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Abstract
Background: The proportion of survivors of acute respiratory failure is growing; yet, many do not regain full
function and require prolonged admission in an acute or post-acute care facility. Little is known about their
trajectory of functional recovery. We sought to determine whether prolonged admission influenced the trajectory
of physical function recovery and whether patient age modified the recuperation rate.
Methods: We performed a secondary analysis of a randomized clinical trial of intensive physical therapy for patients
with acute respiratory failure requiring mechanical ventilation for ≥4 days. The primary outcome was Continuous
Scale Physical Functional Performance, short form (CS-PFP-10), score. Predictor variables included prolonged
admission in an acute or post-acute care facility at 1 month, time, and patient age. To determine whether the
association between admission and functional outcome varied over time, a multivariable mixed effects linear
regression model was fit using an interaction between prolonged admission and time with a primary outcome of
total CS-PFP-10 score.
Results: Of the 89 patients included, 56% (50 of 89) required prolonged admission. At 1 month, patients who
remained admitted had CS-PFP-10 scores that were 20.1 (CI 10.4–29.8) points lower (p < 0.0001) than patients who
were discharged to home. However, there was no difference in the rate at which physical function improved from
3 to 6 months for patients who required prolonged admission compared with those who returned home (p = 0.24
for interaction between prolonged admission and time). Adjusted for age, Acute Physiology and Chronic Health
Evaluation II score, and sex, both groups had CS-PFP-10 scores that were 8.2 (CI 4.5–12.0) points higher at 6 months
than at 3 months (p < 0.0001). For each additional year in patient age, CS-PFP-10 recovered 0.36 points slower (95%
CI 0.12–0.61; p = 0.004).
Conclusions: Patients who require prolonged admission after acute respiratory failure have significantly lower
physical functional performance than patients who return home. However, the rates of physical functional recovery
between the two groups do not differ. The majority of survivors do not recover sufficiently to achieve functional
independence by 6 months. Older age negatively influences the trajectory of functional recovery.
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Background
With advances in intensive care, survival of patients with
acute respiratory failure has improved. Functional
impairments in these survivors are common and persist
up to 5 years after the initial episode of illness [1]. As a
result, there is a growing proportion of patients who do
not fully recover and remain dependent on hospital
resources. These chronically critically ill patients have
high mortality, and those who survive have functional
and cognitive disabilities [2–4]. The rate of post-acute
care admission in survivors of acute respiratory failure
continues to rise, with a greater proportion of patients
requiring extended treatment in a long-term acute care
facility, rehabilitation facility, or skilled nursing facility
and fewer patients returning directly home [5, 6]. Unfortunately, interventions to treat and improve physical
function have had variable efficacy, and to date, randomized controlled studies of both intensive inpatient and
outpatient physical therapy interventions as well as multidisciplinary approaches designed to increase physical
function have not improved long-term physical function
[7–12].
Although prolonged admission is common in patients
with chronic critical illness, little is known about the
long-term trajectory of functional recovery for those
patients who survive. Understanding how their recovery
unfolds over time and the factors that influence this
recovery could inform the timing and intensity of future
therapeutic physical interventions; help in the design of
unique therapies for specific patient populations; and
provide prognostic information to inform patients and
their families about the likelihood, rate, and anticipated
course of functional recovery. Prior efforts to identify
predictors of functional recovery have been focused on
patient characteristics prior to acute illness or on intensive care unit (ICU)-related factors [13, 14]. Although
equally important, to date, there has been limited evaluation of patient predictors of long-term functional recovery based on functional status after acute illness.
Furthermore, because older patients are more likely to
have loss of physical function after hospital discharge
[13–15], understanding how age influences the trajectory
of recovery could highlight a group at particularly high
risk of poor outcomes.
To further understand functional recovery over time
in patients who require prolonged admission, we performed a secondary analysis of a previously published

exercise intervention study [12]. We defined prolonged
admission as requiring ongoing admission at 1 month
after critical illness in an acute or post-acute care facility,
such as a long-term acute care hospital, skilled nursing
facility, or rehabilitation facility. Because the availability
of post-acute care facilities such as long-term acute care
facilities and skilled nursing facilities is variable across
national and international healthcare systems, many of
the patients in this U.S. population cohort would otherwise remain hospitalized and therefore were included in
the prolonged admission group. We sought to determine
whether the magnitude of the association between time
and physical function varied on the basis of whether a
patient required prolonged admission or returned home.
Furthermore, we sought to determine whether older patients recover physical function at a lower rate. Understanding the association between functional recovery
and age could identify groups who require more intensive and long-term therapeutic interventions to improve
functional outcomes.

