tracheostomy groups were 19.5%
(80/411) and 0.8% (154/18,434), respectively. Using mul-
tivariable logistic regression analysis, tracheostomy was
found to be an independent predictor of SWI (odds ratio
[OR] 2.8; 95% confidence interval [CI] 1.9 to 4.2). In an
analysis restricted to respiratory failure patients, trache-
ostomy was associated with sternal wound infection (OR
3.4; 95% CI 2.4 to 4.9). When the analysis was stratified by
the risk of receiving tracheostomy as represented by pro-
pensity score (PS), 46 patients (12%) in the intermediate
risk category (PS 0.2-0.4) had SWIs (adjusted OR 2.97;
95% CI 1.6 to 5.6), and 52 patients (14%) in the highest
risk category (PS > 0.4) had SWIs (OR 1.52; 95% CI 0.85
to 2.87).

Discussion Our single-centre observational study of
cardiac surgery patients found tracheostomy to be an
independent risk factor for SWI. Our analysis showed a
robust association when restricted to patients with respi-
ratory failure and after the population was stratified by the
propensity to have a tracheostomy.

Résumé

Objectif Determiner si la tracheostomie augmente le
risque d’infection de plaie sternale (IPS) apres une
chirurgie cardiaque.

Méthode Tous les patients subissant une chirurgie
cardiaque par sternotomie mediane entre septembre 1997
2010 ont ete dans cette etude

et octobre inclus
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observationnelle retrospective. La variable independante
principale etait une tracheostomie realisee pendant
'admission a ['unite’ des soins intensifs de chirurgie
cardiaque. Le critere d’evaluation principal etait une IPS
pendant le sejour d U'hdpital. La regression logistique
multivariee a ete utilisee pour determiner si la tracheostomie
etait un predicteur independant d’IPS. L’analyse des scores
de restriction et de propension a ensuite ete utilisee pour
evaluer si la tracheostomie etait un facteur de risque causal
d’IPS.

Résultats Quatre cents onze patients sur 18 845 (2,2 %)
ont subi une tracheostomie. Les incidences d’IPS dans les
groupes tracheostomie et non-tracheostomie etaient de
19,5 % (80/411) et 0,8 % (154/18,434), respectivement.
L’analyse de regression logistique multivariee a permis
de determiner que la tracheostomie etait un predicteur
independant d’IPS (rapport de cotes [RC] 2,8; intervalle
de confiance [IC] 95 % 1,9 a 4,2). Dans une analyse ne
portant que sur les patients en insuffisance respiratoire, la
tracheostomie a ete associee d une infection de plaie
sternale (RC 3,4; IC 95 % 2,4 a 4,9). Lorsque ’analyse
etait stratifiee selon le risque de subir une tracheostomie
tel que represente par le score de propension (SP), 46
patients (12 %) de la categorie de risque intermediaire (SP
0,2-0,4) avaient une ISP (RC ajuste” 2,97; IC 95 % 1,6 a
5,6), et 52 patients (14 %) de la categorie de risque le plus
eleve (SP > 0,4) avaient une ISP (RC 1,52, IC 95 % 0,85 a
2,87).

Discussion Notre etude observationnelle unicentrique
portant sur des patients de chirurgie cardiaque a decouvert
que la tracheostomie constituait un facteur de risque
independant d’ISP. Notre analyse a montre une association
importante lorsqu’elle se limitait aux patients en insuffisance
respiratoire et apres stratification de la population par
propension da subir une tracheostomie.

Tracheostomy is commonly employed as an alternative
means of airway management in critically ill patients.' In
medical, trauma, and neurological critical care, tracheos-
tomy has been shown to improve patient comfort, reduce
the requirement for sedation, and decrease intensive care
unit (ICU) and hospital lengths of stay."3’4 Nevertheless, in
the postoperative cardiac surgery setting, the utility of
tracheostomy is questioned in view of the idea that a soiled
surgical site resulting from a tracheal stoma increases the
risk of sternal wound infection (SWI). There continues to
be uncertainty as to the true nature of the relationship
between tracheostomy and SWI, with recent publications
both supporting and refuting tracheostomy as a cause of
SWI post cardiac surgery.’™!

