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Abstract: Objective: In the past, the authors performed a comprehensive literature review to identify all randomized
controlled trials assessing the impact of early tracheostomy on severe brain injury outcomes. The search produced
only two trials, one by Sugerman and another by Bouderka. Subjects and methods: The current authors initiated
an Institutional Review Board-approved severe brain injury randomized trial to evaluate the impact of early trache-
ostomy on ventilator-associated pneumonia rates, intensive care unit (ICU)/ventilator days, and hospital mortality.
Current study results were compared with the other randomized trials and a meta-analysis was performed. Results:
Early tracheostomy pneumonia rates were Sugerman-48.6%, Bouderka-58.1%, and current study-46.7%. No early
tracheostomy pneumonia rates were Sugerman-53.1%, Bouderka-61.3%, and current study-44.4%. Pneumonia
rate meta-analysis showed no difference for early tracheostomy and no early tracheostomy (OR 0.89; p = 0.71).
Early tracheostomy ICU/ventilator days were Sugerman-16 + 5.9, Bouderka-14.5 + 7.3, and current study-14.1
+ 5.7. No early tracheostomy ICU/ventilator days were Sugerman-19 + 11.3, Bouderka-17.5 + 10.6, and current
study-17 £ 5.4. ICU/ventilator day meta-analysis showed 2.9 fewer days with early tracheostomy (p = 0.02). Early
tracheostomy mortality rates were Sugerman-14.3%, Bouderka-38.7%, and current study-0%. No early tracheos-
tomy mortality rates were Sugerman-3.2%, Bouderka-22.6%, and current study-0%. Randomized trial mortality rate
meta-analysis showed a higher rate for early tracheostomy (OR 2.68; p = 0.05). Because the randomized trials were
small, a literature assessment was undertaken to find all retrospective studies describing the association of early
tracheostomy on severe brain injury hospital mortality. The review produced five retrospective studies, with a total
of 3,356 patients. Retrospective study mortality rate meta-analysis demonstrated a larger mortality for early tra-
cheostomy (OR 1.97; p < 0.0001). Conclusion: For severe brain injury, analyses indicate that ventilator-associated
pneumonia rates are not decreased with early tracheostomy. Further, this study implies that mechanical ventilation
is reduced with early tracheostomy. Both the randomized trial and retrospective meta-analysis indicate that risk for
hospital death increases with early tracheostomy. Findings imply that early tracheostomy for severe brain injury is
not a prudent routine policy.
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Introduction ere brain injured patients. These studies were
published by Sugerman in 1997 [2] and
Bouderka in 2004 [3]. Based on those results,
the authors initiated an IRB-approved random-
ized controlled trial to evaluate the impact of

early tracheostomy in patients with severe

In 2006, the first and fourth authors published
a systematic literature review and meta-analy-
sis assessing outcomes for trauma patients
undergoing early tracheostomy [1]. That review

indicated there were no survival and no ventila-
tor associated pneumonia (VAP) benefits with
early tracheostomy. However, meta-analysis
showed a trend (p = 0.06) for fewer ventilator/
intensive care unit (ICU) days in the only two
published randomized controlled trials of sev-

brain injury.

This manuscript describes the findings of our
randomized controlled trial and compares them
with the other two severe brain injury random-
ized controlled trials. Study entry criteria, ran-
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domization process, timing of tracheostomy,
and method for diagnosing VAP for each study
is described. Severity of iliness, VAP rates, ven-
tilator/ICU days, and mortality rates are given
for the early and no early tracheostomy groups
in each study. Finally, the studies are combined
and a meta-analysis is performed to determine
the effect of early tracheostomy on the VAP
rate, ventilator/ICU duration, and mortality
rate.

Materials and methods

St. Elizabeth Health Center (SEHC) randomized
trial

Ethics Statement: The SEHC Institutional Re-
view Board approved the study and the written
informed consent. Informed consent was
signed by the patient’s representative, follow-
ing an extensive discussion about the trial.

