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Abstract

Background: The goal of this study was to investigate the association of tracheostomy timing with outcomes after
aneurysmal subarachnoid hemorrhage (SAH) in a national population.

Methods: Poor-grade aneurysmal SAH patients were extracted from the Nationwide Inpatient Sample (2002-2011).
Multivariable linear regression was used to analyze predictors of tracheostomy timing and multivariable logistic
regression was used to evaluate the association of timing of intervention with mortality, complications, and discharge
to institutional care. Covariates included patient demographics, comorbidities, severity of subarachnoid hemorrhage
(measured using the NIS-SAH severity scale), hospital characteristics, and other complications and length of stay.

Results: The median time to tracheostomy among 1380 poor-grade SAH admissions was 11 (interquartile range:
7-15) days after intubation. The mean number of days from intubation to tracheostomy in SAH patients at the
hospital (p <0.001) was the strongest predictor of tracheostomy timing for a patient, while comorbidities and SAH
severity were not significant predictors. Mortality, neurologic complications, and discharge disposition did not differ
significantly by tracheostomy time. However, later tracheostomy (when evaluated continuously) was associated with
greater odds of pulmonary complications (p=0.004), venous thromboembolism (p =0.04), and pneumonia (p =0.02),
as well as a longer hospitalization (p <0.001). Subgroup analysis only found these associations between tracheostomy
timing and medical complications in patients with moderately poor grade (NIS-SAH severity scale 7-9), while there
were no significant differences by timing of intervention in very poor-grade patients (NIS-SAH severity scale >9).

Conclusions: In this analysis of a large, national data set, variation in hospital practices was the strongest predictor of
tracheostomy timing for an individual. In patients with moderately poor grade, later tracheostomy was independently
associated with pulmonary complications, venous thromboembolism, pneumonia, and a longer hospitalization, but
not with mortality, neurological complications, or discharge disposition. However, tracheostomy timing was not sig-
nificantly associated with outcomes in very poor-grade patients.
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Introduction

The optimal timing of tracheostomy among mechani-
cally ventilated patients remains debated, with differ-
ent randomized, controlled trials and meta-analyses
arriving at divergent conclusions [1-8]. Advocates of
early tracheostomy cite potential advantages to this
approach: greater comfort than endotracheal intuba-
tion (facilitating decreased sedation, thereby improv-
ing neurologic assessment and mobilization), reduction
in airway dead space (hastening weaning of mechani-
cal ventilation) and optimizing oral hygiene and airway
suctioning [9]. On the other hand, physicians poorly
prognosticate who will successfully wean from venti-
lation [1], and early tracheostomy may lead to overu-
tilization. This is suboptimal as the procedure has an
associated (albeit low) rate of complications, and limits
verbal response. Additionally, elevation of intracranial
pressure and decrease in cerebral perfusion pressure
during percutaneous tracheostomy may theoretically
lead to secondary brain injury [10-12].

Endotracheal intubation may be necessary in neu-
rocritical care patients for airway protection due to
altered sensorium, to maximize control of intracra-
nial pressure, or to optimize ventilation in cardiopul-
monary failure [9, 13, 14]. However, there is a dearth
of data on tracheostomy timing in neurocritical care
patients [14—28]. The SETPOINT trial compared early
(1-3 days) and late (7-14 days) tracheostomy among 60
stroke patients and found that there was reduced seda-
tion and intensive care unit (ICU) mortality with early
intervention; however, only 14 patients had aneurysmal
subarachnoid hemorrhage (SAH) [29].