Three large observational studies support tracheostomy
as a risk factor for SWI. In a study of 6,057 patients
undergoing isolated coronary artery bypass, Curtis ef al.’
reported an 8.6% risk of mediastinitis, defined as positive
culture of mediastinal tissue or fluid, in tracheostomy
patients and a 0.7% risk in non-tracheostomy patients. In a
study of 16,277 cardiac surgery patients, Force et al.’
found tracheostomy to be one of four predictors of SWI in
their multivariable regression analysis (odds ratio [OR]
5.65; 95% confidence interval [CI] 2.76 to 11.54). Ngaage
et al.'! reported a 0.8% incidence of SWI in 7,002 patients,
and tracheostomy was identified in multivariable regres-
sion analysis as one of four determinants of SWI (OR 3.22;
95% CI 1.11 to 9.31).

Two previous studies that failed to detect an association
between tracheostomy and SWI were limited by small
numbers of events, which precluded robust risk
adjustment.”*®

It is obvious that patients in the group receiving tra-
cheostomy differ greatly from the non-tracheostomy group.
Only patients with poor postoperative course would likely
ever be offered a tracheostomy. The clinical question is
whether the observed increased risk of SWI in the trache-
ostomy group is a result of the tracheostomy or simply a
result of the underlying complicated postoperative course.
The primary purpose of this study was to determine whe-
ther tracheostomy is a causal risk factor for SWI after
cardiac surgery.

Methods
Design and selection criteria

The Research Ethics Board at the Ottawa Hospital
approved this protocol on February 11, 2011. Written
consent from individual study participants was not required
because the study represented a secondary use of non-
identifiable data (TCPS Article 5.5). All patients under-
going cardiac surgery via full median sternotomy from
September 1, 1997 to October 31, 2010 were included in
this historical observational study. We excluded patients
with preoperative tracheostomy in situ, those patients
receiving tracheostomy following documented SWI, as
well as patients undergoing surgeries via non-median
sternotomy approaches.

Description of database
Data were extracted from the University of Ottawa Heart
Institute (UOHI) perioperative database. This is a multi-

modular database containing comprehensive pre-, intra-,
and postoperative information prospectively collected on
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all patients undergoing major cardiac surgery at the UOHI.
Since its inception, data have been prospectively collected
on more than 21,000 patient encounters. More than 400
variables are available to capture baseline patient charac-
teristics, surgical type, intraoperative details, postoperative
interventions, and organ-specific morbidities. The database
is managed by the UOHI Perioperative Database Unit
consisting of data managers and information technology
support and is overseen by a committee with representation
from Cardiac Anesthesiology, Cardiac Surgery, and Epi-
demiology that regulates data access, ethics, and
confidentiality requirements.

Variable definitions

All captured variables were pre-defined in accordance with
commonly employed expert consensus definitions and kept
up to date, i.e., where possible, preoperative variable def-
initions or specific postoperative cardiac surgical
outcomes, such as “re-opening”, are in keeping with def-
initions employed by EuroSCORE'? and/or the STS
database.'” Our database definition of SWI is in concor-
dance with the definition used for the Society of Thoracic
Surgery database,"? i.e., occurring within 30 days of sur-
gery if no implant is left in place, or within one year of
surgery if implant is in place. It must involve the skin,
subcutaneous tissue, muscle, or tissue below the fascial
layer, and comprise any of the following:

a) Purulent drainage from the incision or drain located
above or beneath the fascial layer.

b) Organism isolated from culture of fluid taken from
primarily closed wound.

c) Surgeon deliberately opens wound, unless wound
culture is negative.