SEHC patient study entry criteria included blunt
trauma, admission Glasgow Coma Score (GCS)
< 8, intracranial hemorrhage seen on brain
computed tomography scan, and age 18-65
years old. Patients were excluded if they had
cardiac arrest, near-brain death, pre-existing
coagulopathy, or severe obesity.

The SEHC randomization process occurred on
hospital day three. After consent was obtained,
the patient was assigned to the early or no
early tracheostomy group from a set of cards
placed in random order, using computer-gener-
ated random numbers. For a few patients
where families voiced a strong opinion, early
tracheostomy or no early tracheostomy was
according to their request. Early tracheostomy
was performed on post-injury day 3-5. The no
early tracheostomy group was assessed at
post-injury day 10-14 and underwent tracheos-
tomy, if endotracheal tube extubation was not
imminent.

Each day, randomized patients underwent a
daily assessment for suspected VAP. Daily,
patients were assessed for a chest x-ray infil-
trate (new, persistent, or progressive), abnor-
mal WBC count (< 4,000 or > 11,000 cells per
microliter or immature neutrophils > 10%),
abnormal temperature (= 101.2 or < 97.6
degrees Fahrenheit), and P/F O, < 240. VAP
was suspected when the following two criteria
were present: (1) chest x-ray infiltrate or P/F O,
< 240 and (2) purulent tracheal secretions,
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abnormal WBC count, or abnormal tempera-
ture. When suspicion for VAP was present, a
bronchoalveolar lavage was performed and
empiric antimicrobial therapy was initiated. The
patient was considered to have VAP, if the
lavage result demonstrated bacteria with > 10*
colony forming units per mL. VAP rates came
from a dedicated, prospective data collection
process.

Ventilator days for the SEHC study came from a
dedicated, prospective data collection process.
Hospital mortality for the SEHC study was pro-
spectively documented. Due to a slow accrual
rate of appropriate patients, the SEHC study
was terminated.

Historic randomized trials

Historic randomized trial results were included
to compare with SEHC outcomes. Results from
the Sugerman and Bouderka studies are pro-
vided, because they are the only two published
randomized controlled trials addressing early
tracheostomy in patients with severe brain inju-
ry. The Sugerman study included patients with
major head trauma (GCS < 8) who had under-
gone three days of mechanical ventilation. If an
additional seven days of ventilation were antici-
pated, consent was obtained. The Bouderka
study consisted of patients with isolated severe
head injury (@admission GCS < 8) and cerebral
contusion on computed tomography scan. GCS
score < 8 on the fifth day without any sedation
was also required.

The Sugerman study randomized patients on
hospital day three, after consent was obtained.
Patients were randomized from a set of cards
placed in random order, using computer-gener-
ated random numbers. The Bouderka study
patients were randomized on hospital day five.
Details of the randomization process were not
described.

Timing of early tracheostomy for the Sugerman
patients was 3-5 days post-injury and for the
Bouderka patients was day 5 or 6 post-injury. If
necessary, late tracheostomy was performed
on day 10-14 in the Sugerman study. The timing
of late tracheostomy was not stipulated in the
Bouderka publication.

Severity of illness data were obtained from the
Sugerman and Bouderka publications. VAP
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CONSORT 2010 Flow Diagram

[ Enrollment J

Assessed for eligibility (n=113)

Excluded (n=82)
+ Not meeting inclusion criteria (n=65)

|+ Declined to participate (n=3)
+ Other reasons (n=14)

Randomized (n=31)

Y { Allocation ] v
Allocated to intervention ET (n=17) Allocated to intervention No ET (n=14)
+ Received allocated intervention (n=17) + Received intervention (n=11)

+ Did not receive intervention (n=3) 1 expired
prior to trach, 2 improved, not requiring trach
l [ Follow-Up ] l
AN J

Lost to follow-up (n=0) Lost to follow-up (n=0)
Discontinued intervention (n=0) Discontinued intervention (n=0)

v [ Analysis ] v
Analysed (n=15) Analysed (n=9)
+ Excluded from analysis (n=2) 1 Protocol not + Excluded from analysis (give reasons) (n=2)
followed (no BAL); 1 C2 fracture required ET Protocol not followed (no BAL)

ET, early tracheostomy; trach, tracheostomy

Figure 1. SEHC Patient Consolidated Standards of Reporting Trials (CONSORT) Flow Chart.

rates were obtained from the Sugerman and
Bouderka publications. ICU days were available
in the Sugerman article and ventilator days
were given in the Bouderka publication. Hos-
pital mortality rates were obtained from the
Sugerman and Bouderka publications.