Aneurysmal SAH provides unique considerations
regarding airway management. Initial neurologic status
is critical, as patients expected to have an expeditious
recovery and those with an extremely poor prognosis
should not undergo tracheostomy. Once tracheostomy
is indicated, several factors impact timing, including
the tempo and severity of delayed cerebral ischemia,
cerebral edema, and neurological recovery in addition
to the number of ventilator days [30]. Gessler et al. pub-
lished the first study to evaluate tracheostomy timing
among 146 patients with poor-grade SAH at a single
institution. Tracheostomy within 7 days was associ-
ated with decreased odds of pneumonia and shorter
mechanical ventilation, but not with differential neuro-
logical function or mortality [30]. However, given the
small sample size, it is unclear whether negative asso-
ciations were due to lack of effect or limited statistical
power, and additional data in SAH are needed [30-32].
The goal of the present analysis is to use a large national
patient population to examine (1) the predictors of

tracheostomy timing and (2) the relationship between
the timing of tracheostomy and outcomes (including
complications) after aneurysmal SAH.

Methods

Data Source

Data were extracted from the Nationwide Inpatient
Sample (NIS, Healthcare Cost and Utilization Project
[HCUP], Agency for Healthcare Research and Quality)
for the years 2002—2011. The NIS is a 20% sample of non-
federal hospitals and is the largest all-payer administra-
tive database in the USA and has been previously used
to analyze outcomes after aneurysmal SAH [33-39]. Our
institutional review board has exempted studies utilizing
the NIS from individual review.

The NIS uses survey methodology to provide a nation-
ally representative patient population. There was a rede-
sign of the NIS in 2012: Prior to 2012, the database was
a nationally representative sample of hospitals in the
HCUP (with all discharges included from selected hospi-
tals), while after 2012, the NIS was a sample of discharges
from all hospitals in the HCUP. With the redesign came
the introduction of new survey weights (that account
for survey design and hospital clustering) in 2012, which
prohibit accurate variance calculations using combined
populations before and after the redesign. Additionally,
the redesign limits the ability to assess hospital-level
practice patterns, as only some discharges from a given
hospital are included. Thus, the final year included was
2011 [40].

Inclusion and Exclusion Criteria

Patients who met the following criteria were included:
(1) an International Classification of Diseases, 9th Revi-
sion, Clinical Modification (ICD-9-CM) diagnosis of
subarachnoid hemorrhage (430) or intracerebral hemor-
rhage (431, 432.9); (2) underwent microsurgical clipping
(ICD-9-CM procedure code: 39.51) or coil embolization
(39.72, 39.75, 39.76, 39.79) of an intracranial aneurysm;
(3) were aged at least 18 years; (4) a non-elective admis-
sion; (5) were designated poor grade, as defined as a
Nationwide Inpatient Sample-Subarachnoid Hemorrhage
severity scale score greater than 7; and (6) underwent
tracheostomy (311, 312.1, 312.9) were included. Admis-
sions with a diagnosis of a cerebrovascular malformation
(747.81) and cerebral arteritis (437.4) or a procedure code
of treatment of an arteriovenous malformation surgically
(39.53) or by radiosurgery (923.x) were excluded. Among
poor-grade patients, 99.6% had a procedure code indicat-
ing endotracheal intubation (96.04) or mechanical venti-
lation (96.7x), and the remaining patients (n=28) were
excluded.
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The NIS-SAH severity scale (NIS-SAH SS) [37], a vali-
dated severity adjustment score, was calculated for each
patient using the published methodology and utilized
to designate poor-grade classification. The score is a
weighted calculation based on the ICD-9 diagnosis codes
for coma, hydrocephalus, hemiparesis/plegia, aphasia,
and cranial nerve deficits, as well as ICD-9 procedure
codes for cerebrospinal fluid diversion (ventriculostomy
and ventricular shunt placement) and mechanical ven-
tilation to and estimates the severity of subarachnoid
hemorrhage for a given patient. The weights are calcu-
lated from the effect measures from the multivariable
logistic regression model upon which the scale is based.
External validation studies have shown a strong con-
cordance with Hunt and Hess grade (including an area
under the curve of 0.75), and reported a mean NIS-SAH
SS score of 4 for patients with Hunt and Hess grade 3,
7.5 for Hunt and Hess grade 4, and 9 for Hunt and Hess
Grade 5 [37].

