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BACKGROUND: An increasing number of patients require prolonged mechanical ventilation
(PMV), which is associated with high morbidity and poor long-term survival, but there are few data
regarding the incidence and outcome of PMV patients from a community perspective. METHODS:
We retrospectively reviewed the electronic medical records of adult Olmsted county, Minnesota,
residents admitted to the intensive care units at the 2 Mayo Clinic Rochester hospitals from
January 1, 2003, to December 31, 2007, who underwent tracheostomy for PMV. RESULTS: Sixty-
five patients, median age 68 years (interquartile range [IQR] 49–80 y), 39 male, underwent tra-
cheostomy for PMV, resulting in an age-adjusted incidence of 13 (95% CI 10–17) per 100,000
patient-years at risk. The median number of days on mechanical ventilation was 24 days (IQR 18–
37 d). Forty-six patients (71%) survived to hospital discharge, and 36 (55%) were alive at 1-year
follow-up. After adjusting for age and baseline severity of illness, the presence of COPD was
independently associated with 1-year mortality (hazard ratio 3.4, 95% CI 1.4–8.2%). CONCLU-
SIONS: There was a considerable incidence of tracheostomy for PMV. The presence of COPD was
an independent predictor of 1-year mortality. Key words: mechanical ventilation; tracheostomy;
COPD; survival. [Respir Care 2011;56(11):1765–1770. © 2011 Daedalus Enterprises]

Introduction

An increasing number of patients require mechanical
ventilation, for various reasons, and there has been a pro-

portional increase in patients also needing prolonged me-
chanical ventilation (PMV). PMV accounts for about 10%
of all mechanically ventilated patients.1,2 Although these
patients represent a smaller proportion of intensive care
unit (ICU) patients, they consume substantial ICU re-
sources.3 Studies from referral centers have found poor
long-term survival among PMV patients, with 1-year mor-
tality of 56–71%.1,4-7 Of those who are transferred to long-
term care hospitals 52% die within the first year of
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follow-up.8 Considering the high morbidity, mortality,
and cost of PMV,9,10 there is an increasing interest in
identifying PMV patients who are at higher risk of death.
Data from a community-based perspective could help limit
the referral bias inherent in the epidemiologic studies from
critical-care sources.11

The purpose of this study was to determine the inci-
dence and the contemporary prognosis associated with
PMV in Olmsted county, Minnesota. We took advantage
of the fact that virtually all healthcare in Olmsted county
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is provided by just 2 providers, and only the Mayo Clinic
offers critical-care services. With data from Olmsted county
we can conduct detailed studies of etiology and outcome
of critical illness in a defined geographic population with
unrestricted access to mechanical ventilation, including
PMV.

Methods

The Mayo Clinic institutional review board approved
the study protocol and waived the informed-consent re-
quirement. As required by Minnesota law, we excluded
patients who had previously denied authorization for the
use of their medical records for research. This was a retro-
spective cohort study, performed at Mayo Clinic, Roches-
ter, Minnesota. We reviewed electronic medical records
from residents of Olmsted county, � 18 years of age, ad-
mitted to ICUs at the 2 Mayo Clinic Rochester hospitals
from January 1, 2003, to December 31, 2007 who under-
went tracheostomy for anticipated or established PMV and/
or who had failed multiple ventilator-weaning attempts.12

According to the 2000 United States census, the popu-
lation of Olmsted county was 124,277, 50.9% female,
90.3% white, and 10.7% age � 65 years. The patients
were admitted to one of the 8 adult Mayo Clinic ICUs,
which include medical, surgical, and cardiac care units,
with a total of 154 beds. Olmsted county age-group-
specific ICU admission and utilization rates were previ-
ously reported.13 Olmsted county residents were identified
via their home zip codes at ICU admission.

Patients who underwent tracheostomy were identified
according to the International Classification of Diseases,
9th Revision, Clinical Modification (ICD-9 CM, code 31.1
temporary tracheostomy). We reviewed the electronic med-
ical records to confirm the indication for temporary tra-
cheostomy (respiratory failure with anticipated or PMV)
and to collect data on demographics, comorbidities, and
clinical and laboratory variables that could be related to
long-term prognosis. The incidence of tracheostomy for
PMV was age-adjusted according to the 2000 United States
standard population.14 Mortality was assessed by review-
ing the medical records and the Olmsted county electronic
death certificates.