VAP in the Sugerman study was based on posi-
tive tracheal aspirate culture results in patients
with clinically suspected VAP. Clinical suspicion
included an altered white blood cell count,
pyrexia, and a new or progressive chest x-ray
infiltrate. The Bouderka study used VAP criteria
published by the Centers for Disease Control in
1988.
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Aggregate assessment of randomized trials

VAP rates for the three randomized studies
were compared for the early and no early tra-
cheostomy groups. A meta-analysis was per-
formed to determine the effect of early trache-
ostomy on VAP. Ventilator/ICU days for the three
studies were compared for the early and no
early tracheostomy groups. Effect size of the
ICU or ventilator days was determined using
meta-analysis to determine the impact of early
tracheostomy. Inthe same manner as described
for VAP rates, mortality rates were compared
and a meta-analysis was performed to deter-
mine the effect of early tracheostomy.

Int J Burn Trauma 2014;4(1):14-24
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Table 1. Severity of lliness Assessment

assess combined study data.

Meta-analysis was used to

Study Trait E.T. No E.T. P-value ) i )
e ke el s oas e seaen b
i . -
Injury Severity Score 28+ 11 35+9 0.12 analysisy was also used to
Glasgow Coma Score 4+£25 4+£0.9 0.38 assess the standardized mean
Head AIS 4.7 + 0.6 49+0.3 0.48 difference, mean of early tra-
Increased ICP 6/15 (40.0%) 5/9 (55.6%) 0.68 cheostomy group minus mean
Craniotomy 7/15 (46.7%) 4/9 (44.4%) 0.70 of no early tracheostomy group
Bouderka SAPS 54+1.5 6+3.8 0.52 divided by standard deviation,
Age 41 + 18 40 + 19 0.53 for ventilator/ICU days.
Sugerman APACHE Il Score 65+5 51+4 <0.05
. ) Results
Injury Severity Score 3012 32+2 > 0.05
Glasgow Coma Score 7+0.6 7+0.5 > 0.05 SEHC randomized trial
E.T., early tracheostomy; SEHC, St. Elizabeth Health Center; AIS, Abbreviated
Injury Score; Increased ICP, increased intracranial pressure by computed tomog- SEHC initial patient assess-

raphy (midline shift or compressed mesencephalic cisterns); SAPS, Simplified
Acute Physiology Score; APACHE Ill Score, Acute Physiology and Chronic Health

Evaluation Il Score.

Retrospective studies

Because the randomized trial meta-analysis
P-value for mortality was equivocal, an exten-
sive PubMed search was performed to find all
retrospective study publications describing
hospital mortality outcomes in severe brain
injured patients, according to the time of tra-
cheostomy. Hospital mortality rates, according
to time of tracheostomy, were described for
each retrospective study and a meta-analysis
was performed.

