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Abstract Study Objectives The poor long-term survival of

patients requiring prolonged mechanical ventilation may be

due to potentially modifiable factors. We therefore sought to

assess the early determinants of long-term survival after

discharge from a specialized respiratory unit. Methods

Eighty of 113 patients (71%) admitted to a respiratory care

unit from June 2001 to August 2003 survived to discharge.

Mortality outcomes and dates of death were determined by

review of the records and survey in April 2005 of a national

Death Master File. Potential determinants of survival after

discharge were collected during the admission to the unit.

Results Fifty-five percent of patients died within the first year

after discharge. Age of 65 years or older, sacral ulcers, a

serum creatinine [124 lmol/L, and failure to wean were

each individually associated with shorter survival. Age, skin

integrity, and wean status on discharge remained indepen-

dent determinants of survival in a multivariable analysis. In a

post-hoc analysis, chronic irreversible neurologic diseases

were also independently associated with poor long-term

survival. Conclusions Mortality after discharge from a

respiratory care unit is high. Interventions that may favor-

ably impact long-term survival in these patients could target

the modifiable factors identified, including measures that

facilitate weaning and prevent or treat renal dysfunction and

skin breakdown.
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Introduction

About 7% of patients admitted to intensive care units (ICU)

require mechanical ventilation for more than 3 weeks

thereby fulfilling the definitions of weaning failure [1], or

prolonged mechanical ventilation [2]. Such patients are

increasingly transferred to specialized respiratory care

units when prolonged mechanical ventilation extends

beyond the need for acute care [2, 3]. Short-term outcomes

from those units have been diverse, likely reflecting the

variability in admission and management practices of the

different available venues of care [4], but generally

reported to be favorable with wean success rates of about

55% within a median time frame of 2 weeks, and around

75% surviving to discharge [4–6]. There is more agreement

about the sharply contrasting poor long-term outcomes,

with several studies indicating a greater than 50% 1-year

mortality [4, 7–12]. There are little available data on the

causes of the poor long-term outcomes, which may be

related to medical conditions already existing upon

admission to these units, to subsequent medical develop-

ments, or even to aspects of long-term care. In as much as

early correction of potentially modifiable causative factors

may favorably impact long-term outcomes, we sought to
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identify such factors from candidate variables collected

during the patients’ stay in a hospital-based respiratory care

unit. The association between long-term survival and these

variables was analyzed using multiple regression models.

Materials and Methods

Subjects

Between June 2001 and August 2003, 117 mechanically

ventilated patients were admitted to the Pulmonary Care

Unit (PCU) at Harper University Hospital in Detroit,

Michigan, a specialized nine-bed unit for the care of

patients with intensive pulmonary needs. Admission criteria

included presence of a tracheostomy tube, hemodynamic

stability, positive end expiratory pressure B8 cmH2O,

FiO2 \60%, and failure of wean attempts in the referring

ICU. Four patients admitted through that period for a

planned brief intervention with known disposition after

completion of the intervention were excluded from the

cohort. Short-term outcomes on the remaining 113 patients

were discussed in a previous report [5]. Of 82 patients

discharged alive from the PCU, two patients were dis-

charged to hospice care; the remaining 80 patients are the

subjects of the current study. The project was reviewed and

approved by the Institutional Review Board of Wayne State

University in Detroit, Michigan.

Study Design

The following potential candidate determinants of long-

term survival outcomes were collected during the stay in the

PCU: age, albumin level on admission to the PCU, severity

of illness as determined by the APACHE II score on

admission to the PCU, normal or abnormal cardiac ejection

fraction (with a cutoff of 50%, if available from a cardiac

evaluation within 2 months of admission to the PCU)

[13], lung compliance, presence or absence of COPD/

emphysema (determined by review of chest radiographs,

confirmed history, or documentation by a pulmonologist),

presence or absence of any stage sacral decubitus ulcer on

admission to the PCU [14], ethnicity (African-American vs.

other), gender, length of hospital/ICU stay before admission

to the PCU, the rapid shallow breathing index, referral

origin of the patient before admission to the PCU (medical

vs. surgical), renal function on admission to the PCU (serum

creatinine [124 vs. B124 lmol/L), and wean status on

discharge (weaned vs. not weaned). These were thought to

adequately encompass a range of demographic, constitu-

tional, physiologic, pulmonary, and cardiac variables that

could be considered of interest in determining long-term

survival outcomes. In addition, a subsequent study reported

select neuromuscular diseases to be associated with a lower

mortality [7]. We accordingly performed a post-hoc anal-

ysis reviewing the type of neurologic disease as a potential

determinant of long-term survival.

