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Abstract

Background: Tracheostomy is a common surgical procedure performed in the adult
intensive care unit (ICU) population etc. Our objective was to identify characteristics
associated with one year mortality in adult ICU patients following tracheostomy
placement.

Methods: A retrospective chart review was conducted on adult ICU patients
admitted at Penn State Hershey Medical Center between January 2004 and
December 2009 (n=193) who had a first time tracheostomy. Using univariate statistical
analysis with logistic regression and Bonferonni correction, the significance of individual
characteristics to one year mortality following tracheostomy was determined. Statistical
significance was considered p< 0.05; all p values reported are Bonferonni-corrected
values.

Results: Mortality at one year following tracheostomy was 21.2% (41 of 193
patients). A total of nine variables were found to have a statistically significant
correlation with patient mortality: one week increase in continuous intravenous sedation
length following tracheostomy (p=0.00057), fourteen day increase in total mechanical
ventilation length (p=0.00082), hyperglycemia (p=0.00130), continuous intravenous
vasopressor medication infusions during tracheostomy (p=0.00222), acute renal
failure (p=0.00471), increased age (p=0.00892), continuous intravenous vasopressor
medication infusions during ICU stay (p=0.01711), hemodialysis (p=0.02813), and a
10,000 cell /L increase in peak white blood cell count (p=0.03574).

Conclusions: Clinical factors associated with increased mortality of adult ICU
patients one year following tracheostomy were identified. These factors may indicate
greater severity of systemic dysfunction in an already critically ill population leading
to increased mortality.
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INTRODUCTION

Tracheostomy is a common procedure performed on adult
patients in the Intensive Care Unit (ICU) setting and is performed
in approximately 10% to 12% of patients requiring mechanical
ventilation for >24 hours [1,2]. Patients requiring tracheostomy
have a higher hospital survival rate than patients ventilated
via endotracheal tube alone [3]. However, tracheostomy is not
without associated mortality. A 20% mortality of tracheostomy
patients was found at 28 days following the initiation of
mechanical ventilation [4]. The reported mortality rate in

patients one year following tracheostomy is 36% [5]. Shah et
al. [6] have reported a 19.2% national in-hospital mortality of
patients receiving tracheostomy.ldentified risk factors of in-
hospital mortality following tracheostomy include: hospital
region, non-teaching centers, increased age, and co-existing
cardiac conditions [7].

We investigated clinical factors associated with one
year mortality in adult ICU patients following tracheostomy.
Our primary outcome was mortality at one year following
tracheostomy. We sought to identify individual patient
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characteristics as clinical factors of mortalityafter tracheostomy
in adult ICU patients.

MATERIALS AND METHODS

A retrospective chart review of adult ICU patients having
undergone a tracheostomy was conducted. Approval was
obtained from the Penn State College of Medicine Institutional
Review Board. The need for informed consent was waived due
to the retrospective study design. Potential subjects included
adult patients admitted to the Penn State Hershey Medical Center
ICU between January 1, 2004 to December 31, 2009, who had a
tracheostomy procedure during the ICU stay. Patients included
in the study were 218 years of age and did not have a previous
tracheostomy prior to admission. Patients who underwent
a tracheostomy in addition to surgical procedure were also
included in the study. A total of 247 patient charts were reviewed
and included in the collection of patient characteristic data.

Data for categorical and continuous patient characteristics
were collected during chart review. Data related to patient
characteristicsincluded patientsex,race,andageonICUadmission.
Other patient variables specific to ICU admission included:
body mass index, traumatic motor vehicle accident, traumatic
injury excluding motor vehicle accident, respiratory status
(spontaneous ventilation, mechanical ventilation, or respiratory
distress requiring intubation without mechanical ventilation),
Glasgow Coma Scale score, and the adult ICU location (surgical,
medical, neuroscience, or heart and vascular units). Surgical
procedures, other than tracheostomy, that were performed
during hospitalization were included as variables according
to specialty (general/colorectal, orthopedic, neurosurgery,
otolaryngology for tumor resection, otolaryngology for traumatic
injury, vascular, cardiac, and noncardiacintrathoracic.) A
tracheostomy performed in conjunction with another surgical
procedure was included as a separate individual variable.