Methods
Study setting and sample

We performed a secondary analysis of a multicenter
randomized clinical trial evaluating the efficacy of an
intensive physical therapy program compared with usual
care [12]. In the parent study, adults with respiratory
failure requiring mechanical ventilation for ≥4 days were
included. Patients with acute myocardial infarction, aortic dissection, or pulmonary embolism were excluded
primarily for safety concerns. Additionally, patients who
were unable to participate in physical therapy because of
language barriers or cognitive impairments, as well as
patients whose anticipated survival was <6 months, were
excluded from the trial. The parent study demonstrated
no significant difference in outcomes between intensive
physical therapy and usual care.
Outcome variables

Physical function measured by the score on the Continuous Scale Physical Functional Performance, short form
(CS-PFP-10), was assessed at 1, 3, and 6 months among
survivors who were not in an acute or post-acute care
facility. The CS-PFP-10 is an objective, performancebased measure of activities of daily living [16]. The individual is assessed on the basis of ability to perform ten
activities of daily living. These tasks range from low
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difficulty (e.g., putting on a jacket, pouring water from a
jug into a cup) to high difficulty (e.g., carry groceries
70 m, climbing stairs). The tasks contribute to a CSPFP-10 total score as well as to five separate domain
subscales, including upper extremity strength, upper extremity flexibility, lower extremity strength, balance and
coordination, and endurance. All scales, including the
total score, are scored from 0 to 100. A total CS-PFP-10
score of 57 is an accepted threshold below which the
probability of living independently is significantly reduced [17]. The primary outcome variable was the CSPFP-10 score over time, treated as a continuous variable.
Predictors of interest

Prolonged admission was assessed as a categorical variable
and was defined as ongoing admission in an acute care
hospital, long-term acute care hospital, or skilled nursing
facility 1 month after acute critical illness and the time of
randomization in the clinical trial. Because patients who
were admitted at 1 month were not assessed for physical
functional performance testing, only the time period between 3 and 6 months was assessed for analysis. Time was
assessed as a categorical variable (3 months after study
randomization vs 6 months after study randomization).
To evaluate whether the magnitude of the association between prolonged admission and physical recovery varied
over time, we considered an interaction term between
prolonged admission and time. To evaluate whether the
association between time and recovery of physical function depended on age, we also considered an interaction
term between time and age in a separate multivariable
model (considered as a continuous variable).
Covariates

Variables potentially associated with physical function
were considered as potential confounding variables.
These included severity of illness as measured by the
Acute Physiology and Chronic Health Evaluation II
(APACHE II) score, as well as male sex.
Statistical analysis

Differences between patients requiring prolonged admission and those who returned home were assessed using
the Wilcoxon rank-sum test or Student’s t test, as appropriate, for continuous variables and Pearson’s chi-square
test for categorical variables. To determine whether the
association between time and physical function varied
on the basis of prolonged admission, we used a multivariable mixed effects linear regression model with an interaction term between prolonged admission and time as
the predictor of interest and total CS-PFP-10 score as
the outcome of interest. This model was adjusted for
age, sex, and APACHE II score. To account for correlated data, random slopes and intercepts were included
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for subjects. Secondary analyses included identical multivariable regression models using the subscales of CSPFP-10 as the outcome variable. A separate sensitivity
analysis was performed that excluded patients who did
not undergo CS-PFP-10 testing at 3 and 6 months. To
test whether the association between time and physical
function was dependent on age, we used a similar mixed
effects multivariable linear regression model with an
interaction between time and age as the predictor of
interest and total CS-PFP-10 as the outcome variable.
This model was adjusted for APACHE II, sex, and
prolonged admission. The primary inference for all
multivariable models was based on the p value of the
first-order interaction term, with p < 0.05 considered
statistically significant.