The Timing of Tracheostomy

The timing of tracheostomy after endotracheal intubation
was determined using procedure day codes by account-
ing for the difference in days between tracheostomy and
intubation. Those who underwent a very late tracheos-
tomy (greater than 28 days after intubation, n=35) were
excluded, consistent with prior observational studies
[30], given such prolonged endotracheal intubation is
rare. In the primary analysis, the timing of tracheostomy
was evaluated continuously to maximize available infor-
mation. Thereafter, to increase the clinical applicability
of the results, complications that significantly differed by
tracheostomy timing in the primary analysis were also
analyzed dichotomously at 7 and 10 days after hospital
admission.

Covariates

Patient age, sex, year of admission, expected primary
payer, and hospital characteristics are directly encoded
in the NIS and were extracted. The total number of
comorbidities using the Elixhauser index was computed
for each patient. However, neurological deficits, paraly-
sis, and electrolyte complications were not included in
the comorbidity score given the potential for misclassi-
fication with the admission diagnosis and its associated
complications, and given that severity of subarachnoid
hemorrhage was captured by the NIS-SAH SS.

The treatment modality used for aneurysm oblitera-
tion (microsurgical clipping compared with endovascular
coiling) was included as a covariate due to differences in
institutional practice and aneurysm location. Addition-
ally, decompressive craniectomy (01.25), cerebral edema
(348.5), and cerebral herniation (348.4) were evaluated

to account for documented elevated intracranial pres-
sure. The number of days between hospital admission
and endotracheal intubation as well as procedural aneu-
rysm repair was calculated using procedure day codes,
and evaluated as continuous variables. Given that all dis-
charges from selected hospitals are included in the NIS
(from years before 2012), differences in hospital practice
patterns can be evaluated. Therefore, the mean num-
ber of days between admission and tracheostomy in the
aneurysmal SAH population was calculated at each hos-
pital and evaluated as a covariate.

Finally, the probability of in-hospital mortality after
aneurysmal SAH varies based on baseline patient char-
acteristics and the severity of SAH. Additionally, the
likelihood of mortality may also impact the timing of
tracheostomy, as those expected to survive the hospi-
talization may be more likely to undergo early interven-
tion. To model the probability of in-hospital death, a
logistic regression construct evaluating the predicted
probability of in-hospital death was created analyzing
all patients with aneurysmal SAH (both good and poor
grade). Covariates in this model were patient age, sex,
year of admission, comorbidities, NIS-SAH SS, treatment
modality used for aneurysm repair, intracerebral hemor-
rhage, craniectomy, herniation, and hospital character-
istics. Subsequently, this predicted probability of death
was used as a covariate in regression models evaluating
complications.

Outcomes and Complications

Outcomes analyzed were in-hospital mortality, complica-
tions, length of hospital stay, and discharge disposition.
Complications evaluated were those reported in prior
publications to be potentially associated with the tim-
ing of tracheostomy [30], namely neurologic complica-
tions (including seizures: 345.xx, stroke: 433.x and 434.x,
transient cerebral ischemia: 435.x, and post-procedural
neurologic complications: 997.01, 997.09); pulmonary
(pneumothorax 512.89, acute respiratory distress syn-
drome 518.82, post-procedural pulmonary complications
997.3x); tracheostomy (subglottic/laryngeal stenosis:
478.74, tracheostomy complications: 519.0x, subglot-
tic web: 748.2); venous thromboembolic (453.x, 415.x);
infectious (urinary tract infections: 595.0, 996.64, pneu-
monia: 481-486, 507.0, 997.31, sepsis: 38.x, 995.9x, men-
ingitis: 320.x, surgical site infections: 998.59, and other
infections: 041.x, 324.1, 790.7, 999.31, and); and decubi-
tus ulcers (707.0x). Discharge to institutional care was a
designation of a nursing facility, extended care facility, or
hospice, but did not include acute rehabilitation, and was
only evaluated among patients discharged alive (to differ-
entiate discharge disposition from mortality).
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Missing Data