Long-term survival and mortality after discharge were

assessed by review of hospital medical records, commu-

nications from the primary physicians of record, and

review of the United States Social Security Administration

Death Master File as of May 15, 2005. This date provided

over 2 years of follow-up (757 days) before the first cen-

sored data (i.e., all patients of the cohort either died or had

at least 757 days of follow-up). Survival was recorded as

the number of days from PCU discharge until death or

censoring.

Methods

The weaning protocol included therapist-driven protocols,

an effort to identify and respond to impediments to weaning

in weekly multidisciplinary rounds, formal assessment of

readiness to wean, implementation of initial spontaneous

breathing trials, and the use of a nonfatiguing form of

ventilatory support [2, 5, 15].

Wean success was defined as complete independence

from ventilatory support, including noninvasive ventila-

tion, for a full week. Discharge from the PCU was based on

successful wean or failure of multiple weans attempts after

all potential impediments to wean have been identified and

addressed. None of the patients were discharged on non-

invasive ventilation modalities.

Lung compliance was measured by dividing the deliv-

ered tidal volume in milliliters by the difference between

plateau and positive end-expiratory pressures in cmH2O.

To obtain a plateau pressure we used the inspiratory hold

function of the ventilator for 0.5–1 s and confirmed an

adequate plateau by visual inspection of the pressure-time

curve on the ventilator display. The rapid shallow breathing

index was obtained by dividing the respiratory frequency in

breaths per minute by the tidal volume in liters. Tidal

volume and respiratory rate were obtained from a hand-

held spirometer (Boehringer Laboratories, Norristown, PA)

over a minute of spontaneous unassisted breathing with the

patient disconnected from the ventilator circuit.

Analysis

Comparison of proportions between groups was done with

a v2 test. Comparison of measures between groups was

done with a t test for normally distributed data and the

Mann–Whitney test for nonparametric data. Throughout

this article we make a specific distinction in our use of the

term ‘‘survival’’ in which the number of days until death
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or censoring is the outcome of interest, and the term

‘‘mortality’’ in which the categorical outcome of death is

the outcome of interest.

Survival analyses methods were predominantly used

to model our time-to-event data. Specifically, we used

Kaplan–Meier estimates to graph the cumulative probabil-

ity of long-term survival. In addition, for both categorical

and continuous variables, Cox proportional regression was

used to contrast the relationship between survival and the

groups defined by each of the above-described potential

predictors of outcome taken individually. Finally, a multi-

variable Cox proportional regression model was also

selected to analyze the association between survival and all

significant contributors to long-term survival identified in

the preceding analysis.

We used a logistic regression model to evaluate poten-

tial determinants of absolute mortality and the Nagelkerke

R2 statistic to assess the strength of the association of the

predictor variables with the mortality outcome [16].

The significance level was set at p = 0.05 for all

hypotheses. Analyses were performed using SPSS version

11.5.2 (SPSS Inc., Chicago, IL).

Results

General

The median age of the patients was 65 years (mean =

60 years, SD = 17, range = 15–85) (Table 1). Thirteen

percent had been discharged home, 24% to a rehabilitation

unit, 10% to a nursing home, and 53% to a long-term acute

care facility. Other demographic data of interest are

reported in Table 1. Fifty-five percent (55%) of patients

died within the first year after discharge from the PCU,

with a subsequent plateau such that 40% remained alive by

the second and third years (Fig. 1). Median hospital/ICU

length of stay before admission to the PCU was 19 days in

both long-term survivors and nonsurvivors (Mann–Whit-

ney p = 0.55).

Identified impediments to weaning during the stay in the

PCU included nutritional deficiency (defined as an albumin

level \3.2 g/dl or transferrin level \250 mg/dl) in 81%,

presumed active infection in 59%, lung disease (subsuming

chronic obstructive pulmonary disease, asthma, obesity

hypoventilation, acute respiratory distress syndrome, and

interstitial lung disease) in 39%, neurologic disease (sub-

suming critical care neuropathy or myopathy, motor

neurone disease and other neuromuscular diseases, Guil-

lain–Barré syndrome, multiple sclerosis, cerebrovascular

accidents, anoxic encephalopathy, and aneurysm surgery)

in 29%, and cardiac disease (including coronary artery

disease and/or congestive heart failure) in 29%.

Predictors of Long-term Survival and Mortality

A cutoff age of 65 years was selected for optimal sensi-

tivity and specificity in determining long-term mortality.

At that cutoff, 53% of individuals younger than 65 years

were alive at the time of assessment (May 2005) compared

to only 27.5% of individuals age 65 or above (Pearson v2

p = 0.02).