Results
Of the 120 patients enrolled in the clinical trial, 28 died
during the 6-month follow-up period. A total of 89 patients were included in the secondary analysis (Fig. 1).
At 1 month, 86% (89 of 104) of survivors had follow-up.
At 3 and 6 months, 76% (73 of 96) and 60% (55 of 92) of
survivors, respectively, had follow-up. At 1 month, functional outcome testing and CS-PFP-10 testing were not
assessed in 56% (50 of 89) of survivors, owing to prolonged admission in an acute or post-acute care facility.
At 3 and 6 months, functional outcomes were not
assessed in 20% (15 of 73), and 7% (4 of 55), respectively,
owing to ongoing admission in an acute or post-acute
care facility.
The mean age was 52 ± 15 years, 59% were male, and
the mean APACHE II score was 17.6 ± 5.7. Common
diagnoses were acute respiratory distress syndrome
(32%), nonpulmonary sepsis (22%), and pneumonia
(21%). The mean total CS-PFP-10 score at 1 month was
20 ± 26 (n = 89). At 3- and 6-month follow-up, the mean
total CS-PFP-10 scores were 35 ± 26 (n = 73) and 42 ± 24
(n = 55), respectively. Patients who required prolonged
admission at 1 month compared with those who
returned home were older (mean age 55 vs. 49 years; p
= 0.04) and were more likely to require ongoing admission in a post-acute care facility at 3 and 6 months
(Table 1). In comparison of baseline demographics, we
observed that compared with those patients who were
included in the secondary analysis, patients who were
lost to follow-up at 1 month had lower APACHE II
scores (14.6 ± 4.6 vs. 17.5 ± 5.8; p = 0.04) and those who
were lost to follow-up at 6 months were younger (48 ±
14 vs. 54 ± 14 years; p = 0.05) (Table 2).
In both groups, significant physical function limitations
were present 6 months after recovery (mean CS-PFP-10 =
43 [CI 36–49]). Compared with patients who had returned
home, patients who required prolonged admission had
significantly lower physical function at 3 months (mean
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Fig. 1 Consolidated Standards of Reporting Trials (CONSORT) diagram of secondary analysis. RCT Randomized controlled trial

total CS-PFP-10 = 22 vs. 47; p < 0.0001) and 6 months
(mean total CS-PFP-10 = 32 vs. 52; p < 0.002) (Fig. 2).
When we examined the subscales of the CS-PFP-10 over
time, we observed significant differences in functional
scores for all functional domains (Table 2). A higher
proportion of patients who required prolonged admission
at 1 month had died at 6 months than among those who
had returned home (22% vs. 2.5%; p = 0.007).
Adjusting for age, sex, and APACHE II score, we
observed no difference in the rate at which physical function improved from 3 to 6 months for patients who required prolonged admission at 1 month compared with
those who were discharged to home (p = 0.24 for

interaction between time and prolonged admission). On
average, patients with prolonged admission had CS-PFP10 scores that were 20.1 (CI 10.4–29.8) points lower (p <
0.0001) than those of patients who had been discharged to
home at 1 month (Table 3). Both groups had CS-PFP-10
scores that were 8.2 (CI 4.5–12.0) points higher at
6 months than at 3 months (p < 0.0001). Male patients
had CS-PFP-10 scores that were 7.25 (CI 2.4–12.1) points
higher than females. The results were similar with identical multivariable regression models using the five
subscales of CS-PFP-10 as the outcome variable. The results of the sensitivity analysis excluding patients with CSPFP-10 scores of 0 at 3 and 6 months were similar without
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Table 1 Baseline characteristics
Entire cohort
(n = 120)

Prolonged admission
(n = 50)

Discharged to home at
1 month (n = 39)

p Value

Age, years

55 ± 15

55 ± 16

49 ± 14

0.04

Male sex, n (%)

71 (59%)

29 (58%)

23 (59%)

1

Race or ethnicity, n (%)
Caucasian

93 (77%)

37 (74%)

32 (82%)

0.4

Other

27 (23%)

13 (26%)

7 (18%)

0.4

18 ± 6

18 ± 5

17 ± 6

0.2

ALI/ARDS

35 (29%)

14 (28%)

15 (38%)

0.6

PNA/aspiration

39 (33%)

15 (30%)

10 (25%)

0.6

Other

46 (38%)

21 (42%)

14 (35%)

0.6

59 (49%)

21 (42%)

