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a b s t r a c t

Background: Early tracheostomy is recommended in patients with severe traumatic brain injury (TBI);
however, predicting the timing of tracheostomy in trauma patients without severe TBI can be
challenging.
Methods: A one year retrospective analysis of all trauma patients who were admitted to intensive Care
Unit for > 7 days was performed, using the ACS-TQIP database. Univariate and Multivariate regression
analyses were performed to assess the appropriate weight of each factor in determining the eventual
need for early tracheostomy.
Results: A total of 21,663 trauma patients who met inclusion and exclusion criteria were identified.
Overall, tracheostomy was performed in 18.3% of patients. On multivariate regression analysis age >70,
flail chest, major operative intervention, ventilator days >5 days and underlying COPD were indepen-
dently associated with need of tracheostomy. Based on these data, we developed a scoring system to
predict risk for requiring tracheostomy.
Conclusion: Age >70, presence of flail chest, need for major operative intervention, ventilator days >5
and underlying COPD are independent predictors of need for tracheostomy in trauma patients without
severe TBI.

© 2020 Elsevier Inc. All rights reserved.
Introduction

Mechanical ventilation is often required for severely injured
trauma patients due to depressed neurologic function, the need for
airway protection, respiratory compromise secondary to chest wall
and intrathoracic trauma, the need for resuscitation, and for pro-
vision of anesthesia for operative procedures. The duration of
.org (K. Prabhakaran), Asad.
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son), Anthony.Policastro@
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mechanical ventilation varies based on the severity of the afore-
mentioned admission variables as well as factors which develop
after the initial presentation such as degree of neurologic recovery,
hypoxemia, inadequacy of spontaneous ventilation, failed trial of
extubation, and evolution of pulmonary injury.1,2 The duration of
mechanical ventilation has significant implications related to
morbidity, resource utilization, quality of life and costs.3,4 A pro-
portion of trauma patients requiring prolonged mechanical venti-
lation ultimately require tracheostomy, as part of airway
management and overall provision of critical care. However,
assessment of the need for tracheostomy and determination of
optimal timing remain unclear.5,6 When examining critically ill
patients at large, some studies have shown that early tracheostomy
was associated with significant reductions in duration of
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mechanical ventilation, hospital length of stay and cost of hospi-
talization, albeit with no effect on mortality.7 Moreover, studies
have also demonstrated a correlation between tracheostomy and a
reduction in the requirement for sedation as well as an increase in
mobilization of critically ill patients.8 However, randomized
controlled trials of critically ill mechanically ventilated patients
failed to show a benefit of tracheostomy with respect to mortality,
ventilator-associated pneumonia, or hospital and ICU length of
stay.9,10

Given the inherent heterogeneity of the critically ill patient
population, the question of timing and potential benefit with
respect to tracheostomy merits specific consideration amongst
trauma patients. The identification of those patients that would
benefit from tracheostomy begins with predicting the need for
long-term ventilator support. The aim of this retrospective study
was to better elucidate whether there are early predictors of who
might benefit from tracheostomy in patients without severe head
injury.

Methods

We performed a 1-year retrospective analysis of the American
College of Surgeons, Trauma Quality Improvement Program (ACS-
TQIP) database from 2016. We analyzed all trauma patients in ACS-
TQIP who were admitted to Intensive Care Unit (ICU) during the
study period age >18) for greater than 7 days. We excluded all
patients who had Head AIS�3 or those who died within 2 weeks of
ICU admission.

We collected the following data points from the TQIP dataset:
patients demographic characteristics, including age, sex, and race;
pre-hospital and ED vital parameters, including systolic blood
pressure (SBP), heart rate (HR) and Glasgow Coma Scale (GCS);
Injury parameters, including mechanism of injury, ISS and body
region specific AIS; Complications, including, Acute Respiratory
Distress Syndrome (ARDS), Acute Kidney Injury (AKI), Deep Venous
Thrombosis (DVT), Pulmonary Embolism (PE), Pneumonia and Ce-
rebrovascular Accident (CVA); need for Intervention, including
laparotomy, thoracotomy; ventilator days; intensive care unit (ICU)
and Hospital lengths of stay; disposition to home, rehab, or skilled
nursing facility (SNF).

We reported data as a mean ± standard deviation (SD) for
Table 1
Demographics and Injury characteristics.

Tracheostomy (n ¼ 3898)

Age, y, mean ± SD 51 ± 34
Male, % 60.5%
White, % 76%
Hispanic, % 7.8%
ED Vitals
SBP, mean ± SD 92 ± 22
HR, mean ± SD 118 ± 17
GCS, median [IQR] 14 [13e15]

Injury Parameters
Blunt Injury, % 76%
ISS, median [IQR] 28 [21e33]
Head-AIS, median [IQR] 1 [1e2]
Thorax-AIS 5 [4e7]
Abdomen AIS 5 [4e6]
Rib Fractures >6 38%

Major Procedure
Thoracotomy 16%
Laparotomy 36%

Comorbidities
COPD 26%
CHF 15%
CKD 9%
CAD 7%
continuous variables, as frequency and proportions for categorical
variables, and as median with interquartile range for ordinal vari-
ables. We performed chi-square test to explore the differences in
categorical variables between the two groups. In addition, we used
the independent student’s t-test for continuous parametric data
and the Mann-Whitney U test for continuous non-parametric data.
We considered p < 0.05 as statistically significant for our study.