Hyperglycemia was defined as two or more consecutive blood
glucose measurements>200 mg/dL, during the hospitalization,
independent of insulin administration. Acute renal failure during
the ICU stay was defined as a creatinine level >2.0 mg/dL or
an increase in creatinine >1.0 mg/dL abovebaseline in chronic
kidney disease. Hemodialysis during the ICU admission included
both intermittent sessions and continuous renal replacement
therapy.

The use of vasopressor medication infusions during both the
ICU stay and tracheostomy procedure included the continuous
administration of one or more of the following intravenous
medications:  phenylephrine, norepinephrine, dopamine,
dobutamine, and epinephrine. Transfusion of blood products
included one or more of the following: packed red blood cells,
fresh frozen plasma, or pooled donor platelets. The presence of
infection was identified by positive culture result, and included
respiratory, urinary, and blood samples. Variables specific to the
ICU stay included: nadir white blood cell (WBC) count, peak WBC
count, admission hemoglobin level, nadir hemoglobin level, nadir
platelet count, peak prothrombin time, peak partial prothrombin
time, peak international normalized ratio, lowest Glasgow Coma
Scale score, and total length of endotracheal intubation prior to
tracheostomy. Also included were: the number of days of weaning

attempts to endotracheal extubation, wean to extubation failures
requiring reintubation, sedation days prior to tracheostomy,
sedation days following tracheostomy, length of mechanical
ventilation, and length of ICU stay.

Variables specific to the tracheostomy procedure included:
the hospitalization day of tracheostomy placement, surgical
service performing tracheostomy, percutaneous or surgical
tracheostomy, procedure location (in operating room or ICU
bedside), WBC count on procedure day, hemoglobin <8 g/dL on
procedure day, pre-procedural antibiotic administration, and
vasopressor medication infusion during procedure. The presence
of coagulopathy on the day of tracheostomy was defined by one or
more of the following values; platelet count <100,000 platelets/
uL, prothrombin time >14 seconds, partial prothrombin time >40
seconds, or international normalized ratio >1.2.

The administration of total parenteral nutrition (TPN),
provision of enteral feeding, and ability to ambulate at any
time during the hospitalization were included as variables.
Hospital discharge characteristics included: the hospitalization
length, respiratory support status (decannulated, liberated
from mechanical ventilation on room air, tracheostomy collar,
continuous positive airway pressure, or synchronous intermittent
mechanical ventilation). The patient discharge location was
included (rehabilitation hospital, long term acute care hospital,
skilled nursing facility, other university or community hospital,
hospice, or home).

Statistical analysis

The primary intent was to determine if there is an association
between the collected patient characteristics and mortality
within one year following tracheostomy placement. A total
of 59 patients were excluded from the analysis due to missing
follow up status or unknown disposition at one year following
tracheostomy. The final analysis included 193 patients. Univariate
statistical analysis was conducted for both categorical and
continuous patient variables using logistic regression models for
the outcome of death at one year. For continuous factors, a linear
relationship was assumed between the factor and the outcome.
This relationship was checked and verified using methods.
Only ICU nadir platelet count showed a significant non-linear
trend; therefore a quadratic effect, as suggested by the curve-
fitting methods, was used for this variable. Odds ratios (OR)
and Bonferroni-corrected 95% confidence intervals (CI) for all
variables are reported. We assessed 43 variables in total and used
the Bonferonni correction to hold the overall type error rate at
5%. Thus, we multiplied eachuncorrected p-value by 43 to obtain
the Bonferonni-corrected p-value which is reported. Bonferonni
corrected p-values <0.05 were considered significant.SAS system
9.3 software was used to conduct the statistical analysis.