Data that are missing in the NIS are primarily absent
because that variable is not reported from a specific state
from that year. Data on the timing of tracheostomy were
missing for 25.4% of patients (n=481), as data on time
to procedure are not reported from Hawaii, Ohio, Okla-
homa, Utah, Wisconsin or West Virginia, or reported
only during part of the data collection period, by Illinois,
Kansas, or Washington. Moreover, while data on compli-
cations were available from all states, data are not pro-
vided on discharge to institutional care from California,
Maryland, or Maine. Patients from these states consti-
tuted 25.7% (n=367) of the patients with known time to
tracheostomy. These admissions were excluded from the
analyses of discharge disposition, as this outcome is not
expected to vary by state.

Statistical Analyses

Statistical analyses were performed using STATA 13
(College Station, TX) accounting for the survey design
as well as clustering of the NIS, with the hospital ID as
the sampling unit, the discharge weight as the sampling
weight, and the NIS stratum as the strata. Descriptive
statistics were noted, and baseline characteristics were
evaluated for association with timing of tracheostomy
using univariable linear regression. Thereafter, a mul-
tivariable linear regression model was constructed to
evaluate predictors of tracheostomy timing, which was
based on a univariable screen, with entry criteria into
the multivariable model of p <0.10. Subsequently, mul-
tivariable logistic regression models were constructed
to examine the association of tracheostomy timing with
each outcome and complication evaluated. In the mod-
els evaluating outcomes, all analyzed characteristics
were included as covariates in the model given their
association with outcomes after SAH. Concordance
(C) statistics assessed the discrimination of regression
constructs. A p value of less than 0.05 was considered
significant.

Results

Demographics of Study Population

This study included 1380 poor-grade patients with SAH.
The median time to tracheostomy following intubation
was 11 (interquartile range: 7-15) days; the 10th percen-
tile was 4 and the 90th percentile was 19 days. The demo-
graphics of the study population are shown in Table 1.
The majority of patients underwent intubation on the day
of admission (63.6%, n=_878) or the day after admission
(13.8%, n=190), while the remainder (22.6%, n=312)
required intubation thereafter.

Predictors of Tracheostomy Timing

To evaluate the predictors of tracheostomy timing,
after univariable screen (Table 1), a multivariable linear
regression model was constructed (Table 2). The only
significant variables in univariable screen were mean
hospital time to tracheostomy and time from admission
to intubation, which had individual R* values of 0.32 and
0.08, respectively. Both variables remained independently
significant in the multivariable model, with mean hospi-
tal tracheostomy time positively and the time to intuba-
tion negatively associated with tracheostomy time for
an individual patient; the R? value of the overall model
was 0.35. The timing of tracheostomy was not associated
with other demographics or treatment variables, includ-
ing patient age, number of comorbidities, or treatment
modality used for aneurysm repair.

Outcomes and Complications

Multivariable logistic regression models evaluated the
association of tracheostomy timing (as a continuous
variable) with outcomes and complications (Table 3)
among poor-grade patients who underwent tracheos-
tomy. The first model included all patient demograph-
ics, SAH characteristics, year of admission, as well as
hospital characteristics (including mean hospital trache-
ostomy time), listed in Table 1 as covariates. A second
model was constructed which, in addition to the covari-
ates from the first model, also included mortality, other
significant complications, and length of hospital stay as
covariates.

Mortality, neurologic complications, and discharge dis-
position were not significantly associated with tracheos-
tomy time. However, later tracheostomy was associated
in both models with increased odds of pulmonary com-
plications, venous thromboembolism, and pneumonia.
Furthermore, multivariable linear regression construct
after including patient and hospital characteristics, mor-
tality, and complications as covariates showed that later
tracheostomy was associated with a longer hospital stay
(assessed continuously, regression coefficient: 0.80 days,
95% CI: 0.55-1.05 days, p<0.001, R% 0.22, and after
logarithmic conversion due to non-normal distribu-
tion, regression coefficient: 0.024, 95% CI: 0.019-0.029,
p<0.001, R% 0.29).