We used univariate logistic regression models to identify vari-
ables for further analysis. Independent associations between risk
factors and tracheostomy were assessed using forward stepwise
logistic regression, including variables with a p < 0.1 in the unad-
justed analysis. To improve applicability, we excluded individual
variables in turn and checked the concordance statistic of each
model in order to find the best-fit model with the fewest clinical
variables.

Odds ratio was calculated for each factor associated with tra-
cheostomy in a multivariate regression model. The weight of each
factor was then calculated by converting the odds ratio to a point
based system using natural logarithm of odds ratio. The weight was
then rounded off to the nearest integer. An equation to calculate a
TRACH (TRAcheostomy for patients without intra-Cranial Hemor-
rhage) score for each patient was created using these weights, and
the risk of tracheostomy was assigned to each score based on the
actual rate of tracheostomy in this cohort. The model’s discrimi-
nation was evaluated using the area under the Receiver Operator
Characteristic (AUROC) curve. For our study, we considered a p
value < 0.05 as statistically significant. All statistical analyses were
performed using the Statistical Package for Social Sciences (SPSS,
Version 24; SPSS, Inc., Armonk, NY).

Results

A total of 21,663 trauma patient who were admitted ICU for >7
days without severe head injury were identified. Mean age was
44.5 ± 34, 72.2% were white, 67.9% were male, mean ISS was
18.82 ± 31, mean SBP on admission was 102 ± 36.3, and mean HR
was 110.7 ± 28.2. The overall tracheostomy rate was 18.3%. Table 1
summarizes demographics and injury characteristics in patients
who received tracheostomy as compared to those who did not.

Table 2 demonstrates the factors significant for tracheostomy in
the risk adjusted analysis and natural logarithm (ln) of respective
No Tracheostomy (n ¼ 17765) p-value

46 ± 27 0.011
65.5% 0.34
74.5% 0.42
6.7% 0.75

105 ± 15 0.02
108 ± 16 0.11
15 [14e15] 0.12

74% 0.16
21 [15e25] <0.001
1 [1e2] 0.79
3 [3e5] 0.01
4 [3e5] 0.07
14% 0.001

8% 0.01
15% 0.001

15% <0.001
9% 0.22
11% 0.21
10% 0.09



Table 2
Multivariate regression analysis.

Variables Odds Ratio (95% CI) ln (OR)

Age >70 2.1 [1.5e2.7] 0.74
Chest/Abdominal AIS>5 3.4 [2.3e4.5] 1.24
Flail Chest 1.3 [0.87e2.6] e

Rib fractures > 6 2.3 [1.8e3.1] 0.83
Major Procedure 5.3 [3.8e7.7] 1.71
COPD 2.8 [2.1e4.2] 1.02
CHF 1.3 [0.91e2.1] e

ln ¼ natural logarithm.

Table 4
Risk of Tracheostomy based on TRACH score with Fig. 1 ROC curve below.

TRACH
SCORE

Number of
patients

No of patient underwent
tracheostomy

Level of risk

0 7444 0% LOW
1 4906 3% (147)
2 3934 11% (432)
3 2166 42% (909) MODERATE
4 1765 78% (1376)
5 922 100% (922) HIGH
6 526 100% (526)

K. Prabhakaran et al. / The American Journal of Surgery 220 (2020) 495e498 497
odds ratios. Age >65, Major procedure, Rib fractures >6, Chest/
Abdominal AIS �5 and COPD were significant factors associated
with tracheostomy. Table 3 summarizes the parameters of TRACH
Score and their respective weights based on ln (odds ratio) based
on which Major procedure received the maximum weight of 2
other factors including Age >70, Rib fracture >6, Abdominal and
Chest AIS �5 and COPD received a weight of 1.

Table 4 summarizes the risk of tracheostomy associated with
TRACH Score: A TRACH score 0e2was associatedwith low risk, 3e4
with moderate risk and �5 was associated with high risk of tra-
cheostomy. AUROC was utilized to assess discrimination power of
TRACH Score to identify patient at increased risk of receiving a
tracheostomy. The AUROC (Fig. 1) for the TRACH score was 0.792,
(95% CI ¼ 0.683e0.818).