The following four categorical variables, listed in order

of decreasing hazard ratio (HR), were found to be

Table 1 Characteristics of patients discharged from the pulmonary

care unit

Characteristic Dataa

Age (years) 65 (47–75)

Gender

Male 37 (46)

Female 43 (54)

Ethnicity

African-American 60 (75)

Caucasian 18 (23)

Hispanic 2 (3)

Referral origin prior to admission to the unit

Medical unit 50 (63)

Surgical unit 30 (37)

Skin integrity

Any stage ulcer 27 (36)

Intact skin 47 (64)

COPD

Present 16 (20)

Absent 64 (80)

Renal function

Cr B124 lmol/L 48 (66)

Cr [124 lmol/L or dialysis 25 (34)

Cardiac ejection fraction

Abnormal (\50%) 20 (31)

Normal (C50%) 45 (69)

Neurologic disease

Chronic or irreversible 22 (28)

None, acute, or reversible 58 (72)

Wean status on discharge from the unit

Weaned 52 (65)

Not weaned 28 (35)

APACHE II (on admission to the unit) 12 (8–16)

Serum albumin (g/dl) 2.2 ± 0.6

Hospital length of stay before admission

to the unit (days)

19 (9–27)

Length of stay in respiratory care unit

before discharge (days)

20 (14–38)

a Expressed as mean ± standard deviation, median (interquartile

range), or as number (%) (totals may exceed 100% due to rounding)
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significant predictors of worse long-term survival: whether

the patient was discharged on a ventilator (p = 0.002),

presence of a decubitus ulcer on admission to the PCU

(p = 0.02), a creatinine level of greater than 124 lmol/L on

admission to the PCU (p = 0.02), and age C65 years

(p = 0.04) (Fig. 2, Table 2). A Cox proportional hazard

model incorporating these four variables shows that

age C65 years, presence of a decubitus ulcer, and discharge

while on mechanical ventilation remain independent pre-

dictors of worse long-term survival (Table 3). These three

variables were similarly found to be significant independent

predictors of mortality in a logistic regression model, with a

Nagelkerke R2 of 0.33.

A post-hoc visual inspection of Kaplan–Meier curves of

survival stratified by neurologic diagnosis suggested worse

survival in patients with chronic or irreversible neurologic

diseases (such as amyotrophic lateral sclerosis or other

chronic neuromuscular diseases, multiple sclerosis, stroke,

anoxic encephalopathy; together accounting for 28% of

patients) compared to those with no neurologic disease or

with an acute or reversible disease (such as brain aneurysm

surgery, Guillain–Barré syndrome, steroid myopathy, or

critical care neuropathy). Specifically, the median survival

in patients with chronic or irreversible neurologic disease

was 93 days compared to 890 days in those without

(HR = 2.4, 95% CI = 1.4–4.4, log rank p = 0.003).

Inclusion of this variable in the logistic regression model

still showed that type of neurologic disease (odds ratio

[OR] = 13.7, 95% CI = 2.3–80, p = 0.004), age (OR =

11.3, 95% CI = 2.6–50, p = 0.001), skin integrity

(OR = 8.2, 95% CI = 1.8–37.5, p = 0.007), and wean

success (OR = 4.2, 95% CI = 0.95–17.8, p = 0.058) each

remained independent variables of interest as predictors of

absolute long-term mortality, with a Nagelkerke R2 of 0.48.

Discussion

The main findings of our study can be summarized as

follows:

Days since discharge
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Fig. 1 Kaplan–Meier curves of survival since discharge from the

PCU. Tick marks represent censored patients
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Fig. 2 Kaplan–Meier curves of

survival since discharge from

the PCU stratified by (a) wean

status on discharge, (b) skin

integrity on admission to the

unit, (c) renal function on

admission to the unit, (d) age.

Tick marks represent censored

patients
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1. Fifty-five percent (55%) of patients requiring pro-

longed mechanical ventilation die within the first year

after discharge from our PCU, with a subsequent

leveling of mortality to 60% by the second and third

years. These findings are consistent with other reports

[4, 7–11, 17].

2. The following have been individually identified as

potential predictors of worse long-term survival:

age C65 years, the presence of a sacral decubitus ulcer

on admission to the unit, a serum creatinine [124 lmol/

L on admission to the PCU, and failure to wean off the

ventilator prior to discharge.

3. In multivariable models, age, skin integrity, and failure

to wean remain independent determinants of long-term

survival and mortality.