Subsequent subgroup analyses stratified patients based
on severity of SAH, as assessed by the NIS-SAH SS
(Table 3). Among patients with a NIS-SAH SS score of
7-9 (indicating a moderately poor grade), later tracheos-
tomy was associated with increased odds of pulmonary
complications, venous thromboembolism, and pneumo-
nia. However, no significant association between compli-
cations and the timing of intervention was seen among
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Table 1 Demographics of the study population and univariable associations with the timing of tracheostomy

Total population (1=1380) Regression coefficient (Days) 95% Cl

Male 312 Ref. - -
Female 68.8 0.19 —0.511t00.90 0.59
2002-2004 196 Ref. - -
2005-2007 294 —023 —152t01.06 073
2008-2011 509 —0.13 —1.281t01.01 0.82
Private 40.7 Ref. - -
Medicare 325 —043 —1.081t00.23 0.20
Medicaid 209 0.06 —0.78100.89 0.90
Self-pay or other 59 — 054 —195t0087 046

7-9 67.3 Ref. - -
>9 328 —0.14 —0.811t00.54 0.69
Endovascular coiling 49.2 Ref. - -
Microsurgical clipping 50.8 049 —023t0120 0.8

Small/medium 17.2 Ref. - -
Large 828 0.50 —0.881t0 1.87 048
Non-teaching 12.8 Ref. - -
Teaching 872 —0.60 —1.71t0 0,51 0.29
Northeast 283 Ref. - -
Midwest 12.1 —0.08 —1.67t01.51 093
South 394 —0.86 —2.031t00.30 0.15
West 20.1 —046 —1.981t0 1.05 0.55

All data are presented as percentages, with the exception of those designated as mean/standard deviation
Statistically significant differences in univariable linear regression are bolded
Cl confidence interval, IQR interquartile range, Ref reference; SD standard deviation

patients with an NIH-SAH SS greater than 9 (indicatinga  tracheostomy time is often evaluated clinically at distinct

very poor grade). time points. Therefore, multivariable logistic regression
analyses were performed where tracheostomy time was
Dichotomous Analysis divided dichotomously at 7 and 10 days after intubation,

While treating the timing of tracheostomy as a con- analyzing complications that differed significantly in the
tinuous variable maximizes available information, continuous analysis (Table 4). The proportion of patients
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Table 2 Multivariable linear regression model evaluating the predictors of the timing of tracheostomy

ariable Regression coefficient (Days) 95% Cl p value
Time from admission to intubation —0.16 —0.26to —0.06 0.002
Mean hospital time to tracheostomy 0.81 0.76 t0 0.87 <0.001
Intracerebral hemorrhage 048 —037t0134 0.27

R%0.35

Statistically significant differences in multivariable linear regression are bolded

who underwent tracheostomy within 7 days was 25.6%
(n=353), and within 10 days was 46.0% (n=635).

Discussion

In this NIS analysis, 1380 patients with poor-grade
aneurysmal SAH who underwent tracheostomy were
extracted. The median time from admission to tracheos-
tomy was 11 days, and the primary predictor of tracheos-
tomy timing was institutional practice. After adjustment
for severity of SAH, other demographic, and clinical fac-
tors, earlier tracheostomy was not independently asso-
ciated with mortality, neurologic complications, or
discharge disposition. However, delayed tracheostomy
was associated with increased odds of pulmonary com-
plications, venous thromboembolism, and pneumonia—
primarily in patients with moderately poor grade. These
data suggest that earlier tracheostomy may offer some
advantages in the medical management of aneurysmal
SAH but is unlikely to improve neurological outcomes or
mortality.