Discussion

Earlier studies aimed at predicting the need for prolonged du-
rations of mechanical ventilation amongst trauma patients
demonstrated a significant correlation between Glasgow coma
scores of �8 (severe traumatic brain injury) age, and intracranial
hypertension and the need for tracheostomy.1,6 More recently,
studies examining patients with severe traumatic brain injury
demonstrated that early tracheostomy (<8 days after intubation)
was associated with a shorter duration of mechanical ventilation,
reduction in ventilator associated pneumonia, as well as intensive
care unit and hospital lengths of stay, albeit with no effect on
mortality.11,12 Moreover, in addition to benefits with respect to in-
fectious complications and resource utilization, one study
demonstrated a correlation between early tracheostomy and long-
term neurologic outcoumes.13 Based on these and several similar
studies demonstrating a benefit to early tracheostomy in the
setting of head injury, the Brain Trauma Foundation Guidelines
have incorporated a level IIA recommendation for early tracheos-
tomy in the setting of severe traumatic brain injury.14

Based on the growing body of literature and with widespread
incorporation of the Brain Trauma Foundation guidelines, early
tracheostomy has become standard practice in many trauma cen-
ters and institutions in the setting of severe traumatic brain injury.
However, a significant number of trauma patients without severe
head injury continue to require prolonged durations of mechanical
ventilation and ultimately require tracheostomy. Given the impact
of prolonged mechanical ventilation on the need for heavy
Table 3
Parameters and calculated weights of TRACH Score.

Variables ln (OR) Weights

Age >70 0.74 1
Chest or Abdominal AIS �5 1.24 1
Rib fractures > 6 0.83 1
Major Procedure 1.71 2
COPD 1.02 1

ln ¼ natural logarithm.
sedation, resource allocation, hospital costs, nosocomial infections,
and patient mobilization, it is important to identify those factors
amongst trauma patients without severe head injury that fore-
shadow the need for tracheostomy. As such, our study was
designed to identify risk factors for requiring tracheostomy
amongst trauma patients without severe traumatic brain injury.

We used the TQIP dataset to examine national data from trauma
centers across the country. TQIP is a dataset administered by the
American College of Surgeons (ACS) that can be used to compare
risk-adjusted outcomes in the trauma centers across the US. More
than 700 trauma centers across the US report data to the TQIP. This
dataset is collected by specialized data abstractors at each institu-
tion; they record more than 100 variables, including patient de-
mographics, pre-hospital EMS vital, re-hospital interventions,
emergency department (ED) vitals, ED disposition, injury parame-
ters (mechanism and mode of injury), objective injury severity
score (ISS), abbreviated injury scale (AIS), in-hospital interventions
(blood transfusion, surgical intervention and interventional radi-
ology (IR) procedures), and outcomes (complications, in-hospital
mortality and discharge disposition).

Correctly predicting the eventual need for tracheostomy in non-
head injured trauma patients is important in the planning of the
patient’s care, setting family expectations, discussing end of life
concerns, and may improve hospital and ICU lengths of stay. In an
increasingly cost conscious environment of care, the importance of
decreasing lengths of stay is difficult to overstate. However, just as
important, reducing sedation, opiate use, improving mobilization,
reducing resource utilization and possibly improving complication
rates, as was described for head injured patients, may be expected
to lead to improvements in measurable quality indices, as well as
patient satisfaction. Families with loved ones requiring ICU care
want answers, and without predictive models, the answers given
are little more than educated guesswork. This is the use for which
our massive TQIP dataset was initially envisioned: allowing physi-
cians to respond to families’ questions about the future with data
driven answers.

One benefit of utilizing the TQIP dataset is that it ostensibly cor-
rects for individual variables in care at single institutions that may
otherwise impact lengths of stay or outcomes. With a large sample
size, and prospective data from several participating trauma centers,
this study has the statistical power to glean which factors are sig-
nificant contributors to the need for tracheostomy. Our dataset
described major procedure, age >70, rib fractures>6, abdominal or
chest AIS >3, or preexisting COPD as independent predictors of the
need for tracheostomy. The AUROC was very good at 0.792, meaning
that this simple, easy to remember, straightforward scoring system
should be easily applied with good concordance.

As with any study, ours has its limitations. As good as the
concordance is at AUROC ¼ 0.792, it could, perhaps, be higher.
Other, currently unknown factors that may affect the AUROC may
simply not be collected by TQIP registrars. Identifying these factors
would take further study outside the limits of this excellent dataset.
Several factors come to mind as possibilities, and targets of further



Fig. 1. AUROC for TRACH score with reference line
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research, including measured muscle mass, nutrition parameters,
signs or symptoms of dementia, preexisting drug or medication
use, or any combination of other biochemical abnormalities, de-
rangements, or comorbidities. Further study is indicated.

The scoring system has yet to be validated prospectively. Addi-
tionally, with different technologies, modes of ventilation, and
improvements in systems of care, it is certainly possible that indi-
vidual centers, as outliers, were lost in the statistical noise of the
larger dataset. Certainly, it would be imaginable that the best per-
forming trauma centers have technologies or practices that obviate
the need for tracheostomy in multiply injured, postoperative sep-
tuagenarians with multiple rib fractures and a history of COPD. We
were unable to tease out the individual centers from our dataset,
and so we were unable to identify whether there were such outlier
institutions in the sample. To that end, as technology advances, and
critical care practices advance, these factors may play a less
important role in the need for tracheostomy. These are all weak-
nesses of a retrospective study that might be solved by a random-
ized, controlled, multicenter trial.

In conclusion, we used the TQIP dataset to retrospectively
analyze the factors associated with the need for tracheostomy in
non-head injured patients, and produced a scoring system with
very good concordance. Further evidence is needed to advocate for
widespread use, and further study is indicated in order to validate
and refine the score.
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