We measured severity of illness with the Acute Physi-
ology and Chronic Health Evaluation (APACHE) III at
ICU admission.15 We used standard clinical definitions to
define comorbidities: COPD,16 diabetes mellitus,17 trauma,18

neuromuscular disease (acute or chronic),19 major sur-
gery,20 and cumulative Charlson score.21

We also used standard definitions to determine the pres-
ence or absence of ICU complications, including acute
lung injury22 and shock.23 If a patient had multiple trache-
ostomies, only the data from the first admission were used
for statistical analysis.

Statistical Analysis

Continuous data are expressed as median and inter-
quartile range (IQR). Categorical variables are expressed
as counts and percentages. We compared the characteris-
tics of patients who survived more than 1 year versus less
than 1 year with the Wilcoxon rank-sum test, chi-square
test, or Fisher’s exact test, as appropriate. We calculated
the total number of days on mechanical ventilation from
the initiation of mechanical ventilation until the patient
was weaned, but excluded patients who were continued on
mechanical ventilation following hospital discharge. We
used survival analysis methods to assess time-to-event data,
and calculated 1-year survival from the initiation of me-
chanical ventilation. We used Cox proportional regression
to identify predictors of survival. Pertinent variables were
selected based on both clinical and statistical variables or
according to previous epidemiologic studies, clinical judg-
ment, and missing data. Variables that were associated
with adverse 1-year outcome in univariate analysis (P � .1)
were considered for multivariate Cox proportional regres-
sion model analysis. Statistical significance was set at
P � .05 for all hypotheses. Statistical analyses were per-
formed with statistics software (JMP 7, SAS Institute, Cary,
North Carolina).

Results

Six-hundred ninety-two Olmsted county residents re-
ceived invasive mechanical ventilation (� 12 h) during
the study period. One-hundred eighteen patients had the
ICD 9 code for temporary tracheostomy. The 52 patients
who received tracheostomy for head and neck carcinoma
or airway protection were excluded.

Sixty-five patients, 39 male, median age 68 years
(IQR 49–80 y), underwent tracheostomy for PMV, re-
sulting in an age-adjusted incidence of approximately 13
(95% CI 10–17) per 100,000 person-years at risk for the
population of Olmsted county. One patient had tracheos-
tomy performed twice for the purpose of PMV during the
study period. Fifty-one (77%) of the tracheostomies were
surgical. The median number of days on mechanical ven-
tilation was 24 days (IQR 18–37 d) and the median time
from initiation of mechanical ventilation to tracheostomy
was 10 days (IQR 7–14 d). Forty-six patients (71%) sur-
vived to hospital discharge, and 36 (55%) were alive at
1-year follow-up. Survival was similar in patients who
were ventilated for more than versus less than 21 days
(16/26 vs 20/39, P � .19 via log-rank test). Only 3 sur-
vivors did not have a subsequent follow-up visit after 1 year,
and their vital status was ascertained from the Olmsted
county electronic death certificates. Table 1 describes the
survivors and non-survivors.
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Five patients, including 4 with neuromuscular diseases,
were continued on mechanical ventilation after hospital
discharge, and 4 of them survived 1 year. None of those
patients was liberated from mechanical ventilation during
1-year follow-up. Nineteen patients (29%) died in hospital
(median hospital stay 34 d, IQR 24–77 d), 16 (84%) of
them met the diagnostic criteria for acute lung injury. Of
the 10 patients who died after hospital discharge, 4 had a

cerebrovascular event and 3 developed new respiratory
failure (Table 2). Median survival after hospital discharge
in those 10 patients was 48 days (IQR 28–73 d).

After adjusting for APACHE III hospital predicted mor-
tality in a Cox proportional hazard analysis, both age
(hazard ratio [HR] 1.7, 95% CI 1.3–2.4) and the presence
of COPD were independently associated with lower 1-year
survival (hazard ratio 3.4, 95% CI 1.4–8.2) (Table 3 and

Table 1. Survivors Versus Non-survivors at One Year

Non-survivors
(n � 29)

Survivors
(n � 36)

P

Demographic Characteristics
Age, median (IQR), y 76 (68–82) 57 (33–68) � .001
Male, no. (%) 16 (55) 23 (64) .60
White, no. (%) 25 (86) 27 (75) .35
History of tobacco smoking, no. (%) 18 (62) 19 (53) .62
History of alcohol abuse, no. (%) 2 (7) 5 (14) .45
Body mass index, median (IQR), kg/m2 25 (22–31) 26 (22–30) .67