Predictors of Tracheostomy Timing

Few studies have evaluated the predictors of tracheos-
tomy timing among neurocritical care patients. In this
study, intervention timing was not associated with pre-
morbid or SAH clinical variables; instead 32% of the
variance was attributable to mean institutional tracheos-
tomy time (within the SAH population), which was the
greatest predictor of an individual patient’s timing. The
only other significant predictor was intubation timing.
Patients who required intubation later in the hospitali-
zation were more likely to undergo tracheostomy sooner
after intubation, which may indicate patients with dete-
rioration due to delayed cerebral ischemia. Given the
lack of consensus on the timing of tracheostomy, such
variability in institutional practice patterns is not sur-
prising, and underscores the need for additional data on
outcomes.

Mortality and Neurologic Outcomes

Several prior observational studies evaluating the tim-
ing of tracheostomy among neurocritical care patients
[17, 29], including SAH [30], did not report differential

mortality, neurologic outcomes, including functional sta-
tus based on interventional timing. However, the SET-
POINT trial did report reduced ICU mortality in the
early tracheostomy arm [29]. In the present analysis, tra-
cheostomy time was not found to be significantly associ-
ated with in-hospital death, neurological complications,
or discharge to institutional care. Therefore, tracheos-
tomy timing may not directly impact mortality or neuro-
logical status after SAH.

Medical Complications

Prior evaluation of tracheostomy timing in traumatic
brain injury has reported that later tracheostomy was
associated with pneumonia, deep venous thrombosis,
and longer length of stay [17, 27]. Moreover, Gessler
et al. found decreased odds of pneumonia and respira-
tory adverse events, but no differences in ICU length of
stay or other medical complications, with early trache-
ostomy in poor-grade SAH [30]. In the present analysis,
later tracheostomy was associated with some medical
complications—pulmonary, venous thromboembolic,
and pneumonia—as well as a longer hospitalization. In
the first regression model, accounting for patient demo-
graphics, SAH severity, and hospital characteristics, later
tracheostomy was associated with pulmonary, venous
thromboembolic, and infectious complications, as well
as decubitus ulcers; however, these associations may be
attributable to a longer hospitalization with the accrual of
additional complications. Therefore, a second model was
constructed which also included mortality, other signifi-
cant complications, and length of hospital stay as covari-
ates, and tracheostomy timing remained significantly
associated with pulmonary complications, venous throm-
boembolism, and pneumonia. In this subgroup analyses
of patients stratified by severity of SAH the association
with tracheostomy timing and medical complications
were only seen among moderately poor-grade patients,
while no significant differences were seen among the very
poor-grade subgroup.

Tracheostomy time was first evaluated as a continuous
variable due to variability regarding the definition of early
intervention. However, to increase the clinical applica-
bility, dichotomous analyses were performed using two
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Table 3 Multivariable logistic regression evaluating the association of the timing of tracheostomy (when evaluated as a
continuous variable) with complications