4. In a post-hoc analysis and in a multivariable model,

chronic or irreversible neurologic disease is indepen-

dently associated with worse long-term survival and

mortality.

5. Age, skin integrity, and wean outcome, with or without

inclusion of type of neurologic disease, together account

for a significant proportion of the variation in the long-

term mortality outcomes (Nagelkerke R2 = 48 and

33%, respectively).

While the specific causes of death of patients discharged

from our PCU have not been ascertained in our study, the

identification of age, skin integrity, and wean status on

discharge as determinants of long-term mortality is

important from two standpoints: (1) some of these factors

may be modifiable, and (2) cost-effectiveness studies have

indicated that the early identification of patients with poor

1-year outcomes may have implications as far as directing

intensity of care in such patients [18].

Table 2 Long-term survival after discharge from the pulmonary care unit based on selected characteristics

Characteristic Survival analysisa

Category 1

Median survival

(days)

Category 2

Median survival

(days)

Hazard ratio

(95% CI)c
p value*

Categorical variables: Category 1 vs. 2b

Wean status: not weaned vs. weaned 99 [1398 2.5 (1.4–4.4) 0.002

Decubitus ulcer: present vs. absent 107 [1398 2.0 (1.1–3.7) 0.024

Creatinine: [124 vs. B124 lmol/L 107 815 2.0 (1.1–3.6) 0.017

Age: C65 vs. \65 years 154 [1362 1.8 (1.0–3.3) 0.037

COPD: present vs. absent 99 276 1.3 (0.6–2.5) 0.52

Referral origin: medical vs. surgical 165 315 1.2 (0.6–2.1) 0.61

Gender: male vs. female 273 293 1.0 (0.5–1.7) 0.91

Ethnicity: African-American vs. other 309 163 0.9 (0.5–1.7) 0.67

Ejection fraction: \50 vs. C50% 315 200 0.8 (0.4–1.6) 0.46

Continuous variables

Rapid shallow breathing index – – 1.1 (0.5–2.1) 0.87

APACHE II – – 1.0 (1.0–1.1) 0.098

Lung compliance (ml/cmH2O) – – 1.0 (1.0–1.0) 0.34

Serum albumin (g/dl) – – 0.8 (0.5–1.4) 0.44

* p value for equality of survival distribution
a Represents survival from discharge from the unit
b For categorical variables, category 1 (listed first) is the group with an estimated worse prognosis compared to category 2
c For categorical variables, the hazard ratio uses category 2 as the reference category; for continuous variables, the hazard ratio represents

the predicted change in the hazard for a unit increase in the variable

Table 3 Cox proportional hazards model incorporating wean status,

renal function, skin integrity, and age as potential predictors of

survivala

Characteristic Hazard

ratio

95%

Confidence

interval

p value

Age C65 vs. \65 years 2.5 1.3–4.7 0.006

Presence vs. absence

of a decubitus ulcer

2.2 1.2–4.2 0.013

Not weaned vs. weaned

on discharge

1.9 1.0–3.5 0.048

a Backward stepwise regression based on the likelihood ratio was

used in this exploratory analysis. Renal function is not listed as it was

eliminated in the iterative process
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The concordance in the mortality rates across different

studies with different approaches and across different long-

term care settings [4, 7–11] and the good predictive effi-

cacy of variables identified relatively early in the course of

the patients’ illness suggest that other potential contributors

to long-term mortality, such as the development of new

medical conditions and aspects of long-term care, play a

proportionally lesser role.

This study suggests that renal dysfunction and type of

neurologic disease are variables of additional interest.

However, while both renal dysfunction and stroke have

been reported as associated with increased long-term

mortality after prolonged mechanical ventilation following

cardiac surgery [19], renal dysfunction appears to fall out

of significance in our multivariable model, although this

may be a limitation of the power of our study.

In contrast, a logistic regression model incorporating

type of neurologic disease, wean success, skin integrity,

and age shows all four of these variables remain indepen-

dent predictors of interest, and that all four together

account for a significant proportion of the variation in long-

term mortality (Nagelkerke R2 = 48%). This result should

be interpreted with caution given the exploratory and post-

hoc nature of this latter analysis. Nevertheless, our data are

concordant with those of others in showing that neuro-

muscular conditions such as Guillain–Barré syndrome and

ICU myopathy carry a better long-term prognosis [7], but

further these findings by indicating that survival may vary

between chronic irreversible neurologic conditions and

more acute, potentially reversible conditions.