Statistics

The SAS System for Windows, release 9.2 (SAS
Institute Inc., Cary, NC, USA) was used to per-
form SEHC study statistical analysis. Continuous
variables are expressed as mean and standard
deviation. Statistical relationships were asse-
ssed using the following techniques: a) t-test for
comparison of interval continuous data bet-
ween two groups; b) Wilcoxon rank-sum test for
comparison of ordinal-rank continuous data
between two groups; and c) Fisher’s exact test
to assess 2x2 contingency tables. We consid-
ered p < 0.05 to represent statistical signifi-
cance. Data results and P-values from the lit-
erature reviews are those presented in the pub-
lications. Data reported as standard error of
the mean was converted to standard deviation.
A fixed-effects meta-analysis with Review
Manager 4.2 for Windows (Oxford, The
Cochrane Collaboration, 2003) was used to
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ment, group allocation, and fol-
low-up are described in the
Consolidated Standards of Re-
porting Trials (CONSORT) flow
chart (Figure 1). Mechanisms of injury were
vehicular (automobile, motorcycle, or pedestri-
an struck) 20 (83.3%), assault 1 (4.2%), fall 1
(4.2%), and struck by falling object 2 (8.3%). For
the 24 patients, CT pathology included epidural
hematoma 3 (12.5%), subdural hematoma 12
(50.0%), intracerebral hemorrhage 14 (58.3%),
subarachnoid hemorrhage 16 (66.7%), cerebral
edema 8 (33.3%), midline shift 10 (41.7%), and
compressed mesencephalic cisterns 10
(41.7%). An epidural hematoma, subdural
hematoma, and/or intracerebral hemorrhage
occurred in all 24 patients. Head Abbreviated
Injury Scale scores for the early tracheostomy
and the no early tracheostomy groups are in
Table 1. Increased intracranial pressure rates,
according to the brain CT (midline shift or com-
pressed mesencephalic cisterns), were compa-
rable for the early tracheostomy group and the
no early tracheostomy group (See Table 1).
Craniotomy rates were similar for the early tra-
cheostomy group and the no early tracheosto-
my group (See Table 1). All Severity of iliness
comparisons for the early and no early trache-
ostomy groups are presented in Table 1 and
show no differences between the two groups.

Suspected VAP was prospectively documented
in 19 patients. Each of the 19 patients under-
went diagnostic bronchoalveolar lavage and
was given empiric antimicrobials. Criteria for
suspected VAP in the 19 patients was chest
x-ray infiltrate 16 (84.2%), P/F O, < 240 11
(57.9%), purulent tracheal secretions 10
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Table 2. Ventilator Associated Pneumonia Rates

Study ET. # VAP No E.T. # VAP P-value
Sugerman 35 17 (48.6%) 32 17 (53.1%)  0.71
Bouderka 31 18(58.1%) 31 19 (61.3%)  0.79
SEHC 15 7 (46.7%) 9 4 (44.4%)  0.69
Total 81 42 (51.9%) 72 40 (55.6%)  0.66

E.T., early tracheostomy; VAP, ventilator associated pneumonia; SEHC, St. Elizabeth

Table 3. Hospital mortality
rates for the early and no
early tracheostomy groups in
the Sugerman and Bouderka
studies are shown in Table 4.

Aggregate analysis of ran-
domized trials

Health Center.

Table 3. Ventilator/ICU Days

VAP rate comparisons for the
early and no early tracheos-
tomy groups in the three

Study Day Type E.T. # Days

No E.T. # Days P-value

studies are shown in Table 2.

Sugerman ICU 35 16 +5.9 32
Bouderka ventilator 31 145+ 7.3 31
SEHC ventilator 15 14.1+5.7 9

19+11.3 >0.05
175+ 10.6 0.02
17.0+5.4 0.23

VAP rates are similar for the
early and no early tracheos-
tomy groups in all three stud-

ICU, intensive care unit; E.T., early tracheostomy; VAP, ventilator associated pneumo-

nia; SEHC, St. Elizabeth Health Center.

Table 4. Hospital Mortality Rates - Randomized Controlled Trials

ies. Meta-analysis results are
displayed in Figure 2 and do
not show an aggregate differ-
ence in VAP rates according
to timing of tracheostomy.

Ventilator or ICU day compari-
sons for the early and no
early tracheostomy groups in
the three randomized studies

Study ET # Mortality No E.T. # Mortality  P-value
Sugerman 35 5 (14.3%) 32 1(3.2%) 0.20
Bouderka 31 12 (38.7%) 31 7 (22.6%) 0.27
SEHC 15 0 (0.0%) 9 0 (0.0%) >0.05
Total 81 17 (21.0%) 72 8 (11.1%)

E.T., early tracheostomy; SEHC, St. Elizabeth Health Center.