lOutcomes Total % Odds ratio 95% ClI p value C Statistic

Model 1: Patient and hospital characteristics as covariates

Mortality 11.6 098 0.94-1.02 033 0.70
Discharge to institutional care 48.0 1.00 0.97-1.03 097 0.73
Neurologic complications 414 1.02 1.00-1.05 0.10 0.64
Tracheostomy complications 29 0.98 0.92-1.04 047 0.72
Pulmonary complications 18.8 1.04 1.01-1.07 0.002 0.67
Venous thromboembolism 17.8 1.04 1.01-1.07 0.007 0.66
Decubitus ulcers 7.8 1.05 1.01-1.10 0.02 0.64
Any infectious complications 80.7 1.04 1.01-1.07 0.01 0.62
Pneumonia 459 1.04 1.01-1.06 0.004 0.61
Model 2: Patient and hospital characteristics, death, complications, and LOS as covariates
Mortality 1.6 1.01 0.97-1.05 0.71 0.73
Discharge to institutional care 48.0 1.00 0.97-1.03 097 0.73
Neurologic complications 414 1.02 0.99-1.04 0.21 0.65
Tracheostomy complications 29 0.96 0.89-1.03 0.25 0.74
Pulmonary complications 18.8 1.04 1.01-1.07 0.004 0.67
Venous thromboembolism 17.8 1.03 1.00-1.06 0.04 0.69
Decubitus ulcers 7.8 1.03 0.98-1.07 0.20 0.70
Any infectious complications 80.7 1.01 0.98-1.04 0.56 0.69
Pneumonia 459 1.03 1.00-1.05 0.02 0.63
Model 3: Model 2 if NIS-SAH severity scale 7-9 (n =928)
Mortality 103 1.02 0.97-1.07 053 0.76
Discharge to institutional care 492 1.00 0.96-1.03 0.86 0.73
Neurologic complications 42.2 1.01 0.98-1.05 045 0.67
Tracheostomy complications 29 0.95 0.88-1.02 0.15 0.77
Pulmonary complications 19.2 1.04 1.01-1.08 0.01 0.72
Venous thromboembolism 185 1.04 1.00-1.07 0.04 0.68
Decubitus ulcers 79 1.03 0.98-1.09 0.26 0.75
Any infectious complications 80.6 1.01 0.97-1.05 0.60 0.69
Pneumonia 480 1.04 1.01-1.06 0.01 0.64
Model 4: Model 2 if NIS-SAH severity scale >9 (n=452)
Mortality 14.2 0.99 0.92-1.07 0.79 0.74
Discharge to institutional care 453 1.01 0.95-1.06 0.85 0.77
Neurologic complications 396 1.03 0.98-1.07 0.20 0.71
Tracheostomy complications 29 1.00 0.85-1.17 0.97 0.86
Pulmonary complications 18.1 1.02 0.96-1.07 0.51 0.71
Venous thromboembolism 16.2 1.02 0.96-1.07 0.53 0.77
Decubitus ulcers 7.5 1.03 0.96-1.10 0.37 0.82
Any infectious complications 81.0 1.01 0.94-1.09 0.75 0.74
Pneumonia 418 1.02 0.97-1.07 047 0.68

All multivariable logistic regression models included all characteristics listed in Table 1 as covariates, including patient age, sex, year of admission, insurance status,
comorbidities, severity of subarachnoid hemorrhage (measured with the NIS-SAH severity scale), treatment modality used for aneurysm repair, intracerebral
hemorrhage, cerebral edema, craniectomy, herniation, time to aneurysm repair, time to intubation, mean hospital timing of tracheostomy, predicted probability of
death, and hospital characteristics

Odds ratios in the continuous analysis represent the increased odds of that outcome occurring with each additional day of the exposure variable (timing of
tracheostomy)

Statistically significant differences are bolded
Cl confidence interval, LOS length of stay
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Table 4 Association of the timing to tracheostomy (evaluated dichotomously) with complications

lOutcome Early trach (%) Late trach (%) Odds ratio 95% ClI p value C
Model 1: Patient and hospital characteristics as covariates
After 7 Days
Pulmonary complications 15.6 200 1.59 1.03-2.45 0.04 0.67
Venous thromboembolism 139 19.1 1.47 1.02-2.13 0.04 0.66
Infectious complications 74.5 82.9 1.63 1.16-2.27 0.005 0.62
Pneumonia 42.2 47.2 1.23 091-1.65 0.17 0.62
Decubitus ulcers 54 8.6 1.92 1.10-3.35 0.02 0.64
After 10 Days
Pulmonary complications 17.2 203 1.43 1.02-2.00 0.04 0.66
Venous thromboembolism 15.1 20.0 1.35 0.99-1.84 0.06 0.66
Infectious complications 77.0 83.8 1.46 1.08-1.97 0.01 0.62
Pneumonia 411 50.1 1.41 1.06-1.87 0.02 0.62
Decubitus ulcers 5.7 9.5 2.16 1.41-3.32 <0.001 0.65
Model 2: Patient and hospital characteristics, death, complications, and LOS as covariates
After 7 Days
Pulmonary complications 15.6 20.0 1.59 1.04-2.45 0.03 0.68
Venous thromboembolism 139 19.1 1.32 0.92-1.89 0.13 0.69
Infectious complications 745 829 1.34 0.93-1.92 0.12 0.69
Pneumonia 422 47.2 1.06 0.78-1.44 0.69 062
Decubitus ulcers 54 8.6 1.59 0.94-2.69 0.09 0.70
After 10 Days
Pulmonary complications 17.2 203 1.41 1.00-1.98 0.047 0.67
Venous thromboembolism 15.1 200 1.21 0.88-1.67 0.24 0.69
Infectious complications 77.0 83.8 1.18 0.86-1.64 0.31 0.69
Pneumonia 411 50.1 1.32 1.01-1.74 0.04 0.63
Decubitus ulcers 57 9.5 1.87 1.16-3.01 0.01 0.71