Comorbidities
Charlson score, median (IQR) 3 (2–4) 2 (0–3) .13
COPD, no. (%) 11 (38) 2 (6) .002
Trauma, no. (%) 1 (3) 8 (22) .04
Neuromuscular disease, no. (%) 2 (7) 5 (14) .44
Major surgery, no. (%) 11 (38) 11 (31) .61
Congestive heart failure, no. (%) 7 (24) 8 (22) .56
Ejection fraction � 45%, no. (%)* 4 (17) 4 (13) � .99
Dialysis, no. (%) 7 (24) 5 (14) .35
Diabetes mellitus, no. (%) 11 (38) 7 (19) .16

ICU Admission Characteristics
ICU Admission source, no. (%) .74

Direct admission 1 (4) 0 (0)
Emergency room 9 (31) 11 (31)
Floor 9 (31) 9 (25)
Operating room 9 (31) 15 (42)
Other hospital 1 (4) 1 (3)

APACHE III score, median (IQR) 81 (63–92) 64 (51–91) .14
APACHE III hospital predicted mortality, median (IQR) 0.38 (0.17–0.93) 0.23 (0.08–0.43) .06

ICU treatments and complications
Acute lung injury, no. (%)† 20 (69) 20 (56) .31
Shock, no. (%)† 18 (62) 23 (64) � .99
Platelet count � 150�109/L‡ 25 (86) 23 (68) .14
Do-not-resuscitate status at hospital admission, no. (%) 2 (6.9) 3 (8.3) � .99

Outcomes
Days of mechanical ventilation, median (IQR), d§ 24 (18–34) 24 (17–40) .94
Hospital stay, median (IQR), d 42 (25–83) 43 (30–61) .86
Hospital Disposition, no. (%) (n � 10) (n � 36) .06

Home 1 (10) 11 (31)
Other Hospital 0 (0) 3 (8)
Nursing Home 7 (70) 9 (25)
Rehabilitation 2 (20) 13 (36)

* Echocardiograph data were available from 54 patients.
† At any time during intensive care unit (ICU) stay.
‡ Lowest value during ICU stay.
§ Patients who were continued on mechanical ventilation were excluded from analysis.
APACHE � Acute Physiology and Chronic Health Evaluation
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Fig. 1). Of the 13 patients with COPD, pulmonary function
test results were available from 11 (mean percent-of-pre-
dicted FEV1 48%, range 17–64%). Two patients had very
severe, 5 had severe, and 4 had moderate COPD, accord-
ing to the Global Initiative for Chronic Obstructive Lung
Disease16 criteria. The presence of comorbidities (chronic
heart failure, diabetes, or hemodialysis) did not influence
the long-term outcome.

Discussion

There was a considerable incidence of tracheostomy for
PMV in Olmsted county, Minnesota. In addition to age,
underlying COPD was associated with worse long-term
survival. The 1-year mortality rate was lower than most

previous reports5,24-26 but similar to recent studies27,28 that
included outside referral populations. Potential explana-
tions include contemporary improvements in clinical prac-
tice, the availability of medical care for the population of
Olmsted county, and the exclusion of referral bias. One of
the limitations in comparing the long-term outcomes re-
ported in different studies is a lack of a uniform definition
of PMV, which has ranged from � 4 days to � 21 days.
Some studies2,3 used tracheostomy placement to identify
PMV patients, but those patients might not reach the chronic
phase of critical illness (defined as the presence of me-
chanical ventilation on day 21).29 We believe that this is
unlikely to have a confounding effect on our data, since
outcomes were similar in our patients who were ventilated
� 21 days versus � 21 days.

The majority of non-survivors died before hospital dis-
charge. Among hospital survivors, those with unfavorable
outcome died within the first 3 months after hospital dis-
charge. The 6-month survival did not differ from 1-year
survival (see Fig. 1). Patients with neuromuscular diseases,
although they more likely to continue mechanical ventila-
tion after hospital discharge (4 of 7 patients), had a rela-
tively low mortality, consistent with a previous study.30 In
contrast, a large prospective study of patients discharged
from a respiratory unit after PMV found a high mortality
rate in patients who were not weaned from the ventilator,
and neurological comorbidity was an independent predic-
tor of weaning success.31

Similar to other studies,4,5,24,28,32 age was a significant
predictor of 1-year survival, but, in contrast to those re-
ports, COPD was also an independent predictor of 1-year
mortality. This is not surprising, since both the in-hospital
and 1-year mortality in patients with COPD who require
mechanical ventilation is substantial.33 COPD is an inde-
pendent predictor for duration of mechanical ventilation,
and 60% of COPD patients in a recent study experienced

Table 2. Causes of Death After Hospital Discharge

Patient
Number

Age
(y)

COPD
Cause of Death Per Medical
Record or Death Certificate

Days of
Survival

After
Discharge

1* 85 No Respiratory failure (hypercapnic,
hypoxic respiratory failure,
diaphragmatic weakness)