RESULTS

We found a mortality rate of 21.2% (41 out of 193 patients)
at one year following tracheostomy.The data for categorical
(Tables 1 & 2) and continuous variables (Table 3) are detailed
in Tables 1-3.We identified nine patient variables as significantly
associated with one year mortality following tracheostomy
(p<0.05). Table 4 contains the results from the statistical
analysis of all 43 variables tested.Estimated odds ratios for
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Table 1: Data for categorical and continuous variables before Surgery. Table 2: Data for categorical and continuous variables after Surgery.
Characteristic Variable Ovc;rall Number Pe;cgc:nt- Characteristic Variable Ovtle\]rall Yes No
Sex 193 N % N %
Male 133 68.9 it i is - i
Admitting plagnos_ls Traumatic 193 62 321 | 131  67.9
Female 60 31.1 Motor Vehicle Accident
Admitting Diagnosis - Non Motor
Race 193 Vehicle Accident Traumatic Injury 193 88 | 456 | 105 | 544
Caucasian 180 93.3 gen:ral/(fjolorectal Surgery 167 56 | 335 111 665
Hispanic 6 3.1 eriorme
African American 5 2.6 Orthopedic Surgery Performed 167 32 | 19.2 135  80.8
Asian 1 0.5 Otolaryngology Surgery (Tumor) 167 38 228 129 772
Other 1 05 Performed
(Traumane) Performed 167 | 18 | 108 | 149 | 892
Admission Respiratory Status 192
Spontaneous Ventilation 147 76.6 Neurosurgery Performed 167 23 13.8 | 144 | 86.2
Intubated 44 22.9 Vascular Surgery Performed 167 11 6.6 | 156 | 93.4
Respiratory Distress 1 0.5 Intrathoracic Non-Cardiac 167 7 42 | 160 958
Surgery Performed
Admitting ICU 193 Cardiac Surgery Performed 167 5 3.0 | 162 | 97.0
Surgical 183 94.8 Acute Renal Failure 192 51 | 266 141 | 73.4
Medical 6 3.1 Vasopressor Medication
Neuroscience 3 1.6 Infusion(s) 185 49| 265 | 136 | 735
Heart and Vascular 1 0.5 Hyperglycemia 191 78 | 40.8 113 | 59.2
Infection (positive culture) 187 116 | 62.0 | 71 | 38.0
Lowest GCS Score 189
Blood Product Transfusion 181 83 | 459 98 | 541
15 30 15.8
3 (or 3T) 159 83.7 TPN Administration 193 52 | 269 141 | 731
Enteral Feeding 193 161 | 834 32 | 16.6
Surgical Service Performing 191 Hemoglobin <8 g/dL on 178 12 67 166 933
Tracheostomy Procedure Day
Emergency General Surgery 113 59.2 Coagulopathy on Procedure Day 183 74 | 404 109 | 59.6
Otolaryngology 73 38.2 Procedural Antibiotics
Other 5 2.6 Administered 190 1511795 1 39 1205
Vasopressor Infusion(s) During 188 38 | 202 | 150 | 79.8
Tracheostomy Type 191 Procedure
Open 144 75.4 Surchal Procedure Involving 193 51| 264 | 142 | 73.6
Percutaneous 47 24.6 Tracheostomy
Tracheostomy Procedure Location 191 logistic regression of each variable modeled separately, as well
i- 0 i i -
Operating Room 144 754 as Bonferonni-corrected 95% confidence intervals and p-values
Bedside 47 24.6 are shown.
Of the variables that significantly correlated with one year
Respiratory Status on Discharge 174 mortality following tracheostomy, five demonstrated ORs >4:
Spontaneous Ventilation on Room Air 70 36.3 hemodialysis (OR=5.8), hyperglycemia, continuous vasopressor
Tracheostomy Collar 46 23.8 infusion(s), and vasopressor infusion during the tracheostomy
Decannulated 44 22.8 procedure (OR=5.0 for each), and acute renal failure (OR=4.2).
Synchronous Intermittent Mechanical 8 41 The remaining significantly associated variables exhibited ORs