d) Wound spontaneously dehisces or is deliberately
opened by surgeon when patient has fever (> 38°C)
and/or localized pain or tenderness, unless culture is
negative.

e) Other evidence seen on direct or histopathologic
examination or during surgery.

f) Surgeon’s or attending physician’s
infection.

diagnosis of

The Cardiac Anesthesia Risk Assessment (CARE) score
is a simple risk-ranking system based on clinical judge-
ment, comorbid conditions (classified as controlled or
uncontrolled), complexity, and urgency of cardiac proce-
dure and resembles the well-known American Society of
Anesthesiologists’ physical status classification.'* It was
developed within our institution as a model for predicting
mortality risk and has been shown to perform as well as
other better known multifactorial risk indices such as the
EuroSCORE."” The CARE score has eight categories
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representing increasing risk of predicting operative mor-
tality, i.e., CARE 1, 2, 3, 3E, 4, 4E, 5, and 5E, where E
designates an emergency case requiring immediate surgery.
Respiratory failure is defined as pulmonary insufficiency
requiring intubation and mechanical ventilation for a per-
iod exceeding 72 hr at any time during the postoperative
period or if re-intubation is required. Cardiogenic shock is
defined as a state of low cardiac output requiring more than
two inotropes for more than a 24-hr period or needing an
intra-aortic balloon pump. Stroke is defined as new deficit
or abnormality occurring postoperatively but not present in
the preoperative assessment.

Primary exposure

The primary risk factor of interest was tracheostomy per-
formed during admission in the cardiac surgical intensive
care unit (CSICU). Tracheostomy is one of the predefined
variables in the database. Patients with tracheostomy in situ
or de novo tracheostomy can be discriminated and the date
of the tracheostomy procedure can be captured. Through-
out the study inclusion period, clinical practice for
performing tracheostomies remained stable in accordance
with the following description: all tracheostomies were
performed via an open technique by one of three cardiac
surgeons, and most tracheostomies were performed in the
patient’s room within the CSICU, using appropriately sized
Shiley™ cuffed tracheostomy tubes. The procedures were
done with an anesthesiologist at the bedside as well as
operating room nursing support and the usual sterile pre-
cautions, including antiseptic skin preparation and full
body drape. When difficulty was anticipated due to com-
plex airway anatomy (infrequently, in < 2% of cases), an
otolaryngologist would be consulted to perform open tra-
cheostomy in the operating room.

Outcomes

The outcome of interest was the incidence of SWI during
the same postoperative hospital admission. All patients
were followed for the duration of their hospital admission
or until the time of in-hospital death.

Statistical analysis

Continuous normally distributed variables are presented as
mean (standard deviation [SD]), and continuous variables
with non-normal distributions are presented as median
(interquartile range [IQR]). Categorical variables are pre-
sented as number (proportion). Unadjusted odds ratios
were determined using univariable logistic regression. To
investigate if tracheostomy is an independent predictor of
SWI, we fitted a multivariable model that included other
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known predictors of SWI. We identified predictors a priori
based on a structured PubMed search using the MESH
terms “Cardiac Surgical Procedures”, “Coronary Artery
Bypass”, “Cardiopulmonary Bypass”, “Surgical Wound
Infection”, “Risk Factors”, and “Epidemiologic Meth-
ods”. For our regression analyses, we included baseline,
intraoperative, and postoperative risk factors that were
identified by this search strategy in at least two publications
during 1995-2010. All of these identified predictors were
available within our database. Adjusted odds ratios (OR)
and 95% confidence intervals (CI) were used to assess the
independent relationship between tracheostomy and SWI.
The CARE score was included as a general measure of
preoperative mortality risk as well as a measure of proce-
dural complexity. No patients were excluded from the
study because of missing data; however, we did not per-
form imputations for missing covariate data for the
multivariable model, and the sample size was allowed to
vary with the analysis.