(52.6%), abnormal WBC count 15 (78.9%), and
abnormal temperature 8 (42.1%). Bronchoal-
veloar lavage was positive, indicating a diagno-
sis of VAP, in 11 of 19 (57.9%), or 11/24 (45.8%)
patients. VAP rate comparisons for the early
and no early tracheostomy groups are shown in
Table 2. Ventilator day comparisons for the
early and no early tracheostomy groups are
shown in Table 3. No deaths were seen in the
SEHC study.

Historic randomized trials

Severity of illness comparisons for the early
and no early tracheostomy groups in the
Sugerman and Bouderka studies are presented
in Table 1. The data indicates that the early and
no early groups are comparable. VAP rate
results for the early and no early tracheostomy
groups in the Sugerman and Bouderka studies
are shown in Table 2. The Bouderka study pro-
vided ventilator day results for the early and no
early groups. The Sugerman publication pre-
sented ICU days, but not ventilator days.
Ventilator or ICU day comparisons for the early
and no early tracheostomy groups in the
Sugerman and Bouderka studies are shown in
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are shown in Table 3. There is
a three-day reduction for
early tracheostomy in each of
the studies. Meta-analysis results are displayed
in Figure 3 and show an aggregate benefit for
early tracheostomy (p = 0.02).

Hospital mortality rate comparisons for the
early and no early tracheostomy groups in the
three randomized studies are shown in Table 4.
No deaths were seen in the SEHC study. Deaths
were insignificantly lower with no early trache-
ostomy in both the Sugerman and Bouderka
studies. When all patient results were summed
for the three studies, mortality was 21.0% with
early tracheostomy and 11.1% with no early tra-
cheostomy. The meta-analysis is shown in
Figure 4. This process excluded SEHC patients
with no deaths, because an odds ratio could
not be computed. The meta-analysis indicates
that there is increased hospital mortality with
early tracheostomy (OR 2.7; p = 0.05).

Retrospective study hospital mortality analysis

The literature search identified a total of five
relevant retrospective studies: Ahmed, 2007
[4], Chintamani, 2005 [5], D’Amelio [6], Rizk,
2011 [7], and Wang, 2012 [8]. Retrospective
study hospital mortality rate comparisons for

Int J Burn Trauma 2014;4(1):14-24
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Study: OR (fixed) OR (fixed)
95% ClI 95% ClI

Sugerman —.— 0.83 [0.32, 2.18]

Bouderka 0.87 [0.32, 2.41]

SEHC 1.09 [0.21, 5.76]

Total (95% Cl) 0.89 [0.47, 1.68]

Heterogeneity: P = 0.96

Overall effect: Z=0.37 (P =0.71)

01 02 05 1 2 5 10
Favours E.T. Favours No E.T.
SEHC, St. Elizabeth Health Center; E.T., early tracheostomy
Figure 2. Ventilator Associated Pneumonia Rate Meta-Analysis.
Study WMD (fixed) WMD (fixed)
95% CI 95% CI

Sugerman ——1 -3.00 [-7.38, 1.38]

Bouderka —— -3.00 [-7.53, 1.53]

SEHC —— -2.90 [-7.46, 1.66]
Total (95% Cl) 4 -2.97 [-5.56, -0.38]
Heterogeneity: P = 1.00
Overall effect: Z = 2.25 (P = 0.02)

-10
Favours E.T.
SEHC, St. Elizabeth Health Center; E.T.,

) 5

Figure 3. Ventilator/ICU Days Meta-Analysis.

the early and late tracheostomy groups in each
study are shown in Table 5. When all patient
results were summed for the five studies, mor-
tality was 15.6% with early tracheostomy and
8.8% with late tracheostomy. The meta-analy-
sis, shown in Figure 5, indicates increased hos-
pital mortality with early tracheostomy (OR
1.97; p < 0.0001).