Ventilation ' between 1.7 and 2.1: age (OR=2.2), a peak WBC count increased
Continuous Positive Airway Pressure 6 3.1 by10,000 cells/uL. (OR=2.1), total mechanical ventilation
increased by 14 days (OR=2.0), and an increase of 1 week for
Location to Discharge 172 sedation days post-tracheostomy (OR=1.7).
Rehabilitation Facility 57 29.7
Home 4 281 DISCUSSION
Long Term Acute Care Hospital 48 25.0 We found a one year mortality of 21.2% following
Skilled Nursing Facility/Nursing Home 9 4.7 tracheostomy in adult ICU patients. This is consistent with
Other University/Community Hospital 4 2.1 previous reports [3-6]. Esteban, et al. [4], demonstrated a one
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Table 3 Data for Characteristic Variable. Orthopedic 0.52 0.08-3.37 | 1.0000
Neurosurger 1.52 0.28-8.31 1.0000
Characteristic Variable (el Median Range gery
N (SD) General surgery/colorectal 138 | 0.37-5.07 | 1.0000
Age at admission (years) 193 | 51(19) 52 18-97 Hospitalization Stay Variables
Admitting Body Mass Index (kg/ 28.9 Hyperglycemia 4.98 1.43-17.4 0.00130
3 170 27 14-67
m?) (9:0) TPN administration 236 | 0.71-7.91 |0.86612
Admitting GCS Score 191 (15168) 15 | 3.0-15.0  Enteral feeding 120 = 0.24-5.95 | 1.00000
- Hospitalization day of ambulation,
Peﬁk WLBC Count (thousands of 185 291.11 192 | 7.0-83.9 increase of 1 day 0.96 0.90-1.05 | 1.00000
cNe dS'/L:N)BC Count (th dsof 7(7 '(3)3 ICU Stay Variables
adir ount (thousands o 7 (3. .
cells /pL) 185 0 71 102223 Sedation days pre-tracheostomy; 146  0.84-2.53 100000
i i increase of 1 week
Nadir Hemoglobin (g/dL) 185 8.2(1.8)] 7.8 3.9-14.7 Sedation days post-tracheostomy; e 110241 |000057
ICU Admission Hemoglobin (g/ 184 11.8 116 54-17.4 increase of 1 week : ) ' )
dL) (2.2) Total mechanical ventilation 202 119-347  0.00082
Nadir Platelet (thousands of 185 120.1 114.0 7.0- days;increase of 14 days : ST :
cells /uL) (64.8) 319.0 Number of wean attempts, increase 114 0.69-1.91  1.00000
Peak Prothrombin Time 17.9 10.4- of 1 da : DI :
d 153 116 13.4 795 y
(seconds) (11.6) : Number of wean to extubation 1.54 0.86-2.73  0.69485
Peak International Normalized 153 |18(14) 13 10-13.2 failures; increase of 1 day . . . .
Ratio Acute renal failure 424 1.26-142 0.00471
szak Partial Thromboplastin 149 59.3 41.0 2.3- Continuous vasopressor infusion(s) 4.96 1.37-18.0 1 0.00222
Time (seconds) (39.4) 150.0
T Hemodialysis 5.76 1.08-30.7 0.02813
Hospitalization Day of
Tracheostomy 193 19.5(93)] 7.0 1.0-60.0 Infection (positive culture results) 2.52 0.65-9.64 | 1.00000
K ; Peak WBC count; increase of 10,000
Pre-Tracheostomy Sedation 189 |7.4(7.0) 60 0.0-28.0 /L 2.08 1.02-426 | 0.03574
Days cells/p
Post-Tracheostomy Sedation 180 9.1 40 | 00860 Nadir WBC count; increase of 1 K/uL 1.00 0.83-1.19 | 1.00000
Days (13.8) ’ R Peak PT;increase of 10 seconds 146 0.90-2.40 0.48471
Wean Attempts Pre- 184 14(11) 1.0 0.0-5.0 Peak INR; increase of 1 1.42 0.89-2.29 | 0.61134
Tracheostomy Peak PTT; increase of 50 seconds 1.50 | 0.71-3.12  1.00000
Wean to Extubation Failures :
184 10.6(0.9) 0.0 0.0-4.0 Nadir platelet count; 68 vs. 157 )
Pre-Tracheostomy (quadratic trend) 1.86 0.73-4.76 | 1.00000
Total Mechanical Ventilation 16.0 0.0- : . .
180 12.0 Nadir hemoglobin level; increase of
Days (17.5) 101.0 1g/dL 0.80 0.55-1.19  1.00000
Total Days of Intubation Pre- 190 7.2(7.0) 6.0 0.0-28.0 Blood product transfusion 0.76 0.23-2.57 | 1.00000