All multivariable logistic regression models included all characteristics listed in Table 1 as covariates, including patient age, sex, year of admission, insurance status,
comorbidities, severity of subarachnoid hemorrhage (measured with the NIS-SAH severity scale), treatment modality used for aneurysm repair, intracerebral
hemorrhage, cerebral edema, craniectomy, herniation, time to aneurysm repair, time to intubation, mean hospital timing of tracheostomy, predicted probability of

death, and hospital characteristics
C concordance statistic, C/ confidence interval

Statistically significant p values from multivariable logistic regression are bolded

time points—within 7 and 10 days after intubation—rep-
resenting approximately the lower quartile and median
tracheostomy time within the study population. Trache-
ostomy after 7 days was associated with increased odds
of pulmonary complication, while tracheostomy after 10
days was also associated with greater odds of pneumonia
and decubitus ulcers.

Limitations and Advantages to Study Design

There are many limitations of this analysis. Clinical
data are recorded in the NIS using ICD-9-CM indica-
tors. Therefore, several variables including postoperative
neurological examination, sedative and vasopressor use,
mechanical ventilation liberation protocol, attempted
extubation, tracheostomy technique (percutaneous ver-
sus open), the timing of delayed cerebral ischemia, and
number of ICU and ventilator days—are not available

from the NIS due to a lack of corresponding ICD-9-CM
indicators. Moreover, although the NIS-SAH SS has been
validated with excellent concordance with Hunt and
Hess grade, World Federation of Neurological Surgeons
and Fisher grade could not be assessed. As a retrospec-
tive, observational analysis, timing to tracheostomy was
not randomized and the timing of the complications with
regards to tracheostomy was not documented. Therefore,
causation and reverse causation regarding the association
of tracheostomy timing and medical complications can-
not be differentiated. Additionally, this study only evalu-
ated patients who underwent tracheostomy, and did not
compare the results of patients who underwent a trial of
extubation with those who underwent tracheostomy, as
some patients who underwent early tracheostomy may
have successfully weaned from the ventilator, obviating
the need for a tracheostomy.
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Nevertheless, there are several advantages to the use
of a nationally representative patient population to
evaluate the association of tracheostomy timing and
outcomes among subarachnoid hemorrhage patients.
Data are recorded on many patient demographics,
which were evaluated as potential predictors of tra-
cheostomy timing; additionally, the association of tra-
cheostomy timing with different pertinent medical
complications was evaluated. Furthermore, the multi-
institutional patient population increases the general-
izability compared with single-institution studies, and
allows for comparisons of practice patterns between
hospitals.

Conclusion

The present analysis suggests that the timing of tracheos-
tomy in poor-grade SAH patients is primarily determined
by institutional practice patterns. Additionally, the timing
of tracheostomy was not associated with mortality, neu-
rologic complications, or discharge disposition. However,
later tracheostomy was associated with increased odds
of pulmonary complications, venous thromboembolism,
and pneumonia among patients with moderately poor
grade, but not among very poor-grade patients. Future
studies—including additional prospectively collected
data, but ideally a randomized, controlled trial—may
further elucidate the relationship between tracheostomy
timing with outcomes in neurocritical care patients,
including those with aneurysmal SAH.
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