20 (51%)

0.7

Cancer, n (%)

10 (9%)

4 (8%)

2 (5%)

0.6

Diabetes, n (%)

27 (23%)

13 (26%)

6 (15%)

0.3

Cirrhosis, n (%)

16 (13%)

8 (16%)

3 (8%)

0.3

Renal failure, n (%)

8 (7%)

1 (3%)

3 (6%)

0.7

HIV, n (%)

4 (3%)

1 (2%)

2 (5%)

0.6

Received corticosteroids, n (%)

21 (17%)

10 (20%)

6 (15%)

0.8

Acute care hospital LOS, days

21 (14–33)

30 (21–45)

16 (12–26)

<0.0001

Home

52 (43%)

9 (18%)

31 (79%)

<0.0001

Post-acute care facility

APACHE II score
Diagnoses

Intensive physical therapy treatment received
Comorbidities

Initial discharge location

50 (42%)

38 (76%)

8 (21%)

<0.0001

Prolonged admission at 3 months, n (%)

15 (21%)

14 (38%)

1 (6%)

0.0016

Prolonged admission at 6 months, n (%)

4 (7%)

4 (15%)

0

0.034

Abbreviations: ALI Acute lung injury, APACHE II Acute Physiology and Chronic Health Evaluation II, ARDS Acute respiratory distress syndrome, LOS Length of stay,
PNA Pneumonia

a significant change in parametric estimates (Additional
files 1 and 2).
The age of the patient was associated with a slower
rate of improvement in physical function with a
change in CS-PFP-10 of −0.36 for every increasing
year age (CI −0.61 to −0.12; p = 0.004 for age × time
interaction) (Table 4).

Discussion
This secondary analysis demonstrates that in patients
recovering from respiratory failure requiring mechanical
ventilation, physical functional limitations are common.
Prior to illness, all patients were living independently;
yet, by 6 months, few had regained such function. The
mean CS-PFP-10 score achieved by patients at 6 months

Table 2 Missing data analysis
1 month

3 months

6 months

Patient characteristics

Follow-up
(n = 89)

Lost to follow-up
(n = 15)

p Value

Follow-up
(n = 73)

Lost to follow-up
(n = 23)

p Value

Age, years

52 ± 15

51 ± 15

0.7

53 ± 15

49 ± 14

0.2

54 ± 14

48 ± 14

0.05

Male sex, n (%)

51 (57%)

10 (63%)

0.7

42 (58%)

16 (69%)

0.3

32 (58%)

24 (65%)

0.5

Caucasian race, n (%)

68 (77%)

11 (68%)

0.4

53 (73%)

19 (83%)

0.3

41 (75%)

28 (76%)

0.9

APACHE II score

17.5 ± 5.8

14.6 ± 4.6

0.04

17.8 ± 5.8

15.6 ± 5.3

0.1

17.4 ± 5.7

17.2 ± 6.2

0.8

Received intensive
physical therapy, n (%)

40 (45%)

9 (56%)

0.4

34 (47%)

12 (52%)

0.6

28 (51%)

16 (43%)

0.5

Follow-up
(n = 55)

Lost to follow-up
(n = 37)

APACHE II Acute Physiology and Chronic Health Evaluation II
*Total deceased at 1 month (n = 15), at 3 months (n = 24), and at 6 months (n = 28). Deceased patients were excluded from missing data analysis

p Value
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Fig. 2 Mean Continuous Scale Physical Functional Performance, short form (PFP-10), scores over time in patients with prolonged admission compared
with patients who returned home at 1 month. Dark gray = prolonged admission (n = 50); light gray = discharged to home at 1 month (n = 39)

Table 3 Mean Continuous Scale Physical Functional Performance, short form, total and subscale scores over time
CS-PFP-10 in patients with
prolonged admission

CS-PFP-10 in patients discharged
to home at 1 month

p Value

CS-PFP-10 total score (3 months)

22 (15–29)

47 (38–55)

<0.0001

CS-PFP-10 total score (6 months)

32 (23–42)

52 (44–60)

<0.002

CS-PFP-10 subscales
Upper body strength (3 months)

21 (13–29)

50 (41–59)

<0.0001

Upper body strength (6 months)

36 (25–46)

53 (42–63)

0.02

Lower body strength (3 months)