To investigate if tracheostomy is a causal risk factor for
SWI, we conducted a separate logistic regression analysis
restricted to patients with respiratory failure, aiming to
achieve better covariate balance between the exposed and
unexposed groups. We also calculated a propensity score
(PS) estimating each patient’s likelihood to receive a tra-
cheostomy, and we examined the relationship between
tracheostomy and SWI within each of the three predeter-
mined categories of the propensity score (PS < 0.2, PS
0.2-0.4, PS > 0.4); in addition, we adjusted for propensity
score as a continuous variable within these analyses to
attempt a further reduction in the potential for residual
confounding within each category. The propensity score
was calculated by constructing a nonparsimonious logistic
regression model that included but was not limited to the
reported risk factors, including age, sex, left ventricular
ejection fraction < 50%, case urgency, body mass index,
diabetes, CARE score, glomerular filtration rate, previous
cerebrovascular accident, chronic obstructive pulmonary
disease on medication, awake intubation, re-sternotomy,
aortic cross-clamp time, postoperative ventilation > 72 hr,
re-intubation, postoperative re-opening, dialysis, stroke,
low cardiac output syndrome, ICU length of stay > ten
days, ICU re-admission, and pneumonia.4

All statistical tests were two-sided and performed using
SAS® 9.2 (SAS Institute, Cary, NC, USA), with statistical
significance defined as P < 0.05.

Results

Overall, 18,845 patients met the criteria for inclusion in the
study, and no subject was lost to follow up. Tracheostomy
prior to any identified SWI occurred in 411 patients (2.2%),

and the median [IQR] time from post-surgical ICU
admission to tracheostomy was 14 [10-19] days. Table 1
summarizes the perioperative characteristics of included
patients with and without tracheostomy.

There were 234 SWI cases documented, with incidences
of 19.5% (80/411) in the tracheostomy group and 0.8%
(154/18,434) in the non-tracheostomy group. The results of
the univariable and multivariable regression analyses are
presented in Table 2. Tracheostomy was an independent
predictor of SWI (adjusted OR 2.8; 95% CI 1.9 to 4.2). An
additional ten variables were also identified as independent
predictors of SWI from our multivariable logistic regres-
sion model.

There were 15,953 patients included in the multivariable
logistic regression analysis. In order to ascertain that
missing covariate data did not introduce bias for our effect
estimate, we conducted a sensitivity analysis by re-running
our multivariable model using an indicator variable for
each categorical variable with an added category for
“missingness”. Median values of each of the continuous
variables were assigned to their missing points. This was
done as a conservative measure to bias the adjusted odds
ratio towards the null. The association between tracheos-
tomy and SWI was essentially unaltered when calculated
using this approach (adjusted OR 2.8; 95% CI 1.9 to 4.0).

When the cohort was restricted to patients with respi-
ratory failure (n = 1,866), 406 underwent a tracheostomy,
and 77 (19%) of those patients developed SWI. Table 3
describes the characteristics of the patients with respiratory
failure who underwent a tracheostomy. Tracheostomy was
found to be an independent predictor of SWI in this sub-
group (OR 3.4; 95% CI 2.4 to 4.9) (Table 3). Only five of
the patients without respiratory failure (n = 16,979) had a
tracheostomy; three of the five patients developed SWI.
Due to the low number of events in this subgroup, we were
not able to conduct a stable multivariable analysis.

The association between tracheostomy and SWI in each
predetermined propensity score category is presented in
Table 4. There were < 20 cases of SWI in the lowest risk
category, and a stable regression model was not possible.
In the intermediate and high-risk groups, the risk of SWI
was increased in patients with a tracheostomy (OR 2.97;
95% CI 1.58 to 5.58 and OR 1.56 95% CI 0.85 to 2.87,
respectively).