Discussion
Randomized control trial methodologies

All three randomized controlled trials required
patients to have a GCS < 8. In addition, the
SEHC and Bouderka studies required the pres-
ence of intracranial hemorrhage. The Sugerman
study required at least three days of ventilation

19

10

Favours No E.T.

early tracheostomy

and anticipated need for an additional seven
days. Thus, these findings indicate that each
study contained patients with severe brain
injury.

Early tracheostomy was performed 3-5 days
post-injury in the SEHC and Sugerman studies.
Similarly, Bouderka provided early tracheosto-
my on post-injury day five or six. Our previous
literature review showed that early tracheosto-
my has typically been performed at 3-8 days
following injury [1].

For the diagnosis of VAP, all three studies
required clinical criteria for suspicion of VAP.
The diagnosis was confirmed by bronchoalveo-
lar lavage cultures in the SEHC study and by
blind tracheal aspirate cultures in the Sugerman

Int J Burn Trauma 2014;4(1):14-24
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Study OR (fixed) OR (fixed)
95% ClI 95% Cl
SEHC Not estimable

Bouderka ———
—5)

i

Sugerman
Total (95% ClI)

Heterogeneity: (P = 0.49)
Overall effect: Z=1.98 (P = 0.05)

2.17 [0.71,
5.17 [0.57,

6.57]
46.86]

2.68 [1.01, 7.12]

0102 05 1

Favours E.T.

2

5 10

Favours No E.T.

SEHC, St. Elizabeth Health Center; E.T., early tracheostomy

Figure 4. Mortality Meta-Analysis - Randomized Controlled Trials.

Table 5. Hospital Mortality Rates - Retrospective Studies

randomized control trials in both

the early tracheostomy and the no

Study ET. # Mortality LT # Mortality P-value v trach ¢ Thi
Ahmed 27  4(148%) 28  1(3.6%)  0.19 early tracheostomy groups. This
hint | 50 18 (36.0%) 50 29 (58.0%) 0.03 indicates that the patient cohorts
Chin an.nam e o ’ and interventions in the three ran-
D’Amelio 21 2(9.5%) 10 1(10.0%) 0.70 domized control trials were clini-
Rizk 1,577 238(15.1%) 1,527 111(7.3%) <0.0001 cally homogenous. The data results
Wang 16 2 (12.5%) 50 4 (8.0%) 0.63 are compelling that the timing of
Total 1,691 264 (15.6%) 1,665 146 (8.8%) tracheostomy does not alter VAP

E.T., early tracheostomy; L.T., late tracheostomy.

and Bouderka studies. Although culture meth-
odologies for VAP diagnosis varied, recent pub-
lications indicate that practical outcomes are
similar [9, 10].

Only the SEHC study provided the age of the
patients, with no difference between the early
and no early tracheostomy groups. Severity of
iliness criteria varied among the three studies,
however, the early and no early tracheostomy
groups in each study are similar. Thus, we can
conclude that outcomes in the early and no
early tracheostomy groups were not related to
variance in severity of illness.

Randomized control trial VAP analysis

VAP rates are virtually identical in all six ran-
domized controlled trial patient groups. That is,
VAP rates are very similar for each of the three
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rates in severe brain injured

patients. Obviously, the meta-anal-

ysis  supports this premise.
Although the VAP rates are substantial, the
rates are not inconsistent with other publica-
tions regarding patients with severe brain injury
[11, 12]. Including the Bouderka and Sugerman
studies, there are five trauma-patient random-
ized controlled trials demonstrating no decre-
ment in VAP rates with early tracheostomy [1].