16 (9–23)

40 (33–47)

<0.0001

Lower body strength (6 months)

25 (16–34)

43 (34–51)

0.005

Balance/coordination (3 months)

22 (15–30)

47 (39–55)

<0.0001

Balance/coordination (6 months)

32 (23–41)

52 (44–61)

0.002

Endurance (3 months)

22 (14–30)

47 (39–55)

<0.0001

Endurance (6 months)

32 (23–41)

52 (44–61)

0.001

Flexibility (3 months)

38 (29–48)

63 (52–73)

0.0012

Flexibility (6 months)

52 (43–61)

73 (64–82)

0.0027

CS-PFP-10 Continuous Scale Physical Functional Performance, short form
Data in table are presented as means with 95% CIs in parentheses.
The CS-PFP-10 total and component subscales are scored from 0 to 100, with higher scores indicating better function. For adults without disabilities aged 35–54
years, average total CS-PFP-10 scores ranged from 70.9 to 73.9
Patients with functional outcome assessments completed: prolonged admission group: 3 months (n = 23), 6 months (n = 22); discharged to home at 1 month:
3 months (n = 35), 6 months (n = 29)
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Table 4 Association between time and physical function with prolonged admission and patient age (adjusted analysis)
CS-PFP-10

CI (lower 95%)

CI (upper 95%)

p Value

Prolonged admission

−20.31

−29.99

−10.63

<0.0001

Time (3–6 months)

8.20

4.40

11.90

<0.0001

Age

−0.37

−0.71

−0.05

0.026

Prolonged admission

APACHE II

−0.71

−1.52

0.11

0.08

Male sex

7.25

2.43

12.07

<0.0038

Time × prolonged admission interaction

4.48

−3.02

11.98

0.24

Age
Age

−0.40

0.73

−0.07

0.019

Time (3–6 months)

8.30

4.86

11.84

<0.001

Prolonged admission

−20.24

−30.01

−10.45

0.0001

APACHE II

−0.70

−1.52

0.11

0.09

Male sex

7.25

2.38

12.11

0.004

Age × time interaction

−0.36

−0.61

−0.12

0.004

Abbreviations: APACHE II Acute Physiology and Chronic Health Evaluation II, CS-PFP-10 Continuous Scale Physical Functional Performance, short form
*Prolonged admission, categorical variable, defined as persistent admission to acute care hospital or post-acute care facility (long-term acute care facility, skilled
nursing facility, or rehabilitation facility) at 1 month after study enrollment; time, categorical variable (period from 3 to 6 months); age, continuous variable;
APACHE II, continuous variable; male sex, categorical variable

was only 42, well below the threshold score of 57 that is
associated with the ability to live independently [16, 17].
Compared with patients who returned home, patients
who required prolonged admission had significantly
lower physical function even by 6 months of recovery
after an episode of acute respiratory failure (CS-PFP-10
= 32 vs. 55). Despite likely receiving higher-intensity rehabilitative services, patients who required prolonged
admission were unable to achieve physical function
levels of those patients who had returned home. Interestingly, both groups demonstrated parallel trajectories
of recovery to those of patients who required prolonged
admission and demonstrated improvement in physical
function between 3 and 6 months of recovery at a rate
similar to those who had returned home.
Our results suggest that patient heterogeneity may influence functional recovery after critical illness and that risk
stratification based on ongoing need for admission in an
acute or post-acute care setting at 1 month after an episode
of acute respiratory failure may feasibly predict long-term
physical functional recovery and guide rehabilitation interventions. Because patients respond differently to physical
therapy, a single prescriptive approach for all patients may
be ineffective and may contribute to findings from the numerous clinical trials of intensive physical therapy that have
not demonstrated benefit in improving long-term functional recovery [7, 9, 11]. Instead, a targeted rehabilitation
approach directed at patient subgroups that is based on
patient-specific predictors has been hypothesized to be
more effective. In a recent secondary analysis, Puthucheary
and Denehy demonstrated that patient characteristics,