28

2 87 No Gastric carcinoma 31
3 76 No Stroke (cerebral infarct) 29
4 41 No Stroke (acute right cerebellar

hemorrhage)
70

5 77 Yes Stroke (not specified) 46
6 88 No Unknown 80
7 81 Yes Unknown 23
8 74 Yes Respiratory failure (COPD,

squamous-cell lung cancer,
and stroke)

58

9 52 Yes Respiratory failure (sepsis, acute
respiratory distress syndrome)

84

10 68 No Necrotizing pancreatitis
(massive bleeding)

49

* Patient discharged on mechanical ventilation

Table 3. Factors Associated With One-Year Survival

Hazard Ratio and 95% CI

Univariate
Analysis

P
Multivariate
Analysis*

P

Age per 10-y increase 1.5 (1.2–2.0) � .001 1.7 (1.3–2.4) � .001
APACHE III hospital

predicted mortality
per 10-unit increase

1.2 (1.03–1.4) .02 1.25 (1.06–1.46) .007

COPD 3.1 (1.4–6.6) .008 3.4 (1.4–8.2) .009

* The model included age, Acute Physiology and Chronic Health Evaluation (APACHE III),
hospital predicted mortality, and COPD. All patients were censored at one year.

Fig. 1. Kaplan-Meier curve of 1-year survival in patients with ver-
sus without COPD, who required prolonged mechanical ventila-
tion (P � .006 via log-rank test).
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weaning failure.34 COPD was the most frequent premorbid
respiratory diagnosis in ventilator-dependent patients re-
ferred to long-term care hospitals.35 COPD was also found
to be an independent risk factor for long-term mortality in
patients admitted to a specialized weaning center, but the
analysis was restricted to hospital survivors.36 Other data
on patients treated at home with tracheostomy and inter-
mittent positive-pressure ventilation also reported COPD
to be independently associated with mortality.37 Pilcher
et al observed a higher post-discharge long-term mortality
rate in COPD patients, compared to neuromuscular and
surgical patients, but the difference was nonsignificant in
multivariate analysis.30 The differences regarding predic-
tive value of COPD on long-term survival of PMV pa-
tients could be due to the fact that patients with COPD are
not always offered, or choose not to undergo, invasive
mechanical ventilation because of poor prognosis.38 In ad-
dition, unlike studies that found no association between
COPD and mortality in PMV patients,3,28,32 COPD diag-
nosis in our study was confirmed by a pulmonary function
test in the majority of cases.

There has been an increasing recognition of PMV pa-
tients as a subgroup of ICU patients with high-level care
needs, and an effort has been made to try to identify pre-
dictors of outcome. The scrutiny has focused on factors
associated with baseline severity of illness and factors pres-
ent on hospital discharge. A recently reported prognostic
model based on variables associated with a severity of
illness at day 21 of mechanical ventilation (use of vaso-
pressors, hemodialysis, platelet count � 150 � 109/L, and
age � 50 y) proved to be an efficient tool for predicting
1-year outcome. This could be due to the fact that their
proposed variables28 reflect the severity of acute critical
illness, as most of the non-survivors die in the first few
months of follow-up, and death of those patients could be
related to unresolved medical issues in the course of their
critical illness. Severity of illness on admission and pre-
morbid functional status are associated with worse short-
term mortality, whereas age and comorbidities assessed
with the Charlson comorbidity score reflect negatively
against long-term survival.7,32 The fact that a new respi-
ratory failure was responsible for the death of only 30% of
the patients who died after hospital discharge probably
reflects additional comorbidities. Several studies have
found more favorable outcome in trauma patients and pa-
tients with neuromuscular diseases.7,30,36,39

One of the major limitations of this study is associated
with difficulties inherent to the small number of patients
and its retrospective nature. The study was conducted in a
single tertiary-care center, and the results may not gener-
alize to other settings. The variables at hospital discharge,
such as presence of neuromuscular weakness or neurocog-
nitive dysfunction following ICU discharge, could not be
evaluated. The small number of patients requires caution

when interpreting the results. Another limitation is that we
used tracheostomy to detect patients who required PMV,
which excluded patients who did not undergo tracheos-
tomy because of high severity of illness and poor progno-
sis.

Conclusions

A considerable number of critically ill Olmsted county
residents underwent tracheostomy for PMV. In addition to
previously established predictors of long-term survival (age
and severity of illness), the chronic conditions that related
to underlying cause of mechanical ventilation (ie, COPD,
neuromuscular disease, trauma) should be taken into ac-
count when assessing possible outcomes.
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