With the exclusion of age, the variables we identify as

predictors of long-term survival are potentially modifiable,

raising the question of whether interventions that promote

weaning success, maintain skin integrity, and possibly

prevent renal insufficiency allow improvements in long-

term mortality. Therapist-driven weaning protocols [20]

and adoption of select ventilatory modalities [21–24] have

been longstanding features of the care in our unit [5]. As

potential additional strategies, several recent studies from

ICU settings suggest that appropriate corticosteroid sup-

plementation for adrenal insufficiency [25], intensive

insulin therapy [26], computer-driven protocolized wean-

ing [27], and daily discontinuation of sedation [28] may

further enhance liberation from mechanical ventilation.

Similarly, intensive insulin therapy has been shown to

reduce renal injury [26]. Although none of these measures

reduces hospital mortality, our study invites the question as

to whether extending these interventions outside the ICU

could enhance long-term survival.

Our finding of skin integrity as an independent predictor

of long-term survival is concordant with other reports [8,

14], suggesting that closer attention to skin-protective

measures is warranted, although whether this translates into

reduced long-term mortality remains to be determined.

Interestingly, the median hospital length of stay in days

before admission to the unit was shorter in patients who

had a sacral decubitus ulcer on PCU admission compared

to those who did not (14 vs. 20 days respectively, Mann–

Whitney test p = 0.04), suggesting that factors other than

length of stay predispose the patient to the development of

ulcers. While it is likely that a pressure ulcer acts as a

surrogate marker of debilitation rather than the proximal

cause of death, the specific explanatory power of skin

lesions is suggested by our analysis showing it to be

independent of age, independent of the presence of

immobilizing neurologic conditions, and a better marker

than the APACHE II (an index of disease severity) or

albumin level (as an index of nutritional balance) in pre-

dicting long-term survival. The 36% prevalence of

decubitus ulcers in our study is high for hospitalized

patients but is at the low-end of the 33–56% range reported

for patients such as ours who are coming from intensive

care unit settings [29].

Our study differs from other studies in that we could not

demonstrate an association between long-term survival and

indices of disease severity such as the APACHE II [7–9,

30], ICU length of stay before admission [7], or a diag-

nosis of COPD [7, 9]. Disease severity scores have been

derived and designed in ICU settings, and their accuracy

for long-term mortality in a post-intensive-care setting is

unclear. Moreover, it is possible that the significance of

these indices for prediction of mortality in other studies is

due to some subcomponents of their scales, such as age or

renal function, already captured in our study. Unlike the

study of Pilcher et al. [7], we did not find time spent in the

referring ICU to be a predictor of long-term survival,

perhaps because the hospital length of stay before admis-

sion to our unit was shorter (median of 19 days in our

study vs. 26 days in the study of Pilcher et al. [7]). Our

inability to find a link between the presence of COPD/

emphysema and survival is likely due to variations in

patient mix (such as inclusion of any diagnosis of COPD/

emphysema in our study rather than COPD as cause of the

respiratory failure), heterogeneity of the disease, and the

fact that mortality in COPD/emphysema is variable, diffi-

cult to predict, and better reflected by surrogate markers of

disease severity [31].

Limitations of our study include the relatively small

number of patients analyzed, the single-center design, and

the unknown cause of death. While some of these limita-

tions may introduce a selection bias, the demographics,

severity of illness, surgical vs. medical referral origins,

mortality outcomes, and length of stay data of our patients

are remarkably comparable to those of other studies in both

Europe and the United States [4, 7, 9, 10], thereby pro-

viding a good basis for the generalizability of our
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conclusions. We chose to collect most of the data during

the patient’s stay at the respiratory care unit rather than on

discharge in order to identify early and modifiable deter-

minants of outcome, and to be concordant with other

studies that collected conditions on admission as predictors

of outcome [7, 9]. The one exception was the wean out-

come measure, which by its nature had to be obtained at

discharge. Although this outcome cannot be predicted on

admission to a wean unit, it does not preclude interventions

to promote wean success as potential means to improve

long-term survival.

In conclusion, our study confirms the disappointing

long-term survival of patients requiring prolonged

mechanical ventilation who survive to discharge from a

respiratory care unit. We extend these findings by identi-

fying older age (C65 years), the presence of a sacral

decubitus ulcer on admission to the unit, and persistent

respiratory failure as important independent contributing

factors to the poor survival. These characteristics together

account for a significant proportion of the variance in long-

term mortality. Renal dysfunction and chronic irreversible

neurologic disease may be additional factors of interest but

require further evaluation. Although measures that facili-

tate weaning, prevent the development of sacral ulcers, and

prevent renal dysfunction have not been shown to have

impact on short-term mortality, further attention to such

interventions is warranted as possible means to improve

long-term survival.
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