specifically the presence or absence of preexisting chronic
disease, were associated with trajectory of functional recovery [14]. Our secondary analysis suggests that age as well as
prolonged admission after an episode of acute respiratory
failure may also serve as predictors of future long-term recovery. Because younger age has been shown on the basis
of observational data to be associated with a greater rate of
functional recovery [1], it seems likely that age influences
response to therapy. Recently, Ferrante and colleagues
demonstrated that, in older adults aged 70 years and older
who survived an ICU hospitalization, only 52.3% had recovery of pre-ICU function [15]. Therefore, older patients may
need a different intensity or form of therapy to achieve rates
of recovery similar to those of younger age groups. Additionally, in our model, there was an association between
male sex and greater functional recovery. Gender differences in mobility have previously been observed; women
have been shown to have greater levels of disability in their
mobility [18, 19]. The reasons for this are not well understood but are an important area of further study. Furthermore, if gender is a patient characteristic potentially
influential on physical functional recovery, this characteristic would be important in guiding targeted future interventions to promote post-ICU recovery.
Prolonged admission in an acute or post-acute care setting after an episode of respiratory failure may serve as a
predictor of recovery or, alternatively, may be associated
with the intensity of rehabilitation services received. In the
original study, patients who were persistently admitted at
1 month resided either in an acute care facility or in a
post-acute care facility (long-term care, skilled nursing, or
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rehabilitation facility). It is likely that during that 1 month,
these patients received a higher intensity of rehabilitative
therapy than those who returned home; however, their
rate of recovery between 3 and 6 months postillness was
similar to that of patients who returned home. This finding raises the possibility that physical functional recovery
may be influenced not only by intensity of therapy but also
perhaps by timing of physical therapy interventions. Because the majority of patients in both groups continued to
have functional limitations even at 6 months postillness, it
appears that physical functional recovery plateaus. One
possible explanation for this includes that, upon returning
home, survivors of acute respiratory failure receive limited
physical functional rehabilitation services. Patients likely
need a longer duration of therapy beyond what is provided
in the hospital, and ongoing rehabilitation at home may
similarly need to be intensified.
Our study has several strengths. By use of a performancebased outcome measure of physical function, the functional
limitations of these survivors can be objectively measured.
With the CS-PFP-10 assessment, we were able to define
functional limitations in terms of a survivor’s ability to perform activities of daily living, quantify the severity of their
impairments, and objectively describe their functional recovery over time. Furthermore, in this relatively young cohort, our demonstration that age influences functional
recovery is an important finding. Last, we demonstrate that
although prolonged admission is associated with lower
physical functional performance, these patients do recover
physical function over time. Stratification based on prolonged admission could be used as a potential predictor of
long-term functional recovery.
The results of this secondary analysis are limited by those
lost to follow-up as well as those unable to complete
functional outcome assessments. Patients who were lost to
follow-up at 1 month had higher baseline APACHE II scores
than those included in the cohort, but by 6 months the
baseline APACHE II scores were not different. By 6 months,
those lost to follow-up were slightly younger than the entire
cohort. Therefore, it is possible that if younger, healthier patients were lost to follow-up, the functional recovery in this
cohort would be underestimated. Our analysis is also limited
by those patients who did have functional outcome assessments because of ongoing admission in an acute or postacute care facility. Because many patients required
prolonged admission at 1 month and were therefore
assigned a CS-PFP-10 score of 0, the 1-month functional
outcome analysis was excluded. Thus, the initial early
change in function between 1 and 3 months cannot be fully
characterized. Additionally, this also may underpower the
overall analysis. Additionally, we could not adjust for unmeasured confounding variables such as intensity of physical
therapy received outside the clinical trial, which may have
influenced changes in functional performance testing.
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Conclusions
Our results suggest that physical functional limitations in
survivors of acute respiratory failure requiring mechanical
ventilation are common. This analysis is unique in that
the level of physical functional recovery was quantified
over time using the CS-PFP-10, a robust, performancebased measure of physical functional ability in multiple
domains, as opposed to single-domain physical function
assessments or questionnaire-based data. Furthermore,
the results offer additional insight into physical functional
recovery of patients who require prolonged admission in
an acute or post-acute care setting. Although both groups
recover, those who remain hospitalized 1 month after
critical illness do not achieve similar levels of physical
function by 6 months, and neither group achieves physical
function associated with functional independence. Age
negatively influences this trajectory of recovery. Further
research is needed to intensify and individualize therapy
to promote functional recovery as patients transition from
the hospital and from the post-acute care setting to home.
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