Discussion

This study supports a positive association between tra-
cheostomy and sternal wound infection. Using a
multivariable regression model that included all patients,
we found tracheostomy to be an independent predictor of
SWI. Nevertheless, the finding based on traditional
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Table 1 Perioperative characteristics by tracheostomy status
Variable Patients with tracheostomy Patients without tracheostomy Standardized
(n =411) (n = 18,434) difference’
Baseline
Age, mean (SD) 69.4 (11.5) 64.4 (11.9) 0.43
Female 153 (37.2%) 5,034 (27.3%) 0.21
BMI > 30 kg-m 2 129 (31.4%) 5,824 (31.6%) —0.0043
PVD 98 (23.8%) 2,571 (13.9%) 0.26
Endocarditis 15 (3.6%) 183 (0.1%) 0.26
COPD on medication 80 (19.5%) 1,674 (9.1%) 0.30
GFR (mL-min~"), mean (SD) 60.2 (30.2) 81.8 (35.4) —0.66
LV ejection fraction < 50% 278 (67.6%) 11,941 (64.8%) 0.059
Diabetes 138 (33.6%) 5,260 (28.5%) 0.11
CARE score
1 1 (0.2%) 1,554 (8.4%) —0.41
2 34 (8.3%) 7,202 (39.1%) —0.78
3 169 (41.1%) 7,031 (38.1%) 0.061
4 108 (26.3%) 1,959 (10.6%) 0.41
5 99 (24.1%) 680 (3.7) 0.62
Intraoperative
Re-sternotomy 69 (16.8%) 1,464 (7.9%) 0.27
Internal thoracic artery graft 180 (43.8%) 12,367 (67.1%) —0.48
Aortic cross-clamp time
< 60 min 134 (32.6%) 9,331 (50.6%) —-0.37
60-119 min 168 (40.9%) 6,762 (36.7%) 0.086
> 120 min 109 (26.5%) 1,341 (7.3%) 0.53
Postoperative
Re-open 95 (23.1%) 1,058 (5.7%) 0.51
Postoperative dialysis 157 (38.2%) 404 (2.2%) 1.0
Stroke 83 (20.2%) 240 (1.3%) 0.64
Mechanical ventilation > 72 hr 403 (98.1%) 1,185 (6.4%) 4.6
Re-intubation 254 (61.8%) 688 (3.7%) 1.6
Cardiogenic shock 91 (22.1%) 548 (3%) 0.60
Sternal wound infection 80 (19.5%) 331 (1.8%) 0.60

BMI = body mass index; PVD = peripheral vascular disease; COPD = chronic obstructive pulmonary disease; GFR = glomerular filtration
rate; LV = left ventricular; CARE = Cardiac Anesthesia Risk Evaluation; SD = standard deviation. 'Standardized difference = difference in

means or proportions divided by standard error

multivariable regression cannot be considered causal, as
the differences between the two groups may be too large to
rely on statistical adjustment alone to eliminate con-
founding. In a propensity score analysis that is designed
to reduce the imbalances between tracheostomy and non-
tracheostomy patients, a robust association exists in all but
the highest risk population.

Sternal wound infection following cardiac surgery is a
life-threatening complication associated with major
increases in morbidity and mortality.'® As a result, many
clinicians are concerned about proceeding with tracheos-
tomy, as direct soiling of the healing sternal wound could
result. Tracheostomy in critically ill patients does not lend
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itself easily to a randomized interventional trial. Further-
more, as both the exposure and outcome are relatively rare
events, whether a tracheostomy is associated with an
increased incidence of SWI can likely be answered only
through an observational study.