Tracheostomy
Lowest GCS Score; 3 (or 3T) vs. 15 2.84 0.36-22.4 | 1.00000
31.3 4.0-
Total ICU Days 134 (26.4) 250,070 Tracheostomy Procedure Variables
R Hospitalization day of tracheostomy;
Total Hospitalization Days 174 ééi) 25.0 2[;',(7).0 increase of 1 day 1.06 0.99-1.12 1 0.18239
Trac.heostomy combined with other 058 022-1.55  1.00000
Table 4: Results of Statistical Analysis of Patient Variables in Associati surgical procedure
able 4: Results of Statistical Analysis of Patient Variables in Association
with One Year Mortality Following Tracheostomy Percutaneous tracheostomy (vs. open) | 1.42 0.39-5.13 | 1.00000
ol Surgical antibiotics prior to
Characteristic Variable OR 95% CI* pu:il tracheostomy 212 | 040-11.4 1.00000
ICU Admission variables Vasopressor infusions during 496 | 137-180 | 0.00222
tracheostomy
Age 2.16 1.10-4.23  0.00892
Coagulopathy on day of tracheostomy | 1.44 0.45-4.67 | 1.00000
Sex 0.48 0.15-1.59 | 1.0000 WEBC t on dav of tracheost
count on day of tracheostomy; i
BMI 0.82 0.39-1.72 | 1.0000 >10,000 cells /L. vs. <10,000 cells/yL. 1.76 0.47-6.61  1.00000
Spontaneous ventilation 1.28 0.31-5.35 1.0000 .
Emergency general surgery service
GCS Score, Increase of 1 1.00 0.89-1.12  1.0000 performing tracheostomy (vs. 1.82 0.52-6.27 | 1.00000
Hemoglobin level, increase of 1g/dL 0.86 0.67-1.12 1.0000 Otolaryngology and other)
Diagnosis of trauma (non-MVA) 0.48 0.14-1.60 | 1.0000 *Estimated odds ratios (OR) for logistic regression for each variable
Diagnosis of traumatic MVA 0.44 0.11-1.77 1.0000 modeled separately. Bonferonni-corrected 95% confidence intervals
Surgical Procedure(s) During Hospitalization (Other than (CI) and p-values are shown. Abbreviations: ICU=Intensive Care
tracheostomy) Unit, BMI=Body Mass Index, GCS=Glasgow Coma Scale, MVA=Motor
) Vehicle Accident, TPN=Total Parenteral Nutrition, WBC=White Blood
Otolaryngology for tumor resection 040 0.06-2.58 1.0000 Cell, PT=Prothrombin Time, INR=International Normalized Ratio,
Otolaryngology for traumatic injury 0.22 0.01-6.49 | 1.0000 PTT=Partial Thromboplastin Time.
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year mortality of 36% following hospital discharge and a 28 day
mortality of 20% in patients who underwent a tracheostomy.*
A prospective cohort study of patients receiving mechanical
ventilation found a lower overall hospital mortality in patients
with a tracheostomy (13.7% mortality) in comparison to those
ventilated with an endotracheal tube (26.4% mortality) [3].
findings show that an of one week of continuous intravenous
sedation following tracheostomy placement results in higher one
year mortality. Deep sedation has been previously correlated with
higher ICU mortality within 28 days and increased mortality at
six months following ICU discharge [7]. Spontaneous awakening
and breathing trials have also been shown to improve overall one
year survival in ICU patients, suggesting that decreased sedation
time may be beneficial [8].Interestingly, the number of sedation
days prior to tracheostomy was not found to be significant to
mortality in our study. This may suggest that patients requiring
prolonged deep levels of sedation post-tracheostomy have more
comorbidities than those patients who do not, thus leading to
increased mortality.