Randomized control trial ventilator/ICU day
analysis

The ventilator or ICU duration is three fewer
days with early tracheostomy in each of the
three randomized controlled trials. However,
only in the Bouderka study does this reach sta-
tistical significance. The same three day reduc-
tion in all three randomized control trials implies
that patient cohorts and interventions were
clinically similar. After combining the data, the
meta-analysis results indicate that ventilator or

Int J Burn Trauma 2014;4(1):14-24
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Study OR (fixed) OR (fixed)
95% Cl 95% Cl

Ahmed L 4.70 10.49. 45.01
Chintamani —i— 0.41 [0.18, 0.91]
D’Amelio " 0.95 [0.08, 11.9]
Rizk - 2.27 [1.79, 2.87]
Wang 1.64 [0.27, 9.94]
Total (95% Cl) PP 1.97 [1.58, 2.45]
Overall: Z =6.04 (P < 0.0001)

0.1 0.2 05 1
Favours E.T.

2 5

Favours L.T.

E.T., early tracheostomy; L.T., late tracheostomy

Figure 5. Mortality Meta-Analysis - Retrospective Studies.

ICU days are significantly fewer with early tra-
cheostomy. Although there is commonly a dif-
ference between ICU days and ventilator days,
the meta-analysis examined the effect size
between the early and no early tracheostomy
groups in each of the studies. The individual
study analyses and aggregate evidence seems
convincing that faster liberation from the venti-
lator and ICU environment are related to early
tracheostomy in severe brain injured patients.
It is germane that an unconscious patient com-
monly has no need for mechanical ventilation
once the airway is protected by a tracheostomy.
This may be a principal reason for earlier ICU/
ventilator liberation in the early tracheostomy
groups. Of interest, ventilator/ICU days have
been found to be similar for early tracheostomy
and no early tracheostomy in three randomized
trials of trauma patients, without a focus on
brain injury [1].

Hospital mortality analysis

The raw sum hospital mortality rate was higher
with early tracheostomy in the three random-
ized trials. The lack of deaths in the SEHC study
was somewhat unexpected and precluded
study inclusion in the meta-analysis for hospi-
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tal mortality. However, it is worth noting that
the no early tracheostomy mortality in the
Sugerman study was only 3.2%. Mortality was
insignificantly higher with early tracheostomy in
both the Sugerman and Bouderka studies.
However, the meta-analysis shows that hospi-
tal mortality rate is greater with early trache-
ostomy.

Because the numbers in the Sugerman and
Bouderka studies were relatively small and the
SEHC study was excluded from the mortality
meta-analysis, all published retrospective stud-
ies were also evaluated. The studies by Ahmed,
Chintamani, D’Amelio, Rizk, and Wang each
assess the association of early tracheostomy
on hospital mortality. The five investigations
consist of patients with severe traumatic brain
injury and were published during the last eight
years, except for the older D’Amelio study. The
raw sum hospital mortality rate was greater
with early tracheostomy. Further, the meta-
analysis of the five published retrospective
studies indicates that early tracheostomy is
associated with a higher hospital mortality
rate. This finding enhances the validity of the
meta-analysis in the randomized controlled tri-
als that mortality is increased with early trache-

Int J Burn Trauma 2014;4(1):14-24
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ostomy. Although randomized controlled trials
are preferable for meta-analysis, the Cochrane
Collaboration has indicated that meta-analysis
of retrospective studies may be of potential
value [13]. That is, use of retrospective studies
may be appropriate when randomized trials are
non-existent, small, or equivocal.

Using data from the Pennsylvania Trauma
Foundation, the literature contains another rel-
evant, retrospective study, by Schauer, describ-
ing severe brain injury trauma patients (GCS <
8) undergoing emergency tracheal intubation
and subsequent tracheostomy [14]. This study
describes patients receiving tracheostomy on
day 0-3, day 4-7, day 8-12, and after day 12.
Hospital mortality for patients with a high-prob-
ability of survival was 7%, 7%, 1%, and 9%,
respectively. Hospital mortality for patients
with a low-probability of survival was 49%, 14%,
10%, and 8%, respectively. The data indicates
that hospital mortality for high-probability of
survival patients was lowest for tracheostomy
on day 8-12. Further, results show that hospital
mortality for low-probability of survival was low-
est with tracheostomy beginning on hospital
day 8. Data from this study indicates that hos-
pital mortality was lowest when tracheostomy
was performed after the first seven days follow-
ing severe traumatic brain injury. According to
this investigation, ventilator duration was less
when tracheostomy was performed on day
8-12, when compared to after 12 days, regard-
less of survival probability. Thus, the study indi-
cates that hospital mortality may be lowest
with tracheostomy on day 8, yet ventilator lib-
eration may also be facilitated. Because the
Schauer and Rizk studies emanate from the
same state; come from a similar data base,
according to Rizk; and the study periods over-
lap, the Schauer data was not included in our
retrospective mortality study analysis.