It is obvious that patients in the group receiving a tra-
cheostomy are very different from those in the non-
tracheostomy group, and previous studies are limited by
their lack of adjustment for potential confounders.
Although Rahmanian et al. employed perhaps the most
rigorous methodology to date in their study on the subject
of SWI, the small number of events (13 in the respiratory
failure patients) meant the OR (0.7) was imprecisely
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Table 2 Predictors of sternal wound infection
Variable n' Patients with Patients without Unadjusted Adjusted 95% CI of P value
SWI (n = 234) SWI (n = 18,611) OR OR Adjusted OR
Baseline
Age, mean (SD) 18,759 66.4 (11.8) 64.5 (11.9) 1.01 0.999 (0.98 to 1.02) 0.92
Female 18,845 82 (35%) 5,105 (27.4%) 1.43 1.38 (1.0 to 1.90) 0.051
BMI > 30 kg-m 2 18,829 99 (42.3%) 5,854 (31.5%) 1.60 1.50 (1.08 to 2.09) 0.014
PVD 18,594 52 (22.4%) 2,617 (14.3%) 1.74 1.14 (0.79 to 1.65) 0.48
Endocarditis 18,844 11 (4.7%) 187 (1%) 4.86 1.72 (0.76 to 3.90) 0.19
COPD on medication 18,844 39 (16.7%) 1,715 (9:2%) 1.97 1.27 (0.85 to 1.90) 0.24
GFR (mL-min™"), 18,805 71.1 35.2) 81.4 (35.8) 0.99 1.00 (1.0 to 1.01) 0.71
mean (SD)
LVEF < 50% 17,796 177 (84.7%) 12,042 (68.5%) 2.55 1.83 (1.22 to 2.76) 0.0035
Diabetes 18,606 98 (42.2%) 5,300 (28.8%) 1.80 1.40 (1.02 to 1.92) 0.038
CARE score: 18,845 0.012
1 3 (1.3%) 1,552 (8.3%) Referent Referent Referent
2 29 (11.9%) 7,207 (38.7%) 2.08 1.16 (0.34 to 3.89) 0.82
3 102 (43.6%) 7,098 (38.1%) 7.43 241 (0.74 to 7.90) 0.15
4 60 (25.6%) 2,007 (10.8%) 15.47 2.71 (0.79 to 9.33) 0.11
5 40 (17.1%) 739 (4.0%) 28.00 2.02 (0.55 to 7.45) 0.29
Emergent procedure 18,845 42 (17.9%) 748 (4.0%) 5.22 1.83 (1.10 to 3.06) 0.021
Intraoperative
Re-sternotomy 18,845 38 (11.9%) 1,495 (8.0%) 2.11 1.27 (0.80 to 2.03) 0.31
ITA graft 18,845 180 (76.9%) 12,367 (66.4%) 0.38 1.90 (1.32 to 2.74) 0.0006
Aortic cross-clamp Time: 0.78
< 60 min 97 (46.2%) 9,368 (54.9%) Referent Referent Referent
60-119 min 86 (41%) 6,844 (40.1%) 1.28 0.88 (0.62 to 1.25) 0.48
> 120 min 27 (12.9%) 840 (4.9%) 2.59 0.92 (0.59 to 1.45) 0.73
Postoperative
Re-open 18,845 55 (22.5%) 1,098 (5.9%) 4.64 1.63 (1.11 to 2.39) 0.013
Postoperative dialysis 18,845 67 (27.5%) 494 (2.7%) 13.88 1.61 (1.07 to 2.42) 0.022
Stroke 18,845 22 (9%) 301 (1.6%) 6.31 0.85 (0.47 to 1.56) 0.61
Ventilation > 72 hr 18,845 154 (63.1%) 1,434 (7.7%) 24.50 5.44 (3.46 to 8.56) <0.0001
Re-intubation 18,845 108 (44.3%) 834 (4.5%) 18.27 3.00 (2.04 to 4.41) <0.0001
Tracheostomy 80 (34.2%) 331 (1.8%) 28.69 2.80 (1.87 to 4.19) <0.0001
Cardiogenic shock 18,845 35 (14.3%) 604 (3.2%) 4.99 0.97 (0.61 to 1.56) 0.91