We found that a 14 day increase of total mechanical
ventilation, with either an endotracheal tube or tracheostomy,
was a predictor of one year mortality following tracheostomy
(OR=2.0). Previous studies also suggest that mechanical
ventilation for an extended period of several weeks is associated
with increased patient mortality [9]. However, we did not find
that the length of mechanical ventilation with an endotracheal
tube prior to tracheostomy was a significant factor of mortality.
Consistent with previous reports, we did not find a significant
correlation between hospital or ICU patient mortality and timing
of tracheostomy placement [10,11].

In this study, hyperglycemia during the ICU stay was found
to be a significant risk factor for one year mortality following
tracheostomy (OR=5.0). Previous studies have suggested that
hyperglycemia is positively associated with poor ICU outcomes
[12-15]. ICU patients have an increased risk of developing
hyperglycemia, especially with elevated baseline blood
glucose levels in both diabetic and non-diabetic patients [16].
Hyperglycemia is correlated with increased organ dysfunction,
suggesting detrimental systemic effects leading to increased
mortality [15].

Use of vasopressor medication infusions, both during the ICU
stay and tracheostomy procedure, was independently associated
with one year mortality following tracheostomy in our study.
Vasopressor medication use during mechanical ventilation has
previously been associated with patient mortality [4]. Shah et al.
[6], have reported a higher in-hospital mortality of tracheotomy
patients with cardiac conditions, including myocardial
infarction, congestive heart failure, and cardiomyopathy.This
supports our finding of increased mortality with vasopressor
usage during tracheostomy procedure and ICU stay, since the
use of vasopressor medication infusions is often due to acute
cardiovascular collapse and instability.

We found acute renal failure to be a clinical risk factor of one
year mortality following tracheostomy (OR=4.2). Acute renal
failure was previously found to be a risk factor for increased
ICU patient mortality [14-17]. Previous studies have shown
that renal dysfunction is more prevalent in elderly patients

requiring mechanical ventilation [5] and elderly tracheostomy
patients [18]. New onset renal dysfunction was found to be
the most prevalent risk factor for mortality in patients having
tracheostomy for respiratory failure [5]. Additionally, we found
that hemodialysis during the ICU stay conferred a 5.8 times
increased risk of mortality at one year following tracheostomy.
Previous research has found a higher mortality among ICU
patients requiring hemodialysis for the development of acute
renal failure and acute kidney injury, suggesting an increased
severity of disease [19,20].

Increased age has been shown to be a significant risk factor
for mortality in patients with either mechanical ventilation or
tracheostomy [2,4-6,9,18]. Several previous studies have been
limited to elderly age groups 265 years [5,18]. Our study included
ICU patients 18 years of age or older and we also found that
increased age (defined as) is a significant risk factor for mortality
at one year following tracheostomy. Other studies have found
increased age as a risk factor for mortality during mechanical
ventilation [4,9] and during a hospital stay during which
tracheostomy is performed [6]. Lowest survival rates for patients
requiring mechanical ventilation have been reported for patients
age >70 years [2]. Previous postulates for increased mortality
among the elderly were the presence of more comorbidities and
traumatic injuries in comparison to a younger population [18].
However, in our study, the presence of traumatic injuries was not
asignificant factor for one year mortality following tracheostomy.

A 10,000 cell/pL increase in WBC count during the ICU stay
was found to significantly correlate with higher mortality at one
year following tracheostomy. Previous authors have shown that
the presence of infection in adult ICU patients is a significant
risk factor for both increased ICU mortality and overall hospital
mortality [21]. Increased ICU mortality has been associated
with both leukopenic and exaggerated leukemoid responses
(WBC count >25,000cells/uL) [22]. Interestingly, in our study,
the presence of infection determined by positive respiratory,
urinary, and/or blood cultures was not significant to mortality.
This may be due to severe disease marked by a leukemoid
response independent of the presence of infection, in which
cultures may not have been obtained. We propose that patients
with higher peak WBC counts may have more systemic illness
causing increased mortality risk.

We have identified several clinical factors associated with
one year mortality following tracheostomy in adult ICU patients.
These factors may independently represent increased disease
severity in an already critically ill patient population. This may
contribute to increased mortality in these patients following
tracheostomy. Although we have identified these clinical factors
in association to mortality following tracheostomy, several of
these factors have also been individually correlated to increased
ICU patient mortality [14,16,17]. Perhaps the individual factors
we have found to be associated with one year mortality following
tracheostomy are markers for systemic organ dysfunction and
disease severity leading to patient mortality.

We included all adult ICU patients receiving a first time
tracheostomy, whereas previous studies have been limited
to only those patients with respiratory failure [5,4]or elderly
populations [2,18]. We aimed to include all adult age groups in
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order to have a patient demographicrepresentative of that found
across both surgical and medical ICUs.

A limitation to this study is the retrospective design of the
chartreview. Although we have identified multiple clinical factors
with significant association to one year mortality following
tracheostomy, the retrospective design makes it difficult to
distinguish if the associations are a direct cause or markers for
mortality. Further studies will be necessary to clarify this issue.
risk factors associated with post-tracheostomy related mortality
may contribute to increased patient safety.
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