Adverse effects of severe brain injury trache-
ostomy

Several studies have demonstrated increases
in intracranial pressure with early tracheosto-
my during acute brain injury. Increases in intra-
cranial pressure are well known to adversely
affect survival. Stocchetti in two studies and
Kocaeli in another investigation have shown
that intracranial pressure significantly increa-
sed during tracheostomy, despite pre-tracheos-
tomy intracranial pressure control [15-17]. All
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three studies found intracranial pressure levels
to commonly increase above 20 torr, a concern-
ing level. One of the studies evaluating cerebral
perfusion pressure and arterial carbon dioxide
levels demonstrated changes that are known to
adversely affect survival [16]. Of relevance,
Reilly also showed that continuous bronchos-
copy during percutaneous tracheostomy con-
tributes to hypoventilation, hypercarbia, and
respiratory acidosis, factors known to increase
intracranial pressure [18]. The two Stocchetti
studies specifically state that the investigators
do not recommend tracheostomy with intracra-
nial hypertension [15, 16]. Stocchetti and
Kocaeli advocate that during tracheostomy
with acute brain injury, intracranial pressure
should be closely monitored and preventive
strategies should be instituted to prevent sec-
ondary insult [16, 17].

The above implies that tracheostomy should
not be routinely performed during the first
seven days following severe traumatic brain
injury, due to the concern for increased mortal-
ity. Of relevance, the literature indicates that a
low probability of good outcomes for severe
brain injury exists when there is an admission
GCS 3-5, age > 45 years, intracranial hyperten-
sion, hypoxemia, or hypotension [19]. Based on
the evidence, a tracheostomy should be con-
sidered in those patients beginning on day 8, if
the patient is stable. That is, there is no intra-
cranial hypertension, hypoxemia, or hypoten-
sion.

Limitations

Because the SEHC study was small, mortality
findings may have been different with a larger
cohort of patients. The strengths and limita-
tions of meta-analysis are documented in the
literature [20, 21]. Specifically, a meta-analysis
of several small studies may not predict the
results of a single large study. We recognize the
potential bias that may exist in the retrospec-
tive studies. However, the concordant results of
the randomized trials and retrospective study
meta-analysis imply that early tracheostomy
mitigates acute survival. Our investigation used
aggregate patient data, which is typical for
most published meta-analyses. However, the
use of individual patient data from each study
might produce different meta-analysis results.
Obviously, there would be more confidence in
the meta-analysis of the randomized controlled
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trials if larger cohorts were included. Unless a
multi-center randomized controlled trial is initi-
ated in the near future, a larger patient volume
experience is not likely in the imminent future.

Conclusions

The manuscript objectively summarizes the
association of early tracheostomy for severe
brain injury with VAP rates, duration of ICU/ven-
tilator days, and hospital mortality. Evidence
from three randomized controlled trials indi-
cates that early tracheostomy is not associated
with a reduction in VAP rates. However, ICU/
ventilator days are reduced with early tracheos-
tomy. Of concern, the randomized trials indi-
cate that risk for hospital death is increased
with early tracheostomy. Due to small random-
ized trial cohort sizes, retrospective studies
were evaluated and also showed that hospital
mortality is increased with early tracheostomy
in severe brain injury. Study findings and rele-
vant literature imply that tracheostomy during
the first seven days following severe traumatic
brain injury should not be a routine policy.
Tracheostomy during the first post-injury week
may be reasonable in select, stable patients.
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