OR = odds ratio; CI = confidence interval; BMI = body mass index; PVD = peripheral vascular disease; COPD = chronic obstructive pul-
monary disease; GFR = glomerular filtration rate; LVEF = left ventricular ejection fraction; CARE = Cardiac Anesthesia Risk Evaluation;
ITA = internal thoracic artery; SD = standard deviation; SWI = sternal wound infection. For each variable, n represents the number of

patients for which data are complete

Table 3 Subgroup analysis of the association between tracheostomy and SWI in patients with respiratory failure (n = 1,866)

Variable OR 95% CI P value
Tracheostomy 3.38 (2.35 to 4.85) <0.0001
Internal thoracic artery harvesting 2.00 (1.40 to 2.88) 0.0002
LV ejection fraction < 50% 1.70 (1.05 to 2.74) 0.030

Postoperative dialysis 1.67 (1.15 to 2.42) 0.0074

SWI = sternal wound infection; OR = odds ratio; CI = confidence interval; LV = left ventricular
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Table 4 Association between tracheostomy and SWI within propensity score categories

Propensity score category Propensity score range n

Patients with tracheostomy (r)

Patients with SWI (n) OR (95% CI)

<02 0.00008839-0.1999 15,155 19
0.2-0.4 0.2014-0.3990 384 121
> 0.4 0.4001-0.8609 372 188

86 29.42 (8.57 to 101.00)
46 2.97 (1.58 to 5.58)
52 1.56 (0.85 to 2.87)

SWI = sternal wound infection; OR = odds ratio; CI = confidence interval

estimated (95% CI 0.2 to 2.4) and an increased risk could
not be ruled out. The major problem with risk adjustment is
the baseline differences between patients needing a tra-
cheostomy and those who don’t, which is clearly illustrated
in Table 1. It is almost impossible to overcome these large
imbalances in patient characteristics with statistical mod-
elling."” We attempt to reduce these large imbalances in
our secondary analyses, which are restricted to those
patients most likely to receive a tracheostomy. When we
employed these rigorous statistical methods to provide
minimally biased estimates of the treatment effect, we
continued to find that tracheostomy is associated with an
increased risk of SWI in postoperative cardiac surgery
patients.

Limitations

Our study is limited by several factors. First, although our
data were prospectively collected, the study remained ret-
rospective in nature as treatment allocation was not
random. As a result, we cannot rule out the existence of
confounding by indication. Furthermore, we are limited by
missing data. For instance, we could not easily delineate
the causative organisms for all documented cases of SWI,
e.g., if the causative organisms were identical to those
responsible for concurrent respiratory tract infections, this
would strengthen any argument for causality. We also lack
information on the surgical service performing the trache-
ostomy (cardiac surgery vs ear nose and throat), and on the
location where the tracheostomy was performed (operating
room vs patient’s room in the CSICU), which is almost
certainly a surrogate for increased risk of infection. Such
misclassification could have shifted our treatment effect.

Second, the data on the timing of the onset of SWI were
unreliable, and this may have influenced our ability to risk
adjust for the treatment effect. Obviously a tracheostomy
performed the day before the onset of a SWI is not likely to
be causal. Third, the cohort being studied is limited to a
single centre, which limits the generalizability of our
findings. A multicentre prospective observational database
may be the ideal way to evaluate this question.

Finally, analyses restricted to the highest risk patients by
using propensity score methods are still subject to the
effects of unknown confounders, and thus residual con-
founding is still possible.

@ Springer

In conclusion, this large single-centre observational
study of cardiac surgery patients reports tracheostomy as
an independent risk factor for SWI. Although tracheostomy
offers several potential benefits, our analysis suggests these
benefits may be outweighed by the risk of surgical site
infection. With the high mortality experienced by patients
with complicated and prolonged treatment following car-
diac surgery, further studies on risk vs benefit of
tracheostomy are warranted and specifically with regard to
the timing of the procedure.
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